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.. ' ·: ·-1 

I 1:h , ' 

Short Answer Questions 
-------~~.._.,. __ __._,.._,·,..,, 1, .. , ... , __ ,_,.1~ ... ...... ~J .... ,,....· .............. _ __,,,........ ____ ---------~ 

1. 12076 Set Ba.No. '3af Can longltudln.al wave be p,olarized? Explain·. .. . , (21 

-;s, 'Polarization is the phenomeno~ ·of _rcstrictim~ of ';\'ave to vibrat~ u1° a~si_ngle ··direction. The transverse 
wave vibrates in all direction and we cm{cut ·of other directions ' restrictirig vibration· in a single · 
direction. The longitudinal waves .vibrate in a. '. single directi011 . (in· .the di~ec.tion of propagation of 

- wave) i.~. this wave is alre._idy polarii'ed. Due to this reason, longitudinal waves can not be polariz~d. 

2. ffe076 Set C a.No. 3w How are stationary waves formed? . ' '' > ,, ,1 ' ",, ' ' ,", t r . ;: . • ·. [2] 
-;s, Stationary (or st~nding) wave: ·when two progress.ive waves of - . ·,·, ., 

. .. ' . +-J../2~ 
-the same wavelengtl1 and ampliµide travelling _with the ,. same p· ~ · -:: 
speed through a medium in opposite directions ~rid superimpose .• .. ~~ 

cl ti . th . . . t h. h . ll d . . A N N N A upon ea 1 o 1er, ey give . nse . O: a · wave w IC IS ca e · .· · . 'J..> :, . 'J... '• . · 
. .. . . - . - . . . . . '• .· ~ ~-~~ . 

stationary wave. . . . . · · · . •, ,, < ·. . 2 . · ·. 4 . 

In stationary wav~, tl1ere·are ce·rtain points where the ·amplittide of .. . : Fig: Stationary wave : \ 

vibration is -always zero. These ·poirits · are . known. . as nodes .' ., · .. . 
Midway between these nodes; the_re are otl1er. points where amplitude of Y:ibration is maximum. These 
poin_ts are known as a~tinodes. The fqrma.ti?n ~f sta,t:io·n~ry wavr a.Io1:1g wi~1_,nodes and antinodes is 
shown in ·figure. · · · · · · · 

3. ~075 GIE a.No. 3~ @072 Set D a.No. 3al O_istinguish between prog~ess_ive_wa,v~s an~ ~tatio~ary'waves. . [2} 
:a. Differences between progressive wave and statioI~ary wave are: . . . 

. . Progressive waves 
~ • The disturbance travels in forward ~irection . . 

• The ani.pli_tude C?f vibration of each particl~ i~ . 
same. 

• Energy is transferred forward along the 
waves. 

• No particles in the medium are per~~~ntly at 
rest but momentarily at rest at the ex~e~e 
·positions.-

. ··stationary wav'es, ' ' 

~ The disturbances -are confined to a particular • 
. ' ' . ' ~ ' . 

. region. , · 
• The amplitude is ' _zero at nodes -and 

maximui.n at antinodes:. . . · · 
,•. There is no transfer. of energy in the medium_: 

, • Particles at the nodes are pem1anently at 
res.t. .. ·· 

4. 1201s Set A a.No. Jal We can't hear echo m a small room. Why? . • · [2] 
a. .The minimum distance between the listener and the wall (reflecting surface) mus_t be_ 17111 to hear an 

· echo. If a room is small, this requirement is not fulfillet:,':oue to pe,rsistence o_f he_aring (0.1Sec) ·, our· 
e_ars cannot detect the repeated sounds i.e. we cannot hear echo. · . . . , · . 

s. [2075 set B a.No. Jal Frequency Is the most fundamental property of a wave. Why? , (21 
~ The frequency is the most fundamental property of a wave as it is· d~term,in~d from the wave source. 

In a wave motion, its velocity and wavelength may change with the medium in whic~t it passes but 
frequency does not changE:. Due to this reason, frequency of a ~ave is taken as empirical parameter. 

s. [2013 supp a.No. Jal @oss a.No. 1 c! If you a~e walking ·on the moo~ surfa~e, ca~ yc;,u hear th~ cracking .sound 
· behind you? Explain. · . · [2] 

~ Sound wave is a. mechanical wave so it requires_ •', medium for propagation'· but there·. is no 
atmosphere i.e. m~dium on the moo~ surf~_ce. 'fhere IS lack of atmo~phere on the moon because of Hs_ 
w~ak gravity. So, __ due of lack of medmm (I.e. atmospher~), the propagation of sound waves on ~oon 

~ . . . . 
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. . . . 50.LUTION TO ~HYSICS - XII . .. · . . : . d b. ·1· ·n·d US· o'i l~ tl~ei~ur.face of 
TE .NEB · · • n e 11 • . · • . • .\" · • · 18 ' A coMPLE . . . I . the cracking S~':1 . . . ~:~l},:•.~·-. :• :•" 

.. . . 'bl That is why we cannot ~~ar.. . ·. -~ . / .. ,< ' . •.·:,"',,~1 ·3 · ~ .. ~-, -. not poss1 e. ·. .,, . ·'I . . ••,1 . . • . , . , ' , • •. d 
.surface ~s . . . . ... , . . ... ,. ..• ·. ':'·'., ,,,, . d" waves (~m-VJaves) traveh•~i!h:~J~P~~ of 

· moon. . t t 800 KHz. If the ra 10 · . \ ;~ / ~:;.: ,.: .v,· ~2] i] A radio station broadcas s a . , . . . . . . . ·'· -. , \ ·.-, " '. i : J,. 

7. -~os9a.~o-;}atwillbethewavelerigthofthewave? . ·. , •:, .,. ;, .. '•\.·•. · 
3,c1 os m s, . . . . ', -:--, . . 

(f) = 800 KHz= 8Q0xl03 Hz · . ' . · ' . . \ 
a Frequency . · '.• 

Wavelength (A)=? ' • ' ' 
Speed·(c) = 3xl(}'l m/s 
We have, 

· · · c 3xlOS m/s _ 
375 

·· 
'I--- ()3 - m 

· 11,. - f - soox1 . . . ? 

8, . tioss (Set'A) Old a.No. 1 dl Why echo cannot be he~r~. In. a s~all room. 

a Please refer to §075 Set A a .No. 3al·. . .. : . ·, , . . ' 

I. 

a N 3al Distinguish between light waves and sound wayes. 
9 ~068 Can. · 

0
• • ·d r 1 t · · v~s ·are· · · · .......... 

'· .._ - The main difference·s between sound w:aves an . · ig 1 wa · d . 
(.>. • , • • . • . • ..t Soun waves 

· Light waves · ·· - · · · h · · · J · · 
-.1. Sound··, ·wayes , ·. ar~ ·: me~. ,am~a . 

1. Light wave~ are_ el~ctromagnetic wa~e~ . ·., because they·trav_«:l only.in me~n~m\ . 
because these can tr~vel in medium as :we · '.. . _ ,. . . 

1 
• 

[2] 

[2] 

2. The speed of . !i'gh_!~ ~~ye .· is .. greater i.e. 
3 x lOSm/ sec in vacu·um or·air. ' 

2: The speed : of sound ·. \Va~~:~ i~/'_~µ,,aller i._e. 
·' 330m/sec at0°C in air. . ., , ', 

3. They are transverse wave. 3. They are longitudinal wave. _._; , · i· ·. 'i 
' ! ~ , 

4. Their wavelength is short. . 4. · Their w~velength is long: :·. · ·,· .. 

5. Lig_ht wave can be polarized. 

10 .. 12os1 sup a.~o. 3bj Longitu~mal wav~s cannot be polarized. Why? 
a Please refer to fao76 Set Ba.No. 3aj· . . ·, · 

[2]' 

11. gosJ a.No. 1 cl Which types _of wave'propa~ate in liquid, expl~i.n. . · · · , · , ·. , . '· · . [2] 
a For the propagation of transverse_wave, .the modulus of rigidity of the medium is resp~nsible and for 

the propagation of longitudinal wave, the bulk ~1odulus of elasticity is responsible. A •soli~ .has both 
modulus of rigidity and bulk mo~ulus but liquids have only-bulk modulus. Hence -only longitudinal 
wave can propagate inside. the liquid, . ' 

12. gos2 a.No. 2 cl Do sound waves undergo reflection, refraction and polarization phenomena?· Explain. · [2] 
a Yes, sound waves undergo refl~ction and refraction pheno~enon. Sound wa~es· ~fe ·;eflected from 

surfaces like walls, gr~und, big halls· etc while ·striking on them. During night hearing of sound is 
clearer than at day time due to the refraction of sound. , - · .. . 

· But sou_nd wave does not underg~ polarization ph_e~omenon bec~use it is a lo~gitudinal wave, and 
only transverse wave undergoes lfie phenomenon of'polarization. __ ·_ -~ _· · · . 

· 13. ~055 a.No. 1 ij How are stationary waves formed?· [2] 
. a ·p1~ase ~efer.~o 12076 Set ca.No. 3al 

,;.,,,.z,,@a@i .. 11mmM,M , . " 
14. go74 Set Ba.No. 7! ~070 Set D Q No 7,J H . . . . . . ' -:-· 

an equation for a prog ~ . · · :1 ow is a progressive wave different from a stationary wave? Derive 
. . . ress1ve wave. . . • . [4] 

B.. PJ.;o~ess1ve wave: A wave that travels f . . . . . . 
in ilie form of crest arid tr . h · · rom ~ne regi.on of ~edmm to another region carrying energi, 

. , oug ·or compression and f • • B th 
transverse and ·longitudinal . rare action 1s called the progressive wave. o 
etc. are pr~gressive Wave~ :f..aeves t~re prfogressive waves. E.g., water wav·e, sound wave . light wave 

• , , • ·• .u mo 10n o prog · . . ' 
Differences between progres • · · ressi~e wave 1S given below. ·. . 

. . . . . . s1ve wave and stationary· Pl f . i:=i;;-::::-:~~---... 
Equation of progressive ~ave:· Le. t . · .. · . ease re er to 1::075 GIE a .No. 3aJ . 
fi th . . · · · i $ us consider a wa - tr llin ~--.._,;,;..;._;;..;..;;;~- • 

11 gure, e d1Splacement of tlie Vibrating . l . , ve IS_ ave g from left to right as shown l . 

_ y =~sin rot ._· . . . : (i) :. ~ · _ P~c e m the_ ~edium is given'by, : .. 1 _. _ . 

\' , ..,. 

' 
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' '\' 'N_AVES M9TION I 19 
i, , ... ,' 

" ' :Where a is an~pl!tude, t is time and <.o = 2nf and f is 
. /?irequency of'vibrntion. If qi. be the·phnsc ang1c of the particle 
,. ~. B at distance x from 0, then the displacen1ent equation 

,':. ), . ' 

:> given by · , 
~ _:·y =· a sin (rot:- qi) ... (ii) ' 
, · .• Since, for a path diff. 'A., phase diff. is 21t. 
v · · · . · · 2n, 

,;, \1 Ai.,d for a path diff. x, phnsc tJiff. is Xx. 

' 21t 
Le.,~= ·Tx 

' 21t ' 
. y · = a sin (<t)l '-yx) 

y = a ·sin 2n (+-}) = a$in (;:r t-7 x) 

y 

w:1(-- X --~)f 

t:ig: Progressive Wave . 

. 27t ,' 
y = a sin ,(c()t ·- kx) .. (i) [·.· k "." T , n wave number or w.~ve vector] 

lfthe ·wave is travelling front .right to left, then the displacement of the particle is given by, 

(
t x)· y = a sin 2n · T + "- ... (ii) 

These equations (i). and {ii) are the pl~e. progressive w_av~ equati~ns. 

,s. 12012 set ca.No. 7~ What is a wave motion? Derive progressive ·wave .equation in a medium. 
a Please refer to !2074 Set Ba.No. 7a! · . . . · ·· . . · . . . : · , 

[4] 

1s.' j2012 Set Ea.No. 7~ j2066 Supp a.No. 5~ Oefirie progressive-waves.' Derive an·equation to represent thi~ wave. [4] 
'B. Please refer to ~074 Set Ba.No. 7a! - · · · · 

17. 12070 Sup (Set A} a.No. 7 bl ~068 a.No. 7 bl Wh~t is the pririciple: of:superpositio~ of w~ves? Discuss the_ result 
,of:superposing two waves of equal amplitude 'and same freq'uen'cy travellinb in opposite direction. [41 

'a. Principle of Superpositi9n of Waves:· Ifstates th~t ::if two or nibre-p;ogiess waves traveling together 
in a medium, converges to a point, th¢ resulting displaceme~t ,of t4e .particle at that _pob:lt is . .equal to 
the :algebraic (vector) sum of individ~al displace1nents -of the, w~ves: Let y1! yi, :y3, ... ,· Yn -be the 
,~lacement at a point due to individual wave~ then the resultant di:splacement, y at the-~ame tiri1e 
when :the waves superpose to each other is' given by_ - . ~-- . 
y=y,1+y2,+y3+.~.+Yn· - . .. ' •·~ 1• •. . ••. • . ~- . . . _ , , , •: a_ :..,._·_ . 

Stationary (or standing) wave: Whenever two progressi_v·e· ~aves _of- the same ( or nearly ,sa_m,~) 
w~clength .an<:f ~plitude travel _in opposi~e di~ecpons with the sam~ speed .in a medi~ sup~rp(!Se_ A other; a rAt wave JS form?•~~?~ av~ is c~lled statio:;,ir..t~~ding) w~ve. • · ., 

,.f\ __ ~r----./-~----4 • , ., \ , . A .- A \ . •A \.I \, .. ,,/ '. \.:~--~--/ N \ , .. _,,,./ N \\,_</ N ' •. . 
-,. ' 

(i) , 
· OriginaJ Wave 

, (ii) , I .: 

Reflection w~v,e·· 

Fig: Formation of St&tion~ry Wav~ 

(iii} 
Stution~ry Wave 

L~ us consid~r a progressive wave of_ waveleng;h '},, is trav~lling ,to right as in fig(i). strike to a po;~ or 
rhe ecOOtor and a reflectin_g wave is formed which propagate in oppost'te directfo1, -'a· ·s· . . _sf_ (.:) Wh . 
t ese two w b · • 1 . · · . ( in 1g 11 . en 

' called star a~es com mef'W(J.!.l each other lJl ~ meµium, nnother' resultant wave,i:s ·formed which is , 
1onary wave as 1g m). . , , , .. · . 

Th' - · ' ' · ' · · 15 wave is called stationary wave because there is n fl , ' \ 1 \ ' · . 
stationary wave is formed due to the superposition of t o ow .. of energy_ a on.g. the wa~e. When .a 
amp~itude are. result~d :alternatively in the space. Tl wo_ w"v~s, the P~_mts ·of:maximun~ am~ zer_c;, 

; •. m~xunu_~ are called anti-nodes and th~se where the 
1C P?mt~ .~here the, ~~~litude of v1br~hon_ 1s 

. . .. _. · · amplitude 1s zero .c1r ~alled nodes. The distance , 
: 11 • , • , ' : • , .\ .• • - l • • • 

v·' 
\ ·· .. 
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20 / A COMPLETE NEB SOLU"'{'ION TO PHYSICS • 'XII 

. . .. . : · l 

( 

be·t~een two consecutive nodes or antinodes is equal to half of the wavele~g~. i:e,. ·2 ~, wherQ ·~ ii 

wavel~ngth of~ wave. Also, the dL,;tance between adjacent node and :antinode is .equ~i ~o one qui ~te' 
.. 1 . . . I 

of wavelength i.e. 4 A • 

. Stationary wave equation: Stationary ·wave equation can be obtained by : opposite add in·· 
vectorically the displaccmei\ts of two waves of equal· milplitude, ._frequency (or period) -anJ 
wavelength travelling in opposil-c directions. 
L~t y, be the displacement of the ·wave travelling to the positive x-direction~ 

y, = a sin (rot - kx) ... (i) 
And., y-::.. be the displacement of the wave travel~ng to 'the negative x-C;iirection. 
y2 = a sin (rot+ kx) ... (ii) · · 
By using the principle oE superposition of waves, the resultant .displaceme~fy is given .by 
Y = Y1 + f2. . · . . . . . . . . . , . .· 

= a sin (cot - kx) + a sin (rot ·+ kx) 
= a Ism (c()t::. 1.-x) + sin (rot+ kx,)] . . . ,• 
= a {sin (i)t cos kx-co_s cot sin kx +sin rot cos kx + cos rot sin kx] . 

. . · 21t 21t . . . 
= 2a sin cot cos·kx = 2a sin T t cos T x 

I ' • , 

·' \ . ' -, 

. - . :-.'\ 

~ (~-~~~· ~-<.,:~~ . 
. . . (iii) 

. . . . '21tx . . . .- .· : . _· . . . . 
. where, A = 2a cos T be the amplitude of r~sultant wave . . 

Equation (iii) is the equation of _stationary wave ~qua.lion. 
·. -~--... ·; ·\':.-.:.. · 

. A 2A .3A · · 
Case I: For x = 0, 2, 2 , 2 ... 

then, A= 2a is maxinum,amplitude. 
Thus, these points are· antinodes. . 

,._ 3)1,. 5A . 
Case II: Forx =- - - -4' 4 I 4 .,. 

.. ' 

.. ..... ,. t 
', ~ l • 

:· . 
\ . ' 

. ' 

I '--, 

r·, 

then, A = 0 is mininmm or ze'io ~plitude. " · ·-- · : . ·. · i · 

Th~, these.points ar~ nodes. ··' ·. . · ·· :.. · ,' :.,-. 

Distance between-two co~secutiv.~ n~des or ant~odes is 1. and distanceb tw · .,.· ,_·. · .· · : · . · 
- . - , , , .,,- .: · . . 2 . . .- . : . : e een any two c~nsecut1ve 

. A ·~· ..,..~:1 ., . , . 

·nodes and antino~es is 4 ·_: ' . , . 

. , 18. ~010 set·c a.No. 7 a! What are stationary waves?· Prove that the distance betwe · tw- · . • · ~~ 
. .... 1.. · · . .. ,:. • . ., . .. . : . .~n _any .. . o consecutlv~ no 

. an a statlon_ary-wave is_ 2 . . , .,. [41 

a · Please ref<;! ~o \2070 Sup (Set A) a .No. 7 ~ , :.~ . 1 .. 

19. B068 01? Can~a.No. Sal What do you mean by pr~~re~si~~ wave eq~~tio~? De · . . ~; 
m terms of lts"'wave vector and displacement. . .. . . . rive progressive wave e,qua +31 

B-- _ Please refer to ko74 Set Ba.No. 7al . : • (
1 

20. '2063 a .No. 6 ~~tate and explain ~he{!ltatlonary ~ve. ~ 
a Please ref~r 'to (io10 sup (Set A) a .No. ff _M -

•• 1 

, . 
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. WAVES MOTIO~ J: 21 

Numerical Problems 
' i ' •,, ' 

~i.~ 12053 a.No. 3 OR! A wave has the equation (x In m~t~~s ,and. t In, sec~nds) Y. ~ o.~~~ sin (3Q .t - 4x). ~!n~, .. 
· i: . Its frequenty1 spe~d and wave l~ngth, . · · ' 

ii. . :The equa_tion of wave With double the amplitude but travellln9 In the opposite direction. 
Solution , . 

·Given, 
-.. The givet~ equation is 

y = O.Q2 sin (30 t-4x) 
- · Comparing this ~quatiot, with the standard ~ave equation, 

· ~ · · 2rc ,. 
y = a ~in (<ut - kx), .where k = T ,~ we have. 

(l)'=:30 

ort 2rcf = 30 
. 30 .15 . 

or £=-=- · 
' 2n: TC 

. · 15. 
Frequency, f = - ·. = 4. 77 Hz 

TC 

k=4 
2n: 

·or, -::;:=4 

2n: TC · · . .• '- . 
or 'A.=-=-. ' . 4 . 2 

- . TC 

.·.._ Wavelength, ·'A. = .. 2 = l.?71m __ 

· .and Sp~ed, v ~ -? 
We know that, 

• . TC : 15 ·- . · ' 
Speed, v ·= Af = 2 x-;- = 7.5_ ms-1 

Hence,' frequency, f =·4.77 Hz 
' , ' I 

. ,· .. 

i • · • f • 

~ "" ..... : . . .. 
Speed, v = 7.5 ms-1 

. . . , . 

_[4] 

and waveiength,. A = 1. 57~ m · · . . ·_ · · · · . . . : · _ • 
. the equation ·of the wave moving in opposite dir~ction· and -~ouble the amplitude 1s y = 0.04 sm (30t + 
~: · . . . . 

900 

• I 
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Waves and Wave Motion -

f&ftii•htk§.).uhC,r§iU ,.Jf i~~~ V:eiy Miffip:tlt . to ,identifiI tlze diffeYence behveen fhe-mo) itJn of ::' 
·~isf~rbance :. an~ · the md~i'J'/2':::of:11,i watd,;:_ 'pdlticl~?-ih~~ disturba,i;e iit.oves -toi"uards"";•riglzr:~luit/1. 1 

W!fS/91:t sp~e_dr_ y ;·_ gf ven ···by'"~q:;..- (l:4); -while' the · motion ··of tlze pa1·tides •,is ·sit'npl e I irirmonic,?lbbU t ', 
~e,cpfm_~s,itiate(q;aJti/po/iin_evel) arid their velo_city changes wit}i t1me as"givel;l by£q., (J.2). --.. ·)•,,: _:·: ~ 

5. The energy transfer in the medium takes place with a constant speed (v = Af) whlch 
depends on the nature of the medium. 

6. When a wave travels in a medium, the particle which meets it first begins to vibrate a 

little earlier than the particle immediately after it i.e. there is a continuous phase 
difference among the successive particles of the medium. 

7. If the disturbance at the source is repetitive nature, the wave is maintained. If it is not, 
the amplitude of vibration of each particle oecomes progressively smaller and 
eventually the wave ceases to exist. 

8. If the disturbance at the source is simple harmonic, a plot of the displacement of the 
particle at a single instant of time as a distance from the source is sinusoidal. 

., L· Wav~s trai:isport both energy and linear mon1entu111 without transfer of mass but do 
not transfer angular momentu m. . 

2: Waves rnay _be one-dimens ional wa 1e ltl c u itar tr in o-) , two dimensionn] (vl~ves in 
surfac~ of water) or three dimcn ional ( und w , in a ir) . 

&lb II The FM station of Radio 
wavelength of the wave? 

S0111 : From Eq. (l A), 
Wave velocity (v) = A x f 
Where, v = c = 3x 108 m/ s 
(speed of radio waves is equal to tha t of ~ p ed 

t at 100 .MHz. tVhat- will be the 

( Ii h I i I r pac ) 
f = 100 iv!H z = 'JOO x '106 H z 

A = ff = x 70s /100 x JO<i = 3 rn 

Diagnostic ulb·asound of freqt ency 4.50 MHz is used to examine tumors in 
soft tissue. (a) What is the wavelength of such a sound wave in air where speed of sound is 343 m/s? 
(b) If the speed of sound in tissue is 1500 m/s, what is _the wavelength of this wave in tissue? 

i: 343 V 1500 
S0111 : (a) From Eq. (1.4) 1'\ = f = 4.5 x 1Q6 (b) From Eq. (l.4) A= f = 4.5 x 106 

or, ✓'\ = 76.2 x lQ-6 m = 76.2 µm = 0.3 x 10-3 m = 0.3 mm 

- W@J A small piece of cork in a ripple tank oscillates up and down as ripples 
pass through it. If the ripples travel at 0.2 ms-1 have a wavelength of 15 mm and amplitude of 5 
ntrn. \\That is the maximum velocity of the cork? 

S0111 : Here velocity of ripples 
= wave velocity 

:. (v) = 0.2 m/s 
Wave length of the wave (X.) = 15 mm 

= 15 xlQ--3 m 
An1plitude of oscillation of cork (A) = 5 mm 

= 5 X 1Q-3 ·m 
Since the cork executes Slllv1, from Eq. (1.2), 

Velocity of the cork (u) = A© cosOJl and 
when cos©t = 1 , u becomes maximum. 

V 
:. llmax =Aw= Ax 2 TT x f =Ax 2 TT x ~ 

Umax = 5 X 10-3 X 2 TT X 15~}0-3 = 0.42 m/s 
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·;, . . S) d (l.9) repl'esent a plane progressive wave. The ne·gative sign_in.tt 
- Equat1o~1s (!·7), (1

1
· ta~

1 
ce the wave travels from left to right i.e. along positive x-axis. ·, i.:;:.; 

b ·acket md1cates t ,a sm . . 1 · . . f . h . .. ~ .. J 1 . re wave travelling 1h opposite c Jrect10n 1.e . . rom ng t to left i e al :•.·ff;: Similarly, a progressn / l c • • , •• • , png 
. . , . ,·s is represented by the equallon, - .~ 

negative x-ax1 . . ,, ".,,~ "'" ,, ,•''"l'•;·' '"'' -·l'{,, '{ ·-••>o;c••=.e•;e;-.,,.,,,,,,~,,••n,-.,,.,,.. • ··,•..4 f.,. 

' :,: "> ·: '.~ \. ~~ ,~(~f1:~,i1f ~·J •i~t ;1, 
A p1ug1.·ess1\1e \,rav~Jnay be H·~nsvCh1c ot long~tudirtal in na'.tutr 
ltt i\ ptogtessive wave, all parb.cLes of the meclrum have -th~ s 
phases at a given. th11e. . ' . . , _ 

. ' 

diHete11'tial form·; nbove wa{!cf~qtiatio1{ c, . · · · . · ,, . . 
••❖~, '_ '' • • " ' •• ) • ··~:< / ::,:::~: : <\//t~: .. ::.,..:'. 

S Ii A wave h·avelling along a string is describe by y(x,t) = 0.005 sin (80.0 x -3.0 
t , m w 1c 1e numerical constants are in SI units (0.005 m, 80.0 rad m-1, and 3.0 rad s-r_ ~ 
Caltu1ate (a) the amplitude, (b) the wavelength, and (c) the period and frequency of the-wave.. 
Also calculate the displacement y of the wave at a distance x = 30. 0 cm and time t = 20 s. 

Solution: Given y (x,t) = 0.005 sin (SO.Ox - 3.0t) 
This displacement equation for a harmonic 

(
21l 21r) wave is y(x,t) = A sin ;:x-rf 

On comparing the above two equations, we get · 
2n 2n 

, A = 0.005 m, -X = 80.0 rad m-1, T = 3.0 rad s-1. 

(a) Amplitude, A= 0.005m. 
2n 

(b) Wavelength, A= S0.0 rad m -1 

= 7.85 x 1Q-2m = 7.85 cm. 

. 21rrad 
(c) Time period, T = 3 0 d _1 = 2.09s . . ra s 

1 1 
and Frequency, f = T = 2_095 = 0.48Hz. 

Displacement of the wave at distance x = 30.G 
cm and time t = 20s, 

y = (0.005m) sin (80.0 x 0.3 - 3.0 x 20) 
= (0.005m) sin (-36 .:.-ad) 

= zero. 

Sam le Problem-1.6 Write the equation of a progressive wave propagating along the positive 
x - direction, whose amplitude is 5 cm, frequency 250 Hz and velocity 500 ms-1

• 

Solution: Here A =5 cm= 0.05m, f = 250 Hz, The equation for the given wave can be written as 

V = 500 ms-1 (t X) ( X) v 
500 

y = A sin 2n: T-5: = 0.05 sin 2n 250t- 2 
Wavelength, A = f = 250 = 2m, 

1 1 
Period, T = f: = 250 s 

y= 0.05 sin 7t (S00t -x) metre. 

Sam le Problem .. 1,7 A progressive wave of frequency 5000 Hz is travelling with a velocity df 
360 ms-1• How far apart are the two points 60° out of phase? · '...,, 

Sol": Here, velocity of wave, v = 360 rns·1 

Frequency of the wave, v = 500 Hz 
Therefore, wavelength of the progressive 

V 
wave "1 =- = = 0.72 m 

' V 

The changes in phase (Licp) and in position 

(£\x) are related to each other as, 
2n n 

£\<p = -:;: l\x , where £\<p = 60° = 3 
"A 0.72 n 

:. l\x = -
2 

£\<p = -
2 

x -
3 

= 0.12 m. n n .,_, 
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2nx 
or, cosT=±l 

N A N A N 

2nx or, cosT = cos nn:; where n = 0, l , 2, ····· 

2nx 
or, --=nn: 

"' nA or, x =
2

; where n = 0, l, 2, . .. .. rig-1.14: Pastian of nodes and antinodes from origin 

H ence at the distances x = O, ~ ' /1., 3~, .. .. from the boundary, antinodes are formed. 

~~-~, -~ :< ~-i:~~ ,· ' 

, fil;:l:ai1:6e between 

This concludes that the distance between two consecutive nodes or the distance between two 

<:onsecutive anti.nodes is equal to ~ and that ' distance between node and antinode is ¾ . The 
points other than node and antinode, the displacement decreases gradually from their 
maximum value at antin.ode to zero value at node. 

_ .. . ... M Stat~onary.waves-are set up by the superposition of two waves, giv~n by 
Y1 ·- ~.0:, sm(:, 'Itt - x) and Y2 ~ 0.05_ sm (51tt + x), ~here x and y ·are in meters and t in seconds. Find 
the displacement of a particle situated at a distance x = lm. 

-Soln: According to principle of superposition, the 
displacement is given by 
Y = y1 + y2 

= 0.05 sin (5nt - x) + 0.05 sin (5nt + x) 
_ 

0 0
... 

2 
. Sn - x + 5nt + x 5nt + x - 5 n t + x 

- . :) X SID 2 COS 2 

= 0.1 cos x sin 5nt 
.-·. Amplitude, A = 0.1 cosx 

At x = 1 m, 

- 1800 
A- 0.1 cos 1 = 0.1 cos--

1800 
= 0.1 cos 3.14 

- 1t 

= 0.1 COS 57.30 = 0.1 X 0.5402 
= 0.054 m 

where x and y are in cm and t in second (') Wh t . h g . Y Y - 4 Cos (nx/3) Sin 40nt, 
com ponent waves which produce this ~t 

1 
d" a are t e amphhtde and velocity of the two 

d (
. ) · an mg wave? (ii) What is the d · t b 

adjacent no es? 1i What is the velocity of ti f 1 / . ' 1s ance etween 
. . le par ic e o the medmm at x = 3 cm and t = 1/8 s? . 

50 z11: (t) We know that the d isplacement equation 
· · . - cl TIX 

of the stat10~ry wav~ is, Y - 2a cos kx sin oot . v = dt [ L1 Cos - Sin (4Ont)] 
Com p aring th is egn w ith y = 4 Cos (nx/3) Sin n t, 3 

TIX 
w e get or, v = 4 Cos -3 Cos (4Ont) 
2a = 4 and a= 2 cm, (.i) =4On and k = n/ 3 
:. Vel. of the component w aves, v = w/k = 1.2 m/s 

(ii) Wavelength(A) = 2n!k = 2n/ (n/~ = 6 cm 
for x = 3 cm and t = 1/8 cm, 

. . Distance between ad1acent nodes -A/2 = 3 cm 
c. . . , : £!l . _ n3 .. . _ 1 -_ 

V - 4 Cos 3 Cos (40II ·X s) =1.6rr m/s~: 
.:, .: (iii)·,Pa~tid:e .velocity (v ) = d t .. ~ ' 

·\: ::,<:;::,fJ 
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- Pipne·er Physics XII ---
12. Write down the difference between progressive wave and stationary wave. 
a Progressive waves and stationary waves have the following differences. 

·--- ··· ., .. , · .·.· .. Progressi'ye· Waves Stationary-. Wav __ :e .. s·:i:·i.>_~ .. ~.:-'.':.·, ,:~ }ff{->'... -. - 1\::f?'-?i 

'.<'f •. · The disturbance travels forward with TI1e disturbance remainS confined. to tn¢'. 
/~{. :o:_· a qefin.ite velocity. region where it is produced. . .. 

· 2. Each particle of the medium executes Except nodes, all particles of th; 

SHM abottt its mean positi011 with the medium execute SHM with varying 

same amplitude. amplitude. 
3. There is a continuous change of phase All the particles between two successive-

from one particle to the next. nodes vibrate in the same ph§lse, but the 

4. 

5. 

No particle of the medium is 

permanently a rest. 

There is no. instant when all the particles 

are at the mean positions together. 

There is flow of energy across every 

plane along the direction of 
I 

•A;~_ . · propagation of tl1e wave. 

phase reverse for particles between next 

pair of nodes. ·, 

The particles of the medium at nodes 

are permanently at ·rest. 

Twice during each cycle, all . particles 

pass through their mean positions 

simultaneously. 

Energy of one region remains confined 

that region. 
' 

8. -· · All the particles have same maximum 

velocity which they attain while 

passing their mean position one after 

the other. 

All the particles attain their individual 

maximum velocities at the same time as 

they pass through their mean positions. : 

This velocity varies from zero at nodes 

to maximum at antinod.es. .i 
II. SaIDple N111Derical ProbleIDs 

the wave of frequency 256Hz (ii) the frequency when th sec1, c cu~ate (i) the wavelength of e wave ength 1s 0.85m. 

S~l11: (i) V = 340m/ sec, f = 256Hz, A=? 
We know, v = M · 
or, 
or, 

or, 

I\ = v/f 
A = 340/256 
A = 1.33m 

(ii) V = 340m/ sec, A = 0.85m 

Weknow, { = v/A 
or, f = 340/0.85 
or, f = 400Hz 

Samp'le -P,:oble11iif:l1. A plane progressive wave is represente·•LL.y th t· cru e equa 10n, 

Y = 0.1 sin (2oont - 20
nx) 17 I 

Wh 
· . the displacement in millimeters, t is in seconds and . th. d" f ere y 1s . . x 1s e 1stance rolll a 

fixed origin O in meters. Fmd (1) the frequency of the wave(ii) its wavelength (iii) its 
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-
Waves and Wave Motion 

speed (iv) the. phase difference. between a point 0.25 m from O and~ point 1.10m from 0 
(v) the equation of a wave with double Ute amplitude and double the frequency but 
travelling exactly in opposite direction. 

Sol": The given equation is 

)' = 0.lsin ~001tt -
2

~; ) 

Comparing this equation with the equa tion 
of a progressive wave, y= a sin (211ft -
2nx/;\), ' "'e get, (i) 2nf = 200n 

or, f -= 100 Hz 

2n 20n 
(ii) T = 17 

or, A= 1.7 m 

(iii) V = M 
or, v = 170 n:ljs 

(iv) path difference between two waves 
X = 1.1 - 0.25 = 0.85 ID 

. 20nx 
Now the phase difference= """"'i7" = 7t rad 

( v) The amplitude of the new wave = 2a 
= 0.2mm 

The frequency of the new wave = 2f = 200Hz 

So the wavelength of the new wave = 2~0 

170 17 
= 200 = 20 m 

Therefore, the equation of the new wave is 
given by 

( 
40nx~ 

y = 0.2 sin 4001tt + 17) 

~ l•J A man stationed between two parallel cliffs fires a gun. He hears the first 
echo after · 3 secs and next after 5 secs. What is the distance between two cliffs. (velocity ·of 
sound in air= 350m/sec) · 

Soln: Let d1 and d2 are the distance of the 
man from the first and second cliff 
respectively, then ,2d1 = vt1 = 350 x 3 

or, d1 = 525 m 

And 2d2 .= vh = 350 x 5 
or, d2 = 875 m 

The distance between two cliffs 
= d1+d2= 1400 m 

G IQ A progressive and a stationary, simple harmonic wave each have the 
frequency of 250Hz and the same velocity . of 30m/sec. Calculate (i) the phase difference 
between two vibrating points on the p·rogressive wave which are 10 cm apart, (ii) the equation 
of motion of the progressive wave if its amplitude is 0.03m (iii) the distance between nodes in 
the stationary wave. 

So[n: Here, frequency (f) = 250 Hz 

Velocity of the wave (v) = 30 ,m/ sec 

V 30 
Wavelength of the wave (A)= f = 

250 

(i) 

(ii) 

=0.12m 
Path difference between two points (x) 
== 10cm = 0.1 m 

Therefore the phase difference= 2 nx(A 

== 2 n X 0.1/0.12 
= Sn/3 radians 

amplitude (a) = 0.03 m 

So the equation of the progressive 
Wave is given by 

( 2nx) 
y = asin 2 nft -T 

or, ( 2nx) 
y = 0.03 sin 2 re x 250t - 0.l2 

or, y = 0.03 sin 2 n ( 250t - 0_;2) 

or, ( 
25x~ 

y = 0.03 sin 27t 250t-3) . 

. A 
(iii) The distanc~ between two nodes = 2 

0.12 
=2= 0.06m 
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-~---__:·_P_i.o_n_e_e_r_P_hy_s_ic_s_X_ll ___________________ -=-----------'--

eE Speed of Sound in solid 

Since solid has different shape and size, il possesses different modulus of elasticity and· the 

relations for velocity of sound .for the solid of different shapes are different. Also n~ture of · 
the vibration of the particles of the medium affects the speed of wave propagatio~. · 

(a) Speed of longitudinal wave in solid 

In solid bar or rod: In solid rod, the Young's modulus of elasticity is taken into account. 

Hence speed of sound in solid rod is given by, 

fn solid of otl1er slzape: For the bulk solid( rather than thin rod), the bulk modulus (K) 

and the modulus of rigidity (11) play role for propagation of sound wave and hence speed 
o~ longitudinal ,,vave is given by, 

(b) Speed of transverse wave in solid 

The me~hanical ~a~es travelling in solids as transverse waves are called shear-waves 
and therr speed 1s given as, 

.:;:~ 

t~t-
, ., . .. x. , _i'!,,.~;:; 

(For derivation, see sec ion . 

&Jii4fdn@))fff For aluminum the b 
Nm-2 and 2.1 x 1010 Nm-2 respect" 1 p· ulk modul~ts and modulus of rigidity are 7.5 x 1010 
D • . . IVe Y· ~md the velocity of 1 ·h ct· . 

ens1ty of alummum 18 2.7 x lQ3 kg m-3. ongi t mal waves 1n th,e medium. 

Soln: Here, K = 7.5 x 1010 Nm-:2 
I 

YI = 2.1 x 10-rn Nm-2, p 
= 2.7 x 103 kg m-3 

Velocity of longitudina] waves in aluminum is 

V =~ 

=:: 

4 
7.5 X 1010 + -3 X ? 1 10 o -· X 1 

2.7 X 103 
== 6.18 x 103 ms-1 

' r •,. 

. -:~' 

·.,, .. •.•_.: 
.:-..:..~If 
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For a steel rod the Youn I d · · · 
' -3 • I • g ~ ~ 0 ulus Qf elasticity is 2.9 X 101~ ·Nin-2 "and 

·ty--is g x 103 kg m Find the velocity of the longitud· l . h - · :· ··, dens1 . . ma waves m t e steel rod; · - -.. 
· Here Y = 2.9 x 1011 Nnr2, 

sol11
: 

p :i Bx 103 kg nr3 

Velocity of 101:gitudinal '"raves in steel is 

V 
2.9 X 1011 

8 X 103 

= 6.02 x 103 ms-1 

. For aluminum the modulus of dgidity is 2.1 x 1010 Nm-z and density is 
2.7 x 103 kg m--3. Fmd the speed of h·ansverse waves in the medium. 

Sol": Here, 11 = 2.1 x 1010 Nm-2 
.... hJ 2.l x 1010 

p = 2.7 x 103 kgm-3 v = \J~ = 2.7 x 103 

speed of transverse waves in aluminum is 

given by 
= 2.79 x 103 m s-1 . 

; i.l! Earthquake generates sound waves in eart~. Unlike in a gas, there are 
both longitudinal (P) and transverse (S) sound waves in solid. Typically, the speed of S waves 
is about 4.5 kmf s and that of P-waves 8.2 kmf s. A seismograph records P & S waves from an 
earthquake. The first P waves arrive 3 minute before the first S waves. How far away did the 
earthquake occur? 
Sol"~Here, vp= 8.2 km/s, Vs= 4:5 km/sand 
.M='3 x 60= 180 s 

We know that; 

d= VsX Vp _ 4.5x 8.2 
Vp- Vs X ~t - 8_2 _ 45 X 1800 = 1795 km 

II Speed of Sound in Liquid · 

. 'E 
(I) 

Pwaves 
arrive first 

~o......,._..._ ............ ~ 
0 
m 
a. 
Cl) 

i5 

0 2 3 4 

Time 

Swaves 
arrive then 

5 

~ case of liquids, the modulus of rigidity is negligible and the bulk modulus (K) becomes 
significant. Hence the speed of sound in liquid is given by the relation, 

'_ ~~~: ~;_ ~7-;-!·~ 
·,_ ... :7:ji 
~ 

the • At a pressure of 105 Nm·2, the volume strain of water is 5 x 10-5
• Calculate 

S 
1 

~Peed of sound in water. Density of water is 103 kg nr3
• 

0 
n. Bulk modulus of water is Speed of sound in water is 

_ Normal stress (pressure) 
- Volume strain 

k 
v=~ 

105 

5 xlo-s --~ --\}~ 
b -. = 2 x 10-9 Nm-2 

· ensity 
, P == 103 kg m-3 

= 1.414 x 103 ms·1• 
,I I •.; 
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--· __ Pi_o_ne_e_·r_P_hy'.....:..s_ic_s;_X_ll __________________ -'---'---------
• r 

· -; high; the velocity of sound is high and if less, the velocity is also ·less. · · · · ~ 
At night, ·the grow1d is cooler than the air above (air higli above the-ground. is· hotter 
.than those at near the ground). So sound waves travelling in slanted manner will travel 
faster whereas those travelling near the ground will travel slowly. This makes the 
sound waves become more near each other near the ground but farther apart high 
'above the ground. In addition, the wave which travelJed up will head bac1-< to earth 

. after bending, caused due to the difference in velocities. So, an observer at a distance 
,,viii get sound that has travelled along the ground and also that has ascended up into 
the air, making the sound to be heard distinctly. Moreover, the sound seems to come 
from the sky rather than the ground itself. 

II. San1ple N1u11e•·ical 1•1·ohle111s 

B . @.j ·when a detonator i~ exploded on a railway line, an observer standing on 
the rail 2 km away hears two sounds. What is the time interval between them? (Young's 
modulus of steel = 2 x 1011 N/m2 density of steel = 8 x 103 kg/: 3 f · - 1 4 h • 
pressure = 105 N/m2) m , Y or au - • , atmosp enc 

Soln: Here, Y = 2 x 1011 N / m2 
Pa = 1.4 kg/ m3 
Ps = 8 x 103 kg/m3 
y = 1.4 

· P = 105 N / m2 . 
d = 2000m 

ti = 6.32 sec. 
~ow, the velocity of sound through railway 
lme 

(vs)=" {i V·~-
Velocity of sound in air (v,) : -vf!: 

. d "1: Pa 

d = " {i 
. t2 V p--: _ -

Where t2 is the ti1ne taken by the sound to 

or, 

or, - = yP 
ti Pa - . · 

~r;hrt1 is thhe ~e taken by sound to travel 
oug arr. 

or, 2~~0: ~ 

travel 2 km through railway line. . -

2000_ - 2 X }011 

t2 8000 
or,_ t2 = 0.4 sec 
:.time interval betw · · een two sound - t = 6.32 - 0 - . s - 1 - t2 

.4 - 5.92 sec. 

Sam le Problem 2.7 
C J J 

A stone is dro d . . · . 
a cu ate the depth of the 11 P!' e Into a well and a s l h . . 

Soln: Lett be th t· we . (Velocity of sound= 334mfsec) ·pas Is heard after 2.6 second. 
e ime taken b th 

falling through the de th of y e stone in 
the depth of the weIJ 1·sp . bthe well. Then given y . 

P-t2 
d = .a::.... 

2 

d = 9.8 X t2 
2 .................. (1) 

and time taken by d , . . , . soun to travel the 
d , 

distance d = -
334 

But this time period is equal to 2_6_t. 

d 
so, 334 = 2.6-t 

or, d = 334(2.6-t) ..... 
From equations 1 and 2 ......... (2) 
4.9t2 + 334 , we get 
O - t - 868.4 == o 

n solving quadratic . -
t = 2 0504 equation, we get . 

· secs 
and when we . -

use tl11s value of t . 
equation2 we t - . in -,}.: , ge, 

d = 30.73 m ,: 
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Mechanical Waves 

t:iJmiUfPfM&))fJ:j Compute the speed· of :~ound in he!ium at s~_T.P.·Jf~ ·1.66;_~ =:4 g, 
R==8.31JmoI-1] ::- ,· · · - • . . ,. :• ·- -~ ·,.· ·, · ·. -. ' · · · · · · '· · 

... ~ :;-- - ' 

Sol": Here, Ratio of SP. heats (y) = 1.66 

Mass of helium (M) = 4 g 

Molar gas constant (R)= 8.31J/mole/K 

Temperature (T) = 273K 

.,.. Fiifi_ 1.66 X 8.31 X 273 
Now, V ==v M-- - 4 X lQ-3 

= 970.3 m/sec. 

:. The speed of sound in helium at S.T.P. is 
970.3 m/sec. , 

bihb hJJ) Find the wavelengths of a wave in air of sound of frequency 256 Hz at 0°C 
and 71°C, if the velocity of sound through air at 16°C is 340 ms-1• _ . 

S0[11: Here, 

Velocity of sound at 16°C (v1)= 340 ms-

Temperature (T1) = 16 + 273 K = 289 K 

Temperature (T2) = 0° C = 273 K 
Temperature (T3) = 71 °-<; = 3_44 K 

Frequency (f) = 256 Hz. 
Wavelength (A2) = ? 

Wavelength (A3) = ? 

We have, 

V1 ="' ffi 
V2 \j~ 

or, ·340 =~ x v2 

/ 

340 
or, 1.029 = v2 

v2 = 330.42 ms-1 

· It is given that v = Af 

or, 339.42 == A2 ·x 25? 

. · A2=1.29m , 

Again v1 = .,.. {L 
'V3 -\j T3 

340="' fi§2_ 
or, V3 ·v~ . 

V3 = 370.9 ms-1 

V3 370 
A3 =£ = 256 = 1.44 m. 

M;i)ii})il@t@@fj111 A source of sound of frequency 512 Hz emits waves of wave length 
670 mm in air at 20°C. What is the velocity of sound in air at this temperature? What would be 

- the wavelength of sourid from the source in air at 0°C? [HSEB 2068] 

S0111
: Here Where Vo is the velocity of sound at 0°C. 

Frequency of wave (f) = 512 Hz vo "' @ 
Wave length of wave (A) = 67Qmm = 0.67 m or, 343.04 = \j 293 
Temperature (T) = 20°C = 293 K 

Velocity of wave at 20°C (v) = ? 

Wavelength of wave at 0°C (Ao) = ? · 

We know, 

v = Af = 0.67 x 512 = 343.04 m/ sec . 

. Vo.,..~ Agam,-;-=-\jm 

or, 

Vo= 331.125 m/ sec. 

Aof = 331.125 

or, Ao x 512 = 331.125 

Ao= 0.647 m. 
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-!_-__ P_io_n_ee_r_P_h.:....ys_ic_s_X_II ___________________________ ___ 

Sample Pl'oblem 2.11 Calculate speed in air saturated with water vapor at 2_7~ :c.. It is_ given ·tpat 
atmospheric pressure is 750 mm of mercury, S.V.P. of water at 27° C is 25 mm and velocity of 

sound at S.T.P. is 331 m/s. 

S0111
: Here, 

Velocity of smmd (Vd) = 331 m/ sec 

Temperature (T1n) = 27° C = 300 K 

Pressure (Pm) = 750 nun of Hg 

S.V.P. at 27° C = 25 nun of Hg 

V d ✓p - 0.378£ 
Vve know·, -\r = p 

In . 

331 750 - 0.378 X 25 
or, Vm - 750 

Vm = 333.10 m/sec 

Vm _ ffi:_ 
Now, V27 = -\J Ti_7 

333.10 _ - @_ 
or, V27 - -\/ 300 

V 27 = 349.18 m/sec 

L, 

$ l•J Calculate the temperature in °C at which sound in hydrogen travels with 
the same velocity as in the helium at 373 K. The density of hydrogen is half that of helium. 

Sol": Here, from question 

Velocity of solffi:d at Tin H2 = velocity of 
sound at 373 in He 

Velocity of sound at Tin H 2 
or, Velocity of sound at 373 in He = 1 

VeI. of sound at Tin ffi Vel. of sound at 373 in H2 
VeI. of sound at 373-in ffi x_ Vel. of sound at 373 in He = 1 · 

(V H2)r (VH}373 
or, (V ) x = 1 

H2 373 (V He)373 

(VH)T (VHeh73 
or,(VJ1i)373 (V H2h73. 

' , - . 

A 
, V1 _ /Qz 

gam, V2 'f. \J ~ = 0-

or, 

Now, 

or, 

or, · 

(VH)T - U__ 
(VH2)373 =-v m 
1 A U__ 

0-= \Jm 
373 
2~-J - - .. 

t := 186.5 K or ~ 86.5° c 

oxygen at 270c, (b) If the temperatu . so~n m a m1xhtre of 1 mole of helium and 2 mole of 
the speed of sound in the gaseous ~et 

18 
ra(ISed by lK to 300 K, find the percentage change in 

mix :ure. R = 8.31 J/mol K). . 
S0/11

: (a) In terms of temperature, the · 
speed of sound is given by Mmix = n1M1 + n2 M2 = 1 x 4. + 2 x 32 

n1 + n2 1 + 2 

V = T ... (1) _ 68 ; . 
- 3 x 10-3 kg/mol...(2) 

Now here as 1 mole of helium is mixed with 

2 mole of oxygen, 

__,./1/ . 

Further as helium is monatomic 

[ Cv = (~R] while oxygen is . 

puspas.com
.np



Mecnan1ca1 vvc1v1:::;:, 

. r C = (~'R] I so for mixture' (Cv)mix 
diaton119._ " . \2) 

n1 CV1 + n2Cv2 

Now, substituting the value of M and Y from 
Eqs. (2) and (3) in (1) with T = 300 Kand .. 
R = 8.31 J/mol K, we get · · 

n1 + n2 
V = !: x (ls1 

x 
30

) = 400.9 m/s 
-x 10-3 
3 ,, 

= 

Also, (Cp)mb: = (C,)mh: + R 

(Since Cp- C-= R] 

(b) As v ~,fora given gas, 

/sv 1ST 1 l 
~ = 2T = 2 X 300 X 

100 
C, 19 6 19 

(Cp)mix = C, = 6 R X 13R = 13 · · .(3) = 0.167% 

EXERCISES-2 

2.01- \!\That was the necessity of Laplace correction in the velocity of sound in air or gas? 
2.02- The velocity of sound is greater tluough moist air than through dry air. Why? 
2.03- The sound of a distant coming train can be easily detected by placing our ear near the 

rails. Why? 

2.04- Discuss the effect of pressure, temperahue and density of the elastic medium on the 
-.velocity of sound. [HSEB 2052] 

2.05- Derive an expression for the velocity of sound in a medium by dimensional method. 
Discuss the effect of change in pressure and temperature on the velocity of sound in 
air. 

2
-06- State Newtori' s formula for the velocity of sound in gases. What correction was done 

by Laplace on it? . [HSEB 2061] 
2
-
07

- Explain why and how Laplace corrected the Newton's formula for the velocity of 
sound in air. · · 

2,08- Th d'bl -
e au 1 e range of frequencies lies between 20 Hz and 20 kHz. Calculate the 

Wavelength corresponding to these extreme frequencies at NTP. (velocity of sound at 
NTP=330 m/sec) , ' 

2,09- A . . . [Ans: 16.5 m, 16.5 mm] 
sound note of frequency 200 Hz 1s produced in hydrogen FiI

1
d tl

1 
1 h 

assumi \ . . . · e wave engt 
h n velocity ~f ~ound m an as 332 m/ sec and density of air as 14 4·t· th f Ydroge c c • Imes at o 

2..lO- Find th . · · [Ans· 6 29 m] 
e temperature at which the velocity of -sound m· ai·r b 1 5 t· · · · at Ooc. , c ecomes . · · 1mes Its value 

[Ans: 341.25°C] . 
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reason. 
~ Please refer \2074 Set B Q.No. 3~ 

· '3. §on set c a.No. 3§1 When sound waves travel through· a medium, does the tem~e,rature. at various PQin~ 
remaln constant? Explain_. · · · · .· ·_ · . . . .,, J~l 

·~ No, wlten the sound· waves trav_ei i1~ a 'J:?-led~u~, the tempera~re ·at .various points do~s_ not ~emain 
same. Acc'ording to Laplace, during the propagation of · somi.d: wave, .the formation of COillP-Iessio11 
and rarefaction is so rapid that the heat exchange is ·zero '~nd the · temperature at different po~ts_ is~ 
,different and hence the process is adiabatie:process. I • • • • -~ 

-4. 12011 set o a.No. 3 at 12066 supp a.No. 1c) Why does s·ound travel fast~r:in metals than in air?. ·· · ·_ ·, · [21 
~ Sound wave is a· longitudinal wave. The veJoc~ty ~£° a.longitudinal wave . (in.1 general) in _a m~dium is . 

given by the relation y - ~, wher~ E is_ the nlOdulus Of elasticit/a ndp is the density of lhi 
medium. The modull!s _of elasticity for met~ :is Yo':1rig's modulus of elasticity (Y)~ then .velodfy:of. 

sound in metai is, V ~ ~ • Th~ val~e of : for mela! is .to ~UC~ higher than : for air. So, the vclocitJ: 

of sound wav·e.in _metal is greater than in air and he11ce sound travels faster in ~etal tha~ in air: . 
5. 1201.0 Supp. (Set B) a.No. 3 al The speed of.sound i~ humid air is more than that in dry air,-why? ·. [21 
a In the wet air, the ·atmospheric air bec.om,~s. moist' than. on a dry air. So, the ,hu~i_dity on wet or rainy 

air is more than the dry air .. Greater humidity prese1~t in the atmospheric air decreases its liensity. we 
know -that the velocity of sound ~ air is inversely pr,oportional to the squate· root ~f it~ density t-f · v~ .. 

1 . . ' l ' · ' , · . . ' - • 

{p. Therefore, decrease in density ca~ses the' velo_city of . spund to ' ~1~~ease. Hence, ·som~'cls _l~eclrd. 

bett;er on a we!,_day than on a_dry day i.e. mme in .damp air than in dry ai~: . . . : . .~ 

6. 1201_0.set ca.No. 3 aU2063 a.No. 2 al Although the density of solid is high, the velocity of sound is greater in 
sohd, explain. . , ' . · ·, ,, , . . . · , · ' ·[21 ., · 

. a ·Please refer to 12074 Set Ba.No. 3af' . ,· ·· 
-~· :. 7- . 12059 supp Set B a.No. 3 bl Is it'posslble that the velocity of sound is greater in solid than that in· a g~s~~~'--, 

. STP? Justify your answer. · · • . · ... ',[21st ,: 
,, , , , . . , • . . ,i;. 1 

, .-,a - Please refer to go14 Set Ba.No. 3a! ., · ,! :·, •. / ·~~ · 
. ', ~ ·-

. a. : 12066 a.No.1cl VeJ_ocity of sound increases on a cloudy day. Why? , . - ~ · •\ · . --, -<·:f[~)'.;, 
j .. , ',. , , ~ In ~ clo~~y day/ _~~~ :~ir be~om~~ moist and h~m_idily increas~s in ~~1oist air 'Wl~ich r~sul~s to, <.i.e~re4{~,~, 
i ,, ,. _. ·. _: . the den~1ty of au.'l~~~r ~, . velocity of . soun~ 1s mversely propor~10nal to square ._root of· den~~~; {~ 

1ned~um, n.e., y oc {p-~:·'the veiocity' ·of sound increases on a ~loudy day. , , . , . '·.:::t\\£ y: · . . ·.. ( \ : :: p, ~~ii~.::;", .. , . . . ·. · .. · . .. ' ' ·);11 
·, . 

. -': . 
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· ··• ·' .... ,._. · ... , .. 

9. ~065 Q.No.· 1 cl !2060 Q.No. 2 cl_ 12052 Q.No. · 1 cl ~ound -at a distance ·can be heard di_stiri~tly 'at ~~ig~ft~~~ ( i~ -*~: .. 
daytime.Why? - . :· · · · . · . • · .· · ·· · . · · . ·.:· ,. · [2] . 

• ! -i,.: I At night, 'the-a~nos_p_heric aii- becomes ·n~oist than 'ritday ti~e. s~; de~'sity cif ~ir at 'night ~-s· l~s than at : ' 
i . ' .. . ' . ' . · :. . · , . . 1 . 

·.- -._. ,d_ay tune. _Bu~:n~e veloci~-o_~ sou11d is inversely p1:o~cfr~ion~i _t~ ·the squfre __ roo_t_of d~ns.i~ i_.~.; ~--~~ .. 
. ·,so, velocity_ of sound a_t night is· more 1tha11 · at day ti1~1e due t~ reduced de~sity of air, Hence, soun~ 

,. made at a d_ista11ce can be heard -distinctly at night than ih daytime. · · · . . . · · ' · . 
·__,- . · . . . . 

. :,10. ~()64·a.No. 2 d! Explain why the velocity of sound In solids is greater than that in.gases, tho.ugh the densities 
· · ' of solids are _gre~ter than that of gases. · · . . · · · . [2] 

'8- . Please ~-efer to !207 4 Set B Q . N~. 3al · 
1t . j2os2 a.No. 1 cl Do sound waves need ~ medium to fra~el fro~ one point to. _other ,Point in space?. What 
• properties of the medium are relevant? · . · . . . . . .. . · · · · [2] 
~ . Yes, somtd wa".es are mechani~~-waves which n~eti &. med

1

i~m to travel from one point "to other 
poiI1t in sp_ace. In this case, the disturbance is handed· ~ver from _one ·particle to another .particle of the 
medium. ~lastic property shoulq be possessed by the' medium. F,or tbe particle· to gain kinetic energy,-

medium shou_ia possess inerti~. Thnelocity of s~und. in the elasti~ mediulll is gi;eh by V = ~' . 

·_where E .is the elasticity of me_dium and f> is its .den~ity. Thus,'- ~Iasti~ity, p~essure and inertia are -~he . 
. relevant properties of medium on which sou.nd ~aves depend.· . . · . . . " 

· 12. 12056 a.No. 1 cl Why are sounds heard better on a wet day than o·n a_ dry day? -[2] 
"& Pleas~ r~er to !2070 Supp. (Set 8) O.No. 3 al · · -
·13. 12054 a.No. 1 bl Is velocity of sound more in damp ·air or in dry air?-Explain. [2] 
1!.. Please refer. to !2070 Supp. (Set 8) Q.No. 3 al _ · 

. . ,. 

Long Answer Questions 

14. 12016 set s a.No: 7al Does the propagation --~f sound_ wave cause _change in. thermodynamic con~ition· of 

medium? Derive L_aplace f~rrriula of velocity of sound in a~r: : . · · · ' · · · · [4] 
"'B. Newton's formula: · the yelocity of s_ound. in any_med_ium is giveri by 

•. v = ~, whm E is th: 'elasticity of in~diulll and p beits density: ·. ·· · .. . . . . . . . 

For air medium, the modulus of elasticity is Bulk's modulus ,of elasticity (~).-Vel?city of sound'in-air 
is g· iven by,_ · · · ' · · · · 

~ --- . 

·v=- ·[i , 
·.\Jp . . . . . . .' ., . . . . 

Newton assumed. that . the formation of ·rarefaction ar:id compressio_n ·in the ·air is a slow _process fµld 
. the temperature1.S equal to the ~emperatu!e of su~r.oun_dmg Le. the_ pto_cess· is the is?thermal process·. 
The gas equation is · ' · , . , . · ' · ,. · ' 
·PV = constant; where·P is.the pressure -of air and Vis .the.volume. 
On differe~tiating, ·w_e_get 
PµV ,+ VdP - · o 
PdV=-Vdr 
: . dP Volumetric stress· · - · . . . 
P = - dV - ·v · i . tr . = B, Bulk modulus of elastic1ty of au, . · · o umetnc s am · , · .. -

V 

: ·so;_N~wton' s 'to~ula for velocity of sound _in a_fr "i~ giv~ri by . 

·-• v. : = ~ ,;,, ~ -, where :r is the pressure ~fair and p is _its density, . 

. · For air, at NTP; 
,p - = 1J;l13 ·x 10s' Nm-2·. 
· P . ~ 1.293'kg /m3 

I , . -

· ... ·· 
I ' • • 

. . ·, 

: I• I 

•: 
. . :(v- .· 

,, ' 
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A coMP.LETE NEB s·oLUTION TO PHYSICS : XII 
I .1 -~• 

. ·,:, . fr. 1,'013 X 1()5 = 
280 

\ / . - •i ;'. 

V . = '\J p = . 1.29:\ t \ s ' . ' ' l N'f P is about 332 m/ sec. So,· the . 
But, the cxperiinental valtie of U\e velocity of sound ln 1111

· n ' • . · : ' 
theoretical value docs nM agrl'c \\)ith the cxpcrimcntol vnluc. . A s~tisfnctory solution to thi ,. · 

· l \. · •\ · , · i Newton's formuln. , . Therefore, l ,e1-e mnsl ue some1 Hl\g wn,ng n . , ,. Laplace correchon, , 
· \ • ,. L t · , which 1s known °" ' discrepancy in Newton's fom~tt a was given uy np nee, · ' . Jd th.al the propagation of · · 

tapla~e ton:ectlon: \Nhile deriving the ,tbove formuln, ~cwton ass,uin,e tt-,c propagation of sound 
sound takes place it, th~ isother!nal. ct1nt\ilio•~· Bu_t ncc~rd1.11g: l~ Lax t~~\einperature at rare fraction 
should ~ake place m rap1tl way so the process •~ ndinbnttc pt oc~ss nn . . . . . . , 

and comp1-essio1, is different. ,. 
Since· the· adiaba\i,c eqnation of state is 
P\7'1 -= <eonstant ... (i) . 1 . C . . . - , • . 
where y = c: is a constant. On differentiating equ~ti~n (i), w_e get • 

'Y P\7'1-1 dV + VY dP = 0 
)'P ,rr.:, dV = -vr dP 

VYdP dP dP . 
- -yP =-vr-1 dV = -v~, dV = ~ dV /V ~ ~ Badi 

,-..,here Baa; is adiabatic ·bulk modulµs of elasticity. Negc\tive .sign ' indicates that as 
increases, -the volume dec;eases and vi~e versa. Hence. the velocity of sqund in air is 

V -~ . . . 

~ -=~ - . 
This eCJ?ation is called Laplace equati~n for velocity of sound i11. ai~: 
For air at NTP, · · · · · 

y =1.4 
P = 1.013 x 10s Nm:..2 
p = 1.293 kgm-3 . . __ .r 

_ Gr. 1.4 X 1.013 X }05
1 

• • 1 

V =·vp = -•' 1.293 _. ~331.2m/.s 

' ·, ,· 

This value closely agrees with experimental value ~31.2 mis. . . 
15. B075 GIE a.No. 7a! '2068 Can. a.No. 7~ !2067 Sup a.No. 1W Discuss N wt , . ·· . -•~' . , · 

m a gas medium with Laplace's correction. ·. . ·:. · . e on s form_ula for the velocity of sound 

a Please refer to @076 Set a a .No. -7al · · [4] 

16· @?74 .supp a.Jfo. 7a! Des~ribe• -Laplace's · correction in Newto.n's f . I . . . . 
. . d~scuss ~e effect of temper~ture and pressure in' the velocity of ~o:~u- a f~r .velocity . of sound in air. Also 
a First_ Part: Please refer to '2076 Set Ba.No. 7al - - - . n m.a1r. . . . [4) . 

Second Part: . 

The velocity of s~u_nd in an elastic medium is give~1 by. 

v ;; .. m 1 . . ~'j,~' w iere EIS elasticity arid r is its _density. . . . . 

For atf,1 I11edium, .E "" B = . . . · . • · , . : 
constant'pressure . yP, where y ts constant called the ratio of . . . 

, • ., . 1~ ·· to that at constant volume and p is pr~ssure. . molar heat capacities of gas at 

So v = · if: · 
' _·p '. : 

i. · Effect ,of pressure: The vel' . ·. 
· .- -~ . · ocity of sound in air is .. - v,~ . , ' 

. V = ~ ', u '~ 

,~ . P , ", .· ,•• ~ · -~~•:i,.' , ~_ .,.i •~, •' •I 

.. For one mole ofg'a:s, e · . . . . • • .,:_ ·:'< ,. 
PV = RT . . . . _ .~11.~tion of ~t~t~,is . . . 

. . 'i':>'. \;: ,\i\:.\it, 
· "f: > . , ,_ • -~ ~tf~~ 1~t 

,, •' 
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~ ''.~~;,:lf · .... · .... • .· ·.· . . . . . 
! ' ·"\;:3,:?.f/;,\til CO!lStant t~mperature1 . 

/~(J;t:'.;:r .. P consi . . .. . · ,, ... 

·. :~~) .,' PM =const ·⇒ -:. =M =.toilstnn~ 

MEC ~ANICAL WAVES i · 2.5 

, . 
' ' 

't' t ' 

''' ' '.,?? .::' p ''' -Jr[;/ -',.....____ ' 
· >t{i:":''.Hence;_ v,.=. ,- , = vY x.-constanl ""cdH:sh\lll 

,,,,.,[ ,; p ' ' ' 
· \·,·: Thus, the velocity of sound in n gns is i1\d~1,ettdenl of the tJtessUte of the gas provided ter,,perature 

..-:> .'ren'i.ains constant · . , . . · • .. i , Effect of tentpet"ahtte: P()i• one mole lif {\ tins, th~_~ttttnH011 ~f stat~ fs 
·PV = RT . . ~ · 
If M and_p be the m6leculat: weight nhd tlensily of the gas, the11; 
.- M 
v=-

P 

,. PM =RT ~ 
p ' 

For given gas, y, R and Mare constants . . 

o vcx✓f · ·. . . ,.. . . . . ,· . . . 
Hence, the velocity of so·und in a_ gas -is · dir,ecUy ~r(}portion~ . to _ the squ_are root of _its a?solute 
temperature. · . 

iii. Effect-of density: Consider ~o gases h~ving same value of y .at the same pressure P but having 
' densities Pl and Pz re'spedively.' Then, the velocity ·of sound' in theni is . . . , 

=- GE -_-.. · - .. , .• - ... -· 
V1 '-JPJ 
v, -~· ,,, , . .,.., .,'.\· 

·-· VJ =- /E2 -~-~ ~j_ . ! .' .. ·:, 

V1 . -\JPJ , {p ·.·· .. 
. . . . . . . i: ,·. . . '. . . - . . 

'Hence, velocity of sou_nd in a gas is inver~ely_propo!~tonal to. the·square root _of the density of th~ gas. 
- • ·. • • , • • • • ·._ - • , - . •· \ I ~ ~i . . . . .. ''. . ._ , - . - --

_iv: Effect of mass: Let _us consider _Mi and · M2 be 111tllecular weight ·· o_f the 'ga~es,-·:then ·at constant 
temperature,· the velocity of sound.in the1n is : . .• . -. . ' . 

--, :- /yjrr. : ' ' ' ' . 
V1 -~ \J ¼ . · [Here, we cqns~der :one m?l~ of ea~h ga_s-sq.ch thatf:V =:=RT] . 

Vz =~RT 
M2 . 

·.' Here, for a 'given gas a~ constant temperature, 'R, Tandy are con.stants. 
, : ~ ~2 .. 1 , . ', , : • I ' 

.·· · = - ⇒ va-- · · · 
v~ . M1 ,jM . ·, · · · · 

1 ·: • ~ence, velocity of sound iri a gas .is inv~rsely propoi'tic;mal to tl~e s·q~are root of the mol~cular ma;s of 
1 

•-..:.... the g~.. . . 1 
, • • 

·111~:'i.@7
4 Se~ A Q.N~: 1~! ·Describe Newton's _fcirmula .t~i' the velocity· of sou.nd in air. Explain why and ho~ th·. 

· formula 1s.mod1f1ed by Laplace. · · · · • . - · IS 

~~~e re~er to 12076 Set Ba.No. 7a! [4] 
t 18

·· ~ 73 _set ·c· a.No. 7~ What correction was made in · Newton's exp~~~~j~~-~f~~ili~'--~~.:... . · · · ... ___ : .. , ..... 
~:. -~ . ;~plain, how change of temperature and pressure affect the velocity of sound. eloc1t~ of s~u_nd? Also 
t.. · 

8
Irst Part: Please refer to '2076. Set Ba.No. ?al · · · [4] 

~.. . ec~nd Pai:t: Please refer to '2074 Supp a.No. 7~ 

.,. '. ,,·, ... ; . ',• ,:·· ' .· 
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. .. ·:r 
· 26 I A COMPLETE NEB SOLUTION TO PHY SICS • XII · _· .. · -.~ 

- . d · afr Explain why and~h'.: 
19. po12 supp a.No. 1, Write the Newton's formula for the veloclty of soun m • · .. _1~ 

fonnula is modified by Laplace. . .[~ 
. ' . ' . . . i" 

a. Pll.'•.1SC rell.'r \o 12076 S!:!t Ba.No. 7e! ' . . -- ---- . . ~ -',:;, 
------- -·· ·- --- - - · · I f the velocity of sound·' -r-: 
20. po12 Set o a.No. 7~ 12011 Supp a .No. 7a! Write -down the Newton's for!"u a·. ~r , · . ~n air: 

Explain why this fomtula has to be modified. Discuss Laplace's correction on it. •. · [~ 
~ Pk,1se refer to k076 Set B a .No. 7a! · · . · · · . · ' - , -. 

d • · ·r with Laplace's correctio~( 21. §011 Set c a .No. 7 ~ Describe the Newton's formula for veloclty of soun '". 31 , • ~ 

-~--;::P=le=~a=s·=e=re="f=e=r =to~l20=7=6=S=e=t =B~a?. N:::o~. •:::7a=!-:-:-_---:-....:...·· -=---- ~;-:-----;.-::-;::-=-:; , . ~ 
· f- d in a gas. Why was the corre~ 22. §010 Sup (Set A) a.No. 1 al ~educe Newton's formula for velocity o so~n . , . . -. on 

· needed? What correction made by l'aplace? ! (~ 

a. Please re.fer to 12076 Set B a.No. 7a] • · · ; · 
· · · d th I city of sound and discuss ho~ 23. §os9 Supp Set B a .No. 1 aj-Describe Laplace's correction to fm e ve O _ .. _ uie 

velocity of sound is affected by diffe~ent physical parameters. [41 
s First Part:_Please refer to 12076 Set B Q.No. 7a] · · 

Second Part: _Please refer to !2074 Supp Q.No. ?a] . . 

24. §os9 (Set A) Old a.No. saj What is the Newton's formula for the veJocity of so~n_d? What correction· w_as made 
· by Laplace? . · · · "' [1+~ 

a Please refer to l2076'Set BO.No. 7a! _ 

·2s. ~069 (Set B) a .No. 1§1 D_iscuss the sig~ificance of L~place's correction io_, Ne~on's formula for the veloc!ty 
· . sound. AJso, explain how different factors affect the velocity ofsound. . . . . · I~ 

-.:s.. First Part: Please refer to j2o76 Set BO.No. 7a] ·: 
Second Part Please refer to !2074 Supp a .No. 7a] , 

· 2s. j2oss Old a.No. s aj Write an expres~ion for the sp_eed.of sound in an ideal gas: Discuss the effect of ~hange 
in temperature on the speed of sound. · · · · [1+3 

a Please refer to 12074 Supp O.No. 7a! 

27. gos1 Old a .No. s~ Discuss the Laplace's correction for the velocity of sound in air'. [~ 
-a:_ Pl~e refer to (2076 Set BO.No. 7af 

2s. j2o66 a.No. s ·aj Write down the ·factors on which the -velocity of sound in air depends with necessary 
explanation. · .....-------. · · · [~ 

a Please refer to {2074 Supp Q.No . .?a! _ 
29. - @065 a .No. 5. a oRJ Explain the significance· of Laplace's correction of Newton~s formula for the velocity of 

sound and derive the corrected· formula.·_ _. · · . - : . · . [1+'ll · 
. a Please refer to (2076 Set B Q.No. 7af -

30. !2061 a .No. s a oRJ ·State Ne_wton's formula for the ~elocity o~ sound in gases; What correction was done b1 
Laplace on it? .....-----~ . _ - ' . · . [1+ll 

a Please refer to 12076 Set B O:No. 7a] . . .i 

31. l2060 a.No. s aj Derive an-expression for the velocity of_ sound in a.m_edium by dimensional method·:~ 
the effeq of change in pressure and temperature on the velocity of sound in air. : . [2+21 

a The velocity of sound wave in an elastic medium depends upon the elasticity and density of medjurii 
i.e., v cc E' pY where Eis elasticity of m·edium and r i~ d~nsily of medium. . ·, · , •; 11 

NO\-\', . . ' I 

y = k£•pY ' ... (i) . 
where k is a <linte~ionless proportionaUty constant. 
H~ . 

Dimension of elasticity, E = [ML-11 2] 

Dimension of velocity, v = [LY-1] 

[?imension of density, p = [ML-3
] _ 

Fron:1 dimensional analysis, fro~ equation_ (i), we _get 

. \ 

. , . ' 

puspas.com
.np



·, . rLr-11 = -fML:1_y-2r. fML-3f , ... MECHANICAL WAVES/ 27 

~r, .[LT-1] = [M x+y L -x -Jy y-2xJ ... (ii) 
Equating the po·wers of Jike terms, we g"t, 
0 = X + Y ... (iii) , 
1 =- -3y ... (iv) 
-1 ""-2x ... (v) 
Solving th s" qu~tion , we g t 

1 1 · 
=--2 

= k 112P- 112 = ... ill 
.'. V ·v)) 

Ftom mall,ei11at1cal ,u1al · Si , k : 1, then velocity of sound in medium is v -~ 

2rcd pii!rt. Please t·efer t-o l20?4 Supp, Q.No. 7ij · 
J2 . ./2056 Q.No, j ·Discuss Laplaceis c~rrection and de-rive-th_e_f-or_m_u-la_f_o_r t_h_e_v-el-oc_i_ty_o_f-so- u-_n_d __ in- a--gas- .---[4-] 

Please refer to /2076-Set B Q.-No. 7af 

. @oss a.No. ~ Describe Newton's expression for the velocity of sound in a gas with. Laplace· correction. [:4] 
}!).., Please refer to ,12076 Set B Q.No. 7af · · · 

34. j2o53 a.No. ~ What is Newton's formula for the velocity of sound? What correction was made by Lapface? [5] 
)t.. Please refer to @076 Set B Q . No.· ?af · 

35. pos2 a.No. ~ Discuss the effect of pressure, temperature and density of elastic medium o_n the· velocity of 

sound. ,------- [5] 
a. Please refer- to@074 Su.pp Q.No. 7~ 

Numerical Problems 

36. 12016 set c a .No. 11f A source of sound of frequency 550 Hz emits waves of wavelength 60 cm in air at 20°c. 
What would be the wavelength of sound. from the sou.rce in air at 0°c?· · f4J 

'a Solution 
Given, 
Frequency (f2-0) = 550 Hz 
Wave length ().20) _ = 60 cm = 0.6 m 
Wave length at 0~C (11-0) = ? 
We have 

Velocity (v20) = f20 x A.20 · 

= 550 ,x 0.6 

= 330 in/sec 
Again, 

r:--v[! 
or, Vo = v20 x A ffi_ -v r; 

::;330 x ,A @_ ·vm 
= 318.54 m/ sec, 

No"{, 

Vo 318.54 
'-20 = fo = 550 = 0.58 m 
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l. . X 11 · · ----- •· • ·····--·-. 
28 1 · A coMPLETE NEB soLuT10N ·ro PHvsics • . ~ tdinal waves m air at 27° an<t' 

•' · · · . • d of tong• u · · at, 

37
. j2075 set A a.No. 111 What -is the difference betw~en th8 ~pe_e . . . l4l , 
. 13°C? What is t~\ speed of 0°C~ -< 

· Solution ' 
C • 

Given, · ' · . 0 • -l 13 °C == ? 
Differen~e b~tween velocity of sound at 27 C am -
i.:e., V27 - V -13 = ? 

. Velocity of sound at 0°C, Vo= ? 
Now, Vel. of S(?ullli in ail- is givel\ by. 

-- hl -✓1 .4 1.01 >< 1Qs = 3. · 11 m/sec 
. Vo --\JP - 1.29 ' 

· ·.r:;. 27 ~T2.7 
Since, v oc "'lT , then-;-= T 

'I) 0 .. 

or, 27-~ 0 e ~ x33U-347.087m/sec 

V-1S_- ~ ·. 
Also, ~o - ·\J To 

-~ -~-"V-is=-\/-To V 0 .= -\J~ x331.1 = 323.12.m/sec 

ow, 
v-i, - v _13 := 347.087 - 323.12 = 23.96 m/sec 

38. 12075 Set B a.No. 11! j2oss a.No. s bi At what temperature, the velocity of so.und in air is increased by 500/4 to 
that at 27°C? · {~ 

'SoJution 
Let, V be the velocity of sound at 27°C. Then,. at T°C, the velocity of sound be 

. -( .. SOv:') . . . 
v,2 = , v+ 100) . 

Here, 
TJ = 27°c = 300K_ v1 = v . 

• 50v 3v. 
T2 = ff+ 273)K and, v 2 = v+ 

100 
= 2 

Now, we have, 

· ~ 2 ~~· 

V -~ 
or, 3v/2 = \J~ 

2 -~ 
or, 3 -=·\/~ 

4 300 
or, 9 ~ T+ 273 

or, T +· 273 = 675 
,. ·. T = 402°C 

Thus, the required temperature is 402°C. 

/ 

.39. _ -~~74 Supp a .No. 11! In a resonance~-;jr column a'pparatu;-the f~ -.:.-- -~- _ ___-:;. 
ob'se,:v~d at 18 c~ a~d 56 cm respectively. The frequenc' st and second resonance p,ositions wee 

_ v~loc1ty of ~ound m air and end correction c;,f the tube. Y of tuning fork · used was 480 Hz. Calculate thil 
Solution · · {~ 

· • ~iven, 

First ~esonance length (11) = 18 cm 
Second-resonance l~ngth (l2) = 56 cm 
Frequency (f) = 480 Hz 

· Velocity of so~nd (v) == ?' 
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End correction (e) = ? 
W0 h,we, 
V ,:: 2f(/2 ... l1) 

:: 2 ?< 480 (0.5 - 0.18) 
== 364.8 m/ s 

h - 3l1 
e ::~ 

Q.5 , ~ 3 O.l8 
= 

MECHANICAL WAVES/ 29 

-;,-~;--;t~D Q.No. 111 ~alcuiate the bulk ,n-;duius' ~f a" liqul'd "in w°hlt h longito'cilntH W3Ve'S with fr~quency of 250 
Hz 1have the wavelength of 8 m and the density of llquld Is 900 kg rn·3, [41 

. luti n 

Fl'{_~ nc · of longitudinal waves (f) = 250 Hz 
W,avele1)gth of l ngitudinal waves (11.) = 8111 · 
Den ity f liquid (p);, 900 kgm-3 · 
sutk modulus (B) = ? 

e have, 
v = f 11. = 250 x 8 = 2000 m/ sec 

Velocity of longitudi.11al wave ·i.11 liquid is · 

v -~ 

or, _2000,aa ~ 

or, B = (2000)2 x 900 = 3.6 x 109 N/m2 ·· 

41. ~012 set E a .No. 1 ~ A soµrce -c>f 'sound produtes a note· of 512 flz in air at 17°C with wavelength 66~5 cm~ 
Eind the ratio·· ol molar heat c:a·pacifies at totistant pressu:re to constant volume-at N-TP. Densities of air 
mercury at NTP are 1.293 kg/m3 amt.I 13~00 kg/m3 respectively. [41 

.SoJution . 
Given, 
Frequency of sound (f) = 512 Hz 
Wav_elength of sound (11.) = 66.S-cm = 0.665 m 

• • I 

, Temperature (t) = 17°C = 17 + 273 K = 290 K 
Ratio of molar heat capacities, (y) =? 
Now, 
V17 = f X A 

= 512 X 0.665 
= 340.48 m/ sec 

Now, 

Vo -V17 

or, v0 

A •ffi A •fm =·\Jr,;-7 =-\Jm 
=~ 
= 0.97 
= 0.97 X 340.48 
= 330.26 m/ sec · 

Now, Velocity _of sound in air is given by, 

Vo =- fit • 
\jp 

_or, v0 = - ~ [· : p = Pmgh] \jp;:-
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. . . . , . )( II 
· . · PHYSICS ~ 

. 3() / A CO'MPL.ETE NEB SOLU~ION TO . . .'I 

. · y X }3600 ·x 10 X 0.76 
.or, 33026 = 1·.291 

or~· 330.26 = ✓y· X 80124.03 

. 330 262 = y X 80124.03 . ·--------:-~ - . 
. 

01

' • ~} '16 · . _--H Its waves of wavelength 64.5 cm in.air• or, Y "· ~ - -·--·. - ·- f frequency 512 z em . 
-~2 12071 set O a.No. 111 A Source of sound o be? . , [4} 

. 200c. What would be the v.elocity of sound at 0 
Solution 

Given., . . . 
20

oc 
Frequel\C I of SO\l.il.\d (ho) = 512. Hz at . . t 2O0c 

· i (\ \ - 64 5 ctn = 0 645 m a \ r a elcngth o·f sounl 11.20, - · · . . 
~locil) ois uud <'lt'0°C_(vo) =? 

0 

• . 

l,a " velodty of soun~ at 20 C is, 
20 = f20 x "-20 = 512 0.645 = 330.24 m/ s~c 

Again, . 

· ~~~ 
- - [m_ 0 24 ·= 318.77 m/sec Vo - -\)293 }3 · . . 

43 ·j2;o1.o ·supp. (S~t B) a.No. 111 In a sto;·;y-d-'-·a_y_a_b...:_o_y_:o_b,=.se-rv~~-s__:a_l~ig-:-h-tn~in_g_f-::la.:.....s-:-h-w-:h~i~ch~_ -;::is:--;f~o-;;11::ow=~d~_ -;::b:y:a~t'i:"h~un;:_di:ler 

· secs. ,later. How W9Uld yo1.1 estimate !he distance of the ljghtning ~trike fror11 the boy. (given velocity 
sound on that day= 332m/s, velocity of light c = 3 x 10811)/s)" ~ 

Solution 
Given, 
Time taken (t1 ·= 3 sec 
V.eloci,ty .of sound (y) = 332 m/ s~c 
Distance travelled (d) .. =? 
We know, 
d· = V X t 

= 332 x 3 = '996 m from him. 

44. j2os9 tSet A) a.No .. 111 When a detonator is exploded on a railway line, an observer .standing on the rail ·2 
· away hears two sounds. What' is the time interval between them? (Young's modulus of steel= 2 x 1011 Nm 

density ohteel = Sx 10
3 

kgm-3
, density of air= 1.4 kgm-3, y- for air= 1.4, atmospheric pressure =.1osNm-2} 

Solutloo · 
Given, 

Distance (d) = 2 km = 2000 m 
Time interval (At) ·= ? - . . · · 

YouR~'s modules of elasticity (Y) = .2 x 1011 N/m2 
Dens~ty of £teel {Ps) = 8 x 103 kg/ m3 
_Density of air.(pa) = 1.4 kg/ m3 
y f.or air (y) "" l.4 
Pres~ur.e of air (P) = 105 N / m 2 

/ ~ 

Velocity of sound in t l ( - ~y 2 X 1011 
. -

8 
~e v~) - - = 8 x 103 · ;:: 5000 rn/ sec 

. Pb 
Time taken by s d · d 2000 

. 0 un m steel (t) = - == ___ 
0 4 · s vs 5000 - · se . -

Again, velocity of sound.. . '( - ~p ~ -4 x 105 , · · 
. in an Va)..., ..L.:... = _ 

3 · · · p,, , . 1.4 - 16.23 111/ sec 
.. Time taken by sound~ air (ta) ==·i.. __ 200? _ . 

Then, tin,1e int~rval between ' Va 316.23 ,..... 6.325 sec . 
two reports == t t ~ 6 2 . 

. • . . . a - . s -:- . • 35 - 0.4 = .5.925 sec 
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.-•··--· .MECHANICAL WAVE$/ 31 
15

· ~::t ~~~~5~~::i:;~c:0t~:1~n:iro!tf;:~u;ncy 51 i Hz emits wav11s Of wallel~ngth 670 fflm ,n air ~t 20;€: 
source •in air at ooc? . . . . is emperature? What would be the wavelength of sound from the 

Solution [4] , 
Given, 
frequency of sound (f)= 512 Hz at 20°c 
Wayel.engthof sound (X)=.670 tnm at 20°t 

= 670 X · 10<'tn 
V~locity of sound (v)== ? at 20° ·. 
Wavelength of sound (A o) =? a·t 0°c 
The velocity of sound at 20°C is 
v = f X = 512 670. x 10-3 = 343.04 m/ s 
Now, for tl,e velocity of sound in at air at 0°c is 

VO~~ 

273 · -~ 
Vo = ,' 273 + 20 xv =~\J.273+20 x 343.04 = 331 .1 m/sec 

Thus, the wavelength of sound at 0°C is · 
V o Vo · -331.1 . . 

Ao =~ =7 ·= 512 = 0.646,7 m = 646.7 x i0-3 m 

. . 

46 .. ~057 Q:No. s bl A.man standing at one end of a closed corridor.57·· m long blo~ a short blast on a wftisfle~ Ke 
foo,nd ~~t the time from the blast to the sixth echo was 2 seconds. If the temperature· was .17°C, what was 
the velocity of sound at 0°C? . . . . . , . . [4J 

Solution 
Here, 
The distance travelled.by sound betwe~n the blast and the first echo = 2 x 57 rri 
Time.(t) "= 2 sec · · 

Temperature {8 [1)=17°C= 290-K . 
Total distance travelled ·in 2 sec = 6 x 2 ·x 57 m · 
Velocity of sound, at 17°C 

6 X 2 X 57 ' 
Ve = 2 = 342 rµ/s 

Now, let tbe velocity of sound at 0°C be Vo. · 

!!=~-~ . 
Yo ~f:? - -Wi · .. .. · .· .· 
Vo ;;::\j290 x ve =~\J290, x 342 ·= 331.8 m(~ec , 

~ 1e velociity of sound.at 0°C ~ 331..8 m/sec. . · . , . · 

·47. @~5;··0,No: _3 q.!3.1 The jn~ervaTii;tween the flash of lighting and the sound of thunder is) 2 second~,, when 
temperature is 109 C,, How far is th.e storm if the velocity of- sound in a.Ir at O~C is. 330m s·1·? (4) 

.SoJution · 

Given, the time period (t) = 2 s,~c 
First case: 
Velocity (v1) = 330 ms-1 
Temperature (T1) = 0°C = 213 K 
Second ,;;ase: , 

.Velo<:;ity (v2) = ·? 
Teinperature (Ti) · = 10°c = ~83 K 
Since,v <x:vT 
it_-"' rJ;_. 

V2 ~ \j_"f; 
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32 / A COMPLETE NEB SOL ,UTION TO PHYSICS .. · XII 

330 ~73' . 
Of, . V2 ' = · 283 

· 330 
·0f - = 0.98 

' V 2 ' ., 

: . v 2 = 335.98 ms-1 

Again, U Slllgt 

\. Distance = velodty x tin1e 

= 335.98 2 = 671.96 = 672.tn 

Thus~ the stom, is 672 m far. 

000 

't 
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Electricity Ind Magnetis 

A. t 

Short Answer Qu_es!ions 

'hC'n, R1 · r 1n ed, R increases and hen~e current through R1 dec·reas_e_s_. _ __ _ 

=.;;....;;..;.;;.~- ...;;a;;..~ _o_._1 ..... ~ .A vilre is stretched to double its length. What will happen to its resi 

th r · tance of the wire of resistivity p whose length is l and area of cross section -
I . /2 f2 -

· tance R is given by, R = p A . Therefore, R = p IA = p V , w here Al = V is the -...-olume 

onductor. If the wire is stretched to double its length, th en the n ew length is /' = .J. an new 
I ' 2 (21)2 

r istan e R' can be written as R' = p' V' = p V , where V ' = V and p' = p, because r 

volume of the ~ire remain same. 
[2 [2 [2 

:. R' = 4pv =4pA/ =4R [·: R=.pAl] 

Tims, when a wire is stre tc_hed . to double its length, its resistance becom es --l time - to 

resistance and resistivity remain same. - - ---· --- ·~ - - - - ------·------------ - . ---- -
@,075 Set A a .No. 1tjl Differentiate between a fuse wire and a_ heating wire. 

The difference between heating wire and fuse wire are given as: 
Fuse wire Heating '"'ire 

l. us wir should have the properties of l . Heating wire should h,Wl' tlw pn f 
melting on h ating within short time . hea ting for a long timl'. 

2. 1l has low resistance. • 2 . It has high rcsisl ,HKl' without m ·ltin~-

3. lt has high meltin g p oint. 

, 5. 1t i I eat:,d for short time tirn • for 
m -'](~d to save from firi1 g. purpnsl' . 

4. 12014 Supp a.No. 1a! Two wir , one of copper and another of Iron, have the same diameter and carrf (2} 
ame current. In which wire the drift velocity of electron will be more? 

TJ , rift velc ity f el£l trons in ,:1 OJ Ju tor i6 ~iv ' n by 
I 

Wh •n·, 
I ' • urre nl in th ondu tor n ;:: de_.. lro1 con l' ntr«til n 
, • '-" ' , tri hargc• and A = area of _ros · scctit n o_f the wire. . , ,iectr 1, 

ff(,r co p •rand an iron wir ; 111 < n.-; i.e . fr •e ,1 • tron d •ns1ty of oppt> r 1 · _gr atcr than fret c 
' , J { • 

11 
o drift v lo ity of cl trons for iron is grcatl•r tlw coppl'r w1rr•. d .11 at-y o rro . , . 
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' I, 

, . ~ -:_. --------•, . . DC CIRCUIT/ 103· 

~ ~i~i:::;:;;.~~!:s:b~~~~~~~~,:omu tahr;gi;~h ;·~r~~~~ e~~h oh~~i;tance r. Wh~t ;~-the ratio o; maximum 
. . ese wires? . [ 

We know that, net resistance is mn 1·1, · . · 2) 
-i,. . · • c 11 um w h n fl n , b f · · d · ·· ct · •s minimum when they ell'<..' co, · ~ · t 111 er o rcs·1sta nces are connecte rn senes an 1t 

1. • . · rncclt•t, in 1-, ,1rnll ·I I l f . . . . 
, ·istanccs rn. Th, nm imum r, . ' t • . . . • ' 1 

• ~<'t II num 1t'r o 1tknt1ral resistors havmg 
res CSIS c\11rl' lS g1v 'll by 
Rni.,~ = r + r + r + r . .. + r = n l' .. . (i) 
The minimum rcsistam ) is giv 'ti bv 

1 11 1 1 n -
- == -+ ~+ ~+ .. . - =- ( ;') 

R1n111 r 1 l r r . . . 11 

1ultipl in.g (i) an i (ii), E. get 
<.. I 

;ill = 1\2 
Rnm1 

}lenre, th' r"quired fatio of R. 1111 , to R 1 1· .,. 11 2. ·1 
I' ., '" 11 ~'J . • • 

6. ro;3 S~pp Q~N~---1"a1 120~·9-·s·~·ee·s~~··s"a~No: 1" ~, ,,~ th~re -~ny differen~e betwee~ ·~e~i;ta~ce ~ a"wi~e· and 
~resistivity of a wire"? Explain. [4J 
Tlw difference between resistance nnd resistivity of •i win· •m· · 

' ( 

Resistance Resistivity 
• Rl'sistance is the property of a wire to • · Resistivity of the wire• i.'i the resistance of the 

the flow of oppose charge _(or current) ,vir0 of unit length dnd u.nit cross section 
through the wire. ,irea. 

• Resistance· of the wire varies with length and • It is independent to the length and area of 
cross sectional are.a . that wire. 

• It ~s not constant fo~- a metal ( or conductor). · • It is constant for ,1 metal (or conductoT) . 
It depends on shape and size. 

• Its unit is Q in S.I. system • Its unit is nm in SJ. system . 
.. _ .. ,... ... -- ,._,..... _, ·-~ ..,...,, ,.._ ....... • ....... ··•- ... , •• #"• . .... .. -•. _... --~ . ..., . .. ... - - - - --

7, ~073 Supp a.No . . 1dl 12012 Set E a.No. 1 bl 12063 a .No. 10 al The element of heater 1s very hot wtule the wrre -
carrying current are not. Why? . . [2 

a. According to Joule's law of heating, the amount of heat dl'vl'lopl'd pl'r second by a wire of resistance 
R due to the flow of electriC'CUrrent I is 
H == I2R ⇒ H ,x. R for coqstant I. 
So, heat developed across the win:' depends un it's rc·s1stc111rL' .. \s till' resistance of the filament f 
heater is very high than that of connecting wire, the-heat devtfopt•d in U-,e filament of heater · very 
J1igh ai1d becomes ve1y hot whereas the beat developed in the r1.rnnecting wire is very low an it · 

not heated . · 

;. .@73 Set Ca.No·. 1~1 Will th~ ·d;ifi -~~l~~ity·~t e,~-~trons ~ha~ge if the diameter of a co~necting wi~ i - ~. ed? 
Why? [2J 
Th.I! Jrift velocity of electrons in a 111etc1l is given by: 

l . . 
v==--

. enA 
where, 
1 == curr ,nt 
11 == electronic coJKi.:>n tr;-1 ti()ll 

N I m.J 2 
ow, A=T 

e = electronic clrnrgt' 
A= area of noss st·ction 

Wiw,{ lliametcr ii:; halv "d, new area of rrnsi:Hw tion is 

A· ~ X (%) 
2 

_ ! ,d: _ A 
4 -44 -4 

!hen new drift velocity is 

V'::: l 
en A/4 :: 4v . 

v' === 4-y, the drift .ve~ocity it1creases 4 ,time~ when diameter of wirt:: i~ halv('d. 
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104 / A COMPLETE NEB SOLUTION ,TO PHYSICS - XII -- ···-. ---~----·---•-- · - - . --·--·---...,. 
' ---·------···---···-- - -- -- ··:·-----·-----·-- 1t ' r If one bulb 1s fused th 

9. 12~73--s-~t ·c-Cl.No. 1~ Five bulbs are connected in ser1e_s a_cros_s 220 vo f t~:e~rrangements will be ~or: 
remaining bulbs _are again connected across the same line. W,,h1ch one O . . 

121 illuminated? Justify your an~wer. . . _. _ . . nc bu lb is fused, the remain ing bulbs are 
Five bulbs are onnc tcd 111 sc.iw s ,K tnss 220 volt lme. If O . illumina ted because the ~ t· I I t j bi rrnlion w ill bc-- more · ,lgain cnn11 ,~t,d anoss tlw same me, Lie .a er co 1 ' . . .' · " p rf.. J2R . In forme r case 

. I , 'H l' of the cu , 1c 11t. 1. e., ' pmver n,nsumcd is prnp u t'l"io na l In res rs loncc a m squ , . 

· · pn duct l ,md R wi ll be less than tlw lnh·r. . .. . , . . . · -- -----·-----

121 .;; 12013 se~ c ·Q.No. 1ij How can a galvanometer be converted into voltmeter? Explain. 

~ onversion of gal anom.e-•ter into voHm tcr . 
1 

. T l· , - :- - - -
1 

. . ,. IL . ·t '. by connec lmg a ,1g,.1 ' I G R ' The 11 1\van ) l\H:' ter 1s C'O t1 vcrted mlo vo me c l , 
1 
~g G ' 

· 

0 

. • 1 t . Tl e vol tape across t ,e resistan -c R in -en~s w ith g.1 va nomc ·e, . , ~ ' ' 
V<)ltnll.:'t 'l' is : : 

V = lg ( + R) , __ Fi~:vo1t~~te~---· 
\1 

r R= -- G , . lg . 

Kn n vin (r the value of V, lg and G, R can be cal~-u~~t: ~{~- ___ ,_ . , ·--· ......... ____ , .. . ______ _ 

11. \2012-s~e: a.No. 1 a! E·xplain the differ~~~~--b~t~;~n resistance and resistivity of a wire. [2] 

~ Please refer to 12073 Supp 0 .No. 1a! . . .. . .... _ --- --·---- -- -·-· · - --·-" -· ·- ----· ····------ . . · f 
· · · · · ··-----·----· ------ - ·--- · ·· --·- ·· -·- ·- · · · · s to an emf source that has negllg1ble mtema 

12. 12012 Set o Q.No. 1a! Resistors R1 and R2 are connected m serr~ . t R . connected in parallel with Rz? [2J 
resistance. What happens to the current thro_ugh R1 when a th1rd .res1s or 3 IS R3 

l · .· t n f source \,\Then two resistors R1 and R2 are connecteu m sen es o an ~r . . 
. E of 1~egligible in ternal resistance, then current fo llowmg m the 
circuit is 

E 
I R1 + R2 

When a third resistor R3 is connected parallel to the resistor R2, then, 
net resistance R1 + ·R2 I I R3 decreases and hence cu rrent through R, 
increases. 

13. @012 set E- a-.~o. ·;al Batt-;ries are ~lways labeled with their emf; for i~-~t;~~~~---~~ -AA fl~hlight battery is 

labeled '1.5 volts'. Would it also be appropriate to put a label on batteries stating how much current they 
provide? Why or why not? · [2} 

'B. No, it would not be appropria te to pht a label on ba tteries s tating l1ow much current the provide 

beca use curre~t depends on both ex ternal & internai resistance as 1 = _RE · w here R is external 
+ l J 

resistance & r is internal resis ta11ce. 

14. ~011 Su~~ a .No. 1al A,;;;;~t;~~- oft~~-~;~t~i'~ -f~;·e·s--th;t··p;·~t~~-t-them f~~~ - l~~g;· ~urrents while voltmet;~ 
seldom do. Explain. [2) 

~ Since current produces more hea ting effect than·voltage as H '= J2Rt = IV t. So, to p ro t -·ct from he1ting 
effect and da mage, the ammetei· contains fuses th~1t prot.ect from lc1 rgt' current w hilt:' oltm ter 
contai ns high resis ta nce but in voltmeter the cu rrent flows in idea lly zero. 

15. @011 Set c a.~~- 1 a! Wh~t- i~- i h; · -~ifii~~~-~~-~--b;t~-;en -~~--~~i ~nd a· p~t~ntial -~Jiffe~enc~?- U~nd~r ~ 
circumstances are the potential difference between the terminals of a battery and the emf of the battery 
equal to each other? · [2) 

a. Th~ em f of a source is defined as the wo rk d one in mnv ing a un it positivl· c h ·'HV(' from low p o tentia l 
\O high po tentia l end while the potenti al di fference between two te rm ina ls of c ~~II in losed circuit is 

. ca llvd le rminaJ p.d . of the cell which is eq ual to the p.d . a ross ex te rna l n•s is t·c\nn,~ of the circui t. i.e., 
E = V + Ir 

The emf (E), terminal p.d . (V), intcrn r1 I res istan (r), ex terna l res is tance 
(R) a nd current flowing in a circuit (l) nre rela ted as 
E = V + Ir 

Tf the in ternal res is tance 'r' of the ell is zero, then e m f and t 'rtn ina l p.d . 
are equ al to each other. 

R 
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DC CIRCUIT/ 105 ___..t-"' - .... "'-"""-•----- -------
16. ~071 Set D a _. No. 1 aj A voltmeter has high resistance. Exp-,;l~-why? ·--·--- ·•---··--·--_ --2~· 
~ Voltme te r 1s a high resis ta nce elec trical device w hich is coiinected · aJ.l l ·. · · • [ ] 

I 
. . lL1 par e m a cu cmt and 

1nec_asures t 1e potential di ffere nce across a ny load Tt has very high resista b · · l · . ll I · , nee ecause it is connectel 
111. paia e across a n componen t of a cifruit; it d raws a very small curren t from the main circuit and 
most of the cu rren t passes th rou gh the element Hence tl1e p l:I "'c ,·oss t1, · ff ' d 

• . • • • • •. , . • 0 . • e component is not a ec te . 
If the 1es1stance 1s small, the e ff c tivc res is tance is a ffected and m os t of the current passes through the 

-·---~?~~~~eter_~i~~~ ·tt~ • _P·d:_ r~d u es across the om ponen t nnd the volhnctcr cannot measure accura tel . . ·- .. . .................. •· ............................................ ·~. . . .. .. . . . y 
17. 1201_0 S up (~et A) a .No. 1a! A cylindrical rod has resistance R."I{~~ d·o·~·bie· lt~ length ~~d diameter,-·~~t-i~-·it~ 

resistance mterms of 'R'? [2] 
~ The resistance of a rod in terms of its length 'l ' and cross sec tio nal area 'A' is gives as, 

I . . 
:R = p-, [p = resis tivity of the rod .] 

or, R = rrd2 =(4
~) l~2 · 

4 

When lan d .d a re doubled , new resis tan ce is 

R' -(!£\ -1:!:__ _!£ _l_ 
- rr.) (2d)2 -:- rr 2d2 

R' 
or, R 

or, R' 

1 
-

2 

1 
=-R 

2 

. 1 
Th e new resis tan ce of the rod is R' = 2 R . 

- ~ ======::::.::::··--::.:··=··-=··=•·-·::..:· ·-=·· •:::·· =· =·--::..:· ~====--==··· =-·==-·-=-==·=·· =···~· -------·--- -·•·--·-- -··-··-··--·--.. -.. _----,-.. _--· ..... ,_ -···-·-···--·· ----•-·-··-·------------
18. \2010 Sup (Set A) a.No. 1 b! 12010 Set ca.No. 1 ~ Why does an electric bulb nearly always bum out just as you 

turn on the light, almost never while the light is shining? [2] 
a. In itially the resis tance of ·w ire is sm all and large curren t flows. After som e time the wire gets heated 

as a result, the resistance being tem perature dependent {R2= R1 (1 + a ~0} increases and hence, 
cu rrent d ecreases. Due to this reason, electric bulb nearly always burn out jus t as we turn on the light, 

b ut alm ost n ever v.1hile the light .is sh.i.ni.J1K _. ___ ., ··-·-----············-··-···-·············•····--········· ···--· 
-1-9.- @0_1_0 Su.pp. (Set 8) a.No. 1 al Can the· potential difference between the terminals of a battery E¾ver be opposite 

in direction to the emf? . [2] 
a Yes, the potentia l diffe rence be tween the terminals of a battery can be in opposite direction to th mf 

dui·i.11 its chat i.ng . ·(V = E + Ir ---··-··-··---······· ············--· _______ _ 
20. @010 supp. (Set 8) a.No. 1 b! "Good. thermal conductors are also good electrical conductor" If so, why don't 

the connecting wires that are used to connect heaters get hot by conduction of heat from the heating 
element? · · · . · [2] 

a The hea t prod uced in a current ca rrying conductor is given by H = l2Rt, wh ere R is thP resi tancc of 
the wire and t is tim e period . The resis tance of heater w ire is very high while resis tance of iurent 
ca rrying condu tor is very low. Due to. this, the hen ter w ire gets heated w hik current rnrrying·copper 
wires r main cold and do n ot conduct the hea t fo r longer.d is tan e. 

4 __ .. , -- -- - ------ -· ·----· - ------ --- --·- --- --- ·- - - --- .. 

21 . ... ,2-01_o_s_e_t _c_a _ ___ N_o_. -1 --.a! Twq copper wires of different diameters are joined end-to-end. If a current flows in the 

wire combination, what happens to the drift velocity of the electrons when they move from the larger-
diameter wire to the smaller-diameter'wire? 1 

., • [2] . . I , 
a The drift ve1o ity of electrons in a on d uct:or in terms of u rr n.t· is ddined as, I = vdnAc! dr, 

vd ~ - 1- · w here r = cu rre nt flow in g in the condu ctor,· n = no. of free electrons for .unit volume and 
neA' · ,_ 

e = elech·onic charge . When e lec trons moves from larger diam e te r wire to s maller diari1e te r w ire, the · 
drift v elocity increases beca use drift velocity has inve rse rela tionship with a rea of cross se~tion. 
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NE S SOLUT ION TO PHYS IC S - XII 
I LETE --- _____ --,--___ _:_ ____ -------·-· 

--,---- - - ··- -~When th~ ends of a wire are connected to a battery, initially the curr nt t 
. {!i,10 set~ a.~o. 1 - I wly and becomes steady at a lower value although the emf of the b 

but soon ,t decreases so . 
unchanged. Explain. · f · · , t· th" · · , ,.._ l 

· . , · 1·s sm all rnd large currt't\t flows. A ter sonu 1me e wuc g l:"I l 'clt 
InitiaJl the resistance OJ wue . - c c . • . 

~ y - · l · g temnernturc dependent {R2= R 1 {1 + u ~0} mcreases and hen as a result, the resistance. 1em r- < 

current decreases, emf remnin constant (V =-: IR~ - ---- ----- - " ·. - .. ~ ~ -- - - . ·-. 
-23--1205~-(Se;A)-Q.No. ;aj B~tteries ~r~ a-tways l ~beled with their emf. Would it also be appropriate to put a label 

· on batteries stating how much current they provide? Why or why not? [2) 

,._ Plea;er<.'fr·rtol2012setEO.No. 1al __ ___ _ _ _______ .. _________ ..... -···---. -·-·-

. -;~-y.f069 (Set B} .Q.No. 1aj Gi~-e ~~ ~xample-of non-ohmic conductor and present its current voltage characteristic 

graph. . _ . . [2) 
a Example of non-ohmic conducto r is junction diode. The IV cu~" t fit 1 gi '.)n t elow. 

. VR(Vyt1:~~V) I 

Reverse 1 Bias R( p A) \ 

,,,,,, , .. '" ........ , - ... 
25. 12069 Supp set B a.No. 1 b{ Two-b~lbs -~f· differe~t wattage a-r; con~~~ted in series. Which bulb will glow 

brighter? Why? [2] 
a Let us suppose ll rnl V is UH nll,1g, c n -..1 h l ul ,rnd R1 " " l R_ l ' th · n':--islc.rnl'.l.' of lwo bulb." h,wing 

pow lr P 1 and P2 (P, < P2) r •s p cti ,1 , Th .·n , 
y 2 

R1 = ­
l I 

B2- _ P2 
R2 P1 

1 
_i . ·' ., R ((. p . 
From thi · n "l 1lilm, " l con ·lu d · th \ t I t' ' i tanc P , bulb i m re th, n P2 bu lb . in · in serle~ 
combination, th , sarne curre nt I flows through a ' h bulb. 

in ·e, ,H = \2R.; H is he al d ' lopt d f ·'r uni t tim , i .. , pm er developed 
: . H R, if lllT nt l i. n. t, nt. 

h r f r pm 'r d -' el p ld a ro. P1 bulb is m ore then P2 bulb. Sine th brightn s~ of th ' bulb i~ 
dir' tl , F ropnrti rnl to the pm,vn d ev loped, P1 bulb glows more brightly than P2 bulb. 

2~12068 Can. Q.No. 1aj -whirt i~ .the-~ati-o ~f-~aximum to minim~-;-;e-~istl~ce -~btai~abl;· fro~ n ~Ires of 
resistan·ce Reach? ~] 

'N. Pleas' r ,f r to @074 Set A Q.No. 1a! 
27. j20G8 Ca~. a. No~ 1bj Why i·s it e~~~~tial thaf the resistance of~~voltmeter b~-~;ry high? . --- . ·-- ·--- .~[21 

Pl a · · r f 'rt {2011 Set D a .No. 1 a! - - ~--· µ1 
2s. !2068 oi~ Q~~- 10 a\ ,...{2-os-~--a-~-;o--~-~-o~aj An ammeter is always connected in series~Why? ____ - - - •-

a. An instrument which is _used to mea ure the e!ectric current flowing in th• circuit is call~d a~; 
anm,e ter. Id a lly, the r:- 1Stc.1nce of an ammeter is nearly z ro. Cons •quently , there is no eft ct 
ammeter on inserting ins ries . But, in practice, the re istc nee of. an ammeter is not zero but very 1<1~ 

in e<:>mpariso11 to the _oth~r re istances. An ammeter is alway; connected in series of the circ:uit so -~~l~i; 

the total current of cucuits should pass through it and then it can measure current accurately, If it~­
connected in parallel, the current ,vill divide and the ammeter cannot m easure accurn te value: -yi,at 1~ 

why, an ~~:~_is always con_nected in series. · . . . . __ ___..../ 

- -- -rfoo-7-Sup a.No. 1!] The resistance of an ammeter must e-ssentially· be ve-;y-s-ma·tt.·Why?-. -,--- ----· ----- [2~ 
29· ~~~.;.::.s;...;.--~ . tan 1 t ·. al d · ' - . it (L~ 

Am.met r is a low res~. ce e ec nc evice used to measure electric current in the ('ircu · trl 
i tance must essentially be ve1?' small. because it is connected in series in a cir uit, th~ ' . ,. 

; · i tan of the circuit does not increase appreciably and consequently the currt.mt in th! ·1t ,ill 
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remain:, unaffected. If the . ~-esistance of the ammeter is high, the net resistance of \he circuit becomes 
very · high and the · current in · the ir uit redu"ces a11d hence the · ammeter is· not able to nieasure 
accu rel te current. .'" . ----~ . 

Jo. ~6;,s~-p Q.~N~:·;brW~t~~boils -i~--~n-;lect~i~-k~ttle·-,~~15-.. ~i~-ut;s~-fter.bei~-g-~;itched on·. Us-'in-g- th_e_·~~m;· 
main supply, should the length of the heating element be increased or decreased if the water is to boil in 10 
minutes? Explain.. · [2] 

'1'- tkrc in thl' both ~ast'~ same nmount of Jwat is to be s upplied, i.e ., 
H1 == H2 
\fl \f"2 . 

- t [ _. . H = l2Rt] Rt.I i = R2· ·2 

t1 == t2 
or, Ri R~ 

or, R1 ' = R2t1 
in -c, t1 is gr -';'lter than t2 so, R2 is less than R 1• 

: we 'know lhat, resistance is directly proportional to length, the length. s houl<l be decreased of the 
heating <:'lement in which water boil in 10 min. ___ · 

-;--~;s?o.No. 1aj The energy that ~~~--b~ -~~tracted from -~--~t~-~age baU;~-i·~-;j;;;ys less than the energy that 
goes into it while char9ing. Why? · · [2] 

a The ener.g)' that can l:>e extracted from a storage battery is always less than the energy that goes into it 
while charging because of loss of ene·rgy due to internal resistance. The loss of energy is converted 
into hea t c1nd light energy. 

32. !20660ld a.No. 10 aj A wire is s·tretched to doub~t;-,-;~gth.-\Aihat happe·~~--i~ .. it;·;~~i;t;,~;? (2] · 
a Please refer to 12075 Set A Q.No. 1a! · _ · _ _ _ .. _ . _ . 
33. · I 2064 a~N~-- 1 o ~I Why heat ·is gener~t;d-a~;os~ ~~~~i~t~-~;;h~-~ -th~ -~,~~t~i·t-fi~id -i~-~pp-'-l-ie_d_? _______ [2-] 

a _\Nhen the elcc h·i.c field is applied across the ends of the resistor, the free ·e lectrons of the resistor 
accelernte 'and hence gain kin e tic en ergy . These_ electrons collide with nearby electrons and loose their 

_ ~ ~ ~~ic_~1wrgy . This Jo~s. of k_ine_ti c_ ~n e1:gy is C?I~Y!.Et_e<.i~1~to_ h~at ~n~~JIT: ... ,,. _________________ _ 

34. @064 a .No . . 10 b! Why do electrons acquire a steady drift velocity? [2] 
'B.. When the elec tric ' field is applied across the ends of the resistor, the free electrons of the resistt r 

accelera te and hence ga in kine tic en ergy . These elech·ons collide with nearby electrons and loo e their 
kinetic · energy and the other electrons also accelerate which again collide and hence this pr e 
remains continue. After som e time, the electrons gai1i a constant speed ·in opposite to the electric field 
applied vvhich is called drift v elocity . The drift velocity in a wire is given by I= ne Avd, where n i.~ the 
n<.). of free elec trons per unit volume, e be the electronic charge, I bE;' the current flciw ing ·md h the 

cross_ ~e tion_a l a rea _<~f_~vi1:~: ____ ~-'-- ________ ·--···-·--- -- -·--·-------•--•-- - -·- .. -·-- -· ... 
_·35. @Q64 a .No. 10 cl Why amm•eter is always connected in series? [2] 

Please r fe r to [2068 Old Q.No. '10 aj : · ----- ~.;..;...~__,,;.____ --------~---------------- ------ . ~ - -- ---
36· ~63 -0 .No.· 10 ~ You ~r~-giv~~ -i ·;~e~-each of resistance R. What is the· ratio of maximum to mi~imum 

resistance that can be obtained from these wires? (2] 
'a. We know that, ne t res ist, nee is maximum w hen a number of resis tances ar onncct d ins ri and it 

is minimum w h~n they arc connec ted i'n parallel. Le t t:wo identi a l r -'sis tor having resista-nce .- R. The 

lllaximum resis t.m e is given by 
Rrndx=== R+ R ;; 2R · ... (i) 
The tninimum resis ta nce i.s g ive n by 

R' R X R " R 
11111, === - - -

R + R - 2 

~ividin g (i) by (ii), we get 
~ 2R · 

... (ii) 

R,n1n ::::: R/2 = 4 

~ence, the re.quired ratio of Rm.ix•to Rmin is.4: 1 . . 

' ,, .. . 
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37. !2062 a.No. 10 aj Explain the ·significance of a shunt with a diagram. . 
a. Shunt: To convert galvanmpe te r into an amm eter, a ve1y low resistance 15 

connected in parallel with 'galvm1ometer coil so that,.maximum current can 
· flow throu gh it is ca lled a shunt. Shunt provides an alternative path for 
excess current. 
The value of shunt resistruice S to be connected in parallel with 

' . · J.., G h G . 
I · A s ~ x , w e re 1s ga v,rnometer to con ert mto mmeter 1s = I _ I 

r, 

resis tan c o f gal anom ete r a nd lu is current flowing through it~ __ .__ _ _ 

38. !2061 Q.'No. 10 bj A large number of free elect;~~;-;re pr;s~~t in metals. Why 

absence of electric field across it? 

(2J 

1- l_g 

I S I 

' - - - - - - - - - - - - --· 

is there no current in the 
[2] 

a ln the absence of elec tric field, the ·free electrons in the me tal have random m otion . During uch 
motion, they collide with other atoms and electrons present iJ1 it again and aga in so tha t thei r 
direction cha nges·. As a result, the net motion in any particular direction becomes zero and hence no 
current flows .. But, ,v hen an ex ternal ele'ctric field is qpplied, the free electrons ex perience a force and 
start_ drifting towards the positive terminal of the source with a small drift v eloc ity and current also 
starts to flow. 

39. I2oso a .No. 10 al Why are alloys of constantan and manganin used to make standard resistors? (2) 
a The temperature coefficient of resistance for constantan and mangani.n is v e 1y sm all and thev have 

high resistance. This means that there is a negligible change in the resistanc;e due to m ( d e rate 
changes in temperature . Also, the melting points of these a11oys are hi gh and d o not melt at high 
temp<:::rature . Due to these reasons, the alloys of cons tantan and mangani:n are used to make tanJard 
resistors. 

- - -----.----------------------
40. ~059 a.No. 10 bl Why voltmeter is always conn_ected in parallel with ·the load resistance? [2] 
a A volhneter is a high resistance device and m easures potential di.fference across hvo poin ts of an 

elec trical device. When it is connected in parallel across any compon ent of a circuit, it d raw a very 
small current from the main circuit and the voltage does not chan ge in parallel combina tio n such that 
if can measure voltage accurately . If it is connected to series, voltage is divided and h ence voltmeter 

-:. caJmot m easure potential di.ffe rence accu r<1 tely . 

41. 12059 a.No. 10 cl Two bulbs have the filame-;,t ofthe same le~gth·_-lf o~;-is--~ -40 ~att and the other 60 ~tt. 
which one has thicker filament? [2] 

a The power developed across the resistor R is 
v2 

P = R , where Vis the p .d. applied across R. 

' If R, and R2 are the resistances of 40 W (= P1) and 60 W (= P2) bulbs respectively, tlw n: p 1 = Ri ond P_ 

v2 
R2 . 

P1 V 2
/ R, R2 _ p / A 2 

=> P2 V2/ R2 - R, - pl/ A1. 

fl - ~ _ 1td12/ 4 d ,2 
P~ - A2 - m:122/ 4 = d22 

Since P , < P2 th n, J. 1 < J 2• 

~---?' 60 W bulbs lrns tl~icker filament than the 40 W bulb. 
42- 12058 a .No. 10 c! Is termin~I p~d.-;,~~ys great~r th~n its-~ mf? - --- - -- - - -[2f 
a. No, in general, the p .d . across a battery i s maller than its mf. But, when an electric current flows 

through a battery in s uch a way that the direc ti n of cufrent is opposite to the direction of e.Jrtf of the 
batt_e~, then p .d. across the battery i greater than its emf. In such case, .the cu rren t fl~ws fro_fll 

. po_sihve to negative terminal inside the battery (charging of cell) . The re lationship between p .d . of '1 

battery and its emf is give~ oy: 
E = V + (-I) r, where r is the· inte rnal resistance of the battery 
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0 then E < V. At this condition a part of the e 15 use 
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ercom.ing the internal 

E 
= y _ Ir For r -:t: , _ u -------

resista~~ the ce . wt,· h the resistance of a-conductor depends? 
-.----::::. M 1 o ~ What are the factors on ,c i;,os1 a. 0 - _ 
43• e: . tanc~ (R) of a conductor, · 

The re5'ts . th ([) · R c,: l 
-i,. . dir ctly proportional to its Ieng · Le., - · 1 
a LS ) . R - · 
. ly proportional to its cross-- sectional area (A i.e., x A 

b. is inver 

[2] 

e, it d pends upon the nature of the material. 

J. it changes with tempelara~re (th)._ch o--ives the relationship among abm:e--mentil n1::·d f~Kl rs i . f,iYen by : 
t1 , corresponding re non w i, tr 

1 
R=r-:;;:, 
where pis th, re istivity (or specific resistance) of the condu~tor. .· ' then th\.' re:i.st,H\Cl' ,.)f t\w 

if be the temperature coefficient o f the mate nal of the "m::, 
Moreover, u. 
wire al ti°C is given by . 0 

R = Ri (1 + o. (t2 - t 1)1, where R 1 is the r · tanc o f th w1r a lt , 
:ence: /, A, p, ,,. a rc the factors o n whi h lh · re i. la ne o f a -onduc t(,r 1.h.' f emL · 

-
44

_-12
057 

a.N~. 10 bl Ca~ the pote~tial differen;e across a battery be greater than its emf? 
[2] 

~ Pleasr r ,f •r to \2058 Q No. 10 g . . 
45. \2057 a .No. 10 cl Two ~ulbs of 6~ W and 100 w_ are con~ected in series and this comblnat,on ,s connect~~] 

across the mains. Which bulb will glow more bnghtly? Grve reason . 

a L 't us suppo , lh ,1 t V b th volwr,(• nn 
100 W bulb r •sp · ti •I . l h •n , 

• ,
1 

h bu ll, ,1m \ 
1

• ml\ \ , t\w r .,,,t ,,n · ,( lh1.' 1\) \ V bull ' \IHI 

..., 

y 2 y 2 
R1 =r; anJ R2 = Pi 
wh •r , P, = 10 W aml P2 = ll O \ 

R1 P2 . I Ri - Pi 1.c ., R rf p 
From this r la lion , we cnncluLh" that H ."'>l'-L1 0L <-" o l the 
sc ri •s combitMtic n , lh s, n , i rent l Om ' thr1. u gh e 

in c, H c: PRt 
1-1 R, if ' urn:nl I .mJ time t. • nn tan\ 

bulb ,.., llhlfl' th ,\n 100 \ 1 bu lb .. inr · 111 

h b u lb 

Tlwr for, hea l (H ti, •loped ae ro 60 \ bulb L'> m , re th.m 100 \ ' bulb inc · the bnghln • ._ .., ul lh 
bulb is dir ti pr )porli )nal to th heat d • •lo p e d , the ref re, 0 \ ' bult glO\ ~ mor · brit~hlly ll an 

100 \ \ ulb. 

46. \2oss a .No. 10 b\ Why do we use connecting ;,;res made of copper? [21 
'a. ording to Joul ' law of h~ating, the amount of he t developed per second by a wire of rcsistanc1.• 

R due lo the Omv of ele tri current 1 · 
1-l =FR ⇒ H. R for on tan.t 1. The copper , ire has less re·sislance and resistivity i.e., hi g h 
ondu tivity . Hen e, the h at d~veloped per sec in the ,-vire and power loss Jue to heating effec t is 

le .. . - o, op per v-.rir . arc u d for connecting wires. 

Long Answer Questions 
47 · r.:-~0::-7-G_S_e_t ..:.B_Q __ -N-o.-=-s-al\2 ~-06_6_-_o_,d_a-.-~--=o-_=--1=1-=::::al-~\2=-o=s-=3-=a--=-_=N--=o-=. -=1-1=-.:::::;al:-;l2=o=s=1=a==. N=o=. =1=1 -=-=~=o==-:R} Wh~tdo yo~ ~ea~ by -shunt? 

Describe its use in converting a galvanometer into an a~meter. . · [4] 
a. Shunt and lts Application 

To convert galvanometer into an anuneter, a very low resistance is connected in parallel with 
galvanometer coil so that maximum current can flow through it which is caJled shunt. Shunt provides 
an alternative path for excess current. lt is used to convert galvanometer into arruneter. 
Conv~rsion of galvanometer into ammeter: 
Let, S be the value of shunt resistance and G be the galvanometer resistance, l be the tot~ cu~-r~nt 
through the circuit. Since resistances G and Sare in parallel, the effective resistance R of the circuit 15 

r: 
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1 1 1 - =- +-
R 

Bu t potentia l <, = pc t •11tinl a ro~s . 

GS S 
u rf'l.'nt through G is 11; = G = G(G + S) I = (G + S) 

V GS G 
C_prn'ntth1mg h is lc; = s= S (G+ S)l = G +S I 

,- - - - -- - - -- - - - - , 
I, lg G I 

I 

I- lg : 

I • 
I - - - - - - - - - - - - - _I 

Fig. Shunt 

Si.nee the resis ta nce of shu11t is small, the fraction of current th rc:nigh galvano me ter, ( G: s) I is 

sm a ll . 

Again , cu r rent through the shw1t = I - lg 
Si.nee, p .d . across S = p .d across G 

or (I - Ig)S = Ig G 

= s - ____h__ 
- I T G - g 

Th.is is the required value o f shunt w hich w hen co1u1ected in parn1le l with coil to convert ~1~ 
galvanometer into ammeter of required ran ge. 

• • - --- - --- -- ------- - ~- - ------ --- -- -- ·--- --•-•-l•- ---
48. @016 Set B a.No. st,/ @012 supp a .No. saJ j2061 a .No: 11aJ State Joµle's law of heati_ng and verify it 

experimentally. [4] 
h \t\Then e,lectricil)~ is passed through the conductor, due to the a pplied d ectric field , the t;ree d ec; trons 

in the conductor are accelera ted . As they m ove, they collide w ith other atoms a nd lose their kinetic 
en ergy which appears as h eat en ergy in the conductor. The ' heat developed in the ·w in,' is disco c red 
by Joule and formed lav,1s as 
Joule's law of heating: The am ount of tl1e heat produced in a conductor due to flm,v of current is; 

a . direc tly proportional to square of current passing tluough it 
i.e., H ex: J2 

b. directly proportional to res is tance R of conductor 
i.e., H ex: R 

c. directly proportional to time 't' for ·which current is passed tluough it. 
i.e., H ex: t 
Combining all above tluee relations, 

H ex: FRt . 

J2Rt 
H = ­

J 
w here, J is cons tant. 

(In CGS unit] 

H = J2 Rt [1n SI unit] 
Tfos is the m a thematical form of Joules law of heating. 

Experimental verification of Joule's law 
Exp erimeptal arrangem ent for tl1e verification of Joule 's la w o f 
heating is sho wn in. figure. A coil o f,-copper is placed in a partially 
filled calo rime te r with w a ter. When the circuit is' closed , e lectric 
cu r rent 1 flow in the circuit and there is rise in te mperature of ,..,,a te r·. 
The current can be va ried witl1 the help of rheosta t Rh, It is found 
tha t for cons ta nt m ass o f w a te r heat produced a t a fi ed time i 
proportional to squa re o f current flow. 
. H . 
1.e., t cc l2. . . . (i) 

lf w e replace the coil of copper by ·ano ther coil of d iffe rent leng th but 
of s~m~ diameter. It is found that r_a te of heat produced , by a g iven 

T 
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. . 

current is proportional to the length of wire used . But, resistance of wire is proporti~nal to .the length 
,'0 f wire used . Th1:1s, · 
.•H 

- oc R . .. (ii) 
t 

The amount heat produced cc1n be es.timated by · meas uring the raise in te mpe rature during l. 
~xpC'riment. 
From eqll<-ltinn (!)' c1nd (ii) 

H 
l 

H 
t 

H 

FR 

F R 

J 
= F Rt 

H = l2Rt 

[ln CGS unit] 

[In S . l. unit] . 

Thu ~, J oulc' s la,,._. is vcrifil>d. - -- --- - -·- -·- -- . --~--- ,_,. _________ ,. ___ ,,___ --~-- - - - - - - -- . 

49. }2016 Set c a.No. sat 12060 a.No. 11 al Dis•cuss how the current. is established in a conductor when it is 
connected across a source of ·e.m.f. Derive the relation J = nev, where the symbols have their usual 
meanings. · [4] 

a. Drift Velocity 
In metal there are some loosely bound electrons. These types of electrons · are called free electrons. 
They are in a random motion like the gas molecules confined in a container. These free electrons 
randomly distributed in all directions, there is no net flow of charge in any direction due ·to zero 
average velocity c)f electrons. But when an electric field is applied in the conductor, the electrons keep 
colliding with atoms with gaining and losing their kinetic .energy . However, they acquire an average 
velocity opposite to the direction of apphed field. The average v~locity of free elech·ons w ith which 
they drift in · the direc_tion opposite to the field. is called. drift velocity. Thus, the average velocity of 
charge carriers (electrons) with · which they move in a coi1ductor under the influence of applied 
electric field is called drift velocity . It is de~1oted by vd . 
Let us consider a 111.etallic conductor, cylindrical in shape, with cross­
sectional area A ·cmd length l. If n be the nt.1mber of electrons per unit 
volume and e be the charge of each electron. · 
Total fre~ charge in a volume V is, (Q) = volume qf conductor x total 
number of electrons x electronic charge 

:. · Q = Alne [· .V = A x l] .--/~ 
Let l be the current flowing through the conductor, the free electrons drift in th directil ·n Of p) ·it .. to 
the direction of the applied electric field is as shown in figure : Let vd be the drift e loci ty of th fre 
elec trons. If t be the time required to drift total charge through length l, then current is gi 'n b 

Q ne Al l . _{ _ 
l ::; - = --- = neA - = neA v d [. t - v d] t t t . 

⇒· I = V <.1 cnA 

·o 1 r,v = --
. neA 

This equ a tion gives ex pression for drift velocity . . 
Further, curre nt flowil g pe r ·unit ross-se ti011c1l ar •a 1s called ·urrent dt nsity . ~t is denot •d b J am1 

• . I Vd nA 
lS given by, J = A A 

_.⇒ J_= ne VLf 

Since, T 'and · ~ are vc tor quc ntitit!s,'" so J = n -•v~1, which i · the requir d e pressim~ of current 

---~ ~sity. . ·-----· ----·- ___ . ____ --······- ···--····--·-·'·-··~-----.:..--.. •----... --........... ;... .... -••-·:--- -:-·-···-
50 . . §1~,-E·Q~No.-·s~l ,~o;ise~ AQ..No. s!l.12011 Set C a.No. 5 al@069 (Set A) a.No. 5bJ [2068 Can. ~.No. 5a] _Describe 1 

the mechanism of metallic conduction. Deduce a relation between current density an~ _drift velocity of the 

. , ele-ctrons. ..-------::::---=-~--;;-::i • • (
41 ' 

'&.. Please refer ~o ·12076 Set Ca.No. Sa! 
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51.· 12075 sets a.No. saj State and explai.n Joule's law of heating. Deduce an expression f~-~-h;~t develop;di~~;-
conductor. due to the passage of an. electric current.· [4] 

~ Joule's Law.of Heating. Please refer to 12076 Set B Q.No. ~ij 
Second Part: 
Let us consider a battery of em1 E is connected across the resistance R as 
shown in figure . The potential across the terminals of resis tance R is V == IR, 
where I is the total current flow in the cir uit. Te,:minaJ 'A' of resistance is 
con~1ected to positive terminal (high -•r potential) of tbe battery and 
terminal 'B' of re i tance i connected tc negative terminal (low~r potentia l) 

B I 

~f battery. 
VVhen charge mo es from terminal 
W=qV 

tl'l terminal B, the net amount of work done for this -is given by, 

Si1)ce, q = I t and = IR 
⇒ W = I t I R = PRt . . 
According to principle of conse1vation of ener.gy, this amount. of work done is converted into heat 
energy _ 
Le., Heat produced in wire = W 

H = I2Rt 
which is the required expressioi1 and is called Joule's law of hec\ ting . 

s2. \2074 Supp a.No. sal What is a galvanometer? How can you convert it into a voltmeter? Why should the 
resistance of a voltmeter be high? [4] 

a. Galv.anometer: Galvanometer is an electrical device which de tec ts and measures small arnow1t of 
current It works on the principle of torque produced on a rectangular current canying coil placed 
jnside the magnetic field. 
Conversion of galvanometer into voltmeter 
The galvanometer is converted into volhneter by con necting a high 
resistance R in series with gaivanmneter. The voltage across the 
voltmeler is 

V = lg (G + R) 
v . or R =--G , lg 

Knowing the v·alue of,V, lg and G, R can be calculated . 

.- - - - - - - - - - - - - - -. 
I G' I 
I lg R I . -----4 G 

I . . I 

•---------------
Fig : Voltmeter 

Third part: Voltmeter is a _ high_ resi9t:ance electrical device which is conne~ted in parallel in a cir uit 
and meas~res the potential difference across any load. It has very high resistance becaus it i 
connected m parallel across any component of a circuit· it draws a verv sinall cu · t f tl , 

• • • . . I . J rren ron1 1 111( .m 
circmt, and most of the current passes through the element Hence t11e p. · Ll ac , tl t · _ . . . · , . . , ross 1e com.pon ' 11 LS 
not affected. If the resistance IS small, the e ffec tive resistance is affecteL:1 a i f 1 t , , nL most o t 1 urren 
passes through the voltmeter and the p :d . 'reduces across the component a d. tl 1 t 
measure accurately . ___ ___ c 

11 
1e vo tm t r anno 

-53- .- 12-0-7i s~ C-Q.N-;;~ sa) Define drift velocity of electrons. Establish--~·-;~i~ti~-~-b;t~~-~-~ -d· .ft - -I . .- -f -I . --; 
and current density in• the conductor. , n ve oc,ty o ~ ectron 

~ Please _refer to 12076 ~etc Q.No. sa! [41 
54. 12012 Seto QNo. sbl D~;c~ an -~;;;~;i~~ent t~-ve~ify Joule's Law ~fh~ati · · • · ~--·---- --- ~ ·-· 
a Pleas~ -~-d~~- toJ20?6 s~t e a .No. 5~ • ng. _[4] 
55. 12012 Set E a.No. sal Why has- -an-am-·-m· e· te_r_ a· · _I ___ - .-- ~ ·- - · · ·- ·~· - · - -- · 

1...----.....;......;,,.;;;i very ow resistance? H - ··--- -·· ·•· -
an ammeter? . · ow can you convert a galvanometer into 

~ ·Please refer. to 12076 Set B Q.No. sa} [4] 

5s. 12011 s~-PP a.No. ~;j Defin~ -;~f, t~rm·i~~p~d. a~d·i~tttt'~l-~esi~-:-·•-·----·· -: -- ·-- ·--·------·--- -··-·-·····--·-··· · _____ _.... 
· circuit drawing current. . tance. Denve the.relation between them for the · 

~ Electromotive Force: The electromotive fo.rce f . . . . -· [4] 
. tl 1 th. ' o a source IS defmed clS ti k .'J . , ·t 

Positive chaTge uoug 1 ~ source from low potenti·, 1 1 1 
. · c 1c wor none in moving c)< u11J 

. . d . a em to ugh pote ti· - 1 i 1 . • · . 
r. it is denoted by E an given as . . · 11 cu em · t IS cause, independent to 
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DC CIRCUIT/ 113 

w 
E=~ q 

where w_ is the '"'ork done to GIIT)' the magnitude of charge q . lts S.l. unit is joule per coulomb QC-1) 

Terminal Potential J;)ifference 
The work done in brin.ging a unit ba rge from on e point to ,moth r point in the external drcuit is 
called potential diffcrenc betvve n the points. It is denoted as V a nd given as 

\ . 
v=-

90 
where Wis" ork d one to carry the- magnitude ofdiarge qr,. 

b mf d . if . Difference etween e an potential d · ference ·-

- Electromotive Force(emf) Potential Difference(p.d) 

1. Iti the difference of peotential betvveen two 1. It is the difference of potential between any 
electrodes of a cell in an open circuit. two points in a closed circ u it. 

2. It is greater than p .d during discharging. ? It is greater than emf during charging. 

3. It is cause of p.d. 3. It is <;1n effect of emf. 

4. It depends internal resistance of cell: 4. It depends upon external resistance of the 
circuit. 

Internal Resistance of a Cell 
The resistance offered by a cell (source of emf) is called internal resistance of the cell . It is due to 
electrolyte and electrodes of the cell. It is generally denoted by rand measured in Ohm . 
Relation between emf, Internal Resistance and Terminal p.d. of a Cell 
Let, Ebe the emf of a cell, r be its internal resis tan ce and R be the external resistor connected in series 
with the cell. V is voltineter which m easures p.d. between two points A and B of the .circuit. S is the 
switch, when the ciscuit is opfn, no current flows throu gh the circuit. The reading of the voltmeter 
gives emf (E) of the cell . Wl1en circuit is closed, the cu rrent I fl owing through the circuit is given by 

E 
I=-­

R+r ... ( i) 

or, E = ill + Ir ... ( ii) 
Terminal p.d., V = p .d . ·across external resistance 

or, V = IR ... (iii) 
From equations (ii) and (iii), we can ,,vrite, E = V + Ir 

.A~ 

S R 

or, V = E - Ir ... (iv) .. 
where, Ir is potential drop across internal resis tance of the cell . This is the requir~d -relationship 

between E, V and r. 

57. ~069 (Set · A) a .No. s~-What is the difference between an electromotive force and · the terminal potential 

difference? How are they related? [4] 
a. Please refer to 'j2071 Supp Q.No. Sa! __________ · _____ ·- _ _ __ _ __ 
'ss. ~069 s~p;s~ 8-. Q.No. -5- d! Explain the theory of a) series and b) pa~allel combinations of resistances in an 

electric circuit. [4] 

Combination of Resistors 
Ther, arc two ways of combining two or more than two r~sistors; series and parallel combinati1.. ns . . 

a. Series Combination of Resistors: W11en a number of resistors are connected end to ' ntl as shown in 

Fig, they are aid to be in se ries. In this combination,_ the s~m e current fl o~s throu gh them. 
Let R

1
, R and R are three resis tors connec ted in series. I ts current fl ow m g through them . 1, :? and 

V3 arL th: poten~ial differences across R1, R2 and R3 respe~ tivcl?'- V be the pntcn~ial _di_ffcrcn c -~~ross 

the whole circuit w hi h is qual to the sum of potential diffe ren es , rn s 111d1 1du, I r('s1stors. 

Therefore, 

V==-V, +V2 +V3 
But V1 = IRi, y 2 = IR.i and V3 = IR3 
From relations (i) and (ii), we have, 

V ==-IR, +IR2 +IR3 
or, V ==- l(R, +R2 +R3) 
or, V / I ==- R 1 + R2 ~ R3 
or, R ==- R1 + R + R 2 3 

. . . (i) 

. .. (ii) 

. . . (m) 

R, R 

- ~~ 
.... --\- --:--~ I 

L ----- -i >-- . 
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0

A COMPL.ETE NEB SOLUTION TO PHYSICS • . · b " tion of the . 
·. , . series com ma resistor 

. V f tl syste.111 - So, u1 . . s, 
where, R =: .1, is called . effective resistance o ,e . 

. • 1 · · :tual resistanc~s. . l resistor. 
effective resistance is equal to the sum of ltll ivtl . L 1 is equal u1 eac 1 · · 

i e R = R + R, + R ~ + R for n ~10 . of resistors in wtuc l t ... er of resistors arc connected to 
· ., , • 3 • • • " :l f the 11 um , . F" . . a 

b. Parallel Combination of Resistors: When one eJ\l O 
· . 111 point ns shown m ig., it is Calleu 

:l other comnH · t · · the sa 
• common point and other ends are connectel to an - . cross each resis or 15 me. 

· t tial difference a · · } ent t · paraUel ·cnmbination. In this combination, pn en ' 
1 

bination . I 1s t 1e curr en enng U,e 
. t d in paralle com :,f Let, R1, R2 ,md R3 be three resistors connec e 01011 potential du erence betwee 

, . d B V is the com t R n 
s 1s t 'm at end and the same current leaves at en · · 1 esistors R1, R2 anu 3 r spcctively 

. b I •rent throug 1 r · conunon points and B. 11, 12 and 13 e t1e cu, · .J 1 Therefore, , 
. . . ·ct al nent 11, I2 anu 3· 

Here, total current, l 1s equal to the sum of md1v1 Uc cu 

l = l ,+b+h ... (i) K, 

V 'y 
But, 1, = R· h =Rand h = R ... (ii) 
• . I 2 3 

. : V V V 
From relation (i) and (ii), we get, I= Ri +R

2 
+ R:1 

or, l = V (_}_ + .l + .l) 
R, R2 R3 

1 1 1 1 
·or - = -+-+-

, ~ R, R2 R3 

i. ------ \' ----- -..l 
I 1~--.1 

... (iii) 

V 
where'. R = 1, i_s effective resistance of the ys tem. o, in pa rc1llel cnrnbination of the resis tor , 

reciprocal of effective resistance is e4ual to the su m nf re iprc)(c1 l of intlividu <1 l resis lunc- 'S, for n no. of 
resistors . 

- -;:::==:.:...::.:==---....:·:::..·· - -- - - - -- . -
· 59. 12068 a .No. sctl Distinguish between resistance and resistivity. Derive expression for the effective resistance 

of number of resistors connected in series and parallel. [41 
a Resistance: The property ·of a material or condu lnr In nppo~ ' thl fl m nf h.ugl! i11 n conduclnr iN 

called resistance. The res istance R of. a conductor is dcfin •d , s lhl r, ti 0 of poll'11lic1I differt'11ce V 
acl'oss the conductor to tht current I flowing throu gh it. Therefore, 

V V 
R' = - 01· Y= rR or 1 = -

[ ' I ' , R 

ln SI syst~m, unit of R is the Ohm (symbol 0), th ' unit of curre nt is the ,1mpere (sy mbt)I A) a nd tl1c 
· unit of V is the volt (symbol V). 

Resistivity: Experimentally, it _is found that the re- ist nee, R of a onduclo r is, 
i. directly proportio11al to the length, / of the conductor, i.e., R ex:/ .... (i) 

ii . invt.>rsdy proportional to the area of cross- section, A, of the conductor. i.e., 
1 

R .... (ii) .· 

Combining relations (i) and {ii), we have, R cc Al or, R - p J.. (" •) - A ...... Ill 

w lwre, pis on tant for material of conductor, called resistivity of th ,. . · 2 
_ . . . . . . e matenal. W hen l = 1m A = 1m 

the n R - p. Hence, res1St1v1tv of a matenal IS the resistance of th . ' . ' . 
cross- scctio.nal ilr a. Sl unit ~f p is Ohm meter (n 

0
;). e mate nal of unit leng th anJ unit 

Combination of Resistors: ~069 Supp Set B a .No 5 ct) 

60. !2064 a.No. 1 ~ al St~te -a;d explain Ohm's law. Tw~~esi;-t~~ ;~e' co · · t d : . · ; · -··- ...--
connected in series with the combination of parallel . ·t f nn~c e in parallel and third resistor be 

rests ors. I this com · t· b . h a 
battery of the negligible internal resistance find the potential diff ma. ton e connected wit 

' erence across each re • t 
a Ohm's law: The potential difference across the ends of d . SIS or. 

. a con uctor IS diP tl · l he 
current flowmg through the conductor provided the 1 . 1 . . ec Y proporhona to t 
Ohm's law. - . p ' YS tea . coH<litmns remains unchanged .It ,g 
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; , ~et' ·,v' ~e . the potential different 

d ... of a ·conductor and I be tJ, . a ross two 
~~ Utt t fl 
I ro

ugh it. Then according to OJ 1 
11 Owing 

t1 · 1111 s law· 
V ex:: I . 

DC CIRCUIT I 115 

V ==· IR 

V 
- == R 
I . . 

, mi: h let '(: -'n an i I L th 11 ilotn-• , . . 
\' s that r otential i1' fL,1•,n 1 . 1~ .I ht h i. tr ight Jin j r S'iing hto ' uh _h oriuin, wl ich 

~ r- I\.: '-- '' e it , t 1r ell , • ,., rr 
i "l u · 'l)ll id 'r t , , r ', • ' t · • _·. ) p1oportln11nl lo till' r urr<'n t fl ing hrough i . 
lK ' • an 's I 1 ·m d R b I n c j t ~b~ - t th l : .. · ' • ~ ' ' lHHl ' tt•1.. in pc1r·1II •I ,mu th • thir r c;i. c nee R1 is 

. . b < m n1c1tmn. 1 he resistance of lht.1 p,1rnl1 •I ornbifl tion of r is a e I and 
~ gi r 11 _1 

1 1 l ,, 
.... =-+-
R 1 R2 

R,R2 
==> R = Ri + R2 ... (i) 

I e the total current flow in main circuit, then 
+ -

' E E 
• ,]_ ==--

• R + R3 . .. (ii) 

ince, ~ paralle~ resistance combin a tion, potentl~ across the parallel combination of R1 and R2 is-
equal. 1..e.,potential across R, = potential across R2 · 

V'= IR 

IR, R2 
R, + R2 

R, R2 
(R, + Rz) (R + R

3
) E [ using eq 11 (ii)) 

R, R2 (R1+R2) E [ ] 
(R, + R2) [R3 (R, +. R2) + R1 R2] using eq" (i) 

V'; ~R2 E 
R1R2 + R2R3 + R1R1 

and potential across R3 = E = lR3. 

By knowing the value of E, and resis tors, we can evalua te corresp onding pot~ntial differen e ·1 · r1.. ~ 
each resistor. 

S1, ~59Q~No~-11 al What i~ d~lfi v~io~ity-~f ~~ ~l~ct~;,, ?-·o·~~i~; ~--~el~ti ~~-betw;~n. the curr~-nt thr vgh ~: m t~lli~ 
conductor and the drift velocity in terms of the number of free electrons per unit volume of the conducto ,[1+3] 

._!~ease refer.to j2076 Set Ca.No. 5a) · 
62· ~5~ Q.N~:~·1 ~!Ded~ce an e~pressio~ for the heat· devel~ped .. in a wir~ by the pas age fan ele tri curre~t [5) 

'li. Please refer to 12075 Set B Q.No. 5~ . 1._ 

6 :-::---~ __ ,_ ...... -,.... .. - - ... .. - . !. . .• " . - . . . • . . • - -- -

· v 7 et a a.No. 9al Two resistors of resistance 10000 and 20~00 are joined in series with a 100 V supply. A 
oltmet~r of internal resistance 40000 is connected to measure the potential difference across 10000 

res· . 'st0r. Calculate the reading shown by t~e volt.meter. · [4] 
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\ t 

\ \tnll'\ 't' ( ~) 1"= -000 

T )t\l Rcsdnnn R,,· = R.,b Rix· (':R2 = R,) 
= 80 + 2000 

= 2soo n 
E 100 

T t.ll m T 'nt in th ircuit, I= R = 2800 :== 0 .0357 A 

P.D. aero . voltmeter =IX R~h 
= 0.0357 X 800 

= 28.57 V 

oltmeter reads 28.57V 
-------~-- --~ -- -------

64. \2076 set c a.No. 9a\ The ·;;~ist~~~e of t~e coil of a gal~anometer is 9.360 and a_ current of 0.0224 A ca~ 
. to deflect fu\l scale. The only shunt available has a resistance 0.0250. What resistance must be connected 

series with the coil to make it an ammeter of range O - 20A? 
Solution 

Givei-l, 

· Galvanometer resistance (G) = 9 .36 Q 

Galvanometer current (lg) = 0.224A 

Full scale current (l) = 20A 

Shunt resistance (S) = 0.025 Q 

Add itional resistance (r).=? 
Now, 

P .D . across (G + r) = P .D . across (S) 
. °Ig (G _+ r) = (I - lg) S 

_ !..:..1, 20 - 0 .0224 
or, r - lg . S - G 0 _0224 x 0.025 - 9.36 = 12.9-l Q 

! ) ::r 
I - I, 1._____ ...._______, 

s 

12.94 Q resistance is needed to connect across coil to m~ke it ammete r. 

65. \2075 Set A Q.No. 9~ Two lamps rated 25 w - 220 V and 100-W = ·220_: v' are -c-onn;cted to -22ov SU~ 

Calculate the powers consumed by the lamps. . 
Solution 

Given, 

First lamp = 25 W - 22o ·v 

Second lamp = 100 W - 220 V 
' Voltage (V) = 220 V 

Powe~ consum u (P) =? 
Now, 

For first lamp, 
P, = 25 W 

Y.1 = 220V 

V 1'2 220 X 220 
R 1 = r; = 25 - 1936 Q 

For se.cond lamp, 
P i = lOOW 
V2 = ??OV 

220v 
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1uti n 
l\' 'll, 

R, 
R2 = 

ow, 

220 X 220 
100 == 84 n 

f oltm t'r (Rv) = 2000 V 

OC CIRCUIT I 117 

2000 n 

n upply. Wha 
000 0 re i tor? 

[4J 

a 10000 b 2000.0 c 

= 66.7Q 50 V 

Total re · ta.nee, R - R + R - db br 

= 666.7 + 2000 
= 2666.7Q 

T ta1 t . l . . E SO 
o curren mt 1e cucmt, I= R = 

2666
_
7 

= 0.01875 A 

P.d. across lOOOQ = I . R db 

= Q.01875 X 666.7 
= 12.5 V 

1000 
P.d. across 1000 Q before connecting the voltmeter, = 3000 x 50 ~ 16.67 

. 16.67 - 12.5 
Fraction change in vol age 16_67 = 0.25 x 100% = 25 %· ' 

-;::::::.:===========~ ------ -------····---..: 
~7. @074 sets a .No. 9~ A copper wire has a diameter of 1.02 mm and carries a constant current of 1.67 e 

density of free electrons in copper is 8.5x1028/m3, calculate the current density and the drift velocity e 
electrons. ( ] 

Solution 
Given, 
Diameter of wire (d) = 1.02 mm= 1.02 x 10-3 m 
Current (I) = 1.67 A 
Concentri!tion of electrons (n) = 8.5 x 1028 /m3 

Current density CT) = ? 
Drift velocity (v) = ? 
We know 

I 
J - A i A area of cross-sec tion 

or, J 1.67 X 4 =-----
rc(l .02 x 1 Q-3) 2 

J = 2.04 x 106 A/m 2 

Again, 
1 . = ven A 

I or, v = -
neA 
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_ 1.67 x 4 = l .5 x 10~1 111/ sec . ______ . . 
or, v """' 10 1)2 ' ---- ---. · 1 .6 X lQ- l9 X 8.5 X 10211 X TC )( (1 .02 X · • -· _____ ·- --v -~ en a resistor Of 25Q is joj 

.68, [20;-; Sup; a~~~~ siit A battery~;~f1.5 V h;-~·t;;mlnal p.d of .1.
2
1

5
p d whim a resistanc~.of 1on::dPlt1>~ 

- . and termma · · ac .. 
Calculate the current flowing, the internal resistance . . '' 
25Q resistor. · l~ 

Solution 
Gi en, 

· t .m.f. of batter (E) = 1.5 V 
Terminal P.O. (V) = 1 .25 V 

Re istance (R) = 25 n 
lnternc\l Resistance (r) = ? 

Current when 2SQ is replaced by 10 Q = 7 

We have, 
E = V + Ir 

or, 1.5 = 1 .25 + 0.05 r 
or, r = SQ 

V = IR 

or, 1.25 = I x 25 
l = 0 .05 A 

Wh en 25 n is replaced by 10 Q resistance, then 
E=Ir+J x 10 

or, 1.5 = I x 5 + I x 10 

or, 1.5 = 15 I 
I= 0.1 A 

V = IR 
= 0.1 X 10 

· =JV 

E, r 

R 

.69. [2073 set c a .No. sci Resistance of a wire of length 1m, diameter 1 mm is 2.20. Calculate its resistivity and 
conductivity. · {41 

Solution 
Given, 
Resis tance of wire (R) = 2.2Q 

Length of a wire(/) = lm 
Diamete r of wire (d) = ln'.un = 10-3 m 

Resistivety of wire (p)=? 
Conductivity of wire (cr) =? 
We have, 

• . . . RA R · mi2 n · (10-1)2 x 2.2 
Re 1shv1ty (p) = - .1- = 41 ~ ~ x 1 = 1.727 x lQ-b Qm 

1 
Conductivity (cr) =-;;= 1_727 x JQ-b = 579038.8 ~-1 m-1 

70. 12013 set D a.No. saj An electric lamp consumes 60 W at 220V. How many dry cells of emf 1.SV and internal 
resistance 1n are required to glow the lamp? . [41 

Solution 
Given, 

Power (P) = ·60W 

Voltage (V) == 220 V 
E.M. F of cell (E) == 1.5 V 

Internal resistance (r) = 1 n 
o. of cell (n) =? 

We have,, 

R 

f_;_____,· t 
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r ... r 
10 ,., r 220' 

1-= O. 7 7 A 
f\At\\l\, 

1 2 l 
ti == 1-,, _ } e: - ,.,, _Q: 
i- p 60 "" 8( 6. 7 

n 
I-­- R + nr 

)l', l\ 

7)n 

= 17 

00 CIR CUit f 11 fJ 

- ~ G 2 Supp Q.No. 9~1 A c~pp;r ~r~-h-· --;------- . __ .. 
1.!2 10...g n m. It carries a curre ~s ts~iamet~r of 1.02 mm, cross-sectional area 8.2•1&-1 m1 a -
difference between two points in thn : A. Find the electric field magnitude in the wire and e: 

I 
._ e wire 50 m apart · 

' O UuOll ' 

Given, 
Diameter ?f wire (d) == 1 .02 111111 = 1 _02 x 10_3 m 
Area of wue (1) == 8.2 x 10-7 1112 · 

Resistivity of wire (p) == 1.72 x 10-s2·nm 

Current in wire (I) == 1 .67 A 

Distance (d) == 50 m 

P.D. (V) == ? 
Electric field intensity (E) = ? 
We have, 

E = pJ 
I 

=pA 

I . -
U =A= Current density] 

1.72 X lQ-8 X 1.67 
8.2 x lQ-7 = 0.0'.\50 '! / m 

Again, V =E x d = 0.0350 x 50 = 1.75 V . 

7;~ w~;-2 s·et z·a.No. ~al Th~ ·;~si~~-~~~-~f~--g·~,~~~-~~;te-r c'~i, i~-9.36·n:-and th~ -c~~rent-requi r~ f~~fult-~ ar~ 
deflection is 0.0224A. We want to convert this galvanometer to an ammeter reading 20A full scale. The nly 
shunt available has a r~sistance of 0.0250. What resistance must be connected in series with the coil. f4l 

-~ Please refer to 12076 Set C Q.No. 9aj 

13.-@011 s·uee a.~o. eal -·· ---· 
Consider the figure below. The current through 60 resistor is 4A in 
the direction shown. What are the currents through the 250 and 
200 resistors? [4) · 

Solution 
Given, 

, Herc, R 1 = 6·Q, R2 ::= 80 , 

R3 = 250, R4 = 200 
Since R1 and R2 are parallel 
P.D: across R1 = P .. D. ac ross R2 
11 X R1 = Ii X R2 
4X6=8 x I ' 2 
12 = 3A 
Total current through path AC = 4 + 

3 == 
7 

A 

20 n 
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o, cutr 'ilt lht•nu ,-h 
I 

i ~ 
- + 

· 6 +8 
--- h,c ~R.c ~' l Rt1,lt'' f nrnHd, 

P. = l .· . 1: \'oss R 
\.q 

R, =?:, 
= 6 Q 

R == 4 Q an i 
I, = O. A 

mce, R 1 and R2 are parallel, 
potential across R1 = potential across R2 

or, 1,R, = hR2 
or, 0.8 x 3 = h x 6 

2.4 
or, h = 6 

h = 0.4 A 
Total current through the circuit is 
I =I, + h = 0.4 + 0.8 = 1.2 A 
Potential across 4Q = 4 x 1.2 = 4.8 V. 

c:: 8.43 

R,,:::60 

C: 

Ii R2 
20 n 

13 R1 
l) 

30 
40 . 

60 

- - .--_-_-_-_-_-_-_-_-_-_-_-_-..::::..:::-..::::;-------- -------------·-·"· "--""""""-----.. ---- -----
75. ~010 sup (Set Al a.No. 9 cl A cell of emf 18 V has an internal resistance of 3 n. The terminal p.d. of the. ball 

becomes 15 V when connected by a wire. Find the resistance of the wire. 
So1ution 

-Given, 
emf of cell (E) = 18V 
Internal resistance (r) = 3Q 
PotentiaJ difference (V) = 15V 
Resistance of wire (R) =? 

. . 

Let 'l be the .current flowing through the circuit, then 
E =V+lr 

E- V 18-15 
or, I r 

Again, 
V :: IR 
15 = 1 . R 

or, R = 15·0 

3 = lA 

R 

7_6. 12010 Supp. (Set B)--Q.N~.- 9 ~fA ·pot~~tial ~ditte;ence ~, 4:·sv -i~ applied bet~een th~ ~~d; of-~r~th;t ii~-5 

, ~. long and has radius of 0.654 mm. The resulting current through the wire is 17 _6 A. What is the resistiVI~ 
l · • th~ wire? · 

Solution 
Given, 
Potei~tial dilference (V) = 4.5 V 

Length of wire (l) =-2.5 m . . . 
R iius of wire. (r) = 0.654 mm = 0.654 x 10-:in, 

aL · (I)= 17 6A 
Current through wire · 
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l·stivity of wire (p) = ? JZeS -we knO}'V, 
V 4.5 

R === I == 17.6 = 0.256 n 

Again 
l 

R ==p -

RA R1tr 0. 1t (0 4 .1 == -,-=-, = , . o- )2 

DC, CIRCUIT / 121 

or, P =-- --:--:-:-----:--\ . = 1.::\76 x 10-1 n111 
· ~-r;;#o set c-Q.N~. 9-~ A tightly-coil d spring- h- 1,j 7 · 1 h · - · - - ,--t d-
;1. e.> . 

3 25 
. d' . • ng 5 col s, ea 3.50 cm In diameter, i made of msu a e 

me!aI.~tyre f.th rnmtn,I? 1 meter. An ohm meter connected acrou It opposite end reads 1.74 Q . What is the_ 
res1st1v1 e me a 141 

Jufion 
i Cl 

umber of turn f oil (N) = 75 
Diameter of coil (D) = 3.5 cm = 3.5· x 10-2 m 

Diameter of wire (d) = 3.25 nun = 3.25 x 10-3111 
Rei tan e of wire (R) = 1.74 n 
Re · tivity of wire (p) = ? . 
Weha e, 

RA 
P - L IT D x N [ :. L = length of wire= N x circumference= N x n D] 

R IT d 2 - Rd2 . , _ 1.74 X (3.25 X lQ-3 ) 2 

4 IT DN - 4 DN - 4 x (3.5 x lQ-2) x·75 = 1.75 x 1?-6 0 m . 
- -:::.-=--=--=---=--=---=---=--=-----_,-~--------------- ---- , ___ ____ , __________ .. -------------
78. go10 set D Q.No. 9 aj A voltmeter coil has resistance 50 n and a resistor of 1.15 K n is connected in series. It. 

can read potential differences upto 12 volts. If the same coil is used to construct an ammeter which can 
measure currents upto 2A, what should be the resistance of the shunt used? f · 

So1utio.n 
Given, 
The voltmeter resistance (G) = 50 0 
Series resistance (R) = 1.15 KQ == 1.15 x 103 0 
Voltmeter reading (V) = 12 V · 
Ammeter reading (I) = 2A 
Shunt (S) =? 
Now, we have, 
V = lg (R + G) 

· V 12 -
lg = R'+°G = 1.15 x 103 + 50 = O.Ol A 

Again, for shunt, 
S(I - lg) .:: lg. G 

: 's - _!e_ O.Ol - 6 25 Q 
. - I - I G = 2 ·_ 0.01 x 50 - . 

---------- - ... ! . --·- ..... -- .,, .. - -- ---- - ' .... ---- . . . - ·-- ---· 
79- ~69 · (Set A) -a .No. 9 aj In the given figure, when switch s is open, the voltmeter V reads 3.08V. When the 

. switch is closed the voltmeter reading drops to 2.97V, and the ammeter A reads 1.65A. Find the· emf, the 
internal resistan~e of the battery -and the resistor R. Assume that the two meters are ideal. [4] 

Solution . 
Given, 

- . E.m.f., (E) = 3.08V 
Voltage (V) = 2.97 V 
Current (I) = 1.65 A 
Internal resistance (r) = ?° & 
External r_esistance (R) == .? . 

L
-----<v--_-·7 -'\N'--~:3~ r E 
, A 

' ----~ _:-YV\ 
S . R 
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122 I A COMPLETE NEB SOLUTlbN TO PHYSICS. XI.I 

We have, E = V + Tr 
_3.08 = 2.97 + 1. 5 r 

or, r = 0.067 n. 

Again, = IR oi', R = 1 = 1: ,7 = 
1,R l ' - ' - I ~ooC ~~d 1s'~hm ·.1·100,c: Caic~t, j 

I cl Th re lstanc .o .. f,. conductor Is 10 ohm a , · 
1
1 

80.2069 (Set_ A) Q.No. 9 a 4] 
resistance at 0 

Solution 
h 'n, 

T -"-mr<:ra 
R . 

a R 15 
alt . 

R2 = 1 (1 + a 0) 
0 , 

(1 + a 50) 
and 
R, = Ro (1 + a 100) 

R 100 1 + 100a 
Rso 1 +_S0a 

15 1 + 100a 
~r, 10 1 + 50a 

or,, 1-5 + 750a = 10 + lO00a_ 

or, 5 = 250 a 

or, a = 0.02 K-1 

Rso= Ro (1 + a 50) 
10 = Ro (1 + 0.02 X 50) 

10 = Ro (1 + 1) 

[a= temp. coefficient of resistance] 

s1. 12oss a.N.o. 9 al A resi;t~~-~f500-0h-m--; ~nd one of2000 Oh'ms-are pl~~~d -i·~-;~;i;-~-~ith-~-60--~~it-s~pply. What 
will be the reading on a voltmeter of internal resistance 2000 Ohms when placed across (i) the soon resistor 
and (ii) the 20000 resistor? · · . [41 

Solution 20000 
Given, 
R1 :;:: soon 
R2 :::.2QQ0Q 

Emf (E)= 60V 

r-t''-'V\0::--~---'\M,"----i 

Internal resistance of voltmeter (Rv) = 2000Q 
Now, 
For (i) 
When the voltmeter is placed acrrn,s R1, the equiva lent resistan 
volhneter is 

2000 X 500 
RAB = (2000 + 500) = 4000 

Then 
.Total resistance in the circuit(~) = RAo + R2 

= 40Qn + 2000n 
= 2400Q 

E 60 1 
- Current in the circuit (I) .= R = 2400 = 40 ~ 

soon 

2000n 

60V 

of the 5000 res istor and t~ 

60V 

2000n 
1\1\ 
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. 1w1Jjng on vollmet ~r = 1 ' J 
R.r\ tl ,,., _ . n 400 Ill 

Thet 
r taln.' i tan~~inthccu uit = R + R 

Ile . ' "" moo + son = 1 oo 
. urrent in th ' ·ircuit (l} = - = ___Q_ __ 1_ 

R 1-00 - S 

R: a ling )I\ oltn,et-er = l R,, = -
1- 1()0(l ' 25 = 40 V 

Bence, required ,;olhne.ter reading u· 1 t1· · _ • . 
~ . _ --·- ---·-· _ 11s rnse 1s 40 V. 

Bl ~:r:;· ~-~0~:t: ~\ectri~ heating ele-;e-;,t to --di~-si-p-at_e_4_80- w-att-s o~240V mains i~o be made fro; 
~. txi0-6 ohm-meter. · ame er. Calculate the length of the wire required if the resistivity of nichrome is 

Solution [~ 
Given, 
Power (P) = 480 watts 
Potential difference (V) = 240V 
Diameter of nichrome wire ( d) = 1mm = 10-3111 

rcd2 re x (10-3)2 1 • A:ea of cross - section (A) = 4 4 = 7.85 x 10-7m2 

Resistivity (p) = 1.1 x 10-6Qm 

·Lengili of ilie wire (l) = ? 

Now, We have, · 
V y2 

P = I x V =R xV =R 

V2 (240)2 . 
or, R =p = 480 = 120Q 

A~ain, we have; 

R _21_ 
-A 

or, J 
RA 120 X 7.85 X lQ-7 . 

1.1 X lQ-6 = 85.6m p 

Hence, the required length is 85 .6m. 

83, ~068 Old a .No. 11· ~ A;-electri-;-·-he-a-ti_n_g_e_le_m_e_n_t ~to_d_i_ss-ipate 1.2 KW on 240 V-m~i~s-i~ t~ b~ ~;de fr~m-

Nichrome ribbon 1mm wide and 0.05 mm thick. Calculate the length of the ribbon required if the resistivity of 

nichrome is 1.1x10-sn m. (3) 
Solution 

Given, 

_ Power (P) = 1.2 KW = 1200 W 
Po.tential diiference (V) = 240 V 
Wide of ribbon(b) = 1mm = 1 x 10-3 m 
Thinkness of ribbon (t) = 0.05 mm= 5 x 10-5 m 
Resistivity of Ni~trome (p) = 1.1 x 10-0 Qin 

tength o~ r1bbon (l) = ? 
ow, we have 

p_ - v ·- v2 
-IV=R x v=-

. R 
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itill, 

R - 12!. - A ,~ 
[ = b I] nr. I - r 

R X b '( t 

10-5 

= 2.2 11\ 

84. §067 Sup a .No. 9~ What is the potential difference across 1000 resistor in the circuit given below. 

Solution 
Given, 

Emf (E) = 12V 
R1 = lOOn 

R2 = son 
.R3 = soon 
Y1 = 7 

Tow, 

rf R be the total resistance of the circuit; we have; 
R = R1 I I R2 + RJ 

lOOx SO 
= (100 +SO)+ 500 = 533.33n 

Then; 

Total current (I) 

We have 
h = I = 0.0225A 
Then, 

E 12 . 
- R - 533.33 Ampere = 0.0225A 

\/3 = l3R3 = 0.0225 X 500 = 11.25V 
Finally; · 
V, = Y2 = (12 - 11.25) = 0.75V 
Hence, the required voltage is 0.75V. 

100 n soon 

12V 

ss. (2os2 a .No. 11 ~ Twelve cells ; ~~--h-o_f _e-.m- .-f.-2-V_a_n_d_o_f -in-te_r_n-al~r-esi~ta~~e o:s;hm ar; arranged in a battery of 

n rows and an external resistance 0.4 ohm is cdhnected to the poles of the battery. Estimate the current 
flowing through the resistance in terms ~f n. [3] 

Solution 
Given, 
No. of c Its {N) = 12 
Emf ( ) = 2V 
Internal resistance (r)= 0.5 Ohm 
No. of rows = n 
E~l ' rnal resista,{ce (R) = 0.4~ 
Curr nt (f) = ? 
Let, 'm' be the no. of cells in ec1ch row; 
Then, we have; 
m xn = 12 

12 
m = ~ 

Now, we have; 

m-cdts 
111· ··• ........ , 

R 

• 
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n1E mnE 12x 2 
I ""~= nu + nR = --:-:1:-:::2-..;:.;::_-=---

- + R - xo. + 11 X O 4 n n , 

24n 
24 n ~ 0A . ,,, 60n A 

6 + 0.4 11 2 6 + 0. J1 2 1 +n2 

0.4 

f-{ence, the required urrent flowit,g H\l'oug~1 th i resistanc is 
1 

6(~\
2 

/\tnp ,r . . 

;-@,Fa.N~T}1 As-~ho~ in--tt,~ flgurel-a b~ttery of emf 24V an'd Internal resistance ' i connected to -~ 
circuit contammg two parallel re lstors of 30 and 60 In series with an an resistor. The current flowing '" 
the 30 is 0.8A, Calculate the current lrt the 60 resl to1r and the Internal re lstance of the cell. [3) 

sohltion 
i en, 

Emf (E)= 4 

R1 = ~Q R2 == 6Q 

R~ = SQ 11 = 0.8A 

h = 

Internal re istance (r) = ? 
ow, 

TI1e equi alent resistance of the circuit is given as; 
Rr = Ri/ / R2 + R3 

R1R2 (6 x 3 ) 
- R1 + R2 + R3 = 6 + 3 + 8 Q =:= 10 Q 

Then, 
E 24 

Tot.al current (Ir)= Rr = (lO + r) A 

We have, For R1.; using 
v, = I1R1 = 0.8 X 3 

V1 = 2.4V 
Here, V 1 = V 2 = 2.4V 
Then, for R2 using; 
V2 = Ji X R2 

or, 2.4 = h x 6 

Ii =0.4A 
Here, the current in the 6Q resis tor is 0.4A. 

Again, we have 
h =I, + h 

24 
OJ, 10½ = 0.8 + 0.4 

24 
or, -10 = 12 + r . 
or, 10 + r = 20 

1n 
go 

60 

V, r 

.:::_ r :::: lOQ which is required jnternal resistance._ .. ____ .. _ _ _ .. _ _ _ _ __ _ 

87. ~ o ~-N~~ ·11 -ij A batte-ry of ;,nf .1.5 ·v ·ha~ ·a terminal p.d. of 1.25 V when a resist~r of 25fl ~s iofned to it. 

Calculate the current flowing, the Internal resistance and terminal p.d. when a re 1stance of 10 replaces 
25Q resistor. [4] 

Solution 
Given, 

Einf (E) = 1.5V 

Terminal p.d (V) = 1.25V · 

Ex. Resistance (R) = 25 n 
Current flowing (I) = ? 

~ternal res1s~ance (r) = ? 
ow, we have ; 

I I • 
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V 1.25 
Current (1) == R = 25 = 0.0SA 

Hence, the required curr~nt is 0.0SA. 
Again, we have, 

E •I -==-

or, 0.05 ::: 

R+r 

1.5 
25 + r 

or, 25 + r == 30 

r == 5 n 
Hence, the required internal resistance is SQ. 

Lastly, if a resistance of lOQ repl~ces 250, 
We have, 

V' = l'R' E 1.5 
= (R' + r) x R' 10 + 5 x 10 = 1 V 

Hence, the required terminal p.d. is lV. _ _ _____ _ ___ _ _ _ ............. _ 
88

- BOS8 O.No. 11 W In the given circuit, calculate the potential difference between the points B and D. Solution · 
Given, 

Emf of cell (E) = 6 V 

Pote,1tial difference between Band D, 
(Vim)=? 

Total resistance RAc = (6 + 12) 11 (6 + 12) 

= 18 1118 
18 X 18 

= 18 + 18 = 9 Q 

T tal . tl . . (I) E 6 2 o, current m 1e c1rcmt = RAc = 9 = 
3 

A 

1 1 
Then, lAs = 3 and IAo = 3 
Now, 

1 
VAB = 3 X 6 = 2 V 

1 
Ao= 3 x 12 = 4 V 

no= V AD - V AB 

=4-2 
== 2 V 

(,\I 

120 D 6Cl 

oao 
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~b!faf1W41 .. i!t4¥t•!M ..... _ _____ _ __ -
~ r.iiils Set B a No 1aJ State the · i I ·· ·· -----2-J 
1. ~ · · pnnc P e of potentiometer and write dowri its one application. ( 

principle of potentiometer Wh., • f ·f s 
~ • . • 11 a onsl:ant- curr 'tit is pc1ss •d through n wm.! o uni orm cros -

section area of potenttome t~ r th, . , .. 1 . 7 • • • • • t· J 
. ' e pot 'll(JU dmp m:ro~s any porf·1on of wire 1s direc tly propor 10na 

• to th~ length of that pottmn of win•. 

Let us consider. a wire having uniforn, cross se tional aren A 
length land rcs1stan .·c R If Vis 11·,,., r}lJt' rit · I l'ff . · , · "'- r m t 1 · etencc a ross 
two ends of wire and l l ' th., cu rr 11,t flnw th I ou h It tJ 

I I g ' u~n 
V = TR = I r ~ [': R = p - ] 

::::> f r on tal\t and l. 
This is th principle of pote11tiomeh:'l'. 

· Pot 'ntiometer is used to find internal resis tance of a cell . . 

2. §o7s GIE a:~0 - 1~ If the ·current flo~~-9···,~-the wir~ of the potentiometer be decreased, YAlat wflfbe the effect 
on the posrt1on of zero deflection in potentiometer? Explain. [2J 

~ lf the current flowing in the wire of potentiometer be decreased, there wiJJ be no effect cm the -position 
of zero ~ieflection in potentiometer because the principle of potentiometer state that when constant 
curr nt is passed through a wire of potentiometer, the p.d. across any segment of wire is directly 
proportional to length i.e. v oc lat constant I. 

J . §075 Set Ba.No. 1a! l2074 Set Ba.No. 1.b! Why--d~-~~-prefer a pot~~ti~-;~~t;~·with longer wire? [2] 
a. TI,e potentiometer works on the principle that tl1e potential difference between two ends of a wire is 

directly proportional to the length of wire, i.e. V oc l, or V = K /, where k is-constant for potentiomet~r. 
If the length of potentiometer wire be Jong, the potential difference per unit length K becomes small 
and · the sensitivity of the device increases. So, we prefer a potentiometer witl1 longer wire to take 
accurate data. 

4. @074 Supp a.No. 1~ 12012 Seto a.No. 1W Draw a circuit diagram of meter bridge to determine the resistance of 
a wire. Write the formula used. . {21 

"1s. A meter bridge is an elech"ic device used for measuring unknown resistance. It works on the principle 
of Wheatstone bridge which states for balanced condition of circuit as, -

p R 
Q- ~x; 

where, P, Q and R are known resistance a·nd X is unknown resista11ee. Meter bridge is used to 
determine this unknown resis tance. 

· R X 

~ / -.w+---1 00 _ ,--~)Ii 

i-/------
E 

(a) 

Resistance of AB P 
or, Resistance of BC = Q 

Since, resistance oc length. i.e. P oc l and Q (lOO - /) 

. P l R 
1.e., Q = 100 - l = X 

o~,.. X (100 l- l)R . 

A 

B 

D 

+ -
'-----I t--- -' 

'E 

(h) 

C 

Hence, tlle value of Xis calculated at different values o_f Rand mean is calculated. 
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'.- ~::::;==:.:,;.--::.- =~-.:::,.;:...;::..,.==-:--~r---::-::, - - 9 Se : . · . er a 
s. 1~01◄· Set " 9,,N 12..:.~~~~-1 . eter? · .1 I~ 

potentiotn&ter t m 'h iv •s a n1rate value wh1 e the voltmeter 
'a. p tentiom l"et l no e lion tnl:' md wh~lw ~otcnH, I diff r :>nce across the terminals or 

. ork n ti fl -\ion m ,th ti. ~MF fa c~ll is eqwtl lo t J li in tcr draws 110 cur_rent from the ceU it 
th . , no tut ·nt i dra n frnn, ti\~ cell . il1 e po ~.11 °1 d gives more e rror than null meth~, 

l rl t fl tloli me t in . t V\I -a1, th ~mf of t-h dl R urate . 1e L we prefer " potentmme er to measut 
ietl ti n the oltm. 1ter tin, s som ' urr '11 t. 

01 
· e. 

r than A nlhnet:cl'. __ _ - •- - . -- · t.h effect on t he p~sition of 
-----;:=:::::..::;::.::::::::;:::_.:.:...:::..::::..__, - - - · ---· - bl d what will be e Uro 

~.........,.~..::.:........:.-...a~ If th length of the wire be ,dou e , [~ 

_ _ . ntiometer? . . _ . 1 difference between two ends of a wire is 
The p nti m.e r , 1:ks on th pnnople that the potentI_a tl t the position of zero deflecti 
dil1eetly rop rtional to the length of a wire. i.e., V oc l. T~11s shows ,a n 
· ntiometel' increase from the initial reference pomt. _ ----------------~ 

o a .No. 1 ij State and explain Kirchh~ffs la~~f~i;~trl~-ci~~uits. [2J 
·r-ch.h. ff's laws of electric circuits: . 

There are tV\ o irchhoff's laws in electricity : · . . . 
a. l<llchhoff's current law (KCL): It states that, the algebraic sum of the currents meebng at a Junction 

.in an electrical circuit is zero. i.e., mathematically, I:I = 0 . It mean s, the SUm. of current flowing 
towards any junction in an electrical circuit is equal to the sum of currepts flowmg away _fro_m that 
junction. This law is aiso termed as the junction law. This law is based on the pnnnple of 
conservation of charge. 

b. Kirchhoff's voltage law (KVL): It states that, in any closed elec trical circuit (loop or mesh), the 
algebraic sum of all the emfs is always equals to the algebraic sum of voltage drops in resistors. i.e., 

mathematically, 
LE= LV or, LE = I: IR. This law is also called as loop law. This law is based on the principle of 

conservation of energy. 
·--- ., ..... ----····- •• " -""••-·- ·-·. - ..... .,. -·-----·" " " " .. "" -~·-------

'8. 12069 (Set B) a.N_o. 1 ct! How would you convince that the principle of measurement of resistance of wire by 
meter bridge is based on Wheatstone bridge principle? Explain. [21 

'ls. Please refer to !2074 Sl.lpp Q.No. 1~ , 

9. j2os2 a.No. 1-0 cf State Kirchhoff s laws of electric circuits. · [21 
. ,'ls. Please refer to !2071 Set'D Q.No. 1 ~ 

Long Answer Questions 

10. !2076 Set ca.No. s~ @014 Set Ba.No. Sa! IZ07D Set ca.No. s al State and e~plain l<irchh~ffs laws and use these 
laws to find the balance condition in a wheatstone bridge c'ircuit. . · [4} 

~ - ~irchhoff's laws of electric circuits: Please refer to 12071 Seto Q.No. 1 ij 
13 - I 

t! 

Balance Conditio,n in a Wheatstone Bridge Circuit: . 

Wheatstone brid$~: An arrange1nent of four resistances, three 
of them are known and the fourth can be determined in term 
of the three known resistances is called Whea tstone bridge. It 
is an electrical circuit which can be used for accurate 
measurement of r.esistance . of ·conduc tor. The principle of 
.Wheatstone bridge i.s that, when the bridge is balanced, the 
pioduc~s of resistances of the opposite arms of circuits nr , 
equal 

___ +.!._J -

t---------
p X . . . 

i.e., -Q :::: -R ; where P, Q and R are known res istr1nce and X is unknow . . 
n 1es1stance. 

Balance Condition in a Wheatstone Bridge Circuit: The circu'it diag .. f I b . Ige to 
h · · t of k , ' 1 elm o w 1eat stone nt 

determine t e res1s ance . un nown resistance is as shown in figure It . . · f 1 knowll 
resistances P, Q and Rand a fourth unknown resistance X. a source of eI;1f . consis ts oi tbuee en two 

d C d galva b :I Is connectet etwe d 
Points A an an a , nometer etween B am D whose resistance . C Tl . . . ·t -5 calle 

ti · lvanorn t · · · b ·ct d IS . us cucm 1 bridge because 1e ga e er circmt 1s n ge across ABC and ADC . ll 1 b. 1 · . If 1 be-the 
· ti A the ct· •ct . . paia e rnnc 1es. , , 

current at the 1unc on , current get Iv1 . ed at tlus Junction. 
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. I1 be_the f.raction of curre t fl . ', l:LEC'TRICAL CIRCUITS/ 129 
. n ows thr - l . . . 

lg be the current through galv·· · Qug 1 ~esist~nce P1 h be.the current through the resistattce X and I . . anometer . . . . c -

App ymg Ku_choff's current law t. '. .i ' . ' • , . r . . 
I = I 1 + h ' -c ~ )Unction A, 1 

• • ' • 
. I• . ., 

Considering the dosed mesl ABO . . . (i) . _ · ' · · · 
·as_positive) 

1 
A, applying kir hoff's voltage law,(faking anticlockwis~ direction . 

. -1_,P - lg G + Ji =; o 
Similarly, consid ring th 
direction as po ~iti e) 

... (ii) . 
los -d tn sh B DB, apnly1·11g v:t ·hoff' "" s· d l 

i- 1'l ~ on aw, (Taking anticlockwise 

- (I, - lg)Q: (h + lg) R + I = o , .
1 If the r sistan in the ~1·1 llgi' t . . .. . (u ) 

ate su1tabl lj t l tl · · - h · made z r , i.e.
1 

I = o F . . 1 , , . flL us et, 1e llfr nt t rough the galvanometer can be 
From equati n (ii), \,\; ;;t t u s on :hhon, p.d . a toss B c nd D must b zero. 

-I1P + b ' =:= 0 -. 11P = h 
Fr m quation (iii) , we get 

-I, + hR = 0 ⇒ I,Q = hR 
From (i ) and ( ), we get 

p r 

Q ' = R 

.... (iv) 

... (v) 

Thi i the req_uired balance coi.1dit.ion. -~-~ . 
11. 1207~ Se~ A Q.No. sij 1~073 SuppQ.No. sat ;=120=1=-o=··s=~p=··--.::::::.(·S==~t=A=)=Q=.N:..::.:~=. s=a1::::-:-sta~t-e-th:--e- p-n-:--.n-ci:--p-:--le-o--=--f -po_te_n-:-ti-:--'om_ ete_· -r.-=o-=-· --=--e 

apphcatio~ of pote~tiometer to determine the internal resistance of a cell. · ~ 
B.. A pote11ho111.etcr is a sensitive electrical device used to measure _emf of cell_ without d?awing any 

current from it, find internal resistance of cell and to compare the emfs of two cells.-
Principle of potentiometer: W11en. a constant current is passed through a wire of uniform area of 
cross-section of potentiometer, the potential drop acrnss any position of wire is-directly proportional 
to the length 0£ that portion of potentiometer wire. . 
Let us consider a wire havi.i1g m1iform cross ~ectim1al area A, length l and resistance R. If is the 
potential difference across two ends of wire and I ~e the·curre!1t flow through i~, then _ 

l l . . . -
V = IR= Ip A [·.- R = PA] 

ie. V oc l for constant A and I, which is the principle of potentiometer. 
D~ermination of ·internal resistance of ba.ttery:'The circuit diagr~.m for the determination of internal 
r~sistance of battery is as shown in ~igure. It consists of a driving cell of e~. E whose- po ·ti e en i · 
connected across the point A of the potentiometer and negative terminal is connected t B via 

rheostat. ' · · · . · + -
A known resistance R is connected across parallel to cell whose en~f E~--. 

· E d · t 1 resi·stance r ( to be determined). When the key 1s lS 1 an m erna ·. . . 
· ci·rcuit there is no current flow through resistance R 

open, 1.e., open ' f f 1 11 Th 
and potential difference found is equal to ~m o t1e ce . . e _ __ ,, __ _ 
· k . . i · t d to touch the wire at a pomt where there 1s no At.::::=====T-==::::;::~rT~--'B 
JOC ey 1s auJUS e . · · i · l 1 
d fl t . . . lvanometer. Let the balancmg lengt, is ,, t 1en, 

e ec 10n m ga . (') 
E l ... 1 

s~:il~ rly, if key i connected across -~nown resistance R and th 

b~lancing length is l2, then V oc 12 · · · (u) 

R 

Dividing (i) by (ii) we get · 
E, l1 v =y; . 
. s· E - V + Ir :::1nd V = IR, we have 1nce, , - I-' 

... (hi) 

IR+Ir _, fi 
IR - l2 . 

R + r l1 · or----· -' · R - l 
. 2 -

r . l . r l1 - h 
or · 1+---1 ⇒-=-, R-li R ii 

I' 
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R ('1 - /.) 
r = s . 

~ 1• . 1 · t f c II by using potentiom eter. 
. l', aht, l I \ , , ' t> l'nn rnku lnlc mte rnn res1s a ncc o . . ·- . .- -- - - --

Kl hh ff nd u e them to derive Wheat Stone's bridge prmc,ple. 

t',1Sl'.' 1 ,fer to 2 7 1 et D Q. No. 1 ~ 
~ Wl\ idgc prin ipl : Pll'nSI? rder lo !2076 Set C Q.No. 5~ 

nd apply Kirchoff rule of electrical circuit to measure the unknown resijnan~ 

with ,, ary theory and circuit. 
~ leas~referto 2071 Sel'DQ.No. 1 ij 

d part: · · . b · I It onsisLc; of a resistive · 
m tel' brid.ge i. the simplest practical form of the Whea ts tone m ge. _c Th I 

I · · t c p ~r unit length rcmmns cons tan t. e ength f unifom, cross- ectional area so t mt its res1s anc c . . ks h . . le 
t-\rire i often a meter. Due to this reason the device is called meter bnJge. It wor on t e pnnap 
\ ,eatstone briLlgl" which states for balanced condition of circuit as, 

f. - R . 
- ' ' 

where P, and R are known resistance and X is unknown resistance. Meter briJge is used 

detem,ine this unknown resistance. 
B 

R 

A C 

D 
~ , - - ---100 - I·---,, , 

.___--1 i--/--------' + -
.__ __ I--- ---' 

. E E 

(a) (b) 

Meter bridge consists of a wire AC of lm long permanently fitted between two fixed terminals 
on a wooden board having a parallel measuring scale. Points A and Care connected t a -ell 
and D are connected to Galvanometer G. A resistance box is connected between A and B and 
unknown resistance Xis connected between D and C. A sliding jockey is connected on gah-an 
as shown in figure. When the jock_ey is sliding on the wire at balance condition B, the 

0
alv-m n eter 

shows zero deflection. At this condition, 
p R 
Q =x 
Resistan._ce of AB P 

or =-, l.{esistance of BC Q 
Since, Resistance r~ length. i.e. , ~ oc land Q oc (100 - l) 
. P l R 
J.e. Q = 100 - I = X 

X (100 - l)R 
or, - l 

He~:;:_!he val~e _of X is al ulated clt different vc1l11 'S nf Rand mean R is a l uhted. 
14

· l~~n. ~M c Q.No. 5~-Stat; pri~~iple-of ~~ter bridge. Des~rlbe how-It- is used to determine the resistance-;,; 
wire. r,;';;:;".;:-:::-~::---. [41 

~ Please ref~r ~073 Set c O.No. 6~ 

15
· 1

2011 
S~t D a .No. 5- ~ Whati; u;·e-r;in~iple"of a -pot~ti~;eter? Exp~in wittl ~ec~s-;ary theory. how you~ 

determine the internal resistance of a cell using this principle. [A} 
a. Please refer to ~?75 Set A a .No. sbj 
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ELECTRICAL CIRCUITS I 131 
..--::::::=:. --/ ~Set D a.No. 5 aj 12068 Old a.No .·~ - r. ···-- -- · ... -- - - --·-... - .-··---- . 

16· 
1 
;,; of current and voltage t bt 

1
. • 

11 !J @059 Q.No. 11 a OR! What Is Wheatstone bridge? Use Kirchhoff s 
a o o a n balance condlti h f It [4] 

'19- please refer ~~l~0-~6 ~~t -~-Q.No. 5~ 
0 0 

· , • . 

~ ~~:rrss~~ :~~~0~ ~~
1
;!~~~~:~~;i~-ciple-or P01~nt1O.;;etei. H~w d~-you co"1Pa,e the lnte,;,a1r.;slsunc~ 

'19- please refer to 12075 Set A Q.No. 5~ [ ] 
.---:;::::::::: •·---····-· 

" !:bli!~~=:h~~~~h ·1te~~~~:?Klr~~1.m:-How are the ;;;d1ti~~•-;;1·ba1.;~;,-I~ Wheatstone brid~~ 

~ Kirchhoff's laws:_Please refer to [2071 Set O Q.No. 1 ~ 
Wheat Stone's bndge princ· 1 • ';:;P;;:l ~~~~~~---~ 

- ~========~ :::-----.....:1~-=---ease refer !o 12076 Set ca.No. 5~ 
19. @68 Can._ a.No. sctj ~hat is internal resistance of -~ cell? How can-· y·~·~·-~easure the internal resistance of a 

cell by usmg ~otent1ometer? . . [4] 

~ Internal resiStance: The internal resistance . of a cell is defined as the resistance offered by the 
electrolyte between electrotles of the cell when electric current passes through it. It is small for new 
cell and large for old cell. 

Please refer to 12075 Set A a. No~ Sb! 

20. po67 Sup a.No. Sd! What is the principle of potentiometer? Describe a meth~-d to measure the internal 
resistance of a cell by using potentiometer. [1+3] 

a. Please refer to 12075 Set A a.No. Sb! 

21. po67 a.No. saj What is potentiometer? How can you use it to m~asure internal resistance of a cell? [1+3] 
a. Please refer to 12075 Set A Q.No. 5~ 

22. po62 a.No. 11 a OR) Explain the principle of potentiometer. How is this used to measure the internal 
resistance of a cell? [2+3] 

a. Please refer to 12075· Set A a .No. 5~ _ 

23. -~061 Q.No. 11 a OR! Discuss the principle of the potentiometer and use it to compare the emfs of two cells.(2+3] 
a. A potentio111eter is a sensitive electrical device used to measure emf of cell without drawing any 

· current from it, find internal resistance of cell and to compare the emfs of two cells. 
Principle of potentiometer: When a constant current is passed 
through a wire of uniform cross-section area of potentiometer, 
the potential drop across any portion of wire is directly 
proportional to the length of that portion of wire . 

+ -
f----

E 

Let us consider a wire having uniform cross sectional area A length . ~~~~~~~,1~~~;;.,---_J 
/ and resistance R. If Vis the potential difference across two ends of A i;.: , . ·-~J B 

~ I - -- G 
wire and I be the current flow through it, then ~/ 

1 1 Ev K 

V ::: IR = I p A [·: R = p A] 

⇒ V a: I for constant A and I. 
Thi is the principle of potentiometer. 
Comparison the emfs of two ells using a potentiometer: The circuit diagram whi h is us d to 
compare the emfs of two cells having emfs E1 and E 2 is as shown in above cir uit diagmrn. E i · 
driving cell whose emf must be larger than p .d. across the whole wire of potentiometer. The positive 
terminal of E, and Ei are conne ted on the same end A where positive tem1inal of the driving cell is 
connected. Negative tenninals are connected by _two way_ key (K) .. 
Galvanometer is connected in the common termmal. At first, k y is conne ted across tennin,al of ~ell 
E1• The jockey is adjusted to touch the wire at a point where there is no deflection in galvanob.1. ter. 
Let the balancing length isl,, then E,oc l1 ... (i) [·.· E, = V,., & Yti a: It] 

Sit~ilarly, if key is connected across terminal of cell E 2 and the balancing length is l2, then E2a:: [2 

-.. (ii) [' : E2 = V12 & Y,2 oc l2] 
From relation (i) and (ii)J we can write 

E1 l1 
E2 =1; 
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132 ' A COMPLETE NEB SOLUTION T J 't " ,ined . Furthermore, i em of on 

:I E -an be ue e rn ~ . :I /, the ra tio of E1 am 2 c . . • l tion . 
B measunng the length 11 anc ., . b I "ted by usmg c1bove ie a ---- - ----

f f ll "r -ell can e evn u... ----- • i.. • t al res·1st ---cell is known, the cm t'l _
0

~
0 

- ~ '::. l .' .. _ _ __ . - ----- ----~e It to determine tt,e in ern . ance of a 
24. ~o~ a.~.-~ ~ loWol~cuss the principle of potentiometer and . , [2+31 

cell. 
'l:I.. Please refer t-o 12075 Set A a, No. sij. _ _ __ .... 
25_ 720580.~~ 11 ~~ What is a potentiometer? 

- -· -- -- -- '....--:---.. 
- --c~~pare the emfs of two cells using a 

Explain how you [1+
41 potentiometer. · 

· Please refer to 12061 a .No. 11 a OR! 

Numerical Problems 

26. 1201s GIE a.No. sa) Using Kirchhoff s rules in the circuit, find 

i. the current in resistor R 
28 V 

ii. the resistance R 
iii. the unknown emf E · · · 

· · t R? iv. If the circuit is broken at P, what is the current m resIs or • 
Solution 1 

For (i) 
Using Kirchhoff's current law at junction D; we ge t 
Current in R:= (6 -4) A= 2 A · 
He.nee, the required current is 2 A. 
For (ii) 

Pqtentia,l drop across 3Q resistor= 3 x 6V = 18V 
Potential across R(V R) = (28 -18)V = lOV. 
Using; 
VR = IR X R 

or, 10 = 2 x R 

R =SQ 

Hence, the required resistance is SQ. 
For (iii) 

Using KVL in l'oop ABCD; we get 
.28 - E = IR x R - 6 x 4 

or, 28 - E = 2 x S - 24 
or, 28 - E = - 14 

E =42V 

Hence, the required _emf is 42V 
For (iv)' 
lf the circuit is broken at 'P' 

+ 

+ 

Total resis tance in the circuit will be RT= (R + 3)Q = (5 + 3)0 = 8Q 
. Then, using; 
v = r x R 

or, 28 = I x 8 

I =3.5amp 

Hence, the required current is 3.5 amp. 

-

-
E 

---
R [4] 

4A 

p 6Q 

6A 

3Q 

21. 12014 Supp a.No. saj A potentiometer is 10 m long. It has a resistance of 20 n. It i~ c~nn; cted in series wifua 
. battery of 3 V.and a resistance of 10 n. What is the potential gradient along with wire? [4] 

Solution 
Given, 

Length of potentiometer (/AB)= 10 m 

Resistance of potentiometer (RAB)= 20 Q 

E.m .f. of cell (E) = 3 V, 

Resistance of cell (r) = 10 .Q 
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.potential gradient Cft
0

6
) ==? 

We have, 

ELECTRICAL CIRCUITS I 133 

E 3 3 -
1 == 'jf+;. = 20 + 10 - 30 == 0.1 A 

Again, 
V AB == I R 8 

== 0.1 20 = 2 

. l :f ' a 2 p0 tentta gra<. lt:! llt = -1 = - == o 2 V/ 
. , AB lQ · In 

28, ~ 74_ Set A ? -NO. 9a) What -;;,~;tb-~th~-;;;;, E in th; cl~~-~·ir~-~t h-~t-"th; · 
current flowing through the 7n resistor is 1 BOA? E h f h 
negligible internal resistance. · ac em source :s 

Solution [ ] 

From fig, a t point E, using Kirchhoff's current law, 
11 + G = 1.8 ... (i) 
In a closed loop AEFDA 
24 - E = -2h + 3l1 

or, 24 - E = - 2h + 3(1.8 - h) from equation (i) 
or, 24 - E = -2h + 5.4 - 3h 
or, 18.6 - E = -5 Ii 
or E= SI + 18.6 (") , 2 ... ll 

-Again from closed loop, EBCFE 
E == 1.8 X 7 + 212 

or E = 12.6 + 21 ( .. ') , 2 . . . Ill 

· Solving equation (ii) and (iii), we get, 
12 == -2A 
Then, I1 = 3.8 
From equation (iii), we get 
~ = 12.6 + 2(-2) = 8.6 V 

29. µ012 Supp a .No. 9aJ 

24\! 

3Q 

D 

A simple potentiometer circuit is setup as in fig Q.(1), using a uniform 
wire AB, 1.0 m long, which has a resistance of 2n. The resistance of the 
4V battery is negligible. If the variable resistor R were given a valu_e of 
2.4n, what would be the length AC for zero galvanometer deflection? [4] 

Solution 

4V 

24v 

30 

1, 

E 

2n 

E 

Ii 

F 

2n 

I.BAB 

) 7Q 

C 

4V 

r----1 I I t---C:Z:::J---, 

R 
C 

A r------r----_J 8 

1.5V 

Fig. Q (1) 
Length of wire AB (lA8) = 1.0 m 
Resistance of wire (R) = 2.4 n 
E.m.f. of cell (E1 ) = 4V. . 

........-----1 II i---cz:=>-----, 

Resistance across AB (RAB) == 2 Q 

_Length of AC (LAc) = ? 
For zero galvanometer defl ection, 
P.O. across AC = 1.5V 
or, I. RAc = 1.5 

4 
R+R· x RAc = l .5 AB 
· 4 

24+2 x RAc =l.5 

or, RAC = 
1

·
5 = 4.4, = 1.65 Q 

Since, 2n wire AB h~s length 1 m. 

C 
R 

A r-----------.....J B 

1.5V 

7Q . 
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134 / A COMPLETE NEB SOLUTION TO ~HYSICS. XII 

1 
H1 wire B h s length 2 11\. 

l . 
1. n, ire l3 has h.mgth 2 x 1.65 111 = 0,825 li1 

:. Lengtl, )f = o.825 m . .. ___ ... ~ ··-· ---· · ;•·· d-·1·n····P-;;i·;;;~th :another of 1ov arrd 
- -;::=:=:::=-=· :..:-=-=~~---- --- - ~ . . 0 50 Is Jome 1 
30. j2012 set o a .No. s~I A battery of 6V and Internal resistance • _ rf external resistance of 20. Find the 

internal resistance 1n. The combination sends a current through a . [4J 
current through e-ach battery. 

Solution 
Ci en, 

Bmf of one ell (E1) = 6V 
Emf of another cell (E2) = 10V 

Internal resistance of one cell (r1) = 0.SQ 
Internal resistance of another-cell (r2) = lQ 

E temal resistance (R) = 120 

Current through E1 (I1) = ? 
Current through E2 (h) = ? 
·using, KVL is closed loop ABXCDA, we've 

E1 = lir1 + l3R 
or, 6 = I1r1 + (11 + h)R · 
or, 6 = 0.Sli + l?I1 + 12h 
or, 6 = 12.511 + 12h ... (i) 

Again, using KVL in dosed loop ABYCDA, we've 

E2 = hr2 + l3R 
or, 10 = hr2 + (I1 + h)R 
or, 10 = 1211·+ 13h . .. (ii) 

Solving equations (i) and (ii), we get 
l1 = -2.27 A and h = 2.86 A 

E, == 6V 
r, ==·o.sn 

X C 
·B y 

h . E2 =10V 
r2 = IQ 

A R= 120 

_________ ,. _________ ................ -----
31. @012 Set Ea.No. saj The total length of the wire of a potentiometer is 10m. A potential gradient of 0.0015 V/cm 

is obtained when a steady current is passed through this wire. Calculate, (4) 
i. the distance of null point on connecting standard cell of 1.018V. 
ii. the unknown p.d. if the null point is obtained at a distance of 940 cm, and 
iii. the maximum p.d. which can be measured by this instru·ment. 

Solution 
Given, 
LengtJ1 of potentiometer (L) = 10m 
Potential gradient (K) = 0.0015 V /cm= 0.15 V /m 

i. Distance of null point (l1) = ? · 
Voltage of cell (V) = 1.018 V 
We have, 

V oc /, for potentiometer, 
or, V = kl1 . 
or, 1.018 = 0.15 x l1 
or, /1 = 6.8 m 

ii . P.d. M =? 
Length of null point (/2) = 940 cm = 9.4 ni 
Again, 

V oc 12 
or, V = kl2 = 0.151 x 9.4 = 1.41 V 

iii. Maximwn P.d. (V max) = ? 
, 'V max =, K. L. = 0,.15 X 10 ·= 1.5 V 
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. i§B: Set c a.No. 9 ~ Using Klrchh~frl .. ___ -------___ ·--;--· . . ---r--
32· ·ven circuit: s aws of current and voltage find the current in 20 resistor fn the 

g~ ' ' [4] 
solution . . 3!2 4.0 

from figure, m _closed loop ABEFA fT] 
311 + 2b = 35 ... (i) . , 
fn d osed loop 8 DEB 35 V 2fl . 40 V 

4h+2I~= 40 . . . . (ii) ~ 
At junction 8, using Kirchoff's current law 

Ii + h = "G .. . (iii) 
from (i) and (ii) 
4b-3lt = 5 

or, 4h - 3(b - h) = 5 
or, 4h - 3b + 3h ~ 5 

7'2 - 3b = 5 
From (v) and (ii), we get 
h = 10A, h = 5A 
From (iii), 

I1 == SA 

... (iv) 

.. . (v) 

Current through 2Q resistor is 10 A. 

33, ~067 a.No. 9a! In the adjacent ~ircuit find: 
i. the current in resistor R. 
ii. resistance R, 
iii. the unknown emf E, 

35 V 

iv. if the circuit is broken at P, what is the current n resistor R? 

a Please refer to 12075 GIE a .No. g~ 

3.0 4.0 

40 V 

E 

28 V R . 
+ 1-----,/\/1.~--. 

4A 

E P 60 

6A 

30 

[4] 

34. ~064 a.No. 11 ~ The driver cell of a potentiometer has an e.m.f. of 2V and negligible internal resistance. The 
po~entiometer wire has a resistance of 3 ohm. Calculate the resistance needed in series with the wire if a p.d. 
5.0 mV is required across the whole wire. The wire is 100.0 cm long and a balanced length of 60 cm is 
obtained for a thermocouple of e.m.f. E. What is the value of E? [4] 

Solution 
Gi en, 
E = 2V 
V==5mV R' = ? 
'11ppose R' be the resistance needed in series with the wire. 
From law l)f resistance, we can write 

R «- / 
R V => - - --
R' - (E - V) 
3 5 
R' - 2- 0.005 

R' :::: 2 - 0.005 .... _ 7n 
0.00) X .) - 1)97.-~~ 

Again. 
V==SmV 
E ==? 

. E I' Usino - = -
0· V I 

d = JOO cm 
1'=60cm 

I' 
E == - x V =.&Q_ 5 = 3mV = 3x 10-3y 

I 100 x . 
-----::=.:::::=====~:=-=-~~---:~-:i'-=-=:;:~~;;~;--;;;-;,~W: --· --·-· -·-·----------· ... 3s. ~63 Q.No. 11 ~ -The driver cell of a potentiometer has .. an. emf 2V and negligible internal resistance. The 

Potentiometer wire has a resistance of 30. Calculate the resistance needed in series with the wire if a p.d. of 
5mV is required across the whole wire. [4] 
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136 I A CO .MPLETE·.NEB. SOLUTLON TO PHYSICS • XII 
l ' 

S9lution 
~ Given, 

Emf (E) = 2\/ 
Resi tanc~ (R) = , Q 
p.d . (V) = Sm = 5 10-3 . 

. Let, R' l ., the rt:>sistan e to b1: onn •dcd is scn es. 
Total r -'sistan e of the ii uit (R,.) = R' + , • 
Here, 

. E _1_ 
Current a n s the p ~ nti0meter cirettit (l) == ~ = R' .+ 3 

• l ; 
p.d. a-ere potentiometer wire = l R 

r, R' + 5 1()-3 

or, R' + 3 = 1200 
:. R' = 1197 O 

He.nee, the required resistance is 11970. --------------·------- --- ____ -- ------ :· ---------
- 0 potentiometer wire. The emf of a 

36. j2059 Q.No. 11 ~ The emf of a battery A is balanced by a length ~5. cm on a ? 

standard cell 1.02 volt is balanced by a length of 50.0 cm. What 1s the emf of A· l4l 
Solution 

Let E1 be the emf of a cell A. 
Balancing length for A = 11 = 75 cm _ 
Emf of standard cell (E2) = 1.02V 
Balancing length for E2 = 12 = 50 cm 
We know, 

E1 _ !.l 
E2 - 12 

75 
E1 = 50 _x 1.02 = 1.53 V. 

Hence, requfred emf of the cell A is 1.53 V. 
- . - -

37. j205s Q.No. 11 b! The driving cell of a potentiometer has an e.m.f. of 2V and negligible internal resistance. The 
potentiometer wire has a resistance of 30. Calculate the resistance needed in series with the wire if a p.d. of 
1.5m Vis required across the whole wire. [4] 

Solution · 
Given, 
Emf(E) = 2V 
Resistance (R) = ~O 
p.d. M = 1.5 mV = 1.5 x 1Q-3V 

Let, R' be lh resistance to be connected in series. 
Total r istance of the circuit (Rr) = R' + 3 
Here, 

'E 2 
Current.across the potentiometer circuit (I)= Rr = R' + 

3 
Also; 
We have, 
p.d. across potentiometer wire= JR 

2 
or, 1.5 x 10-~ = R' + 3 x 3 

or, R' + 3 = 4000 

R' = 39970 
Hence, the required resistance is 39970. 

000 
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[ Chaptei- 3: Waves in Pipes and Strings 
Short Answer Questions 

1. 12°74 Set 8 a .No. 3ij72'o68 Can. a .No. Jij The ,;equency of a fundamental note of a~ losed organ pipe and that 
of an open organ pipe are the same. What Is the ratio of their lengths? (2] 

a The frequency of a fundAmc11tnl note llf n dosed plpl' of ll•ngth J, Is given by· 
V 

f,. = ,!J.. . .. (i) 

And lhc frequency of a fundamcnhtl noll-! llf 011 open o.:gnn pipe of length I,, is given by 
V 

fo = 2L, ... {ii) 

Dividing cq4ation (i) by equation (ii), we get 
( I.., 
fo C 2}.. 

B I que · tion, f.., = f.. , ~: = 2, 10= 21c. Hence, . length of open pipe is double of closed pipe for ,same 

fundamental frequency. 

2. j2o73 Se; c a .No. 3~ ~073 set o a .No. 3~ By- what-facto-;-d~es the ve~ci ty of t~ansverse wave in the string 
change when the tension in the stretched string in increased by four times. (2] 

a The velo_city of transverse wave in the string is given as 

V = - rr ... (i) '\jµ . 
• where T is the tension on the string,µ be the mass per unit length of the wire. If the tension in a given 

stretched string js increases by four times, then the velocity becomes, 

v'= ~ ... (ii) . . 

Dividing equation (ii) by equation (i), we get 

v' = 2 => v' = 2v. Hence, the velocity of transverse wave is increased by 2 times if the tension in a 
V 

given stretched string is increased by four times. 

3. jzo12 supp a .No. 3~ The six strings of a guitar are of the same length and are under nearly the same tension, 
but have different thickness. On which string do waves travel the fastest? (2] 

"o.. The velocity of transverse wave in a stretched string is given by 

V =~ 
. W.here, 

T 

µ 

= Tension on string 
m p1td2 = L , mass per unit leng ths= 4 

d = diameter of wire, 

So,v =~ =¾~ 
v o::: J. Thus, velocity o( wave is h ighest for thinnest string. 

4. j2012 supp a .No. 3ij How does the pitch of an organ pipe change with temperature? [2] 
a we know that Uie pitch (frequency) of the organ pipe iii d irectly proportional to the velocity of sound 

in a ir, 
i.e., f ex: V ... (i) 
Laplace equation for velocity of sound in air is 

V = ~ ... (ii) 

For one mole of an ideal gas, we have 
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ETE NEB SOL.UTION TO PHYSICS - XII 
34 I A COMPL 

PV=RT 
M 

O r p-= RT , p ' 

PM 
p= RT 

Then, Eq. (i) b 'Comes, 

v = ~ . RT 

or, v=~ 

or, v = K --fr => v oc --fr 
Here, K =~is constant. 

From Eq. (i) and (iii), we get 

. " ( iii) 

( oc. -fr. · · . 1 to the square root of ~he absolote 
Hence the frequency of the organ pipe is directly _pro_port!o~a •th increase in temperature. 

, tl f f tl1e organ pipe mcreases wi ----temperature. Therefore, 1e requency o __ __;:_.----:-:----- . h ·th its diameter? 
- d d d by an organ pipe c ange W1 s. ~071 supp a .No. 3al Does the frequency of soun pro u.ce • lll 

Explain. . changes with its diameter. The Yes, t11e frequency of sound wave prod,uced by an organ pipe 
fundamental frequency of an organ pipe is, 

V . 
v . f --,-:----::--:- · open organ pipe f ---:- ; closed pipe 2(/ + 2c) . ' 

4(l + c) ,. , . f al d epends o:poa Since, c = 0.3d; end correction depends upon diameter d of pipe, hence requency so 

the diameter of organ pipe. L- . ·-- . _____ _: ~-- ___ • • • 

6_ @o71 set c a.No. 3 bl @069 (Set A) a .No. 2tij What happens to ~he frequen~y o! transverse vibration of 1 

stretched string if its tension is halved and the area of cross section of the string 1s doubled? l2I 
a. The fundamental frequency of stretched st_ring is .. · 

J = ~ ~ [T = Tension & µ = mass per unit length] 

Here, 
µ ;, m / L = V.p / L = A. p 

f=~~ 

If T is halved & A is doubled, 

f=~\M=;l~ =½(;l~ )=½f . . . 
Thus, the frequency is reduced to half if its tension is halved and the area of cross section of the trioS 
is doubled. 

7. ~071 Set D a .No. 3 bf A tuning fork produce~-;-feeble sound~ But wh~~ ,it ispressed against a table,-~ 
sound is .heard. Why? · Pl 

a. A tuning fork produces a feeble sound· without pressing in any obs tacle been use there is less mass oi 
the vibrating particles. But when it is pressed against a table, a loud sound is' heard becau e there 
higher mass of vibrating air as the in\ensity of sound is directly proportional to the mass of vibra · 
particle. 

s. ~010 Set c a.No. 3 ij Why 11 sounding board uaed In a~~glnstrument? 

a. The sounding board on a stringed 1nusical ins trument is hollow insklt- it in which the air is set into 
forced vibrations along with the stt'ings. When the frequency or vibrating air becomes equal to jts 

natural frequency, the r~sonance occurs and maximum sou,id will b ~ produced . Thus, the loud1l~ 
of the sound is more for larger area of the vibrating body. So, stringed ins truments provided witlt 
hollow boxes increases the loudness of sound. 
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WAVE IN PIPES AND STRINGS I J5 

9_ foro5et o a.No._3 ~ Whe~ the tension in a given string is increased by four times, by what factor does ~he 
velocity of wave In the string change? · [2) 

~ Please refer to ~073 Set D a .No. 3bj __ _ 

10_. ~069 supp Set B a .No. 3 aj Explain, with figure, the formation of second overtone of waves in ~n open organ 
pipe. . [2] 

-i,. Second overtone: In th.is mode of vibration, two antinodes are produced a t 
both open ends and inside the pipe there are three nodes and two antinodes 
figu re. If A be the wave length of the wave then the relationship between 

• 3,__ · . 
length and "':ave l~ngth of wave is / = 2 . ff v be the velocity of sound and fz 

V 3v 
is the frequency of 2nd overtone then, fi = i = 21 . 

; 1_ (2068 Old can. a .No. 1cj A loud sound is heard at resonance. Why? • [2] 
a When the freq~ency of a periodic force matches to the natural frequency of vibrating body, the body 

vibrates with maximum amplitude. This phenomenon is called resonance. At resona nce, a 
compression of one wave falls on a compression of a noU,er wave and a rarefaction on a rarefaction. 
On account of this, the amplitude of vibrating parti le increase . Since the intensity of sound is 
directly proportional to the square of the amplitude of the vib ra ting particles (I cc n2), m a · i..Jm1m 
sound is heard at resona nce. -- - - ---- -- -·· ·-- - -·· 

12. !2D67 ·sup a .No. Ja! When the tension in a given stretched string is increased by four times, by what factor 
does the velocity of transverse wave in the string change? [2] 

a Please refer !2073 Set C a .No. 3a! 
-··- -·-- - .., 

13. !2D67 a .No. Jij Would you expect the pitch of an organ pipe to change with an Increase In temperature? How? [2] 

a Please refer to !2072 Supp a .No. 3b! 

14. !2D67 a .No. 3~ Is the wave speed the same as the speed of any part of the string for transverse waves? 
Explain the difference between these two speeds. · [2] 

a. No, the wave speed is not same as the speed of any part to the string for transverse wave because of 
the difference of the wave velocity and particle velocity as: (i) for the transverse wave the vibration of 
particles and propagation of wave a re perpendicular to each other. As a. resul t the wave velocity and 

• particle velocity are in perpendicular direction. (ii) The speed of wave is greater tha n the speed or the 
vibratin articles of the string. 

15- ~66 Supp a.No. 2g What is the use of sounding board on stringed musical instrument? [2] 
h. Please refer to 010 Set ca.No. 3 
16- ~66 a .No. 2 cj Why are all string instruments provided with hollow boxes? -- - [2] 
a. The hollow boxes .are set into forced vibrations along with the strings. The loudness of sound is 

higher if area of the vibrating body is more. The area increased due tq hollow box and consequently 
loudness of sound also further increased. That is why, stringed instrumen ts a re provided with hollow 
boxes. · 

17
· ~61 a .No. 2 cj How does the temperature affect the frequency of an organ pipe? {2] 

~efer to § 012 Supp a .No. 3~ _ _ . 
18

· ~ 59 a .No. 2 <4 One of the 'Nine Jewels' of Emperor Akbar, widely known a;S Tansen, the king of Music wa; • · 
'1:1. ~~ t? break a glass by singing the appropriate note. What physical phenomenon could account for this? [2] 

na IS IS due to resonance. The frequency of sound coming from Tansen s~ging may match with the 
. 'tural frequency of glass and resonance may occuI. The sound coming fro m sourc . h 

: inger) may cause the vibration of glass molecules la rge enough to exceed the ir ele ('..e .. t _e 
c nd cause breaking. Thus, the breaking of glass by TahSen, a singer, by singing a a as~ic limit 

',;___,_an be ex lained b resonance henomenon. ___ ppropnate note 

~-&a.No. 1 _g What do you mean by resonance? --~ - - •· ---- ~ -
-~en the_ natural frequency of vibrating body is equal to frequency of a r [~] 
v\rat~ with maximum amplitude. This type of oscil).ation or vibration . !J ied force, the body will 

1 
ration. This process of vibration is called resonance. It is a speciaJ 

15 
c ed resonant oscilla tion or 

. . case of forced vibration. 

,. 
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2 0
_ ~

056 
a.No. 1 ~ Why is sonometer box hollow from Inside? _ _ · _ . [2] 

·a The air enclosed in the sonometcr bo vibrntes when thl' s tem of v1b~ating hJ~m~ f?rk 1s pressed o~ 
the top of sonom.etcr box which incrense!'l the intensity of wave. To .m~rease mtens_1ty are should b~ 
increased. Hence to increase arcn, the son om Cler box Is hollow fo r 111s1dc. Hen ce, m order to detect 
the rcs01fonrc, the lh)X of the sonom 'tcr is mnde h01low. _ ~ _______ _ ___ _ 

21 . 12054 a.N~°"fWhy is ;n end correction necessary f~r an ~rgan pipe? · [2] 
a Ra ,leigh found out Lhnt whe\\ an oir in an organ pipe vibrntes, the refl ection of the sound waves takes 

place a little above the rim of the organ pipe be ouse the air is free lo vibrate a t the open end. Due to 
this rea, on, antim)de is fonnt'll above the open eml of pipe. The vibrating le ngth of the ai r column is 
greater than the actual kl\gth of the.organ pip'. The distance between lhe actua l position of antinode 
and the op n ~nd of pipe is call ,d end correction. Therefore, in oruct' Lo gel the accurate value for 
fn.---quency of vibration, the --nd conection is necessary . The end correction of a pipe is given by e = 0.3 
d , where di the dianw.p~r of the pipe. 
~-----~- ~ ---- -- ------ -·- -- - --

22. ~OS3 a.No. 1 al The frequency of organ pipe changes with temperature.· Does it increase with increase in 
temperature'? ...------~ [2} 

- Plea e refer to ~072 Supp Q.No. 3~ 

23. ~053 Q.~o. 1 g Explain why soldiers are ordered to break steps while crossing a bridge. 12} 
a Soldiers are ordered to break their steps while crossing the bridge due to resonance. When they 

march in steps, the frequency of marching coincides with the natural frequ~ncy of the bridge, 
resonance will occur in the bridge and begins to -vibrate with maxiinum amplitude· which may cause 
the destruction of the bridge. To avoid such a destruction of the bridge, soldiers are ordered to break 
their steps v,h.ile crossing it. 

24. lzj>s2 Q.No. 1 aj The frequency of fundamental note of a~ open organ pipe is double than for clased pipe of 
sam~ len~. Wht · _ [2l 

a If v 1S the velocity of sound i.n air and l is the length of the organ pipe. 
Then the fundamental frequency i.n an open organ pipe is 

V A~ - A fo= - (") 21 .. . 1 

Also, ~e fundamental frequency produ.ced i.n closed organ_ pipe whose 
length is same as open organ pipe i.s 

V 
fc = 4l ... (ii) 

A :. Dividing Eq. (i) by (ii), we get, 
fo=2fc 

Hence, the frequency of fundamental note of an open organ pipe is do bl tl th 
1
"

14 
, 

of the same length. u e :rnn a t for a closed pipe 

25. 12052 a.No. 1 ij Differentiate between forced vibration and free vibration. ---
a There are follow in differences between forced ·and free vibration. 

Forced vibration 
1. When a body vibrates with the help ' of 1. 

an e_xter1:3l periodic force, then lhis Ly pe 
of v1brallon is called forced vibration. 

Free vibration 
When a body vibrates with its own natural 
fre~ue1~ Y without th h elp of any e te rnal 
pe riodic fo rce, then this type of vibration is 
called free vibration. 

2· Examples of forced vibration are the 
so~nding bodies i.e., a loudspeaker 
driven by ac · l . . . signa comtng from an 
amplifier. 

3. The a mplitude of vibration decreases 
over time. 

2. An example of such vibration is a simple 
pendulum vibra ting in vacttuJn. 

3. The amplitude of vibration remains constant 
for lon eriod of time. 
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!!UDEiW¢@i .. J•i4-1ii•i,M 
26_ [o76 Set c a.No. raj @014 Supp a .No. rbl @010 set ca.No. 7 bl Define end correction of a pipe. Prove that both 

odd and even types ·of harmonics. can be obtained fro.m an organ pipe open at ·both ends. [4] 
a End corr~ction in_ Pipes:· Rayleigh found out that when air in an organ pipe vibrates, the reflection of 

the sound waves takes p lace a little above the ~i.m of the orga n pipe. Due to this reason, antinodes are 
formed above the open end of pipe. The vibrnti11g length of the air column is greater than the-actual 
length of the organ pipe. The difference in vibrating length of the air column and the actua! length of 
the organ pipe is called end correction. Therefore, in order to get the accurnte value for frequency of 
vibration, the end correction is necessary . The end correction for open pipe is given as A = 2(l + 2c) 
and for closed pipe it is g iven as A = 4(/ + c), where c is end correction l is length of pipe and >-. is 
wavelength of wave, also the end correction of pipe is giveu as 0.3d where d is diameter of the pipe. 
Wave in open pipe: Open pipe is one w hich is open at both ends. When a ir is blown into the pipe 
through one end, a wave travels through the tube to' the next end from where it is reflected , Due to 
superposition of the incident and reflected waves, a sta tionary wave is set ·up in air in the pipe. Since 
the two ends are open, they must be the positions of anti.nodes as shown in Fig. · 

I c 1 )l 

~ 
~ /q --+I 

1=2 
(i) . ( ii) .. . (iii) 

Fig. Modes of vibration in open organ pipe 

Fundamental mode (First harmonic) : Let length of the pipe isl and the veloc~ty o~ sound in 
air is v. In this mode of vibration, there a re a ntinodes at open ends arid one node at the 
middle of the pipe as shown in Fig. (i) . Let A.1 be the wavelength of the wave. Then, · 

I = A.1 
2 

or, 11.1 = 21 
Thus the frequency of fundamental mode or first harmonic is 

V V 
or, f1 = ~ = 21 · ... (i) 

Second mode (First overtone): In this mode of v ibration, tw_o anti.nodes a!·e at the open ends but 
inside the pipe, there are two nodes and one antinode as shown in Fig. (ii). If A.2 be the wavelength of 
the wave, then. 
I= t 1.2 

Thus, the frequency of firs t overtone or second harmonic is 

f2 = ..::... = £ = 2 g_ = 2 f 
A.2 I 2 l 1 

f2 = 2 f ('") . 1 .. . U 

Third mode (Second overtone): Tn this mode of vibration, two anti.nod~s are produced at both open 
ends and inside the pipe; there are three nodes and two antinodes as shown in Fig. (iii). If )..3 be the 
wavelength of the wave then . · · 

I = 31',3 
2 

2[ 
Or, 11.3 = -

3 

· Thus, the frequency of second overtone or third harmonic is 

f3 = ~ = ~ - 3 V - ~ . • 
A.3 2 1/3 - 2 I - 3 2 l 

. . f3 = 3 f1 . 
1
\ this way, other higher modes of vibration can be obtained j f d f 

v1 ration is fn = nf,, where n = 1, 2, 3, ... is inte er Fr . . ~nt the frequency o _-nth mo e o 
. · g · om thts, 1t 1s found that frequencies of higher 
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I f 
' y f So a l1 harmonics are possible · 

~odes of vibration are i1,tegrnl 1,wltiple of fundmnenta requei~c 
1
• ' , • _in . 

an open pipe.as f
1
, 2f

1
, 3f

1
, 4f

1 
.. . i.e., both odd and even _harmonics ar_e_;p_r._.e_s_en_t. _________ _ 

- -::::=========::;--;::-:~-;--;-:-- -,;:::-.· -· - -.----- hd t · Describe various mod ..... 
27

. ~015 GIE a .No. 1~ State ·the laws of transverse vibration In a stretc e 
5 

ring. . · es [of 

vibration in a stretched string. 4j ·• 
3 ~:,:::If~::::::~::,:.::::: ::~:::,1g in O slrcKhod suing IS given by v ~~ 

where Tis the tension i11 the ~\retched string Allll ~1, the mass per unit length . Since the frequency, f "' 

v /21 in fundamcnt<1l mode, then 
l_IT . 

f =2T\Jµ . . 
From this e,,qwe ' ion, it follows that that there nrc three laws o( transvetse v1brntlon of s tretched 

strin.g: . . 
a. The law of length: The htndamental frequency is inversely proportional to the resomiting length, I of 

the stri1\g. 
l 

f oc 1 
b. The law of tension: The fundamental frequency is tfoectly proportional to· the square root of the 

stretcMng fore~ or tension . 

f oc....[T 
c. The law of mass: The fundamental frequency is inversely proportional to the square root of the ma.$ 
~~~~ . . . . 

1 . 

f oc ..[µ' 
../ 

Modes of Vibration of Stretched String 
Le~ us consider a string which is stretched bet}Neen two ends P and Q and plucked betwe~n these 
po~ l_)rod~ces tr~erse wave. The stationary waves a re thus s~t up in the stri~g and the wire 
enu.ts vibratior;:5 of different frequencies which are called modes of vibrations as shown in figures. 

1=2 ----/=>..2----i ._ ___ 3>..~ I= - 2- ----:w 

A A 
. . . 
: : . ~ ~ . 

p . : : 
~ Q 

: : N 
~ ~ ' , ___ _ 

. Fig: Modes of Vibration in Sh·etched Str ing 

FJJ'st mode of vibration: Let a stretched string is plucked betw 
that jt forms only one segment. In this case two j j een two points p and Q in such a way 

. , tnOl es ant one an tin ct · f f 
strmg and?..., be its wavelength, then its frequency is o e is ormed. If I be the l01,g o 

f1 =:!._ - :!.._ [/ A.I ] A.1 - 21 =:' 2 ~ A.1 = 21 

or, f1 =l.- fi . [ ~] 21\J~ .. . (1) :. v = -
This vibration is c II d f .1- µ . a e. unuomental mode o f' t I , ' frequency. r ,rs , armomcs a nd frequency is fundamental 

Second mode ot4vibration· Let a "st t 1 ct . . 
1 

. tJ . f . . re c , e stnng is plucke I b t h 
w ay 1at 1t orms two segments In th ' 1 ~ e w.een two points p and Q in sue a 

I 
. · 1s case, t uee nodes an:\ t . he 

ength of string and A-2 be its wavelength ti ~ 1 f . l wo ~nil.nodes are fo rmed . If I ~e I 
1 

, ,en ts requency ts 
V V 

f2 = A.2 = T [ ... I = 21] 
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or, f2 =½~ . [.-. v =~] 
f2 = 2f1 ... (ii) 

WAVE IN _Pl,PES ANO STRINGS / 39 

This vibration is called second m I f • . 
fre,quency in the mode i s twi , ti , f Ole O vibration or second ha rmonics or first overtone. The 
Th. d d f 'b . ce H! requency of fu ndamental frequency. . 

ti 
itrit :mo 

15
e 

0
th vi ration: Let a s tre tched sh·ing is plucked between two points P and Qin such a way 

,a ree segments In this cnse f . :1 i I • f . . d A b . · ' ' our. noc es a nt l u ee anhnodes a re formed . lf / be the length 
o stnng an 2 e its waveleng t11, then.its frequency is 

f - ~ - 3v [ 1 21 ] 
3 - A.3 - 2/ .'. I\.J·= 3 . 

3 - fi_ 
or, 6 = 21 ·\J -;:;-

b = 3f1 ... (iii) 

:his v ibra_tion is ca_Jled iliird mode of vibration or tl1ird. harmonics or second overtone. The frequency 
11~ thr~ ~mes _the fundamental frequency. In general, for n th mode of vibra~on, the frequency of 
vibration m fn - nf1 = f1, 2f1, 3f1, 4f1, • • • • 

28. f201s Set A a.No·. 1aj ~965 a.No. s :al What do you underst~nd byhar~onics and overtones in the case of orga~ 
pipes? Prove that only odd harmonies are produced in closed organ pipes. , (4) 

a Harmonics and overtones: All the modes of vibrations other than the funda rnentai tones are called 
overtones. When the overtones have frequencies in exast multiples of tile fundamenta l tone, they are 
called ha1monics. · 
Organ pipe: A hollow wooden or metallic tube used to produce sound is called an organ pipe. It is a 
wind instrument su ch as a flute, whistle, violin, clarinet etc. · 

,Wave in closed pipe: The organ pipe which is closed to one end is called closed organ p ipe. Consider a 
closed organ p ipe of length / as shown in figure. A blast of air is blown into it at the open end and a 
wave thus travels tluough tlie pipe a nd is reflected at tl1e next end. Due to superposition of incident and 
reflected waves, stationary wave is produced. In tile sim,plest mode of vibration, tl1ere is a displacement 
node, N a t tl1e closed end as tl1e air is at rest and displacement antinodes, A a t the open end as tl1e air 
can v_ibrate freely. The different m odes of vibration in closed organ pipe a re given below. 

~,=~ --~~, 
4 

(i) 

NK~ 
:IA.J ---+I 

/= -
4 

(ii) 

KAAA/40 
I+-- I = 511. ,' --+I 
. 4 

(iii) 

Fig. Modes of vibration in closed organ pipe 

Fundamental mode: In this · mode of vibration, the pipe has one node a t ifs closed end and one 
antinode at its open end. As observed in Fig: (i~, the lecy$th, I of the pipe is _equal to dis tance between 
a node and an antinode which is Ai/4, where A lS the.wavelength of tl1e stationary wave. Then 

/q 
l=4 

or, J..1 = 41 
lf v is the velocity ,of sound and f1 is its fre~uency of vibration, then we have 

V =-A1 f1 
V V 

or, f1 =~ = 41 

f1 = :1 ... (i) 

It is the lowest frequency proiiuced in the pipe. It is_call~d fundamenta l freque1~cy or firs t harmonic. 
Second mode (First overtone): fn this m od e of v 1bratmn, there are two antmodes <1 nd two nodes 
witliin the pipe as shown in Pig (ii). If A.2 is the wawlcngth of the wave, U1en we haw 

1 
= 3A2 . 

4 
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4l 
or, l-..2 =3 . . . 

fvibtation his given by 
The frequency o c , 

V = A-2 fi 

f 
::__-3--= 34v/ = 3 f, 

or, 2"' l-..2-4 //3 
_ E . •. (ii) 

b - 3 , . . ·\ ·. \ I ·1 ,onlc · 
This is the freqnenc , of hrst overtone 01 t Ht L 1t\l l ,' ti re three nodes and three antmodes 
Th. d n,ode (Second ove1·tone) ·. ln this mode of vibration, ,ere a h 

ir . . ("') lf /\. · , wwdenuth of the wc1ve, t e n 
•within the pipe as sh o·wn m Ftg. m . 3 is • o . . 

5 3 
1=-

4 
41 

or, ~=s 
If h 'is freqt'l.enc_ ot se ond overtone, then 

v= A.3 b 
V 

or? h- i,s - 41./ S - 5 41 - 5 fi 
Es = 5 t, • . .. ( iii) 
This is tl\e frequency of second overtone or fifth harmonic. _ 
Sunilarly then"' mode of vibration; the frequ~ncy of vibration is fn = (2n+1) f, . In this way, other 
higher modes of vibra,tion can be obtained. From Equation (i), (ii) and (iii), it is observed that tne 
frequency of higher modes of vibration is odd integral multiple of fundamental frequency £,. That is, f 
= h, 3 f,, 5 f1, 7 f1, ... only odd harmonics are prese.nt in closed organ p ope. · 

29. \701s set a Q.No. sal ~069 (Set A) Old a .No. sa OR\ What are harmonics? Explain the formation of ov:ertones ii 
an open and a closed organ pipe. · [41 

a. All 'the modes of vibrations other· than the fundan1ental tones are called overtones. When the 
mrertones ~ve frequencies in exact integral multiples of the fundamental frequency, they are called 

as harmorucs. . ....------- · · 
O.osed organ pipe: Please refer to 12075 Set A Q.No. 7a! 

Open organ pipe: Please refer to 12076 Set Ca.No. 7~ 

3o. ~0~4 set A Q.No. 1ij \2073 ~up~ ~.No. 7~ ~067 a .No. T-~I Describe an experiment with the necessary theory by 
wtncll the-speed Gt sound m air 1s determined by using resonance tube method 

1S. Measurement of velocity· of s d · · · · ( experiment): oun m au and end-correction of the tube (Resonance tube 

Resonance Tube: It is a tube wh,ich is used to measure the vel . . . 
~be, to compare the frequencies of the two given tunin fork oc1ty of _sound m au, 4:nd correc_tion of 
m length, about 3-5 cm in diameter w hose up gd . s. It c;on5i5ts of a metalhc tube about 101 

. f per en is open antl lo . l 
reservo1r o water. The tube and reservoir are com1'e t i b wer 1s cosed with a large 
by the side of tube which measures the length of ai/ e~ Y a_ rubber tube. A m e ter scale is attached 
adju5 led by raising or lowering the reservoir as show~~ ufi~n 

111 th
e tube. The length of air column iS 

111 1gure (a) . 

f-ig a 

Fig 1.: 
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WAVE IN PIPES AND STRI N GS / 41 
Working Principle: To find the velo ·t f · · 
I 

r1 f 
1 

b. · ci Y O sound m air, the w ater level i11 the tube is brought close to 
t 1e open en-., o t , ~ tu e by raising the • , . · A · · · .. 

ti f ti t b fill . ~ . " • icsctvoll' . . sound mg tunmg fork 1s held horizontally a t the 
mouf 1 0 d1e u e_ cc.., w ith wate r. A wave travels in a ir column of the tube reflects from the water 
sur ace an a s ta ttona n .1 wave is forn :1 ' l · f 

• .1 < · iec ass 1own 111 lg.(b), a sound is heard the condition is called 
first reson ance. Let reso_na nce is obtninl!d nt some position sr1y x. ' 
Let h be the len gth o f au column in the lube for fi rs t resonnncc, c be the em.I - correction of the tube, 11. 
be the wavelen gth of the wave in the tube. So, , 

A. 
/i +c = -4 .. . (i) 

Now, ~1e ":atcr levei_ ~~ lowe1·ec..~ fu_rther from position X until second resonance is again obtained and 
sou nd lS ht:.:Wd at pos 1t10 1\ Y as m fig (c) . If /2 be length of a ir colum n for this second resonance then 

3A. . ' / , 
b +c =4 , ... (ii) 

Subtractin.g equation (i) from (ii), we have, 
A 

b-h =2 
OT, A= 2(h - I,) . 

elocity of sound v = ft\. =2f(Li - Ii) ... (iii) 
Where, f is frequency of the tuning fork. Ki,owing l1, 12 and f, v can . be calcula ted at a given 
temperature. 

Substituting th e value of ~ from (i) in (ii), we get, 

h+ c = 3. (Ii+ c) 
or, h + c = 3li + 3c 
or, 2c = Li - 3li 

h - 3l1 
2 C .. . (iv) 

Thus, knowing l1 and b, c can be calculated using equa tion (iv). 

31. \zo73 Seto Q.No. 7al What is the difference between an open and a close pipe? .Explain with .proper sketches. 
for the formation of second overtones in each case. Also, express the length of pipes in terms of the 
wavelength of sound. .------ --, [4) 

'l::,.. First Part: Please refer to !2075 Set A a .No. 7~ 
Second Part: Please refer to .12076 Set Ca.No. 7.al 

32. 12012 set o Q.No. 1bj What is end correction of a pipe? Describe the different modes of ·vibration of air column 
in an organ pjpe closed at one end. [4) 

'?S. First Part: Please refer to !2076 Set C a .No. 7al 
Second Part: Please refer to !2075 Set A a .No. 7ai 

33. 12011 supp a .No. 1bj Proye, with necessary diagrams, that both types of harmonics odd and even can be 
produced i n an organ pipe open at poth ends. · ,, [41 

a. Please refer to lzo76 Set C a .No. 7al 

34. go11 set o a .No. 1 ➔ What Is resonance? Describe an_ experi!"ent to determine the v.elocity of sound in air 
and end correction of the tube by resonance method. [41 

a Please refcr 'to@074 Set A a .No. 7~ 

35. ose su set e a .No. 1 Write the laws of transverse vibration of string. Explain how.the law of length is 

verified experimenta ly. =,.,,.-::~---, [41 
a. Laws of transverse v ibration of a string: P lease refer to 12075 GIE a .No. 7~ 

Verification of the laws of transverse v ibration 
To verify the laws of vibra tion of a s tring, a sonometer is used. This device consists of a wire under 
tension which is arran ged in a hollow wooden bo~rd ~s shown in Fig. T he v ibration of the wire are 
passed by the movable bridges to the box and then, to the air inside it. ., 

puspas.com
.np



42 I A COMPL'.ETE NEB SOLUTION TO PHYSICS • XII 

Hollow wooden 
box 

Fig: Sonomcter 

Sonomctcr wire 

Weight 

a, To yerif f «:. 1/l: To verif this \aw, take\ , tuning fork of known frequency. Taking a load of 1 kg_on 
the , tri,,g, fu\l.l the 1-esonati.n.g length of the wire between the bridges C and _D. Le t L, be t~e res~ating 
length for this tuning fork. The same process is .repeated for next tunmg fork havm g d ifferent 
frequency. Let h be the resonating length for the secmid tuning fork. It will be found tha t th; product 

f1 h =b x hat constant tension and mass-per unit length of the string. This follows tha t f oc T • 

b. To erify f oc 1/\{µ: To verify this law, the wires ~f different diamete rs and m aterials a re used under 
same vibrating length and same tension. Taking a load of 1 kg on the sb"ing, find the resonating 
length of the w ire between the bridges C and D. Let l be the resona ting length for this tuning fork.. 
Take another tuning fork of different frequency and another wire of different diame ter. Taking a load 
of 1 kg on the string, find ~e resonating length of the wire between th~ bridges C and D . Now draw a 

1 
graph between &-equency and 1/W a straight line is obtained . This verifies tha t f oc _ r . 

, ~µ 
- -;::=======::::;-:::-~ :-:--:--:--::--:---·-:-- --:-:--·-- ---- ····----- ···- ·-·-------·-
36.. j:zoss (Set A) a .No. 1aj Show that both harmonics, odd and even can be produced in an open organ pipe? 

What is end correction? • - · {4] 
a. Please refer to f2076 Set C Q.No. 7aJ 

31'.- j2oss a .No. 1 al What is meant' by resonance? Explai_n in detail how you would use sonometer to determine 
frequency of a given tuning fork. · · [4] 

a. Resonance: When a body capable of vibration is displaced and then allowed to vibrate freely, it will 
vibrate with a frequency which is called the na tural freq_uency. If an exter·nal periodic force is a pp lied 
on the body and the body vibrates with the frequency of the force, the motion is called the forced 
vibration. In a forced vibra tion, if the frequency of the periodic force is equal to the na tural frequency 
of the body, the amplitude of vibra tion becomes very large ·and the vibration of the body is called 
re5onance. · 

Hollow wood~n 
box 

Movabl~ bridges 

Fig: Sonomc1er 

S'onometer wire 

Weight 

A sonometer consists esJ,cntiallr of a thin meta llic w ire sh·ctchcd across two br idges A and B on the 
top of a hollow, wooden soundmg box about ·1 mete r long. One end of tl,e w ire is fastened to a peg at 
one end of the box. Its other end passes over a smooth frictionless pulley fixed at the other end of the 
box, and carries a scale pan· so tha t it can be loaded to have any llesir~d tension. Tl1ere are two 
bridges C and D be tween the two fixed bridges A and B sliding over a scale to adjust the length of the 
vibra ting potion of the string. 
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To obtain the frequ~ncy. of the tuning fork, take a resonance vibration of the string, a small 'V' s hnped 
piece of paper is placed o n .the sh·ing between bridges C a nd D. Some weight (W) is put on the scale 
pan to produce tension. in U1e string. · A tuni ng fork is struck agains t a rubber pad and placed on the 
box dose to tl-ie segment CD of the wire. When the s tring between the bridges vibrates, the piece of 
pap~r on it flutte rs. By varying the resonating length of the string by trioving C o r D, if_ the frequency 

.b . f ti t . · b · 1 - fi._ of v1 ratJon o 1e s nng given y equation f = 21 -\J-;,- beconws equal to the frequen cy of the tuning 

fork, the string segment CD vibrates with maximum amplitude. As a result, the piece of paper may 
fal l. This is how the resonant condition is detected . At this condition, the resonant length and weigh t 
on tl1e pan are noted. By knowing the va lue of mass pe r unit length_ of the wire we can calcula te the 
freque ncy of the tuning fork 

38. (2068 Old Can. a.No. Sa oR) What is a closed pipe? Describe th~- n~"t".;;-;;;-~od·;~- of vibration of air in an organ 
pipe closed at one end. Also explain the term 'end correction'. [1+2+1] 

a First part: Please refe r to Please refer to 12075 Set A a .No. 7aj 

· End correction in Pipes: Please .refer to 12076 Set c a .No. 7aj 

39. j2o67 Old a .No. sa o.RJ Describe the resonance tube experiment to determine the velocity of sound in 
Laboratory and obtain the expression of end correction. [4] 

-;s. Please refer to j2o74 Set A a .No. 7bj 

40. j2o64 a .N~. s a oR) State and explain principle of superposition and formation of stationary waves. Show that 
the frequency of the fundamental note of a closed organ pipe is half-as compared to-that of an open pip~ of 
the same length. [2+2] 

'ii. Principle of Superposition of Waves: It s tates· tha t if two or more progress waves traveling toge ther 
in a medium, converges to a point, the resulting displacement of tl1e particle a t that point is equal to 
the algebraic (vector) swn of individual displacements of the waves. Let y1, y2, y3, .. . , Yn be the 
displacement at a point due to individual wave~ then the resultant displacement, y at the same time 
wI1en the waves superpose to each o tl1er is g iven by 

Y = ~l + Y2 + Y3 + · · · + Yn . . ->-./2- · 
Stationary (or standing) wave: Whenever two progressive waves ~ 
of the same wavelength and amplitude travel in opposite llirections ~ 

. · d · 1 ·AN N NA with the same spe·ect, they a re supenmpose ; a smg e wave 1s >-. >-. 
. . --~~ formed such wave is called stationa1y wave. 2 4 

This is formed as given by s~perposition principle which sta!es that the v_ector sum of displac;ements 
of individual waves is equal to the displacement of resultant wave. W11en a s tationary wave is 
formed· due to the superposition of two waves, tl1e points of maximum and zero amplitude are 
resulted alternatively in the space. The points where the amplitude of vibration is maxinutm are 
called antinodes and those where the amplitude is zero are called nodes. The distance between two 

. . l 
consecutive n odes or antinodes is equal to half of the wavelengtl1 i.e. 2 'A, whe re 11. is wavelength of a 

wave. Also, the di.stance between adjacent node and· antinode is equal to one quarter of wavelen g th 
. I . , . 
i.e. 4 'A. 

S~ationary wave equation: Stationary wave equation ·can be obta ined by adding v~ctorically the 
d1.6placements of two wav.es of equal amplitude, frequency (or period) and \yavclength travelling in 
appos ite directions. . . 
Let Yi be the displacem ent of the wave travelling to the pos itive x-direc tion, then 
Yi .= a s in (cot_ kx) · .. . (i) 
And, Y2 be the d isplacement of the wave travclllng to the negative x-direction . Then 
Y2 =a.sin (cot+ kx) ... (ii) 
By using the principle of superposition of waves, the resultant displacement y -1-5 - b 
y == Yi + Y2 , g ive n y 

== a sin (cot - kx) + a s in (cot t kx) 
== a [sin (cot - kx) + sin (cot+ kx)J 
== a [sin cot cos kx-cos wt sin kx_+sin co t cos kx +<::ascot sin kxJ 
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'A COMPL 

21t 21t 
= 2a sin ro t cos kx = 2a sin T t cos T x 

... (iii) 

Whe;e A = 2a <:OS 
2:x be the amplitude o f resultant wave. 

Equation (iii) is the equation of ~tati~nary wa_ve. length of the organ pipe, the n the fundamental 
u v is the velocity of sound m air and l 1s the 
frequ ency in.an open organ pipe is 

fo =; · · · (i) -. 

Also, the fundam.ental f·requency produced in closed o rgan pipe w h ose len g th is same as o p en organ 

pipe is 
V 

ft = 4l 

Dividing Eq. (i) by (ii), we get . 
1 

.. . (ii) 

£,. = - fo 
2 . . 

Hence, the frequency of the fundam enta l mode of a closed organ pipe is h alf as compare d to tha t of ' 
an open pipe of the same length. 

41 . 120~3 a .No. s a oR) 12os1 a .No. s a OR! Discuss the different modes of vibrations of air column in closed pipe. [4] 
a. Please re fer to.12075 Set A a .No. 7a) 

42. 12,o62 a .No. s a oR) .state the laws ti'f transver.;e vi~ration of string. Describe an experiment to verify the law of 
mitss, and law~l~ength. [41 

a. Please refe r to \2069 Supp Set Ba.No. 7 ti) 

~- \zosg a.No. s a oRt State the laws of transverse vibrations of string. Using only dimensions show that the speed 
of propagation of a transv~rse wave depends only on tension and -mass per unit length. [1+3] 

a Laws of trai:isverse vibrations of string: Please refer to \2075 GIE a .No. 7 ti) 
A string is a fle?<ible wire of uniform area of crnss section . It is observed that the velocity of transverse 
waves in a stretched string depends on . 
(a) Tension T tb) Mass m and(c) Length t • 
Here, v cc T•, v cc m Y and v cc /z 
On combining,_ v cc T~ m Y [z 

V = k T• nv[z 

where k, x, y and z are numbers . 
... (i) 

Since, the dimension of velocity (v) [LT-1) 
the dimension of tension (T) = [ML T-2) 
the.dimension of mass (m) = [Ml 

On substituting 
[LT-1] = [MLT-2 x M y L z] 

1 
[L~-1] = [Mx+y Lx+zT-2i<] 

Equating the indices of M, L, T on ~oth s ides, w e have 
For M, x + y = 0 
For L, x + 7, = 1 
For T, -2x = -1 

x =! - ! l 2 ' Y - - 2 and z =2 
Thus, equatioJ\ (i) becomes 
v = kT1 /2 m -112v12 ' 

V =~- ffi =k" IT -\Jm \Jm/l 
1n 

Sipe T = µ , is the mass.per unit length f th. . · 
- o e s tring, then • • 
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v = k - ff__ -\Jµ 
E ·pe ri111e nt<1lly it is o bserved tha t, k = t 
\I = - {i ""\jµ 
T hus, the s p eed o ( propagation o f o lrnnsv ernt• WflVC dl'pends 0 1,ly on tension ilntl mc1ss per un11 
length. 

~4. 12058 Q~No. 5 a oRj .Pro;e--that b~th types of ~armonlcs, odd and e~en, can be produced ln an organ pipe open 
at both ends. ==-=-:::::-c-::-c:::--,----. [4] 

~ Pk<1 --c refer to 12076 Set Ca.No. ?a! 
Numerical Problems 

45. §016 Set B a .No. 11j A wire .. who; e mass per ~nit length ·is 10-3 kg/m is stretched by a load ·of 4 kg over the 
two bridges of a sonometer wire 1 m apart. It is struck at its middle point, what would be the wavelength and 
frequency of its fundamental vibration? · [4] 

Solution 
Given, 
Mass per unit length = 10-3 kg/ m 
Load (m) = 4 kg 
Fundam ental frequency of. vibration (f) = ? 
Length of wire (/) = 1 m 
We have 

f =t* f :.T = m g = 4 x l0N] 

1 -~ =~-\J~ =lO0 H z 
- - -·--- - -·-· - ·- ·- ----- ----

46. ~074 Set B a .No. 11! A steel wire of length 20 cm and mass 5 gram is under the tension of SOON and is tied 
down at both ends. Calculate the frequency of fundamental mode of.vibration. [4] 

Solution 

Given, . 
Length of steel wire (l) = 20 cm = 20_ x 10-2 m = 0.2 m 
Mass of wire (m) = 5 gm = 5 x 10-3 kg 
Tension on the wire (T) = 500 N 
f reyucncy of fundam ental mode (fo) =? 

We h.fve, for fundamental frequency 

J ~ ( fil 5 X ] Q-3 ) ' fo = - - ·: µ = - = ---= 0.025 kg/ m 21 µ l 0.2 

] - f3Ii.j___ . . . 
~o~ f1 = ~ --\J 0,025 = 353.55 Hz 

47· @""73 Supp a .No. 111 ~069 .si:ee Set B a.No~ 1'1! A planofort wire ha~lng -a diameter ~f 0,9? mm IS replaced ~y 
another wire of the same material but with diameter 0.93 mm. If the tension (?f the wire 1s as before. What ts 
Percentage change in the frequency of fundamental note? [4) 

Solution 

Given, 
] • I . J . u1ame te r (dr) = 0 .9 mm = 0 .9 >< 10·3 m 
21111 tlia meter (d2) = 0.93 mm = 0.93 x 10·3 m 
Funl,larnenlal frequency of vibrntion o! ~ire iR given ns; 

f = .]_- U.. 
/.d \j --;j; 

So, 

f1 i = ' -~1 ~ 
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And, 
f _ _ 1 __ IT. 
2 - l.d 2 .\J --;r 

1 ( f1 - f2 )() .. , Pe rcenta i~er u"'S'-' in rcqucncy =- ,-
1

- >< I( "' 

1 .fT t _Cf 
= Mi . ~ - "7J; '\fiir 

1\~ 

l l 
Ji -Ji 

I x 100 % 

1..\.i - d , 0 .93 - 0.9 
= 1.l i . 1..~ x d1 '< 100 % = 0_93 x l()() % = 3.2')(, 

Thus, th e r1...'qt1irl'd pe rcentage cha nge is 3.2%. 

48.- j2012 Supp a .No . 111 On- a day when ·the speed-~f so~nd is 345 -~/s, the fund~m~~ial f~q~ency of a _clos';i 
organ pipe Is 220 Hz. The second overtone of this pipe has the same wave length as the third harmonic of aii 

open pipe. How long is the open pipe? l41 
Solution 

Given, 
Speed of sound (v) = 345 m /sec 
Fundam ental frequen cy of closed pipe (fc) = i;20 H z 

· Length of o pen pipe (lo) = ? 
Here, given tha t, 
Wave length of second overto nes of closed pipe (J...3) = third h <:1rmo nics of open pipe (l,..'3) 
V V 

or, -:-- = -:;-;-
1.3 I\. 3 

or, f3 for closed pipe=- f3 for open pipe, 

V 
or, 5£, = >.'

3 

V 345 
or, J..'3 = Sfi = 5 x 220 = 0.1136 m 

Now, for op en organ pipe, 
V 3v 

6 = 11.'
3 

= 2lo (":11.'3 = 2lo) 

V 3v 
or, )..'

3 
- 2lo 

3A1
3 3 x 0.3136 

or, lo = 2 = 2 = 0.47 m 

Length of o pen pipe (lo) = 0.47 m 
--------------- ------

49. @012 set ca.No. 11! A wire with mass 40 g is stretched so that its ends.are tied down- at points 80 tm apart. 
The wire vibrates in its fundamental mode with frequency 60 Hz. Calculate the speed of propagation ol 
transverse waves in the wire and the tension in the wire. ['1 

SoJution 
Given, 
Mass of wire (m ) = 40 gm = 40 x 10·3 kg 
Length of wlre (l) = 80 cm = 80 x 10-2 m 
Fundamental frequ ency (f) = 60 H z 
Speed of wave (v) = ? 
Tension in the string (T) = ? 

We have, fundam en t.a l frequency in the s trc tchcJ wire is 
V 

f = 21 
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or, V = f X 2/ = 60 X 2 X 80 )( 10·2 

.-. v = 96 m /sec 
Again, 

v = ~ = ~ 

m 962 x 40 x l!P 
Or, T = v 2 x 1 SOx l()-a = 460 .8 N 

WAVE IN PIPES AND STRINGS/ 47 

• 

so. ~011 Supp a .No. 111 A cord of length 1.5 ·m is fixed at both ends. Its mass per unit length is 1.2g/m and the 
tension is 12N. . 

a. What is the frequency of fundamental oscillation? 

b. What tension is required if the n = 3 mode has frequency of 0.50 kHz? [4] 
Solution 

Given, 

Length of cord {/) = 1.5 m 

Mass p e r unit length(µ) = 1.2 g/m = 
1
~

0 
kg/ m 

Tension on cord (T) = 12N 
a. FundamentaJ frequency (f) = ? 

N ow, 

f = ~ ~ = 2 x\ .s ✓12 
~-~OOO = 33.33 H z. 

Again , for n = 3 m od e, let fo the fundamental frequency. Here, 
3fo = 0.5 KHz = a.so x 1000 H z 
fo = 500/3 Hz 
T = ? 
Now , 

fo =;1 ~ 
500 1 _ ~ 

or, 3 = 2 x 1.5 -\J~ 
1.2 . ( 500 X 2 X 1.~

2 
1.2 

or, T = 1000 x 3 ) = 1000 x (500)2 = 300 N 

:. T=300 N 
- -;::=========:;-;::======::::==:;-;-·-----:--;-----;--:-:-;---;:;--:-- ~:- ------ -
s1 . 12011 Set ca.No. 11f 12010 Set D a .No. 111 In a resonance tube experiment the first and the second resonance 

positions were observed at 17cm and 52.6cm respectively. The tuning fork used was frequency 512Hz and 
the temperature was 27°C. Calculate the velocity of sound in air at 0°C and the end correction of the tube. [4] 

Solution · 

Given, 
Firs t resonance length {l1) = 17cm = 0.17111 
Second resonance length ('2) = 52.6cm = 0.526 m 
Velocity of sound a t0°C (v.,) = ? 
Frequency of tunning fork (f) = 512 Hz 
We have, 
At 27°C 
V27 = 2f (/2 - /1) 

= 2 x 512 (0.526 - 0.17) = 364.5 m /sec 

Since, v oc -Jr , then 

V u _ ffi _ ~ 
-;;; = \J Ti7 = "\j 273+27 
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\' ., = ~ X '.\64.5 = }47.75 m / ,;c,.•c,.• 

A~ain, 

. ' l~- 311 0.526- ,\ x O.l7 
Enc..\ correc\\on (c) = - 2- = 

2 
= 0.008m 

Thus, the 1'1...'qllil'Cd \ lc'I\Uc..'S an' ?,47.75 m / 1l ~rnd 0.008 m rc11pccl-ivt•ly. 

s2. \2069 Set B Q.N·o. 1111206'7 Sup a .No. 111 An open pipe 30 cm long and a closed pipe 23 cm long,_ both of the 
same diameter, ~ach sounds their first overtone. If they are In resonance, find the end cor~ect1on of these 

~~- ~ 
Solution 

Let, c he the cn1...\ C\.Wrc lion of both pipes having same diame te r. Siner thc i~ vibrations are in unison, 
~o t1wy must h <1, 1e c\me frt..,quency .1nd same wavl'lcngth. 
Fnr th ' fi, . t nvertonc in the open pipe, we hc1ve: 
), = I + 2...-; where l be the length of open pipe. 

c..-,t, i. = 30 + 2c ... (i) 
For the first cwcrtone in the closed pipe, 
?,). 

4 = I'+ c; ,vhere /' be the length of closed p ipe. 

"i. 
l\f , 4 = 2'\ + C 

. 4 
or, ,_ = 3 (2?, + c) ... (ii) 

From equa tion (i) and (ii), we get 
-1 

"-0 + 2c = 3 (23 + c) 

or, 90 + 6c = 92 + k 
or, 2c = 2 

.. C = ]cm 

Hence, the required end correction is 1cm= 0.01m. 

53. 12068 Can. Q.N~I A piano string-1.Sm loo"g is mad; of-~teel -·.f d -:-- --- -- - - .. 
2x1011N/m2

• It is maintained at a tension which prod·uced 
1
° . ens,~ 7800 kg_/m3 and Young's mod~lus 

frequency of transverse vibration of the string when it is -~" ; ast.'c stram of 1% m the string. Cal.culate the 
Solution . . vi ra mg m second mode of vibration. [4] 

Give1,, 
Length of str~g (]) = 1.5m 
Density of steel (p) = 7800kg/ m 3 

Young'5 modulus (Y) = 2 x 1011N/ m2 

Strain = l % = 
1
~ 

Freyuency of second mode of vibi, lion (() .. ? 

Now, we have 1 
• 

stress 
y =--.­

strn,n 

or, stress = Y x strain 
Tens ion J 

or, = 2 x 1011 x --Area 100 

T 
() f' - = 2 )( 1()9 , A . ... (i) 

The n, for fundamental mode, we have 

=l..- IT =l..- fil =1.." LLT 1" Cr 
r 2(\J M/L 2(\JM 21 \J ~ =2i \J~ · 
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I-~ 
= 2 '< 1.5\J~ 
= 168.79 H z 

[- : fro m cquc1 lion (i)J 

Hence, Lhc requ ired frequchcy is 168.79H z 
For <;1.•,01Hl mode o f v ibration 
,~ = 2f 

= 2 x168.79 H z 
= 3:\7.6 H 7. . 

WAVE I N P IPE S ANO STRI NG S I -1 '1 ~ 

~ poss S upp a.No. sb) A steel wire of length 40 c~ andthe diameter 0.~5 mm vibrates in unision with a tub-;, 
open at both ends and of effective length 60 cm, when each is sounding its fundamental notes. The air 
temperature is 27° C. Find . the tension in the wire. Given - velocity of sound in· air at OOC = 
332 ms·1 and density of steel = 7800 kg m·1. [4] 

Solution 
Given, 
Length o( wire (l__.) = 4.0cm = OAm 
Diame te r o f wire (d) = o.i smm = 0.25 X 10-3 m 
Length o f pipe Or) = 60cm = 0 .6m 
Dens ity of s teel ( p) = 7800 kgm-1 

Let, 
V1 = 3320,5-l 
T1 = 0°C = 273 k 
V 2 = ? 
T2 = 27°C = 300k 
Now, us ing; 

:~=~ 
0

; 332= _ @._ 
' V2 \J 300 

v2 = 348.03 ms-1 

Then, 
Fundame ntal frequency o f vibra tio n of wire is given as 

f = 2~"' ~ 

1 - r=r. 
= 2/w -\J \IX p 

= 2t ~d~ --x p 
_4l 

· whe re, V is the volume per unit le ngth 

1 _ Of. 1 2 _ IT 1 _- IT 
= 2lw \j----;-d2p - 2/wx u·\J--;p - iwd·\J--;p 

Aga in; 
Fundamental freque ncy of vibration i11 open pipe is give n as: 

( ' V . 

= 2/o 
Whe n the s teel wire & the open pipe v ibrntcs in unison, we lrnvc 
( = f' 

or __!__ IT _: _::___ 
' fwd \j -;,; - 2/o 

1 - _ ~ 348.03 
or, 0.4 x 0.25 x J0-3 \j ~800 = 2 >< 0.6 

or-, ~ = 0.029 
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50 / A COMP LETE NEB SOLUTION TO PHYSICS - XII 

T 
or, 

7800
7t = 8.41 x 10-4 

:. T = 20.6 N 
Hence, the required tension is 20.6N . end dipping into water. W~ th 

rt' lly with ,ts lower e 
55

_ ~
066 

a.No. 5 b) A uniform tube 60 cm Ion~ stands .v~ ,ca th tube resounds to a vibrating tuning fo~ 01 
length above the water is 14.8cm and again when _,tis 48 c:, wi~I resound when it is open at both ends. [4! 
frequency 512Hz. Find the lowest frequency to-which the tu e 

Solution 
Given, 
First resonating length (/1) = 14.Snn 
Second resonating length (12) =. 48cm 
Length of the tube (L) = 60cm 
Frequenc of tuning fork (f) = 512Hz 
Lowe t frequency (fo) = ? 

ow, we have, 
Velocity (v) = 2f (h - 11) 

= 2 X 512 (48 -14.8) 

v = 33996.S_cm/s = 339.97 m/s 
. h-311 48-3X14.8 

End correction (~) = - 2- = 2 = 1.8cm 

Here, as the tube is open at both ends, we have for the lowest frequency, 

).-0 
- =L+2c 
2 

or, ,~o = 2 (L + 2c) = 2(60 + 2x 1.8) = 127.2 cm 

Again, we have 
V = AJo 

V 33996.8 
or fo = - = = 267 .27 H z ' ' "-o 127.2 

56. @061 a .No. s bl@os5 a .No. aj A J)iano string has a lengih of 2.0m a d d · -- - ___ -----;-
in the string produces a strain ef 1%, the fundamental note obtai:e a ens1ty of ~00 _kgm·3. When the te~s1on 
170 Hz. Calculate the Young's modulus value for the material of t ~ from the string m tr~nsverse vibration ! 

Solution s nng. I"' 

Given, 
Length of string (1) = 2m 
Density ( p) = 800kg/ m 3 

S 
. 1 

tram = 1 % = 100 

Frequency (f) = 170Hz 
Young's Modulus (Y) = ? 
Now, we have, 

y = stress 
strain 

or, stress 
Tension 

or, Area 

T y 
or, A -100 

Then, 

= Y x strain 
1 =Yx -100 

... (i) 

For fundamental mode of vibration of string; · 1 1 ~ we ,ave, 

f =-- - -2[ µ 
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_1-~ =_1_~ _1_~ 

or, f : ~#, 21 V• p - 21· ·· (H~• L• p 

T 
Putting the value ofA from equation (ii), we get, 

1 _~ 
f = 2C\J 100 x p 

or, 170= 2~ 2 ✓ 1~ x 8~ 

· -~ 
or, 680 = -\J 80000 

y 
or, 462400 = 80000 

:. Y = 3.7 x 1010 Nm-2 
Here, the required value of Young's Modulus is 3.7 x 1010Nm-2. 

WAVE IN PIPES ANO STRI N GS / 51 

57. ~oso a .No. s bi j2os3 a .No. aj A wire of diameter 0.04 cm and made of steel of density 8000 kgm·3 is under a 
constant tension of SON. What length of this wire should be plucked to cause it to vibrate with a frequency of 
~~ ~ 

Solution 
Given, 
Diameter of wire (d) 
Density of wire (p) 
Tension in wire (T) 
Frequency (f) = 840 Hz 

= 0.04 cm = 0.04 x 10-2m 

= 8000kgm-3 

=80N 

Leng_th of wire (l) = ? . 
We know that frequency of vibration (f) is given by 

f a~ ✓! a ~ w [ m a ;::;th a p X •:' ] 

1_[i_ 1_[i_ 
f = Id . \j-;p ⇒ l = fd -\J ;p 

, 1 -~ 
= 840 X 0.04 X 10-2 '\,/~8000 

= 0.168 m 
_ Hence, the length of the wire ·is 0.168 m- , 
sa 5>56 A • 1 tur~ed to a frequency of 440 Hz when the temperature is 27°C. Find its 

· ~ a.No. 3 oRj n organ pipe s · [4) 
frequency when the temperature drops to 0°c. Assume both ends of the pipe open. 

Solution 

Given, 
Frequency (f1) = 440 Hz · 
Temperature T,) = 27°C =- 27 + 273 = 300 K 
Frequency (f2) = ? 
Temperature (r2) = 0°c = 0 + 273 = 273 K 
For open organ pipe, we have 

f1 = ~ (1") 
21 · · · 

... (ii) 

.. 
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;2 / A COMPLETE NEB SOLUTION TO PHYSICS ·. XII 
' • • t 

Dividing equation (ii) by etiuation ·(i), we get[, ·.- v .oc {r .·· .j 
. fi ~ V2 • x , 2l _ ~ V2 · =- ffi v

2 
~

2 f1 .2/ V1 .'{1 ·\Jri 
' ⇒ ~= Ti 

- Im . ·· h = -\J 300 x 440 = 419.73 H z 

f2 = 419.73 H z 
Henc;:e, th~ frequenc a-t 0°C is 419.73 Hz. 

59. j2os2 Q.No.·3j A steel-;-;; im· l~~g -wh·o;~ m~-s'"s"-i~-3g--i~· ~-~-~ier···t~nsiQn of SOON and is tied down at both e~ 

, Calculate the frequency and wavel~ngth for fun~amental mode of vibra_tion. [4] 
Solution · 

Gi\en, 
Length of ,-vire (1) = 2m , 

c1 of wire (M) = 3g = 3 x 1Q-3kg 
. 3 X 10-3 

a s pe1· un~t length (m) = 2 kg 

Tension (T) = 500 . 
Frequency of fundamental mode of vibratfrm (f) = ? 
Wavelength of fundainental mode of vibration (A)=? · 

()V\", 

f.or fundamental mode of vibration; ~e have, _ . 

f 1 _. u. 1 · ~soo 1 -_ ~ 1 . _ ~ 
= 2l -\J~ .= 2x2 3 X lQ-3 _.,= 4 X -\J ~ = 4 X -\J 3 

. 2 . 

f . = 144..3 Hz 
Also, 
In this case, we have 

i , = 1 
2 

or, A = 21 = 2 x 2 = 4m 

Hence, the required values of frequency ~nd wa~~length alfe 144 3Hz .,
1
,ct 4· ' · . ~ · 

• . . 
0 0 0 

-- . c. ·, , m respectively . 
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[ ~hapter 4: Acoustic Phenomena 
- - ) 

®®'4lt-{848~t!M:1JJ-.iiM 
1. ~076 Set _B Q.No. 3§1 r::-120=-=_7=-::3""""'s=-u-p_p_o=-.N- o-.,_;3~ij !207~-s;;o-§.N~_.:3·-~ j;zo&o a ~No, ·2 ti! An empty vess--;~ound~ ~~re 

than a ~lied one when it Is struck. Why? . · · . · (2) 
~ An -mpty vessel c~ntah,s \'.l.\ot'e a ir due tn g rcnle t' empty a t·en tlrnn the filled one. When an em pty 

e ·sel i · struck, g1'eate1: u~ .-, ss o~ oir i Sl\l i1Ho vibrntilil1 .. We kliow thc1t grec1 lt• J' is the intensity of sound 
. if 'the greater n,ass of an 1s set u,tn n,o.tion . This means lhe intens ity of sound is more in empty vessel 
than the fill~d one b l:he relation l cc a2. Hence, the empty vessel produ ces m ore intense sound tha.Il a 
filled one . · -- ·•- -------- ----......;..-----

2, .Bars se-, ~ Q.No. 3bl Souod waves are called pressure waves. Why? . ,,·-· --- -·•- · ------ -- · f2] 

-..,. onnd wave is longitudinal wave in a medium. Generally, it.can be represented by d isplacement 
wav-e ·equation as 
y = a sin(ro t-kx) · .. . (i) 
whe1·e a = amplitude, k = wave .vector and fo is angular frequency. Sound wave can be expressed in 
ten:ns of pressure variation at various points in a-medjum. In air, the pressur~ fluctuation occurs 
·im1soidally above and below the atmospheric pressute during the formation of compression and 
rarefaction. The human ear can sense s·uch fluctuations. The compression portjon has greater pressure 
,vhere as rarefaction portion has less pressure, In this .way, sound wave can be· expressed in teTIJ1S of 
pressure wave. 

J. ~075 GtE a.No. 3bj j2014 set A a.No. 3bj 12012 set Ea.No. 3.tJ!_Whafis t_he threshold of hearing? Defi11e one bel. [2] 
Bo. The lowest intensity of sound that can be perceived by a normal ear is called the threshold of hearing. 

· A sound wave of given intensity produces different amount of hearing sensation in different ranges 
of frequency. Moreover, the threshold of hearing -at a frequency may vary from ear to _ear as- wel1- ­
Hence, for a normal ear, the threshold of hearing is ,faken as 10·12 W /m2 of a pure tone of frequency 1 
KHz. . . 

I 
Bel .and decibel: The unit of intensity level given by the equation L = log10 -~

0 
is _ the beL On~ bel !5 

defined as loudness of 1000 Hz tone whose "intei1sity is ten ti.mes the -threshol4 of a hearing. It is 
denoted by B. Its smaller· unit is decibel (dB). 1 dB 'is te11 ti.mes smaller than lB. _So equation (i) is given 
. I 
ill terms of dB a~ L_ = (10 dB) logro Ia . 

· 4- §015 set A a.No. 3b! Justify the proverb "An·; -~pty ~;;sel makes much n~!s~". [2] 
~ Please refer to 12076 Set B Q.No. 3~ · 

'5, W~s QNo. 3b! Why is the voice of a woman more intelligible than that of a man? _ . [2} 
~ The pjtch of sound depends upon the frequency. Tl~e sound with low frequency is identified ru l )W 

pitch and sourid with high frequency is identified high pitch sowH.t The tom' of high fr 'quency L"­
interpreted as shrill .or intelHgent sound. _The ·sound prqduced by· a woman has higher fre~1u ' 11<.'y th u1 
tbe sound prodllced by a ma n. So, the sound produced b a ·woman is more intellig ' nc ~ than the 

~ u11J pr9du.ced by a .man. . 
6

- @074 S.upp a.No. aaj 12074 Set A a.No. 3aj Why are longitudinal waves called pressure ~ves? -- [2) 
a. Pl:~se refer to !2076-Set c-Q,No. 36! · · , 
7· [o74 Supp Q.No. 3_~ :~054 a~~ g W~at are ~it7aso~l~·anci .. i.nt;a~~~lc ~v~;=,-· ... --- · --- · (2) 

a. : ~,i~!,d ~aves of frequency above the audibl e rang• (i. e ., nbovo 20 KHz) nrn_call ~'d ulhasoni wav '.S or 
b tra_som_~s, Thes ~ouml wa v us a re not a udible to 1wrmal hunurn ,,,u s. Sul h w'.wcs can be g~ner, ted 

Y vibratmg rystals ~.g. quartz rys tal. Th , ba ts an prmtu e c\l'ld h ->a1 ultt-.-,sonK waves, 
Th~ sound waves of frequency below th_C' audible rnngl! (l. ., h low 20 H z) are c(lll ,f infrasonic ~aves 
or mfrasonics. The infrason ic- waves are p~O\.iu ed by the vibrntipn of larg~ obj _ t. ·For c ·ample, an 

_:~~ke waves arc infrason ic w av es. These sounds arc n<:,t audible to normal hutua.n ear '. -

S, ~ 73 Set D Q.No. 3aj Explain ihe -dlffer;nc~ ,~-~hara~terlsii~s between ultras~~lc and sup-.;sonic waves. f2l 
"& So~nd waves of frequ ency above· the audible range (i.e., above 20 l('Hz) are called ultrasonic_ wm~es. 

These sounds are not audibie to normal human t.~clfS . Such w~wes can be generated by vibrating 
crystal . · · .. · - , · s e. g,, quartz crystal. The bats can produce and lw.H ult1<1sontl waves. 
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TE NEB SOLUTION ro PHYSICS • XII . d •ri air are called supersonic~( 
54 , A coMPLE . . • ti . the sp eed of soun _ I , . . . 

- b" le, which travel with the speed g1eate1 1.an . - - . . " 
The o iec · · ,......,,_..-- - ··--· - ----.- · · shriller why? [2] · E. _ su er jets, rockets e~. _ . ...... . of ~~approaching tram ~s ' . . 

g p --- --::----1 .· 0 Q N . 1 ~ j201~ Set C. Q._No. 3 11! Whistle . . . hing towards the stationary 
. ~- 12012 Set c Q,N,9. 3aj _206 . . o, . . • . I f the sou rte when Jt ,s app roac v · . 
a. Accordil,g to Doppler effect, th~ pttc \ o . , :l the source as by reJation: f' = ~ -

. .· .· b -twt!el1 th l::! lis tener ~m . . . ' · · 
b , r han~res due to t·elahve n \ollol1 e When the train 1s a pproaching, 

o ser . fl I f . oving source. . h . 
. wh -'re " is velodt of sow,d ,rnd ~ s i" :el~dy ~1- •:tside the train and the tram. Henc~, t e ~Itc~ ft· l► , 're is relathre n\otion be tween stntmnE\ly •,•~:le t~e~. o Tlrnt's why; whis tle of an approachm g_ train IS ,-e ' l ' l u ts ide t ,e tiam. ' 
tt'\cteases fut the stAH01ta1y is e1,er o -- - - "-- ... -

shrill~1·. . · h 1-·-d,_b_y, .. ;.;~t-factor does the intensity of -~ ~~~~~=i;6iijj;;;~;;;~-- · nt d fa sound wave 1s a ve , ,
11 10. 12072 set~o,Q.No. 3Q lf the pressure amp u e O . . l"J 

the wave change? . litude (~P ) is given by 
~ l'he in\,ensily (I) of a _sound wave of pressure amp . . 111 

~pmi . 
I= -, - . 

2pv . . ve When ~p 
111 

is halved, then , ,~,lwre p is density of medimn and v be velocity of wa . 

. - (~p'mi2 = l.. (~P~,\ =!I . . 
r - 2.pv 22 2pv) 4 

Tims, intensity is reduced by 4 times. _ (21 

◄ 1. 12· o7·" Set-Ea.No. 3aj A tuning fork has two 'prongs. Why? , . - - . . .b a'te 
.. _ ' ' - .- . . .· time When two prongs v1 r 
'lS.. A tun,i.ng fork has two prongs to produc~ v1b~ation for long~r i t produce vibration for longer 

simultaneously, they communicate the v1brano~s between t 1emse ves . o 
time than a single prongs. so; a tuning for has two prongs. .,1-:i<c'-_ ------------ (2}~ 

' "' ? ,2. ]2011 supp a .No. Jbl How can ,we consider sound waves as pressure waves . _ 
a Please refer to ~076 Set C Q.No. 3bl , · . , 
13. g070 Sup (Set Al a.No. 3 al 'An empty vessel makes much noisf How woul~ you justify the proverb? 
a Please refer to ~076 Set B 0 . No. 3bl · . . , 

[21' 

u . 12o10 s up (Set Al a .No.3 bi Bats catch their prey in the dark even when tbey don't see t~e prey. How can this 
happen? _ · . · · · . ~I 

a. Bats have no eyes for vision . They produce and hear ultrasonic waves or ultrasound. The ultrasonic 
waves produced by a bc1t spread ou~.in aU directio1;1. These waves after reflecting fr~m a prey, say an 
insect reach the bat. Hence, the bat can easily locate its prey: · 

1s. 1201 0 supp. (Set .Bl a.No. 3 ij How can we recognize a person just by hearing her voice without s~ing_ I\':" 
face? · ' . - · (2J 

1s. Due to the quality of sound, one can recognize a friend from his voice without seeing h im. Ue 
q uality of sound emitted by a person depem~s ?n the presence of c)vertones. The quality of sound 
helps us to distingu ish between two sounds havmg same loudness and pitch. The overtones pres~.lll 
i.I!l d.i.fferent voices are different whatever they prodµce the same frequency m\d the sam e intensity 
sound. In this way, one can recognize a friend from his voice without seeing her/ his face. 

1,6. ~06~ s et A Q,No, 3aJ An empty vessel sounds more than a filled one. Why? - ·----- '- -------:l2l~; · 
a Please refer to @076 Set s ·a .No. 3W · , 
-11 .. -~0~3 $e~·B_QJ•~o·'.·;iis'there ; ·,physical difference between intenslty~nd i~te~~ity level~f--a wave? How alt 

the.s.e quantitiH related? (21, 

~ Yes, tJ~ere .is difference b~tween the intens~ty ancj intensity level of n so_1,.1nd wave. T he intensity of sound 
wave 1s th.e _amount of_sound energy pass1.n~ through a surfoce per un~t su rface are« pet un it time wht>J' 
.the surface 1.s perpench.cuJar to the propagation of the Wr)ve, while the tn tensity lev 1 is the i; la tive va}oe 
of the intensity with the reforence to the threshold of hearh,g. These two tem,s are .r la ted by the 

/onnllla, L r log,oL , whe;e j is the intensily of a sound wave and I, is the threshold of hearing and L ~ 
int~nsi~ JeveJ, J 'is measured in ~ m-2 whp ~ i.s in be~. Th ubsplute intcnsily cam1.ot· be m easured and 
avoided in ternationally and relaLIVe value of tntensity ts measm ecl which Le:; called intensity)evel. 

(\ 
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ACOUSTIC PHENOMENA/ 55 

~6~ (Set A) Old a.No. 2cl !2Q53 Q.No. 1 bl H~w are beats produced? What is beat frequency? . · . [2] 
~ The proc~s_s o_f alternate rising and falling the ii1tensity of sound in the resultant wave formed due to 

su.perp?~ition of ~-o ~ound. waves of slightly' · fr~quency difforence (less tlrn.n 10 Hz) is calied beat. 
Each nse and fall u'\ mtens.1ty of sound is called a bl:.!a t. The time between a 'rise and fall' is called' 
beat period, ~hile the number .. of b~ats tier second is ca lled beat freq11cncy. The beat frequency is given 

- by fb =:= I fi - hf which is less than 10H:t.. .. · · . · . 

~ a.NO . . 3 ij Which has a more direct lnfluerH:e'" o"n"' the"' ibu'd"nes'~ --~ra ··;our1d wave~ the displacement . 
amplitude or- the pressure -amplttudt? Explaln your reasoning. , [2] 

'8.. Pressure an\plitude has d irect iJ.\fluehce cm the loudness ·of sound wave. This- is because the value of 
• pressure amplitude ha_s .greater val te than the d.isp lacen1etH amplitude and the intensity depends 
upon the pressure amplitude as , 

t . ' 
AP"' Tl · I , tl t . . . . fl J b 1 · -" I= -
2
- - . ,us s mws m mtens1ty 1s m uenceu y pressure amp 1tuue. ,pv . 

20. go~~ C>Jd c~"- _ a.No: 2cj Two notes, one produced by violin and the other by a sitar, may ha,ve the same 
frequency; yet we can distinguish between them. Why? · [2J 

:a. n~ quality of a sound i~ determined by the nun-\ber of overtones present in the note, The 
{u11tfarnental note of violin and sitar .inay be the same but they are accompanied ·by a different 
nruuber of overtones. As a result, the quality of the two soui1ds is different and _we can distinguish 
the t wo notes. · _ _ · · 

. ~067 -Old a.No. 1ctj Why are the bells made of metal not of woo.d? (2} 
':a. There is high damping of sound waves in wood but very low damping in metals. If the .damping is 

high., sound .produced has low intensity and can travel for short distance .but if the damping is less, 
sound produced has high intensity and can ti·avel for long distances for longer duration and sound 
can be heard at greater distances. Thahs. why, bells are -made of metals but,. not of wood. 

u.. j20s·s ,a.No. 2 ct! Explain with a figure, the meaning of beats. (21 
·'l!t.. Beats: When two sound · waves of slightly y 1~ - f 1 = JOHz - . __ 

different frequencies are sounded togethe~, there , (\ _ (\ (\ 0 (\ n (\ 0. (\ -0 p · ;ime. 
OC0J.TS a periodic rise and fall pf sound intensity · U -vvU u U U V u V O 
Such a phenomenon is kno_wn as beat. Tl)e time · · . _ ""I-I · · 

b.etween a rise and ~ fall is called beat period . Y]R n· (\ti -(\) - (\z (\· (\ (\ (\ (\ (\ ("i, 

The nllfilber of b~ats _he~rd per second is called _ ~ 
1 

. U Time 

beat frequency. It IS given by, ({b) = f2 - f1 - U U U V V V V V O O 0 

· Fig. Formation of beats 

23
• @~S4 ~,No. 1_ 9 Bells ·are made of metal and not of wood, why? 

__!2:_a.se refer to !2067 Old c:1 :'No, 1~ . 
24

· @PS~ Q .. No. ~B Define beats and beat.frequency. 
~~efer to@o~~ (Set A) Oid Q,No, 2a 
: · ·[o59 ci.N-; 1 ~ What do y~u mean-by th'e,term .threshold of ~ea~ing? 

[2) ' 

~~fer to ~075 GIE Q.No. 3~ • 
26

' ~
57 

a.No. 2 gl Why is the roaring of a llon different than the sound of a mosquito? • ---[2J 
~ Spu~d produced by a body· differs from that produced by anoth r bol1y, bt\sically, by its pitch. Sout1d 

. pro uc_ed by a lion is of low pitch (frequency) but high intensity while the sound produc_e1 by a 
mosquito has high pitch but low inte11sity Hence roaring of a lion 1.s different from that of a 
mosquito. · · · · ' 
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5(l J A COMPL E T E N E B SOLUTION TO PHYSI CS · x ·11 , 

27 ~ g.s. a. No: rn ttbW-i,;: It ihi t one ~· ~ ;;cogn 1:te a 1rle~·c1· 1i~mh1S" ~01;;;:;iiho ut-;.-~in9 him? 

~ Plcm,l' n: fer h) I 070 Supp, (Set ei Q,NQ. ~ ~ . , ---- -;--
;;~12ois Q .. N~j a O~ \~g-uish betwe~r\ ~ltrasohics ~nd 9uper;bnlcs .. -------

rle.:)SC rl'fct to 2073 Set D Q.No. 3a 

Lon Answer Questions 
....... ___..;...;.a,....;.;.'..._t;l .... i ._1...,Q {~067 Q,t,l ' 6 ~,what ,.s.Doppler's 8°ffect? Oerlv;an -e,cp,esslon• for th; apparent frequency 

a \at\ot1~ty ob erver when a source of sound Is moving away from the observer. [4) 
~f t: "t h ' p h .,nom 1,011 of va rinlion in the pitch of sou ml d ue to the relative motion o~ 

the~, 1u1 at\d l\.h ' ·obs ' l 1cr (listener) is ·ollcd Ooppl ,r effect." Du e to this effect, the pitch emitted by 
,c sit 'l' o a 'I ·::\ pp roa ·hing Ambu\ 1:1 nc , a ppea rs increased . Simila rly, the pitch appears to drop w~~ 

~tu 1n m,g ~,,va ,. 
i\o ii, · away from the stationary observer: 

u.pf 0 e is the docil of sound in air and f is its· true frequency . When both source and observe' 
are al 1· t, tl\ ' d istance occupied by f waves is v per secopd. s·uppose source moves wi th velocity u1 

a ,a ' from , t:ationa1 , observer 0. Therefore, distance occupied by f waves sent out towards O in rn1. 

' C r,J i v + Us-_Thus, the wavelength increases as 
+ u . , __ _ 

- f 

Tl,e apparent frequency is given by, 
_ 1 locity of sound wave relative to Q 
- wavelength of wave reaching to .O 

V . 
f· ~ ~ =-- =--f . 

V + U s V + U s 

f 

ince, ( +. U ) > V ⇒ f' < f 
Thus,· the_ pitch of the sound decreases if :>o~rce is ~oving away 

· {j,(\(\(\ 
s7;717JV 0 

Fig: Source moving away 
from stationary observer 

from sta tionary observer . · 

30. 1,207.6 S et c a .No. 1§1@01s Set Ba.No. s§l 12014 Set BQ.No~ .. 7bl 12013 Set D ~ No . • 
Dopp.ler's eff.ect? Derive an expression for the apparent fr wh · · 

7
911

2072 
Supp Q_No. 7t,l What '51 

are moving towards each other. . equency en .a source of sound and the obse~er 

~ Doppler's Effect: "The phenome~1oi1 of variation i.J,1 the ·t .1 f . . . ~ 
the source and the observer (listener) is called Doppler eif~~/ 11°O sou

nd 
~iue to the rel~tive ~n tion. 

the swen of an approaching ambulance appears . d · ue to tlus effect, tl1e pitch emittt.>t.H · 
. . · , mcrease Si.J.nilarly tl •t 1 Jt J.S moving away . . . , · . · ' . , 1e P 1 c 1 appears to d rop wh.ei 

Tlte change u1 appa~ent frequency of sound as heard b the r ,. 
.between source and listener was first studied by O 1 . Y . lS

t
ener due to the relati e motli: 1 

~~- ~ . opp e1 and is called D9ppler's effect. 

Us Uo Observer 

V 0 

Fi_g: Observer and source are moving towards. each other 
Let ,us ons1~er, ~our e S _is m?ving towr1nls observer w ith ·velncit 
L wards sou, w.1th v to ity with u then Y Us ' nd oh erver O is nu vh1g 

V lpd ty @f ,w, v r lf} tiv to ob ervt.;; v' "" v + µ 11 

and 
v - u 

Apparent wavelengt·h, 11.
1

;:;: / 

But, we hav ', 
v' v + uo (v + u~'\ 

f' =·r, = (v _- ·u )/f = v - u5) x f 
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f' (
V + UQ0 = - x f 
V ·- U s 

ACOUSTIC PHENOMENA/ 57 

So, the frequency of wave increases. In such case as v + u 0 > v - u
5

• • 

·;Tors set A a.No. 7bf What is Doppler's effect? Obtain an expression for ~he apparent pitch when a sour~; 
moves away from a stationary observer. · · [4] 

~ Please refer to !2076 Set B Q.No. ?bl 
· nTor3. supp a.No. 7bf ~064 a.No. s a! Define i~tensity of sound. Show that the hltensity-of so~~d-·fo.r a-gi~e; 

frequency is directly proportional to the·square of amplitude of vibration. [4] 
~ · Intensity of sound: The intensity of sou·nd wave at a place is defined as the rnte of flow of energy per 

unit area held normally to the direction of wave propagation. It is denoted by 1 am~ given by 

or, 

E., . 
l <:: Ax t 

wher~, Eo is sound energy, A is are_a on which ·it passes, and t is time. 
The displacement y of a vibrati.ng layer of air due to the wave·propagation is given by 
y = a si,n cot . . . . (i) 
where, a is the amplitude of vibration. Then the velocity vat any instant is 

QI d . . 
v = dt = dt (a sm wt) 

·v = aco cos wt ... (i.i) 
Kinetic energy E of the layer is given as, 

1 · 1 . 
E = 2 mv2 = 2 m c,) 2a2 cos2 cot [·: v =rna] ... (ii i) 

where, m is the mass of the layer. When Lh K b om me ximum, th e PE becomes zero and 
v·ice versa, for an oscillatin g syst m . Thu , th m, imum v, lu ., f K is qu a l to total e 1i e rgy 
Eo of the system. 
In equation (iii), E will be maxim um, wh n c t = l . 

1 
En= 2 tnffi2 .a2 

Then, intensity of sound is given by 
1 mco2 a2 

- .2 A x t 

_! pYffi2 a2 

-2 Axt 

_!, pAlco2 a 2 

-2 Axt 

1 
= 2 pvffi2 a2 

1 

. . . l 
('.· m= Vp, V =.A x 1 and v =t) 

= 2 vp (2nf)2 a2 = 2n2 f2vpa2 · ('. · (0 = 2rrf) 

From definition, this is the intensity of the wave 
i.e., I =2rt2f2vpa2 ⇒ I oc a2 

In words, the intensity of a sound wave of given frequency is directly proportional to th square of 
amplitude of vibration. · . ·· . 

33· 12°73 Set c a.No. 1aj How are beats formed when two waves are superimposed? Deduc~-~~p;ession for the 

frequency of beat~ so formed. ·y , r, = tOHz · · · . l41 
,. Beats: When two sound waves of slightly A (\ n n n n (Ln n {\ fl. I] \ ,,,,, 

different frequencies are sounded together, - V V V V V V V 
~here occurs a periodic rise and fall of s~'lllnd U U V U · · . 
mtensity. Such a phenom.enon is. k_nown as y2 f2 ,= 12Hz n n n 

O 
n· (\ ·n 

beats. The time between a . rise and a fall is A Q n n .(L . L I - Tim·, 

.called beat ~eriod. The number of beats heard u o vUU l-TCTVUO ·U 
per second 1s called beat frequency. It is given · 
by (fi,) == f2 - f 1 . 

'. 
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58 / A COMPLETE NEB SOLUTION TO. PHYSICS • XII 

Let us consider two waves of equa l amplih1tk y· ...... . 
'a' bu.t of slightly different frequencies . Let tl1e 
fn.-•quencics of the WtWCS be f1 a nd f2 where fi > 
f:_ . , . • • 

Consider y 1 ~nd y2 are the · imlividual . 
displacem ent of the medium at a ti.me t due ·to 

, these waves, then 
y1 = a sin ro 1t = a sin 211:f1t 

Time 

Fi ,, For111nlion ofbi:nfs 
<.'\ ' ' 

,md y 2 = a sin ro~t =; a sin 211:f~t · · · . . f t1 'bra tin a ti I 
Apply ing the principle ~)f superposition of waves, the resultant displacement O ie vi ' g P r cc 
is given by · 
y = y1 + y2 = a sin 211:f1t + a sin 211:fit 
y = a sin 211:f1 t + sin 211:ht 

= 2a si;, 211: C1 ; h) t cos 211: el ; fz) t 
· A+B A-B 

[·: sin A +sin B = 2sin-2- . c?s-2-J 

or, y = A si.n 271:f t; . .. (i) 

where, A= 2a cos 211: C1
; fz) tis called the amplitude.of resultant wave (or aniplitude factor) and f ,;; 

C1
; fj is resultant frequency. 

So, the eq~ation (i) represents the equation of the harmonic wave whose frequency is f an~i runplitude 
A which varies with time. · 
Condition of maxima and minima; 
Condition for maxima; 
A beat (loud sound) is detected when amplitude is maximum. Amplitude 'A' will be inaximum when 

(
f1 - f~'\ · . . . ' 

cos 211: - 2-) t is maxinrnm. 

i.e.; cos 211:C
1

; fz) t = +l or -1 

or, cos 211:C
1 

; Ei) t = cos i:111: · 

or, 211:C
1 

; 
6) t 1111: 

11 · '> 
or, t= f1 - f2 

when, n = 0, 1, 2, 3, ... 
\ t = O _l ___ 2 __ 3_ 

1 f] - f2 1 f1 - fz I f,1 - fz I \. ... 

The ti~1e interval betwee_n two consecutive maxin1a is the pe~iod and is given by 

T=f,-fz 

1 
Hen~~ fre<Juency of maxima is f = T = f 1 - fi 
Condition for minima· 

I 

Resul ~ nt amplitude is minimum when cos 2n c·i ; f2) t is mjplmum. 

i.e. COS 211: cl ; f 2) t, = 0 

or, cos 2n (
6

; Ei) t = cos (2n + 1) ; 

• 
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..... 

211 + 1 
\11', I " 2(f 1 • f2) 

wh ,11, n .. 0, 1, 2, 3, ... 
1 3 5 

,1r, t (fI • f) ' 2(f1 - f2) ' 2(f1 • '2) ' .. · 

ACOUSTIC PHENOMENA/ 59 

fhc til\'ll' int~ rv nl bclWel'n lwo rn11scculive minima I.e. beot pe rloJ is given as 
3 1 1 ' 

T = (f1 - f2) - 2(f1 - f2) = °Di 
1 

H c\Kl' frequency of 111intn1a Is f "" f = f1 - f2 

Ht't\L''t' fr ,quenr I of maxinrn = r, - f2 = frequency of 111lni111c1 "' bec1t frequency= f. thw,, beat frequency 
is Ctl""' "' the di.ffere nct' of the frequencies of lndlviJual superposing waves. 

~ se; c a.No. 7~ Oescrlb; sound wave as a pressure wave and deduce a-;;-expressioh for the pr8"ure 
amplitude. · (4} 

-:s. Pressure Amplitude: Sound wave is a lo11gitudlnc1l wave in a gaseous medium. This wave genera11y 
an be r ' pt-esented by displacement wave equation as, 

= asin (rot - kx) ... (i) 
When:!, a = amplitude, rn = angular frequency, t = time, k = wave number. Here x and y are parallel. 
Sound waves can be expressed in terms of pressure va-riations at various points in a med ium. In air, 
the pressure fluctuates sinusoidally above and below the abnospheric pressure 'P' during the 
fom,ation of compression and rare fraction. The human air can sense such fluctuations. 
Let bP be the instantaneous pressure fluctuation in a sow,d wave at a point X at time t. Consider an 
imaginary air cylinder of cross section area A and length bx, such that change in volume V = AM 
when there is no wave. When wave is produced, the size of cylinder d.isturbed. Let left cross section 
is displaced by y1 and right cross section is displaced by y2. 1f ,y2 > y,, volume increases and pressure 
decreases and vice versa. · 
Now, 

bV = A(y2 - y,) = A~y 
In the limit ~x ➔ 0, 

dV lim My - ~ 
V ~x ➔ OMx dx 

p 
tN . 

= - By, B = Bulk modulus of air, 

or, P 

or, P 
Where, 

~ . 
= - B d = Bak cos (rot -kx) 

X -

= Pm COS (rot - kx) ' • .. . (ii) 

. Pm = Bak, is pressure amplitude 
, ' - ~ 

Pm = vzpak [·.v =--\JP or, B = v2p] 

_ Disturbed 
cylinder 

The equation (ii) is pressure amplitude. which is directly proportional to displacement amplitude. 
Fro1,n equation (i) and (ii) we can differentiate that the displacement wave is out of phase by 90-' with 
pressure wave. It means that, wh~n the displacement at a point is zero, the pressur:e change is a 
maximum, and vice-versa. 

y 

Displa~ement amplitude 

a 

- a 

y 

- P,,. 

Pn::ssure amplituoo , '• 

Fig: Displucemont and Pr~s~e 
umplituclo or sound wave 1n utr 

puspas.com
.np



. -

' · 'oN TO PHYSICS • XII · _____ ..,,_......,._ 
, 0 , .A coM PLETE NEB soLuTi . ' . . ·------- ·--·- ·----~·-·h·---:··;·; observer ·moves towards 
~ - ·. ·. . _.N .. ~bl What i~ .. Doppler ~ffe~t?·F~the.change in frequ_ency.w _en_ (4] 
35 12012, Set E Q. o. ·_ . · · . . . . 

· t t· ry source and then moves away from the source. . d i " to the relative n\Ot1on ul 
. as a 1ona · • . ..· _. . .. 1 , ·tch of soun l ue . . , l 1. 

I , Effect· "The phenomenon of vahatmn •.n t ,c P 1 
. . 1 . £feet the pitch emtthx oy · · ~ Dopp er s . · . . . 1 , . ,ff t " Due to t 11s e ' . 

tl e source and the observer (hstenet) 1s called D'?PP e t c ec: .
1 

·l the pitch appears -to drop when . 
' . . b l . . ) . ·s in i· ~rn,ed Sunt .m y, . the siren ·of an. apprqachmg ·am u at~ce ap J cu · · 

it is moving awa '· · 
Suppose v is the v "lo ity of sound il~ air at~d · is Hs_ 
true frequenc . in the sour e 1s stahonA.ry, f 
waves occup , di tan e in one s :l ond. o _th_e 
wcw~len:gth ~ o the wa :l reaching 1...1bs rver O ts 

, )._ = f v.rh,i,ch, ::.n_\ain ' tn, hang~d. 

l · t •1,g tl1wards the ,tppo t ,e · 1 no l 

tationa1 ur elocity u0 as shown in 
figure. He.re, ~ mnd a es are mo ing towards 0 

·i,1, el itj and is mo ing towards S with 

Fig: Observer moving toward~ 
stationary ~ource 

el ci u 0 • Th rdore, elocity of sound waves relattye to O is 
' = + U o 

The apparent frequency is given ·by, . 
,el ocity of sound wave r~lative to O . 

f' -
· a elen,gth of wave reaching to 0 

V' + U 0 V + U o 
f' = 'x =-v- =-v-f 

f 

Smee, .{v + Ua) > V ⇒ f' > f . .. . . . ·. - . . 

Thus, the pitch of the sound incre~ses if observer is 111.oving towards stationary sound sou·rce. 
When obsenrer moves away from the stationary source, the velocity of the waves relative to observer 
15 v - u.0 : 'then apparent frequency f' is g_iven by · 

V
1 

V - Ua 
f ' = 1.1=--f. 

V - U a 
f' =--f 

V 

Sin.Ce V - U o < V' f' < f 
Thu s, the.pitch of the sound decreases if ob!>erver is moving away from stationary sound source. 

36. ·12pn·set c a.No. 1 b! Define intensity of sound. Prove that i_t is · proportio_nal -to the square ~f the amplitude 
:vibration for the gh,en source of sound-. . [ I 

B- Please refer to @073 Supp Q.No. 7bl . 
37. 12011 Set_'O a.t110. 1 tj What is Doppler's effect in sound? Obtain an expression for ·the apparent f~equen;-

the sound whe.n ,a_n observer mc;,yes towards a stationary source of sound. · [ 
5. Please .re{e[' to ~07_,2 Set E-C.tNo. 7~ ·- - - ------ · 

38~ ,~O~l:)1.Sufae~,;~et BtO,No, 1 :,_12~6736up Q.No. 13 What are beats? Obtain an ex~ressi~nf;rthe beat fr;quen~1 
· 11rod.oced by the tupe1po,1t1on of two waves of slightly different frequencies. (41 

~ Please refer ~07'3 _Set C Q.No. 13 · · 
39: ·@01b-S~pp ." ASet 8! 9-N~· 7 bl 'Define Copple~·, , effect. De~lve" an expressl~n- fo·r. the ~h-~~ge i~-frequencY 

~obseweti-bf..a stationary Qbt5erver when jl moving source Just crosses the observer. • fA] 
a Doppler',s Effect: "Tl ph nomPnon cf vari . ti 11 in th pi t h of sound due to the r 'hf ti 11, llf 

.. "the so't~rce and th obse~ 1 (li · t n r) is ll d Doppkr .. ff ' t.11 u " to this ff •ct, the 
1
;it 1 

h e:~i:tt.!d b 1 

· the siren of an approach.mg ai.nbµl n e app >ars in ·r as d . imil, rly, th ) pitch appe·us to dro 
1 

wht111 
•it ismovin•g away. · l 
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ACOUSTIC PHENO~ENA / 61 

~e.n ~ource is not crossing the stationary observer: · 
h . v 

, · Suppose_ v is . t e velocity" of sound fu a1·r a'11d· f 1·s 1·ts · · ·· 
true frequency• When both source and observer are at S ~ .. (\ f\ . (\ · (\ . /\ . . r 

.rest th.e distance occupied by f waves is v p r second. 7.J\:.IV~V~ , 
Suppdse source moves with velocity u5 towards 
stationary observer 0 . , ~ v-:-us --------~ 
Therefore, distance oc upied by f waves sei1t out (":\ (\ (\ (\ (\ {\ • (\ ('\ 

· ~:Vd~~g~ d~~re~::s a:"ond is v - u,, Thus, the .s• 7T\JVvV\)7..J'-o 
· V - Us 

'A.' =-f·-
Fig: Source moving towards stationary observer 

The a,ppare11t frequency is given by, 
V . V V ., 

f' ,: - =-- = --f 
'A. ' ~ ·v - Us 

f 
~ 

Since, (v_- Us)< V ⇒ f' > f . 
Thus, the pitd1 of the sound }ncreases if source is ~oving towa,ds stationary observer. 
When the source is crossing the stationary observer: . . 
Suppose v is the velocity ·of sound in air and f is 1.ts true frequency . Whe!1 both source and observer 
are ait rest, the distance.oq::up~ed by f waves is v per second. · · 
Stlppose soy.ice moves with · velocity Vs aw~y from ~v . . • 
stationary observer ·o. Therefore, distance occupied by f ~ (\ (\ (\ 
waves sent out_towards, 0 in one second is V + V5. Thµs, the . s, ~v VY~ 0 

wavelength increases as 
V + Us · 

'A' = - - -. f . 
The apparent frecfuency-is given by, 

f 
Velocity of.sound wave relative to 0 

wayelength <?f wave ref3cl\j.I_lg to 0 

f' =~, =_v ___ .,v_f • 
~, · V + Us - V .+Us . 

f 

----v+us· ----~ 

s 'V\AAP 
Fig:· Source· movi11g away · 
from st,ationary observer 

Since, (v + u
5

) > ~ -~ f' < f · · · • . --, . · . · 

· Thus> the pitch of the ~ounid~creases if source is moving away from stationary observer. 

40. ~070 Set D O.N,o. 7 bf @oso a.No. 5 a ORI What are beats? Show t~at t~e number ·of beats heard per second is 
equal to the difference between the weqliericies ~f two superpos_ing wave$. . (~]' . 

' ~ Please refer @on Set c a .No. ?al · , . 
4
1, @969 (Set A)'. Cl.No. 7bl What is Doppler's effect? Obtain , an expression for the apparent -pitch . when an 

observer moves triwards a station.ary source. . . (4) · 
~ · Please refer to 072 Set Ea.No. 7 - . . \ 

"
42

· ~ 6~s~t B) ~:No. 1a) Mow does the frequency of sound change wh~n sound source is moving: . 
, ·. ~: to~~ds the stationa~ llst~ner and . . · , .. 
. l'!- 11

, ~way from the statlonal)' Jistener. 
~ease refer to@o?o supp. (Set B) a.No. 7 ij 

.~. ~6~ ca~. a~No. 1zj What is Oo~~le~s effect? Dedu~e an expression for the apparent frequency he,ard by a 

.~ Ptationary obse-rver when. a source approaches towards him. . . . [41 

-..._:__l:_~efer to @o?o Supp. (Set B) a .No. 7 ~ . . . . . ---···~-

. 
44

· ~ 7 a.No. 1~ De.fine. intensity and deduce it in t~rms of amplitude of vibration d-;.;·sity···~ dfurn, angular 
Vel ·h, ) ' [4] ~ ·P oci .. ,. ~fld v~locity of the wave. . · . · / . . •, , . 

· . , lease_ refe~ to @073 Supp a. No. ?bl ~ · · 
••-. .... ',. I ' {, ' ,• i 

(4) 

.... 
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· . ~RI What is the Dop~ler effect in sound. Obtain ·an expre~~ion for the apparenffrequency 
45. 12066 Supp·Q.No. Sa • , , . , · · . . . . · , . 

f the sound when the source and observe_r bo_th move m th~ ~ame ~hrecbon·; · . · . · · . ·. . [1+3} 
~ ri I •s· Effe~t. '"The" 'p,1~~-nomeno'~·.orv,aria~i6i1 in the pitch of sound due to tHe. relative m'.otion of 

tl,~~~:;ce and the obserirer (lis'te~{e~) ·i~\:alled Doppler effect." Due to thi~ effect,: the pitcll emitted by 
: ,· the siren of an approachii)g ambulance appears increased. Sim.ilarly; the pitch appears to ·~rop when 

it is moving away. · · . . · 
c ·akulation of apparent frequency when both sourc~ and observer are mqving: . 

. . . . . v' . 
If ~oth the source and observer are moving then ~pparent frequency f' is given by, f' = )..' where, v' is 

velocity of.sou11-d· waves relative to observer O a~,d "A.' is wavelength of the wav~s reaching ·o. This is 
general fonnula to cakulate f'; when source and observer move along a straight line. So, we ·can use 
this to find the apparent frequency in any df the cases considered b~fore. S'4ppose, v is velcx;ity of 

. sound in air, 1 is true frequency of the source, Uo is ~elocity of ·the obse1ver O and Us is velocity of the 
source S. , • ' · 

i When source S and observer O .µ-e moving in the same direction as sho~n in figure: 
~1e velocity of sound wave ·v and velocity of observer u 0 are in the same direction'. Therefore, 
velocity of sound waves relative to O is, . , ., · - . · , · · 

v ' = :v-Uo . ~ 

Since, the source is moving towards observer O, wav~le~gth of the; wave re~ching O is _-
v u . 

"A.' ...:. ~ - f 
• •. ' > I . 

• V V- U 
Apparent h~quency f' = - = --.0 

V- Uo 
or, · f'=-- f 

v-us 

, 'A.' V- Us 

£. 

V ----
' /,t • ·S ,· 

) • 0 
) 

Fig: Source follows the observer 

Here, if Uo = Us tlien f' = f. . . · 

ii. If the source ~d observer are mo~ing_ in the same dir~ction as shown in ~igure: , . · 
lf the source ~d obse~e~ are movil\g m the same direction as shown in' figure , ·· 
v and Uc are m th ·t d ' · · · ' · · _ . . ~.oppo~1 e . rr~c~ons, so the velocity of sound waves r.elative to o is, v' = v + u 
Smc:+~ s~:mrce : · movm~. away from the observer,· wavelength of the wave reaching O is · 

0 

'A! =-f- ' 

V + 11.o· 
;Or, f V + U .f 

' s 

'f·., 

·) 

---~ V 

u~<e::(:------ee 
• s 

llo 
"I::<~-----·· 

0 

\ Fig: Observer foilo~s _the sour~e •• 
Here, if Uo = Us then f' = f .. 

~46~-~l2r=-0~-6~6~Q;_~N,..,.._~o-.~5~=a..=:o~R);:D-efi~in-e.:.:th~~~i-nt~e ..... n-si...:.ty_o·f-:-, s-:-o_u_n_d_a_n_d-:.P-:,r...;;o_ve-th-a~t-l-,=-1::---V-r
2
_

2

_ -~-- - .~-~ ----- - ----

usual meaning./ · . : . , ' .2 P. ._ co W!'ere Ute .symbols have their 

a ~lease refer,io 1207.3 Supp Q.No. -7~ , . . [1+3} 

47. j2os2 Q.t~o. 6 al D~scu~s the phenomenon of Doppler's effect.. F.ind.th . ~ - ~- -
sourc~ of s~und p~sses a stationery observer. . e. change in frequency when a movin9 

'& Please refer to@o76 Supp. (SetB) Q,No. 7 ij . [4} 

48. j2os~ Q.No. 5 al What Is Doppler's effect? Derive the chan 8 In fre ··-- · ' --
'Sta~1onary source, , 9 · quency when, tn observer moves towardt 

a Please refer to §on Set Ea.No: 1ij ---~ [1+31 

49. ~058 Q.No. 5 a) What do you mean by lntenllty and lnten;,ty-level of ,~~d? D -fl--·· ::- ------
'& Intensify: Please refer to ~on Supp a No. 7~ · 

8
. ne bel and decibel. (4] 

Intensity level: The intensity level L of a s~und wave is defin d as the ratio of . . · . 
0 

the standard i,ntensity. Mathematically it is gi_ven by the equation, intensity of sound t 
, . I 

• 
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I :-. 
L == log1or .. . (i) J, ~ • 

0 ' • ' 

where, I is the intensity of i:he wave and Io is called the threshold value o"f hearing. It is ratio.of same 
'quantity and has no dimension although it is measUied fa the w:ut to b~ . . 

Bel and dec_ibel; The unit of intensity level given by the: equation L = log,o L is the bel. One bel is 

defined as loudness of J OO0Hz tone- whose intensity is ten times the threshold of a hearing. It is 
denoted by B. Its smaller unit is decibel (dB). 1 dB is ten times smaller than lB. So equation (i) is given 

. I . • 
in terms of dB as L = (10 dB) log10 ""i:' . 

so. @oss a.No. 2 ORI Deduce the expression for the freque'!CY · h_eard by an observer, · when the observer is 
approaching the stationary sound source. 

a Please ref~r to@on Set Ea.No. 7bf -

Numerical Problems 

s1. @015 GIE a.No. 111 A train is approaching a cliff at 20 mis. The driver sounds a whistle of frequency 800 Hz. 
What will be the frequency of echo as heard by the driver? Velocity of sound In air is 350 m/s., [4] 

Solution 
yiven 
Velocity of train (v0) = 20 m/ 

, Frequen.cy (f) = 800 Hz 
Velocity of sound (v) = 350 rn /. 
Frequency of echo (f) = ? 
Now, 

v +Vo ' 
f' = -- X f [·: = o] 

, V .:.vs 

350 + 20, 
= 350 - 20 X 800 

= 896.97 Hz· 

~2. §014 set A a .No. 111 A Cilr is approaching towards a cliff at a speed of 20m/e. The drlver-;~ounds a whistle of 
frequency 800 Hz. What will be the frequency of the echo as heard by the car driver? Velocity of sound In air 
= 350m/s. <# [4] 

a. Please refer to 12075 GIE a .No. 111 

S3. @073 Set c a.No. 111 A car traveHing with a speed of 60 Kmhr1 sounds a horn of frequency 500Hz. The sound • 
Is hea~d In another car travelling behind the first car in the sa~e direction with a speed of 80 Kmhr1• What 
frequencies will the driver of the second car hear before an after overtaking the first car If the velocity of 
sound is 340ms·1? [4] 

Solution , • 
Given, 

Velocity of sounding car (vs}= 60. kmhr-1 
60 X 1()()0 
60 x 60 = 16.67 m/ sec 

V 80 x 1000 · 
eJocity of.observing car (vo) = 80km/hr 60 x 60 = 22.22.m/s_ec 

Frequency of sound (f) = 500 Hz 
Veloeity of sound (v) = 340 m/sec 
Apparent .frequency bef~re overtaking the car, 

. f' V + Vo 340 + 22.22 
== ~ X f 340·+ 16.67 X 500= 507.8 Hz 

:',pparent fre~uency after over~g the car 

f' V - Vo 340- 22.22 
,;:~x f 340.-1(>.67x 500·=49lAHz 

,..1' . , 
' ' 

I 
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· -. 
1 

A stationary motion detector '. ends s. ound waves of 150 KHz· to\Y~trds a truck. 
54 12072 Set D Q.No. 11 · · · , k d t t .,.., (V I lty 

· h' · t peed of 120 km/hr What Is the frequohOy of wave ref,ected bac to e ec o, r e oc of 
approac mg a a s · . . · [4] 
sound in air = 340 mis) · 

Solution · 
Given; 
Frequen 

yeloci 

,, 
of sou1'd (f) = 1'50 l<Hz-= 150000 Hz 

120 X 10()() 
ob l'\r:>t (uo) :: 120 ki1,/ hr = 3600 , m / se = 33.33 m / se 

elocity f SOUl\ d ( ) = MO m / sec 
Apparent frequ.en y (f') ""? 
\ -~ ha e, he apparen t frequency as obser\red by the truck is,. . 

+ Uo ;,40 + 33.33 r =-- - - 1::: 340 . x 150000 "." 164704.41 H z = 164.7 KHz 

Ag!1m, 'the truck acts as a source with frequency f' pnd the observer is the det~ctor .. ,So, the frequency 
of w-a: · ,e reflected back to detector is, , , , ' 

1 
• 

( 

V ~ . 340 . . · .. , 
f" = v -vJ -f' ;:= 340 - 33.34 x 164.7 == 182.6 KHz . . i 

.:ss. -\2010 Sup {Set A) Q.No. 11\ A car travelling at 20ms-1 blows its horn which has a fr~quency of 600Hz. A 
stalitJnaJY observer notices that the frequency of the horn cbanges cpnsiderably.·as the car passes by him. 
Ca\c11\ate the change in frequency heard by the observer as the car approaches and moves away from the 

1observer. 'lgiven veloctty of sound = 330ms..:1) · · (4] 
Soution 

Gwen, 

Speed of car (Y s) .= 20m /sec . 
fr.equ.ency of sound (f) = 600 Hz 
Velocity of sound (v) .= 330 m/sec , 
Cl,.ange in.frequency(~£).;,,? 
When the car approaches towards stationary observer, 

V 330 , 
f' =-~ · f 330 _ 20 x 600 = 638.7 Hz' 

" • & .. ~ 

When the car passes the stationary observer, 
V 330 ' 

f " = v + vs : f = 330 + 20 x 600 = 565.7 Hz 
' I 

.: • ,1 

, , ' . 

Change in fre,qu..~DJ'.Y ~ard by th~ obs~rver as ~ar approaches and pass~s him is 
Af = f ' - f' = 638,7 - 565.7 = ,73 H z ., ' ' 

f • 

56, ~069 1Set A Old Q,No. sbl When a jet plane is flying on· elevation of 1 OOOm the s · · d 1 1 th d -ls 
4 Od- ... Wh-at- 1 ' • · • oun eve on e groun 

• _ u, - wou d be the intensity level on the ground when Its elevation is as low a 100 1 · [3] · 
~~ s m 

Given, 
r, = iLOOOm f31 = 4.d.B 
r 2 ;,::; 100m ~ 2 = ? 
Now, we~ve 

In.tensity (1) oc ~ 
Then, 

h =100 :. ·,1 

10002 

,: · 1002 

. A ain we have, . 
Je dilference of intensity l~vel at these two points is~ 
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..... 

M3 = f3~ - /31 -.. 

. . • · , = l~log,~nv .; io l~g {10()) = 20 clB · . , . 

l\{3° = 20dB 
·Hence, 
P.2 = 13,·+.1(3 

= (4 + 20) dB = 24dB 
He11ce, the required intensity level is 24 dl3 

. \ 

\, 

57. {20&~ 01~ Q,-N<>._ 5 iii When a Jet. plane la _flying at an elevatlot1 of 1000m the soond. fevef on the ground is 4.0 
dB. What would be the ·1ntentity ltvel on the ground whM Its elevation Is ai low H 50 m-7 . (4] 

Solution 
Gwen, 
t 1 =1_000m · 
l'2 :=50tn. 

ow, w e have 
1 

Intensilty '(I) ~ ~ 

. Then, 
2 

!i I'l 

I1 =2 
~ 

i2 = 4 00 
I1 

" 10002 

= 5()2 

= 4dB -' • .. 
= ? 

A gainl ~ e h ave1 . . . 
The difference of intensity level at th~se two pom:ts is; 
. .AJ3 = 132 - 'f31 . 

= l0log10G8 = 10 log' (40()) = 26.02 dll 

AJ3 = 26.02dB 
H~e.1 
~.2 = f31+AJ3 -, r 

( ., 

= (4 + 26.02) dB = 30.02dB . 1· 
.._ Hencel the l'.equired intensity level is 30.02 dB . 
58

· :2P6B ~ Id Can, Q;No. 5pl A .$ource of so.und generates , sound waves which trav~I with ·a- speed of 
frequency of-the source it 500. Hz. Find the frequency qf the sound heard if: . . 
i •. • The ,o.uriee is moving toward, the stationary o~server with a ~peed of 30 m,·1, 

i~~ The observer is .moving towards the stationary source with a speed of 30ms·1• 

iJJ. Bo,th •ource Jnd obs.erv.er move with a speed of 30ms·1 and approach cme another. 
Solutic,n 

Given, 

; peed of sou.Jl(j (v) = 330m/ s 
requ.ency of sourc .(f) = 500H~ 

Now 
Por (i) 
lls ~ 30m/ s-j 
Then, usil)g _, 

f' :; V 330 _ . 
. ~ x f ;:; 330 _ 

30 
)( 500 - S O Hz 

~en~-e, the required frequency in this ·ase is ,sottz. 
&am, for (ii) we have1 . 

llo ~ 30111.s-1 Us :;r; 0 

I• 

' 

..: 

[4) 
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Then, usil\g · 

f' = ( +v u9)£ = c~~~ ;03Q) xsoo - 545.45 Hz 

Hence, th 
Agail\, 

required frequ nc, i.n thi ca'~ i 545A:5Hz, 

for (iii , , · ha a, 

U o = :Om/ 
Then, u ing 

,r = +us) 
-u'!; 

4 . I 

H~ ll.Ce, the l'equil·ed. fl'equency in this c,a~e is 
0

600Hz. · · ·' 

>9- f#os7 Q.~~ 1~1 l2067 . Old Q.No. sbl An observJr -trav.elling with constant velo_city of 20 m/s, passes close to a 
~tioi'laty s0u·rce of sound and· notices that there is a chang~s' of frequency of 50 HZ as he passes the 

urea. · hat i s the frequency of-the source? Speed of the sound in air= 340 mis. (41 
So uti n 

Given, 
elocity of observer (u0 ) = 20m/s 
el:ocity of source of sound (us)= O 

Qb.ange of frequency = 50Hz · 
Speed of sound in air (v) = 340m/ s 
Frequency of the source (f) = ? 
. ow, we have, 

V±\io . 
f,' ------- -x £ 

±Us . ' 

In. fue a>ndition, ·when .the observer approaches tp.e source, . 
W,ehave · · 

V + U 0 . 340+ 20 · 360 · 
V xf 340 xf=340xf 

l8f 
or, fa' = 17 

Agam, 
when observer passes the source, we have 

. V - ~ 340 - 20 320 
f2' =--;- X f 

340 
X f = 

340 
X f . 

16£ 
or, f2' = 17 

Then, according to the question, 

t. I ,C I - 1'8f 1.§! -
111 - 4-l - J.7 - 17 - 50 

Or 50 ,;:: 1'8£_ -16f 
' 17 

2f ' 
or, 17 == 50 

f == 425Hz 

. . 

• I' 

·' 

'<" 

'I 

I• 

Hence, the required frequ 1 cy is 425Hz, · · 
- ____ _,.,,.....,. , ....... _.,....,_ .... ~ -~,.-.. .,. •• • "'P _ _,, ~-~- t __ .::....--

• 60. ~065 a.No, ,5 bl A car la movJng away fro"' a etatlQnary U~tener with a vetQclty of20m/s. If the ~om 15 

sounding at (req~ency 512 Hz, calculete the ehanqe In pitch of the sound received by the listener. 

(velocity of sound In, air= 330m,-1) · . · , [4) 

Solution . . . 

Given, · 1 

. .Velo~ity of source (us) = 20m1/s 
l \ ', 
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Velocity of observer (u0 ) = 0 , ·' 
Freque11ey of horn (f) = 512 Hz ,, · , 

Velocity of sound in air (v) = :330ms-1 
. Change iJi pitch =? 
Now, 

. .-·: 

We have, . I•, 

V ±U0 
f' ==---· x·f 

V ± Us · 

In this condition, we ca1.1 us~ , 
330 I 

f' "" V + Us X f = 330 + 20 ~ 5~2 

f' = 482?4Hz 
Hence, . 1 • 

Change in Pitch . ·= f ~ f' ~ (s1i ~.482.7)1-Iz = 29.26Hz. 

61 . j2063 a.No. 6 bl The intensity level from a .loud -speaker is 1.00 dB at a ~distance of 10m. What is its intensity 
level at a distance of 200m? · · ' . . . [41 

S~lution 
Given, 
For first case: distance (d1) = 10m, 
For secopd ca,se: distance ( d 2) = 200m, 

. 1 . h (d1)2 · 
Since, - . I oc d 2 ⇒ Ii = d

2 
⇒ 

intensity level (11) = 100 dB. 
intensi.t:Y level (h) = ?. 

h c10~2 · Ii = . 200) _ = 0.0025_ 

Again, the difference of intensity level at these two points is; 

132 - 131 = (10 dB) log10 G;) ~ ,-26 dB . 

· .'· . . 132 = -26 + 131 = (-:-26 + 100). dB= 74 dB . 
. ~ence, th~ required intensity-level is 74 dB. 

... (i) 

62. ~062 a :No. 6 bl The intensity level from a loud speaker is 100 dB at· a· distance of 10 m. Wha~ is its intensity 
level at a distance· of 100 m? · · • · · [4] 

Soluti.9n 

Gi:yen- . ~.1, 

131-= lOOdB. r1 = lQm 
132 = ?. r2 ~-100m 
Now, we have 

Intensity (I) oc, !
2 

. 

Then, 
2 

£ fl 
11 ,;: -2 

r2 

or,~ ~(:J =(i~)' 
I . 
2 . 

°i; = 0.01 

I •' 

·' 

Again, the difference of .intensity level at the~e two points is; 

132 -132:::: 10log1o(;~) = 10 x log,o (0.01) = - ~O dB 
J 

132 == p, - 20 

:a: (100 - 20) dB = 80 dB . 
Bence, the required intensity lev,el is 80 dB. 

· .. , · 11, = fooas •. 
.,, : ·.. f 

~ -' 

100m . 

, • , l 
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63
. 1

205
9 Q.No. s bj A note produces 2 beatls with a tuning fork of frequen~y 4~0 Hz and 6 beats/s _wit~ a_tuning 

fork of 472 Hz. Find the frequency of the note. [4) 

Solution 
Given, 
Note prod.uce i b a hthi.n.g foi'k of fr qu ~n y 480 H z== 2 bea t/ s 
Note pr du c.d b' a tuni.t\g fork of fr 4.uen 4'72 H z= 6 beat/ s 
Sin e, th note pr du s 2 b al:s with H,e tuning fork of frequency 480 Hz., the frequency .of the .note 

= 480 ± 2-= 482 or 478 H z. · 
Al ), the note produ cs 6 beat/s with the tuning fork of 472 Hz, the frequency of the note 

= 472 ± = 4 or 46'6 H z. 
the freque,,c of 478 Hz is common in both cases, the frequency of the nofe is 478 Hz. 

l»4. l2b$6 Q~M(), ) The ·noise from an airplane engine 25.0 m from an observer is found to have an intensity of 45;0 
tlB. What w'ill ;be the intensity in decibel when the plane flies overhead at an attitude of 2.0 km? [41 .' 

S ,:tutit>n · ' · · 

Give , 
d , = 25.0 n\, d 2 = 2.0 km ,; 2000 m, 11 = 45.0 dB, h = ? 
Le't l1 aod b be the intensities on the ground when the_.airplane is at an elevation of 200n:t and 25 m 

respectivcl . 
L. d ,2 

\ eh.ave, -=-=1.56x 10-4 
11 d 22 

Here; intensity level at 25m, 
11 • 

~1 = (10 diB) log10 Io ... (i) 

and intensity level at 2km, 
h 

\h = (10 dB) log10 lo. . . .. (ii) 

ow, equation (i) - equation (ii), we get 

~2 - j3, = (10 dB) log,o !:,-(10 dB) _log10 (!::) . 
, , . ' . ' 

132 = P1 + (10 dB) log10 (L56x1(}-4) = 6.94 dB 

.65. 1205:4 Q..No, 31 A column of air is _set into vibration and the note emitted gives 10 beats p~r seco~d when a 
tuoin_g fork o! freque~cy 440. Hz •_s sounded, !he temperature ·being 20°c. The frequency of beats decreases 
~ -tbe tun!ng f~rk 1s_l_oaded with a small piece_ of wax. At whatternperature will the·unl d d: f rk· d th 
arr coJumn wilJ be m unison? ·· · · . oa e o an e 

'So1ution [.41 

Given, \ . 

Beats per second =10 
So, the frequency of the pipe = 440 :t 10 H~ - 430 Hz or 450 Hz 
When tbe fork is Loaded with a small piece of wax, the beat freque , , i . . 
mu.st have the lower frequency. nc' .l ecreases, so the au column 

i.e.,f = 430 Hz . 
Lett"~ be the temperature at which the air column will be u1 unison. 
At this temperature, •the frequency of air column= 440 Hz 
v1=440 x ?,_ ... (i) 
Aud at 20°C t;h.e frequency of .air column is given by 
V2I) = 430 /1. (" ) • '.. 11 

Divj_ding ,(i) by (ti), we get, 
v, 440 >< i, 44 
~ - 430 x >.. J;:43 ... (iii) 

Since, v oc -fr', so the quaticm (iji) an be writt n ru, 

-J'273 + l _ ~ ⇒ 273 + t (i.. 4)2 
{2

73 
+ zo - 43 Z93 43 
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. (4~'\2 ' ,, ' 
' :. , t == 43) X 293 ~ 173 "': 33.73°C = ~06.331( 

! \ ~ 

·He11ce, the required tem.p ~·atui· i 306.33K 

;.- [054 a .No. 3 ORI Two ob~e~ets A and B-atep·~ovict-;d·wtih,.soorce ()f SOU-h(..-~f-irequency 500 Hz. A rema~ns 
statioi:,ary and B moves 1way from him et II vt!lt>elty of ~8ms·1, How many beats pet second are observed by 
B, the velocity of sound in air being 330 m ·1?, · [4] 

Solution · 
Giver 
Frequen v , f the s tnx:e (f) = 500 Hz 

elocity of SL und ( · ) ~ ~30 m ~ 1 

elocity of b et l' · o) = 18 ms-1 

el i of ource ( ) = 0 ms-1 

O · et et 1B is u\6 in.g awa · from the soutc;e i .e., opserver A. Apparent frequency ~eard by B is- given 

f1 = ( _- _() f, = 33~;0 18 500 = 472.8 H~ · 

Bea frequency (B) = . f - f, = 500 - 472.8 = 27.2 Hz ~ 27 Hi •. 
' \ ' . 

Hence,. 27 beats per second are observed by B. 
, • .r ,. 

) , . ·. 

• ~ J; 1 

't .. ' '· 

.. ii!-, , • ~ .... - Ci: 

·_ . - - \ i 

• I 

• t 

I, 

\I! ' 
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B. ·. Physic3:l Opttcs 
' ' 

. 'I . 

' I I' 
I ' ' p' '1 }{ ,. ·~JI'·- ',, ti' ,, rl: <i tfthf·t .,I':~··.:~·;;{' 

Short Answer Questions _ . . _ _ _ -·· -,---·--·-· --· . -· N·- ~~~-State' Huyg;n;~ :·p~i'n~i'pie:··6~·;~ it '~'ppiy't~-~~un~, wave in at(? l2J · 
1. 1201s Set~ Q.NQ~ §1 ·~2067 sue Q . .. ~· 1 ot'\Struction. of a wavefron,t which is . ~. A .... '... A" A • A' 

a. Huyg\:.1\s pri1,c1ple IS a ,geon,,~tJ ica f c ef. t t a later tihie froin its .. 
used to detennine the position o w~v .1011 a H . . ". -),. . 
~)Sition at an inst-ant. ihe principle L;, based on the fo ,ow1~g .... 

as_wm.p'ti l\S: , . . f s• 
Bach oint n lh primary (given) wavef~ont acts .. ~s a somce. o 

a. sec· .i,dary wa elets, the light waves send.mg. out from seconda.ry ..._ 
o.h:'e tra: ,el in all direction with the speed of light. 

b. The. ne~r posil:io~, 'of the ~avefront at ·any insta1:i~ is- given by the 
furward en elope of the sec{)nd.ary wayelets a~ that mstant. · 

8 . . d . ' B' 
es, it can be applied to soun wave. . . . ...... :···•··•-·············· . --;::.··========.-

2. @076 S~ C Q.No. 4~ ~075 Set A a.~o. 4al j2075 ·set· B a.No. 4al 12074 .Supp a.No'. 4a! 12072 .~et C a.~o. 4al 

B" B B' · 

.@10 set c Q.No. 4 bl ~056 Q.No. •2 c! Differentiate wave front and ~av~,~~- A · [2} 
'a.- Wa efront-at any instant is _defin~d as the locus of the particles of the·~. , 

medium.vibrating in the same phase. Every point on the ~avefront 
acts a source of ·a disturbance; these disturbances from the points are 
called wavelets. Each t>Oint on a ._wave surfµce 5c1n a~t like a new 
source of smaller· spherical wayes wh1cl:t are called wavelets. The • 
W-avelets ~y originate from the primary as well' as secon~ary sourc~ S. 
of light. W avefronts are the envelope of ~ese wavele\s. · · 

3. 12074 Set A Q.No. ,4al ~012 Set E Q.No. 4a! Explain With,proper, sketch, the differ~·nce~ between wavefronts and 
wavel~. . · · -: · , · . , · . (21 

l9.. Please refer to ~076 Set C Q.N_o. 4a! -

4. ~073 Supp a.No. 4~ ~062 Q'.No. 2 di Differentiate between a plane wavefro~t an·d a,spherlcal wavefront. 
a. A wa:v.e~ont_is the confinuous locus of vibrating p~rti~les of the 

medium whkh are in the same state. of vibration or phase. If a 
point sou.me in an isotropic medium (i.e. a medium ip which · 
th.e waves travel With the same speed' 41 . all directions) ·is rt+--4E---..-.w 
sending out waves in three qi.meJ15ions, 'the· wavefroilts . tlre·• · 
spheres centered. on the source as sl~own in

1

.Fig. ·(i), svch • a · 
wavefront is called a spherical wavefront. At a large distance · ( i) .. .. 
from a sou.rc.e of any kind, ~1.e_ wavefront will appear plane as (n) 

[21 

showm ~ . ii , <Such a wa~ef~2.!J!1..P~~~!:..wavefront. _ . . . 

5. @on ~ef D Q,No,,4!) What jJ the difference between wavefront and wa~eiets In the explanation ~f ti;yg.en's 
~ve theory? rr.::=~-:-::-:~--. . , (,21 

a. Please refer to ji076 Set C Q.No. 4aj ' 

6. '2071 Supp Q.No .. 4ij If Ilg ht trave,1, from , o;;-r;~lwn. to anot~e~ Its ve1ocil;~h~n9.-;S?!;Mue to change In 
frequen~y or wavelength? Explain. · · · (21 

a The_ ve)odty . of light is give~ b~ v = 'A x• ,L whe;r '"- is · wavel ngth oi light. in that medium -& f i~• 
frequency. Smee, frequency JS f1.mqarn ntal or "mpirj al parameter of a wave & it does not chc:lllgc, 
wi~h m~diurn. So, the yelocity of light w, ve ~hang soi, changing waveler,gth when light passes fro111 
one i:ne(jium to anot;her rnedimp. ___ · , · 

7. Wo11 ·setC Q.No.®sting~lsh-behwenwi'vefrQntSaruiw.iv~lets. ---.-~~- - ·- - --~~),. 
a:"'' P~ea'se refe( to ~076 Set c' ci.No. 4~ ·• 1 
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NATCIRE AND PROPAGATION OF llGHt , 71 
• h . • 

8. ~070 Supp. (Set B) Q.No. 4 ·a I A norl'llally incident wavefr~rit does
1 

not devia~e, when i_t frav,els f~om '"~ne _ 
medium to anot_her. EX:p,ain: . ~. . . · · · · . , ,.. , _ . . . , 1 

1 .. ,,. . , .• , / · · [2] 
. • ~ • . . , ' _r , . ·,tj J ,,.L . ' , . : . , .• ''1· ..• ,,: .. • • 

~ ~tcor~ing to Snell's ·la~ of refraction,. the refrac_ti~e index of~ m~liium ~s g1¥ e'l). ];?y~ J:l: :::;.· ::; , -ij~~fe i 

is incid~ent -angle and r is, refracted angle. For normal incidence,, i = 0, then r·~· o·as. i.t .-:;t:. 'o~· the .mini.di.um 
v~ue ofµ is 1 but never is equal to O. So, a nonnhlly incident wavefront does not qeviate, when it 
travels from one medium to another. · · ____________ · · ; 

9. ~069 Supp Set B_ Q.No, 4 bl Can Snell's law be verified from w;ve theory? Explain with (ego~-;-only. · · [2] 
~ Yes, snell's law can be verified from wave theory. . , · · . · r·,. 

From right angled triangle APP', . N M 
PP' ct 

sin i = AP' = AP' ; Air 
'· 
·c "."' vel. of light in air . X y 
From right angled triangle AA'P', 

AA' vt . 
sin r= AP'= AP'; Jr 
v = vel. o.f light in denser medium 

sin i ·ct C 
Now, sinr = vt =~= µ 

L' ·N' M' 
Denser m~dium 

sin i 
~ = sinr wh_ich is $nell's-la.w. 

10. !2069 (Set A) Old Q.No. 29! 12068 Q.No. 4 bl What is wavefront? . . (2) 
'a. Wavefr<?nt -is ·the locus of all vibrath~g particles which are in same phase·. The shape of wavefront is 

· differentaccor~ing to ·the ':riatllre and distance from the 'sour~e of light_. '; _. . . , . • 
11. @067 a.No. 4bl What is_ Huygens;s principle? · [2] 
'ls. Please refer to @076 Set B Q. No. 4al , , 
12. 12067 Old a.No. 29 When m~nochromatic light inc~dents on a surface, the refl~cted a~d refra~ted wave ~fl 

have sarrie frequency, wh'y? / . , . · , . ' · . [2] 
'a. When. monochromatic light incidents on a surface, the re.fleeted and refrac~ed _wave ·will have same 

'frequency beca.use frequency ·gf a wave is empirical parameter and does ·not change•with reflection 
and refraction. "' · ·. · · 

13. · !2063 a.No. 2 cl Which parameter of light qoes notchang_e on refr~cti~n? . ~ ) . · . (2] 
'&. During the refraction, of light, velocity and wavelengtv of ligpt wave are ·changed but frequency is n t 

changed because frequem;:y,· is fundam1ental paramet~r of l~g~1t w·ave. ~~ is t,1e charactetjstics of the 
s0urce that produce the wave. . .. , . -\. !"--.. 

IM-1u,;A2M1-m@MM,Et · - . . _ . , . _ 
14· ·@1s .Set B Q.N~. ab) j201s set A a.No. ab) 1~010 Sup (Set _A) Q;No. a.af !2069 (Set ·A) a .. ~o. Bal Describe Fou_ca t's 

-method of determining the speed of light.· . ' .· ·. ' · '•. , · · , (4}. 
· a, .Measurement of velocity of light by Foµcaµlt's Method; 1 • 

1
• · • , 

Construction: The experimrntal a
1

frang~me11~ c;,f Fou~ault'~ metho~ is ~ho~,vn in figure. 
. E l~I , 

.. -~~------....; 
' I 

M2 

B2 _ ·1· 
I . ,, ·~ " ' 

... . , l~~'~I . b-..-..1. '.·,, l , . f , .· . 
~ consi~ts o~ a bright sour<;e of light S, placed in front of a p, rtially silvered l .. I te p which 1~·, ·, 

·, . JPt ·,~t. ~ _angle•bf 45_0 to the a,xis ~f l~ns L,'which is kept between the glass -' Iateg ;~~-rr:tating:~i;~oi 
,. ~: .A concave mirr()r is kept at distance equal to· the radius of curvatu I pf •h· • · , · ·r'ror from , 
Pomt A Th . • · . d · , re o -t•e col1cave m1 

.- ' . • . -~~ whole apparat:us are arr;;iµge a~ sho~n in figure. :. , , · , 
• , , ' I, , . . . . J-.. 

' I 
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72 /. A COM~LE·T~ ·NE-B SOLl~TION TO P·HYSICS • XII 

• • \ I • 

lhe light fro~ source S . is incident on a qmvex ~e.i:is L. The light aft~r _p~ssu;ig th~<;>1~gl) . L .will 
converges at .. the point J. .If a mirro~r M1 is pli.:iced at .A,' Hght ·after" tefledidn from'. t_he .~urface of the 

. mirror M1 COI\VP.l'ges at the po~e E of concav~ 1nirror t:. The di"stance'b~tWeen t:~e . two mfrro.r is equal 
the radius of curva~1'.e., of the concave 11\il'ror. Th'.e Hght'refi~cteti'back from E al'ortg its original paths ·. 
finally. the i~age is fonne'd 01\ the sources·; As thete 'is half s~vered glass plat~ P incline~ at -~,n angle 
45° · to the axis: of lens, a part of light is t~flected by the glass ,plate and, forms an image B1 · of the 
sou~ce. If the mifror M, is totated by an ppgle 0 to new positiort M2, the rays reflected in this po~ition 
of the mil'ror are converged by the lei-is at pbh\t S1, then the• position of· I shift t0 11 and B1 to 'B2 as 
shown ii\ figure . · . " ·· ' 1 ·• • 

Calculafo:~n~ ·\,-et, p ·= number of revolutions per second made by the mirror, then time taken by 
m.irrot to to~ an an.gle of 0 radian is · , 

e e , 
t, =-; := -im, ... (i) 

Let, c == velocity of light and AE = a , . · · . . )_ 
A:lso, time taken by the light to travel from A 'to E -:a°~d back to A is, 

2a . ,, 

C (··) ' . . . ll 

Thus, equating (i) and '(ii), we obtain ' . e 2a ---
4xna 

C =--. 
'8 _ ·_ . .. (iii) . --

Therefore, kno~g n, a and· 8, the ve\ocity. of ·lig· .ht .c ca~ be cal~ulat
1 

e· d ·.. ' . . · 
A . ifth . . I • ' ' • ' - . 

,,J gamfr, the ~nu -15 rotated ~rough an angle. 0, the reflected .r~y is rotated througl{ an ~gle 20 It JS. 

""Ll.ear om e figure that . - 1 
• • • 

IL = a(28) . - · · .- , 

Since th~ poi~.ts.S, I an~ S1, l1 ~r_e conjugate points for the l~ns L 
SS, _ ob1e~t distance · · · · · •' ' 

· II1 - image distance 
SSi l 

or:, ll1 = . a + b 

S~e, SSi = B1 B2 =y, 
_y_ l ,· 
2a0 = a+b · : .. . (iv) 

P uttin~ the value of 8 from-eq1,1ation (iii) to (iv)" ~e : \ 
ye · L · ge, 

&na 2 = a+b ·" 

I; 

,\' 

81tna.2l 
C = 

y(a+ b) . . . . 
.. This _is requir~d '.expression to determine the speed of u, ht b · Fo · _· , · , · ' · 

the n_ght ban,d side can be measured in the experiment ~nd f ucault 8 method. All the quantitie oll 

The sp~ d o~ligh_~ __ fr_?1~ this metho~ is found to be 2.98xioll le~~~ the speed of light c~n b · calculated-
--~- ·-···--- --- _...... ms U1 vacuum . . 

15. '12076 ~et C Q.No. Bal ~072 'Set D a.No. Baj State and expiai~--Hu ___ _. ·-;~ ----··· _,, ___ ..:__ __________ , -
reflection on the1:bffJs of Yfave theory: · · ygen 8 principle and use. it to verify laws of 

a Huygen's prindp~e: Htzygens.prin.eiple is a geo•net:r•·c 1 ' . A' • • [4} 
fr hich · · · -~ a constructiOI\ f . 

la
~ wav_e onfrt w . IS ~~d to detennine the position of wavefront at a. 

ter time om its position at any inftta11t. The •principl ~ ... b d · 
f 11 

. . e w .ase on "11e o owmg assumptions: u 

a. Eac}:t _point on the primar_y .(given) wav front @cts as a sotirce of s•, 

~eq:mdacy w
1
a:elallets~ _the ,hght _whaves sending ~ut from se~oridary 

s~ur~es tra~e in ,µirech_on Wlt ., th~ ~peed of light. , 
b. The new pqsition of tµe ~avefropt at ~ny instant is .given . J:>y the 

. forward ,envelope ~f th~ secondary, wavelets at · that instant. . . 

/!-" A A' 

' " 
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i • • , · ., , • , NATURE AND PROF'AGATION OF LIGHT / 73 
Reflec·tion on ba~i~ 0 ~ , 'tt . · · .. . , . . . , ~ 'rave , teory: T •et X'/ b~ a r flectitw 
surface and AP be } ·f· 1 - • · · •'"· b , 

• I ' I :. ' I '' a-, p ~.1.\e W~ve l'Oht Just ~ncid. E!)lt 011 it, 
The mes LA and. Mn · l · 1 · · 1 

• • '· . . . · . '., , , , ,.., ';"' w: 1 are p erpe 1dkulai· to the , 

L N L' M 

. mc1,dent, w_av~fro~1t. A,r, represe1~~ incidept r~ :, ir AN, is , , 
nor~al .~ 1:flectihg surface at A, then L LAN = i is the 
angle of mc1dence as shown in figure'. 
The ~avef:ront arrives at point A (irst of all and will ~nive X ' . . 

I M' 

y 

a~ pomts B,_ C · · · later in time, but in. this order. Thus, , A 8 G P' 
dif~rent pomts on ~\e reflecting surface will become.source of secondary wavelets at different instants 
of time. When the disturbance from point Pon i.ncide1~t, wavefront has reached ipoint P' on the surfac~/ 
the seco~daiy wavelets from A, on the surface will have acquired radius, say equal to AA~ and those 
~m pom~ B, C, · · · equal to BB', CC', . .. respectively. The reflected wavefront will be the tangent plane 
A P' to':1chmg all the secondary wavelets. , The lines A'L' and P'M' perpendicular to the reflected 
wavefront A'P' are reflected rays. 'If P'N' is nom1al to reflecting surface at P', J:hen L N'P'M' = r is the angle 
of reflection. , 

Now, in right angled triangles APP' an·d AA'P' · 
LAPP' = L.AA'P" (both are right angles) . 1_ 

AA' =_PP' (di.stance travelled by light in same time) 
AP' = AP' (common side) 
Therefore, ~o triangles are congruent and hence 
L PAP' =L A'P'A .· . . (i) . 
As the angle between two lines is s~e as the a'n•gle between their perpendiculars,. therefore, 
LPAP' = i and LA'P'A = r· . . . ·' 
From equation (i), w~ have 
i = r 

- I 

ie., angle of incidence is equal to angle of reflection. · Flirt\ler, as the incident wavefront (AP), the 
reflecting surface (XY) . and-the reflected wavefront (A'~') are all p1erpe1~dicular to ~e plane of the 
paper, therefore the incid~nt ray (LA), normal (AN) and reflected 'ray (AA'L'), whicn are respectively 
perpendicular to AP, XY and A'P' alJ lie in the same plane. This pr.eves the second la·w of reflectio.l). 
Hence, the iaws of reflection are proved 'On the basis of wave theory. ' 

16. ~075 GI~ a.No. saf ~011 s·upp a.No. Sal What is meant by-- wave front? Verify Snell's law on the ~asis-of wave 

~~ ~ 
a. Wave Fr~nt: Wavefront at, any instan't is defined as the locus of the A Wave front 

particl~s of the medium vibrating in the saµi.e phase. Every poi.J;lt 
on the wavefront- acts a source of a disturbance; these disturbances · 
from, the points are ~alled· wavelets. Each po~t on a -wave ~l¼rface 
can act like a new source of smaller sphencal waves ~hICh are- . · • ,: ~; 
called wavelets: The wavelets may origin~te from the primary as 
well as secondary source of light. Wavefronts are the envelope 1of 
these wavelets. · · · 

J 
I< 

Refraction on basis of wave tlt¢ory: Le~ XY be a plane surface 
N 

' 1+- Wavelet 
I 

, ' 
I I 

. \ • I , . ., 

B 

.Air 

. separating air fdrm a denser medium an·d AP be a plane wavefront 
ju~t incident on it. The lines LA and MP which are perpendicular to 

the incident wavefront AP, represent inqident rays,. If AN is normal 

to the surface at A, then LLAN' = i is . the angle of, uiddence asX ,-,--¥-..+!-...;:;..,,,,_;.-.,:;r-:;,11.-----,y 

shown in-figure. Again the .wavefront arrives at point A first, ?fall \ 
and. will arrive· at poi.qts ·B, C, . .. later in time but in thjs order. ··· ... 

Therefore, diff~rent ·points on the surface XY. will ~ecome source of M' 
secondary wavele~ , aL different instants o time. W11en the Denser n:iedium 
disturba~ce from point ·P on incident ~avefronfhas reached point · · ~ . . 

1 

P' on the surface, the sec01:idar.y:wavelets fro~·point A, on _the s~rf~ce wiUhave acquired a radius/ ~ay 
equal to AA' and those from points B, ~ .. . equal to BB', ~C' ... resV:~ctively. _The refrac!~d. wave_fro:nt 
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74 ' .A COMPLETE N·EB SOLUTION to PHYSICS • XII . . The lines A'L' and p•~, 
., ' , · 1 . ,, nda:ry spherical wavelets. . 

will' be the tangent plane A P touchmg a 1 the seco \ [f PN' is normal .to tt1e surface of 
perpendicular to the xefracted wavefront A'P' are refracted _mys. . . . . 

. . •. ' -..1' LN'P'M' = , -is th · a1\gl of r~ftaction. . ,· . . . . .. 
separation at point P, t 1 n . · 1 d' As the distance PP m au and the 

. . . , d t1 el itt, in de11se~· me 1uro. 
Let c be velo ity of light U1 au at\ v, ne v O 

'J ' · ' rrt t1-1erefore · 
distan e AA' ll\ d. \\Sei· 1\\et\iUO:\ ar~ C vel' d by the light 111 same tl e, . ! , . 

PP' t ___._.. =---= ..... 
A I t . 

I l ' 

' . .. .(i) 
' . 1 ,if . ernendiculars, therefore, 

is sa111.e as tl,e c\l\gle between t ~e p r 
A · the a, le betwee1\ two m 
LP AP' = i al\ l L AP' · 1 = r , 

Fro1\\ .ri:ght an.gled. h'ian.'gle A P', 

PP' 
·, i= AF' 

ru\d ·foom right angled triangle AA'P', 

AA' 
in r= AP' 

Sllll . PP' AP' 
µ = sin r = AP' ' AA' · I 

sin i _ PP' . 
- . .. (ii) 

sinr AA' 
' from equation (i) and (ii), we have 

sini C · - .- = - =µ which is Snell's law. 
SIDI V 

Here,-; =µ, a const~t and is'call~d fu~ '. refr~ctive index of denser mediu~ with respect to rarer 

medium. _ 
Thus, the ratio of the sine of the ~gle 'o'f ihcidence 'to· the sin~ of the a~gle of refraction is a ·constant 

' . ~ - ' . 

for ·the given pair of media.. . . , . .\ 

Further,·it can be proved that t~e ~cident ray (LA), the norm~ (AN) and the refracted raY, (f\A'L) all 
lie in the same plane. This proves an~ther law o_f refraction. · 

Hence, the laws of ref~acti6n are· proved 'on the basi~ o( wave theory. 1
, 

11. j201.s Set B a .No. 1aj ~072 Set E a.No. sW@o11 Set c a.No. 8 aj !2069'Supp Set B a.No. Bbl 12067 a.No. Sal De~ 
-Michelson's method for determining the speed ·of light. · "' (Al 

,· ' / ·, .. 
a Measurement of velocity of light by Michelson's Method: · ·, · 

The . experimental arrangement · of -Michelson's 
experiment for deter,:nination of · velocity of · light Source 

Octagonal 
Mirror' 

consists of an octagonal mirror M1, a bright' source $, a · 
concave mirror M.2, . a plane mirror M3, a telescope . T. 
These apparatus are arranged as ~hown in figure . . , 
A cqllimated beam of ligh~ from e;ourc~ via slit falls on 
~ firBt face of the octagonal , mirror at an angle of 45° . 
This beam of light reflects by mirrors M1, M2 and M3 
and again ~ returned back 
on face 3 of the octagonal mirror M., again at an angle of 
45°. The light reflected by this face is then collected by a 

, telescope T and the eye at the posi.tion. At this l'est 

s * 

, 
45~' ,. 

' T 

d---~ 

positio11 qf the,mirror M,, an bnag~ of the ·ught sourc "W" 
can be observed in the/telescope, , , V _ , 
If.the mirror M1 is rotated, the light f<tturning to it from the mirror M will, n' ot b · 'd t' t """ allgl~ 

. o d h ill t t th t 1 Wl .. .i . e mc1 en a ~· 
of 45 , an ence ~ , no en er e e escopi. 1e,n the speed of rotation of nu· M • adJ·us 

· .. '· · l th . . · , rror 1 .1s so 
that the face 2 of m~ror-occupies exac~ Y e sai,ne p?s1hon as was oc.,ci.1pie4 by face 3 e~rlier (in 1/8 

' . . ,\, . 
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~ , • _. , 1 NATURE AND PROPAGATION OF L'IGHT / 75 
:';; ··revolu'ticm, 'of mirrot M1)'-duth1g this time li ht 'travel I' . . . . , · ' ' · 

, of source will r~al?pear continuously. , g ., sf o~n ~, to M2 and bc1ck to M,, then the image 

If d .is tl1e di~tance benveen the n.\irtor M ... 1 ~ M- d b. h , · · 
· · . 

1 
-

1 
• - 1 c, ll, 2 an c , 1 t sp eli of light, then the time taken by 

tpe hg 1t to trave from ;M: , to M2 an~ back to M, i · · · 
2d . .' 

t-c::­c 

If.n istlthe nu.
1
mbe;· of_!-eb· lutions per ct'll\d of mirror M1 and m is the number of faces of this mirror . 

then 1e ang ·er lat "'" Y the mu·r01· tiutfog the time tis · · ' ' 
2,f 

1
, e , , 

e = ;;- anl t =. <.o ; (I) 1s angular velocity (1f 1·ofoti11g mir1·0~ M1. 

e 27\'. 1 
, or, t= 21t f = 21t~'Un = ~ (': m = 21tn) ' •. 

'2d 1 
OL C = llll~ . ,.. 

c = 2rlmd . _ 

This ~ _reql,lired fohnula to ··calculate ~peed of ligl~t by us~g Michelson's method. In his original 
e.xperm1ent, tl~e speed of tl1e ow.tor was aboµt 528 rev/ s and d was about 35 km. He 0btained a value 
of~_99775xlQS ms-1 for speed of _ligp't in -v?~~um. · · 1 

1s. 1201,1 set a a.No. sa) What is a wavefront? Using ,·Huygen's principle proves that for a parallel b~ of light 
inoidenton a_.reflecting surface, the.~ngle of.inciden,ce is equal to angle ~heflection. • [41 

a. Wia,ve F~nt: .Please reter to 12075 GIE Q.No. 8~ . . , . . 

Reflection on bas~s of wav_·~ ~-l~eory; Pl~ase refer ~-? ·12076 Set c Q. No. a~ -~ 

1-9. 12011 set ca.No. s§I Describe Huygen's prin'ciple with -figure to prove ~tti·e laws of reflection and refraction of 
light - . . . -~ . ., - (4} 

a Please ief.er to !2076 Set C .Q.No. aa!_ _ . 

20. ~012 Sup·p a.No. saj What is ~uygen's prin~ipl'e? Show how refractio.n of light at a _p~ane inte~ce can be 
-explained on the basjs of ~av,e theory of light. · . - - (4J 

a. Please _refer to @75 GIE Q.N·o. aaj. t 1 
., _ .. 

'21. @071 Set D Q.N~. 8 al State a'nd'~xplain' Huygen's prii'lciple and use it to verify Sn~ll's law: [4} 
11. Huyg-en's principle; Please refer to @076 Set B Q.No. 4~ . 

Refraction on basis of wave ~heory: Please
1 
re~er to !2075 GIE 0 :Np. Bal . 

22. ~010 sup {Se~ A) .Q.No. s bJ State Huygen's principle of _.wave theory of light and also use this principle to 
verify the laws of reflection of light. · · _ •· ' · . [41 

~ . Please refer to 12076 Set C Q.,No, aal . j . ·' -•·r--------------- ---
23. @>10 Supp~ (Set B,) Q,No. "a bf State and use Huygen's princip_le of wave theory of light to verify the.laW$ of 

refraction of light. - . - , _ 141 
'a. Huyg~n's prindplf;: Please refer to @076 Set B a·.No. 4~ 

Refraction on basis of wave theozy: Please refer to !2075 GIE Q.No. 8~ ---- ' - ____ , ' . . 

24- @10 set o Q.No. 8 ;fstate ·and explain Huygen's prlnc!ple. U~e It to prove, Snell's law, [4] 

'a.. _ ~uygeji's ptinciple: Please ref r. to !2070' Set f3 O.No. 4~· , . 

~ efr•~ction on basis of wav~e theory: P lease refer t.o ~5 GIE a .No. 8~~- . ' · , 

2s. , ~69. (S~t B) ~.N~. Sb! OeScribe' Fo~;s~eXQ~rlme_ntal method for the measurement of the v_elQcity of lig'ht 

Wit~ necessary theory. · [4] 

. ~-~1.:~se refer to !WW set Ba.No_. ·a~ __ ·-~---•-1~-· . , • . _ • ·, 
28'· , l!§sa ¢a~. -Q.No.-Ba! 12o&s 5~-~-p~a-.N~~6~ State and explairi Hu~gen', principle. Use the princi~le to shoW that_a 

-~l~'\e wave incident obliquely on a plane mirror is r~flected as a. plane wave so that the angle of ~~oi~ence ~s . 
equal to the angle of reflection. . 1 - [ ] 

~ Please refer to@076 Set c·a.No. aal 

,,. 
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21. 12os1· Sup. QJ".lo. sbl .Describe Michelson's method to determine th~ speed of light. Write advantag~s ~ 
method over foucault's method. . · [3+11 , 

a Michelson's metho.d: Ple s:. r fet to 12076 Set B Q,No. 7a! 
Advantage of Mich !son's Method . . f h • 

i. This i a null m th d and o, th r i 1i t 1 asur m nt of th displac~ment O t e im~ge·. 
ii. °Th ima bri ht , t"ld o its positi ·,, can b lo at d with accuracy. . , . . 
iii. Th pp artn"\I ,,d di pp at 11· of th image is. quit ~brupt so th~t 1t comc1des with the 

it in th \:el p nl f r a parti ular 011stant sp d of the mirror. 
di ·tan b t · n t · rl\itr rs i v ry larg about 35 km so as to measure the speed of light 

a ' CUI.' te\'· . , 

2a. @64 Q.No, 6 ◄ St te and expial_n_H-uy_g_en-, •s-· p. rlnci~le .. Use _the principle to verify the laws of refraction of light 
on the ba"Sl$ of wave theory. · · . . [1+JJ l 

a Hu. g n' prin iple: Pl ase ,refer to 12076 Set Ba.No, 4~ 

R fraction ou basis of wave theol'y: Pleas~ refer to 12075 GIE a .iNo . . ~~ 

29. !2~ a .No. s a oR) Define Huygen·~ principle _and,prove Snell'$ law ~Y the help of ,vrcnfe:theory of light (41 
Huygen"s principle: Plea:,e refer t6 l2016 Set Ba.No. 4al ', . r · 

Refraction on basis of wave theory: Plea~e refer to 1207.5 GIE Q!No. Bal 1 -

jzos1 Q. o. ,6 al Prove th'e laws of reflection of.light using the wave theory: ...... ~-.--~- (Af 
~ Please .refier to @o76'Set ca.No. Sa! ' · · . • .. 

3'L @60 Q .!No. s al State and . explain , Huygen's prinq!ple. Use the prin
1
ciple to s'~ow that a plane wavefronf 

·ncident obliquely on a plane mirrofi~ ref!e<:=t!d as a1 plam{viaveffont so that the angle of incid~nce i~ equal 
m ·ftle angle of reflection. 1 , · · ,. -... , [2t2} 

a Please refer to @o76 .Set c a. No. sat 

/ I ; 
Num erical Problems 

32. jzo74 supp a.No. 1~~!n Michelson'.s rotating prism ~ethod, .the distance between the r~tating prism and tht 
:distanfmirror is 45 km .. A minimum speed of 416.7 revolutions per s~co-nd· is ne'eded to view the source- iff 

" the ·same position as ~en the, pri~m Js 1'! r~st. s_alc1,1lat~ th~, speed of ligtit. . . Pl 
S<:,Jution . · · , ~- ... · ' . , • 

Give~ . . 
Distance between mirrors ( ~) = 45 km = 45000 m 
Speed of p.rism (n) = 416.7 r'ev / sec; , 
Faces of prism (m) ~ 8 
Speed of light ( c) = ? 
We have_, 
C = 2rnnd , 

= 2 X 13 X 416. 7 X 450(){) 
:;: '300024000 m/ s 
= 3 x 108 m/s 

... 

'; 

' t 

' . 

t t f 

33• ~o7,4 S-;t A Q,No. 1a A P~~e·m~ Is pla~ed at the centre of·-~ cqncave mirror ha.viog radi.us of curvature 40 
. f •'!he plane mirror rotates at the epcte~ of 2600 revolutlone per second. Calculate the angle between raY 

:cadent:$ on the plane mirror an(f l~en reflected from It after t~e Ilg ht h41s t~velled to the concave mirror and
1 ack to the plane mirror. Given. peed of Hnht Is 3x1oa mis · ' (3 

Solution " · 
Given, 

Radi(1.1s of c~rvature (R) - 40 m 
Frequency (f) ~ 2600 rev / se 

, A11gle (20) :;:: ? , · 
V 1 · r 

e ocity of light (c) -= 3 x 108 / 
We h .. m sec ave, • , 
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40 

= 4.35 x 10- rad = ( 4.35 x 10-3 x 
1!0)° = 0.25° 

Then angle b tween in id nt nd r fl -' t d r 
2 = 0. - = 0.5° 

-34. pon Supp Q.No, 1~ The ·radiu of curv -une of the curved mirror I 200m and the pfane mfrror is rotated at 20 
rev s·

1
• Calculate th ngl in degrees between ray Incidents on. the plane mirror and then reflected from it 

after the light h s tr. v - tied to th curv d mirror nd baek to the plane tnfrror. (C = 3 ,c 10' ms-1) [3] · 
Solu ·on 

Gi l 

lOS - = 1.67 x lQ-4 rad= (9.57 x lQ-3) degree 

An le between incident and reflected ray is 20 
9.5 10-3 degree ~ 0.0192 ~egyee ·_ _ 

~ c Q.No. ".1 2112010 supe~JS~t-B) Q.No~ 121 A -~~am of light after re!!e~tion at a plane mirror, rotating 2 .. 
per minut~ passes to c1' d:istant reflector. It returns to lhe rotating-mirror fr~rrt which it is reffecfed 

:e an angle of 1° with its' original d_irection. If the distance b_etween t~e mirrors is 6250 m,_caku 
ocity of light -. . -

·Given, • 
- 2000 · . . 

Frequency of rotation (n) = _2000/min = ·60 = 33.3~_-rev / .sec 

Angle (20) = 1 °, e = 0 .$0 

j[ 

OI, 0 = 05 X l80 

= 8.73 x 10-3rad . , 
Distance.between mirrors ( d) = 6250m 

elocity of light (c) =? 
\ ehave, 

_ 4,md _ 41t x 33.33 x 6250 = 3 x 108 m/ sec. 
C - 8 - - 8.73 X 10-3 . 

l • 

-• W - . . g I a Michelson experiment for measuring spe.ed of ~igtit, ~e, distanc~ 
· . . -

1 
Supp Q..ND. - ." _ · · om the rotating mirror 15 4.8km. _The rott1tmg mirror h. s s 

between two reflections fri _ f f'io·tation of mirror the image is formed at the positl n re• n octagon. At. what frequen.ey o . - - --
mino form ft? 

lution 
Given, 

peed of light ~ = 3 x 108 JJl/ 
o, of fa of mirro.r {m) = 8 
o. , fr tati n p r (n) = ? 

Distanc trav lle(f (D) = 4.8 .km 
D 4800 

Distance betwe o two Jllirror , d ;:; 2 = 2 = 

We have, 
C = 2mnd 

or, 3 x 1()8 ::. 2 x 8 x n x 2400 
: . n =. 7812.S rev/ ec 

00 Ill 
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37, 12010 s~ -Q,N ~ DJ @n101d Q.,t,Jo. o'a A b m of light ls r .fleet d by _• rotating mirror on !° ~ ~~~l~ . 
'Whlth sends It back to the rotating mirror Which It Is again refl cted making an angle of 18 with its onginat 
dlrectlol\, The distance between the two mirrors Is 10 ,km and the rotatlng mtrror is ma.king 375 n?volutio:ns 
ptr'Second. Calculate the ~eloc!t.y of light. [CJ 

Soh,tlon 
i el\, 

Th~ d vintiot\ of rdl ted ray from the original dir lion, 
2H -= 18 

or, O = 0 = 9 ~ 1·ad 180 
,Hs tilnce between two mirror~ (d) = 104 m 
fn.--quency of rotating mirror (n) = 375 rev/ sec 
velocity of light (c) = ? 
We have, 

4nnd 4 x 1t x 375 x 104 x 180 
c = -- = · = 3 x 108 m / sec e 9 X 7t 

Hence, .tHe velqci!:y of light (c) is 3xl(}~ m /s. 

38. ~os3 a.No. s bl A beam of light is reflected by a rotating mirror onto a fixed mirror which sends back. to the 
rotati~g mirror from whi~h it is again reflected and then makes an .angle of 3.6° with the original direction.. 
The distance between \he two mirror is 1 km and the rotating mirror is make 750 revs-1• Calcul-ate the e1ocity 
of light ' 

Solution 
Given, 
Frequency of _rotating mirror 
n = 750 rev s-1 

Deviation of the beam after reflect,ion from the ro~ting n,irror 
20 =3.6° . . 

3.6° . 7t 

. . e = 2 = ... l .8° = 1.8 X 180 radian 

Distance betwee11 two ulirrQrs (d) = 1km = 1000m 
Velocity of light (c) = ? · 

We have, relation for velocity of light as • 
c _ 4nnd ~ 4n x 750 x 1000 x 180 _ • 

-:- 0 - . 1.8 x n . = 3 x 108.m/s 

Hence, the ~el?city of light (c) is equal to 3 x 10S 'm/ s. 

39. @oss a.No. s ij The radius of curv·:at~u~re=-=of~t:;::h:-e-=c--u .... rv-e-;d-m~i~rr.:__o_r~is- 20 ___ _ ___ ___ ---: • 
, '• caJculate the angle in ·degrees between a ray, Incident tfl ~ and the plane mirror ,s rotated at 20 re'4S' 

the light has'trav.elled to.the curved mirror and back.to th on I e P ~ne mirror and then reflected from 
Solution , , · . . e ,p ane mirror (c = 3 • 1 QI m s·'). [ 

Given, 

Thedi_s ta.nce _between the plane mirror and the curved mirror (d) == 
Velocity of hght (c) = 3 >< 10s ms-1 , · 
Frequen y of mirror (n) = ?O revs-1 
Angla (20) = ? , 
Now, 

4 Md 
C =er-

or, 0 
4.1tnl,'{ 41t X 20 >< 20 ' 

= ~ = 3 x 10li ,;: l .675 x lQ-5 r d 

e == 9.6 X 10-4 degree 

40 = 2 x 9.6 >< 10-4 degree 
= '1.92 x 10-3 degree 

QQQ 

Om 
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Ailtge l\Uill. b'i.'t of,f 1·ee l!~l!clt'.Q!1f 1tf f ,Pf~f (itif ~f~JW~~t g; Why,;-
, ,'·:htttent:1n llie absence -of ~l~ch·ic field across H? .. · .. ·· _ .. · ·•.· .... < . - · " · ¾ ,. ·, 

·Clicck 1101u- 1111detsta11di11 , 

"'.b{n;:j:a the absence . f electric field a ross a conductor'. I?~ '~eEi ) 1edr®s inove inf 
~~dion. During their m tio1\, an ,lech·011 ct'>llide with othe~(!lecfr9~s:an~ i6ns in tliifrif' 

~\~--h~, · ,e ttel: rlisplac~m · ltl z r making driftyelocity ~-~!Pf .~~;~1Jow;,,J1~ .-p~v !\:-~Jr:,,/( -:~ 
e~~)'\~~~ ·:~'~ zi:h~ dtt~t .. 'el ity~ ' , ince; Y•' :., Qtn/4,~~ ~,,y,½m;.~-~'.·t~~~~:t'.il:i/&i'.};'.'.;t:s:J.~j;f:~::ff{Lf:tisL:⇒:J~{~'' A, 

WUiiJWld)@QiidJ•J• A copper wire of diameter 1.02mm carries a c?nstant current of U7A 
The density of free electrons is 8.5 xt028 electron per cubic meter. Find the magnitudes of the 
current density a d the drift velocity. 

Soln: 

The cross sectional area is 

A 
nd2 1r 

= 4 = 4 X (L02 X 10-3) 2 

= 8.17 X lQ-7 m2 

The magnitude of the current density is 

I 1.67 
J = A = 8.17 xIQ-7 = 2.04 x 106 Am-2 

The drift velocity v = !e 
2.04 x106 

=---------
8.5 X 1028 X 1.6 X lQ-19 

V = 1.5 X lQ--4 mjs 
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9'111111 :elati _ n P 
i.l:AIJ 
H · 

and E 

::- m 
V 

or, r =-= R 

c 1 I := - , X /\ [ ·: f == ( / / 
- ' p 

,r, ~ ~ f, (i ) 
J - rr r 

This j~ l-n ,...,111 ac;, , ~1 r r 11111 t f hm 'i.., l,1 v. 

mt rof1JJ2~ 
ross sectirrna1 >JI ' r v ir • h . a 

nl f1.67 A.find: 
a 

1 m nitud in th wire. 
bctw en two points in the w ire SOm apart. 

fa Om length of this w ire. 

"ol: t ( ) = 1.02xJ0-3m J = o E 

al r •a (A) = .2x1Q-7m2 

E magnitud (E) = ? 

P t ilierenc (V) =? 

Len 1 (() = 50m 

Resi t 1ee (R) = ? 

W h 'e, p = 1.272 x lQ-BQm 

I 
or, E =A x p 

or1 E = 0.0259V m-1 

Again1 

V = E x d = 1.295 

Th - ~ -o 
en, R - A = 1.27_ x 10-S x --­__ x}Q-7 

Det pU!j The resistance of a .---
e ist - temperature coefficien c cond:1ctor at 2O0c is 3. 5 Q nd at 1000c is 

ance of the conductor at ooc? t of re istanc of the co du tor. Vhat will e the 

S0/11
: R1 = v ( 1 , a.G ) J_'\.o T • J and R2 = . 

On dividing, ( 
1 

+ CX02) 

R] _ I+ uG] 
R2 - 1 + o:02 

or, R1 (J + c1.G2) = R2 ( 1 + a81) 

R2 - R1 or, a=-...:c.__::..__ 
- R1G2 - R201 

Here, 81 = 2OoC, R1 = 3. J SQ 

82 = 1000c, R2 = 3.75 Q 

0. 0 0. O 
= 315 - 75 = _40 = o.oo_soc-1 

ell l Rn= _ Rt = 3.15 _::::3,09 
_l + a0 1 } + 0.0025 X 20 
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-;- ~075 Gf~ Q:No. 
4al What __ happens ·on the interfe~- frfnges ln--a .Young's doubf~ slit experiment when '(i; the 

screen 1s mo~ed away (11) the source Is replaced by another ource Of short·er waveleng,th? · [2] 

e know tha t frin- width (J3 in c ung ', doubt lit •'XP rim nt is given by ~ = 11.c7·, where D _is -

distan e betl>\ n ·lit and s i tioll of :l A . ngth of light u d . . . 

i. \ th D in ' r E' fring 1 w f f tl in and b tter inte rference 
f 

ii. If l f , ho t · w v l ngfhs, then the fdng wid th decreases 

- ... .. ---· . ·-·. - ---•--.. ... --·--
of light? Can two di ul · , tar , act 

12} 
fair urc ~ f light which mit ligh t wav of the same wavelength an 

al a , in th p hase with each other or h ve a con tan t p hase di.fferem:e. Two 
.mtlet>ennen u f light rumot b coherent sources becaus they may emit th fight wave of 

-a- ;e} ngtl at d frequency but they never are in same phase or a t a rni:istant phase difference. 
· rent l ulb -, ... imila l' in all respects, can not act as ·coherent sources. 

-_ _ ~ o. 4j Two waves a~e repre~ented in usu~1 notation as y1· = a1_ sin wt and Y2 ~ ai 
1 nd b. What would be the ratio of their ampfitu~es w~en ~1 = 21~? 

1 = a1 sin mt 
and 2 =a2 sin wt _ 

and I_ be their intensities, ·then 
ex: a::i 

1.i~ ~ 

11. =~ 

11 = 212 

en, ~ =(:D' 
o 1 2=(:!Y 

a, _r,., 
or, ;- =v2 

i.e., ....J. = - '2 : 1 . . ·. . 
a2 -V 4 . . 

Thus · . · i,tudes wou ld be ..Ji : 1 ____________ dil P,-:l-~~~-:-----
@7 lit Jntorlerenu .experim -;;t setup_ aod th 
The· Jmmer ~ ed in water, How do the frm9e P 
1n a xp rimer t, the fring width d • ot d 11 P ·l i 

AD P=-4 
Wher -, =- w v L ngtJ of Ugl 't iJ ~ j , ;:;; H h ~t · 
between two slits. WJ n th wJ o1 ppa atu i.s k _ f t in 

d t b ~th :list n 
:f It ht hange . So, 

aw in .water is given as, 
D 

f3w = Aw d 

Here,~ = ~ d Jw 
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. . . '·. . l . : .. , , . ' 
The fringe width decreases to a factor of- times'that in air. 

~W • . I 

;. 
1
~012 set o Q.No. 4a( Does the lntet.ference of light wave obey the law of co~servation of energy? Expt,ii:a. ·. _ 

~ Yes, .the law o'f COl\servati~m of e11etgy obeyed in case ~f intedeie11ce of light. During interference,of 
light wave, there is uneq\lal neigy' distribution Thete is greater energy at bright fringe and , 
mi.J.1ilnm11' energy t d.a1;k h:i.J.\ge. This 11,eans U,a.t the e11ergy of dcitk fringe transfers to energy of 
bright fru.\ge ~1.1d total enel'gy remains same. Hence itlterference phenomenon obeys law of 
con ervation of e1\ rgy, · · 

;. \2~11 s~t c Q.N~, 4 Q.What are the conditions for constructive and destructive interference of light waves? (2} · 
~ F r col\ ~cti: mterfere1,ce, the path difference between. two ir)terfering waves_ should be ~tegraI 

multiple f ~velen.gth of wave i.<L p~th d~fference = 1111., n = 0, 1: 2, 3, ... and ).., is wavelength.of 
a e. 

Fm des'tru. tive interfere11ce, the path difference between interfering waves should ·be half of odd., 
. . , . . )-.., . 

nun\'be'f int-egral multiple of wavelength i.e., p~th difference= (2n + 1) 2 , n = 0, 1, 2, 3 . . . 

r~ ~'070 sup (Set ..A.) a.No. 4 bl Is the law of conservation of energy obeyed in case of ititerference of' lightr 
&plain. · · · - (Zl 

& Please refer to )2072 Set D Q.No. 4al 
B... \207i0 'Set C a.Nt>. 4 al What should be the P.ath diffe~ence between two interfering waves for con~ctive I 

mterlerence and d~structive interference? . . '·,. I • • • • •• ' • • . • - m I 
a Ple~e refer to \2071 Set Ca.No. 4 bl . _ . . · . . . , _ · ·- - \_ 
s. 

1

\2068 Can. a.No: 4al \2_066 supp a.No. 2cil In Young's doubl~ slit experiment, how is the fringe .width altered I } 
_.the-separation between the slits is doubled and the distance between ·the slits and the screen is halved? f2l 1 

'a. In a 'Y.oung's doub_le slit experiment, 1:he f~i.J.1ge width denoted .by (3 and given.as 13 = "-~ _ 

where, A is lhe wavelength of light used, D be the distance betwe,en the . ~lits and scree~ and d be the 
'S~ width.lithe separation ·between the slits is .doupl~d and the · distance between Ule slits and the I 

scneen is lialved, then the fringe width is given as A• ·= AD/ 2 
= AD = 1 A. . · 

· · • . : .., 2<,l · 4d ·. 4 P 

Thus, the fringe ·width is altered b_y !
4 

tim if th · b .. es e separation etween the slits is doubled and the 1 

distance between the slits and the screen is hal~ed. ' 

1il. 12.0j;~ Old a.No. 1dl 12065. a.No._2cl What do you ~ean by c~herent source~ of light? . (ii' 1 

~ Coherent sources are a pau of sources of hght which em:it light wave f th 1 .. 1.. ..:"'d 
f h.i h al · l · . s o e san1e wa e engu.l ..... 
_.req~ency w; c are w~ys mt 1e phase with each other or have .a constant phase differen _"T 
mdepe_ndent sources {'f light cannot be coherent sources b~cause they in - •t th li h I 

h - ,t f 1,...,. h · . " · ay em1 • e g t a: 
same wavelengt a1w requency uµt t ~y never l?e in same phase or at a t t 1... :life e'"' · · · · · 1 h . . . • cons an p.oas t. 1• r ~-= · 
So, j,t 1S difficult to_ make t 1e co erent sources. However, two sources of light obtain d from a sul&l 
s0111ce can be cons1'1ered as coherent souTces.- · • :-:-~-2~~~~~~~::-:=~:::-'.i:7.:::;:;::7i:::z=-:--.--::-::-:-:--:-:--_.:_ _______ _,,.,. 

, 1. [067 Old Q,~o. 1ct What are the conditions fQr ~ustain~d lnterterence-of light? . p} 
t,.. . Conditions to produce Interference • 

The two interfering soµrc s must be oherent 
The tw,oji1terfe1ing waves must have same amplitude or n a 1 equal a:nwlitud 
Tiu.~ waves 6hould b,we a ert.ain p.&tl11 .diff r nee, 
The light source us d 'must be monochromati , 
The two sources must be very close to j;l h oth r . 
The two sources should be very narrow. 
For constructive i.nterieren~e

4 
path diff ren e = nA, and for destru tiv ~ u:1terference, path ctifference ~ 

( n ,- ½)x ,· where n is the _irlt~get and X is the waveleng\h. of ligh\ used. 
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~ 4 a .No. 1 cij .Distinguish _between interf~~enc~ and di~raction·.' 
, Difference between the mterface and diffracfion are 
'It­

' ( · [2J 
I' 

.Interference Pjffraction: . · 
a. It is due to superposition of wavelets of 

different wavefronts. · · 
a. . .~t is d~e to supei:p~sit~o!1. of wavele,i:s of the 

differei1t arts of same wavefront. · · 
In interference bands m ay . of equal 
width. 

b. Diffrac tioi1 fringes are not of the same ~19th. 

c. of minim um i.hte11sicy are c. Poin~s of ~inimu m . inten sity are' not 
d a rk. eifectl dark. 

d. All bright ban ds are of unifomt intensity. d. All bright bands a_re not of the same 
intensi . 

e. Bands are lar e in number. e. Bands are few irt number. 

13. ~oss a.No. 2 cl Why have the two sources of light to be close to each other for the production of good 
interference pattern? · (2) 

We know that, fringe width (13) in interf~rence_ patte~ is given by: 13· ="'~;here ·D is fhe d istance 

betwee.n,slits and the screen; dis s~paration b~tween the slits and,').., be the wavel~ngth of light. 
. . . ~ ' . 1 . . 

From above expression, it is clear that, 13 oc d 
If the _coherent soµrces ar e close to each other i.,e., for small d, the fringe width ~ill be large ~d h~nce 
good hi.terference patterns are obtained. . . . . 

14. ~057 Q~No. 2 cl Can two independent sources of light produce interference? (2) 
'a. No, fwo --sources of ligl}t cannot produce interference. The ljght wave emitted by two identical but 

independent squrces, even though have same frequency and wavelength do not have constant phase 
difference i.e. they may not be cohe_rent. ?O the sustained interference pattern ,will _not be ob~ ed. 
Due to rapid change in phase difference the intensity of bright, and dark fringes will ch~ge rapidly. 
But as the time 6f persistence· of fringes .is smaller than the time of p~rsist~nce of' human vision, we 

- will pe unable- to see the interference pattern form~d by 'the, independent source ~f. light. So, -two . . '- . ; . 
sources of light cannot produce interference. 

_lei•i4,@h4i"M4MM,M ,,_ · 
15 .. [01s Set e Q.No. sal Describe Newton's ring experi.me'nt and derive e_xp~ession for ~velength of lig_hl 
'ls. Ne:wton's Ring Experiment (petermination of vyavelength of-light) ·. 

Plano-c~nvex 
lens 

. Flat glass 
• Plate 

Traveling_ 
microscope 

Fig (i) ·Newton's Rirg Exper~,rneAt 

I. 

1.· 

I 

Source 

F\g (ii) 'Newton's Rin~ 

[4] 

I . 
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Newton' Ring e pl~rinpntal apparatltS for dcterminatio,n of ~avelength of lig~t co1\sis~ of.,, 1p.lano:­
con e , lens pl, · •don a flat glass plate; a sou rce of li-ght (gencr~lly sodium lig1'H), a glass plate kept at 
4S0 to th incillcnt beam and n tra •ling micro cope. i he opparntus arc arranged as shown in figure. 
A our e of light is plah.id at forn s of ·01wcx kns . Tbc rrty of light a fter passing through tltis lens 
be onP parallel and s t1·ike to U,c glass plAtt! whl h Is pMtlally si1vcred. These rays get reflected ahd 
·ttikc to th , phm -col\ Q • \Qns. The nir film Is fornwd bclwer-n the flat glass plate' and lower face of 
f \ano-c 'm , , \ '1\s. Th~ ,\ir filn\ .is f-tirmcd. circular m,d width varies from zcto to ·ihfinity. The light 
ra , 1 ' fleeted frun\ uppei' surface of glAss plate and lower surface of piano-convex lens has s01ne path 
d'if.fc1,e1\ce. Th~ t'dlccl:cd l'a s get superimpose and form interference pattern in the fo-irtt of ring 
call~d ev ton's ring. The ·entral ring is dark and then allernate J.ark and bright rings are formed as 
sh wn in fi.p,u~ (ii.) . Th >se rings me formed due to the superposition of reflected ~eam of light. Here, 

th~ radius nf n th bright r~,g is r,, = ✓ (2
n

11
-

1
) AR and . nth dark ~ing .is rn = , -{tlR where ), is 

wa let\gth of l_i.ght used and R is radius of plano~c'onvex lens. 

Determination of Wavelength of Light: 

If Dn be the diameter of nth dark ring; then rn = ~n 

Dn _c:;-;; 
:. 2 ="\JnAR 

or, Dn2 = 4I1AR 
~intilarly, if Dn + m. be the diameter(~ ·+ m) th dark ring, t1,en we can write, . 
D2 = 4(n + n1) 11.R · . . · · • 

n+m _ 

D2 
- D2 = 4 mJ...R n+m n 

and PQ = (x + f) 
. ( d)z 

Now, AP2_= x - 2 · + D 2 
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And BP2 =·(x + dj
2 

+ D 2 
" 2 

: '. ,· 

50 , .BP2 - -AP2 = (x ·+_~)2-(~ ~ %)2 
2xd 

BP- AP= BP+ ·AP 

If the point P lies c1y t1ea · to C, th~tt 
BP ::: AP::: D, 

2 ,d 
BP-AP= 2D 

' . dx 
I. e 1)ath difference = --. . •r r , D 

Since, phase difference 
2rr , c 

= T. _(path difference) 

. _. . (i) 

The point P may be bright or dark fringes depe:t:1ding upoi, the path (fiffere:nce. (BP - AP). 
Case (I): Bright frin·ges~(or Constructive interference) 
When the path difference between the 'two'· paths· is integral multiple of wavelength (i-..), the bright 
fringes are·. obtained. · 
i.e. Path difference = ~,X.. where n = 1, 2, 3;• .. : 

xd 
,or - = ·ni ,_ D - I\. 

nAD 1.·· , 

x =--

I , ,, 

d , 
When n = O, it gives .the zero order which indkfites central brigh~ fringe and n "." 1, 2, 3~ 4 -·· gives the 
1st., 2nd, 3ra ... or.der bright.fringes and so on. .• . ' . . · , . _ . ' . . 

. 'A.D- . . 
Thas., · for, IJ. = 1, · X1 = 7 

2>.:D 
.), 

n=2,- x2=~ 
· ·3,,0 

, for, n = 3, X3 =-d · · r . . .• 

1 
,, nAD. 

and 'for, n -= ·n, Xn = d 
The distance between ·the two consecutiv<=:,bright fringes _called fringe width (rl), is 1v n b 

. B <= AD 
X,2- x,;: d . 

Cas.e (ll): Dirk fri~ge,s (o; Destructive interfe~ence) . 
~hen the path difference bc>tween two paths is half _of odd inkgr:\l l f w ·:\ l 'ng,tl1, th 'n th dar . 
fnn-ges a.r ~ obtained. 

i~ · ' . (2n + 1) 1 2 3 ..... , PGlth d1f furencl~ = 4 A, I) :;:; Q, r I I - I • • • 

or ~ (2n + 1) 'D ::; ·~'A 

~ ::; (~n
2
+ 1) "-.D 

. d 

~his-equatio1., ~ives tlie dist?tncc of the d 
. i..D for, n=o,x--

1 o- ~d 

,I· 

' \ 

rk fring s frofo the point C. 
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for, 
3AD 

n = 1, x, = 2d 

for, 
511.D 

n = 2, x:2 = 2d 

for, l l = 11 , = rn+ 1) 1uD 
" 2 d 

' / 

The-d istanc b t~11 two conse utiv dark fringes called fri11ge w idth (13,), is given by 
11.D 

13 = ':2 - ' 1 =-. d 
Thus, both dark and bright ftinge-s_ are of equal width. 
This shows that th~ fringe width p is: 

a. Directl) proportional to th e wavelength of the light_ used. 

1.e., f3 oc X 
b. Directly proportional to the d istance between the screen from the coherent sources. 

I.e. , (3 d:. D 

c. In ersely proportioi1al to the distance between. he slits. 

- 1 
Le., J3 oc d -

d. Independent -of the order of the frm-ges . S0, all ti,e interfere~1ee fringes are of ~qual width. 
The intensity distribution in Young's_ double slit experiment is given as figure: 

' \ 

. It · 
.I 

~<P ➔-

Fig: Intensity Distribution Graph in Interference . 

17. '2874 s upp a .No. Sal 12011 Seto a '.No. s bl Describe Young's double slit :experiment and obtain an expression 
for the fringe width. ~4] 

& Please refer to 12075 Set A a .No. Ba! ' 

18. ~074 S et A a .No. sa) Define ·coherent sources of light. ·Prove· that ihe _da·rk and bright fringes are equally 
spaced in Young's double slit experiment. .- , , • ' . [4] 

:a ·coherent sources of light: Coheren_t sources are a pai,r of sourc.es of light which emit ·iight soi 
the .same wavelength and frequency whi~h are always in the phase with ea.ch otlw r or hav 01,. tant 
phase difference. Two independent sources of ligh~ cannot be coherent sources because the ma 
emit the light wave of same wavelength and frequency but they nev er be in sam ph a e or ·'l t a 
constant phase diff~ren e. S01 it js d ifficult to ' make the coherent sou r e . How ever, two s u rc- · of 
light obtahfod from a single source can be considered as coheren t sources. 
Second p art: Please refer to 12075 Set A a .No. aal . __ _ 

-:.s·7ib7_3_S~pp-·a.No~ ·s~·@o'69 (s;t A) ·a.N~. ~Bbl !2068-oid Can~ Q.N~:aa ·0®'"12os1·-sl;(? ·a.N9.-sai Pr~-~~-a~·;,ytic~l-ly that 
·,, the bright and dark fringes in Young's double slit experiment are equ,-lly spaced. · [41 

a. Please· refer to 2075 S t AO.No. 8a ' · 

20. \2013 Set c a.No. saj 2012 sot c Q.No. a 12010 set o a.No. s bl What are coherent sq~-;;es of light? Describe 
double slit experiment to find th~ frln e width from the experiment performed with light waves. [41 

~ Coherert~ Sources: Please rf;!.fer ~068 Old Q.No. 1dl 
Y<;>Ung's double slit experim'ent: Please refer to ! -2-07_5_S_e_t_A_o_ '_ N_o __ -a-al 
, • , 1 t t I 

, \ 

puspas.com
.np



. ' . 

2( @"12 supp·a.No . . abJ Wh;t ar~·-the ·c~-n-d .. .._-t; _ f_ . -=--- , . · INTE.RFER~NcE'. , · 85 
, th t · y , · 1 ions or constructi ;;;d~ ::;:=:;:-. =--:.:-:--:--------=-

Show a . m oung s double slit'experiment the d k ve an ~~struct,ve. interference of light waves? 
l!,. ~~ease refer to l~~-~s .~et A_O.No. aa) ' ar ~nd 

bright fringes are eq_ually spaced. _ [4] 

~;.-@10 Supp. (Set B) a .No. 8 ·io1·scbs$-.. l·h·e··vo·-"• ·;";•"·",r•·~·--•• .. ····---· --·---............ _·--·--·-· ······--·-~------ - , 
fringe width. _ . , · ung 8 ouble sllt experiment- and detetmine the expression f~~-

"B- . Please refer to 12075 Set A Q.No. aj.) · .. [4] 

"i"~o69 Supp Set e_ Q,No. a··;ro~scrib;··v~~-~g;-··d~iiii'1e-,'i'iC~i -"·· . r ··-·----:..·~- ··•• .. -...... -:·-····- ·--··-- _, _. __ 
width of the pattern. \ . , , pet mtnt t>f ,r1tet1e,enct t~· estimatt· the fringe 

~ Piease ref r l'_?- 1:_975 Set A Q. No . .J~J ~ --:---:--:-.J.-...---- [4] 

24. ?0~9 ($et B) a.~ ·. Sal What ~re th~--~·a1;,--characterlstlcs ~, coher~nt soutcetf Describe Yo , , , 
interference expenment to determine. the wavelength of the source of Ii ht. ung s <fouble sht 

~ herent outce of light are the sources of light w av s w l · h 
9
d· . h. t.: . · • (

4J · . . . ~ e u c;: , pro. uce t e ught waves havmg· -
frequen , wav elength and they hav e sam e phase or constant phase cliff . . ame 
Characteristics · · . erence, . 

• The a re monochromatic 
• They have ~ne frequency a i1d wavelength. 
·• They have constant phase differe1ice or same-phase. 
• They are close to eac:;h other. 
Young,~ double .sl~t experiment: Ple~~e ~E;!f~r -·to 12075 '$ef A a .No~ aal · _ 

'25. j2o69 (Set At Old · Q~No. Gal What do you mean by ~~nst~uctive a\~d dest~uctive interference of fight? Desaihe. 
Youn.g's double slit experiment for the-measurement of wavele~gth of monochromatic source of lfgnt. 

'5.. First Part: Please refer· to 12.071 Set C Q.No. 4t,I · · 

Second Part: Please_ refer to 12o?s:set AO.No'. aa) _ 
,· /·). 

2s. j2o&~ a.No. 6 al Describe Young's double slits .experiment ·tor the interference of light' arid showfflat ~ 
_ bright and dark fringes are the same. . -. _, - .·· ·. ' ·, - - :'- _ 

a. Please refer to @075 Set A Q.No. a~I - ·. · , 
27~ !2002 Q.No. s al What do you understand by interference of light?'Derive an expression for the fringe · 

a Young's double stit experiment. · , ' _ 
11. lnterfe,rence of light: When two waves co1:11ing from two cohere11t sou:rces of ~gh~ ~ve:rlap lh e d1 

other, then the amp litude of resultant wav~ is different fro11:1 the amplitude of md1V1d_ual, Tiie 
resultant-amplitude is' eithe.r more or less than the am_plitude o~ individual waves. Rtj.s phenomenon · 

of light w ave is called interference of light. . · · . 
, Young's double slit ~xperimen:,_!:_:~se refer .. to::..@::0::7::::5:::_s:::e::tA=·=Q=.N=o=:=aa~I ______ -:-- -----;::: 

28. ~057,Q,~o. 6 af D~rive t~e fringe width for Young's.double slit expert~ent. 

'1:1. Please refer to [2C>75 set A a .No. aaJ • 

J!i,,t§IQJ,itmht§uld , -~-.......... -• .. --.. ·-·-----·---~-~-·- ---- ·-·---__,,. --· · -~--.-. 
2
--j ~- ! .L'.!ti __ :0.._:--3.. .--:-~-·--.. --·--·~ ... ~ .. ,--··"~· ..... -~.T... Young's double slit e)(periment) t,h sep r ttQA, of o_u bnght 
9· ~07$ Set c a .:No, 1ij ~074 set __ B ~-~0 • •

1- n ad . . 6 2,c10_7 m If.the distanc from the slits t the screen is &8 
fringes 1, 2.5 mm, TJ,e wavelength of ltght use - IS · · - . ('l] 
cm, calcuJate the $eparation of two elite. · 

Solution . 
Given 
W 

, 2 10-s m = 6 x 10-7 m 
ave•;-length of light (/\.) = .6. x . . · _·80 m = 0.8 rn 

Distance between the sJjts and s~re 'J1 (D) -

·s~paration of slits ( d) :::; ? . , = :; i.s >< 10-3 m 
Separation of four bright fru,ge (y) 3P 

AO . I 

• ~ere, ~ =dis th e frin~e wJ.lith. 

No , · w, 
3AD 

y == 3J3 ~ct 
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, i..D 
=-or, d ) I 

I,• I I • ' 

-,I i• ,f 

.5 x 10-~ 

.', l\ "" • ) \\\ , 
'ifhn~, the \'C'9_\lin 'tl distal\_ 0 l~.9~ .. x-~~-.4 tn ._ .--· __ •... _ __,.. • • 1 • • ••• - • . -.- - :·- -· . ·--- - _ 

07 off uie·Q. · . ,]"Th~ d\slltic~ b tween two toheti!nt 1ources In Yo~ng 9 double slit expenm{lnt •~ 0.3 mttt, 
and '\ll~ tntertettn~ ptltem \ obierved ·on a &ctaen 60 cm from the sources. If the wavelength of light used 
i 10~1 •n', a\~ula~ the tf:\nge width of the Interference pattern. · (3} 

Sb'tution 
l' ~~. 

t cf(K . be\"'V(''('\1 t\\t\) slil-s (d) e, 0.3 mm = 0.3 x rn-,n~ 
rn :tt\'l\c(' bet,, , ,n slits m\d tl,e screen (D) = 60 cm = 0.6 m 
\J a el gth :flight (>-) = 600'nm = 600 x 10:9 111 = 6 ~ 10-7m 
F_rinp;e w'idH, .!3) = ? ·' . 
\ -l,a\re · 

1.D b 10-7 
p = -· = 

d 0.::\ 

'tt rice, the fringe width is 1 .2x10-3 m \ . 

311. ,12D7.5 S'et B a .No. 1 ~ In a Newton' rings experiment, ~he diameter of -~ 5-th- r-jn_g_w-+.-as_fo_u_n_d_a_~-0-.5-9_0_c_m __ .-a-nd-__ -th-al 
of 5th ring wa;i 0.336 cm. Calculate.._ the radius of curvature:of the piano-convex lens if the wavelength of lig~ 
used -is 5880A. · - ' ~ · ' , · · - · ' (3t 

Given:, 

Diameter of 15th r ing (Dis) = 0.590 cm 
Diameter of 51!' ring (Os)= 0 .336 cm 
Wavelength oflight {,-.) =-5_880 A= 5880 ~ 10-s cm 
Radius of curvature (R) = ? 
m =15 
n =5 
We have, 

R 
D1112 - Dn2 

4;>,.(m - n) 

D;s2 - bs2 0.5902 .... 0.3362 
4 X I, X (15 - 5) 4 X 5880 X lQ-8 X lQ 

= 100cm 
=1m 

..J :..1, . 

. ·· ' .. 

Therefore, the radius of cµrvatu,re .of plan'ri-convex lens is 1 m. 

, ·2. ~073 s~l-o a.No. 1~ T~e ~eparatio~ b_etween ~he ~onsecutiy~-~~;·kf~.i~·g·;~-i·~-~-y~~~;~-d~~ ·i;-~1it;;p~i;~t 
11 1, mm. Th~ _sc1een 1s placed at a distance of 2 m froi:n the slits 1,0 mm separation. What is the wavefength 
of hght used ·1n tile experiment? · · · · [41 

Solution 
G~~, . 

Fr~11g~ width <r) ;:: 1 rnJn "" 10·3 111 

Sht width (d) = 1.0 mm =., 10·3 m 
.Distance (D) ,;; Zm 
Wavelength ("-) ==? 

we have, 

t.. D 
13=,~ 

. 1 _ Qi! 10·3 )( 10·3 5 10 7 
or, J... ,- D . 2 . = x · rn 

' I 

<, \ 

I 
J 

I . 
i 

) . 
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·; 3_ ~012 set o a.r::,o. 1·~ In young's double ~lit expetlment1 the sllts ate 0.03-cm apart and the screen ts placed 1.5 · 
m away .. The1 dis_tance l>etween the central bright fringe and fourth bright fringe Is 1 cm. Calculate the wave 
length of light used. · · · (3] 

Solution 
Gjven, 
Dis.tance between slit (d) = 0.03 cm= 0.03 x 10-2 111 

· Distai,ce between slit a.1~tl screen (0) -= 1.5 •~' · . 
J?istance between central bright fringe and. fourtll bright frir{g~ is, ' 

4P = 1 cm = 1 10-2 n\ 
or, p = 0.25 , 10-hn 
Wavele1tgth ()1.) = ? 
Now, we have 

A.0 
P = T 

_M 
or, A .- D I \ 

0.25 X 10-2 X 0.()3 X lQ-2 
1.5 = 5 X lQ-7 ID 

f" 

34. #012 Set Ea.No. 1~ Two coherent sources A' and 8 of radio waves.:~re Sm ap;~i-Each source·emits waves 
with ~velength Sm. Consider points along_ the line between two· sources, at what distances, if any, from A is 
-the interference constructive.- . . , - . . , · ,.· . · , . . [3] 

Solution 
Given, 
Distance between coherent sources A and B (d) = 5 m 
Wavelength of source (11.) = 6 m_ · 
We have, for constructive interference, 

' . . 
Path difference = ru.; n = 0, 1, 2 . '. . . . . (i) · 
J:IereJ in the case, it ~ impossible to have 

I 
path difference of 'A. or more beca_u~e 

sources separation is less than the wave length of the tadio waves. , So, only . 
n = 0 is possible. · 1 

· 

1 

~en, frol}l equatio~ (i), 
At - BC= 0.A . [·: f~th differ~nce = AC - BC] 

or, x - (5 - x} = p / 

• I 

:A 
' 

.c 

. B 
, , I 

, :. x = 2.5 m , · , , 
i.e.,Maximum brightness point be~e~n A ~nd Bis 2.5m away f_~:?~-,--A_t....;~'-w_a_r_a ...... s ..... B_. _..._._ ____ __ _ 
35. eo6s Can. a.No. 1zj Two slits spaced Q.45 mm apart are placed -75 enffrom. a screen., What_ is the distance' 

between the second and third dark lines of the inter:ference patterr:i ,on ·the sc;reen . when the slits are · 
illuminated with monochromatic light of wavelength -500· nm? ' · (3) 

Solution · ,, · · 
I ' 

Given, , , 
Dis~nce between two slits (d) = 0.45.mm = 0.45 x 19-3m 

· Distance between slits and the screen (D) == 75 .cm = 0.75 m 
Wavelength of light (A) ;;: 500 nm = 500 x 10~9 m = 5 :x l0-7m 

\ ' ( 

· Fringe width (P) = ? · · · . , 
Since, in the interference pattern du.e to t ,e slits, all the fnnges ,uc cquall SJ? rt:'d, th lti ' t n 
between the second and third dark lines is the fringe width which is gi n b ', 

✓·., p = ·A.[) ~• 5 x 10-7 x 0.75 '-' 0 833 X 10-311:\ 
I· d 0.45 X lQ-3 . . 

Hence, the distance 
1
between the se<:onct ~nd third dark lines f th , interf rcn· patte rn is 

0.$33 xlQ-3m. · 

I. .. . 
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88 / A COMPLETE NEB SOLUTION T~ PHYSICS . XII · -

. ·· · , · . , . · the se ~ration of four bright :f.r;ing_eJ is ?.~~ _mm whe~ the 
36 . ~068 a.No. 1~ In a Youngs shts expenme~t, ~. ' · ·-, · · o som· Calculate the separation o.f 

. wavelength used is 6.2x10-1m. The, dist-ance from the shts t()~ ttie screen •~ _· . . - , . . . : I [3} 
the two slits. 

Solution 
' ' \ 

Given, . 
The separation between the first and fifth bright fnnges (xn) 

= 2.5 mm = 2.5 x 10-3m, n = 4 · 
Wavelength of light used (A)= 6.2 x 10-7 lll 
Distance between slits and the screen (D) = 0 .8 m 
The separation of slits (d) =? 

11)1.D 
We have, Xn = d 

nAD 4 x 6.2 x 10-7 x 0 .8 . . . 
d =~ = 25 x 10_3 = 7.9 x lQ-4m 

Thus, the separation of slits (d) = 7.9 x 1Q-4m. 

37 . . @061 a.No. 1~ In a two-slit interfe-rence experiment, the s-lits are 0.200 mm _a~art,· a~d the s~re·en is at a 
distance of 1.00 m. Th~ third bright fringe is found at 9.49 min from the central-~nnQ.e, F1od wavelength of the 
lfght used. l31 

Solution 
Given, 
Slit width (d) = 0.200 min ·= 0 .2-xl0-3 m 
Distance between screen & slit (D) = 1.00 m 
Distance of 3rd bright fringe from centre 
y =9:49mm 

= 9.49">;10-3,m 
Wave length of light (A)=? 
yveh.ave, 
If p be the fringe width, 
y = 313 

V X d 9 .49 X 10-3 X 0.2 X 10-3 
or, A - 3x D 3-xl 

· ·;.. = 6.33 x lQ-7 rn . 

\ . 

~a. j2064 a.No. s bl In a Young's double sfit experiment, t~e separati'on b~tween the flrst·a1-1d fifth bright fringes,is 
2.5 mm when the ·wavelength of light used is 6.2 x 1D-' mm. The distance from the slits to the screen is 80 
cm. Calculate the separation of the two slits. . • . . [4} 

~ Plea e r fer to =-~=-06".::8::Q= .N=o=. :::1 ~~ ·'----------:---:.__----~....,....------ -....--­
l9. @oso-a~. s §I In an experiment using Young's slits· the distance between the. centre of . the interference 

pattern and the tenth bright frin~e on either side· is 3.44 cm. Distance between the slits and the screen is 2.0 
m. If the wavelength of the ligbt used is 5.89 x 1~-7 m, determine the -slit separation and the angle made by 
the central bright fringe at the slit. · [4) 

>Olution 
Given, , 
Di~tance between the ntr of th int rf r nee patt m and the tenth br\ght fringe (y) = 3 .44 cm:=· 3.44 
X 1Q-lm 

Dista1ice between slits and screen (D) = 2 m 
W~velengtl\. of light used(~)= 5.89 x 10-7m 

· Slit separation (d) =? . . ' 
Angle .subtended by' the ce~tral bright fringe {a)=? 
W~ have the relation, · 

n)..D 
y=d 
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• ~ • I' •, ~ • • , • ~:r1 '·1 r1 : •., 1..-.(,- ', I' : 4\_\ ..... .. ,.It •'-!. • •• . ., • , • • ...,._ 't,,i 

·,,;·;\ ,iS:"iY,.)1.D '' ' 10- .x ·s,~_, 1:x_ !IO-Y· :x··:2· ; .. '. 1 ' • I ~ ,!}r . ,· ' :' . . . . , ' 

:, ,~<:tm:i:,,y···r<? :::;:,n; ~-: ·,~;:ruo344·: ·~: ,.: ,, •·.f •;a::~ .,$:< ;J,.Q-:,4<:Iil\.: \1ir : ··, 
• '• l' - . • ' 

. ', . J·' 

!.~- · Also, we ha~~' 
·· J1 ~ AD (. _ f:12) 

· a = D - dD · · P_ - d 
A 5.89 X 10-7 '' ' 'I • ' ·, 

a= d = 3_42 x 10_4 = 1.7~ x 10t3 i-adian 

Hence, sep~ration between slits is 3.42 x 10~4 in ai1d ~ngle made is 1.7~ x 10-3 radian, . · 

-;:}2059 Q.No. 6 bl lwo ~lihHlre 0.3 mm apart':";~d ·placed 50 cm from· a ·se~eerC'wtlat 'is.th-~distan~~ b;~;;~--th~- ,. 
second and third dark·lines of the interference pattern when ·the slits ·are illuminated with a light of 600 mm 
wavele:ngth? [ 4] 

Solution 
G~~ . ~ 
Distance between two $lits (d) = JJ.3 mm;;= 6.~ x 1Q-3m . 

Distance between slits and the screen (D) = 50 cm·= 0.5 in · - , ,\ 
Wavelength -qf lighf(A) = 600 nm:-= 600 x 10-9 in= 6 x _10-7m 
fring€ width (P) = ? · · _ : ··'. . , .. . , 
Since, in · the interferen~e pattern due to the slits, ail the' fringes ar~ equally spaced; the distance 
between the .second and thi,r~ dark lines is the fringe wi~th which: is give,n by; _ 

AD 6 x 10-7 x-0.5 , , , 
43 _= -d ~ 0.3 .x 10...:3 . = 1.0 x l0-3m 

Hence, the .dIStqrr~e qetweenthe second arid-third da.rk lines of .the rnterference pattern is 1 .0 xl 0-3m.. 
· · · aaa ' · · · 

. \ , I 

I 

\.... 'I \ 

.;. ., 
. ~ . I 

( 
. I ·,, 
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Short Answer Questions 
. ------ .. 

-1.--;l;:::20=1=4=s=u=p=p=a=.=N::::o.=4=b!:;-;:::l2=-=o-s:.::·s=1=s=e=t =A=i =Q::::,N..:.:·~:.:.-::;.:..;4;,} Why is dlffraotlor't -~fs-ound waves easier to, observe than .-that of 
light waves? · , ' ' ' [2) 

~ For diffraction to take p la e, th - wavelength of the wave. ~n us t COmJ?ar'f1ble the size of the obst! cle. 
Tlie s m,d wav~' have l(>i1g ' t wavelength of ol'de1· of lm. The light wave, has w avelength of order 10: 
6111- The size of obstc\cle 1..) f U\is order is rare in rea l \la.tu.re . Due to this reason, sourid waves are mote 
~vid.ent it, daily experience than tha't of light waves. · 

2. !2072 Supp . Q.No, 4b! Light waves underg~ diffractio~· a~;~,;d:-~n e~ge. Can .sound wave diffract around an 
edge? Explain. · , . . [2J 

:::s. es, sound waves ca11 diffract around an-edge like light waves. The sound w ~ves diffract w~en the 
width of edge is com.parable to wavelength of sound ~ave. The wavele1~gth of sound wave 1S long­
and there are more possibilities to occur the diffraction: 

3. \2071 Set o Q.No. 4 al @oss Old- c~n. Q.No. 2d! The diff~a-c-ti_o_o_o_f~so- u:-n-d_ w_a-:·v-e~s- i_s_m __ -o-re-- e:--,v-:--id-:--e-n-t -:in_ d_a_ily 

·exper' ence than that of light waves. Why? · (21 
a. Pleas~ refer to !2074 Supp a .No. 4N 
4. )2010 s up (Set A) a.No. 4 al Why can. we readily, observe diffraction effects for sol!nd waves but not for lig~t? [21 
a. Please cefer to !2074 Supp Q.No. 4N \ · 

s.. ~u o Seto a.No. 4 al !2067 Sup a .No. 46' Radio waves diffract around buildings·but not light wave_s., why? : [2] 
a. Fo..r diffraction to take place, the wavelength of the wave must be of the order of the size of the 

o:t>stacle. The radio-waves have .long. wavelength which ·is the order of the size of .the· comer of 
bu..ilding, hence they·get diffracted. On th~ other harld, the wayelength of light wave is very small 
r(order of l0"°m), thus they are not diffracted by the building. ~ · 

6. 12069.Supp set e a.No. 4 a! What is the fundamental physical difference between interference ~nd diffraction? 
Explain with figures. · · [2)-

'l!I. Interference is due '. t9 H 

superposition · of wa,velets of x 1H1 

different · wavefron.ts in wjJ.ich · · I _, 1' 

dark and · b'right fringes . are ----~ P I :~ 
~~z~~~:ced. is. ' due . to !0 _·__,_ __ ~- ~~~;tbright 1s_•-_,r ~,_~-~---- --- ~{ ' } 
.sa,perposition of wavelets · of the 1 f ·'/ ~ 1 
different par.ts of same wavefront • . 5 J · 11~----- -- -- -.- v ,i 1> 1 
in w~ich central bright ftfoges has ·. ] v 

1
, D · ~ v ,. :: J 

m.ax:unum intfnsity and the · Jt n 
inte.nsj_ty of other bright· fringes Diffraction of ligh1 

red,uce OJII outwards. : ' lntcrfer~ncc of light 

·
7

· @0,~9 (Se£.8f Q.No. Aij What are th.e characte~istic elements ~ssociated with a diffraction grating? How is 
p.lane traosmlsiion grat1n9 constrvcte~? . (2) 

a. The diffr.action grating ~ons~s ts of large n~mber of eq~1\dis tant n,urow slits. If th slits are parallel to 
ea.ch other the.~ the g.ra.tu1g 11; called plane diffrac tion gr£\ ting or pla ne trc\ns1n ission grating. It cru~ be 
made by dra"'.mg a large number of ~tra ight and equidis tant parallel lines or s ratches over a <thin 
glass plate by means of~ fine sl~rp_ diamond point. Th sc lines are called rulings which act as ,opaque 
and the transp~rent regions between ru1ings crve as lits. lf a be th ' w idth of the tr ansparent pMt \ 
.and b ~e the w idth of the opaque portion, then grl:"l ting element is, d =a+ b = 1/N; N number of lineff 

. p r _umt length. _, · · 

8
· @P~B a.No. 4 al Dem lbe what happens to the single slit dlffr~ctlon pattern when ~he width of the slit ~s i;;; 

than the wave length of the wave. , , [2] 

a. F~r diffraction of light,,the siit width·should be comparable to the wav~length of ·1l·ght used . When the 
width of th lit · I tha · · · · 

f• • • es., 18 :e~s w the wavelength of wave, no diffraction p~t~ern on the single sl~t. · · .. , .' 

,,, 

... 
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9. @062 a.No." 1 df W~at ;; d~~r;cti~~ f lig~i?·~-----,-·--------~----------
' ' , 

..., a In gei.~eraJ_, light w a~e trc\y~I:$ in the ._straight ljn~. ,A v,e ry careful 
study s shows that light will bend when it is passed through an · 
edge. of an obstacle or s1:i,all opening. ''!he phenomenon of .... 
bendmg of the light around the comers of an obstacle and the ----=:-=~A ____ K... 

spreading into the i-egion of geometrical s·had~w i~ ~alled ~ ;~~----~-
diffraction." The diffraction. of light produces_ t\1e dark and 8 

bright fringes known as diffraction·bands or diffraction fringes . 
Moreove~-, diffraction· is · shown _by all kinds · of waves. -The 
necessaiy condition for it is that _the size of tl~e obstacle must be 
comparab_le ,to the wavelength .of the wave. 

[2) 

Cenlral. bright 
fringe 

10. -12059 a.No.· 2-cJ Diffraction grating is better than a ~o-slit·~~-'~p-- for· ;~~~~ring th~ wave length of -i 
monochromatic light. Explain. . [2f 

a Diffraction .. gratings · are used to produce spectra and for mc,-i.suring wave'!ength. The spectrum 
produced in fine grating is sharp and can be separated easily and Jnore accurat~ly are measurable . . 
Further, il1 a two-slit set up for measuring the wavelength of light which produces interference 
fri,nges a1,1d are modulated by the diffraction produced by individual slits . Thus, diffraction grating is 
better than two slits. 

Lon Answer Questions 
' 

~~~0;6 Set Ca.No. sbj 12075 GIE a .No. sh! lmsset Ba.No. 7bj 12074 Set Ba.No. sbj 1;011' Set Ca.No. 8 b! Dis~ 
Fraunhofer diffraction at a single slit. · · . · · [4] 

a ·Fraunhofer diffraction at a single slit: 
Suppose a parallel beam of light 

, incident nonnally 011 a slit AB of width 
d · after refraction through tlie lens L,. 
These rays· diffract and after diffraction 
the beam is focused on to the screen 
XY by meai1s of lens-L2. 
R.esult: A wide ;control central bright 
frin'ge of maximum intensity . is 
obtained at the centre P of the screen 
a•1d on either side of tl1e central fringe, Y 

dark and bright fringes of decreasing inte~sity 5're obseryed. These _bands arc referred to as se~omfory · 
minim,, and n,aximc_l respectively . It is fow1ti that-

a. The width of ce~1tral maxima is double to that of secondary maxima and 
b. The intensity of the secondary max~a goes on decreasing. · · · • 1 

· 

Explanation: According to Huygen's hypothesis, when light f~lls on the s tit, _it becom <;·s a source of 
secondary wavelets. These wa".'elets are initially in phase and spread out ii_1 cil! direrri~ni_s. 

a. Central maxim,,a: Consider c1 point P at ~1~ c~ntre of the screen a~ shown i~1 . figure:: . La~ht trc1~cl ~q~a~ 
optical pa ths to reach the point P ruH.l are m same. phase. Thus, P L'-i the posatwn of 111, 1mum mt1:; 11.s1t} 
which is known as .the ce11 tral (or p rincipr1l) maxi.ma. . , 

1 

• 

b. Position of ·secondary ~axima and minjma:, Suppose· ,, _point Q 01~ ~lw s recn at whkh wavelets 
trav \ling in a direction n'iaking angle 0 with CP a~ brought to foc us by the le '.1s: :he ~av~lcts fr01~1 
di.ff t t$ f the slit will not reach at point Q m phase, a lthough, they are u11trnlly i_11 phase. Tlus 

l
·s bcren pr1tlr 

O 
un'·' lJU cl l ,Ustances in reaching point Q. The wavele ts from pou1ts A and ·a will , ecause 1ey cover .:. , · . . ✓ , •• 

have a path difference BN. 

. · 0 · 11. = d sin 0 ( ·.- sin0 = Bl!:i')i i.e., ~Q - AQ = BN = d sin 1.e. I ) 
. ' 

«. Pot ntti· secbndary miniina, _we J1av«; 
Path difference= nA (n = 1, 2, :\ .. . ) 

~ d sin,0" = ·11A ' 

. ' 
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n}.. 
sin 0,;=d 

in e 0 is small, sine .::: On 
llA 

0" = ct (n = -1, 2, , ... ) 

For fir- t minima, 11 "" l 

', .... ' 

Thi· irn.lic tes thnt th, path differcn e b t~ecn wavelets from Ac nd B is A a nd ther '-'for the wave!! 
A 

from th corresponding points of the two halves AC and CB will lrnve a path diffc~ '.>n of 2 . 
\ 2). 
For second 1ninima, n ::, 2, ⇒ 02 = -:l 

. l 

For n'" n1ini1na, n = n 
IlA~ 

⇒ 011=7 

b . Fo"r 11111 secondary maxima (bright fringe), we .have 
. . i · , A . 

Patl1 difference= ('.?n + 1) 2 . . 
. A . . (2n + 1) A 

⇒. d sm011 = (2n + 1) 2 ⇒ su1 0,, = 2d 

Su1ee, 0 is small, sin 0 .::: 0 

__ (2n+l)A_ . ...; ? 
0,, .- 2d (n - 1,-,3, ... .... ) 

3}.. 
For first order maxima, n = 1 ⇒ 0, = 2d 

., 
SA 

For second 1naxima, n = 2 ⇒ 02 = 2d 

For n th secondary 1naxin1a, ll = 11 . 
, .. 

- ·_ (2n + l)A 
0n - . 2d (n = 1, 2, 3 .... ) 

. . 

\_ . 

· · . · (2n + l)A • • nJ... 
Hence, the condition for secondary ma~in1a is 0., = 2d and that of seco,~dary mi pi.ma i - On= "'J · 

" 

Ce1itral maxima 

X 
'J 

• 

A 
3J 

. Figure: lntensil'y Distribu.tion , . 

12-:-@01~ Set A QJJo. obj What,; -~ifffractlon gratl~g?- ~;-;~u"~~-- th,~-fo~~llati~n ~ otcmira~tion pattem-due-t;, j 
dlffr;1ctlon gratln~. . · . (41 I 
DJffrac:tion GraUng: An' arrang mcnl of~ larg numb r of -'1 , n 1i n . , , •quil.li tnnt lits is aUed 1

· I 
dlffi:a lion grating. If the s ill's ar parnll ·•l to «H h oth 'I' th H th, •rntin y i ~ a lled phrne diffracti011 

gralln~ or pl, nt.? Lr;m ·mL":Jsion grating. It nn b m 1.1dc. h , drnwing larg ,, 1wmb •r of stniight ~11d I 
e~uldt6.ta~l pMalll•l Jines or Rcrn t h ~s over 1 Lh.i.n gin , plat, b ~11-'ons t f 1 fin : ·hnrp di mond po1n1• i 

l h ... ii."" ftT' ca II d !'U ling• which ". t HS opog" nd th • trn nsp;mm t ,. •g i, m· heh e ''. mfo,g:; s ' ' I 

I 

I 
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as slits. ff a be the width of th h rnspi:nen l pnrt and h be tlw width of the opalJUe portion, then 
grati ng element is, d = a+ b = 1/ N; N 11t11i1he r of lines per unit le ngth . 
Theory of Diffraction 1·ntin 7 : • The figun• shows t-11.e 
section nf grating whose slits nrc pl!l'p •ndi ·ul ar to the 
plane of pap -•r. · 
Let, 
" == the ,,,}idti\ of ~.- -h s lit 

b == the distance hl't\vee\\ two slits (ot' wilHh of opaque 
portion . ' 
The distan e (a + b) is known AS grating element or 
grati1:ig space, 
lf N is the numt er of lines per inch nf the grnting then, 

1 inch 2.54 
(a+ b) -= --- -. =Ncm 

(a+b) sin On = nA. . Fig: Diffraction Grattng.-. 

, .. }here n can take any iiltegrnl value like 1, 2, 3, .4,5, ..... : .... · 
Tf n = 0, th central maxima is formed . . 

y 

-; ·ko73 supp a.No. abj Describ~ the· diffraction bf light at a single sli~ and find the condition for secondary· 
maxima and minima. [4] 

"a Please.refer to 12076 Set C ONo. a~ · ·------ ___________ ______ _ 

14.. !2073 set o a.No. Ba! What is diffraction o.f light? Explain the case of diffraction . at a single slit. Hence show 
the intensity distribution in the figure. · · [41 

a First Part Please refer to 12062 a .No 1~ 

· Second Part Please refer to 12076 Set C Q.N6. 8~ -·'-----------

15. 12012 Set c a.No. abj Define Fraunhofer diffraction·. How is transmission grating . con·structed? Describe 
necessary theory of diffraction ·grating. · (4] 

~ Fraunhofer diffraction: The diffraction· in w hich the source and screen are placed at a greater 
distance. (i .e ., may be infinite) fro1'!1 the ·obstacle is called Frat,inhoffer diffraction. A converging 
lens is used to focus the' light coming from infinite source to the_ obstacle a nd another converging 
lens is used to focus the diffracted light on tl~e screen. In this type of diffracti.611, the incident as 
well as the diffracted wavefronts are plane. 
Diffraction Grating: Please-refer to 12074 Set A a .No. 8~ · 

. . ·--·-----
16. @072 Set o a.No. a~ Discuss the formation of _maxir_na and minima due to Fraunhofer diffraction at a single 

slit. . · · 141. 
a Please refer to 12076 Set c a .No. Bb! --·- ----- ------- --
17. ~012 Set E a.No. a~ What do you meah by diffraction of light? Explain' the diffra'Ction pattern due to a sing!~ 

slit to find the angular width of the central band. · · ' L41 
a First Part: Pleas~ refer to 12062 a .No. 1d!-

--Second Part: Please refer to 12076 Set C a .No. B~ 

18. @971 Sup~-Q.No. 8~ Expl~in the formation of ma)(_ima 'and minima due to diff~-~~ti~~-thr~;gh a -si~gie slit. [4] 

-~ lease re.fer to 12076 Set C Q.No. Bb! · · · 
19· ~O;-t-C Q~N~. 8 a(oiscu·;~ the"theory of diff~actio~ of light at singi;:~iit:··· . ··~·. ·----- . ., ,_ -- - . [4] 

~ Please refer to 12076 Set C Q.No. 8~ ·--- . · · 
20-]:ss c--.;n.-Q.No. a~ Wh;t ·1;th-ebasi~ differen~;~btrtwe"~~-1·~-i~rt~-~;~~-; -~~d -diff~~~ti~;? ··01~~~;;· Fr~ii~ 

diffraction at a single slit. · [4] 
~ Difference between the interf a,ce and diffraction -

' 
~ Interference Diff ractjon 

a. If is due to super position of wavelets of · a. 1t is due to supci;position of wa,vele.ts of the 

- . different wavefronts .. different parts of sa111e wavefront. 
b. In interference bands may of equal b. Diffraction fringes are not of the same width. 

...__ width . 
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' . 

t . P,iints of 1\\iilillllllll ' iiHcnslty al'e c. Points of lTIHllmllm intensity are not 
pcl' f-t.>c llv durk. perfectly dark. 

1..L All bright b,mds nre of uniform inte nsity . d . All bright bands ci te no t of the sc1me 
intensity. '· 

C. .. l:kmds ,n e larv.;e in number, e . Bands Me few in number. 
Fraunhofer d1ffrachon at a smgle sht: 'rlease refer to !2076 Set C Q.No. BbJ 

21-:- 12oss · a.No~ s --~ --What i~ ... F~~-~~h~ff~~-·d1tf~~~ti~~?---E;p1~i~ th·~-·for~~ti;~ · ~f-;a~i~;--a~d~ ~i~i~- du~ 
diffraction? Show that th.e· width of central maxima is inv.ersely proportional to the distance between the two, 
slits. . . [4J 

a. Fraunhofer ·diffraction: The diffraction in which the source · and screen are pla ced at a greater 
distance (i.'e. may be infinite)_ from the obsta(le is called Fraunhofer diffracti~n. A converging 
lens is ·used to focus the light coming from infinite source to the obstacle and ano ther convcrgjn& 
lens i,s used to focus the diffracted light on the screen .- In this type of diffraction, the incidel_lt as 
w~ll as the diffracted wavefronts are plane in nature-: • 
Second Part: Please refer to 12076 Set C. a.No. a~ · 

~:::::::::-::::::::::::::::::::=..,_~---.,---~ 
22. lio67 a·.N~: s~·o-;~~ribe diffr~~ti.~n--~f ~ight thro~gh a single slit. [41 

. a. _ Please ~-:f~r to j2076 s~~-c a.~~---~_bf: ________________________________________ _ .. ________ ____ _ 
23. 12065 a.No. s a OR! What are the differences between interference and diffraction? Explain the theory of 

diffraction of light through.a single slit. ~----~ [1+3J 
a Difference between the interface and diffraction: Please ~efer to !2068 Can. Q .,No. a~ 

~econc:I Part: Please refer to 12076 Set C Q.No. a~ . 

-2-4.- @-06- 1 a.No. s a . OR! D~scribe th; diffr~ction of light at a single sli( ~~d-ii;;-d·th~ condition for secondary 
maxima and minima. ·• [2+2} 

a. Please refer to 12076 Set C Q.No. abj ~::'."'::"".=~=~~-- - - ----
25. j205s a.No. 6 a oR(Whati s ;iiffraction of light? How does if differ from interference of light?· [41· 
a Diffracti~n of light: Ple,1se ·refer to 12072 Set E Q.No. ab! 

Types of diffraction: There are ·two types. 'o( tfiffraction; 
a. Fresnel diffraction: The diffraction . in wl~ich the source and the ~creen are at fitiite distance .from the 

obstacle, is known as· Fresnel's diffrncti.on. Usually, no · lens i~ required 'to obs.erve ·it. In th-is typ of 
diffraction, the incident as well as the diffracted wavefronts are spherical in nature . 

b. Fraunhofer .diffraction: The diffraction in which th~ source and screen are placed a t a greater 
dista.n ce (i.e . may be infinite) from the obstacJ.e is called Fraunhofer diffrac tion. A conv ~rgin& 
lens is used to foct.1s the light coming from infi,nite source to the obstacle and anothe r o nverging 
lens is used to focus the diffracte d ·light on the sc,reen . In this type of diffrac tio n, .the incident a 
w ell as ·the diffracted wavefronts are plane in nature. · 

Diff~;cnce between the: interfa~e and diffraction: Please refeJ· to !2068 can. O.No. ~~ 

Numerical Problems 
26. ~076 °Set B a .No. 1,2! H~w wide Is . the central dlffradtion peak on a ~cree~· 5-m behind a. 0.01 -~m""it 

Illuminated by 500 n.m llg~t source? [31 
Solution 

•Given, 

Width of sf.it (d) = 0.01 mm = 10-5 m 
Ois t.a pce be tween slit and screen (D) = 5 rn 

• ,,v:Cl vlla'vc 11.mgth o(Jight used (11.) .:: ·soo nm = 500 x 10-9 m 
Width of centTal diffraction pcnk (.Y) = ? 
We kn0w, 

2AD 2 x 500 >< 5 x 10-9 · 

x = T · = io-s . = O.Sm 
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mm sht-1llummated by soon f .ow ~de 1s the central dlff , 1-:·--··'"·· ···--•··-·---··---·------~-- . · . 
solution ' . . . . ~ . 1ght source? ' ' . rac 1pn peak on ·a screen 3.r;-b;h·i"~tt" ;~·o-~01· 

Given, · · · · '[3) 
Width of slit. (d) = 0.01

11111 
_

1 
·' : , . 

. 1 -:- ()-,S lll . 
Distance-between st 1·t c-.nd 

, · · " screei1 (D) == · • • . 
Wavelength of light usaLl (\) _ 3.s I'll · · · " - son t -s· 
Width of central diffrilch·c111 k 1111 

- 00 x 1()-9 m 
• pea is ·· , 

x = 2AD = 2 x 500 x ·t~l-Q x ~5 , -g~ve11 by , 
d 10~s = 0.35 m 

Hence, required Width of centrcl l,'ff.. . ' ' . . 
-----·-·---- --·-· ----- - ... __ a cu . ,action peak ,·s O ')5 , . 

~ . C N I A --.. , ........ ~.- . . ' .o Ill / 
2s. ~073 Set Q. o. 12 plane transm;;·~i~n ..... "'t;·"-••·-•-.. ······-·-··:·-·-·· .. ··~-.:.~.--4-... 

source of 600 nm waveiength. How .man g~~ ,'"9 ~aving 5?0 lines per mm .. lsili~,;;inate··~rmattyby light 
grating? · . · . . y iffract,o.n max,_ma ~II be observed on a screen behind the 

Solution , ' [4J 
Given, 

Number of lines =.500 lines/nun= 500000 l' : ' . 
. 1 ' 1 . . ' mes/ ill 

d = N = 500000 = 2 x 10-6 m 

W~vele'ngth (A) == 600 nin = 600 x 1Q-9·m 
We have, 

d sin 0 = J~A J ' 

Fo_r, maxim.um n~mber of spectra, e ~ 90° . ( 

: ' d 2 >< 10-0 

11 · =·;: = 600,·x 10-9 = 3.33 ~ 3 
' . . 

29~ l2Q7,1 'Set D a ~No. 1 aj '12069 (Set B) Q.No. 1 zj A parallel beam of sodium light is incident norm~lry on a diffraction 

· · grating .. the angle between the two first order spectra on either _side of the normal is 27°42'. Assumjng that 
the wavelength of light is ·s.893 x 10-1m, find the number of rulings_ per mm ,on the grating? [3] 

Soluti~~ . · · · · · 

or, 

Giv~n, 
Wavelength (A) = 589.3 11111 .= 589.3 X 10-9m 
'' . 4~ 

. ~ rigl~·(201) = 27° ~2' = 27° + 60 = 27.27° 

e = 27.712 = 13.85° 
No. of lines per nm1 (N) =? 

We have, 
d sin0· = 'A. (for first order) 
1 ... 

in0 = A .J 

in0 
A 

. sin 13.85 
- 5893xl0-9 . ___ .:.-- . ~-r--
~ 406212.18 lincs/m 406 lines per mm · . - ,;;-,;~-;~1~ illuminated ·norm,11¥ 1 by a 

"3"o1··-·· · -- •· ?J A diffraction. grati_ng has 4oo ~,nes ating spacing, the angle at which first order 
. _ 069 (Set A) a.No. ·1 _ h 6000 A. Calculate t e 9~ bt . d ,. . [3] 
. monoch_romatic light of yrc1ve~eng! number of diffraction maxima ~ _ame · 

maximum is se~n and the maximu · · 
Solution. 

Given., . . 
Grating spacing (d) .=? .. · = 4oooOOliJ1eS/lll 
No. of lines (N) = 400 Jines/01111

. • . 
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1, 1 
d = N .= 400000 = 2·5 xl ()-" m 

Waveleng th (A) = 6000A 0 = 6000x1Q- 10m 
We have, 
d sin0 = 11 1c 
d sin81 = A [for first onfc·r] 
2.5 10-h sin0, = 6000x lO-ltl 
e, = 13.88' 
For maxi.J1nm11~tt1ilber of diffrnc tiou .nrnxinrn 1 O =.90.0 

d 2.5 10-fl 
n = i ~ 6000 io~ 10 = ~-17 ~ 4 

31. l2068 ~~- Ca~. -Q~N~. Gbl AP;~,,~,-b~~~ -~,~-iicff~~ -,~ht ... o,··~;~e·,;~rith··s:as3~·1 o:7~ i~ .. incident normaliy o';i 
diffraction grating, The angle ~etween the two first order spectra on either side of the normal is 28° .. flmf the: 
number of ·ruling lines per mm on the ·grating. · · [lf 

Solution 
Given, 
\Va dengtl~ ()l) = 589.3 m11 = 589.3 x 1Q-9m 

Angle (20) = 28° ⇒ e = 14° 
o. of lines per nm1 (N) = ? 

We have, 
d sine = ,. {for fusf order). 
1 

- sine = ')., 

si.n0 sin .14 
o:r, =-A-= 589_3 xl0-9 = 410524-J7 li_11es/m = 4~0 lines per mm 

-- □□ a 
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ter. ._3; Thermoelectric Effect 
~j,f•t,M❖MC.-Mi11MIM -·-• _ _ _ •·· .... 
~ Set ~ Q.No. 

1 ij 1~059 
~ -No, 10 ~ What Is thermoelectric effect?· . [21 1

· If two diff rent metl'l l v n•_ls ate 1· I l r diff t ~ · ·. U . . c 
O n l lo 10 1·1 i a los d Ir uH and two ju nctions, re kep t at eren 

teu,p~ratu t'es.' a ~l\\a . ell \l· 15 se t up in th eh uit nnd .ci mnll urrent fl ows in the circuit in a defin ite 
i. :) · t101\ . Tlus etfe t ts cal led tl • I • · l ire . . .. c . w i moe ' tn ~ff 'C t or ~ebe k effo t w hic h is discovered by a GeTman 
ph ·· si \St l ht~lms J ee~eck. This thenut1elc td effect 18 dcf ined as th . phenomenon of conveTsion of 
l t '1'erg mto ele tno J nc l I ) it.>a • . c rgy w 1cn the junction of two dissjmiJa r cer tain metals (tbermocoup e 
. ,e· kept at diffe ren t tempera ttir , • 1·1 . f I . • • · J -' d th a, . _· es. 1 -•111 · l eveloped 111 the c1rcu1t 1s caJl ed t 1ermo euu an e 
urrei~t is called the rmoel~ctric current. Thus the •lectromotiv, force d •veloped in the thermoelectric 

effect 1• all_ed thennoelectnc emf or thermo emf or Seebeck emf: 11,e value of thermo emi depends on: 
(a) th temperatu re of ~1ot junction of thermocouple and 

l th~~~ _ _?i_ma ten a_!~_l_:?.~~~~Jrom the thermoelec tric series. 

2. [o76 Set c Q.No. 1~ If the temperatur;·~f-~~ld·j~~~ti~~ --~f ~-th;~~o~~~pl; i~- i;;~e~;d, ~~twill be the effect 
on neutral temperature and the temperature of inversion? [2} 

~ When the tem perature of hot junction increase.s, the thermo-emf increases at first, reaches to a 
maximum _value called neutral temperature and then reduces to zero called temperature of inversion. 
The temperature of the hot junction at which thermo-emf is reduced to zero and changes its polarity 
is called tempera~re of inversion. The temperature of inversion is shown in the given graph. The 
tempera ture of inversion depends upon the temperature of cold junction and the nature of metals 
used in the thermocouple. 
The temperature of cold junction, temperahue of inversion and 
neuh·al temperature are related as 

Tr + T, 
Tn 2 

or, T, = 2Tn - Tr . 
If temperature of cold junction decreases, then temperature of T.- T" T, 

inversion incre_':1:>.~!.~!:~"! .!~!: ~~r_~_!_~E., P.~tature decrease_~:. __ __ .... __ _' _ __ Temperature -

3. @075 Set A a.No. 1c! 12073 Supp Q.No. 1b! 12010 Sup (Set A) Q.No. 1 ij 12068 Q.No. 1 b! Does the thermoelectric 
effect obey the law of conservation of energy? Justify? [2] 

'11 Yes, the thermoelectric effect obeys the law of conserva tion of energy. The thermoelectric effect ~ 
defined as the process of production of. small emf in the circuit when the two dissimilar metals ue 
joined end to end a~1d two ends are kep t at different temperatu re . Here, the heat energy is converted 

-, to electrical_ enffgy and hence obe the la~ -~)_f_~_<?~~-~~~~t!?.I~_<?f..~•-~~~:gy. ______ ...... ____ _ 
4. [015 sets a .No. 1~ Why is Lead (Pb) used as a standard reference metal in thermo-electricity? [2] 
a. From experimen tal in vestiga tion, Seeback becam e able to arrange a number of m ta ls in a ·erie · in 

thennoelectricity caJled thermoelectric series. The series is given as Ag, Au , Cr, n, Pb, u, o, i, Bi. 
The series was made in such a way tha t if any two of them form a the rmo- ouplt', the nrrent will 
flow from the metal w hich is earlier in the series to the metal which is late r in the S<:' ries th.re ugh out 
the cold junction . The lead (Pb) lies in midd le and taken as standard referenn •s m ~ta t in th -> rm o-

~~ci as the therm o emf~ L!_ead is almo~~-~~Y~: . _____ ·-······ ..... __ . . __ _ - ______ _ 
5
· @74 SupP0.No. 1cJ 12069 (Set A) Q.No. 1cj lioss Can. Q.No. 1c! What is temperat~re of _inversion? On what 

factors does it depend? · (2] 
~ ~ hen the tempera ture of hot junction increases, the thermo-emf 

increases at firs t reaches to a maximu m va lue a lled neutral 6 
temperature and tl1en red uces to ze ro all ed tempera tu re of inversion. 6 
The temperature of the hot junction a t vy hi h thermo-em~ is re~iuced to ~ 
Zero and changes its polarity is called te~1pera tu r~ of 1~vers101~. The !:5 
temperature of invers ion is shown i11 the given graph. Tiu. tem.pern tu re 

· of inversi~n depends upon the tempera ture of cold junction and the T.­
llature of metals used in the thermocouple. 

. ' 

T" 

Tempera tu re --. 

puspas.com
.np



138 / A COMPLETE NEB SOLUTION TO PHYSICS· XII ~----- --- ····-··-.. 

-:--r:=~===-=::.::::.==-.. ----· _ ______ -- -------;;;;-lt(h;;ge, if temperat~re of cold juncu~-
6· 12014 ~et _e a.N9. 1cj What Is temperature of Inversion? How d [2] 

decreases? 
a Please 1·~ ~r hJ 2014 Su .No. 1 · · • b · f-· · -· ----·-·--·-----..... 

=~--,--,-.,.--· . . . Peltier and Seebeck effect m rie . [2] 
7. Q.Nq. 1~ Poil,t out tho dlff rence between . 1 t fclrm -1 closed ci rcuit such th 

~ · j · • , I e1id to em O ' · at 
S eb k. 's ffe t: Wlwn Lwn diffcPl1l tl1 •Lois nrc Olltet 

1 
. l . th , circu it and small cu 

11 n,f is deVl' op L 111 t: • ' · rrent 
tw, end, nJ'C k µt Al differ 'nt t mp~lllltlrcs, fl 81110 c · f f (current) depends u 
t1o,, , h, the i\·~uit. this err ,ct is call l:!d 'ebeck effect. The nmount 

0 ~~ t ,J . l 
I 

P_ 011 

. . . I l '011 . Hca t c nergy 1s c01wer c Lil o e rctnca[ 
the natui · f t\V\'\ nh>tflls and tcmpel'rt hll'c of lwl un c 1 

ener ,. ~ . 

I . l , coupJe whose junctions are at s,1,rne 
P lti · f ect: hen i:\ Ul'J'el\l is pnssed throug 1 a t 1t rmo . . 

, I ·. t , bed at other pmction an l cooled . This 
t mpcrature, lwa t is e l)lvcd. at me junctm11 nnd ,cat ts a isor . 

· · . • . . ., l 'ff, , 1f two 1·unct10ns depend5 upon the ,ffect 1· known as Pcltwr l'Hect. Thl' tcmpc1atu1c t 1 ercncC' ( . . · 
. · . • I · . ff. t lectrica l energy 1s converted into heat amount of cun-ent flow mg through the circmt. In Pe t1e1 e ec , e · · 

energy. , Pelti r effect is inverse of Seebeck effect. _ _ ____ _ ___ . ___ _ 

j20n Seto o.N~. 1~ What is Seebeck ~ffect? How·i~lhi~--~ff~~t .. diff;;;~t from· Pcltier effect? Explain. [2] 

~ Please r fer !~o73 Set c Q.No. 1 ~ ____ ________ L .. -- _____ .-·--·--- ·.- ·-·-·-· _____ 

1
_ 

s. 1201,2 Supp a .No. 14 On what factors d'oes the temperature of inversion depend · 
a. Please refer to ~074 Supp Q.No. 1cj 

[2] 

-------- . --~~---•··,.,--~-····---·--·-"'- ,·-----~- -----· 
10. @on set Ea.No. 1d] Is Seebeck effect reversible effect? Explain. [2] 
"& Yes, Seebeck effect is reversible effect. This is because . on changing the hot and cold junction, the 

direction of thenno-current reverses its direction in Seebeck experiment. ~ - - - --------- -
11. j2011. Seto a.No. 1 cj What i~ neutral temperature? On what factors does it depend? 
a When the temperature of hot junction increases in the thermocouple, the 

thermo-emf increases at first, reaches to maximum value called neutral 
temperatur~ and then · reduces to zero called temperature of inversion. 
Neutral temperature depends on the temperature of cold junction and 
nature of material of thermoco~ple. The relation betwt'.en temperature of 
cold junction, neutral temperature and temperature inversion is given as 

E 
Q) 

6 
E 
Q) 
.c 
t-

(21 

Tn T, 

Temperature ....... 
----·-·---·-·-·•· .... ........... -.. _········ .... · .. -··-·-.. ···-··--· ---------

12. j2010 Set ca.No. 1 cl Define temperature of inversion. If the temperature of cold junction of a thermocouple is 
lowered, what will be the effect on it? 

a. Please refer to 12076 Set C Q.No. 1 bl 
13. @069 Supp set Ba.No. 1 ij li069 (Set B) a.No. 1c! Peltier effect is the converse of s;;b~-~k;ffect. Explain 
~ Please refer @073 Set ca.No. 1d! 

-------M--••---•-M-------
14. j2o67 a.No. 1~ What are the factors ·on which thermo-emf depends? 

[2] 

(21 

[2] 
a. If we keep the junctions of two dissimilar metals making a loop at different tcmpera tu rt's, .1 urn.-'nt 

flows through it. -An emf appears across the junction and is responsibh' for this current. This emf is 
called thermoelectric emf or thermo emf. The value of thermo emf depends on : 

a. the temperature of hot junction of thermocouple and 

b. the nature of material chosen from the thermoelectric series. 
- -- ·--------···--·-·--·--·. - -- .. - - . ·•-·--·-'·--

15. 12066 Old a.No, 10 ~ How does thermo emf change in a thermocouple when the temperature of the hot 
junction is changed? [21 

a Please refer to (2071 Set D Q.No. 1 d 
16. l2os2 a.No. 10 ~ How Is Seebeck effect different from Peltier effect? Explain. · ·-····--·-[2} 
a Please refer to 12073 Set c Q.No. 1 d! 
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T H RMO L CTR IC EFFECT / J ?. 9 
" 

11
,· aoa1 .N : 1.0 Wh t r th f n Whl h th th rmo mf produc d 1r1 a th · rmocouple depends? ·· -~ - rif 

Ph' ,st' 1't'h't to 7 .N , t 

'
8
. o o .N • 10 Why I b· ·1th rmo upl pr f rr d to -Cu thermo oupl ·? ••· · -· (2] 

t Th' 1k kt', ' ' hi ·h Is \IHHh' h I twi tl lfft•1•1•11I nwlul wit·,: 1 With ll •l'.1' j1111ctlo11 t I diff •r<•nt t •mp r, tur is 
,n ,s thl't'I\\Oi'mq)h' Tit, 111 r I . , • f I up l · ~""' · · Ill' 0 t \1'1'11H1 11111 p1·od11 :<•d lwlwt· '. II two JUnct.mns o t 1crmo > 

,kpt'" 1s \'" th position llf I'll ' l , I In tlw lht•1·11wt•ll1r trk H :l'l<•M. Tlw u1M , diHtl nt ,Hw tw > ·I m •nts in 

tht' th<'rnH dl'drk Sl'rl '- ' 1hL! I Hl',l' I' Is tlw lht•1·ntoL• lt•clrk 1• 11if (or <'t1m•nl for ,1 giv "n Jiff •rcnc '5 of 
h'"'P '"' 1111 'S lw lWl'l' ll 1h ' l11 nctiu11s of llw couple. 111 lhe tfo 'nn 1l' lc drk 11Ni :H, ti t• pof.l ition of Ft' nd 

1 i:- •'' middl' hi h h ,v ' :-om' 1.:nmmnn t• lectr ica l I ro1 ,,·U ':s bul th • po,-;ition of Sb, nd Bi is at •nd -

M ,1 'SU it, lnqw \l\\(Hll'\I' of tlwrmo el •1·tr'lt.: .curr mt ls pm luc 1d by 'b-Hi tlwrino ouplc than th.at by 

F('• \I tht'l't\\l) 'lHtpl .'· Thnt's vvhy b-131 lh •n110 .011p l : is prderr •d t( JI<.:- u th •rmo oupl '. 

19, . 058 Q.No: 10 ·what do you· ,;;~;n-by Peltier;s ~ff~~t?.. . ... ,. • . ---- [2] 

Wlwn ' current is p ,.\ SSl:\d thr~)ugh a thcnn<) nup l , whose jui1, tions 
,,re :11 th ' sanw l 'mp ' raturc, hea l is ·vnlvcd at 011 ' jun tion nnd g •ts 
thu h 'i'l lt'~I a,~d hc_M is nbsnrbed at the other jun ·tion and llws ge ts 
C()Okd . This elf' ·t 1s known as Pcltier's effect. Thus Pelti •r's effec t is 
d ,fin1::•d ns lh ' ph ·11om1;~non of genera tion or, bsorptioJ1 of heat. a t lhl' 
two jun lions of thermo oupl ' due to passj ng the urr'nt through il. 

This is th ' inv ' I'S' of e 'b. ' k df •ct. lf lhe dire tion of th• current is Heated Cooled 
r versed, the previous cold jun .lion be 0 111 •shot and vi e versa. 

Long Answer Questions 

20. ~075 GIE a.No. 5~ What Is Seebeck effect? How does the thermo emf vary with the increase in temperature of 
hot junction, keeping cold junction at 0°c? Explain. [4] 

a Seebeck Effect: Jf two dissim iJar melab ar joined at their ends so as lo form a closed conducting 
ircuit and if a differ 'n l~ oft •mperntur -' is maintained at the two junctions, a small emf is produced, 

this ff, l in whi h h 'al an be onverted into elec tricity is ca lled seeback (:~ffcct. 
Th tlH:!rnlOcoupl , an b • formed by using the metals such as Antimony, lron, Zinc, Lead copper, 
Platinum, Bismuth, etc. 
Variation of thermo-emf with temperature: Let us consider a Cu-Fe junction. Galvanometer is 

conne tcd in the oppcr wire. Junclion A is pla ed in hot water and B is placed in ice cold water as 

shown in fig ure. Keeping th, jun tion Bat 0°C and tempera lure of junction A is heated, the defle tion 

in galvanomct ,1• is noted . For different Lempernture of hot junction, the variation of rnf with 

t mperature is shown in figur' (i) . 

h·;J .. I 
Ci) 

I lot Wu t •r Huth 

r-i guru (i) Fi gur~ (ii) , 1 • , '' 

As th , t mperntur, of hot jun lion in r •ases k-•c1 lng old junctio,n at constant tempernture(Tc), ' the 
therl\\o emf in reas ,5 with the in rcas ' in l mp •r, lure and . has ~1rnximum at particular temperature 
caned n utrnl t rnperatur (TN)- If th t •mp rn t~r of hot Jun twn is further increased beyond T'I, 
~~~~1110 ernf de reases and b 'comes z.ero al P• rti ular temperature called temperature ·of inversio~1 

t he te1np •ratur 'Of inv rsinn and n ,utral temperature ~re c~mstant for a given thermocouple and 
neutral t •11,p ' ratur independent of tcm pcrc1~r of cold Junction but in.version temperature depends 
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140 / A COMPLETE NEB SOL ,UTION TO PHYSICS - XII ' . ' 1 to arithmetic mean' of inv~rs· ' 
· ture 1s equa · , · !OJ\ · 

upon cold junction. It is found that neutral tempera · ',,. -
·. temperature and the temperature of cold jmiction. 

T1 +Tc 
i.e., TN 2 

1 
• ' 

1 
E and T are related as 

. . f 1 ot ,·unction, t , en 
If E 1s the thermo "mf c 1\d T be th temp ratu re o 1 . 

E = a T + b T2 where a and b al"' onstants. . ----·-, ~-··-- -----·-·····~--- ····-··-i~thgradual increa~~ h, 
2,: 1i:o14 Se) A a.N~. aj Wh;ilsSOibf!Ck-el!;r1e;p,a1n the v:riatlon of thermo em . in\: 

temperature of hotjunction, keeping the eold Junction at O c. } 
a Plea e refer to 12075 GIE_Q.No. 5~ ···-········ .. •--"·•""····--······•········-······-·-~ o 

, - · -- · ···--·- .. -··-· ,..~----· · . -·--···--•-·~- d th thermo emf of a thermoc uple vary With 
22. j2012 s~t D Q.No. s, What is thermoelectric effect? How oes e 

1 
. 

increase in tenl'perature of hot junction, keeping cold junc~ion at 0°C? Exp am. l4l 
a ·Plea 'e refer to 12075 Gll:: Q.No. 5~ • . --~ .. -·•·····-·-·-"·-·-- , .... ,. •"·-···· -;-·-------
- -;:::==....:=:======·:::::~----- ---· ·- ----·--.. ------- f th · couple vary with temperature of th 
23. j2on supp a .No. s~ What is seebeck effect? How does the ·e.mf o ermo e 

hotjunction? _____ I~ 
'a Plea e refer to 12075 GIE Q.No. 5~ ----- -------· ·· __ .. ______ . . 

24. §011 Set c a.No. s ~ What is a thermocouple? Define n.eutral t~mperature and temperature of inversion- of a 
thermocouple. Are they constant for a._given thermocouple? . . . . [4] 

1'l. Thermocouple: The device, which is made by two different metal wires Wlth theu Junction at 

different temperature is known as thermocouple. The ·value of thermo emf produced between two 
junctions of them10couple depends on the position of metal in the thermoelectric series. The mote 
distant the two elements in the thermoelectric series, the larger is the thermoelectric emf ( or curreru) 

for a given differences of teniperatures between the junctions of the couple. In t~1e thermoelectric 

series, the position of Fe and Cu is at middle which have ~ome common elec trical properties bµt the 
position of Sb and Bi is at end. As a result, large amount of thermo electric cu1-rent is produced by Slr 
Bi thermocouple than that by Fe-Cu thermocouple. That's why Sb-Bi thermocouple is prefe~red to Fe­
Cu thermocouple . 

v\~en the temperature of hot junction increases in the thermocouple, the 
thermo-emf increases at first, reaches to maximum value call~d neutral 

. temperature. and then reduces to zero called temperature of inversion. 
Neutral temperature depends on the te1nperature of cold jµnction and 
nature of material of thermocouple. The relation between .temperature of 
cold junction, neuh·al temperature and temperature inver~iori is given as 

Tc+ Ti 
Tn 2 

They are not'constant for a thermocouple because they depends upon the 

E 
(l) 

6 
E 
<U 
.c . I-

Tn T, 

Temperature _, 

temperature of cold junction. ___ _ __ · 

2;~-12010 Supp. (S-et B-)-a.N~~--5 al What i~--thermo ei;~t~i~ effect?. Disc~~~--th~--~~~i~ti~-~---of th -f WI- :th the 
h · t f h h • . ermo em c ange m emperature o t e ot Junction. . [4] 

a Please refer to ~075 GIE a .No. 5b! 
26. 12~70 Set_ D a .No. 5 ~ Define Seebeck e~ect._ Discuss the variation of th~;m~i,;~tri~~~mf·i~ ~her~le 

with the increase of temperature of hot Junction. [4] 
a Please refer to 12075 GIE a .No. 5b! 

·21. 12067 Sup a.No. sa) What is thermoelectric effect? Discuss the varlati~~··;i·t-h-;~~~~~----,-,..- 'th h ~-h~9;1n 
temperature of the hot junction. · m w, t e c a [1_.31 

a Please refer to 12075 GIE a .No. 5~ 

.. ·2a: ~063 a.No. 11 a OR] What is Seebeck effect? How does the thermo ~~f-~f·-·;·th~-~·~
0
couple v;~~,·· 

temperature of the hot junction? 
a Please refer to 12075 GIE Q.No. 5~ 
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THERMOELECTRIC EFFECT 1 141 

~
0

-~
0

· ~~ ~ ?What is ~~oes!he emf of a thermocouple vary ~thihe temperatu;;-of 
the hot June 10n . 1 [2+3] 
please refer to 12075 GIE Q.No. 5~ 

~a.No. 
11 

a oR) Explai~-;:;;;atd-;;-you-;;;e~n-bY:Seeb8'Ck Eff~Cii HoW'th~rm~eii;ct;i~-;~;,td;;-~;;;,;-~lh 
the temperature? · [1+3] 

'zt. 
pJease refer to @075 GIE Q.No. s~ 

Ql!i,:Ml6¥!#1~t½hM_ __ ~.---- . . . _ -~ _ 
~Set o Q.No. 9q The thermo-emf E ahd u;;1;;p;~;t.;;;· ~1 ·;;~i ju~cti~~ ·a salisfy a relation 

E ~ ae + b0
2
, where a= 4.1 >< 10·5 V (0

C)·1 and b = -4.1 x 10.a V(oC).2. If the cold junction temperature is 0°C find 
the neutral temperature. [4] 

Solution 
The given equation is 
E = a0 + b02 . . ....... ( i) 

where, a & bare constant, 8 = temperature of hot junction. 
a= 4.1 x 10·5 V (°C)·1, b = -4.1 x lQ·R V(0 C)-2 

and temperature of cold junction is O°C. 
ow, 

dE 
- =a+ 2b8 d8 . 

E 
Q) 

6 
E ,_ 
Q) 
.c 
f-

Temperature -

The neutral temperature is temperature of hot junction at which, thermo-emf is maximum i.e. 
tlE 
dS = 0 or a + ,2@.0n = 0 

,or, a 

DOD 

. I 
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Short Answer Questions 

1. 12076 set 8 a .No. 1cj 12067 sue a.No. 1cj Distinguish between i~nic_and e.lectronic co_nduction. 
Tl iiif bet een the ioni a'nd ele troni conduction are given below, ~ le L erences w . [l] 

Electronic conduction Ionic conduction ----.. 
1. Th ondu tion of ele tricity takes place 1. The conduction of elcctyricity takes pla~ 

due to drifting of free el ctrons it~ metals due to movem nt of ions is called IOnic is called electronic conduction. conduc tion. 
2. o chemical change takes place when the 2. The chemical decomp(_)sition takes place current passes through metal iJ.1 electronic when current passes through the conduction. e lee troly te. 
3. o matter is transformed during electric 3. Matter is tran~ported in the fom1 of positive 

conduction in metals. and negative ions in case of electrolytes. 
4. Eg. Electricity passing through copper 4. Eg. Electricity · passing through copper wire. sul_12hate solution. 
5. The resistance is less In electronic 5. The resistance is moi-e in ionic conduction. 

conduction. 
....., .... _...._ ....... ,. -~--- .. ~ ---- - -.. 2. ~076 Set c a.No. 1a! 12074 Set B a.No. 1~ J2012 Set c a.No. 1b! The conduct1v1ty of an electrolyte 1s low as 

compared to that of metal at room temperature. Why? [2} 
B. The conductivity of an electroly te is low as compared to a metal beca use of folfowmg reasons. 

The i.rnmber of ions .in an eledrolyte is small as compared to the number of free elec trons in the 
metallic conductors . The drift velocity is given by the rela tion I =; vd neA, since n is more in metal than 

L. 

that of electrolyte, then the curren t is more in metal. 

ii The mobility of ions in an electroly te is small as compared to the mobility of free electrons in metallic 
conductors. · 

iii. The resistance offered by the electroly te to ions i · more than resis tance offered by metal to free 
electrons. 

= The c~rrent flowing in a voltameter can be measured by u.siJ1 g tl1e relation, I - : . A ll quantities of 

this relation can be accurately measured upto three decimal places. But in case of ammeter duC' to the 
presence of certain resistance in it, current can never be measured accurately . That's why, , 
voltarneter measures electric current more accurately than an ammeter. . 

[2] 

4. 12075 Set Ba.No. 1c! 12011 Set ca.No. 1 e! Why is the conducti~ity of an-;-,;~t~o-iyi; I~-~ -i~-co~-p~risq~ to that 
of metal? .-------. [2] 

a. Please refer to ~076 Set c a.No_ 1 al 
~/2~;3-Set c~.No. 1eJ State the Farada-y-'s-1-aws--of_e_le-c-tr-olysis:·---- {2] 
a. Faraday gave two Jaws of electrolysis, they are -stated as: 

a. F~raday's first law of electrolysis: The mass of a su bstance liberated or J epositcd in ,t -ctrolysis is 
duectly proportional to th electric charge that passes through the electrol tc. 

i.e., 1n ex: Q ==> m = z Q 
where Z is electrocherni al equivalent (ECE). 

rn = Z It (Q = I t) 

b. Faraday's second law of electrolysis: The mass of different substances liberated in electrolysis by th• 
pas~age of sam_e quantity of electric cha rge, is directly proportional to their respective chemical eqmvalent. - _ 

Ill 
E= constant 
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~::::::::::::=:::::::====:-------- CHEMICAL EFFECT OF CURRENT/ 143 
i&. @12 supp Q.No. 1bl Explain eleciro,cich~e;mrii'i;::.:=:-;:.= -:--:-~-----------::_~-~-
'I'- Electrochemical equivalent: F cal equivalent of a substance. (2] 

. d . rom Frada 's f I . . 
liberate at an electrode in elect 

1 
. _ _ ITS t aw of electrolysis, the amount of ions deposited or 

l 1 tl I I ro SIS 1s d1rectl · t uoug 1 1e e ectro ysis. Y proportional to the quantity. of electricity passed 

i.e., m oc Q or, m == ZQ · · 
rn 

Where, Z = Q is electrochem ical e . al 
. . quiv ent of a substance. Thus, electrochemical equival nt of a 

substance lS def111ed as the mass of ions d . . , 
. charge is passed through el ct 

1 
~P?Sited or liberated a t the electrode when one oulomb of 

_ _ __ ·-- --~l't_c: Its umt 15 Kgc-1. 
1. @012 Set E a.No. 1c) Why is the condu f ·ty . ________ _ 

temperature? ~:::::--::::--:-~--- c ,v, of an electrolyte very low as compared to a metal at room 

~ease r fer to 12~!_6 Set c Q.No. 1 a! [
2
] 

s. µ011 Supp a .No. 1ij lzoss a.No 10 ~I What ism t b F d ----------- -----·-------. · . ean y ara ay constant? . . [2] 
'l:t.. Farad~y's conStant (F): From Faraday's first and second Jaws of electrolysis we get a combined 

equation ' 

m QE 
where m is 1.h mass of ions or subst ... 1 ·b I 1 · · . . an e I ernteL or Lepo. 1tcd, Q 1s amount of charge deposited or 
liberated and Ebe chemi c1l equivale nt-. 

1 
Or, m = ~ 

where F is a u nivers, I on tanl a llcd FarL J 's on t, nt. If m = ◄ (numeric, lly), then F = Q. thus, 
Fa~·aday ~onsla!1t is d •fin ,J cs lh qu .nlit of ·harg · ru.~uir 'd tc liber, le the mass of subs tance equal 

__ t_o_1ts gram e9u rval Jll. Tls value is ' qu 11 lo t 1500 m o l- 1. 

9, 1201o·s;; C ·a-.N·~-~ ~ 'e1 The-~ond~clivity of a~ electrolyte is low as compared to a ~etal~Why? -

a Plea. refe r tn 12076 S l C Q.No. 1 a! 

~~ s~~ [)-a:~~: ~-ij ·state a;d e~pi~in F~~aday's laws of electrolysis. 

Pl as - ref ' r to 12073 et C O.No. 1 ~ ----- - - -11. [066 Old a.No. 10 bj Define one Faraday. 

[2] 

[2] 

[2] 

Please ref r to 12071 Supp a .No. 1~ 

1~a.N;-1"'o b(Why-does ~oltameter measu~e current ~ore accurately than an ammet~-~?-- ·- ---- -- - - . . [2] 

~ Plea 'Cr f rt) 12075 GIE Q.No, 1g 

IIM·iti,M'h4111i't#MM,M -.::::::: ~=__:..::~ ===~===711~~~~~7.:~:l<;:;:-i~::;::-:,-:--;:· ------
13. ~07~- ;;,;-

0
~

0
.-~c] [2~71 s~t o a .No. s ~ ~069 (Set A) a.No. sci State Faraday's laws of electrolysis. How will 

you verify Faraday's second law experimentally? [4] 
'a. Farada ga tw 1 , of l tro~ sis, they are stated as: . _ _ 
a. Faraday's first law of electrolysis: The ma?s of a substance libe.ra ted or deposited m cl trol sis is 

directly proportional to th~ 1~ tri harge that passes through the electrolyte. 

i.e., m oc Q ⇒ m = Z Q 
where z is e1ectrochemic, I equivalent (ECE). 
: . Ill = Z It . (Q = 1 t) 

h. Faraday's second law of electrolysis: The mass_of ~ferent substa~ces liberated in elecfrolysis by the 
Passage of same quantity of electric charge, IS drrec tly proportional to their respective chemical 

equivalent. 
Il1 E= constant 

,, 
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Experimental verification: 
Second law: · 

1· i::1 ---------1\NV'NV'v 
Rh 

~-
~ }fl L..;.;;:::..--=,.:.-____, 

'. 

Copper Voltameter Si lver. Voltameter Water Voltameter 

The experimental arrangement for the verification of Faraday's second law is as showi:i in figure. 
The11e are three voltameters containing CuS04, AgN03 and acidified water as electrolytes and Cu, Ag 
and Pt are as respective electrodes. If I be the constant ·current flow iu circuit, then in time 't', the mass 
of hydrogen gas libera~ed, silver and copper deposited on electrodes are calculated. If 1111, m 2 and rn3 

are masses of copper, silver and hydrogen deposited at the respec tive ca thodes and E1, E2 and E3 are 
their chemical equivalents respectively, then, experimentally it is found that, · 
lll1 lll2 1113. . . . . E -E - E 1.e., mocE. This verifies Faraday's second law of elec trolys is. 

1 2 3 

14. @010 Sup (Set A) a .No. s cl 12os~ a.No. 11 al St~t;f:;rad~-y's laws of electrolysis and ~;~ify~~~~~d-.. l~;;,~----[4j 
a. · Please refer to 12075 Set A Q.No. Sq 
1s. @069 (Set B) a .No. sal Verify Faraday laws of electrolysis. 
a. First law: The experimerital arrangement to verify Farnday 's fir t law 

of electrolysis in copp~r voltameter is as shown in figure. A clean and 
dry cathode plate is weighed and then it is placed in the vol tametcr. 
The electric circuit is completed by the series combination of 
voltameter with the battery, ammeter and a rheostat as shown in 
figure. When steady current I is passed for a certain time 't', the 
electrolyte CuS04 solution of electrolyte decompose into Cu ++ and 
S04--. 

+ 

Let m 1 be the mass of copper deposited on cathode in time t with the CtiS04 

passage of current 11 , then 
m1 = Z lit . .. (i) 

The experiment is repea ted with current Ii at same time t, the mass of 
copper deposited on cathode is m2, then 

m 2 =Z 12t .. . (ii) 
From (i) and (ii), we get 

~ - l!.!_ rn1 _ Q1 
m 2 - h t ⇒ m 2 - Q 2 

[4] 

i.e., m cc Q, Similar pro edurc can be repeated by keeping current consta t d • t· e ThiS 
verifie the fir t law. ==------ . n an varymg un • 

Statemen~ and Second Law: Please refer to 12075 Set A a .No. sg 

1.6. @068 Old a.No. 11 a oij ~058 a.No. 11 a oR) State and explain Faraday's Laws t>f- l -t 1 . d h ----ce define 
Faraday's constant e ec ro ysis an en I 

• ~::-;;:--:-:::-:--=----.. (J♦2 
a. First law: Please refer to @069 (Set B) a .No. s~ 

Stateme~t and Se~ond Law: P.lease refer to ~075 Set A a .No. sd 
Faraday s constant (F): From fist law of electrolysis, we have 
m oc Q, where Eis constant · 
From second law of electrolysis, we have 
mcx:E, where Q is constant · 
Combining these two laws we get, 
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I 

01~QE wh~re Q and E both vaiy. 
1 

Or, ll1 =p<)E 

wh~re F is a univ~rsal ~onstant ·railed Faraday' onstant. If 111 = E (numerically), the1! F = Q. Thus, 
farad.ay consta~1t 1s defined .as the qu anti ty of harg r •qui red to libe ra te the mass of substance e~ual 
to its gram eqmva~ent. lts value is equal to 96r:0o mol· 1• 

~ a .No. 11 a OR) Stat~ F~~~day•~-la~ of ele~troly is. 01.~cus~ the e; p~~i;;.~t to ~erify them. [41 
'I'- first law: Plea r fer to !2_069 ( _ et 8) Q . No. 5~ 

Statement and Second Law: Plea , ·' t· f 1r to 2075 Set A Q.No. 5 

~Jfflbt½i*L __ """ ·-·· ..... _. . .. -~. .. .. . ~ _ ...... ____ ··----
1s. [014 _Supp a .No. sij It is desired to deposit 0.254 kg of copper on the cathode of a copper voftameter. How 

long will it take to deposit this amount if a steady current of 100 A ls maintained? Relative Atomic mass of 
copper= 63.5 and Faraday's constant, F = 96500 C/mol. [4] 

Solution 
Gi en, 

,1a of copper d posited (m) = 0.254 kg = 254 g 
Time {t) =? 
Current (I) = 100 A 

Relative Atomic mass of copper (M) = 63.5 
Farattay's constant (F) = 96500 C/ mol 

e ha e, 
Ill = Zit 

M 
ID =-xi x t or, VF 

or, t 
m . V.F 

M .I 

254 X 2 X 96500 
63.5 X 100 

= 7720 s 
..................... ---.. ...... ________ _ - -;:::=================.; .............. _. ___ ._ ............ -_ .................. _ ... ....... -............. __ ...... __ ....................... -........ . 

19. @069 Supp set B a.No. 9 al Assuming Faraday constant to be 96500 C (mole) .. 1 and relative atomic mass of 
copper is 63, calculate the mass of copper liberated by 2 A current in 5 minutes. · [4] 

Solution 
Given, 
Faraday constant (F) = 96500 C mol-1 

Relative atomic mass of copper (M) = 63 .. 

Current {I) = 2A 
Time {t) = 5 min = 5 x 60 = 300 sec. 

Valency of copper (V) = 2 
Mass of copper deposited (m) = ? 
We have, 
m = Zit 

E 
=-It 

F 

M 63 x 2 x 300 
=,. VF It = 2 x 96500 = 0.1 96 gm ---.. ------- -- - - - --- ··- - . ·- ·-• -··• -- .. - .. , 

20. •§.:s6 Old a.No. 11 ~ In a copper plating system, an electrolysis current of 3 A is used. How many atoms of 
C_u~• are deposited in 1.5 h? (e = -1.6x10-19C). . [5] 

Solution · 

Give~ 
1 

Current (I) = 3A 

I 
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i 

Time (t) = 1.Sh = 1.5 x 3600 = 5400 s , . 
e = L6 x 10-19C · · _ 

. 5400 == 16200 C . i , 
Now, Charge passed in 1.5 ho~r (Q) == It = 3 x · _

19
C == 32 x 10-1~C 

A}.so, Charge carried by each Cu2+ atoms == 2 x 1.6 >< 10 · . 

• . 16200 == r.:: 06. )( 1022 . 
Theni No. of atoms deposit d == 3_2 x 10- 19 · 

Hence, the required number of toms is .06 >< 1?22
· __ • ____ · . . - - - . ___ t,_h_ l~~t;~jy;·j;--~j·;;t;r~(R~~t· 

~--·- ··-·-- ---.----- ______ .. ___ - ·· - --··· · . 
2 

f oxygen in e e 1ve 
21. 12os1 a .No. 11 ~ Calculate the charge needed to deposit 9 ° mol·1) [SJ 

molecular mass of Oxygen is 32, Faraday constant F Is 965,000 C · . 
Solution · · 

Gi en, 

Ma of ox 'g"n (m) = 2 m 
32 

ular ma s of o ·. gen (M) = 32; Atomi mass == 2 = 16gm 

or, 

Fara la , n tant (F) 

harge need d (Q) 
0\ ' 

= 96500Cmol-"1 

= ? 

alen y of O>..')'gen (V)= 2 
Then, we have 
Olemical equivalent (E) = F x Z 

tomic mass 

16 

=FxZ alency 

or, 2 = -96500 x z 
Z = 8.29 x 10-s gmc-1 
Again, we -have 
m =Z x Q 

Of, 2 = 8.29_ X lQ-5 X Q 
Q = 24125.45C 

Hence, the required amount of charge is 24125.45C 
000 
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13. Magnetic Field of Current 

C Chapter 1: Magnetic Effect of Current ] 
~1:!±#}1@!8"i~P@MAt ___ _ 
1. @°6 se_t 8 

_a.No. 
1
~ !2068 

a .No. 1 ~ An electron bea~ and-; proton beam are moving parallel t~ each other in 
the beginning. Do they always maintain this status? Justify your answer. [2) 

n ele ·tron 1 am a nd a pr l m beam are moving parallel to each other in the beginning, the path of 
l ,·un d ,. en j on th ~ p ' d of cl1 -1 · I , J 

' r- , • ~ ~rgeu parhc es. Protons and electrons are opposite charge partic e · 
In tht> k" r P d, the I tro ta tic force dominates the magnetic force and attract to each other, As a 
rt' ult, th 'Y m lo to ea h other. If the speed is high, the magnetic force dominates to electrostatic 
L,rce and th ' V l hav as t\ o cu t · · · • · · - ' te 
I\ . , . , rren s carrymg mfimtely long conductor carrying cu rrent m oppos1 

· dire h n. o, th Y d tver e to each other and become far from each other. 

; @76 Set Ba.Nb. 1~ Define one ampere current in terms of force. [2] 
TI1e force per unit length behveen two current carrying conductors is written as, 

~ F= 2n r 

when, I1 = h = lA and r = 1 m, then 
.!7t X lQ-7 X 1 X 1 

F = 2 x r = 2 x lQ-7 N 

Hence, one ampere of current is defined as the current which when passed th.rough two infinitely 
long parallel conductors separated by a distance lm in vacuum which produces a force 2x1(>--7 N per 

· unit length between the conductors . 

3. po76 Set c a.No. 1 c! How will the magnetic field intensity at the centre of a circular coil carrying current 
change, if the current through the coil is doubled and the radius of the coil is halved? [2] 

a The magnetic field intensity at the centre of the circular current carrying coil is, 

µo I 
B=--

2r 

where, . 
µo = Magnetic permeability of free space, 

=No. of turns of coil, 
r = Radius of coil 
U current in the coil is doubled and radius of coil is halved, then magnetic field intensity is 

B' - ~ - 2r' 

=4~ 
2r 

= 4B 

r 
[·: I' = 21, r ' = 2] 

Tl l l . f ' Id · ,tensity changes by four times if the current through coil is doubled ·rnd 1us, t 1e magne 1c 1e 11 

radius is halved. --- --- - ----
4_ ~ 76 Set c a .No. 1d) @on Se~ c a .No. 1ij Can a charged particle move through a magnetic field witho~t 

experiencing any force? Explain. _ . . . . . [ 1 
a. y h i ~; l oving through a uniform magnet! field B expert n c a force u1 a straight es, a c argel paruc e m . . · . . . 

lu · • b F _ B in0 where e is angle between velocity v and magnet! field B. [f the velonty 
1e IS given y . - qv s . . · · f , 

and field are parallel, the charged particle moves without expenencmg any orce. 
, . 
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-=-~====:::..:-::..:.·:.:..·· --=-.;·- _ • _ • _ .- . __ •• __ --wi;i-iong parall~I ~res. -~~at will be the 
s. 1201s GIE Q.No. 1~ Equal current are flowing thtough tyJo l_nf . 

1
~ the same d1rect1on (11) m th~ opp08ite 

magnetic field at a point tnld•way, wh nth currents are flowing (i) l2} 
direction? · . di rec tion. Th e 

a. L t h o c l\ iuct r , nl\ An ing qu 1 u rrenl I 111 /'iame 
~ B . i ht ha nd thu m b 

tn netk ii ld l poh\l P lu 1c to condu · tnr X I B = Znr · -Y r g 

rul ., l1P hdd is inward to the plane of p pct', imilarly, th ~ m ag.t,etic field at ... ...+ __ . .P, --+ -.. 
P du to 1\ lu t r is B == ~al , dire tlon outward to the plane of paper ' ~ - - ·r .;;;·•·~·~-'C _ ;., 

7tr · 
· \ . b two conductors nght ,and thumb m l ~) . Th m gneti field nmlwoy •tween 

i ' ~nal but )Pf osite in dil'eclion, u rnncd l •d a h other . 
But whe1\ ·mTent i flowing in opp~>site dire tion, then the m agnetic Held at 

X y 

th - mi ldl' of wire is double is 2B, i.e. (~) 
m ---------~ 

'i=::~:===~=====:;-;:=-====:::=======::=:;·-· - ----------·---;-d t - ds to contract when a curr t 
·6. \201s Set A a .No. 1dl 12015 set B a .No. 1dl 12067 sup a.No. 1dl A soleno, en en 

passes through it. Why? · . [~ 
a. Solenoid is made by winding large number of insulated wires. Thus, the tur:15 of w u e act as parallel 

conductors carrying cu rrent in same direc tion . There exists a force of attracbon between two Parallel 

current carrving conductors (F = 1•10 l,h ). Hence, the conductors attract each o ther. Due to e 
1 2nr · 

attractive forces between the two parallel conductors the solenoid tends to con tract its length. 

7. 12013 supp a.No. 1ej 12060 a .No. 2 ej Define one Ampere in terms of the force between current 
conductors. 

a. Please refer to 12076 Set B Q.No. 1e!_ 
-·-------·---·-----------··· ...... ,_ .. ______________ ---------------:: 

8. 12013 Set ca.No. 1cl How can the sensitivity of moving coil galvanometer be increased? Explain. 
a The sensitivity of galvanometer can be increased by: 

i. making the pole pieces of magnet concave. 
ii. using the cylindrical soft iron core . · 
iii. making radial magnetic field. 

------ ·--- - -··- ----------------l 
9. 12013 Set o a .No. 1 ~ A charge particle carrying a change 'q' moves in an electric field E. If its specific charge: 

is 'S', write an expression of its acceleration in terms of above entities. 
a A charge particle carrying a charge q moves in an elec tric field E. If its specific cha.roe is , then fo 

. . b 
is given as · 
F= qE 

F ~ , 
and acceleration a = - = = SE [ since, ._g_ = S, given] ' 1n 1n . m 
: . accelera tion, a = SE 

10. 12013 set o a .No. 1cl Magnetic fi~jd at the CE!ntre of a solenoid is-double th~~ that ~tits ends. Why? 
1'.S- The magnetic fi eld a t a poin t on the axis of solenoid is 

~ B = -2 [Cos 0, - Cos 02] Tesla 
' 

Where, µo = 4n x 10-7 H/ m, l = current in solenoid and 01 and th be th a ngles m ade by sma.11 ele~n~t 
of solenoid . 
At the centre, 01 = 0, 02 = n, then 

µonl 
Be = 2 [1 - (-1)] 

Be = µonl 
At the end, 01 = 90°, 02 = n, then 

_ µ0 nl 
BE - 2 . 1 \ 
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. » :::: 2BE 
·· ,1cJ1 e, the magnetic field at th 3 , • t . , · 

fl --== - --.· . c II t l' of sol 11 · •I l 
~pp a.No. 1c) Hall ;;itag~s-~~ ,- ~h- · ~?~ .. ~ dou~~J '~1 ~~~ al.~nds . ... _ -·-· ~- ___ _ 

,~mparable currents, fields and dimen I larger for semi-conductors than for good conductors for 
sons. Why? 

fh~ }-{aJI oltag ' develop d in a "P . [2] 
.., ecunen kept · , . . . Jll_ . · m a magnetic field is g1ve1J by, 

\111 = net ... (1) 

Wher , B = magnetic field, 
I = urren t in a specimen 
n = no. of charge carrie1-s, 
e = electronic charge, 

t = thickness of specim en . 
l11us the Hall voltage is, 

1 
. VH <X. ; fo r sam e, B, I and t, 

n for conductor is -much larger th · · an semIConductor. So, VH . is larger for semicond uctor than 
conductor. 

12. ~72 ~et D a .No. -1c! D~es a charged -p~rt~Te- ;~ving through ~-~-;9·~;ti~ -fi~ld ~,~;y·~--~;p;,.ien~-e a force? 

Explain. . . . _ . [2] 
}s No, a cl_rn 1 ged partic~e m ovm g though a magnetic field does not experienced force on any time. The 

magnetic force expenenced by a m oving charge particle in a magnetic field B is given as, · 
F = B qv sin 0, 

where q is charge particle and 0 is angle. betw~en velocity and B. When 0 = 0° i.e., velocity is parallel 
to ma~etic fiel~, _tl~<; force ex_p~ i~!~ce9_~s zero. . • 

13. ~072 Set E a .No. 1e! How will an electron move in a homog-e-ne-o-us_ m.agnetic field if the v;locity of the 

electron at the initial moment forms an angle '0' with the force lines of the field? [2] 
~ The magnetic fo rce ac ting on an elec tion moving in a homogeneous magnetic field when the ve locity 

of the electron at the initial m oment forms an angle 0 is, 

F = Bev sin 0, .!~~r~-~ .:.0~~gn~tic B_ux _de_1~si~ !. .. ~~e1.~~l .(.!1~ eat!1 of __ th_i~--~!~~-~:.~ri_ !~. ~:e_ f~~~dJ~ .~P}~ ~--..:. __ 
14. @11 supp a .No. 1d! A uniform magnetic field directed upw~rd exists in some region of sp·ace. In what 

directions could an electron be moving if its trajectory is a) a straight line? 'b) a circle? . [2] 
~ A uniform ma gne tic field directed upward_ exists in. some region of space. When an electron moves in 

straigh t line, then its path is circular and 1f the traiec tory of the _elec tron 1s circular then it moves in 

helical path . __ ------ --- ·-·---· -·- ·---·----- ·-------
15. ~1 set c a .No. 1 cJ A current was sent through a helical coil spring. The spring contracted, as if it had been 

compressed. Why? [2] 
~ fer to 12075 Set A Q.No 1d] ~ - ___ . :- _ ______ _ 

16. lllio sup (Set A) a .No. 1 cl If a magnetic force does no work on charged particles, how can ,t have any effect 

on the particles' motion? [2] 
'II. When a charged pa rticle moves in . a un i.fo rm, mag~etic fiel~i- (B), it experience n fo'.·c_' F as 

F = Bqv • 
0 1 

J.S. cl, arge of parhcle, v be its ve locity and 0 1s ,mgle betwee n B and v 1 his force . sm , w 1e re q , - . . . . . . . . . · · . 
IS acting towards the centre of circle or the motion 1s c11 cu la1. The d11 ec lwn of force r and the d1stan c 
covered 

I 
erpendicular to each other such that, work done W = I· cos 90 == O. o, the 

s are a ways p th . 1 . . 1 . 
lllagneti f d ork done but moves e partJC c 111 circu ar motion. ~ c orce oes now ___ __ _ _ ___ _ ___ ~----- _ 

17, ~upp. (Set B) Q.N~ Can ~ charged particle move through a magneti~ field without experiencing any 

'11. force? Explain the reason. . [
2
] 

~e refer to 12076 Set C Q.No. @ __________ ---·-- _______ ·__ ___ .. __ _ ___ .__ ..... - ·-- ... ... ·-·· .. :. 
18· ~Pp Set 

8 
a .No. 1 j) Two· siraight cu~rent carrying rods are replaced parallel to each other,. How can 

11one) am f t be defined from this arrangement? [2] 
'11. P pere o curren 

lease refer to -!2o_7_6_S_et-:B....,Q:::-_77No-.--;~:1 
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1 

__ , .. ~-------;- -- ·--. - -:-

1
·--,• --- • 

~~~=;:=========·::::-:-:-:-::---:-:-~---=- ...... -·----·-·--- -· · ··-:--- . a moving coil 9-~lano.meter.,18 . 
19. 12068 Old Can. a.No. 2ij What will be the effect if the magnetic field '" , · . · · · ~ · "> 00 

radial? · f. ·1 d b [ . . , . . . . I the plane o cm . oes not eca 
a. ll tl1e magnetic fiel~i in a moving coil gnlvanometer ts not ,adia 1 

, , 

parallel to the magneti field and thl' ton.1u e · effects can be seen· 
( BINA H •nee following , 
-r = cos0) do 'S not be on,c same in all A cs. . e ' 

1 
arnet r dead beat and fli 

sensitivil) of th . al' anc tn tcr de t· A ,s, it do s not 111 , k ga van 1 

galvanotneterdoc notnPasurearcumtc u1-r'nl. . · ---- ---- ·---·-----
- -;::=:::::;:=:===~-- --:-- - -- - - -·- - · ·• ~ - --~ · · - · · 1 · lenoid tends to cont[act. Why? [4 20. 12os1 a.No. 1 ~ 12061 Old a.N~. 1 ij 12000 suee a .No~ 2W A current carry ng so . · 

a. Plea I fer to !2075 Set A Q.No. 1d! •C- ..:--- - ---- - ,--·-

21. 12065 Q.No. :z el Explain h~w th~ dlrectio~·~,i;r~~tx f~~c; ls d~t~r~lned. . Field [~ 

"a. The dir ti n of L rentz for c is l\et rmi.ned by using Fleming's left ha ntl Y 
rul which state th t, hen the fore finger, middle finger and thumb of the 
left hand are -tretched mutually perpendicular to each other in s uch a. way 
that if the fo.1 finger points the direction of field (B) and the middle fmger Thumb X 
points in the direction of motion of charge particle then the direction of Motiot 

z .thumb gives Hte direction of the force. . -- ··- - -

;2. ffeo61 Q.tfo. 2 ~ How mag-~;tic field is·~~d~·~·~di~li~ ~ ~~~i~g·~·~il·g~l~~~~m·;t~r?.. . .. ( 2 

a. In a moving coil galvanometer, magi1~tic field is made radial by using concave pole piec~s of magn~ 
and putting a soft iron cylindrical core between t11e pole pieces. The advantage of radial magnet.ii 
field is that the deflection e becomes directly proportional to the current I flowing through the coil 

As a result, the scale showing the current values is a uniform one. ---··· ..... .... •-'"- . _ ·------

23. koso a.No. 1 :el Why is the cylindrical core of soft iron u~ed in moving coil galvanometer?· [2 
a. An instrument which is. used to detect and measure small amount of ~lecttic current .flowin:1 

through the circuit is called moving coil galvanometer. When a cylindrical core of soft iron is usec 
in it, a radial magnetic field is produced so that the deflection 0 becomes directly prnportional ff 
the current I flowing through the coil . As a i·esult, the· sec-i.le showing the current value is unifom 
one i.e., equal division along the calibrated scale represents equal steps in current. 
i . It makes radial field B_so that linearly scaled galvanometer can be made. 
ii. It makes dead beat galvanometer. 
iii It increases sensitivity of galvanometer. 
That's w hy, the cylindrical core of soft is iron used in moving coil galvanometer.' 

- -::========~-:---:----:-----:----:--:--:~;---~---=--................................ _ ....... _____ . ______ _ 
24. @057 Q.No. 2 ~ A proton moving.in a straight line enters a strong magnetic field along the field direction. Ho~ 

will its path and velocity change? [2] 
a When a proton enters to a strong ma~netic field a.long the held direction, the for~e experienced b) 

proton is given by F = Bqv sine. In this case, proton is moving along_ the field, i.e. e =0°, then F = Bq\1 
sin O = 0. Here, force experienced by the proton is zero. So, its path and velocity remains unchang :l. 

- - --- ·---· ·-·-·--·-···-c- ·· .. . -- . .. __ .. _. ___ ........... ···--··-·---·-··•--·•-··-··--·- - .. ··-- ----

25. @os5 a.No. 7 al Does a charged particle moving through a magnetic field experience a force? Express with 
conditions, maximum, and minimum force it experiences. · ~] 

a. Yes, a charged particle moving through a magnetic fi eld experiences a force. The amount of forcEl 
experienced by a charge q moving with velocity v inside the magnetic field Bis given hy, F = Bqv 
sin 0, wher 0 is the angle be tween the dire_ction of v and B. 

a. When 0 = 0°, then F = Bqv sin O = 0 (minimum or zero force). 

b. When 0 = 90°, then F = Bqv sin 90 = Bqv (maximum force). 
-- -------

26. ~os4 a .No. 7 dj Under what conditions does a charge affect a magnet? ···- · ··--------· [2] 

a. When a fast moving charge particle enters to a magnetic field, a magne ti fi Id as well as . force iS 
dev~loped in the charge whic~ is F = Bqv in0, where B is magnetic field intensity, q is the charge,~ 
be-the velocity of charge particle and 0 be the angle b tween the veloc ity and m.agnetic field . oue to 
this reason, the fast moving charge particle affects the magnet. . 
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I n ~ 
B = JdB = .&.2..4'

0 J sinO d l = !Jo l I _ usO]n ., ~ [cot-O - cnsn l "" 4nn ·2 
m-1 o 4nn · o 4na 

This js l't'qui1 ~d magneti field 1l1h•111, it ,. mr!io,rn l to th (' dist, nre . 
This indicah.'s th.l l 1"i\gl\etic field of O llmg strnight wlrr Is llwcrsd y prti i of 

l . . 1 I t 1e pm.nt ti-0111 t ,c wire i.e., 13 11; ). 
- - - - =:-;-;.;--~.,---~ fl d the magnetic fie ld lntdnsity d 29, 12.075 'Git; a .No. §9' 12074 Supp Q.No_. 5_~ State Altlpere's law and use It to n . lie 

to a long solenoid, . . (41 
mpere's Theorem ( mpere's it·cultal law) : /\n1pcre's ircuil r1 I l.iw ,'l lrlk 1hnl fhe l ine integral Of 

· • . . I ·t cutrcnl bounded by the art'.a of magnetic Aux dl.'n 1ly 13 m a dosl:'d loop is equal 10 ~'" tunes l 1e m: . 
do ed ·urfa 'e (i.n I system). 
. ➔ 
1.e., f 8 , d/ = it,, l, where di is a small element of the loop. 
The magnetic field intensity due to a long cunent carrying solenoid: . . 
C ·ct I · · · J ti & rn rrym g cu rrent I m the onst er a on.g solenoid havmg n number of turns per umt eng 1 < • 

clockwise direction. Then, the ma g;netic field outside the solenoid is ve1y sma l_l or alm ost zero&_ that 
inside is unifonn . The direc tion of magnetic field is along the axis of the solenoid . . . . 
Let us take a rectangular close path PQRSP to ca lculate the magne tic fi e ld mte nSity B ll1Side the 
soleno id as shown i11 figure. Let PQ = I. Then the number of turns enclosed by the close path 1s 

= n .l 
Thus, the curren t enclosed by the closed path is 
I' = N x l=nl x I=nII 

➔ 
The line integral of B around the close path is given by 

➔ ➔ .Q ➔ ➔ R ➔ ➔ .S ➔ ➔ P ➔ ➔ 
B . di = JP B . di + JQ B . di + JR B . di + JS B . di 

➔ ➔ R ➔ ➔ p ➔ ➔ 
As angle between B and di is 90°, so JQ B . di = JS B . di = 0 

-=> s ➔ ➔ 
Also as 8 outside the solenoid is zero, so JR B . di = 0 

· ➔➔ Q -:7 ➔ Q Q 
Therefore, § B .di = J 15 . di = J B di cosO° = BJ di= Bl 

. p p p 

. .i:: ➔ 
Therefore :r B. di = Bl 
Applying Ampere circuital theorem,,we have 

§ B .dl = µ 0 x current enclosed = µo x I' = µ0 (n I I) 
So, equations (i) and (ii) give, 

BI= µ 0 (n IL) 
:. B = µ 0 n I 

5 R 

q0000l00,0g00000 
i '\ p Q (' 

~

1

000000000000,J 

I. 

Q 
[Beca use I =J p d/] 

" . (i) 

".(ii) 

This is the required expressio1~ !~r ~:':a~_ne~~~~=l~i i.n~e11:'i_ty_d~=-~o long current carry ing solenoid . 

30. ~075 set·A· a .~ o. -saj St ate-Bi~t;; and Savart's law and used it to obtain-a~ -~~p~-;ssi~n f~r ti~; ~~9~;ti~ field at 
the center of a circular coil. ~--------- 14] 

B- Biot's and Savart's law: Please refer to 12076 Set Ba.No. 5q 

Magnetic field B at the centre of narrow coil: Let us conside r a narrovv 
ci rcular coiJ"of radiu s r hav in g N- turns ca rries current f thro ugh il . The flu x 
density dB a t the centre of the co il du e to a sm r1 ll c leme nt d/ is give n by 

µ 0 Ic.J/ sin0 
dB = 4n r 2 

Since, 0 = 90° 
~ Id l 

⇒ dB = 4n r 2 
Fig: Narrow circular coil 
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153 
'fhUS, the total magnetic field B at th . 

H.2. 211:r Id! 1 e elltt e of nAno\,v in:ulm n ii is 1•,lv ' 11 by 
s::: fdB = 4 fo -:i- == ..&..!.. (2 ·) - H!cl 

MA G N E TI C EFFECT OF CURRENT/ 

n: I 411: r 2 m - 2 r 
for N number of turn , the mai' neti , f' I ·l , , ·1 · 

NI , c tel 11ncns1t tillhl'n·111l'rufth 1 rl rcuhll'rnrn:nt ,,rryi111, cn , 15 
~ s= 2r 

fhis is required magneti field int, • 
_ __ c~,stt ' nt th (' ce11t1\ 1 of l'irl'uln1· currl'lll ni1Tying coil. 

~ 8 
~ .Not. 

59 Sdtate ~mpere's law - ;~d~~e- It-to find magnetic field due to a long straight current 
carrying con uc or an toroid. 141 
Antpere's Laws: m1 ere' circuital l I 

i,. , • • • nw states lhnt lite line inl ·'trn l of n mng nelk field B nnium <1 ny 
do ed path m va uum 1s equ ,1 to 1· • 1 

' ~lo un ' total urrent enclosed by the pnlh . If I be th · totnl un en 

,closed b\l a closed path aroim i I · I l 1· • · -::t - -; , ] e• . J l w Hc ' t 1e me mtcgrnl of 13 i _,j, LS • dL = ~l" I [Amperes Law 
Application of Ampere's Law 
fagnetic field due to a long stra · I t .' i. . 1g t current carrymg conductor 

Let u consider a long straight co f t . · · · · · nt uc 01 ca rry mg current I as shown u, figure. A current carrymg 
conductor Produces a magnetic field around it. We want to find out the magnetic field Bat a point P 
at a di.stance r from the condu cto · L t ' i . · · · :I B b 1. e us t 1aw a etrcle of radms r around the wtre or com uctor e 
the magnetic field at P a nd dl be small element of circle which are in 'sa me direction. According to 
Ampere's Law, 

➔ ➔ B 
§ B'dl=µoI 

or, § Bdl cos O = µol 

or, B § dl = µo l 

or, 13 . 2n:r = ~toI 

µol 
B=-

2,rr 

This is required magnetic field at P. 

ii. Magnetic field due to a current carrying toroid 

A toroid is an endless solenoid which is bent into a circula r form and whose ends are kept closer as 
shown in figure. This has infinite number of turns. Consider a torroid of mean radiu s r, nun,ber of · 
turns per unit length n, and carrying current I, as shown in figure. Let us consider a point P inside the 
solenoid at which we want to find the magnetic field B. Dra"Y a circle o( a radius ,.- as shown dotted 

. -::t ➔ 

line in the figure . Each and eve1y point in the dotted circle tl and di are in sa me direction . Now from 

Ampere's law, 

i t · cn = µo r 
or, P Bd/ cos O = µoJ' 

or, B § di = µoI' 

or, B·. 2n:r = µ0 . n2 nr . I 

:. B = µonI 

[I' = total current enclosed] 

[ :. I'= N .1 = n.2.rcr.I] 

[:. N = n . 2rcr] 

This is required magnetic fielJ . 
~ - - - - -
32

· ~4 supp a.No. 5~ A rectangular coil of N turns is placed in a uniform magnetic field B with its plane 
Parallel to the field . Derive an expression for the torque produced on the coil when a current I is passed 

. through it. Define magnetic moment in terms of torque. [4] 
ll. Torque on a rectangular coil in a uniform magnetic field : 

let us consider a rectangular coi l PQRS of I •~gtl~ I ' nd breadth b ca rr ing curre111 I ,rnd having 
number of turns is placed in a uniform m~gn_ett f, •Id of flu x d ·nsily B. u pposl' thl' planl' o( the ' oi l 
lllakes an angle e with the fielJ as shown 111 h~ure. . . 
The face PS of length b making an an~le 0 _wi th the d ir . cli~m o( magnetic field , th~·n llw force a ting 
on this face is p

1 
= Bibsin0 in upward direc tion (By Plem mg s I ft hand rul '). 
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154 / A COMP.LETE NEB SOLUTION TO PHYSICS . XII ·I The 
. . . - , ·lnO ncl"s downwc1n . 

Similarly, the force acting on face QR 1s f4 - BIi s , F _ BIi [since, angle 
f · • tl / 1s . J - . 
orce acting on face PQ carrying current I of Ieng 1 

• 1 . ·h •JCtS ouLwflfd 
between the length of the coil and magnetic.field is 90'.] wf llL R<S is p2 == BJ/ P 
f ·t' g •1l ace 
ram the plane of paper. i.milarl , Lhe fo1 e 1ac 111 ' 

1 acting inward from the plane of the pi-tper. , ... sa me JiJ1e of 
S. ·' t ' c1c1·mg on " , . mce, U1e forces F1 and F4 are equal and opposi l: J :I opposite 

. I F f\fl:! etJUEl ont action and hence vanish. The forces F2 illll ·J .1 
b. tiff • . 1 t . , on the co1. ac ng at l erent line of action so prmlucel ~)lque 

The torque exerted 1i1 the re tangular coil is given by 
, = force x perpendicular distance · 
The perpendicular distance between forces is given by== b cose 
Thus, U1e torque exerted on the rectangular coil is given by ·· 
, = BIL -b cos 0 
, = BrNA cos0, where A = l b is the area of the coil. · 

Tl · • . , . 1 il ·arryii1g currents. us is requm~d torque produced m the rectangu ar co L 

Special Cases: · 

F, 

Q 

a. When 0 = oo, then -r = BINA cosoo = BINA 
i.e., w hen the plane of the coil is parallel to B, the maximum value of the torque is acting on 
the coil. 

b. When 0 = 900, then -r = BINA cos90° =· O 
i.e., no tqrque acts on the coil, if the plane of the coil is perpendicular to B. 
Magnetic Moment: Two equal and opposite forces produced in a rectru1guh'lr current carry ing coil in 
different line of action which produce the turning effect of coil are cal led magnetic moment. 

33, j2074 Set A a .No. sc:j @011 set c a.No. 5 cl j2069 (Set Ai a.No. s~ State Biot-Savart law. Use this la'"'.', to find the 
magnetic field due to a current carrying circular coil at any point on the axis of the coil. [4) 

~ Biot's and Sav~'s Jaw: Please refer to @076 Set B Q.No. scj 
Magnetic field strength at a point on the axis of circular current loop: 
Consider a circular coil of radius a and centre O carrying current I in the direc tion shown_ in Fig Let 
the plane of U,e coil be perpendicular to the plane of the paper. It is desired to find the magnetic field 
at a point P 011 the axis of the coil such that OP = x. Let AB be a sma U elem ent of length d/ at a 
distance r from point P. 

0 

dB cos 0 
I. 

dB 

dB cos 8 

1''ig. Field on the axis of circular coil. 

c.Jll , in 0 

c.JB sm U 

According to Biot-Savart law, magnetic ,field due to element AB a t point p is given by, 
1:io r d l sina 

dB = ·4n r2 . .. (i) 

Angle a be tween di and r can be taken as n/ 2 because radius of coil is sm a ll, so Eq. (i) cru1 be written 
as 

· µo j di sin n/2 ~ 
dB= 4n r2 4n r2 · · .(ii) 

. . 
Th e di.r~ction of dB is pe!J:endicular to the plane formed by d/ a nd r and is along PL wtuch :e 
perpe ndicular _to PC. Resol~mg dB, along two _components'. we get dB cose along perpendicula~ tofpe 
axis of the coil and dB sm 0 along the axis of the coil and away from centre of the coil- 181 
cop:1.ponents dBcos0 is cancelled by another components dB cos0 due to element A'B'. SO, to 
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gn'etic field at point P dul' tn t1 
MAGNETIC FFECT OF CURRENT I ISS 

p1il . f' l.J i . , , \.vhol -
gnetJc 1e u l ue to ea h elem ,,,t· 

J)lil , 
011 is 'qunl· to th , su111 of th t• dB sinO ompon nts of 

. i.e., B 

. 21rn 2M 

= J dB sin O == J·HQ.~ . 
4n r2 stn O 

0 0 
[ ., tu J;l!!. l I/ ] 

• t = 4n -r fro111 Eq. (II) 

or, B 
_ µo I sin 0 2rra 
-. 4TC r2 f di 11, [ ·in 0 [lj 2rro PH 1 sin H 

rn l'2 o [ 1t · - OJ 7t ,,i 

µ~, J sin 0 
~ - . 2 

-!TT r:.- TC a 

.&l . _&j_ a 
2 r2 sm 0 a - 2 r2 a; 

13 

[ ·: r2 = a2 + x2, from figure] 
lf the coil has n tu ms, then 

[ ·: sin O =~from figu r'e] 

.. . ( iii) 

1.4i 1da2 

B- 2 (a2 + x2) 372 Tesla .. . (iv) 

This is required formula for the magnetic field intensity at the axis of cm rent carrying solenoid. 

34. [014 Set B a .No. 5~ Derive an expressio~ for the force per unit length between two infinitely fong parallel 
straight wires carrying current in the ~ame direction. Hence d~fine one ampere. [4] 

a Force Between Two Parallel Current Carrying Conductors: 
When tvvo parallel current canying conductors are placed close together, they exert forces to each other. 
Consider, two infinitely long parallel conductors X and Y carrying currents I, and b respectively in the 
same direction. Let the two conductors are separated at distance r in the plane of paper. 
The magnitude of magnetic field at any point P on the conductor Y due ,to 
current I, in conduc tor Xis 

µal, 
B--

1 - 2rrr ... (i) 

According to right hand grip rule, the direction of magnetic field is 
perpendicular to the plane of the paper and is directed inwards shown in 
figure. 
Now, conductor Y carrying current h is placed in the magnetic field B1 
produced by conductor X. So, force experience per uni t length of cond~ctor Y 
is given by 

B, hi 
Fy= - 1- = B, h 

Putting value of B1, we get · 
Un 1, 

Fy ==-=..!.I per unit length 
2nr 2 

X y 

According to right hand ru le, the force fy is in the plane of the paper a11l} is dire t 'd t )ward th' 

conductor X. 
Similarly, force per unit length on conductor X is 

Fx =~ 
2nr 

Again, by right hand rule, this force is in_ the plane of tlw pnpcr and is dirL'cl.ed towards condu ·tor 
as shown in. figure. Clearly, the force LS su h that conductors attrac t ench Lither and the for -, of 
attraction per unit length is 

F=~ 
2m 

. This is required force acting between two parallel current canying conductor . 
One A~pere Current: Please refer to 12076 Set BO.No. 1~ 
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1 and u e It to find magnetic field 

3s. li;;;..20_ . ..,;;....;~-------- 1=.;;.;..;;;...;c..; ................ --

nd x~I In lot-Savart aw [~ 

6. 

du 
l lease rch.'l' 1 2076 et . o o 

nd d du e n x~r 1 
n for th fore . between two paraltel' curr 

I~ 

ffect? Explain and deduce expres ion for Hall vol a e. 
[4j 

y 

f:.H 
~ 

I fall field 

hen a magnetic fi •Id is appli ·d 
t a urrcnl ·an ·ing onductor, a tran verse 
voltage is de\' 'loped across th ' spc imen in 
th dire tinn p('rpendicular to both the 
-urrent and the magnetic field . This effect is 
calieJ Hall Efft: t. 

. 1 l . Z . Let u. c n 1der a rectangu ar cone uctor 111 

which current is passed in x-axis and magnetic field is applied in z-axis, then halJ voltage or hall 
developed in y-axis as shown in figure . • 

Let, current is passing along x-axis and no magnetic field is applied, the e lectrons drift in opposite 
the x-a 'is. \\Then magnetic field is applied, the electrons bends downwards due to Lo rentz force. 
result, electron accumulates in the lower surface while positive charges are accumulated in upper 
surface producing the field in y-axis called hall field . The accumulation ·of electrons continues 
the Lorentz force is cancelled by Hall field i.e., 

Hall fo rce = Lorentz force 
e EH = ev,Bz 

or, EH= Vx Bz 

From Ohm's law, curren t density, 
Jx = - nev , 

Jx 
or, v, = - ne 

Bz J, 
.-. EH =-~ ... {i) 

This is required hall field . 1f t be the thickness of specimen then hall 1. . 
, , c vo tage V H 1 

BzJx· t .. 
VH=t·EH=- ne ... (11) 

which is required hall voltage. 
-----

38. §073 Set D a .No. saj Explain the magnetic effe~t~;;-~u~r;~t - '- .-- - --- - - - - -
expression for the torque on the coil. carrytng rectangular coil. H nc.e b n 
Please refer to 120? 4 Supp a. No. 5d! [ J 

39. 1207; Supp a.No. sg Find an expression for the- mag~tlc fiel-d on th-e . . -
coil. =~---~ axial hne of a current carrying circul r 

a Please refer to !2074 Set A a .No. 5~ [41 

40. 12012 Set c Q.~o. scj ·Derive an expres ion for the force per unit le t _ -
parallel metallic conductors carrying current in the same dlrectlo " 9 h a.cting Qn each of the two straight 
current carrying conductor attract each other? 11 aod kept near each other. Why do sucfl 

~ _ First Part: Pl~ase r1tf r to 2074 Set Ba.No. 5 [Al 
· Second Part; Th urrent arrying ondu ·tor in •c1me di rection tt . _ . . 

force produced between th m. • 1·' c.:t a h otlwr due to 111ag11euc 

41. @012 Set Ea.No. 5~ Derive an expression for the fo~c;··p~r ~~ttlen- th ____ -- . __ ~ 
d 9 betWee t --- - - 1114 

con uctors. ------~ . n Wo parallel cOrrent carrJ
1 'ls.. Please refe~ to 1207•4 Set B Q.No. 5~ [4 
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MA GNETIC EFFECT OF C URR ENT/ 157 

e:.!,.;..::;:::s:.i;:...=. .... nn. .... 11: ::~~ at~. expression for the force per uni t length between parallel conductors carrying 
P ... -- ,roe ton. (

4
] 

"n two unlik~ nataU ,1 . 
• t< ~ current c.1rr •mg conductors 

\ nt'n tw J naUd rurrt'nt ~,uryi.n 1 , · I . 
~ . t . .. . • g U)l\l unni: M\' 1 lnr0d dnsl' together, thC'v t•:-.ert (nrres to e;ich 

)tt\t•r. , nr 1.'r l\n mhmtt'l\' Ion , . II ,1 , • · 
- h • th · ~ p.u,, e ronductors X nnd Y carryin!' c111-rt•nts 11 nmf '2 

ref :-tt, ' ' m 't Pl '-ite din._,rti , L •t ti ' · 
• l l • e w lwt) ronductors Ml' sepnratl'd ,,t distance r in the plc1 11L' 

1. J lJ 'f. • 

The m ,gnitu k t f nh \ tll'tic fi<'ld 1t ,H1y point 011 the ronductt,r Y dut' to 
otm.'nl l, in :t n tu ·ttn X is 

... ( i I , 

II, 

r-, 

A 'tlrtlin" t ri••ht htHl i 11 rin rt1l ' tt, , t · · t · f · · r· 1:1 · 1· ( 
c, . . " o r e, e l 1rL'C ton o 111,1gnet1c 1e l ts pL'rpt'rH 1c1dar tn the plane n the 

p.11 •ran i L" iinxted ,ut\\·ttrds ,1s .· twwn in figure. 

Nt w, 1nd~Kh)r 'I (\1rryi11g cur~nt l-1 is pl,ll'l:'ll i_11 the n~ngrwt i fiel d Bx prndu ced by condu ctor X. So, 
F1rt"l' e,r 'fll'lll p~r unit l ·ngth nf conductor'\ is given bv 

B,~ I . 
~ = - 1- = B, I: [ :. F = BIIJ 

econ.ting l l right h,rnd ml', the ro, ·e F, is in the plcll1l' or the pclpl'I' and is dirl'rtl'd nppos ite o( the 
comlu tt.,r \ . 

imilr1rly, force per unit kngth on condurtt,r Xi.-. 

F ,_po l1 b 
' Lltr 

Ag,1in, by tight hand rnle, this force is in thl' pl,1m• of the paper ,rnd is d irl'cted o ppnsilt' onductor y 
as shown figure. Cleilrly, t'hl' force is such th.lt conductors repd tll L'.1ch or the o lhe r and till' force of 
n.•pulsion per unit length is 

F = po h I~ 
_rrr 

which is fon-e of repulsion per unit ll•ngth ,Kling between two lnni cu1-rt·11t c.1rry i11g win·s. 
- . 

43. 12011 Set o a .No. s cJ State and explain Ampere's theorem and use it to calculate the magnetic field due to a 

tong solenoid. ..-------, (4] 
a Please n.•fer tl, 12075 GIE o No sc:J 
- -;:=::._-=---==-,...:::..· _,.,- - -------- - - - -- . - - ... -
44. 12010 sup (Set A) a .No. s ~ Deduce an expression for a magnetic field at a point along the axis of a solenoid 

and at the mid point of the solenoid. · [4] 
ifagneti field on the centre of a long solenoid: Con.,ider a long solenoid o( r,Hlius ,1 h,wing n 

number of turns per unit length. When curren t I flows tJ1rough it, m,1gnelic fiel d is pmdu cL•d insidt• it. 
To find out magneti field pn,duced by if at .i point P on the c1xis of the soll·noid, let us onsider c1 11 

element AB of length d/ which nrnkt'S cmgll' 0 witJ1 AP= r. 
Let the element d / mak ,lllgle u0 1l P whi his as hmvn in figure. Sinn·, m.ip.,11c tic (ield·prndu cd by 

.. ~ - l . ingl coil 15, dB= .ac smO. o, magm~tic Held produced by the l'lcnwnt nd/ il l point Pis ~i en 1y 

Uo I a 
dB=~ sin0 n d/ .a-

BC 
From uABC, sin 0 = 6 

• 
0 

rd(-) 
SU\ l~ == --

dl 

... (i) 

00000000000000000000000 
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158 I A COMPLETE NEB SOLUTION TO PHYSICS · XII 

/ 
r d0 

d =-­
sin O 

Using va lue of d/ in Eq. (i) , 'v\lt' get 
_poLl ,• ~ 

dB - 2 .2 sm (·) n . () 
I S ll\ · 

po r fl 
dB = 2 r n d. 0 ... (ii) 

gain, from ADP, 
a 

sin 0 =-; [If point A is close to point B, AP a:: BP= r] 

a 
or, r - --

sin 0 

Putting value of r in Eq. (ii), we get 
iB _ llo I a n ·d.0 . ~ton I sin 0 d0 

t - 2 a sm 0 = 2 ... (iii) _ 

If tl l .. f tl · · · p t1 t fnd out toral magnetic field 1e rat 11 o 1e coil at its ends subtend angles cp1 and cp2 a t , 1en o 1 
produced by tl1e solenoid at point P, we have to integrate Eq. (iii) fTom cp, to cp2. 

~2 I . 0 i ~, $2 _ f µo n sm t 0 µ0 n I - _ ~ 
i.e., B - ~1 _ 2 =-

2
-f~, sm0d0 = 

2 
[- cos0]~1 

... (iv) 

lf tl1e point P inside a very l~ng solenoid is so long that we may regard, it is an inf inite, then cp, = 0° 
and cp2 = n. So, Eq. (iv) becomes, 

~to·nl ~Loni 
B = 2 (cos 0° - cos n} = -

2
- (1 + 1) 

B = ~to n I Tesla 
This is required magnetic field due to long solenoid . 
At the end, 01 = 90°, 02 = n, tl1 en . 

ponf µnnI 
BE = 2 .1 = -2-

45. 12010 Supp. (Set B) a.No. s b! State Biot Savart law. Use this law to find the magnetic field intensity due to a 
current carrying straight conductor at a distance 'd' from it. [41 

a. Please refer to l2076 Set Ba.No. Sq 
46. 12010 Set c a .No. 5 dj D~scribe with the help of a diagram, the principle, const~cti;-n ;nd wo~ki~g- of a moving 

coil galvanometer, [41 
a. Moving coil galvanometer 

Galvanometer: Moving coil galvanometer is a device which detects and measures small current. It 
works on the principle of torque produced on a rectangular current carrying coil placed inside the 
magnetic field . 
Constru~tion: It consis ts of a rectangular roil abed of T, r, 
length / and breath x and having N number of turns 
of inst,IJated copper wire, wound on a non- magnetic 
metallic frame. The coil is suspended in a strong 
radial magnetic field , B se t up by two cylindrical Alt11ntn1um poonJer ---· 

strong permanent magnetic poles, NS. A cylindrical 
c-or~)~b f' oft iron is fixed to the frame at the centre of 

the coil . (\ lmdn,-:il ,ofl 

The current is passed into and out of the coil 
tluough the suspen ion coil at the top and the 
bottom as shown in figure . 
Theory: If current, I, is flowing in the coil, the two 
force·s are acting in the coil such that they produce 
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torque on the ·oil. If I is the length of coil, the11 Fis 
_gi en b , 

F== Bl/ ( _. / ic; perpendicular to B) 

MAGNETIC E FF EC T OF CU RR ENT I 1 5 9· 

T~1es ,_ forl'l'S f, at h¥O ide ar, perpendicular to the pl,me of tJ1e coil ,111d ·Kti ng in opposite 
dJrectmn.s. So, tl~ey produce loryue, U1e torqlle acting on each turn of the coil i: T( rtJUl' = one of th' 
force x p •rpenJ1cular tl1stancc be tween tw0 force-. . 

= F . x, (' : x is width of U1.e coil) 

= Bl/ = BI A; (" · Ix = A i-, a rC'a of tlw rnil) 

Th ' r >forl', tott,1 def! •cling lnn,iw .. ·, ac ting on turn of coil is= Bi t r\. 

A r •s toring lnrl-jUl', due lo the tw b t in th ,u.,pension wirl', acts on the cniL Let, K be th' n.·stnring 
tory uc P r unit lw~t (or tn r~ ional ons l.J nt ) nf Uw ~uspl'n-;inn wire. Tht't the tt t,11 r '~toring tnrqul.' 
for twist, 0, i~ KO. 
For th l' ·yuilibrium of tlw oil. 
d •fi e tin~ tor'l jU l' .. re~h >r m g torqul' 

or, BI NA • KO 

0 (/. I , ~int • , , n, .111d ,\,II\'\ 011'1,rn t 1111 . 1:• ",llll'llh'l ·r 
i.t• ., d dlt•r l1011 ,0, 1-. J 1111 011Jon,1J to tlw, 11111•11i, I J w,, for •, 1h,·, 111,11 II\ l'- 11111-. in -. ,1k s how llw 
l'qu,11 1-,k p1-, in 1. urr1.•11t J hu-. , tlw ddl ( t1on m It th,· .,I,• , .,11 m, .1 11r • 1uri·11t v,,1111.•, 

47. 12070 -- Wh I i c I la n pr Ion for th m gn tic 
flold o d rr nl [4] 
Pkw,1• rl'kl' 11) j::io77, g 
- --

48. i:::..;;.;;..:_;~...:;....:;:,,;,,;.~~ 

C n 
ll k,\M' l"t'IVI Ill i;.i'.'.;;.0 ;_, -1;..;;;..;;...;..;:;..;;_~~ 

4 . =..;..;....;;.,;;..u;.....;..;.. ____ ~ 

nt . 

in 

1 •• n t JO long p r II I conductors 
[4] 

tt I to ind h m gn I c fl Id due to current 
(4] 

to nd rn gn tic 1eld due to a long traight current 
[4] 

p re' eorem nd hence use it to ind the magnetic field due to a 

[4] 

-Sa art I and hence use thi5 law to find the magnetic field 
[1+3] 

la and se o find magnetic field due to a long straight 
[1+3) 

-
gn ·c e d on the axis of a solenoid, carrying QJrrenJ,J.1i;ing 

[2] 

strength at a point on the axis of circular current loop by using Blot 
(4) 
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- -;::===-==-===-=-- -=·-:.=; --· - - - - -- - -- ·t to find the magn a 
56. 12066 Supp a .No. 7al State and explain Biot-savart law. Use 1 [1+3] 

circular coil of N turns and carrying current I. 
a Please refe r to 12075 Set A 0 .No. Sal _. .. · . . 11 1 onductors separat~ by 
57~-~0660~~-i al O~rive~~ expression ~f f~rce per unit le~gth between two para e c i~ 

distance 'r' and carrying currents '1 and '2 in the same direction. · 
~ Pleaser ,for to 12074 Set B Q.No. sN . . _. _ .... 
5s7ioss Q--;-o.-7 ~ ORI State-~d ;xpl;i~B·i~t:s~v~rt 1;;·;th-~-~-~~; of its application . 12

+21 
a Please refer to 12075 Set A Q.No. Sal .. . _ ... -- . __ __ -· . -- - . - . -:--
5-;. -12064.Q.N;_-7 al State ~nd e~plain-Bi~t~S~~~rtl~w. Use·thi-~--1~-~--t~ find the magnetic field intensity at any~~!~ 

due to a long straight current carrying conductor. 
a. Plea c refer to 12076 Set B Q.No scj __ _ _ _. --- -· - -- - -----
60. 12063 a .No. 7.al Find ~e;_~~~io~--f~;-~;q~~-~-~--~~cta~g~i~r coili~~ ~niform magnetic field . ·{4] 
a. Please refer to 12074 Supp Q.No. Sdl ________ --··------ -
61. 12063 a.No. 7 a oR) 12058 a.No. 1 a oR) Wh;ti; ;H-;lmh~ltl°c~il?Deri;~ ~~-;xpression for the magnetic field 

due to this coil. . · {4] 
a Helmholtz coil: Helmholtz c;:oil is a combination of two coaxial parallel coil-, having 

same radius, same nw11ber of run1s & same cunent in the same direction. 
The field along the axis of a s ingle coil varies vvith the distance x from the roil. 
1n order to obtain a w1ifoi-m field, Helmholtz used two coaxia l para llel coi ls of 
radius R, separa ted by a distai1ee R. In this case, when the sa m e cu rrent flows 
around each coil in the same direction, the resu ltant field Bis uniform for sam e 
distance on either sid'l~ o.f the point on their axis midway between the same 
coils . 
For two coils, the magnitude of the resultai1t m agnetic field Bat the midpo int P 
can be give1,.1 as 

B = 2 x (~t~)~ l R 2 
. 2[ 2 +R2p;2 

Discussion on Helmholtz coil: 

R 

The varia tion of Bon the two sides of the coi-1 with x is' as shown in figu 1-,., (i') Tl 1 . f" l I . . . . " - 1us, t1en,a11ne t1C 1 l 
du_e to a c01l 1s not umforrn . ' o 

B Rcsultan1 lic lJ 

-x-Fig. /11r u single rnil - R-
• , 1:,g_ .fiir u hd111/w/1: coil 

But for Helmholtz coil, tr1e resultant field B is uniform few so1n,-, ~ · t 
" -=.u1sancconcith · .1 fl . to11. the ir axis mid way between the coils. _ er s1u • t ,e poin 

Here the de r as in thl.' field due to one coil is balanced by th , · . 
coil. c in 1 cs' of the fi--ld due to the oth ,r 

Hence the field remain uniform ove r a on ·idernbk regio n on eith ,. : 
1 

. R 
--;::=.:::=:::.::- ====..:..· ------ . . . - - - - - - -- -- ·- - i S il ., of th point x = 2 . 
62. @062 Q.No. 7 al State and explain B1ot-Savart law and hence use it to fir)du; -- - : -· - ~ ___ ;_ _____ _ 

poi.nt due to a long straight conduct~r. e magnetic field intensity at a~Y. 
a. Please refer to !2076 Set B Q. No. 5q 

63. @_os1 a.No. 1 al Deri,ve th~ formula fo-~ the magnetic .field at ~- P~i~t d~; t~-- -------- ____ · ---··· _ . .-· 
conductor using Biot-Savart law. a long straight current carryin9 

a. Please refer to 12076 Set Ba.No. Sq l4l 
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-= ·- . ---- -- -- - -- . . . - - - ,. -----· -- -

;4. @60 a.No. 7 a! State and explain Ampere's theorem and hence use it to find the magnetic field intensity due 
to a long current carrying solenoid. [1+3] 

i,.. Pl~asc refer to 12075 GIE O.No. sg 

65, [o~s a .No. 7 al Derive the formula for the magnetic fleld at the centre of a circ~lar coil ~arryi~g current~ 
Explain why the magnetic field at the centre of the coll disappeats when the circular coll is made infinitely 
large. r----- [4] 

-i,. First part: Please r ,fer ll 12075 Set A Q.No. sa! 

Tl . f' I 1 I . ' .. . ~ . B .l 1c magnetK H' u at t 1' enter o( a Circular ·urrcnl ca rrying co il 1s given as B = 2 r , 1.e., rf r · 

Thi she ' s lh<lt if the oil is infinitely large, the radius becomes infinite and B beco~es zero. _ 

-66. !20.s1 O.N~. 7 · ~ Derive an expression fo~ th~ magn~tic.field at a ··poi~i du~ to a long straight conductor 
carrying current. · [4] 

'l!.. Plea, e refer to 12076 Set BO.No. sg 
67. IW56 a~ 7 cfoxplain in bri~f. ih·;~~ti~~ ~t-;~ ;,;~tr~~ ~~vi~g ~~~~ai to a ~agn~·tic field ~ [2+3] 
1:1- Force on an electron moving in a uniform magnetic field: 

When an electron m oves in a magnetic field, it experiences a force called Lorentz force as it wc1s gi".'e_n 
b 7 Lor_enz. Let an electron of charge e is moving with velocity v n1c1king c1n angle 0 wi th magnehc 
field B then the magnitude of the force F on the electron is directly proportional to the strength of the 
magnetic field B, i.e., Fa B; directly proportio11c1l to the electronic charge; i.e., F a e direc tly 
proportional to tl1c s peed of charge; i.e., Fa v; directly proportio11c1l to the sine of the angle between v 
and B; i.e, Fa s in0. 
Combining all equa tions we get, 
F a eBvsin0 
F = keBvsin 8, w here k is proportionali ty cons tc1 nt whose va lu e 
is found to be 1. 
so, F = eBvsin8 

Vectorically F = e(-: x Ir ) 
Special Cases: 
1. W hen e lectron is moving in perpendicular direction to the magne tic field 

0 = 90°, F = Bev sin 90° = Bev; maximum force. 

11. When electron is movi ng in the direc ti on of the magnetic fie ld 

0 = 0°, F = Bev sin0 = 0, minimum force. 
Direction of Force (Fleming's left-hand rule): It s tc1tes that, "If the thumb, fore finger c1nd 1i1 iddle 
finger of our left hand a re s tre tched mutually perpendicular to each o ther such that the middle finger 
points to the current direc tion, the fore finger points to the direction of ma gne tic field , then the thumb 

_.__ point-, to t~e ~irectio•~! _the force experienced by the condt~~_?_!·_~------ --·· _ ·- -· _ _ _ ... 

68. 12os6 a .No. aj Derive an expression for the magnitude of the magnetic flux density at the center of a narrow 

circular coil. -----~ [4] 
a. Please refer to j2o75 Set AO.No. Sal 
-::::=::.:::___:·....:..· ;;__ - - - ---·- - ----- - --· - • . -
69. 12055 a.No. 9 oRj State Biot-Savart's law and obtain the expression for the magnetic field at the centre of the 

circular coil. ~------.. [5) 
a. Please refer to @075 Set A Q.No. Sa! 

Numerical Problems 
~...,.___ --- - - -- - .. ·--- -
70. [076 Set s a.No. 9~ Two galvanometers, which are otherwise identical, are fitted with different coils: C>n'e has 

a coil of 50 turns and resistance 10n while the other has 500 turns and a resistance of soon. What is the 
ratio of the deflection when each is connected in turns to a cell of e.m.f. 25 V and internal resistanc~ son? [4] 

Solution 
Given, 

Ni == 50 turns 
N2 == 500 turns 

= 10n 
=6oon 

. . _, 
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E == 25 U r = son 
O · o - ? • nditi011, 

' . : - . ··t •1· at Ct\UilibriU.01 co 
We know tl,at for" galvanotnc c ' 
Deflecting torque = Restoring torque 
i.e. BINA = KO 
w h_t'rc, 

·B = 1 ll'lgnetic field intensity 
= Curr -•nt in the gal a nometcr 

= umb •r of turns 
= r •a of oil ( f gahranometer 

0 =- DL•Oe tion 
K = Tor ·ional constant 
for first galvanometer, 

Bl ,N,A = K0, and E = I1(R1 + r) 
E . K0, 

or, 11 = BN
1
A or, I,= ~ 

JSQi_=_E_ 
B 1,A R, + r ... (i) 

Similarly for second galvanometer 

. Ke~ = _ E_ 
· · BN2A R2 + r ' . . (ii) 

Dividing equahon (i) and (ii) we get 

~ E 
BN1A R1 + r 

K02 = ~ 

(
600 + 50~ 50 

= JO + 50 ) X 500 

= 13 : '12 

~72on -set C a.No~ 
0

9b! A flat silver strip of width. 1.5cm and thickness 1.5mm carries a current of 150A. I 
magnetic field of 2T is applied perpendicular to the flat face of the strip. The emf developed across the wid~ 
of the strip is measured to be 17.9µV, Calculate the free electron density in the silver. [! 

a Solution 
Gi en, 
Width of silver s trip (b) = 1.5 cm = 1.5 x 10·2 m 
T hickness of silver strip (t) = 1.5 mm = 1.5 x 10-3 m 
Current (I) = 150 A 
!vlagnetic field (B) = 2T 

Hall volt,,ge (Vm) = 17.9 µV = 17.9 x 1(}-a V 

Ele trrnNlensity (n) = ? 
Char.g (e} = -1 .6 x 10-19 c 
We have, 

BJ t 
v~.,= -~ 

B . I · t 2 X }50 X 1.5 X lQ-3 

or, n = - v ~-, . e . A 17.9 x 1()-h x 1.6 x 10-19 x 1.5 x 10-2 x 1.5 x 1()-l = 6 .98 x 1l)27 111-~ 

puspas.com
.np



- •. _ _ MA GNET I C EFFECT OF CURRENT/ 163 

72 @>75 GIE a.No. 9bl A Sllv r wire hos· 1 ' - 1030 f - . 1 - -- -
. and carries a current of SA . . r e e ectron per cubic meter, a cross sectlonal area of 2 mm

2 

,nagnetic field of flux d n it ·
0
~a

5
ITculate th forco acting on each electron If the Wire Is now placed in a 

. s Y • which I perpendlcular to the wire, · [4] 
l\ll'tl, 

o. ,f ft X' t'lt ·tron~ 
ro. s-~c ti n ,\I \ \ • .. mm = ... . LO·•• 111 2 

ur •nt 1) = ' . 
Flux d 'nsit , (B) .., 0.1 T 
F r I.' n elec't n (F) = . 

I O\\', 

'f I . I l t -" l I tv V l = -- c\l\li - ' ' ne 
Fore-', F = B 1 

I BI 
= Be-- =-. n nA 

0.15 X 5 
1 · 103'.l X 2 X lQ-h 

= 3.75 x 10-25 N 

73. 12075 Set B a .No. 9~ 12061 a:~o. 7 b! A horizontal straight wire 5 cm long weighing 1.2 gm-1 is placed 
perpendicular to a uniform horizontal magnetic field of flux density of 0.6 T. _If the resistance per unit length 
of the wire is 3.8 n m-1, calculate the p.d. that has to be applied between the ends of the wire to make it just 
self-supporting. [4] 

Solution 
Given, 
Length of wire (I) = 5cm = 5 x 10-2111 

Weight per m e te r = I .2gm 
Total mass of win· (1 11) = 1.2 x 5 x 10-2gm 

= 0.06gm 
= 0.06 X 10-3kg 

Flux density (B) = 0.6T 
Resistance per p1eter = 3.8.D 
Total resistance of wire (R) = ?>.8 x 5 x 1()-2.D 

= 0.19.D 
Potential difference (V) = ? 

Now, 
To make the wire just self supporting, 
Weight of wire = Magnetic force 

or, mg = Bil sin90° [·: 0 = 90] 

, v 
or, 0.06 x 10-3 x 9.8 = 0.6 x R x 5 x 10-2 

V 
or, 0.588 x 10-3 = 0.03 x 0_19 

... V = 3.7 x 10-N 
Hence, the required potential is 3.7x.10·3 Volt. ___ _ 

74. ~0'74 set A a.No. 9~ A straight horizontal rod ~fl e~gth 20 cm and mass 30 gm is placed in· a .uniform 
horizontal magnetic field perpendicular to the rod. If a current of 2A through the rod makes it self ,supporting 

in the magnetic field, calculate the magnetic field. [4) 

Solution 
Given, 
Length of rod (1) = 20 cm = 0.2 m 
Mass of rod (m) = 30 gm= 0.03 kg 

-Current (I) = 2A 
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Angle (1:1) = 0° 
., 

· Magnetic field ('B)=? • ·· · · · , 
1 

t r ti,· · w ire 
. . I ·I W Clf;' 0 '- I For self supporting, magnetic fon:c 1s cqua l.n 1 ,e 

i.e. 
Magnetic force = dght 

or, BI /sin0 = m g 
or, B , 0 .2 . s in90° =0.0:\ 10 

.. ... . B = t) .751""' - ---· --·-- _ .. _ ... ·-- ------ - - ---

75. 1207 4 Set B Q.No.· s§I A coil ~o~si~ti~g ~f-100 ~i;~~iar loop~-~it"h~~-di~s 60 cm ~a;rie~;.7~ur;;~t of SA. Find 
magnetic field at a point along the axis of the coil, 80 cm from the centre. (µo m< m { 

Solution · 
Given, 

um ber of circular loops (N) = 100 
Radius (R) = 60 cm = 0 .6 m 
Curren t (I) = SA 
D istance (x) = 80 cm = 0.8 m 
Magn etic field (B) = ? 
We know, 

B 
µoN ia2 

2(x2 x a2)3/2 

4it X lQ-? X 100 X 5 X 0.62 

2(0.82 + 0 .62) 3/ 2 1 .13 x 10-4 T 

76. @on Supp Q.No. sbj A straight conductor of length 5cm carries current of 1.SA. The conductor experiences, 
magnetic force of 4.5x10-3N when it is placed in a magnetic field of 0.9T. What angle the conductor makes 
with magnetic field? · · · I~ 

Solution 
Giyen, 
Length of conductor (I) = 5 cm = 0.05 m 

Current in conductor (I) = 1.5 A . 
Magnetic fo rce (F) = 4.5 x 10-3 N 
Magnetic field (B) = 0 .9 T 

Angle (0) ;= ? 

We have, 
F = Bllsin0 

or, 4 .5 x 10-3 = 0.9 x 0.05 x 1.5 x s in0 

or, sin0 = 0.067 

... 0 = 3.84° 

77. \201 3 set o a .No. sbj A circular coil has 100 turns and a mean dia~~te7"~t- io It . -u~ 
• t' f Id t . . cm. carries a c _Aa 

Fmd the strength of the magne 1c 1e a a point on its axis at a distance of 1 S cm from the centre of the 1;11" 

Solution 
Given, 
N o. o f turns of oil (n) = 100 turns. 
Diameter of co il (D) = 20 cm 

20 
Ra d ius of coil (r) = 2 "" 10 cm = 0.1 m 

Current in coil (1) = SA 
Distance (x) = 15cm = 0.15m 

Magn e tic fie ld (~) = ? . 
ponJ r2 _ 411: X 10·7 X ll)l) X 5 x(0.1)2 

B = z(x2 +· r 2)3/2 - 2(0.152 + o. 12p12 
6.28 X 10-h 

' 0.0117 == 5.37 x 10-4 T 
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1~[ffe'2-set c 0-~~~ sqA· h~izontal ~r;~~ length 5 cm and carrying a"~urrent of 2A, i~ pl;ted in the middle of 
a long solen~,d ~t nght _angles to its axis. The solenoid has 1000 turns per meter and carries a steady current 
I. Calculate I 1f the force on the wire 1s equal to 1 ()-4 N. (µo = 4n: ~ 1 o-t H m-1). [41 

solution 
Given, 
Length of wire(/) = 5 m = 10· m 
Current on wire (lw) = 2 

No. of turns of so\enui l (n) = 1000 tu rns/ meter 
Force on wire (F) = 10-4 
Current on sol noid (l~) = . 
We have, 

F = B.I,. / 

or, F = µo n l5. L, I [·: B = ~lo n lw] 
or, lQ-4 = ·h x 10-i 1000 l, 2 10-2 x 5 
or, ls = 0.' . 

·1;-fuo12 S~t 0-Q~No. 9~ 1207~-S~pp Q.N~-- 9~·12067 ·a·.N-~:·-6~ lhe -~-011 -~t-~ ~~vi-ng coii-gal~a·n;m~~r tras 50-t~ns. 
and its resistance is 100. It is replaced by a coil having 100 turns and resistance 500. Find the factor by 
which the current and voltage sensitivities change. [4] 

Solution 
Given, 
For Initial condition; 

o. of turns(N1) = 50 

Resistance (R1) = lOQ. 
ow, current sensitivity of first coil is, 

(SI:.) = BN1A 
\ I 1 k 

Also, current Sensitivity of second coil is; 

·(SI:.) = BN2A 
\._I 2 k 

Then, 

(a) BN2A 
___!__2 __ k __ N 2 = 100 = ? 

(
S!:.) - BN1A. - Ni 50 -

1 1 k 

The current sensitivi ty will increase by 2 times. 
Again, voltage sensitivity of firs t coil is: 

(2:.) _ BN1A 
V 1 - k X R1 

Also, voltage sensi ti ity second coil: 

(a) BN2A v 2 =kxRz 

. 2 

· Similarly 
For final condition; 
No. of turns (N2) = 100 
Resistance (R2) = 50Q. 

Hence, the voltage sensitivity will increase by 5 times. 

-l' 
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166 , A coMPLET~ NEB s9LuT10N : o PHvs,c ___ ... ----- --:- -~ d ·horizontallY in . t . c 

·--·--- _______ ---- ·s suspend~ · rent required. o pass tnr011911 
so. 12012 set E a.N9. ~cl A 60_ c~ ,long wir~ .?,fJ'?~s~ ·1 O g 'nds. · ca~culat~ the cur _ _ • _ 

of flux density 0.4T through twQ _spring5i~at its. two ~ • ,. · ~ 
wire so that there is zero ·tension ·1n the springs_. • , I , • 

S~ution ' 
Given, 
Length of wire (/) ::: 60 n~1 = 0.6 m 
Mass of wire (m) = 10g = 10 x 10--~ kg 
Magnetic flux density (B) = 0.4 T . . . . f )fC l 1 l 

Current in the wir (I)=? · _ n) to the 111agnet1<. ( · ., 
' f . ) u t be eqllu For no tension in the, ire, th, eight o wire 11 • . 

Weight of wire = Magnetic for e 
or, mg = Bl/ 
or, 10 x 1 o-~ x 10 = 0.4 x I 0.6 
or, 0.1 = 0.241 

CU 
r, I = 0.24 

: . I = 0.42 ~ _ _ _ r,:. _ ---·--- - - · I ced perpendic I 
------ -- - _____ -__ .. O 12 - and length 10cm ,spa u arto; 
81. @011 Set c a.No. 9 ~ A horizontal straight wir-e of mass · . gm. unit length of the wire is 3.8Qrn-i 

uniform horizontal magneti~ field of flux density O.GT. I~ tne resistan~:/:~d of the wire to make it just s 
calculate the potential difference that has to be applied between I 
supporting. 

Solution 
Length of wire (l) = 10 cm= 0.1m 
Mass of wire (m) = 0.12 gm= 0.12 x 10-3 kg 
Magnetic flux density (B) = 0.6 T 
Resistance of wire (R) = 3.8 x 0.1 n = 0.?>8 0 
p .d . between ends of wire (V) = ? 
We have, for self supporting, 
mg= Bll sin 90° 

V 
0.12 x 10-3 x JO == 0.6 x R x 0.1 x 1 

V 
or, 0.12 x 10-2 = 0.06 x 0_38 

or, V = 7.6 x 10-3 V 
-- - - ,-~· ·-· 
s2. 12011 set o a.No. 9 al A copper wire has 10i9 free electrons per cubic meter, a cross sectional area of 2m 

and carries a current of 5 A. Calculate the force acting on each electron if the wire is now placed In 
magnetic field of flux density 0.15 T which is perpendicular to the wire. [ 

Solution 

ell' tron (n) = 1 10- / m3 

r s. s, tion area ( ) = 2mm2 = (2 x 10-0) m2 

Curr 'nt (I) = 5 
Flu d n ' itv (B) = 0.15 T 
Force' ·· , le tr n (F) = ? 

ov.r, 

I 
Drift velocity 01 d) = enA 

I Bl 0.15 x 5 
F = BeVd = BeffiA=~ =1 x 1029 x 2 x 1Q-b = 3.75 x 10-2.i N 

83. j2010 sup (Set A) a.No. 9 a) Two ,~;g-parallel condt7ctors ~a~~ ·re;p~~tiveiy c~;~ents of 12A a~dSAifl.tftl 
same direction. If the wires are 10cm apart, find where a third parallel wire also car . rrent must bl 
placed so ttlat the force experi~nced by it will be zero. rymg a cu ~ 

lution 
i en.,. 
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Current in first wire (1 1) = 12 A; 
· current in second wire (12) = 8A 

Distance between wires= 10 cm = O.lm 
Position of third wire= ? 

( ' 
MAGNETIC EFFECT OF CURRENT/ 167 

Let t~s consider A ,md B are tv.;o w ires c-m in g r unv nls "12A a hd HA a i•c plnced a t d Lc; tancc 0.1 m pa rt. 
A thud conductor C is plnced a t d i h1ncc fro m A sur h tlrnt fOl'n' on it is · 
. _ H!!.!.!.! _ htol2I 
F1 - ? and F2 - 2. (0 ) 

-1tX 1t: ,l -

According to q uestion, F1 - F2 = O 
or, F1 = F2 
~ = 1;toI2I 
2n:x 2rr(0.1 - x) 

11 Li 
- = 0.J - X 

12 _ _._L_ 
'X - 0.1 - X 

OT, 1.2 - 12 X = 8x 
<lf, 1.2 = 20 , 

1.2 
or, x = 20 = 0.06 m 

A B 

12 A 
~x~ 

r-- O.lm -"4 

:. The third wire is .kept at 0.06 m from first wire A such that it experiences -no force. 

BA 

84. j2010 Supp. (Set B) a.No. 9 ~ . An electron of K.E. 10 eV is moving in a circular orbit of radius 11 cm, in a plane 
at right angles to a uniform magnetic field. Determine the value of the flux density. (mass of an electron= 9.1 
x 10-31 kg, e = 1.6 x 10-19C) [4] 

Solution 
Given, 
KE of elec tron (E1.;) = 10 eV = 10 x 1.6 x 10-.19 J 
Radius of orbit (r) = 11 cm = 11 x 10-2 m 
Flux densi ty of magne tic field (B) = ? 
Now, 

1 
E1.; = 2mv2 

or, v = - ill! = -v~ 2 X 1(} X 1.6 X 1()-19 

9_1 x 10_31 = 1.87 x 106111/sec 

Again, 
mv2 

Bev= --
r , 

mv 9.1 X JO-JI X 1.875 X 10° ' 
or, B = ~ = 1.6 x 10-19 x 1l x 10-2 = 9.7 x JO-ST 
--;::::============~ ---------'------------ - - --·---.. ---------.. ·-·-···-----
85, 12010 set o a .No. 9 ~ A slab of copper, 2 mm thick and 1.50 cm wide, is placed in a uniform magnetic field of 

flux density 0.40 T, so that maximum flux pass through the slab. When a current of 75 A flows through it, a 
potential difference of 0.81 µV is developed between the edges of the sla_b. Find the concentration of the 
mobile electrons in copper. [4] 

Solution 
Give11, 

Thickness of sla b (t) = 2mm = 2 x 10-3111 

Width of slab (b) = 1.50cm = 1.5 x 10-2111 

Magnetic flux density (B) = 0.40 T 
Current in slab (I) = 75 A 

Induced voltage (VH) = 0.81µV = 0.81 x 10-0V 

No. of electron (n) = ? 
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\ c ho e, 
lB 

H = .\11..:t 

_ _...!L . 7 OAO = l .15 x 102"/ 111 ~ 

or, n . - VH \.'t = o .. 8l x 10-" 1.6 x t0-14 x 2 _10-
3 

' . .a. A lice of Indium ·a~tim~nid · 
r.;:::::~---:---,-:._· --- ·· - ;:1 i; - su a .No. 9~ 5 e '' 2.$ 

86. 120~9 $upp ta Q.No. s cl j2M~ (Set A) a.No, g!:" l!.067 Rf flux density 0.5 T, correctly applied, pr~ 
thk:k and artie a curr~nt of 150 mA. A magnetic field O r e Calculate the number of free charge 
m hn_um Hall voltage of 8. 75 mV between the edges of th)(e 5 !1~ C. 
per unit vo:lum assuming that each have a charge of 1.6 10 ·. 

luti n 

or., 

orJ 

iven, 
Thi kn '" - (t) = 2.5nm, = 2.5 x 10-:1111 

unent (t) = lS0mA = 150 x 10-:i A 
Magnetic field (B) = 0.51 
HcllJ ott.:1ge (\11.1) = 8 .75m V = 8.75 x 10->V 
Electronic charge (e) = - 1.6 x 10-19C 
Electron density (n) ·=? 

{ H.V, 

\ e have, 

EH - _.1_ 
BJ -- -ne 

VH 
t X B X J 

1 
- -

ne 
1 

V 
[·:E =-] , d 

I I V1-1t2 

- - - [: J=A=rl t X B X I ne 
BI 0.5 X 150 X 10-3 75 

or, 11 = - V1-1et - 8.75 x 10-3 x (-1.6 x 10- 19)x2.5 x 10-3 35 x 10-22 

. . ll = 2.14 X lQ22 

Hence, the required number of free charge carriers is 2.14 x 1022 m -~. 
- ;:::============·::.:;-···. ' ...... ------ -----·---... - --,--· ... .... -....... ,_, ., ...... -....... _ ......... -.. .... , .... _, ........... ........... -.. ..... - ----t 

87. !2069 Supp Set B a.No. 9 ~ A copper wire has 1 x 1029 free electrons per cubic meter and crossectional 
2mm2 carries a current of 6 A. Calculate the force acting on each electron if the wire is now placed in uni 
magnetic field of flux density 0.1 T perpendicularly. 

Solution 
Given, 
No. of free elec trons (n) = 1 x 1029 / m 3 
Cross section area (A) = 2mm2 = (2 x 10-6) m 2 

Current (]) = 6A 
Flux density (B) = 0.1 T 
Force o n electron (F) = ? 
Now, 

r 
Drift velocity (Vt1) = en A 

. I Bl 0.1 x 6 
F = BeV,1 := ~c~ = nA 1 x 1Q2'l x 2 x H)-n = '.\ x 10·2'1 N 

88. 12069' (§~; B) a.No. 9-al A~--alpha particl; ~ak-e; a -full rotation in ~ circle of r~di~s· 1 :a ~;te~ in 2.o 
Calculate the value of magnetic field induction at the centre of the circle. (µo = 4n x 10-1H m-1) 

Solution 
Given, 
Charge of a particle ( q) = 2e 
Time (t) = 2.0 sec · 
Radius (r) = l.Om . 
Magnetic induction at centre (B) = ? 
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We have, 
MAGNETIC HFECT OF CURRENT / l 69 

= ~ = ~ g ,,_ µuie _ 41t 10-i , t.6x 10-1() 8 2r .. 2r · t 2r l - x 1 == 10- ~ T --·' _.....,_ --
s·9·. [2°69 

(Set A) Old O.No. 'r~ A c·op~ t Wir 8m 1 ng I w on Into ul r coil 8.0 m in diameter. If the 
current of 4.5o A flows thr ugh th 0111 Wh t I th · tn · gn ti Ind nfr ? f1 2+1] 

Solution 
iven, 

Length of Cl f ~ l'r , 1fr I) = 8 m 
Diam 'ter f cird, · d) == ~.l -m == n.o~ i\, 

un 'nl (l = . A 
M,\ ncti · ·i 'l l int 'l\, ity ( ) == 

)V.', 

=o. Im 

I 8 
l . of tum: of ~ i i ( = ~ "" o., == 11 2 

Tll 'l) , B = ~ = 47t 10-7 11 4.5 
- 1" 2 0.04 = 7.8 x 1()-J T 

9 ~ @~68 ~0.- ~ ~-A c~i1 consisting ~f 10·0- cir~~ar--lo~s with radi·u; o:som carries a current of 5 A. A a 
di tance from the center, along the axis, the magnetic field ·of magnitude 1/8 as great as it is at the cen er? f4] 

· olution 
Gi •en, 

o. of circular loops (N) = 100 
Radiu (a) = 0.6m 
Current (I) = 5ampere 

ow, ,.ve have, 

µoNI 
Magnetic field at the centre= 2a 
Also; 

· PoNla2 

Magnetic fieW at distance x from the centre =-2(a2 + x2) 3; 2 

According to the question; 
µ,,Nia 2 1 µuNI 

=- x--
2(a2 + x2)3/2 8 2a 

or, 8a3 = (a 2 + x2)312 

or, (2a)3 = (✓az + xz) 
3 

or, 2a =~ 
or, 2x0.6 = ✓o.36 + x2 

or, . x2 = 1.08 
: . X = 1.04111 

Hence, the required distance is 1.04111 . 

~8 can. a .No. 9~ A l~ng wire carrying . a ~urrent ~f 10 A Is placed perpendicular to magnetic field of flux 
density 5 Tesla. Calculate the force acting on 2m of the wire. , • [4] 

Solution · ., 
Given, 
Current (I) = lOA 
Magnetic field (B) = 5Tesla 
Length (I) = 2m 
Force (F) =? 
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We have, 
F = BI/sin90° = 5 x '10 x 2 x 1 = WON __ . ________ _ 

____ !2~1!~.:.'. ~':./ ~~!uir:_~~-for~:-~~-~LOO~---·· ... •"·--. _ .. -• fnl~~gthi;pl~ in-; field of flux den.stty ~.341 
_92. j2oss a .No._7 ~ A wire carrying current of ~OA a~d 2 m. f Id? 

What is the force on the wire if it is placed at 60 to the ie 
Solution 

Gi en, 
Currer,t (I) =lOA 

Length (/) = 2m 
Magnetic field (B) = 0.?,4T 
Angle (0) = 60° 
Force (F) = 7 

ow, we have; 
F = Bl/ si:nG 

= 0.34 X 10 X 2 X sin60° 
• F = 5.88N . 

Hence, the required force is 5.88 N. 

I • 

, ,> " I 

000 
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Chapter 2: M~netic Pro erties of Matters 
· §It•irlJ,W{M►~i'i4MNIM . 
~~5 GIE a.No: 1~ 12074 

Set A_ O,Nq. 1d! Why is soft lr-01,· preferred for making tho core of a transformer? (2) 
i,. The ~0 ft iron has_ n,\rt\)W h :~t,~risis 10(1~1 a11d he1, ' l' lo'w Cl1L' l'Ci\t ll. ti nd it lg h n•nrnn(•nce which mt'ans 

that 1~ Gm be ~as_1t m~igneh ZL•d <llld dl'm 1gnl'lizl•d . Tht1 l: is why, soft iro11 is prl'f rred lo rnnk • core of 
transforn10r of lngh etfkkn y. . 

1 .--------:--- - - -- - - ·- - . . 

2. ~075 Set Ba.No. 1~ What is the significance of the area ~fa hys.teresls loop? [2] 

"" hro~d hysh.'i-esis lol P \\'ith hi ih va lttl'S uf rl'lenlivl'ly nnd rnercivily is chnr;,cterislic of 9ui t<1ble 
matenal for •~ penn_<rne,lt mc1gnet ,ls a ~real'er wnrk must be d111w to chang<' its magnetiw tion i.e. 
m~~e e_1~crgy is ~:<!mred tn damage its mngnetic p1:operties. For exa mple, s teel. 

3. (2074 Supp a.No. 1~ Perma~ent ~agnets are mad~ ~f ~teel. W1
hy?. :· ·" 

1 
.~..... • .. • - ·· - ----·-- • - - (2] 

'l!. The :h~pe ai_ld size of hys teresis loop /s characteristic of each magnetic material. A bro<1d hys teres is 
loop ,vith lngh values of retentivity and coercive forcl' is characterisl'ic of suitable materia l for a 
pennancnt magnet as a greater w0rk must be done to change its magnetization . This property is 
observed in steel and so, steel is used to make pennanent .milgnets. However, a material having 
narrow hysteresis loop is . suitable for transformer ; cores .which undergoes many cycles of 
magnetizatim1. Soft iron has smaller hys teresis loop, it has ve1y low coercivity and high remanence 
whid1 means that it can be easily magnetized and demc1gnetized. Sn, soft iron core is used in 
tr~nsformer core as the l?ss of energy_is less.and the effic iency_of_transformer is higher. ... _ ·-------

4. j2074 Set A a.No. 19 What is angle of dip? How is _it related with components of earth's magnetic field? [2] 
s. Angle of Dip: The a11gle made by a freely suspended magnet or magnetic. need.le with horizontaJ 

component of earth magnetic field at a place is called angle of dip . lt is d.emited"as 8 and given by 
V 

tan 8 =H; 

where V and Hare vertical and horizontal components of earth magnetic field respec tively. l{ V = H, 
8 = 45°. 

- -;::::::========;;--,.,.:;:-:=::=· ~~=-:=; _,,, - -·- -· .. ····· -·· .... 1 • - .. .. -, - • -· -- -

s. @073 Supp a.No. 1cj 12069 (Set A) a.No. 1dl Steel is used in making permanent magnets where as soft iron is 
preferred for making the core of transformer. Why? [2] 

a Please refer to 12074 Supp Q.No. 1df ______ _ ____ .. -----·-•·•-· ............ - , . .. .. -- ..... .. 

6. @073 set o a.No. 1al How do you expect.about the directions of horizontal and vertical components of earth's 
magnetic intensity at pole and at equator? Give justification in terms of angle of dip., [2] 

's. The horizontal component (BH) and vertical component (Bv) of ea rth magnetic field in terms of total 
earth magnetic filed (B) and dip angle o are given as; 
Bi; = B cos 8 .. . (i) 
Bv = B sin o ... (ii) 
At eq uator, 8 = U°, B11 = B; ma ximum valu e 

Bv = O; minimum or zero 
At pole; o = 90", B,, = O; minimum or zero 

Bv = B; maximum value. 

~ 
,~JB, 

This shows tha t the hori zontal component of ea rth magnetic field is 111c1 ' inwm at l'quator and 
minimum a t pole while vertica l component is ma ximum c1t pole and minii~1u'.n at equa_tor. 

7. @012 supp. a.No:·1dj 1;011 set -~ a.N~.- 1 -d! Why ~hould · th~, permeability of a. paramagnetic material be 

expected to decrease with increasing temperature? . [2] 
'1'. The degree to which the magnetic lines of force rn n penetr, l_' lhe mag nel'i~· ~ubslance pla cd inside t_o 

magnetizing field is called permeability of that substnnce. rhe perme,1bd1ty (p) nf the substance 1s 

given asp = ~, where B is magnetic induction and 1-l is m,1gneti zing fiel.d . When _the temperature of 

paramagnetic material increc1sed, the alignment of molecular magnet disturbed nnd the value of 
magnetic induction B decreases as a result, p c1lso dccrcc1se. · 
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_. ____ ......-. - -;tic material? 

a. @012 Set ca.No. 1cl What is retentlvity-;,;-d coerclvlty.of a ferromag 
R . . Tl · I I · f ' ,1 I 1n the etenhv1ty: ,e llll u el nrngnet1c ·11:: l . 

fcrrouMgnetic material at which the magne tizing fie ld is 

reduced to zero is called retentivity or remanancc of 

ferromagnetic material. In the given figure of hyste resis 

loop, OR or OE , at which external magnetic field or 

magnc~ising field is zero but induced magnetic field is not 

zero. So, OR or OE is the retentivity. 

Coercivity: The coercivity is the reverse magnetic field to 

make the induced magnetic field zero of ferromagnets. In o 
the given figure, ·oc = He is the coercive force or coercivity · 

13 

/\ 

- I Fig: Hysteresis Loop 

12 I D t· · I f d" Wh t ·11 be ·,ts value at a place wh-;re the horizontal and v~ 9. _ 012 Seto a.No. 1d_ e me ang e o 1p. a WI . 
components of earth's magnetic field are equal? · 12 

~ Please refertol2D74SetAQ.No. 1cj _______ --·--· -

10. 12011 Supp a.N~:--1~ Wh-~i is the role of hysteresis loop in choosing ~- material for making permanen 

magnets? ,----=--=-----. 12 
a. Please refer fo @075 Set B Q.No. 1~ _________ _ 

11. ~010 sup (Set A) a.No. 1 ctj Distinguish between dia and para magnetic substances on the basis o 
suscepti6ility. 11 

~ The magnetic s usceptibility of a magnetic mate rial is d efined as tlw rntio of the inten'sity 

magnetization (I) to the strength of magnetizing fie ld (H) . It is deno ted by x. a nd is given li1 

' I 
x=H. 
The magnetic st'.s~eptibi~ity of a diamagnetic s_ubsta~lC~ is_ s mall a ,~d negative, par,,m ag;,e tic materii 
is small and pos1t1ve while that of ferromagnetic mate rial 1s very h ig h a nd positive. 

- -;:::::=-==:..:::::::==· -==; --- ---- - -- - -- - ·---
12. @010 Set. o a.No. 1 cf The magnetic susceptibility of a paramagnetic material is quite strongly temperatur 

dependent, but that of diamagnetic material is nearly independent of temperature. Why? [l 
a. The magnetic susceptibili ty of magnetic mate rial depends upon the m agnetic m o ments. Th 

paramagne tic materials have pe rmanent 1-nagnctic m oment w he reas the dia magnetic mate ria ls hnv 
zero magnetic moment. ln paramagne ts1 the a lignment of magne tic moment gets disturbed due I 
increase in temperature . As result, U1e paramagnet loses its m agne tic p rope rties. Due to this reaso1 
the magnetic s usceptibility of a paramagne tic material is quite strongly te mpe rature d ependent, bl 
that of diamagne tic mate rial is nearly independent of temperature. 

13. j20~9 su~p Set Ba.No. 1 ~Define- an angle of dip. Wh~t will be its value ;t th;p ol-; ~i the- ~~rth?-- -- .--r, 
a. The angle made by a freely suspended magne t or · 

magne tic needle with horizontal component of earth 
magne tic field at a place is called angle of dip. The 
resultant magne tic fie ld is along the inclined 

· direction of the magne t so the nngle Llf dip is the 
angle, between U,e resulta nt field and the horizontal. 

.It is d enoted by 8. Al equato r, the value of migle of 
dip is zero a nd the ,rngle of dip a t poles is 90°. Thus, 
value of a ngle of dip increases from equator (where 

it's value is zero) to poles. 

Honzo111al d1r1:ction , 
along lhe 11rngnetjc 

meridian 

Angle! of dip 

• 
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MA ON ll C PROPERrlE S OF MATTERS I Jn 
; ,._ @oss Otd a .No. ~. a i What are the characterlstlcs of a rero-megnetlc: substance? (2) 
~ l;ctTon~,\gnctic Sll~Sl-c\nccs: The s11bsl,111cl'S whirh tll'l' 1- 111111glv i1t11·1wtt•d lowMd~ llil' 111.igrwl Mt' 

.,lied h/ t\llll,l~IWlK .;uhst,111ccs. For l'.n. im11, 1.'ubn lt 11,1dulli1i11111 1111tl tlil'lr .illny~ ~urh ,is /1tHfnli11lu 111 
• . 0 ' 1 , ' .we h.' n,'ln,\g nl'I K su hst,, m 'l'S. 

Properties of Ferromagnetic subst,mccs: 
,. 

Tlw proper\ies t,f ft'tTomagnl'lic subst,111ct•s .u • similnr tn l11r1t of µ,1r,11n,11' 11 t'lk s11bst,111n·s but clfC 
e,hihited in ,1 large scale. 

1 

1. TheSt' ·ubst~mct'S arc slrongl 1 .,11,-.,ctcd b , a nrngnel. This is due lo the n •,ison th.ii whC"n i1 

~rron_,agnchc n1.1t~ri,1l is placed insidL• ,, magnetic field, ii gets magnctizl'd slnrngly in 1hr 
dm.'Chnn ,,f the m,,gnetic field . 

11· ln a n~n _wtiforn,1 m,,gnetic field, fcnomc1gnetic substance moves from weaker pi!rl of lhe 
magnetic held to s tronger p,ut. 

iii. \\'hen a rod of a ferromagnetic substance is free ly suspended i11 a uniform magnetic ficlJ , it 
rotate and aligns itself parallel to the applied field. . 

iv. The relative permeability of the ferromagnetic substance is much grea ter than 1. 

v . The intensity of magnetization of feJTomagnetic substance has positive val ue much grea ter than l. 
vi. The susceptibility of a ferromagnetic substance has a lilrge positive v,1 lue becm1se x = 1/ H and I 

l1c1s large positive value. . 

vii. The susceptibility of the ferromagnetic substance decreases with a rise of tempern ture. For i. e., the 
ferromagnetism decreases. At a critical temperature called Curie point, all the ferromagnetic 
substances become paramagne tic. 

15. poss a.No. 1 cj A permanent magnet can be used to pick up a string of nails, tack-; or -paper clips, even 
though these are not magnets by themselves. How can this be? [2] 

a. v\lhen a magnet is taken near a sh·ing of nails, tacks or paper clips, they get magnetized due to the 
magnetizing field of permanent magnet. The •~rngnetic field prod uced in opposite direction in the 
magnetic material. Hence, the magnetic material li ke string of nail, paper clip ,He attrnc ted by a 
pem1anenf magnet, even through these are note magnets themselves. 

- -;::::======;--;:===::;=:::::;--:-:-----:--:--:--:---;-- -·----· - . ----- ·-- - ·-- ·-· . 
1s. @osa can. a.No. 1~ l2os3 a.No. a a! Above curie temperature a ferromagnetic material becomes paramagnetic. 

Why? [2] 
a. According to the Curie's law, the magnetic susceptibility (x) of parnmagnetic materi ill is inversely 

1 
proportional to its absolu te temperature (T) i.e., x. oc T. The susceptibility of ferromagnetic material 

decreases with t11e rise of temperature in a complica ted mallner. t:\ fe rrom,1g11etic ma terial starts 
behaving as a paramagnetic material at a certain temperature which is ca lled Curie tempernture. Due 
to increase iJ1 temperature, the alignment of molecular magf)et in tl1e magnetic domain distributed 
and t11ey lose their magnetic properties. Above curie temperature, the alignment of domain is 
completely random and the ferromagnetic substance becomes param,1gne l. 

11. @os15upa.N-;~Perm~nent magnets are made of steel while-ihe c~re-~ftransformer is made of soft iron. 

Why? . ~----, [2] 
a. Please refer lo /2074 Supp a.No. 1ct! 

--- --· -------- - - ----
18. @067 a.No. 1cj Why does a magnet lose its magnetism when heated to high temperature? (2) 
a When a magnet is hea ted, du e to thermal energy, the tiny molecular magnet gai.ns kinetic energy and 

orients itself in any direction. As temperature increases up to the melting point of the mate rial of the 
magnet, the orientation is completely random and il completely loses its magnetic pn1~1C'rlies ,rnd 

- ~ nc~10t retains its ma~nelis,~. __ _ _______ _ 

19. ~066 Old a.No. a aj The angle of dip in Britain is greater than that in Kathmandu. Why? (2) 
a. The angle made by a freely suspendeJ magnet or magnetic needle with horizonl<1 I cnmponenl of 

earth magnetic field at a place is called angle of dip. It is denoted by /'i. Al 1•quatm, Hw vn lue llf ,rngk 
of dip is zero anJ the angle of dip a t poles is 90°. Thus, val ue of angle nf dip incrL•,1.~es fro1)1 t•q 11,1tor 
(where it's value is zero) to poles. Kathmandu lies near lo equnlor than the Bri lnin, sn the ,rngll' of dip 
in Britain is grcatc_r than that in Ka th mandu . 
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20• P06• a .No. a ~ Why does a bar magnet not retain Its magnetism when It Is melted? 

':'-.. I k,, ·0 l't'f1c' r t !2067 Q No. 19 
21· ~ 059 a .No. 8 c) How does dip vary from place to pla~e ... on earth's surface? 

",.. Pk,,st' l't'f0r t 12069 Supp Set B O.No 1 ~ 

22. §oss a .No. a c) Define angle of dip and angle of declination at a place. . . I~ 
T l . . , ,1 · , ,eed il' with lwnzontal rnmp 

H ~ ,rngl ' m,Hk bv a frt•ely suspended 111,,gnct n1 111<11,nc IL 1 . . . 0 nen1 
I · ·· · . f 1· ·r1 , v ,luc nf 1'111s a ngk va n es from lcro 

t',lft l m.1g11ctH: I l('ld ,11 cl p l,u-e IS ( ,lllc d ,lll t~ le () l 1p . lC ' . . at I~ 
equ<1tor to 900 <lt the gcom,1g11dic pole. The nngle of dcclin,it-ion _is lhl' ,1nglc bdwcl'n the magnet~ 

meridia n a nd the ge0grnphic me ridian. 

lll2;;-57 a.No~ a ~ What are magnetic domains? ------ ·--- . 

a. The c1 t0ms of c1 fe rromagne tic mc1 te1ial possess non-zero magnetic 
m oment. According to atomic view of magnetism, a n atom Jets as 
a ~m,all magne t due to the orbital and spinning motion of its 
e lectrons. rn sm nll regions, the re are large numbers of atoms. 
These small regions in which all-a tomic magne ts align along 
same direc tioh and have very s trong magnetism i.ns ide the 
fcrrnmag netic mate rial are called magne tic domains. There are 
very la rge numbe rs of domains, which align along various 
direc tions. He nce, net magnetic nwment is zero but inside the 
d omains there exis t strong magnets. 

Mag netic domain 

-- ·---------------- - --·-- ----. - -
24. 12057 a.No. a cl What is angle of dip? How does it vary from the equator to the poles? 

~ Please re fe r to 12069 Supp Set Ba.No. 1 ~ 

- ·- --· -----·-- . ·----·--- --- . -- -- ---~-J 
25. 1201s set 'c a.No. sci Define angle of dip. If o is the true dip at a place, 01 and fo are the apparent di 

Long Answer Questions 

observed in two vertical planes at right angles to each other at that place, then prove the relation, cot26: 
cot201 + cot2fo. · I 
Angle of Dip: The angle made by a freely suspended magnet or mag ne tic needle w ith horizon 
compoi1ent of ea rth magnetic field at a place is called a ngle of dip. It is de noted as 8 a nd given by 

V 
. tan 8 = H ; 

where V and Hare ve rtical ,fnd ho rizontal components of earth magne tic field respec tively. 

The an gle o f dip measured by keeping t·he dip circle in magnetic meridia n is ca lled true angle of dip. 
The angle of dip a t a place measured without bringing the dip 
circle in the magne tic m e ridian is called apparent dip. 

Let OVCH represents the m agnetic meridian & the shaded area 

11' = H cos0 

OH'C'V represent a plane which is not in magne tic meridian, 1 cos& = H 
obtained a fter ro tation of the OVCH p la ne th rough an c1 ngle 0 
,do ng the vertica l ax is OV, the resulted intensity l acls c1 lo ng 
the OC ,HHJ makes a n a ngle o with the horizonta l line O H. This 

a nvle 6 is the trne dip il l the plc1ne . 
0 11 I 

Jn fig u rn, OH represents the ho ri zo nta l component a nd OV 

represents the ve rtica l component of I, so thnt, 

H = 0 1:-1 = I Cos ti a nti V = OV "' I S in ti . C 

After rolc1 lion of the p la ne to the pos ition OVC'H', the ang le mnd e by the l'l'Sulta nt inte nsity OC' 1~il 
the h orizo nta l line OH' is 61 . T his ,rnglc o, is called a pparent dip a t tha t pl.,ne. Fnr the llL'W phu1c,,~I 

re presents the horizontul component c1 nd OV represents the vertical component of I, so 1h,1t, OH 
cos o and OV = I s in &. Now, from right a ng led ~OC' H', 

I 
-= _ C H' == OV/ 01-l' = I s in o / H cos 0 

clll 01 - OH' · 
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But, v. e have, H = l s o 

So, tan 61 = l sino/ l cos · cos O = ta n t' / os o 
or, 1/ tan2. 61 = cos~ 0/ la n2o . , . (I) 
Ll't the pla n1.: 'H' is rota t •d th w lt p,h nn nngll' 90" frn m its pn.-; ll ion. 

uppt~'<:'. ,t th ·,t p l_a e, a ngk of a ppnt\•nt d ip is o~, sn thnt 

tan 62 = ta n i / os ) '+ 0) = ta n '6/ - sinfl 

or, l / t,rn ''2 = s in~O/ t,1n2<') ... (ii) 

1 ow ,H.lding (i) ·m d (ii) ,.._,e .~e t, 

l / Un r\ 1 + 1/ tan~o2 = ·os20/ tc1 n20 + s in20/ ta n28 

or, 1/ tan 281 + 1/ ta n 2o2 = (cos2 O+ sin20)/ ta n~o = 1/ tan2 & 

{'{ t;,')l + cot2<' 2 = cot:'.o Proved 

26. j2o74 Set B Q.No. set Define permeability and susceptibility of magnetic ~ater.ials~ De-rive a relation between 
them. · [4] 

a. Permeability(µ) : Th e d egree to which the magne tic lines nf fo rce can pene trate in a s11bs l,rncc I la ed 
in m agne tisin g field is called the permeabil ity of the subs ta nce. lt is a p 1:ope rty of magn ' ti c s ubs t, n ' . 
It is ~lso d efined a s the ra tio of the magnetic induction to the s treng th of m agne ti z ing fi e ld . lt is 
denoted by µ . By d efinition, µ = B / H, w here B is va lue o f magne tic induction a nd H is the valu ' of 
m agne tiz in g fiel d and value of µ in free space is p O = 411: x 1()-7 Wb A·1·m·1 

Relative Permeability (}tr): It is defined as the ra tio of the 'pe rmeabili ty of a m ed ium to tha t in 
vacuum . So, by d e fin ition, p , = p / 1-i'o. Since, it is a pu re ra tio, it has no unit. 

Magnetic Susceptibility( x): The magnetism induced in a materia l w hen it is p laced in' a n,agn ·ti · 
field depends u pon the magne tisin g field a nd nature of the ma leria l. .Th.us, w hen two id e n tical pie •s 
of th e_ sam e volume a nd s ize o f diffe rent m a te ria ls a re placed in the magnet is ing fid d l-1, th 'Y w ould 
be ma gn etized to diffe1:ent ex tents . 
This property of ,the m agne'tic subs tance also de fined as the rat io of the in te i, si ly of magnl'tisation tn 
the s treng th o f the m agn etis ing fie ld . It is deno ted by x . 

By definition, X = I/ H 
Relation between pr and X 
W11en a magnetic m a te ria l is m agne tized in a magne tis in g fie ld vacuum, the m agnl't i ind u ti llll 
d eveloped in the m a te ria l is du e to the magneti z ing fie ld H a nd induced magne tis m in the m nt~rial 
i.e., the in tens ity of ma gn e tiza ti on. Hence, the to ta l magne tic induction is the s um of thcs , two 
qu a ntities and we have, 
B = B1 (magne tic fie ld ins ide m a teria l) + B2 (Magne tic fie ld du e to m a teria l) 

or, B = µ0 H + ~ I 
or, µH = po H + ~Lo I 

or .l!... = 1 + -
1 

'µo H 

or, µ, = 1 + X 

Thi. is the required re latio ns h ip be tween the re la tive pe11n ea bili ty ri nd magnl'tic s usn·pti l ility. 
27- ~013 Set c a·.No. s~ ~l~t~ ·magnetic perm~bility and suscept lbiUty featu ~~s of a m~gn .. etlc material. Can 

· hysteresis curve be drawn in the case of diamagnetic material? Explain on the basis of above featu'res. [4] 
~ First Part: Please ref r to @074 Set B Q.No. Sq 

Second Part 
No, hystl~resis curve a nnot be draw n in th ' 

phenomena of ferro m ag ne tic m a t r i< 1 w h ich 

asc of d ia m ng n •lie m att' ria l b ·cn u~t' h s t •n•sis is th, 
is eas ily m ag nctizl'd a nd dc m ag n •ti :t,l'd b. •, te rna i 

lllag.netic fie ld . T he caus arc: · 

i. The permeability (µ) of dimn.agnet_ is less than 1. 
~: The intensity o f magne tiza tion has a s nw ll nega tive valu e . 

u1. St1sceptibility has value less then one . 

iv . They are feebly rep elled by magnets. 
I I 
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176 
I A COMPLETE NEB SOLUTION TO PHY I C S • XII _..,;_---·---

•; S. l;~;:2-;;~ O.No. 6~1 What do you m. an by true dip ~nd·-~·pparent. dip? S-h~; th~-t Co528 

wh~re symbols have usual meaning . 
~..!!(~1s_: r ' ~er to 12076 t Q.N . §g 
. 29. 12010 Supp. (S t B) ·o .No. ct) Pro~ .that cot2 = ~t28i +·cot26;; wflere-sy~b~l; ha~; ~~al meanings. 

~ Plc·\s' rl'ft' r to 2076 et .No. 5 ___ -- ------- ---

-30..12070 Set . -<l.No. 5 ~ D fln m g~etic susc-eptlblllty and r~latl~~e p~r~;~biiity ·and establish a relation betwe 

them. ~-:--;::--:-::-~---. I! 
Pl ~ l ' 'r to 12074 t B Q.No. Sq 

M1HhMt¥iiffititY,iM __ . : . ___ ----·- --- ----
31 . 12075 Set A Q.No. 9~, A b~; ;,·agnet~·10"~~ i-~ .. l~~gth, has p~i~--~t;~~-gt'i1-~t-·1o ·A~1. Determine the.magneticfi 

at a po1nt on its axis at a distance of 15 cm from the center of the magnet. (µo = 4n x 10-7 Him) ~ 
luti n · 

ivcn, 

Length.of bar magn et (2/) = 10cm. 
or, J = 5 cm =·o.os m 

Pole strength (m) = lOAm 

Magnetic moment (M) = m.2l = 10 x 0.1 = 1 Am2 
Distance (d) = 15 cm= 0.15 m 

Magnetic permeability (µ 0) = 4-rt x lQ-7 H/ m 
Magnetic field (B) = ?. 
We have, 

B =µox 2Md 
47! (dL /2)2 

4 X 7! X 10-7 2 x· 3 X 0.}5 
47! X (q.152 - 0.052)2 

3 X 10-S 
4 X 10-4 

= 7.5 X 10-5 T . 

S N 

f------------4--1 --~~) 

32. ~062 a.No. 9 ~ The needle of a'dip circle shows an apparent dip of 45° -i~-~ .p;rticular position and 53° ~ 
the circle is rotated through 90°. Find the true dip. I 

Solution 
Given, 
Apparent dip at one place (81) = 45° 
Apparent dip at anothe r place right angle to the first place (82) = 53° 
True value of dip (o) = ? 

If 8 be the true va lue of Jip, then, cot28 = cot281+ cot282 

1 1 1 l l 1 
-- - --+-- ⇒ -- = + 
tan28 - tan2 1 tan282 tan2o tan245° tan2 S?, 0 

1 
---;; = 1 + 0.57 
tan u 

Hen~t the requtred tru e angle of dip is 8.7° . 
000 
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~::.;:.;;;.;..;;...;..;.:..;.;;.:...:..;;J ':'~ ..;;.:.;.;:.-=..;~~.!!I A op)) r rln I ouop nd d by n thr orl In vortlcnl piano. On ond 
. , nrd th rh10. H w wlll tho po ltlon or tho ring bo off ctod? (21 

\\'h '1' •
1 l'P 'r n ng ,s :-.us pl' thkd in I v1•rlir ll pl 1111• 1111d 0111 • 1111d ,•111 v 

n(wth l _l k N ,t th ' m,~g,h' t is hrnu)\ht huri ;,,,011t11llv l11w111·ds IIH• 1'111
1

,,, 1111· 

rill~ ,,.,11 llW\' l' ,l \\'.l \ ' 11 ,m tlw 111n1:1w1. This is h<11•n11Sl' II Iii \' N pnlt · tl f 

Ill, 11wt is ,,i P1 ,., •hing tlw ring, tlwn l,h'1' uf 1111' ri11g lownrds llw 1n111•,111'I 

,,·ill l ' l)llll' I I p ,k dttl' In l' lll'l\'llt i11d111' l 'd i11 ii (I ,1•11z's l11w) w hk h n•1wl.<1 1 .... s ___ ___, 
thl' ri1~~-

t a .No. 1 A b r magnet falls through copper ring. WIii its accoleratlon be equal to 'g'? Justify. . [2] 
>-l1\ thl' 1 " i'kr,lli_t"' ()f •1 h,ir rnag,wt will 1101 vq11,il Ill 111·rckrnti1>11 d111• IP grav ity 'g' when ii (,11l c; 

thn: ugh l' l'l?l' l' nng. \ ' hen b,n IIHl!'lll'I fa I ls I h rough rupp •r ri11g, 11 l fl r,,.; t its an :1 •l1 1 ni I ion incn.:ases 

hw tl, g~•':'''Y but_ ,lfll'i'. :--unw linw, l'ddy t'lll'l\'nt is produr\'d i11 tlw rnpper ring w hich oppos •~ tlw 
c,nt. ,' of it _,.c. nwtton nl m ,1g'll l• t and h1·11cL' i Is th Tl'krn I i\\11 dl'cr •ast·s. /\ f11•r so11H' 1 i11w ii gn ins sl ·ndy 
. t,11\' vl'loc1ty . 

1 F075 Set B a .No. 1~ Birds sitting on a high tension line wire fly off when current Is switched on. Why? [2] 
When a high lensi n l'Uf'l'l'nt is s, ii hrd 011, indu ed L' 11rrc111 is s •l up in the bod o( lhc birds. T hl' 

indu cd currents now in oppt1:--ile directio11 (Ll:11 ;,,.'s la w) through tlw wi ngs of llw birds w hi h 
produ c r'puL ivc fore ' ,rnd lt t' lll'l' tht' w ings spr 'Hd a11d th • birds fl awn ,. 

--- --
4. F074 Supp a .No. 1 ij State and explain Faraday's law of electromagnetic Induction. [2] 

Faraday's Laws of ckctrom,1gnclic indu lio n 

First law: "\t\/hcncv 'r mc1g11c tic flu x linkl·d wilh a rirruil r hangl's, ind11cl'd •m( is prnd·uccd . T he 

induced >mf lasts as ln 11 g n:,; llll' ch,111gc in lhc 111ag11clk flu x ronli1111es". ~n, first lnw g ivl'S th , slal in 

which the inducl'd emf is nblnined . 

econd Law: "The 111agnilllli' of induc\'d l'ntf in a coil (o r n rnndwt·o r) is dirl' ti I proportional lo lh<' 
rate of change of m ,1g neti flu x rnd numlwr p( l11rns in thl' coi l." 

Let $1 & $2 be the m ,1gnc ti flu x l inked with, oi l (or \\11d11 tor) i11iliall 1 & after lim · I, I hen, Lhe rate 
of change of m ngnct i flu , is 

r = ~ = -N~ 
t di 

Thus, F, radav's :--ccond l,nv of •lccl romagnclic ind ur l ion gives I he meas111'l·nwnt n( ind url'd c m f. 

5~ ~ 74 Set A a .~o. 1 ij 12012 sot c a.N~. 1-d! If the ~umber ~f tu~ns of a solenoid is doubled, keeping the other 
factors constant, how does the self inductance of the solenoid change? [2] 

The self indu l ,H1Cl' o( a so l 'nnid is given by , L = po ~
2 

/\ , w her · N is 1111111bl'r nf turns o( solenoid,/ is 

length of solenoid ,rntl A lw ils arc,, of cross srclion . If lhl' 1111111bl'r of l11rns N is nrndl' douli ll'tl , then 

self ind uctanc, of />olenuid is i ncre.1sed by four I inws. - -
6. [074 sets a .No. 1d! What are eddy currents? How can these be reduced In a transformer? . [2] 
~ When a 111et,1 llic pil'Cl' is pl,Kl'd in,\ cltn11p,i ng n1ngn •lie fil'id, llw lnd11n'd l'lll'l'l' nts ell'( ' sl't up in till' 

mctnl pi 'cc. T hes • cu r renL,; nn• cnll d l'dd I l'llf'l'l' nls or 1-'011rn 11ll 's c111T1·11ls. 'l'lw dirl'cli11n of \'dd 

currents is given by Ll·nz law. P,ddy urrt•nls produ l' lll'.il dttl' lo w hich IIH'rl' is loss of plH-V<'r. The 

_ eddy currents ca n bl' redun•d b 11.'>i ng l,1111in.il~•d sht•t•I t1f soft Iron c·on• pf lr,111sl11rnw1·. 

7--[Q~J se; o a.No. 1d! 12069 Supp Sot B a .No. 1d! Lenz law follows the principle of conservation of energy. 
Explain. (2] 
Lenz Jaw & Con ervation of En rgy: L nz' Law i un rx 1mplc o f th prin iplr of ons rv, lion 
of Energy. Wh n the nrng n l i 111 ovc>d lowa r Is lh' mil, il pr duces indun,c.J rnrrrnt in tJw roi l 

who e direction opposil l o th 111o lio n o f the m agnet ns e iven by the Lenz' law. H r n e ther<.> is 

a force of repuls io n b twe n lh m agnet and the coil and to ov<?rcom this repuls ive force, an 

ext,rnal work mu t b don -. T his work lon e (mechanica l rrn.: rgy) must b convcrtl?d into 

electrica l en rgy which is ac ording to th law o f c ns rva tio n o( energy. irnilar ·as aris s 
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\ 78 , A C-OMPLETE Nt:B soLurlON to i; Hvs 1c s • xii l , ,
8 

hw i s in n c . d 
. . II 1'hat's why, the ,en:t • cor once 

,,' h<:>n the magnet I remov d oway l1\1n, lhe tt> · 

with th:> t..~w of c ns 1·vot-ior1 of e1,ei1g . · - -
-- - - - - - - - . I Why? ~ 
s. 120,-2 Set c Q.No. ,~ A trahsformer gets heated up while n use. 

1 1 
.... ,,i;for11wr L'l in use, th~ core f 

. , . ( ·. When t w '" · Q ~ . 11\ rn-.hmner 1s 1mhk up of shcl'ls nf the 1-<1 t 11 011· 
1 

f .,, c which inducl'S eddy curr"nl . 
· · t ·11 th ' t')' C l' ll " ' · " IN transt1mn('r ~~I~ ,n~1g1wlt1.0tl nmt dt•tnn~m•llZeL w1 1 t . 

the shL'1.'t. The dn.·u lnlion (11 ('ddy nirr •111 hl'n ls the trnnsform~, · _ . _ 
- - - - h h 3 long solenoid decrease? r

21 s. µ0'72 set o a .No. 1~ Why does acceleration of a magnet falling t roug I t . ty b ~ 
f -,J ·ation increases t uc o grav1 ut after 

If .t nu\_gnct is dropped lh'.·nugh ,, lnng _solenoid, nt _irsl acu:: c t, oses the cause of it (Le nz's law) i.e 
. onw tun' L"\.hiy <:urrenl 1s produced m th<: solenmd wluch opp ,, 
motion of nMgnl't ,rnd hent.:e its <1 <:cele ration decreases. __ ________ - -- ---_ 

- - ----- - ---.--dbl een the poles of an electromagnet With 
10. ~011 Set ca.No. 1 ~ ~067 a .No. 1ctj A sheet of copper 1s place e w . . , 

· ----- · · II d t a considerable force 1s required and th the magnetic field perpendicular to the sheet. When 1t 1s pu e ou , · ' e 
force required increases with speed. Explain. . 

1 
. [2] 

· I f e l ,ctromagnct w it 1 the magnetic fieJ.1 a. \:Vhen a sheet of copper 1s placed between the po es o an e . u , 

perpendicular to tlw sheet and pulled out, eddy currents are produced wluch a l: 0 Prod uce lhe 
• . . . tJ t · 111 qf sheet c1 nd a cnns1derable force ·15 magnetic field . The duect1on of these current opposes 1t! 1110 t( , . . 

requirl.'d tn pull it. Wh en the motion o r velocity of _sheet increases,_ the nrngnettC field produced also 
increases and more force is required to pull it. 

11. j2011 supp a .No. 1cj A vertical magnet-ic-f-ie-'-ld_i_s_p-er_p_e_n_d_i_c-ul-ar to the~;rti~al plane of a loo~. W~en the !oop is 
rotated about a horizontal axis in the plane, the current produced in the loop reverses d1rect1ons twice per 
rotation. Explain why there are two reversals for one rotation. . [2] 

~ A vertical magnetic field is pe rpendicular to tl1e vertical plane of loop. Wh en the loop is ro tated about 
a horizontal axis in a plnne, · the current produced in a loop reverses ti-vice p e r rotation due lo 

Fleming's right hand rul.c. The current produced in half cycle is in one liirec tion a nd reverses in next 
half cyde of rotation. 

----------- - -- - ·- - - ---- ----
12. ~011 Seto a .No. 1 ij A long, straight conductor passes through the centre of a metal ring, perpendicular to 

its plane. If the current in the conductor increases, does current get induced in the ring? Explain. 
a Yes, when a long straight conductor passes tluough the centre of r1 metal ring, pl'rpe ndicular to its 

plane and tl1e current through tl1e conductor increases, it increases the m'agnetic flu x linked to the 

ring (as B = ~:Ir ). Titis change in magnetic flux linked produces nn emf ,u1d hence current in the-ring 

is prod uced. 
--------

13. 12010 Sup (Set A) a .No. 1 el Can a transformer be used with de? Why? Why-~ot? - ---------- -- [2] 

a A transformer is device for w nverti.ng ac current at low vo.ltage to high voltage o r vice-versa. 11 
w~rks on t~ic principle of mutual induction w hich is only poss ible by a.c. but not by d .c .. When 
pnm<1ry c01I of the trans_former 1_s connected to a J c current, tJ1is produces co_ns tant magne tic flux. 
Consequen ~ly, the flu~ lmked w1tl~ the secondary _c01I o f the transforme r is no t changed . 1f there is 
no change m magnetic flu x, emf 1s not induced m the secondnry coil. That's w hy a transformer 
can't be useJ tn change the va lue of de voltage. 

14. j2010 Supp. (Set B)-0 .No. 1 ~ Pairs of conductors c-a-rry_i_n_g_c-urrent int~ ~~~lrt~f th; p;;;r-s~plyz;,;~ 
of electronic equipments are twisted together. Why? [2] 

~ Pairs of conductors carrying curren t into or out ·ot the power suppl of electrouic . . . • . y components 
equipments a re twISted together beca use· this decreases the self intluc ti· Tl · . ry part 

. . . . . . on. 1e curre nt 111 eve 
of cotJ IS equal and opposite 111 drrecbon. So, the magnetic fie ld nroun l ti . tied b)' 
the · magnetic field around the oppos ite part. T liis self ind uc tio11' b , L 1e (~ne pa rt is can,ce o•·•'er 

. . . · ecomes mu11·111t1111 " 11tl t 1e 11 " 
loss will be nwumum. " r 

15. @010 supp. (Set B) a .No. 1 ij Doe; Le~; law violate principle of conse~ati~n- -f--- _·__ - -:- - ·~ 
, , . . . o energy? Explain. 

c,. No, Lenz law J oesn t violate prmople of conservation of energy L , _,, . 
1
, f th~ 

principle of Conservation of Energy. When the magnet is 
11 

· 
1
enz 5 Law ts " '·' examp c 

0

11ccs 
· t · • · l OV('t towards the c )ii it prOl 1 
111Jucct current Ill the coil w hose Jircc l10 11 oppos it·c to llw 11 1- f · l ' l till' 

. • 1 o ton o · the nn, ' l i\ • irive11 )Y 
Lenz's law. Hence there 1s a force of repuls ion be tween lht• 111 ., t. ' h ne 's , lh~~ 

. ngnc ,ind the re ii I t •rccime repuls ive force, a n ex terna l work mus t be d one. This w) . 1 a m (l OVl ~ 
. . l ti.. d o1w (mcchn11 il'r1 l 1•1wrgy) n111~t- I 
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AC C IRCUITS I 179 

co_,werted into dc•ctricr1l cncrg I which is nccordin1• Lo the lnw of conscrv,11ion of encrfW· Similnr case 
ar'. cs when lhe m,igne t is removed nway from th~ coil. That's why, Llw Ll'nz'.s law fs in ,1cconl;ince 
with thl' I~" ~ir conservation or energy. 

- ,--:-,c---c:--,:,--..;._, --- -- ' 
16. @070 Set O a .No. 1 dJ A copper ring Is held horiz~ntally ;nd a- ba~--;;g-net i-s dr~pp;d through the ring with Its 

length along the axis of the ring. Will the acceleration of the falling magnet be equal to the acceleration due 
to gravity? Explain. [2] 

'lt. Ha_ permanent mt1gnet is dropped down a vcrticnl copper pipe, eddy currenL'> Me produced in pipe 
wh,c~, oppo~e~ the motion of tl1e magnet (by Lenz lr1w) and the speed ultimately decrec1ses. At a 
certn'. n rnnd1 h_on, Uie weight of the magnet and the upward force become equt1I r1nd hence c1 ttnin 
tcrmmc1I veloci ty. 

-; !7069 Se~No. 1~ State and explain th~ lenz's law. ------- -- - [:l] 
'tt. Lcnz.'s lc1w states thr1t "the directi.on or an induced current is such ,1s 

to o~pose U,e m use producing it." TI1c cause or current may be U1e -
motion _of il conductor in· a magnetic field or it may be change of S NI B 
magnetic flux th rough a sta tiona1y circuit. ~---
Explanation: 

Consider cl coiJ to which a magnet with its north pole is moved toward it. Thl' induced emf in the n 1il 
will sends current in such a direction in the coil U1 ,1 t it will produce magnetic field from right to left 
so as to oppose (repel) lhc 111<1gnet. When the magnet is moved b;ick, the magnetic fi eld will be 
produced due to induced current from left to right & tire current will now in the opposite direction. 
In this way, the induced emf produced in U1e coil opposed the cause which produced it. 

18. @069 (Set~ a~ No. ~ Explain F;adayla~ ~f el~ctromagnetic induction. ·· 
a Please refer to '2014 Supp a No 1 ~ _ 

19. @069 (Set A) Old a .No. 1 ~Abar magnet falls through a metal ring, will its acceleration be eq~al to 'g'? - -
Please refe r to 12075 Set A a No 1 ij 

- - - - ---

[2] 

[2] 

20. @068 a .No. 1 dl If a permanent magnet is dropped down a vertical copper pipe, it eventually reaches a 
terminal velocity even if there is no air resistance. Why should this be? [2] 

'1:..' Please re fe r lo 12010 Set DO No 1 d! 
• 21 . 1i~sa Can. a .No. 1dl A student ass;rted that if-; perm-;nent magnet -~dropped down a vertic-;I coppe;:-pip;,-lt 

eventually reaches a terminal velocity even if there is no air resistance. Why should this be? [2] 

~ Ple<1se refe r Lo J2010 Set D a No 1 d! 
\_ ~ ---~ -

22. l2066 a .No. 1~ A sheet of copper is placed between the poles of an electromagnet with the magnetic field 
perpendicular to the sheet. When It Is pulled out, a considerable force is required , and the force required 
Increases with speed, why? [2] 

-:--.. Ple,1~e refe r to 12011 Set Ca No 1 d! 
'--
1 23. ~l20_6_5_a_.N_o_. -1 ~ij State Faraday's laws of electromagnetic Induction. (2] 

a Pte,1~e rdcr to 12074 Supp a No 1 ij 
24. @064 a .No. 2 ij A transformer cannot be used in de circuits, why? [2] 
~ PlenSl' rdcr to 12070 Sup (Set A) a No 1 ij _ _ _ 
2s. @063 a .N~. 1 ij [io6-;;,;o. 1 ij Why can't a transformer be u.sed to step up or down the d.c. voltage? [2] 

~ Pk\1sc rekr tn 12070 Sup (Set A) a No. 1 ij ____ _ __ _ 
--'",-

~ :-12063 a .No. 2 ij Wh~ s eddy current? Write down its uses. [2] 
a. Wlwn a mt'l,illir piece is placed in il changing magnetic Held, the induced currents are set up in the 

metnl piece. These currents are called eddy currents or Foucault's currents. The direction of eddy 
rurrcnls is given by Lenz law. Eddy currents produce hea t due to which there is loss of power which 
can be rcducl'd by use of laminated core. 
Following arc some useful uses of eddy currents: 

Eddy cu rrent damping 

Induction heating 

Energy me ters 
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8 s 1.uu N l O PHYS I S 
II 

• l h•d1 ,m."'''''th 1'1.1k,·, 
' • tn,hh t"'" m,,t\,, Wh t measures do you take to mlnlmtz. 

I transformer? a 
: 'i'. ~2 Q ~ 2 What 3m dlff ront powor losses n 8 lij 

l s . l)' JH"• o( pcn VL'f lo~.;e, · 
• dtll' Ill rnlln\\'lllg . 

\ I''• h(,11 tr,'11, hmm·1 h,1,; dlilwm ,. ll''-' th11n ' 11
H . l I" thicknr . 

I l I,,. \\' II\' of U I t<l l l: 
• OF i:~r to ~ : It c,rn ht' numnuz,•, ,,. t,, ing 1 1·a ls having na rrow hysteresis 

d 
1. , core n1c1 e r ' 

• H tt're. L I · : This ~-.rn hr min1111izc l')' us ing 

l,'l\,p. . lr1minc1ted soft iron core. 
I l · · nizcd hv using ' 

• lron (or edd\ urrent) lo : t can 't' 1111 " 11 , • - 1 I w vibration . . . . er materials w1,t, o . 
Humnun~ lo~ : It c,m he wduccd b~ u ing prop 111 1,,. 1,,e between U1 C' primary and 

. tJ , • r. for maxunu111 I 'o 
• Au, IN:· It i<. n11nim11t•d h) dcs1g111ng It: co c.: ' 

... :-...'lmd.u, , 1ib. - h twi' -th ~ - - - ber of turns but one as ce e radius 
2 §oS9 a .No. 2 ej Two closely wound circular coils have the sam~ num ' 121 

of the other. What is the ratio of self inductances of th~ two c~ils? coil i.e. toroidal coil) is given b 
~ tnl' \' the elf-inductance ,,r a d nsel · wounded orn dar ( Y 

A _ ~ (rrr~) 
L = µii N= / - ~I,, N- / . 

, f I , ·1 I is the current flowing in the windings 
when..· ~ lS the numbl:'r of turns, A = rrr- 1s the area o t 1e co, , 

and / L'- the mc,rn length. . 
This means, L ex: r: keeping other parameter constant'. This shows th~t the va lt,1_c of self inductance 
changes b) fo ur times when the radius is doubled. Thus one has twice the radius of the other, the ' 

ratio of tJ1e elf-induction · of hVL) coilc; i -l:1. ___ _ 

29. poss a .No. 1 ej Sho-;th~enz's la~ is an example of conservation of energy. 
Plea e refer to ~073 Set D Q No 1d! _ __ _ _ 

(21 

30. ~056 a .No. 1 e! State Lenz's law. 
Please ref er to 069 Set A a No 1 

31. jzoss a .No. 1 cj Mention two types of loss in a transformer. 
a Two t,i,"· of loss in a transfonner are: 
a. Copp~ Josse : Energy lost in winding the wire of transformer is known ,is coppl'r loss. This i.s due to 

the re istance R of copper wtre, when current flnw through the e wires, power loss (FR) takes place. 
TI11, loss ,1ppt.>ars as he,11 produced in the prim,111• and secondary coil . Copper los~es can be reduced 
by using th1d, wires for the wimling . 

b. Flux losses: In actual transformer, the coupling between primc1ry ,111d secondary coils is nnt perfect. It 
mec1ns the magnetic flux lin"-ed witJ1 the prin1c11 coil is not equal to the mngnctic flu , lin kt•d with the 
secondary coiJ So, certain amoun t of electrical energy supplied to the pnma1y coil i~ wasted. It is 
m1nm1ucJ by designing the core for ~~,x~_num linkage between the primary c1nd secondnry coil . 

32. µos3 a .No. 7 g What is lenz's law? - - - "m 
Please refer Lo j2o69 Set A a No 1ij 

Long Answer Questions 

33. po76 Set Ca.No. 5~ µo~-GIE a .No. Sd! po67 Sup a~o. Sq !2064 a .No. 7 a oRj Stat~ nd explain Farada~ 
of electr9magnetlc Induction and derive an expression for the emf induced In a rect I ·1 t Ung in a 
uniform magnetic field . angu ar co, ro a [4] 

-a. Faraday's laws of electromagnetic induction 
First Jaw: "Whenever mag,wt ic flux lin"-l'd wi th ,l circuit cl, , , . . Tl 1 · J . ,. 1 , f I . . c1ngls, induced ,•1111 1s fHOd llt'l'll. ic 
111 uccu cm c1sl'> J :, long ,ls the r h,11111e 111 tlw 11rn1,,w1ic flu , • 1· ,, 1, 1 o ' , LOil lllll l'S Sil fir 1 1-. , · , ti , ,t 1ll' u1 
which the inJu cd t•mf ic; oht,1inl'd. · · , ~ u\\ g1v,' H ' 

ccond Law:" J lw m.1g11itudl' nf 111dll(ed l 'lll( 111 1 roil (or I I . I 
( ( 

. ' • Olll ur tor) 1s dirl' :il , •t' 111 tn tlt' 
rate o change o 111,1gnct1 nux ,111d numbL•r of turn-; in the roil." · l ) JlrllJ'l

11 1111
' 

Let <!> , & <I>~ lw the nwgnctic flu x lin"-cd with ,, coil (or co,, I .1 . . , "' 
l ut lll } 111111 ,11,, ~- ft . I ti,·'''" of ch,rnge n( m,1g11l'11c flu i'> ' lx •' l'I' t111w I, t wn, ' 
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E - - ~ = _ i_ (NAB co 0) = - NAB d(coscol) 
dt dt s dt 

d(rnt) 
AB sinco~ 

= NABw sincot 

Therefore, E = E0 sin wt, 
.. . (ii) 

where, Eo = co NAB is the peak value of E. 
This s inusoidal varying emf is called i.nduced emf i.n 
rotating in the magnetic field . 

The instantaneo~1s induced current in the circuit is given by, 

E Eo s in <0t 
l = R = R , where R is resistance of the coil 

I= lo sin c,>t ... (iii) 
where Eo/ R = Io is maximum value of the induced current. 

AC CIRCUITS(. ]81 

y 

E 
E,. 

2rr 
0 (,)I 

- E, ,' 
Y' 

the coil 

The equations (ii) and (iii) are the required equations of the induced ernJ and induced current in a 
rotatiJ1g coil of area A, no. of turns N and rotating in a magnetic field B ~ith speed c,J. 

~4. /2~su~pQ.N~:-- ;~~6;sc~ibe the structure and working principle of a tr~~~f~~~-e~:-oeii-~; the-~iciency of a 
transformer. [4] 

'a. Structure and Working Principle of a Transformer: Transformer is a 
device used ·to convert low alternating voltage at high current into 
high c1 ltcrna ting voltage at · 1ow current and vice versa . The 
tran ' former v,,orks on the principle of mutual i.nductiOIJ i.e. when 
the re is cha1~ge in the cur.rent of the primary coil, magnetic flux 
linkage with the econda1y coil changes and hence induced emf is 
produ ced in the seconda ry coil. There are two types of transformer 
i.e., _stcp up tran fonner and step down transformer. 

A imple con truc tion of transformer is as shown in above figure . The primary and s . ondary oils 
are wound d on a ommon laminated soft iron core. The co il connected to a .c. i primarv ~)ii nd coil 

' J 

connected to load is s condary oil. When an a.c. source of emf E" i conne t 'd to prim, ry oil, an 
alternating current flows through it so that alternating magne ti field is produc- d aoc hence· 
magnetic flux linked with secondary coil is cha11ged . This chang in magn ti field i11duce an 
alternatiJ1g emf in the secondary coil . Let Nr ami Ns be number of turns in primary _coil and 
secondary coil respectively . From Faradays law of electromagnetic induction, 

d<j> 
Er =-Np dt .. . (i) 

The induced emf is secondary is given by 
d<j> 

E = -Nsdt ... (ii) 

Di idu1g equation (ii) by (i) 
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2 I A COMPLE E EB 

f_<; - - · 
Et,- Ir 

LUTI T PH • II 

s - [L; 
wh~ -, N~ =.·\Jc = k \_' \ \lll'd t ,\n1-k rm,,lll II li\Htl. . 

·l ' r - •• l 1 ·. . , t I I' ti• ' ·t.M indtlrtton 
\\ 1 re ~ I t \ ~ ~· ~ f lH tu 'h '" r\. r S ' l ml,11·y ' 'l' ntll I' I{ ,l ' 

F r f l " 11 t:ransh nn1..'t'. k ... l , th,,t 1 •• r ,Hid 1
~ < ~r. 

F r ·rer Uf tr,\n; . '1\\\ f , k ~ l 1-\ lh,,t ~ ,. ,,mt ~. 
r n i 't ,t tT,\n ·fl.: rn\ 't• n whi h th ,, ' i 

utf ut w 'r == lni ut f 1.. " ,,, 
Er ·= lp 
ts lr 

or prim, ry )ii, 

Er<::: ~-
Effi ien y f transf rme . 

w r. 

• • •. l . tlt' frltio nf output plw,nr to in 
tfi ·i n ·\· t f t1.1n.·ft rm 'r 1s dd1ncu a~ "'Pll 

Ed~ . 
1.r, 11 =E~ x 100° 

35. f20 - Set A a .No. s~ State and exptain Faraday's l~-w of-;l;-tro.~a-gneti~ -i~du.cti~n. Obtain an exp~~si;,; 

the emf induced in the rectangular coil rotating in a uniform magnetic field. [~ 
a. -Plea refer to @076 Set C Q.No. Sd! · 

36. 120 3 Supp Q.No. scj State and explain Faraday's law ·o~~tr~~ag~-etic ·inducti~n. Obtain an expr;s~i~ 
the emf induced in the rectangular coil moving in the magnet.ic field. !~ I 

a. Please refer to !2076 Set C Q.No. Sd! --;:======~===:~~= ------ ----- ----
37. §073 Set o a .No. scj Explain how the concept of self and mutual inductances are used in the _working 

principle of a transformer. L [~ 

s Self inductance is the property fa il l y " ·hich it n 10s ' · the ~1 row th 
or dect1y of the currt:>nt flowing thr m gh it. In the 01, e 1Y figur , when _tht:' 
switd1 is on, the current in the coil in · reasing due to which flu x linkn 1 c 
around the C()il also increases, as a result, indu 'ed em f .is step up in the E K 
coil The direction is such that it opposes the growth of urrent in th' mi l. • 1111---~~ 

\>\Then the key is off, current in tJie roil starts decreasing du e tn whi( h Fig : Diagram of self inductance 
magnetic flu , a round co il ·hanges crnd indun.d emf is set up tl1-1t )f pose 
the decay of current. Such proper t: of coil is called self indu · tinn. , 

Mu tual induction is the phenom enon nf inducing em f in a giv ' 11 

coil due to rate of change nf curren t or change in magneti · flux 
linked with the near of coil. 

[n the figur , primary coil P is connected with batte ry and - P ~ 

secondary coil S is o nncctcd to a galvanometer. \i\ hen tlw kc\ is L 
pressed, current in rease in the coil and magncti , fit'ld ,1rn;md 
primary oil a l o increa ·es. a re ·ult, magnetk flu \'. linked with 

se~ondary coil changes. Due to tl~i , , ' 1~1f is indu 'd in ._ ~ ondary K 
coil and current flows th rough cm!. 1111s phcnom -•non ol inducing 
emf is called mutual indu tion . · Fig : Mutual indu tion b t n ti 

Structure and Working Prin~iP:_ o~ a_ T ran former: PleasL' l'l' 'r to [_074 Supp a.No Sq ~ 

38. j2012 Supp a .No. scj Describ~ the phenomena of self and mutual induction. Describe the construction and 
explain the action of a transformer. [41 

~ Please refer to @o73 Set D Q. No. Sq 
:;._~~~~~~~~~- - - - - _,, 
39_ go72 set c a.No. sd! What is Lenz's law? Deduce an expression for the emf induced in a straigh-t conductor 

moving in a uniform magnetic field. I~ 
Lenz's Law: Please refer to @069 Set A Q.No. 1ij 
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At C IR C UITS / 183 
Second•parl~ 
Let us consider n uniform 1 , . 
· · i tl . . 1.. nttttltng t ll 11t ll'nplh / L-. pl 1n •d '.;::°>~:>>: ·: ·::'.~::<~<:·:y~:-:::_>~: 
rns1l c le m,, 'net1(' ti -ttt ,r t1U\: t 'nsit • a . , t . , . . . . . . . . ..... 
nern end i tt l" . t tl t · . . , ) "' ' l ilLlllutl ···1· ·.·.·.·.·.·.·.· .· ·.·.·.· ,,,i..,·.·.·.·.· 
t' ri . nl ) ll' l 11 .~hon ot 1\\,\)-illl..'lll' fil'ld . u1,, \)St' lh i~ ,;.:, -:-:-i ,-:-:-:-:-:-:-:,.. :-c -:-:-: 

mt uctor nH vcs ti Hn x I y ' ' · ' · · · ' ' ' ' · · · · · ti· · · ,. ·, · · · · fl r k ' ' ' , , l.'O\lt' l'ing ,\ dislal\1..'l' \'. , Thrn, lll lnl .·.·,·,•,·,·.· , ·.· ',' .·, ' r '·i ··-·,·, · 
~ u ·= 1; ·ag_ ~l :11: 1.. 'lld\t ' h. r d1:-\nge l : : : 

1
:. /, : : : : : : : ; : ; ; : : : : : ; : ; ; : ::: : ;~: '.::: ·::; 

ow, f~x m-Fa1:, ·i,,y' law < f c~1.: 'It mngnl'l·i indurl'ion, I:;:;;:::::::,:::::;:'.•: :~:::;::': :::::::::: ;:j 
E =.Q1 = i (BJ. x) = ~ _ -:-:-:-: :-:-:-:-:-:-:-:·-:-:-::-:-~-:-:-:-:; 

E - :.: " It ./. lt - 8.1. I L > , '. L _j 
Thi is require i 1:'xr re ' Si )11 f r , f · i , :1 · · · _ ___ _ __ _ r _ • _ t m m t u cet m a conduc11,r m ov mg inn mng nl'lic fi e ld . 

40. 12°71 Set c a .N · 5 cij Define self inductan~e. An inductor having self lnduct~~ce L is used in a ac power 
supp~y. Calculate the energy stored in it. [4) 

'!I. elf m ductance: If induc cmrc is the p ro pt' rty of a coi l by· virtue nf w hich it opposes the grow th or 
decay )f tlH~ cu rrent flowing through it. 

Con ·id e~ a c il c 1rnected to 1 battery through n ke , (k) as shown in figure . As L:J 
the key I! on, c~rrent in the coil s tarts increasing. Due to it, the magnehc fidd Coi l 
and hence flu ~ lmkage around tlu~ coil a lso increases. As a result, indu cl'd e.m .f. 
· set u p in the coil. Accordin g to Lenz's 'law, the direc tion of induced e.m.f. is 1-; 

such tha t i t o pposes the grm" t)1 of current in the co il. This delays the curre nt to H 11 · 
acqu ire the ma ·in1W11 valu e . 

\f\/hen th e key (k) is off, the current in the co il s tar ts dec reasing. So, the magne tic flu x linked with the · 
coil decreases. As a result of this chan ge in m agne tic flux, induced e. m .f. is sPt - up in the .coil itself. 
Accord ing to Len z's law, the direction of imiuced e.m J is such thnt it opposes the decay of current in 
the coil. This d e lays the current to acquire minimum or zero value. 
Su ch prope rty of the coil w hich opposes the grow th or decay of the curr<:' nt is ca lled self induction . It 
is also kn own as inertia of elasticity as it opposes the grow th or decay of the curre nt in the circuit. 

Coe~icient of Self Induction or Self Inductance 
.Let l be tl1e current flov,rin g through a co il, then tJw magnetic flu x (l~) linked with the coil is fmmd to 

be p roportional to tl1e strength of the current (I) . 

i.e ., 4> o:: I 
or, (j> =LI 
where Lis p rop ortionali~, cons ta nt called coefficient of se lf induction or self indu ctance. 

Energy Stored in an -Inductor 
Le t us consid e r an inductor of inducta nce L having initially zn o current. It is assumed thnt-an 
indu cto r has zern resistance so that there is no diss ipation 11f e nergy w ithin the indu cto r. Let I be the 
curre nt a t a ny ins ta nt of time so that dl / dt is the rate of cha ngt' llf currt•11t. Herc, curre nt is increas ing. 
The voltage be tween the two te rminc1ls of the inductor at this ins tant is, \/ = L dl / dt a nd the rate Pat 

which e ne rgy is be ing d e live red to 1·he inductor is given by, 

dI 
P =Vl = LI­- dt 
The energy suppli d to the indu to r in s ma ll amou nt of i-ime is sma ll w hich is vvritll'n as 

dU = P dt 

dI 
= L f d.t dt 

dU = L 1 dl .... (i) 
. To obtain totaJ amount of e nergy stored in the indu tor, w • havt> In in lcgrn te it frnm Oto 1. .. 

' . J (> 1.e.,.U .= 
0 

L. I. dI 

lo 

or, U = L J I dl 
0 
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184 / · A COM PL E.T E N EB SOL U TIO N TO PHYSICS • XII 

[Fo]' 1 · or U = L - = - L 1 2 ' 2 0 2 .,, I' 

: .Total energy stored in nn inducltll', U ~L V ~- .. --· ····. ·--, -· ... - -.t..._,' 
___ _ - ---:- ·· expression or energy s ored 1 --·--· -·. . -- . --· •. - -- d t nee? Derive an n~~ 

41. [2010 sup (Set A) a.N_o, s ~ What Is meant by self In uc a • . , [" 
inductor. 'I 

a. Please refer to j20] 1 Set C Q.No 5 d} .. . ··•-· ..... _ .... . ..... · .. -····· -- king ~f -;c~ g~~;tator. -~-~-
42. j2010 Supp. (~et e)·a.~No·. ~ Jfao~Q_a:_N~--~~ De.scribe the principle and wor P . Q [~ 

a. A.C. Ge1.,erator ( ltent,ltor / A. . Dynamo) 
I •.-vinto An elect.deal machine used to convert mechnnlca enei g; 

electrical energ is known as A.C. generator. . . 
Principl~, It "vorks on the principle of electrom~gi~etit 
induction i.e., ,,vhen a coil is rotated in a uniform magnetic held, 
an e, m. L is induced i.n it. 
Construction: Tl.\_e a. c. generator consists. of following · 
contponents a shown in Fig. below. 

N 

s 

- -> s , 
13 

R 

R 

t'J--------• 

Output 
ac 

Voltage 1. Armature: Armature coil (PQRS) coi1sists of a large number of 
tu.ms of insulated copper wire wo_und over soft iron core of area 
A and N tums. 

. . . . ·form magnetic field provided b n. Strong field magnet: The armature L'> rotated m a strnng wu . . . Y 
powerful permanent magnet NS. The axis of rotation is perpendicular to the ~iel~i. 

iii: Slip rings: The two ends of the armature coil are connected. to two brass shp nngs R, at1d R2. These 
rings rotate alo11g with the armature coil.· · 

iv. Brushes: The two caTbon brushes (B1 and B2) are pressed. against the slip rings . The brushes remain 
fixed while slip rings rotate along with .the annature. These brushes are connected to the load 
through which output is obtained . 
Working: When the armature coµ PQRS rotates in the magnetic field provided by · the strong field 
magnet, it cuts the magnetic lines of force. The magnetic flux linked with the coil changes due to the 
rotation of the armature and hence e.m.f. is induced 'in the coil. The direc tion of induced e.m.f. or the 
current in the coil is determined by 'Fleming's right hand rule. 
The cunent flows out through the brush B1 in one direc tion of half of th e revolution" and through the 
brush B2 il1 the next half revolution .in the reverse direction . This process is repeated . Therefore, e.m.f. 
produced is of alternating nature. · 

Theory: Consider the plane of the coil to be perpe.ndicular to the ma gne tic field B . Let the coil be 
rotated anticlockwise with a coristant angular velocity ffi. Then, the an gle be tween th_e normal to the 

➔ 
coil and B at any time tis given by, 0 = ffi t. The component of magnetic field normal to the plane of 
the coil = B cos 0 = B cos co t. 

Magnetic flu x linked with a single coil = A.Bcosrn t, where A is area of the coil. So, magnetic flux 
linked with N coils, ~ = NBA cos wt. 1 · 

From Faraday's laws of elec tromagnetic induction, the induced e. m . f. in the coil is g iven by, 

E = _ ~ = _ d(NBA cos ffi t) . 
dt dt 

d 
BA dt (cos wt) = NBA (sin co t) rn 

E = '. NBA c:) sin wt .. . (i) 
The magnitude of induced e.,n.f. w ill be maxim um i.e., (Ea), w hen 
sin wt= 1, so, 

Ea= NBAw 
Thus, Eq. (v) becomes, 

E ~ Ea sin rnt ... (ii) 
h1stanta.neous current in the circuit is given by, 

t \ 

27! 
0 r---t-~:.:_-+...:.....-+-- @I 
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C CIRCUIT I I 
E Eo-sin tot 

I= R = R wher, R · • 
' 1' h:~sistanc ' nf tlw coil 

l = lo sin mt 

where Eo/ R = 10 is ma., imun, 1 
t1 · . t1 Ul' or Clll'l'l' ll( 

when ,e coil IS l'Ol"'"'~l'l"1•n · · . 
nl\: I ,,111 \tC. 1 , . 

induced e.m .f. and cun· .., i,t i· • ln, ilmn lH t·ight nngh' In 1hr m 1r, n Ni fi<• kl through I~ l. th 
l lll'renses fr t to zero in the same ·dirt linn V 

1
· ' nm z_l'l'o l1 11111 , l111t1111 (Fo) ,111tl tl wn tk rr, <' frnm 01,1 im11m 

current rise ' fn_,111 zer) 
1 

· , ten llw crn l is ru,lhn rntn!<'d thtnu nh th(' ,w t IRO , ti , , m. ,1n l 
" l \) Ill ll\1um ll J ti I 

_ ~irection ' l~ln,vn in fi.pm· . ' ' h, ' ' " l L'rn•nc;l'S f ro111 m, irm lrn < , •ro in th op o it 

'3, ~~
9
f. \~~ll~ :~ th.N ·_ ~~ Wth t d , U Ill n by I tr m n ti lnductl n7 Ob In 

· · . u rm vmg Ill th magn ti fl Id 
The process )f mducth. n of , 1: • • • 

. . '-'In m n nul whl..'11 tlw 11 Hw 1wl k flu 
elcclTcm~neh~ mductfon. 0 

Let u cm, ider ii uniform , ) l · 
. . . . " l Ill u tmg n,d or ll'nglh / is pl,lCL'd . l' . 
m 1 ie the magnct1 tield of ,-lti' I . • 13 . . . 1 

Pemen1.. icu ar t the d1·1.,_ •t· f • i • • • • • 
, ·r- . " . ,e( mn o mot1011 or rod . uppo ·e, this :···:· : : 

,,.. 
i
. 

1 
, ,, lens1l 111 ,1 d1rcc l1n11 ,·.·1 · 

onduct01 mo es horn Lo v <)v•~i·u· 11 ., t · 1 Tl 1 , 
. . 1 '- g n l ,s an c x. 1e 11 , Iola · · · · · · · 1· • · · • • • 

flux lmkage m th " conductor changes by j::::. ' .. :::: : : : : : : · ! ! · 

'o; , ~~m~F~;~:lay's law of eiectrmnagnehc induction, l r • . < . u .. 
-~ d (B./. x) dx !:-:-: :-:-:- -: :- :-:-:-: .•. J· .. _ 

E - dt dt = B.l. dt = B.l.v ):::: : _:: >> ::<::::::: :~;' ::. 
E = B.f .v l..., .. , .. , ... -. .-., ·.,.:.:.:.:.·.; .. ~ __ ;_,; __ ; : .... _· _ - · 

This is required expression for emf induced in a conductor moving in a magnetic field . 

. lzj>ss Can. Q.No. 5~ State and ~;pl~in Faraday;~-- l~ws of electromagnetic induction. Deduce an expres~on-for 
the induced emf in a coil rotating uniformlyin a uniform magnetic field. [ ] 

'5. Please refer to j.2076 Set C Q.No. Sdl 

45. go.s-s Old Can . a.No~-7al State Faraday's law of electromagneti~ i~du-ction. Deriv; an -e;press~n for the e.m.f. 
induced in a straight conductor moving at right angle to the direction oif a uniform magnetic field. (1+3] 

~ Faraday's Laws of electromagnetic induction: Please refer to 12076 Set c Q.No Sd! 

Second part Please refer to l2012 Set C Q.No. Sd! 

46. @067 a.No. scj St~"'te F;aday's laws of electromagnetic induction. Derive ;m expression-for hldu~;d emf i;,-; 
coil rotating in a magnetic field. · [4] 
Please refer to 12076 Set C Q.No. Sdl 

~~-1o66 s~p~-a~-N~. ·;~·oRf St~t~ F~r~-d~y•~· ia·~ ~,-ei;~-t~o~agnetic induction. Deduce an expression for indu ed 

emf in a coil rotating in a mag-netic field. [1-+3=4 
Please refer to j.2076 Set Ca.No. SdJ · 

-.;-~ O~No·. 7 ~-oRjSi~~-L~~~·s la~--and--;~piai; ·h~;ti,,~-1~~--l~;d~-to th~ con;ervation of ener9yprinci I • (4} 

'!s. Lenz's •law: Lenz's law sta tes that "the direction of an induced 
current is such a c, to oppose the q u.se produci11g it." The cause nf 

. current may be the motion of a-conductor in a magnetic field nr il ~ ~ I 
8 may be change of magnetic flu x through a stationary circuit. "'---__:....;., 

Explanation: 
. Consider a coi l to whi h a magnet with its north pole is mowd tow.ud it. T lw indu •d emf it\ th ' coil 

will sends current in such a direction in the oil that it will prod11 c<' mag1wtic fidtl from right to ldt 
so as to oppose (repel) the magnet. When the magnet is moved bark, the m,,gn .til fo•ld ill be 
produced due to induced urrent from left to right & l'lw urr •nt will flow in th oppositt' direction. 
In this way, the induced emf produced in the oil opposed tlw caust• whi h produet•d it. 
Lenz law & Conservation of Energy: Lenz's Law ls an exam pk- of the prin iple of onst:•rv 1tion of 
Energy. When the magnet i,s moved towards the oil, it prndu cs i.ndu ed current in tht• co il whose 
direction opposite to the motion of the nrngnet as given by the L •nz's law. Hence there is a force of 
repulsion between the magnet and the coil a1~u to overcome this repulsive force, an external work 
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186 I A COMPLETE NEB SOLUTION TO PHYSICS . XII 
_ b . · · l into cl ,ctrical ene rgy whict . 

must e done. Tlus work don (me hani al ,11 •r11 1) mus t b' onvertel . _ '1S 
~ . 0 . 1 ,11 the n1 agnet 1s removed aw 

accorumg to tlw law of onse1 l tion of -•n rg . imil , r case, ns ,s w 1 
. , • , ay 

frb m the coil. This pro 1:'s that the Le1; z 's law leads to th· lnw of onsei~ ,~wn ~f _ ncrgy · _ --..... 

4-;.--rfc}ssa.No~ ·aoR)St;t~;nde"xplain Lenz's la·w. -- -- {~ 

~ Please refer to ~062 Q.No. 7 a OR! _______ --- -- ---
------ ------ -· -- -- -------- ---- f fi Id 
50- ~057 a.No. 7 a ORI Deduce an expression for induced emf in a coil rotating in a magne IC ie · [~ 

a Please r fN to ~076 Set C Q.No. 5d! _ ________ - - ---· _ 

-5-1-- @o~~ Ct~o~ 1~ Sta.te t·he laws of electrorrt~g~eti~- i-nd~~tio;,-D-;r~ ~ression for the emf i
nd

uced in a 

conductor moving in a magnetic field. ...-----:::-::::---:--:-~ I~ 
,. Faraday's Laws of electromagnetic induction: Please refer"to 12076 Set C Q.No. Sd! 

__ Second part Please refer to 12072 Set c Q. No. 5d! .. _ ____ _ ____ ·-- __ __ ___ 

52. ~052 a.No. aj Obtain the expression for the emf induced in the conductor moving in a magnetic field. 14} 
a. Please refer to 12069 (Set A) Old Q.No. 7~ · 

Numerical Problems 
~@01;;;t-; a~;;-;;I The mag~eti~ -fl~x -pa~;i~g-perpe~di·c~ a; to the piane ~ f coil is given by ~ = 4t

2 + ~2 
where ~ is in Weber and t is in second . Calculate the magnitude of instantaneous emf induced in the coil 

when t = 2 sec. 141 
Solution 

Given, 

Fl LI X ( ¢) = 4 t2 + 5 t + 2 
Time (t) = 2 se 
E.m.f. (E) = ? 
We know that 

E = 1~1 dt 

Now, 

~ _ d(..Jt2 +St + 2) 
dt - dt 

= St+ 5 
Now, 

E = I -l~~p I 1 : -~,x· 

= j8 x 2+SI 

= 21 

~~- IW7~ s~~ AO.No. gaj A straight -conductor of length 25 cm is moving perpendi~~la~ t~- its- length- with a unlforfll 

speed of 10 m/s making an angle of 45° with a uniform magnetic field of 10 T. Calculate the emf induced 

across its length. [4) 

Solution 
Given, 
Length of conductor (/) = 25 cm = 0.25 m 
Velocity of conductor (v) = 10 m/s 

A11gle (0) = 45° 
fogneti field (B)= 1OT 

~ indu ed emf (E) = ? 

V ha e, 

= B/ 
;;;; 1 10 sin 45° 

- 17. 
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@!fSetB a .No .. 9.c! l2os1 Old a.No 

7
~A . ,· . ..... ·, _______ __ _ 

55· ,.e;in a horizontal plane ·,n · ~ coil of 100 turns, each of area 2 ·x 1_0-3 m2 has a resjstance of 12 n. It 
1 · a vertical m · . ' · · · 
through the coil if its ends are 'sh rt- . . agnet,c flux density ~f 3 x 10-3 Wbm-2• What charge circulates 
ft·on . 0 circuited and the coil is rotated through 180° about a diametrical axis? [4] 

solU I . 

Given, 
No. of turns (N) = 100 
Area (A) = 2 x 10-3m2 
Resista1ice (R) = 12Q 

Magnetic flux den ity (B) = 3 x10-:1 Tesla 
Charge (Q) = ? . 
Now, we know that, 
Mag. Flux (4>) = AB cos0 

Then, 
M = 4>1 - 4>2 

= A Bcos01 :.. A Bcos02 

= ABcos0° - . ABcos180° 

= A B + AB = 2 N AB = 2 x 100 x 2 x 10-3 x 3 x 10-3 = 0.0012 
= 1.2 X 1Q-:lwb-

Thei1, we have; 
~ l .2 ~ 10-J 

Charge (Q) = R = 12 
Q = ]0-4( 

Hence, .lhe required barge is 1Q-4C. 

56. ~074 Set B a .No. s~f A~ ai;cra-ft ~ith a ·wingspan of 40 m files with a speed of 1080 km hr1 in the eastward 
direction at a constant altitude in the northern hemisphere. Where the vertical component of earth's 
magnetic filed is 1.75x1 0·5 T. Find the emf that develops between the tips of the wings. [4] 

Solution 
Given, 
Length of wings (/) = -10 m 

Sp J of span (v) = '1()80 Km / hr 

ertical omponent ,..1 f earth m gneti fi eld (Bv) = L75 x 10-5 T 

lndu ed e.m.f. (E) = ? 
We ha · e 
E = B,·. /. , 

1080 1000 __ O 1 V 
= 1.75 I O-c -10 ;\ 00 ·-

·- i:-:-::-----~ --- --- . - -- - -
57. @1~ Set c a .No. 9al A ~traight conductor of length 15 cm is moving wit~ uniform speed of 10 ms·1 making an 

angle of 300 with uniform magnetic field of 104 Tesla. Calculate the emf induced across the length. [4] 

Solution 

Given, 
Length of conductor (I)= 15 m = 0.15 m 
Velocity of_condu tor ( ) = 10 rru - i 

Angle (0) = 30° . 
Magnetic field (B) = J0-4 T 
lnduced emf (E) =? 
We have 
E ::: Bl; sin 0 

::: lQ-4 .15 X 10 X Sffi 30° 
::: 7.S 10-s / m 

I l 

I ' ( , .. 

_,. 
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58 I - - --- -- . f 1800 km/hr What is the voltage dW 
•

2072 
Supp Q.No. 9~ A j~t pl n I flying du west atthe.speed O, 1 fl~ld at that location i 111

• '1\ 
developed betwee1, th el\d of ti\ . Wing 25111 long of the e rth magh t c h 1t,. 
and the angle of dip i 4 o? l 

Solution ~ 
Gi\ t' n, 

I · U~m) 1000 _ . 
~ 'Ol.' ity ( ) = 1800 m/ h1· 

60
. 

60 
m/ 1,;l• ::: 00 m/sl'<.:. 

P.D . l t ~en ~nd of wit"t:' (v) = 
length of wing"' (/) = m 

Hor.i.z )lltil l 'omprn\etH t\rngnctk field (D, 1) = 5 x 10·'1 T 
Angk' of d ip (c') = 45° 

< w , \V€ ha e, 

Bv 
= -

BH 
tano 

o r, Bv = B1-1 tan o " 
= 5 x 10-4 x tan 45 = 5 x 1()-4 T 

frotn Farraday 's laws of electromagnetic induction, 
E = Bv . /. v 

= 5 x 10-1 x 25 x 500 = 6 25 V 

ss. ~012 Set D a.No. scJ A long solenoid o.f 1000 turns a~d cr~ss ~~~ti~nal are~ 2 x ~10-3 m2 carries a current of 
and produces a flux density 52 x 10-3 T inside it. Calculate the self inductance of the coil. I 

Solution · 
Given, 
No. of turns (N) = 1000 
Area (A) = 2 x 10-3 m2 

Current (I) = 2A 
Magnetic field (B) = 52 x lQ-3 T 
Self-inductance (L) = ? 
Now, we have, 

L -~ - I 

NAB 
I 

[ .' . 0 = 90°j 

1000 X 2 X }0-3 X 52 X 10-3 
2 

L = 0.052H 
H ence, the required self inductance is 0.0521-I. · 

- --- _.._ _________ ·--·----'"•--·~-:... __ .. _____ , ____ ..,~----·•-·---·-•--·----· ·-·"•-·• ··-¥••-, -•-·»---•-.-'"'' •' .. . · - ____ .. 

so. @o72 set ea.No. sW The magnetic flux passing perpendicular to the plane ~f-~-~~ii-i·~--gi~~-~-by $-~ 4t2 + stt l 
where ~ is in Weber and t is in seconds. Calculate the magnitude of instanta.neous emf i nduced in th.e col 
when t = 3 sec. · , . !l 

Solution 
Given, . ; 

Flux i11 a coil (<I>) = 4t2 + St + 2 
Time (t) = 3 sec. 

E:m.f. ilH.iuced (E) = ? 
We have, 

~ _ d(4t2·+ St+ 2) 
E = - dt - - dt 

or, E = - (8t + 5) 
or, Et=J = _ (8 x 3 + 5) = -29 V 
.·. -ve sign indicates that e.m.f. induces has o~posing nature. 

• 
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AC CIRCUITS I 189 
..,.,~upp a.No. 9cl A plane circular c ·1 h . . - - - ·_ - . 
61· ~witching on the circuit a 0

' as 200 turns and Its radius Is 0.10m. It Is connected to a battery. 
A : 10., Hm-1) . current of 2A is set up In the coll. Calculate the energy stored In the coll. (µo = -
~ ~ 

solution 
Given, . 
[']o. of turns of coil (n) = 200 
Radius of coil (r) = 0.10 m 
Set up current (I) = 2 
Energy stored in the oil (U) = . 

[']ow, 
1 . 

0 =2 LP 

1 
F =2 µ. nn:r2. p [

_. ~= LI .] 
& ~ = µ.nIA 
or, L = ~1.nA 

10-7 200 22 
7 (0.10)2 X 22 = 1.6 x lQ-SJ 

62, §?1 Set O a .No. 9 9 Find the _emf induced in a straight conductor of length 25 cm, on the armature of a 
dynamo and 1.2 cm ~om the axis, when the conductor is moving in a uniform radial magnetic field of 0.5 T. 
The arm~ture 1s rotating at 1000 revolutions per.minute. [4] 

Soluti9n 
Given, 
Induced emf (E) = ? 
Length of conductor (l) = 25.cm = 0.25. 111 

Distance from axis (r) = 12 CU)= 0.12 m 
Magneti~ ~~ density (B) = 0.5 T 
Frequency (f) ':' 1000 rev/ min = 1000 / 60 rev/ sec 
Weh~ve, 
E = B/v = B.l.cv.r = B.l. 21rf r = 0.5 x 0.25 x 2ff x 1000/ 60 x 0.12 = 1.57 V. 

63. 2010 Set ca.No. 9 ~ A f!letal aircraft with a win~ span of 40 m flies with a speed 1000 km hr1 in a directior 
due east ,t const~pJ alti~ude in a region of t~e nort~ern hemisphere where the horizontal component of. the 
e~rth's · 111agnetic ij~ld is 1.6 ><10·5T and the angle of dip is 41°. Find the potential difference deve!oped 
b¥1ween the tips of the wing. [4) 

Solution .. , 
Given, 

,! 

Length of span (/} = 40m 
1 lOO0 x lOO0 

Speed of span (v) = 1000 Km/ hr .= 60 x 60 m/ sec 

Hprizontal componen! of e~!· tl~ n1agnetie field (BH) = 1.6 x 10-5T 
Dip angle (8) = 41 ° 

Induced p.d (V) = ? 
Now, 
Vertical component of earth magnetic field is calculated as, 

tano= ~ 
' BH 

or, Bv = Bt-t x ta.no = 1.6 x 10-5 x tan41° 
Again, 

1000 X 1000 
V = Bv x / x v = 1.6 x 10-s x tan41 x 40 x 60 x 60 = 0.154 volts. 

64
· ~o Seto a.No. g cj A rectangula~ oil of 100 turns has di;~sio~-;1 5 x 10 ~~~ It is rot~t';d ~tthe rate of 

~00 revolutions per minute in a uniform magnetic field of flux density 0.G T. -Calculate the maximum emf 
induced in it. . [4) 
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Solution '· · 
Given, 
No. of turns (N) = 100. ·. · · 
o · . so 10-4 m2 

rtnens1on of coil (A) = 15 x 10 rm2 == 15 x 10 x 10-4 m2 == 1 x 

Frequency (f) · = 300 n.v/ mi11 = 300/60 ==: 5 H z 
Mag~1etic t1u , den ' ity. (B) == 0. T . . 

Max~mn emf indtll:ed ( ) = ? 
yYe have, 

Eo = Bco = B. ,r f . N = 0.6 ,r 5 x 100 >< 1 0 >< 10·" = 2~ . V_: _ ... -·-- ·----

65. !2069 (Set A) OldQ.No, 9 g A l~~g- ole~~ld .. ;ith ~;; pe~~t,as a small loop of area 2cm2 placed' 
normal to the axis of the solenoid. If the current carried by the s()_len_oid changes 

st
eadly frOll\2 A..to 4 

0-1 second, what is the induced voltage in the loop, while the current 15 thanging? 
Solution ' 

Given, 
o. of tum (n) = 15 turns/ m = lSxlO0/m 

Area ( ) = 2cm2 = 2 10-:.im2 
Chang in urrent (dl) = h-11 = 4-2 = 2A ·~ 
Tim (dt) = 0.1 sec 
Induced emf (E) = ? 

ow, 

. di . 
= Aµ

0
n dt = 2 x lQ--4 x 4n x 10-7 x 15 x-100 x 20 = 7.5 x 10~ V 

66. j2os1 a .No. 6q Two pl~ne coils. having number of turns 1000 and 2000, and radii 5 cm and 10 cm respecti 
are-placed co-axially in the same plane. Calculate their mutual inductance. (µo = 41t x 10- 7 Him). · 

Solution · 
Given, 

· No. of turns in first coil (N1) = 1000 
. No. of turns is second rnil (N2) = 2000 

Radius of 1 s' coil (r1) = 5cm = 0.05m 

Radius of 2nd coil (r2) = 10cm = 0.lm 
Mutual i.119uctance (M),;? 
Now, we have, 

. ·1 . t· Id d 1 il . B µo Nil 
1v agnetic 1e ue to st co 1.e., 1 = ~ 

Then, 

. . . µoN1I 
Flux lmked with 2nd coil (~2) = B1N2A2 = ~ x N2 x A2 

Again, we have, · 
2 2 

_ ~ µoN1N2far2 n µ0N1N2r2 
. Mutual indu tance (M) - I = - x 2r1I 2 r,1 

_ E_ 41t X }0-7 X 1000 X 2000 X (0.1)2 
- 2 x 0.05 = 0.79 H 

Hence, the required mutual inductance is 0.79H . 

67
• ~

05
;;;:;,,~; ~ A J~ng _solenoid o! 100_0 turns a_nd cross-se~iio_naf area 2~-::, ;:;;, ca;;;;;;-;;u,renl o~ 

produces a flux density 52x 10 _T m t~e m.1ddle of the coil. Assuming this value of flux Qensi,, 
• sections of the solenoid, calculate its self-inductance. 

Pleas~ refer to @072 Set D a .No. 99 
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68. @60 a.No. 7 bj A transformer ~ -- . ·___ · 

the output voltage if the input 
I 

O turns in the primary coll and 100 turns In the secondary coil. What Is 
· 100%, what primary current is r:o ~~-9~ Is 4000 volts? If the transformer Is assumed to have an efficiency of 

· solution · , q red to draw 2000 watts from the secondary? . [4] 
Given, 

: _No. of turns in primary il ( 
O - p) == soo 

No. of turns in seconda 
blput voltage (Er) == 4000 

coil ( ) == 100 

Output oltage (Es) == ? 
Efficienc (11) = 100% 
Power output== 2000 watt 
Current. in primary coil (Ip) == ? 

ow, weha e, . 

~=§. 

500 4000 
or, 100 =~ 

Es = 800 
Again;_ we have, 

output power 
11 - Input power x 100% 

2000 
or, lOO Input power 

or, Jnput Power= 20W 
. or, Er x Ir = 20 
or, 4000 _x Ir= 20 
:. Ir= 0.005 A 

Hence, the required current is 0.O0SA & output voltage is 800V. 

69. goss a .No. 7 ~ A jet plane is traveling due west at the speed of 1800km/h. What is the voltage difference 
developed between the ends of the wings 25m long, if the earth's magnetic field at the location is 5.0 >< 104 T 
and the dip angle is 30°? · · [4] 

Solution 
Given, 

· 1800 x i000 
Speed of jet plane, v = 1800 km/h - 3600 m/s 

v= 500 m/s 
Length of wings, / = 25m 
Earth's magnetic field, BH = 5 x lD-4 T 
~gle of dip., 8 = 30° · 
p.d. developed i.e., induced e.m.f.,£=? 

We know, 

Bv 
ta.no=-

- BH 
or, Bv = BH tan 8 = 5 x lQ-4 x tan 30°· = 2.8 x 10-4 T 

1800 X 1000 
£ == Bv.l. V= 5 x ]Q-4 x tan 300 x 25 x 3600 

So, £ ,: 3.5 volt 
Voltage developed between the ends, £ = 35 volt. 

10. [054 a .No. ~ When a wheel with metal spoke: 1_.2~ long is rotated in a magnetic field of flux density 5 x ~0-5 

T nonnal to the plane of wheel, an emf of 10· V Is induced between the rim and axle. Find the rate of rotation 
of the wheel. . [4] 
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Solution 
Given, 

· · Length of n~etal spokes, r = L.2 m 
· Magnetic flux densit , 8 = 5 10 s r . 

Induced e.m .f., E = 10-2 
Rate of rotation, f = ? 
In such case, we have 

C
o + :'\ ror 2rrfr · 

E = B.l. ~v.= B. _r. - 2- ) = B. l' . 2 == B. 1, .-2- = B. rrr2 f 

f 

f = 44,2 re / ec 

10-2 ' 
44. 2 J'ev / sec lQ-5 X 7t X . (1.2)2 

71. ~os2 a .No. 11! A ~ircular metal disc of area 3 o )( 10·3 m2 is 7otat~o revis about an ax3isT ~hrohugh its c_ erttre 
. d 't 5 0 >< 1 0· m t e dlr ct· perpendicular to its plane. The disc is in a uniform .magnetic field of flux . ens, Y · e ion 6f 

the axle. What is the value of induced emf? · l4I 
Solution 

Here, 

Area of metal d~sc (A)= 3 x 10-3 1112 . 

Rate of revolu tions (f) = 50 rev/ sec ·. · 
Magnetic flux density (B) = 5 x 10-3 T 
Induced e.m.f. (E) = ? 
In such case, we have 

(0 + V) (O f 21tfr 
E = B.l. Vav.= B. r . \-2- = B. ~. 2 _ = B. r . 7 = B. nr2 f. 

or, E =B A f 
= 5 X 10- 3 X 3 X lQ-3 X 50 

. or, E = 75 x 10-s volt 
· :. Induced e.m. f. , E = 75 x 10-5 volt 

,.. 

iz. j2os2 a .No. 11 oRf A step down transformer transforms a supply line voltage 220 volts into 100 volts. Primary 
coil has 500 turns. The efficiency and power transmitted by the transformer are 80% and 80KW. Find (a) the 
number of turns in the secondary coil (b) power supplied. (~ 

Solution 
Given, 

No. of turns in primary coil (Np) = 500 
Input voltage' (cp) = 220 V 

Efficiency (TJ) = 80% 
Power supplied=? 
Now, we have, 

~-~ 
Ns - es 

500 220 
or, Ns = 100 

Ns = 227 
Again; we have 

power transmitted 
0 11 = 1· d x lOO % power supp 1e 

O -
80000 

X 1QQ% or, BO % - power supplied 

·r ower supplied = 105 w:a tt. 

No. of turns in secondary coil (Ns) = ? 
Output volta'ge (cs) = 100V 

Power transmitted = 80 KW '."' 80000W 

ODO 
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C Chapter 4: AC Cir~uits 

;,: R076 
Set 

8 
a .No. 1~ ~o7o Set Ca.No. 1~ 220 V A.C. is more danger than 220 V O.C., why? 

a The root mean square voltage an :t k al f 
l pea v ue o voltage are rela ted as 

_ _..:..£... 

rms - --{2 

or, V., =-{2. Yrms 

(2) 

So, the peak valu e of 220 V a.c. is '13. times greater than 220V d .c. Hence, a 220V a.c. is more 
dangerous than 220 V d .c. 

2. R07~ Se~ ca.No. 1ij ~0~9 (Set B) a .No. 1~ 12068 Old can. a .No. 1~ A choke coil is preferable to a resistor in an 
· ac c1rcuIt. Why? . [2) 

a Choke coil is a coil of wi.re with high inductance and low resistance. It is used i.n ac circu it to con trol 
the curre~t-without significant loss of electrical energy in the form of heat. The power consw11ed in 
choke coil lS P av = I ,ms X V rms X case. Since, e = 90°, then P av == I,ms X V rms X cos 90° = 0. It means the 
current in a choke is wattless. lf a resistor is used for Limiting current in a c:ircuit, there is always 
wastage of power by Joule's law of heating. The power loss is given by P = FR. Also, there is grad ual 
potential drop across the resis tor. Hence, choke coil is preferred to a resis t-a.nee in an ac circuit to 
change the magn itude of the current without consuming power from the source. 

3. 12075 GIE a .No. 1ij The l:!mf of an ac source is given by the expression , E = 300 sin 314t volts. Write the values 
of peak voltage and frequency of that source. What will be the rms voltage of source? [2] 
Given E = 300 sin (314t) 
R.M.S. voltage (E) = ? 
Freq uency (f) = ? 
Comparing th is equation with 
E = EoSin wt 
Here, Eo = ·300 V & co= 314 

Eo 300 
Vrms = ..[2 = -{2 V 

& 2rcf = 314 
.-. f = 50 H z 

4. 12075 Set AO.No. 1ij 12073 supp a .No. 1ij @011 S~t D Q.No. 1 ij 12068 C~n . a .No: 1ij 12062 a .No. 1ij 12057 a .No. 1 ij 
@oss a .No. 7 dj @o53 a .No. 7 ij Why is choke coil preferred over a resistance m a.c.? {2] 

a. Please refer to 12076 Set Ca.No. 1ij 

s. 12074 supp a .No. 1ij 12012 s et o a .No. 1ij !2011 ~etc ~ .No_. 1 ij What is wattless current? {2] 

a. The electrical pm-ver con urned in an ac cucmt IS given by, 
R 

P = I x x cos8 where, cos8 = -Z. av rm.s m\S , 

H Z · · ct cc cos0 is called the power factor and 0 ·is the phase Li°ifference behveen the ere, 1s 1mpe an , . . . . 0 

d lta e Sm. ce the value of phase angle m pure capacitor and mductor 1 90 , the power current an vo g . , . . 
j - p _ I x y x cos 90° = 0. And hence, current flowing in pure capaotor and mdu tor consu1neL 15 av - rms rms . 

is called wattles current. So, current of any ac circuit is said to be 'vvattless urrent when 1t docs not 

consume a.ny power. __ ____ ____ __ 

s. 12074 Set A a .No. 1~ The emf of an ac source is given by the expression, E=300 sin 314 t volts. Write the 

values of peak voltage and frequency of source. [2] 
, a. Please refer to 12075 GIE a .No. 1ij 
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-=--~::;=::;:=:=·===:;-: ---_ _:__,___ I ~hthe peak value O ac · r~ 
7. 12074 t B a .N . 1ej Deflnerms valuo of ac. How Is V0 ·as:,ing through a resistance for a , •1 
~ Th~ r.m.' value of IC ls the stoAdy urrenl f J ), whi h ot•: ~ current d(~es in the same resistan ~eii 

. · ' ' the ollcrna -mg k I f ce foy 
time \ ill pr du , the s.imc fll\H)UJI I of heal os . 

1 
, If I be the peil va ue O ac, then its 

th > same ti1\1e. It is also call -•d os virtual or df ,ctive va uc. '' l'lni 

l . . l 1(, 
a ue ts gwcn l I Inns= .,-;; 

' '\J 2 
Vo 

imilarly t11e r.m .s vah,1e ~f ac v_oltage is Yrins = --./2 · _ _ ___________ _ 
· ' ·-- -- ~hereas direct current does not~ 

s. [2o73 Set o a .No. 1ij Alternating current passes through a capaci O 
• P arn 

this fact on the basis of capacitative reactance. I~ 
~ The capacitative reactance of a capacitor is given as, . 

, 1 d C · ··tance of a capacitor. = --, w here f = frequency of current an 1s capao · 
2nfC · 

. · tl ta 1ce of ·1 capacitor becomes infllll· ·te d F9r a _de current, f = O, Xe = oo 1.e., for d.c. current 1e reac c 1 ' . . an 
acts as insulator whicl1 blocks cur~ent. For alternating current, f is more & Xe is less 1.e., the capacitor 
h<;3~ low reactance for alternating curre1~t. So, a.c. easily · passes through it alld d._c is block~d by 

capacitor. _____ ··-·-·------ -~ 
9. 12012 Supp a.No. 1ij How does the resonance frequency of an ·L.C.R. series circuit change if the ~lates of the 

capacitor are brought closer:together? · [2] 
a The resonance frequency of an L.C.R series circuit is 

1 _ IT 1 
.f = 2n \J Ic = 2mjLC. 

where, L is inductance of inductor and C is the capacitance of a capacito r. The capacitance of a 
parallel plate capacitor ·is given as 

EA 
C := d 

where, E = permittivity of tlie substance kept inside tlie capacitor, 
A = area of plate and dis distance between plate. · 

. when distance decreases by taking lhe plate closer, tl1e capacitance of capacito r ui~reases, as a resul~ 
the resonance frequency decreases. · 

10. 12012 Set Ea.No. 1ij What are the advantages of A.C. over D.C.? 
a The advantages "of a.cover d.c. are•given ~: 

The a.c. can be easily converted in'to d .c. but reverse is little. bit difficult. · . 

• The voltage of a.c. can be changed from lower voltage to hi·g11e d • - h th help of • ' r an vice versa- w1t e 
transformer but voltage of d .c. can not be changed. 

• The a .c. can be transfe rred easily over long distances without a l f . i · . . 
1
. . . n y oss o energy but not l .c. 

Many electrical appliances 1ke electncal fan washing machine 1 .· . 1 c but 
t b d 

• ' . , e ectuc motor a re run by on ya . . 
no y .c. . . . 

• Production of ac is easy a nd economical. 

11. 12011 Supp a.No. 1 ~_Fora capacitor in an a.c. circuit explain wh th . . ~ 
and voltage. ' . Y ere 1s a phase difference between c 

121 
a W11en a n a .c. is passi11g through a capacitor current le j 1 . due to 

the cha rge storing nature of capacitor Wh~ . a( s_ vo tage by a pl1c1se angle 90°. This is l;. · 
. . n a .c. is passmg through . . t s charges 

response current but voltage protjuces after s torin , 1 . a apac1tor, 1t s ore by~ 

h le O
f 900 g c iarges and ·hence current leads voltage 

p ase ang . . 

12. 12010 Supp. (Set B) a.No. 1 ij 12068 a.No: 1] 12067 sup a.No. 1~ ~06 - ~ 
current. · ----..;;-=..r:...:.:.:.:~!!.I - 4 a .No. 1 ~ Define rms values of a e 

12
) 

a Please refer to [2074 Set B Q.No. 1rl • · 
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01 e · · !! ~059 a .No.(~ F - - - ·--- · 13
' tutis. Why is it better to use an ind l~ore5ceht lights often~~;-;~ i~duci~r to limttihe curient through the 
The electrical power consun1e.d . , uc or rather than a resistor for this purpo~e? ·[21 

, ~ u1 a11 a · . . , ' 
. _cncu1 t 1s given by 

Pav:: Irms X Vrms X case, where cosQ = _g . . 
Z 
.. d z . 

. Here, is lill pe a nee, case . is call d . . . 
current and voltage. Since, the val e .the power facto!' a nd 0 is the phase difference between the 
Pav == Im,s x Vrms x cos 90° = o. Du ute 0

1
f_ phase angle in pure ii1ductor is 90°, the power consumed is 

f fl li e O t u s reason · :l · · • . . tube o uorescent ght. But if . , an llll uctor 1s used to lmut the current through the 
, 1 , a resistor is d f 1-. · by Joules aw of heating due t use or t us purpose, there is wastage of power (P = FR) 
· 0 zero phas cliff • resistor, mductor plays a signif · e erence between the voltage and current. Thus, u.nhke 

1Cant role for tr II" why, inductor is better to use than . .con ° mg the current_ without loss of any power. That's 
....-:::::::::::::=============--- ~~ resiStor m fluorescent tubes. · - · 

14. ~~ ~~;;~i. ~:;~~~ At high frequen~i;~~-a~--;p~cit~~b~~~~; ;-~h~rt~~-i~~uit and an -ind~~to~-becomes ,an 

'lJ. The capacitative reactance if a ca . ·t . . [
2] 

, 1 · . pao or Xe Is given by _ 

Xe == 2 fC , where f is frequency & C . . n: ts capaotance of a capacitor. 

U f == oo, Xe = 0, So, capacitor acts as short circuit 
The inductive reactance fo r inductor x · · ·b . t 1s given y, 
XL == 211: fL, L = mductance of inductor. 

U, f = oo, Xt = 00, so inductor act as open circuit. 

15. pos9 (Set 8 ) a .No. 131 Sketch the symbols of "capacitor", "an inductor", "emf of a cell" arid "a resistor';. [2] 
'1t. The symbols of a capacitor (C), an inductor (L), emf (E) and a t · c · R 

resistor (R) are shown i11 the circuit . ~ 7 
'~ 

16. pos1 a .No. 1ij What do you mean by wattless current? 

l!. Please refer to !2074 Supp Q.No. 1 ij 

17. gos1 Old a .No. 2~ What are the advantages of a.c. over d.c.? 

5. Please refer to 12072 Set E Q.No. 1ij 

E 

[2] 

[2] 

18. eoss Supp Q.No. 1~ Define rms value of a.c. . [i] 

a ~lease refer to (2074 Set Ba.No. 1~ ·--- -----------·-

19. @ss a .No. 2 ~ Fluorescent lamps often use an in~uctor, call~d a ballast, to limit current throug_~ the tubes. 
Why is it better to use an inductor rather than a resistor for this purpose? - [2] 

~e refer to (2070 Set D a .No. 1 ij . _________ _ 
20- @Qss a .No. 2 ~ What is meant _by wattles current? 

a. Please refe~ to j2o7 4 Supp Q . No. 1 ij 

--- C ? 21· @Q_SG a .No. 7 N What do you mean by r.m.s value of an A. . current. 

[2] 

[2] 

~ase refer to '207 4 Set B Q . No. 1 ~ 
22. llis a .No. 7 ~ Why is choke coil preferable to resistor? [2f 
~e refer to (2076 Set C Q.No. 1~ _ ___ _____ ______ _ _ _ 

23. lfil4 a.No. 7 ~ What is meant by impedence of an a.c. circuit? . . [2] 
\\ The net . osi·tion offered by the ac circuit to the alternating current is called impwdwce 

. resIStance or opp . . . . . . . . 
of an ac . . Wh an ac current passes through a LCR cucmt 1.e., cucUit contammg· inductor, 

ClTCUlt. en . . . 
capacit d . then each of the components offers different resistances which differ from each 

or an resIStor, . h . d . tl . 
Other. Inductor (L) offers reactance Xt whICh.chlS. ~ec Y 

1
proportlonal to the frequency · (f) of _ac. 

Siin.uariy ... (C) f·fers reactance Xe w 1 lS mverse y proportional to tl1e frequency (f) of_ac, 
, capaci,or o . . d d fr • . 

tlnd resistance offered by resistor does not epen upon equency. _ . 
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196 I A COMPLETE NEB SOLUTION to PHYSICS • XII 

Hen e, tl1e .n >tr '~tanc, <.,ffurt'd b L R lrctHl l$ givct, by, 

Z = ✓R~ + (,L - -, )2 = ✓ R2 + roL _ -1.:.)2 
(whct·c <ll ""21tO 

ro b · t · · , 1, 1 tav ~d y rcs1s ance m de . 
which is knm n a ' it\lp<'tht n e of ml ac if uit. JI pin s Sci tH e ro c tts I ' ✓ 2 circuit, 

. . . . . . ~ I R 'rcuit ls Z = Rl + X c-
unilarl_,, t1,e 'lt\\p '-'dnn e t t· R ll\"ttit , , z = \J R2 + " L a lil 1 

Long Answer Questions 

24- ~076 SN 8 Q,No, stj j2ossa:No~7 .. ;I A;,- ·~lte~;~tl~g-c~~rent passe; ihro~g;,·;-clr~-~~ co~ta;:ing a~· 
and a resistor In series. Derive expressions tor the current flowing and phase re a ,on e een the current 
and the voltage. · f~ 

· · · d f · ductance Lare connected in ser·"" ~ uppose a pure r s1stor of resistance R and a pure m uctor o U1 . 1= lo 
a ource of altemat:in.g e.m.f. as shown h1 figure (i) . Let V be the r.m.s. value of applied alternating 
e .m.f. and I be the r.m.s. value of current flowing in the cirtuit. 

L H 
R V,I B 

~vL~~vR 
VL 

V 
V wt 0 0 

(i) (ii) (iii) 

(i) A.C through resistor & inductor (ii) Phase relationship between Voltage & Current in 
LR circuit (iii) Phasor diagram 

The potential difference across inductor, VL = IXL (leads current I by an angle of n/2) . The potential 
difference across R, V R = LR (in phase with the current) . Since V R and I are _ in phase. So, VR ~ 
represented by OA in the direction of I (figure (iii)) . The current lags behind the potential difference 
VL by angle of n/2 so, VL is .represented by OB perpendicular to the direction of I. So result.ant of V1 

and VL is given by Ot.I. The magnitude of OH is given by 

OH = ✓0A2 + OB2 = ✓vR~ + vL2 

or, · v = ✓12 R2 + I2 XL2 

or, V = I ✓R2 + XL2 

or, ~ = ✓R2 + xL2 = ✓R2 + ro2L2 

v ~ . 
But1 =Z, is the effective opposition of L~ circuit to a.c. called impedance of LR circuit. 

The impedance of L-R circuit is given by 

z ,;: ✓R2 + XL2 

V V 
Aga10· I - - - --;::::::== 

I - z - ✓R2 + XL2 

V 
,I -;::===[·:XL = Lw] 

✓R2 + (Lro)2 

Let 0 be the angle be tween V and I, so from figure (iii), we have, 
. V L IXL 

tan0=yR =ffi 
XL Lw 

or, tan0 =R=R 
If the values of XL and R are known, 0 can be calculated. Current lags b 1 . ct h 1. l voitage 01 

. . • e un t e app 1el 
emf' by·an angle 0. The phase relat10nslup between current and voltag ". . . t · ('") · 

• • • . . • . c e 1s given m 1g. u . 
The power fac~or in this cITcmt IS given by 

R , . . 

cos0 =. ✓R2 + (Lco)2 • 
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~===========-- . • .· AC ' Cl'RCUITS t 197 
6. @5 Set A a.No. 5dj What ,s an· LCR . . . . _ 

i ·t ·th • . c1rcu1t? o • · , . circui. ~ an a.c. supply. . enve the condition for resonant frequency for an LCR series 
· ... LCR Circuit: The electrical . · . · ·· [4]' 

" ·t1 . ·. c1rcu.1t Which co 't . . , . . . d 
• w1. 1 an a.c. mams is called LCR circ . 11 ams a resistor, an inductor and a capacitor connecte 
Electrical Resonance and res u~ts . . . · 

'd onance m S . LC . 
Let us cons1 er a pure resist f . enes R Circuit · 

· · or o resistance R . . . of capaotance C be connected . . , a pure mductor of inductance Land an ideal capacitor 
d

. C . . m sen es to. a so f I . . . R L an are 111 senes, current at . urce o a tematmg e.m.f. as shown 111 figure. As , 
phase. any 111stant through the thr .:>e el ments hds the same c1mplitude and 

However, voltage aero each 1 . · L , c R 
with the curre t. Let v be 

11 
e ement bears different phase relationship 1--AN~"v--, 

LCR circuit and I be the r m le r.~.s. value of tl1e applied alternating e.m.f. to c_..,_y 
elements which is given by .s. va ue of current flowing through all the circuit 

I = V = V L..----( l-'V __ _ 

Z ✓ R2 + (XL - Xc)2 . . 

where, Z = ✓R2 + (XL - X )2 · th · • · 
Electrical resonance . ~d is e llllpedance, oJ the series LCR circuit. 

18 sai to take place · · L · · ' · current for a given f 111 a senes CR cucuit when the circuit allows maximum 

b 
. 

1 
t h _requency of the source of alternating supply for which capacitive reactance 

ecomes equa o t e mductive reactance (. X = X) E i.e., c L . 

ow, I =z= E · 

✓R' + (Loo -d00) ' 

At low frequency, XL= Leo= L2nf is very small and Xe =_.!__ = -
1
- is verv large -At high frequency 

· · Ceo C2n f 1 · · . . ' 

XL = Leo is very large and Xe = Cleo is very small . If XL = Xe for a particula~ frequency fo, then the 

impedance of LCR circuit is given by 

z =~ = R.(mininmm) 
~.e., Impedance of LCR circuit is minin1w11 and hen curr nt becomes maximu~. This frequency (fo) 
lS called resonant frequency and the phenom non is called electrical resonance. 
Hence, for ele trical resonan , we have 

XL = 
1 

or, L(I) = ­
Ceo 
1 

or, ro2 =L 
1 

or, U) : ffe, 

1 
or, 2rr fo ;: --

~ 
1 

fo=---
. 27l\}LC 

R1 > R2 > R, 
lu .............. . ..... : 

i R1 

0 fo 

Tl1is is'the expr s ion f r r onant frequency. . 
The resonant frequen y i ind pendent of the resistance R in the circuit. However, th sharpn ss of 
resonance decreases with incr ase in resistance as shown in figure . 

2s. @75 set B a .No. 5~ Derive an expressiof) for the impedance of ~n a.c. circuit containing a resistor an · 
inductor and a capacitor. Hence derive resonance frequency. Also, draw the phase diagram. [4] 

'a. Impedance of an a.c. Circuit: Let a pure resistor of resistance R, a pure inductor of inductance L and·_ 
an ideal capacitor of capacitance C be co~ected in series to_ a source of alternating e.m.f. a~ shown in 
follm-ving figure. As R, L and C are in series, current at any 111stant through the three elements has the 
sa111e amplitude and phase. However, voltage across _each element bears different phase relationship 
With the current. Let V be the r.m.s. value of the applied alternating e.m.f. to LCR circuit and I be the 
r,rn. . alue of current flowing through all the circuit elements. 
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L 

V 

(i) ( ii) B 
(iii) 

· ' . V & ! In series LCR (i) A. . through lCt?. series it•cuif (ii) Phase relationship between 
ci;· uit (iii) Phase dra.gr0n, . 

The potential diffuren e across inductor, VL = IXdeads. current I by an angle of n/21 
The potential difference across I V = I c (lags behind the current I by an _angle n/2) 

.1~1\e pote1l.tial difference across R, VR = IR (in phase with thecurrent)_ . . .. . 
Smee, Rand I are in phase so, VR is represented by OA in the direction of I as s~o:wn m figure (ui). 
The urrent lags behind th~ potential difference .VL by angle of .n/2, so VL 15 represented by OE 
perpendicular to the direction of I. The current leads the potential difference V c ~Y an an~le of rr./2 so 
Ve is represented by OB perpendicular to the direction of I. Since V1. and Ve are m opposite phase, so 
their re ultant (VL - Ve) is represented by OD (Here, VL > Ve). . 
The resultant of YR and (VL - Ve) is given by OF. The magnitude of OF is given by 
OF= ✓(OA)2 + (0D)2 = ✓vR2 + (VL '.... Ve)2 

or, V = ✓p R2 + (I XL - I Xc)2 = 1✓R2 + (XL - Xc)2 
V 

or, 1 = ...,/R2 + (XL - )~:c)2 

V . . · . . . 
But 1 = Z is the effective opposition of LCR circuit to A.C. called impedance of the circujt. So, we get 

V .------- . 
Z= 1 = ✓R2 + (XL-Xc)2 ... (i) 

This is required impedance of LCR series circuit. 

Resonance frequency: · 
. , 1 1 

At low frequency, XL = Leo = L2n:f IS very small and Xe = CCD = C
2

n: f is very large. At high 

' 1 . 
frequency, XL = Leo is \;ery large and Xe = Ceo is very small. If XL= Xe for a particular frequency ·f0, 

then the impedance of LCR circuit is given_ by 

z = ✓R2 + 0 = R (minimum) 
~.e., Impedance of LCR circuit is minimun1 and he~1ee curre~t becomes maximum . This frequency (fo) 
IS. called resonant frequency and the phenomenon IS called electrical resonance'. . 
Hence, for electrical resonance, we have · 

XL=Xc 
1 

or, Lro = Cro 

1 
or, ro2 = LC 

1 
-. or, ro = -{LC. 

1 
~r, 21t fo = -{LC. 

1 
~o ~ 2rr{LC, 

lo ...... . ....... ~1 > R: > R1 

~ . : 
0 

fo 

Th.is is the e_xpressiop for resonant frequency. . . 
The resonant frequency is independent of the resistance R in the circuit ·H ess· of 

· · · tan h 1 
• • owever the sharp}] resonance decreases with increase m resIS ce _ass own m figure. , · · 
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~set Ba.No·. scij o;,.1:;~ an exprn slon f ti 1 i · and a resistor R In series. Draw the pho or dl1 mp cl nc of nn oc cir ult with on Inductor L, o copocltor C 
across the capaclior. 0 ram If th volt o ro th lndu tor le groator thon that 

t'l- Plea_:::..:~ !~.:_~~~ B Q.Np. "ru (4) 

;@?3 supp d.No. set] Derive xpr Ion for th Imp' don 
Inductor. Also draw the pha O diagram. of on oc lrcult contolnlng o roelator and an 
please refer to 2076 t B Q N . "d (

41 

~ 3 set o a.No. 6~ Flod -;prnsslon for ~ur;-~ In tho coso of oltornotlng LCR rlo circuit and oxplaln tho 
phase relatlon b~tween voltage and current. . [4] 
Let a pure Psis tor ( r 'Sis t ·\11 • , R · , . 

. ., b . ·. • c , n pun• I\Hl11clor of· ind11clo11cc L nnd ,11 ld • 1I p, ilor of 
capa 1tan ~1nn ' led "' s •ri , , to , , ,· 

l 
. . • cs ,, source o nllt•r1mth1e •,111.f. us Hhown 111 (< llowln1, flgur , As 

R Lant arl' m s ' ·1 's current •,t , · I ' · 
' ' ' < ,1ny mst rmt I u o11ph the thrl'l' l'I •111 •nts hnH l'lw sa m • omplilud l! 

and phase. However, olt, 1•c n •r )'•, ,. ·I I b ' , , , j o c ss .11.: 1 c 'Ill •111. curs dlf(cr •nt pj,asc Jdntwnsh1p wit 1 th, urr nt. 
Let be the r.m .s. alue of tlw fl 1· l t · · . · PP ''l a tcrnalint •. 111.f. to L R cir uH ond I be th r.m.s. vr1lu of 
current flowmg through all the cir, uil elem ' nls. 

L R 
v. 

V A 
V 

( i) 
(ii) c - V1, 

B Ve (iii) 

Fig: (i) A.C. through LCR seri es circuit (ii ) Phase relationship between V & I in series 
l,.CR circuit (iii) Phase diagrani 

The potential difference across ·inJuctor, Vi.= IXL (leads current I by an angle of n/2) 
The potential difference across C, V = 1Xe (lags behind the current I by an angle n/2) 
The potential difference across R, VR = IR (in phase w ith the currenl) 
Since YR and I are in phase so, YR is rep;·esenteJ by OA in Lhe direction of Ins ·hown in figure (iii) . 

The cunent lags behind the potential difference VL by angle of n/2, so VL is represented by OE 
perpendicular to the di1·ec tion of I. The current leads the potential difference V by an angle of n/2 so 
Ve is represent~d by OB .perpendicular to the di_rection of T. 
Since VL and Ve are in opposite phase, so their resultant (Ve - VL) is represented by OD (Here Ve> 
VL), 
The resultant of VR and (Ve - Vt) is given by OF. The magnitude of OF is givtn by 

OF= ✓ (OA)2 + (0D)2 = ✓vR2 + (Ve - VL)2 

or V = ✓12 R2 + (I Xe - I XL)2 = 1✓R2 + (Xe - XL)2 

V 
or, 1 = ✓R2 + (Xe - X1_)2 

Butf = z is lhe effec tive opposition of LCR ci rcuit to A.C. called impedance of the circuit. So, w e get 

V 
Z = T = ✓ RZ + (Xe - XL)2 

V V 
or I = - = --;:::=====- ... ( i) 

' Z ✓R2 + (Xc -X1,)2 
This is required current of LCR series circuit. 

Now, 

tane = Ve - VL = IXe - IXL = Xe - XL 
YR IR R 

1 
--roL 
roC 

or, tan0 = R 
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L E 
V,I 

p 

V 
V 

(i) (ii) 
Yr 

B 
.(iii) 

(i) A,C through LCR series circuit (ii) Phase relationship be~veen V & I in series LCR 
circuit (iii) Phase diagram · 

The potential difference across inductor, VL = IXdeads current I by an angle of n(21 
T11e potential difference across C, Ve= IXe (lags behind the current I by an .angle n/2) 
. The potential difference across R, V R = IR (in phase with the current) . . , 
SiI1ce, V R and I are in phase so, vR is represented by OA in the direction of I as sh9~n m figure (iii). 
The current lags behind th~ potential difference .VL by angle of .n/2, so V L is represented by OE 
perpendicular to the direction of I. The current leads the potential difference V c by an angle of rr./2 so 
Ve is represented by OB perpendicular to the direction of I. Since V 1_ arid Ve are in opposite phase, so 
their resultant (VL - Ve) is represented by OD (Here, VL > Ve). 
The resultant of VR and (VL - Ve) is given by OF. The magnitude of OF is given by 

OF= ✓(OA)2 + (OD)2 = ✓vR2 + (VL :_ Vc)2 

or, V = ✓12 R2 + (I XL - I Xc) 2 = r✓R2 + (XL - Xe)2 
V 

or, 1 = ..JR2 + (XL - Xc)2 

V . : . . · .· 
But1 = Z is the effective opposition of LCR circuit to A.C. ca lled impedance of the cirq.1.jt. So, we get 

V r------ . 
Z = 1 = ✓R2 + (XL - Xc)2 ... (i) 

Th.is is required .iinpedance of LCR series circuit. 

Resonance frequency: · 

At low frequency, XL = Lw L2nf is very small and Xe = Clw = C;n f is' very large. At high 

' 1 ' 
frequency, XL = Lro is very large and Xe = Ceo is very small. If XL = Xe for a particular frequency ~o, 

then the impedance of LCR circuit is given. by 

z=...Jw+o =R(minimum) . . . 
i.e., Impedance of LCR circuit is minimum and he~ce curre~t becomes maximum . This frequency (fo) 
is.called resonant frequency and the phenomenon 1s called electrical resonance: 
Hence, for electrical resonance, we have · 

XL =Xe 
1 

or, Lw = Cw 

1 
or, ro2 = LC · 

1 
. or, ro = ffe. 

. 1 
or, 21t fo = ffe. 

1 

lo·· ··· ··· ·· ··· ·~'> R, > R, 

~ 
0 

fo 

~o 2rr{LC . . . . , 
This is the expressiop for resonant frequency . . ·. . . . . . ·"i. 

Th . t fr quency is independent of the resIStance R rn the c.rrcuit. However .the. sharpness of e resonan e . • tan h 1• fi ' 
d 

·th increase m resIS . ce as s own m gure. . . , resonance ecreases w1 . . . . · 
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~t ~ a.No. ~d! Denve an express lo~-- ---·-__ _ _ . __ __ _ _ . . 
od af es,stor R on series. Draw the h or the Impedance of an ac circuit with an Inductor L, a capacitor C 

:cross the capaci~or. p ase diagram If the voltage aero s the Inductor Is greater than that . 
pJease refer to 12075 Set B Q.No. sill . . [4] 

~upp a.No. sdj D~~pr;;s~ ,.- : ~--- ,_ - - --- - -- -·---- -----
. ductor. Also draw the phase dia 1 

or th lmp~dance of an ac circuit containing a resistor and an 
in gram. · (4) 
please refer to l2076 Set B Q.No. sjj · ----]TI set o Q.No. 5~ Find express1;-,-~-~-:---------·--

. h se relation between volta d or current In the case of alternating LCR series circuit and explain the 
p a . . . ~e an current. . . (4] 
[,et a pure re 1Sto1 of resistance R . · . · · 

citar{ce c b connect d . ' · .· . ' c1 pure mductor of inductance L and an ideal capacitor of 
capaL d C are u· 1 v e m seues to a source of alternating e.m.f. as shown in following figure. As 
R, an e11es, current at · · 

d l e Ho .. ,e ". 
1 

' any mstant through the three elements has the same amphtude 
an p 1a . .. ve1 , vo tage across l L · 

\ 7 be tl I eac 1 e ement bears different pJ1ase relationship with the current. 
Let 1e r.m.s. va ue of the appl' d It . · · f 

t fl . tl I re a ernating e.m.f. to LCR circuit and I be the r.m.s. value o 
curren owmg uoug 1 all the circuit elements. · 

L C R 
V, E 

V 
V 

( i) 
c- VL 

B Ye (i ii ) 
(ii) 

D 

Fig: (i) A.C. through LCR series circuit (ii} Phase relationship between V & I in series 
l,CR circuit (iii) Phase diagrani 

The potential difference across -inductor, VL = IXL (leads current I by an angle of rr/2) 
The potential difference across C, Ve = IXc (lags behind the current I by an angle rr/2) 
The potential difference across R, VR = IR (in phase with the current) · 
Since V R and I are in phase so, V R is rep~esented by OA in the direction of I as shown in figure (iii). 

The current lags behind the potential difference VL by angle of rr./2, so VL is represented by OE 
perpendicular to the direction of I. The current leads the potential difference Ve by an angle of rr/2 so 
Ve is represented by OB.perpendicular to the d~rection of I. 
Since VL and Ve are in opposite phase, so their resultant (Ve - VL) is represented by OD (Here Ve > 
VJ. . 
The resultant of VR and (Ve - VL) is given by OF. The magnitude of OF is givfo by 

0F= ✓(OA)2+(0D)2= ✓VR2 +(Ve -VL)2 ' · 

or V == ✓ri R2 + (I Xe - I XL)2 = 1✓R2 + (Xe - XL)2 

V 
or, r== ✓R2+ (Xe -XL)2 

But7 = z is the effective opposition of LCR circuit to AC. called impedance of the circuit. So, we get 

V 
Z == 1 = ✓R2 + (Xe - XL)2 

or, I ==,Y == V .. . (i) 
Z ✓R2+ (Xe -XL)2 

This is required current of LCR series ircuit. 
Now, 

lane Ve - VL IXc - IXL Xe - XL 
VR IR R. 

1 
coC-coL 

Or, tan0 
R. 

' . 
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or, 0 = tan-1 R , . 

Tl . . . l l I , I . b t ..,,.,., ,, ,.t,rn:nt and voltage. ··- ·--·--
11s IS reqmrel p ,asl' re nllons 11p e ,, '-'- ' ------· , I ·t Sh ---___ _..:.....---.-:-·- d nee of a LCR series a.c. c rcu, . ow graph! 

1 30. ~012 supp a .No. s~ Derive an expression for the impe a . • ca_~ 
how impedance varies with the variation of applied ffequency. 14] 

~-::_;P;le;;a;se;' ;;re;;h:;'r:::to~j2~0~7~5:=S=et=B~Q=.N=o~. S=d~! ---;-=-:::-::~::~~ ------ ·-; - ·--·----- h ·rcuit containing a resistor, a capacito~ 
31 . @012 Set D a .No. s~ An alternating current passes throug . a ci th rrent and the volta n an 

inductor in series. Derive an expression for the phase relation between e cu ge. 14] 

, Plea e refer to 12073 Set D Q.No. sij •- · 
32. §012 set Ea.No. s~ Derive the condition for resonant frequency of LCR alternatin9.. current circuit. ~ 
a Plea e refer to §075 Set A Q.No. Sd! ________ . 

33. ~011 supp a .No. scj Define a.c. power. Derive an expression for it. Also define power_ factor. --[4] 
-::s.. Power consumed in an circuit 

Let the alternating e.m.f. applied to LCR circuit be 
E = Eosincot .. . (i) 

The current in tlre circuit be, 
I= 41 sin(ul t - 0) ... (ii) 

Power at any instant t is given by 

~ . 0) dt = EI = Eo sin wt x 41 sin(wt - 0) = E0I0 sin wt (sin wt cos 0 - cos wt sm 

. 2 . 0 Eolo . 2 . 0 
= Eo41 sin2wt cos e - E0I0 sin wt sin e cost ro t =·Eolo sm wt cos - 2 sm co t sm 

If tltis instantaneous power is assumed to remain constant for a small time d t, then small amount of 
work done in tl1is time is, · 

dW = (Eolo si.J1 2<? t cos e - E;Ib sin2wt sin 0) dt ... (iii) 

Total work done over a complete cycle is calculated by i.J1tegraru1g equa tion (iii) from ti.J11e t = Q tot = 
T . 

T T . 

W = J Eolo si.n2wt cos 0d t_- J · ~ Io sin2wt si.11 0 dt 

0 0 

T E I T 

= Eolo cos 0 J si1'12rn t d t - ; o si.110 J 
0 0 

T 
w = Eoio _cos e 2 ,, 
Now, Average power, 

W Eoio Eo Io · 
P =T =2 cose = -[2-[2 cos-0 

P = !,ms. E,m, COS 0 .. . (iv} 
This is required expression for power in ac circuit. The power in ac is defined as the product of t11e 
virtual current aml virtua! poten~al difference with power factor cose. Here, cos e is power factor 
which is defi ned as Lhe raho of true power to apparent (or vir tual power) ii, an ac circu it. 

p 
i.e. Power factor, cos 0 = 1 E 1 rms• rms 

34. ~071 s et o a .No. s ~ Derive an expression for the impedance of an ac circuit with an-inductor L a capacitor C 
and a resistor R in -series. Draw the phase diagram if the voltage across the capacitor is gr~ater than th81 

across the inductor. · [41 
a Let a p ~~e resistor of resistan c~ R, a pure inductor of inductance L and an ideal •capacitor _of 

capacitance c be connected in senes to a source of alternating e.m.f. as shown in fo llowing figure. AS 
R, L and c ai=e in series, current at any inst,mt Lhrough the three elements has the same an1pljtude 
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and phase. However, voltage aero _ 1 1 l 
Vb tl 

ss eac 1 d em nt bears diff r•nt 1j lrns' ,·da tinns hip, wilh t,e cu rren · 
Let e 1e r. m .s. value of tlie 1. J f 

t fl 
. tl . · 

1 
app ied alte,·notl ng e.m.f. to L R ci rcuit nnJ .f b , the r.m.s. va ue o 

curren owmg u ou g 1 all the c1·1•cu1·t l e ements. 
L C R E 

V 
V 

D 
(i) .. c- V1, 

1 (II ) B y (iii) 

Fl·o· (i ) A.C. throu::,0 h LCR series circtii·1 (1·1·) Pl I · I · b · _c CR · · (" ') Ph •d. ,,. iase re at1ons 11p etwet:n V & I 111 seri es L c1rcu1t 111 ase 1agram 

The poten~al d~fference across inductor, VL = IXL (leads current i by an angle of rr/2) 

The potent'.al d~ference across C, Ve = IXe (lags behind the cw-rent I by an angle rt /2) 
TI1e potential difference across R, VR = IR(in phase with the current) . 
Since VR and I are in phase so, V R is represented by OA in the direc tion of I as shown in figure (iii). 

The ~urrent lags behind the potential difference VL by angle of rr/ 2, so VL is represented by OE 
perpendKular to .tl1e direction of I. The current leads the potential difference Ve by an angle of rr / 2 so 

· Ve is represented -by OB perpendicular to tl1e direc tion of I. Since VL and Ve are in opposite phase, so 
their resultant.(Ve - VL) is represented by OD (Here, Ve > VL)-
The resultant of YR and (Ve - ~L) is given by OF The magnitude of OF is given by 

OF= ✓ (OA)2 + (00)2 = ✓vR2 + (Ve - VL)2 

or V = ✓12 R2 + ·(I Xe - I XL)2 = l✓R2 + (Xe - XL)2 
V 

or, 1 = ✓R2 + (Xe - XL)2 

V 
But, I = Z is tl1e effec tive opposi tion of'LCR circuit to A.C. called impedance of the circuit. So, we ge t 

~~ . 

V 
Z = I= ✓R2 + (Xe - XL) 2 ... (i) 

This is required impedance of LCR series circuit. -·---·--·----

35. §010 set o a .No. s d! An ac passes throu·gh a circuit containing a resistor and an inductor in series. Derive an 
expression for the current and phase relation between the current and voltage. · [4] 

'!I. Please refer to '2076 Set B Q.No. Sd! ____ ________ _ 

36. §069 supp set 8 a .No. -s bj Derive expression for the impedance of an ac circuit containi~g a resistor and an 
inductor. Also qraw the phase diagram. [4] 

a. Please refer to '2076 Set B Q.No. Sd! . ____ _ 

37. [os9 (Set A) a .No. scij 12os2 a .No. 1 o oRj Disc~ss t~e ph~se relatio_nship between the vol~age_ and current in 
the ac circuit containing an inductor and a resistor m series. What 1s pow~r factor of the c1rcu1t? [4] 

ls. Please refer to '2076 Set B Q.No. Sd! · ·-- _ ·- ___ ___ . __ _ 

38. [067 a .No. sg poso a.No. 7 a oRj Disc~ss the phase rel~tionship be~en the c~rrent and voltage ~n A.C. circuit 
containing capacitor and resistor in series and hence denve an expression for the impedance of the circuit. [4] 

ls. Suppose a pure resistor of resistance R an_d a_ pure ~apacitor of capaci tance C are connec ted in s rics 
to a source of alternating e .m .f. as shown m figure (1) . Let V be the r.m .s. :value of applied a lternating 
e.m.f. and r be the r .m .s'. value of current flowing in the circuit. 

C V,l 
A 

V 

(ii) 
(i) . ( j.j i) 

Fig: (i) A.C. thr~ugh capacitor and resislor in series (ii) Phase relationship between V & I in CR circuit (iii) Phasor diagram 
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1
. cl the curre nt I by angle of 1t/2) 

. V = lXe (lags 1c 1111 . . . . . 
The pot-e nlial diJfcrcnce across capn itot , ~ , , w,ith the current) . Smee, YR a nd l are Ut Ph~ 
The potl'ntial diffe1:ence across R, Y1; ~LR (tn pha5ie wn in fi gure (iii). The current le~ds lhe po~ti, 

" is represcnl·ed b ' OA iJ, the dil'ec tion of l as s 10_, b OB -1Jerpendicular to the d irection of, ~ 
. I . y ·s r~presentet Y . ·¾ dtfferen e b , angle of 1t 2 ~0 . e 1 . d of OD. is given by, 

. . b OD The magn1Lu e resultant of VR and V 1s given )' · 

OD = ✓OA2 + 0B2-=✓VR2 + Y~ 

or, V = ✓ f2 R2 + l2 ~ 
or, Y = I ✓ R~ + X~ 

or, 1 =✓R2 + x~ = ~ 

V . .. · . • t called imp· edance of CR circuit. But1 =Z, is the effec tive oppos1uon of CR C1rcu1t o a.c. 

The impedai~ce of CR circuit is given by 
• 

Z=✓R2 + X~ 

V V 
Again I=- = 

' z ✓R2 +X~ 
V 1 

I = ~ [·:X,=w2c2 l . . 1 
R2 + ic 2 

(j) . 

Where, z = ✓R2 + (1 / ~C) 2 is impendence of the ~ircuil 

Let 0 be the angle between E and I, so from fig1ue (c), we have, 
Ve IXe 

tane=-=-
VR IR 

. Xe 1 1 
or, tan0 = R = wCR : . tan0 = co CR 

If the val~es of Xe, and Rare known 0 cai1 be cak4lated. This shows tha t the voltage lags the curret1 
or current leads the voltage or ~.m.f by an an gle 0. The phase relationship be tween V and I is show, 
in fig (ii) . ___ __ 

39. ~067 Old a.No. 7~ oRj j2066 a.No. 7 a oRj Derive an expression for the current flo~-;;-9 throug~ an a.c. ~ircu, 
containing a resistor and capacitor. Obtain the expresl,ion of power factor of this ·circuit. [3+ 

::_~P;Ie;a;s;e~r;;ef;;e;r ;-to;:-=@~06=7=:a:=.=N=o.=S==d~!~ ;:--::-===~= -:----;--:---=-~-=----------____.-: 
40. ~065 a .No. 1 aj Derive the condition for resonant frequency of an L-C-R' alternating current series circuiL I 
a Please refer to @075 Set A a .No. Sd! 
~;;;;;~~~~~~=======--z-=~=~~-:--:---:--:.__--~~--:-:--~ 41. j2061 a.No. 1 a oRj Find an expression for impedance. of an a.c. circuit containing a resistance an_ 

capacitor in series. Also discuss the phase relation of current and emf in that circuit. p+ 
a Please refer to @067 a .No. s~ . 
42. j2os6 a .No. 9! An alternating emf i~ aP,plied across a capacitor. Show that the current in i~ 

emf by 90°. . I 
a AC circuit containing a capacitor: 

C 
V,I O rr---...:_ __ -4-

A . 

90 

V 
V 

B 
(i) ( ii) 

( /,1 Ac through capacitor (ii} Phase relationship between V & J "iii). Ph d . . 
1 • · _ 1, asor 1agram 

(iii) 
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A C C IR C UI TS / 203 
Let us onsider a pure capacitor f . , 
shown in figure. The em f a t . 0 cap~c,ta nce C connec ted across a n alternating source of emf Vas 

. · any mstant m the circuit is · · 
V:e=Vo sm cot ... (i) 

ow, the charge q on the capacito t 1 . · . . 
- Cy - C y . r a t 1e mstant 1s given by q- - o sm O) t 

Thus, the ·cu rrent flowing· in the c· . .. . 
· trcmt at any ins tant is 

- ~ _ j_ . 
I - dt - dt {C Vosm co t) = Ceo Vo cos co t = ~ sin (wt+~) 

. 1/ Cco 2 

I = L, sin (co t+~) ... (ii) 

where, 10 = C(J.) VO = 1:~co = ~~ . is the peak value ~f current. ·The equation .(i) & {ii) show tha t ;he. 

current leads the applied voltage by ~ . 

The phase rela tion between V & I is shown in the wave diagram in (ii) and (iii) . The phasor d iagra:m 
(iii) also shows tha t I lead V by 900. · · . 

43. @oss a.No.~ Find the impendence of LCR circuit in series. [4] 
a Please r~fer to 12075 Set B Q No. 5d! . 

Numerical Problems 

44. @016 Set c a.No. 9cj A circuit consists of a capacitor of 2µF and a resistor of 10000. An alternating emf of 
12V and frequency 50Hz is applied. Find the voltage across the capacitor and the. phase angle between the 
applied emf and the current. [4] 

Solution 
Given, 
Capaci tance of capacitor (C) = 2µ F = 2 x 10-6 F 

Resistan ce of resis tor (R) = 1000 n 
emf (V) = 12 V (m1s) 
Frequency (f) = 50 Hz 
Current (I) = 7 

Voltage across capacitor (Ve)=? 
Phase angle (cp) = 7 

We have 
V V 

= ✓R2+ Xc2 = ✓ (-1 )2 

R
2 + 2nfC 

- - _ 1 _ - 6.38 X lQ-3 = 10.2 V 
'! c - [Xe - 1 2nfC - 2n x 50 x 2 x 10-6 

12 

~ =- tan-1 (~~ = t~n- 1 (T;) = ta.n-1 
( 6.38 x ~~~; x 1000) = 57-

90 

45. @o75 GIE a .No. 99 An ac source of 220 V, 50 Hz is connected to series circui_t containing ~ resist~r ~ a~~ 
inductor Land a capacitor C. If R =- .200 n, L =. 0.5 H a_nd ~ = 10 µF, calculate, (1) the current m the cIrcu1t, (11) 
the phase angle and (iii) the power consumed m the c1rcu1t. [4] 

Solution 
Given, 
E.m .f. of sou rce (V) =:: 220 V 
Frequency of source (f) = 50 H z 

Resistan ce (R) = ioo n · 
Inductance (L) = 0.5 H · 

· Capacitan ce (C)' = 10 µF = 10 x 10-6 F · 

E=220 V, 50 Hz 

C= 10 µF ' 

L = O.SH 
I 

R=200!1 
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i. Curr nt (J) • ? 
ii Pha 'angl (cp) • ? 
iii. Power con um d (P) • ? 

We have, 
i. V • h/r-R-2 -♦-(X_L ____ )2 

or, V a J✓R2+(,oL- ~c.Y 
or, I 

V 

220 

✓ 2002 + (21t x so x 0.5 - 21t x 50 x\ o y 1(}-6)2 

220 
-

257 

= 0.8S6A 

ii. Let cj> be phase angle, 
XL-Xe 

tancj>= R 

u,C (
co L-..1.._J 

or, cj> = tan-1 R 

(21tfL-~) 
= ta n-1 l· R 

(
27t X so Y. 0.5- 21t Y. s~ Y. o.sl 

= tan-J 200 ) 

= tan-I (-0.807) 

= -38.9° [': - vc sign indicate that current leads voltage] 

iii Power consumed P is 
P = IV cos 4> 

1 0.856 X 220 X COS (-38.9) 
= 146.56 W 

46. 074 su a .No. 9 An iron cored coil of inductance 2 H and resistance 50 n is connected in series • a 
resistor of 950 n. A 220 V, 50 Hz ac supply i~ connected across the arrangemerrt. Find the current ftaWin!Jil 
the circu~ and the voltage across the coil. (4i 

Solution 
Given 
Introduction (L) = 2H 
Resistance of inductor (RL) = 500 

Resistance of resistor (RR) = 950 n 
Emf M = 220V 
Frequency (f) = SOHz 
C u rrent (I)=? 
Voltage across coil (VL) =? 
Now, we have, 
XL = u>L 

= 2rr fL = 2rr x 50 x 2 = 628.320 

Then, using 
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· · E _ 220 

I== ✓ (RR + RL)2 + X ~ - ✓ (950 + 50)2 + (628.32)2 

Hence, the required current i 0.186 ampere. 
Again, we have 
VL == IXL 

== 0.186 628., 2 = lb,87 
Hence, th~ required · oltage is 116.87 . 

220 
=:: 0.186 ampere 1181.01 

AC CIRCUITS I 205 

47. ~074 Set A a.No. 9q A coil ofi ~~duct~-~~.1 ·H·a~d-;;-;g~gible r;sist~n~e-is j~ serie~ ~th a~e;i;~nce 40 0. A 
supply voltage_ of 50v ~nns) is connected to them. If the voltage across L is equal to that across R, calculate 
the voltage across the inductor and frequency of the supply. 141 

Solution 
Gi 'll, 

\ oltage ) = -o 
\ oltage across resistor (V R) = voltage across inductor (V L) 

'l == 0.1 H R = 40Q 

Tow, in case of L-R circuit, we have 
2 

2 = R +VL 

or, V2 
2 

or, V2 = 2V R 

? y 2 
or, V R == 2 

V 50 
or; VR == {2. =-Ji= 35.35V 

VR == 35.35 Volt 
Hence, the required voltage across R is 35.35 volt. 
Again using, 
VR = VL 

or, IR == IXL 
or, R == X1-
or, R = (l) L 
or, R == 2nfL 

== _R_ == __ 4_0_ or, f 
2nL 2n x 0.1 

:. f = 63.7Hz 
Hence, the required frequency is 63.7Hz 

~a~; s~~; a.No. 9c) @os3 'O.No. ~I An iron cored coil of inductance 3 H and 50-~-:-~;~istan~~ isplac~d - i~ 
series with a resistor of 550 n and a 100 v, 50 Hz ac supply is connected across the arrangements. Find the 
current flowing in the coil and voltage across the coil. [4] 

Solution 
Given, 

inductance (L) - 3H 
Resistance of inductor (R1J ;;::: son 
Resistance of resistor (RR) = 550Q 

Emf (E) = 1 OOV 
· Frequency (f) = 50Hz 

Current (I) = ? 
Voltage across coil (V L) = ? 
Now, we have, 
XL == wL 

== 2rc fL == 27t X 50 X 3 == 942.47 Q 

, l 

i 

It ' 
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~--- . ,. __ ·• .... 
. ; 1. ~ set C Q.NQ. ~ 9 A clrc~-,t ·co ' 

12V (rms) and frequeney SOH 
phase angle be · -
,Please 1·e:f Pr to 

i, :--~~~~d 
62, ,@s~p (~etA _ 

1oomH ~nd a resi 

solution 

)ltage of . . m;:,in, ( 0 
f1i~m~-11 )_ l'f _, . . O)dii.ns ( "" 0 Hz 
Imiu:rt-at c ol t )il L) "'- 1 ( O l J 

- . . iL1 = 100 O' l R-e 1, tan f re 1. -1· ~) = 0 _ -. ,-1 
p ;-er ~ )nsun,<' l (P) = : 

w, inl e~fanc ~ of il\:Uit 

z == ✓ 2 + \ 2 = ✓p 2 + rrfL)2 - ✓~~.-:-;::. :---------- . 20, (27t X SQ )( 100 )( 10• 1)2 
l 20 1~2 A 

urrent in blc dr u,t (I) = - _ _Q_ 
Z - 37.24 "" 5.37 A 

- ~ -~~~~~l('~_r) == -~
2
R __ ~_ 5-372 x 20 = 576.8 Watt 

C CfRClJif I 201 

m ting etnf of 
dt rand the 

n. 
rte ot 

r 

53. ~o • upp. {Set B) a .No. 9 cl An ·-j~~~ ·core · ··.-------------·- ---- - -- --- - --
4513 Q and 200 v SOH . d coil of 2 H and 50 n resistance placed in series 
. Th . ' fl ~ a.c. supply is connected across the arrangement find 
1. e current owmg the coil ' ' 

resistm of 

ii. Its phase angle relative to the voltage supply 
iii. Tbe voltage across the coil. · 

Solution 
Gjvcn, 

Inductance ( L) = 2 H 
Resistance of wire (R) = -1-50 Q 

Frequ~ncy of a.c. (f) = 50 Hz·· 

Phase cmgle (<l>) =? 

Resistance of coil (r) = 50 Q 

Emf (VY == 200 V 
Cunent (I) ==? . -
Voltage a cross toil (V L) == ? 

Now, 
V V I -;:::====- _ _____ 200 

✓ (R + r)-2 + Xt2 - (R + r)2 + (2n:fL)2 ✓ ( 450 + 50)2 + (2rrx 50 x 2)2 == 
0
·
25

A 

Now, 
VL == IXi == 0.25 x 2n x 50 x 2 = 156.5 V 

~ ~ tan' (~J ~ tan' ( 0 ;::~so) ~ 543° 

~ -~;;-;;-Q,N~. 9 cj A so-v-:..~. ~upp,y;;~~;,;ct;d 1c) ;-;:;sisl~r-~avi~g resistance 50 Q, in _ ri 
solenoid whose inductance is 0.25 H. The potential difference between the ends of the resist r is 25 
the resistance of the wire of the solenoid. Take frequency of the ac source ls 50 Hz. 

Solution · 

Given, 
Emf (V) = 50 \' 

, Frc4ucncy (f) == :.iO Hz . 
Resistance (R) =·so Q 
Inductance (L) = 0.25 H 
_P.d. across resistor (VR) == 25 V . 
Resistance of the snlenoid (Rs) = ? 
Now, for LR circuit, we h,~ve .v 50 . I 50 

✓ 2 = {(Rs + 50)2 + ,(o>L)2 -:-- ✓ (Rs + 50)2 + (2nfL)2 
(Rs + R)2+ XL . , _. 

. Hmd 
(4} 
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50 50 

-= ✓ (Rs + 50)2 + 41t2f2Li = ✓cR + 50)2 + 4 X 7t2 X 502 X 0.252 

50 
. . . I 

✓(Rs+ 50)2 + 6168.5 
Also, we have 

YR 25 
, I =R = 50 

.-. I = 0.5 Ampere 
From equation (i) we get, 

50 
05 = · . ✓ (R, + 50)2 + 6168.5 

or, ✓ (Rs + 50)2 + 6168.5 = 100 
or, (R .+ 50)2 + 6168.5= 10000 
OT, (R + 50)2 = 3831.497 
Orr R + 50 = 61.89 

: . Rs = 11 .89Q 

.. ,(i) . 

Here, the required resistance is 11.890 · _ ----------------·-·-----

55. !2069 (Set B) Old Q.No. 9~ Alternating voltage in an ac circuit is represented by V = 100\[2 
Find its roots mean square value and the frequency. 

Solution 
Given, 

V = 10rr{2 Sin(l OOrr t) 
R.M.S. voltage (V) = ? 
Frequency (f) = ? 
Com pare this eqn with 
V = Vo Sin wt 

Here, Vo = 1orr[2 & w = 100 n 
Vo 

Vnns = _ ,-;, = 100V 
v2 . 

& 2nf = 100rr 

f = 50 Hz 

sin (100 nt) volts. 

[4] 

56. 12osa a.No. 9 cl A circuit consists of an inductor of 200 µ H and resistance of 1 on in series with a variable 
capacitor and a 0.10V (r.m.s.), 1.0 MHz supply. Calculate (i) the capacitance to give resonance (ii) the qualify 
factor of the circuit at resonance. · [4] 

Solution 
Given, 
Inductance (L) = 200µH = 200 x 10· 6H 

· Resistance (R) = 10.Q 
Emf (E) = 0.10V • 
Frequency (f) = 1MHz = 106H z 

Now, · For (i); we have 

XL' = (t)L 
. = 2nfL = 2n x 106 x 200 x 10-6 = 1256.60 

In resonance condition; we have 

Xe = XL 
1 

or, wC = 1256.6 

1 
or, 2nfC = 1256.6 

l = 1256.6 
or, 2,r x 10b xC 
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flence, the required ca.pa itan e is . · 

. gain, we ha e, l.2) '>< 10-,or . 

. Quality factor, (Q) = 1"' .IT. = .l_ 
. . :l . \JC lO 1. '.'I 10- 10 :: l .'- 7:: l 

Bence, requnel alu -of qua.l't f . · .,,--::;=----_-_-_-_-_-_________ --~_1_,_" tor1s1 . 

7 ~8 can. Q.No. sc) A 100 V SO Hz AC . - .. _ s · e:: ' source Is -- -- - ------
and R=10 n all connected in series, Find t connected to an LCR circuit containing L= 8.1 mH, C=12.5µ F 

solution he potential dlff rence aero e the resistor. [4] 
Given 
Emf ) = 100 
L==t Jm.H = ' .1 x 10--.. H 
R=l0Q 

oi , \>Ve h 

l = ( L 
= _rrfl. = 2n • 50 · 8.1 10-3 = 25 Q 

lo, 

Frequcn (f) = 50Hz. 
== 125µF = 12.5 x 1 o-r,p 

1 1 1 
= rnC = 2nfC = 2n: x 50 x 12.5 x lO-r, = 254.65Q 

Then, 
V 

Current (I) = -;===== . ✓R2 + (XL - Xc) 2 

Then, 
R = IR = 0.39 x 10 = 3.9V 

Hence, the required p .d . is 3.9V. 

100 100 
✓102 + (2.5 - 254.65)2 = ✓ = 0.39. ampere 63679.6 

- ;::=======-=--=--=--=--=--=--=-..-------------~ ----·- ·--------.--~•··-··•-··•-·•----------
58. ~068 Old Can. Q.No. 7bl An alternating voltage 10V (rms) and 4 KHz frequency is applied to a resistor of 

resistance sn in series with a capacitor of capacitance 10µF. Calculate the r.m.s. _ potential differences 
across the resistor and the capacitor. [4] 

Solution 
Given, 
Voltage (V nns) = lOV 
Frequency (f) = 4KHz = 4 x lO00Hz 

Resistance (R) = sn 
Capacitance (C)= l0µF = 10 x 10-6F 

p.d. across re is tor (V R) = ? 
p.d. aero apacitor (Ve)=? 

ow, we hav , 

1 1 = 3.98 Q 
Xe = 2rrfC = 2rr x 4 x 1000 x 10 x 10-h 

Then, in case of R. . ir u it, we have 

I = Yrms = 10 = J~9 = 1.56A 
V ~ ~ ~ 52 + (3.98)2 ·• 

. -\J R2+ X C 

Then, 
p.d. acro·ss resistor (V R) = Iv x R V 

= 1.56 X 5 = 7 .8 '-

Al . (V ) = Iv x X 
so, p.d.. across capacitor c = 

6 2
y 

= 1 56 x 3 .. 98 . · 7 8 & 6 2V . l · • tor & capacitor are . . respectwe y. 
Bere, the required p.d across resis . 

I• 
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. ' HYSICS • XII ' --~- _ ,. __ ,.,,.:----··f;;;i;t~~~~ 40!i:·j~··,~itf• 
. 2 IO / A COMPLETE NEB SOLUTION ~~~~---·····~-----~·--d'wi~ a resistor, 0. is found to be 20 V: 

-·-·- . -.. --.. •··· .. - .. ·-------- - -- ------ I is connecte . of the resistor ·Wbari 
· 59. j2068 01d a .No. 1 bl A 50V, 50H~, a.c. supp Y tween the ends . . · . , 

solenoid whose inductance is 0.20H'. The p.d. be , 7t2 ~ 10) . · . :· 1 ~ 
the resistance of the wire of the solenoid?_ (Assume , . 

Solution 
Given 

Em f (V) ~ 30\/ 
Freqt11..' tK~' (t) = ·-oHz 
Rcsistan l ' (R) = .. HJ , · 

200 
lnd th: tatll'l' ( ) = _()On, H = 1000 = 0.2H 

P.d . ~ ·ro:ss rcsi:tor 1{) = 0 · 
Rt'sist m ' of th ' S<)l '1wid (R.,) = ? 

1 w, for · R dr ·uit, t' hn e 50 
V 50 _ ,, 

✓ . . ' = ✓(R, + 40)' + (c.>L)' .- ✓(Rs + 40)2 + (2nfL}· 
(R, + R -+ X1. 

:-o , . . . . 50. 
. . . ·, , = ✓ : 'l))? + ➔ x 7r2 x· 502 x 0.22 . ( R. T -HI)-+ ➔ J- - t-L- .. ,qt.+ -t - . ' . 

30 

A~o, we have 
\ R 20 

I =R = 40 

I = 0.3 Ampere 
From equation (i) we get, 

50 
05= --;:::::====== . ✓ (R5', + -10)2 + 3947.84 

orJ ✓ (Rs + -.J.0f + 3947.84 = 100 
orI (R., + -1-0F 4-. 39-17.84 = 10000 

or, (R~ + -!OF = 6052.16 
or, R~ + -tO = ~7.79 

R., = ?,7.790 

Herc, the required resistance is 37.790 . 

60'. j206; Sup Q.No. ~cl An ·i;~-~ -~~~ed coil ~,-- i~d-~~t~~-~;-=iH"'~-l~d---~f-resistanc; ·· soii is c~nnecte ~ in serie~ wiflt 
resistor of 9500 , and a 220V, 50 Hz ac supply. Find the current flowing in the circuit and the voltage across 
the coil. . ..-------:-:---:---:::. · · [4 

a PJea•>e rdt' r to j2074 Supp Q.No. 9cl , 

.61. j2oss Supp a .No. 7bl A coil of inductance 0.1 H and negUgible -r~si~t~-nce· is· in series with a ~esi~iance R. A 
supply voltage of 40 V (rms) is connected to them. If.a voltage across L is equal to that across R, calculate 
the voltage across R and the frequency of the supply? [~ 

· Solution . .,. · .. 
Given,1 , : 

Voltage (V) = 40V 

Voltage across n.:sistor (VR) = voltag a ross _inductor'(V L) 
L = 0.1H R = 400 

Now, in case of L:-R circuit, we have 
2 2 

y 2 =V R + _Y L 

2 2 
or, V2 = V R +_V R 

. ? 

or, ' " = 2V R 
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2 
or, R=2 

40 
or, R = -{2 = 4f2 

R = 2~L volt 
Hcnc , th r ~ uir -d 

gain u_sin ., 
R = \ I. 

r, IR = lX1 
or, R =X1. 
or, R = L 
r, R =~ t 

R 0 
r, f = --- = 

7tL X Q.} 

.\ f =: ,7Hz 

AC CIRCUITS/ 211 

H 1 :-e, th .~ r~ JUired frequency is 63.7Hz . . 

- @· 4 - .No. 7 ~ A 50~50 Hz, ~c-~upply·i~--c~~-~ect;d t~ ·a r~sist~~ ~f ·r~si~t~n~e 400 i·~ serie~ ~th· a solenoid 

¾laving inductance 200 mH with same resistance. The potential difference across the ends of the 400 
resistor is found to be 20V. Find the resistance of the wire of the solenoid. · f 4J 

a. Pl r fer to 12068 Old Q.No. 7 ~ 

u . k 63 a .No. 7 ~ An inductor, ; --re-s-is-to- r- an-d a capacitor are con~ected i~-,e~i;;-;~-ross an a.c. circuit A 
voltmeter reads 60 V when connected across the inductor, 16V across the resistor and 30 V across the 
capacitor: 
i. What will the voltmeter read when placed across the series circuit? 
ii. What is the power factor of the circuit? [4] 

Solution 
Given, 

oltage across inductor, V1. = 60 volt 
Voltage across resistor, V R = 16 volt 
Voltage across capacitor, Ve =: 30 volt 

i Voltmeter reading across the series, V =? 
ii Power factor = ? 

We know, -----
= J ✓R2 + (X1. - Lc-)2 -

or, y2 = I2 R2 + (IX1. - IXc)2 

= (16)2 +-(60- 30)2 = 162 + 302 

v2 = 1156 
V = ~4 volt 
Again, we know 

R IR° V R V ,~ 16 · -=======- = ---======-=-'.======- = - ::::;- =0.47 
Power factor (cos 9) ✓R2 + (X1. _ Lc)2 I ✓1{2 + (XL - ~~t ✓vR2 + _(~ L - V c)2 Y 3-! 

_ _,_ -- I --- -,-es_L .. C.-R clr~ltR-= isn"L = 30mH and C = 10µF and these elements are connected to 
64. ~062 a No. 7 ij n a sen , ' . . . 

2 · ) 50 H rce Calculate the current m the circuit and voltmeter reading across a capacitor. [4] • 40 ac (rms z sou . 
Solution 

. Given, . 
Resister (R) = 25Q 
Inductor (L) = 30mH 
Capacitor (C) = lOµF 
Voltage (V) = 240 V 
Frequency = 50Hz 
Current in the circuit, I= ? . V _ ? 

. • s the capacitor, c - • Voltmeter reading acros 
. In such case, ~e have, 
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212 I A COMPLETE NEB SOLUTION TO PHYSICS : XII 

V = r ✓R2 + (XL - Xc)2 

or, V ~ 1✓R2 + (,,,L- m~)' 
V 

- or, I 
. 1 )2 

(25)2 + (2rr X 50 )( 30 )( 1O-J - 2TT X -o )( 10 X l()-o 

240 

I = 0.774 Amp 
And, p .d . across capacitor,. 

_ _ _ 1_ _ x 1 = 246.37 volt. 
Ve - I Xe - l 2n fC - 0.774 2n x 50 x 10 x 10-0 - - --- - - - -- . 

- -;=::=:.=:......=.-=::=-:::;~~ - - -- =-_:.::_-=-=-. __ _,_.-:.-:-:----:=a=ci;;:to:-r is 33 pF. What should be the sett. 
65. !2059 a .No. 7 ~ The maximum capacitance of a variable cap y of the LC circuit to be 810 KHz. 

inductance to be connected to this capacitor for the natural frequenc [ 
Corresponding to A.m. broadcast band of Radio Nepal? ~ 41 

Solution 
Given, 

Capacita nce (C) = 33pF = 33 x 10-12 F 
Let, L be the self-inductance cmrnected with the capacitance, 
circuit is, f = 81 OKHz = 810 x 1Q3Hz. 

Now, using 

1 
f - 2nffe, 

or, L 4n2 (810 x 103)2 x 33 10-n = 1.1 7 
1 

J0-'11 

Hence, the required indu tan (' is 1.17 10 •I I 

-0 the natural frequent: of thi · LC 

66. 12051 a.No. 1 ~ A circuit consists of a capacitor of 10 µF and a resistor of 10000. An alternating emf of 12 
(rms) and frequency 50Hz is applied. Calculate the current flowing and voltage across the capacitor. 141 

Solution 
G ive n, 

· Capacita nc ~ of ap1 itor, ( ) = 'JOµ F = 10 H)-°F 

Rcs isr·a nce (R) = 10000 

emf (V) = 12 (nns) 
Freq ucnc , (f) = SOHz 
Nov,1, impedanc of the circuit i. g iven by 

2 
Z R2 + X 

= ✓ R- +-+,;: = ✓ R' + (C \rrf)' (: w = Zn f) 
(1000)2 + ( 1 ?? ,Y == ✓rl_OO_OO_OO_+ ___ l __ 

lQ 1(}-b 2 ~ X SQ) 9.86 X lQ-6 

= 10-19.4 n 
Then, 

12 
Current flowing (1) =2 == 1049.4 == 0.0114 A 

Now, 

oltage c1cross the capacitor (V c)= I x Xe = I x __J_ == o 0114 1 2rrfC · ~ --::;.::;--...:... ___ _ 
22 =3.63 V 

2 
X 7 X 50 X JO X }0-o 

H -11 e, the requrred current is 0.0114 ampere & voltage is 3_63 V. · 
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..-".'.:'.:~·- . --·••·---·----~-.. -----· .,-.. -... ---··------- ·- ······---· -----·•·•-··--·-·····-·--.- ;-
: 1. ![54 a.No. 111 A constant A.C. supply Is connected to a series circuit consisting of a .resisfance of J00O m 6 

seri~s .~th a c~pa~itance 6._67 µF', the frequency of the supply being 3000/2n Hz. It is desired ~o reduce the 
current m the c1rcu1t to half its value. Show how thi.s could be done by placing an additional resistance. [4] . 

solution 1 

Given, 
Resistcince (R) = 300.Q . 
Capacita,nce (C) = 6.67~,F = 6.67 x 10-<•F 

3000 
frequency (f) =~Hz . 

· Let, 11 & Ii be the curr nt in the 1s1 & 211 d condition then, according to the question. 
11 

h =2 
We have, 

1 1 1 
Xe = -w-C = -2-nfC- =--3-0_0_0 ____ = 49.97 Q 

2rr X ~ X 6.67 X lQ-h 

ow, 
For 1st condition, we have, 

V 

I, ~ ✓R2 + X~ 
. .. (i) 

Again, Let, (R') be the resistance in 2nd case, then 
V 

h 
✓R' 2 +X~ 

11 · V 
or, 2 ✓ 2 

R'2 + X.c 

... (ii) 

Dividing equa tion (i) by (ii), we get 
V 

or, 2 

✓R•2 + X ~ 

. ✓R•2+ x ~ 
✓R2 + X 2 

_ ✓R'2 + (49.97)2 

or, 2 - ~=======~ 
✓ (300)2 + (49.97)2 

✓R '2 + 2497 . 
or, 2 304.13 ----: 
or, 608.26 = ✓ R'2 + 2497 

or, 369980.?? = R'2 + 2497 
or, R'2 == 369783.22 

R' = 606.10 . t be added= R' ·- R = (606.1 - 300)n = 306.1 Q 
Bence, the resistance O a a a 

( 

' ! 
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- Modern Physics 

. ul ¼i;,:.·i-- ~· ___ c...:.· _h_a~p_te_r_1_:_E_l_e_c_tr_· o_n'"""."s_a_n_d_P_h_o_t_o_n_s ___ :J 
Short Answer Questions 

---------- ·-- -- ·- ·- ·- ··- -- -
1. /20"7;,"set e~.N~.-ialWhy discharge does not take place at very low pressur·e? · t2i" 
a At lower pressure, the ·ionized particles (ions and _elec'trons) have higher mean free pa th a ,~c..t easily 

reach to electrodes. The d ischarge thus takes place. But at very low pressure, no particles are 
su fficient fo r d ischarging or ionizing and discharge does not take place. 

2.- j2o75 -GIE a.No. 2~ j2011 Supp a.No. 2aj Explain why electric discharge_ through a gas t;kes place at-~w 
pressure. · · [2] 

a At high pressure and low voltage, due tQ presence of m ore atoms, the positively charged particles (or 
ion ) and electrons can move freely fo r short d is tance ohly. The pa rticles present in the tu be are not 
able to travel to ca thode or anode but soon recombine. Thu s further ionization by _till' in itia l ions is. 
prevented . But a t low pressure and high voltage, ionized particles (ions and ekc tro rb) have larger 
mean free path and can m ove towards electrodes with high energy and, in their way, ca n ionize other 
gas atoms. Thus, more ions will be produced and gas becomes conducting. Hence, .fo r the gas in the 
disdrnrge tube kept a t low pressure aml h igh potential differen e bcc0me cond uc ting. 

3. !2075 GIE- Q.No·: i~ lfth-~ ~;·~~length of ele~t~~;ag~etic 7adiation i ; doubled: ~ h~ t-will happen to ihe ;n~~ 
of the 'photo~s? [2] 

a Accord ing to Einstein Photoelectric equation th -kine ti ' n rgy of photon is given as 
1 

= 2 mv2 = hf - ~o 

wJw 11' ~o isworkfunctionof a metal, hisPlan k's on l,nt J ndifi frequ en y ofrndiation . 
Now, 
1 lie 
-2 mv2 = --:--- ~o 

A 

I ] 

or, E oc i: at (·nns tant ~0. 

When ,.-.·a eleng th of radia tion doubled the Energy of pho ton is redu ced to half. 

4. 12075 Set A-QN~. 2~! l2068C-_;;;-QN;-2aj Gases are i~s~a-to;; at~rdinary pres;~re and start ~onducting -at lo; · 
pressure. Why? [2] 

a. At ordinary pressure, due to presence of more atoms, the pos itively cha rged p,ntich-" {lH ions) and 
electrons can move freely for short di~,tance only. The particles present in the Lubl· ,u e not able to 
travel to cathod~ or anode but soon recombine. Thus, furth er ioniza tion bv the initial jon is 
prevented . But at low pressure ionized particles (ions and elec trons) have grec1te~ m ea n fn c path and 
can . move towards el ctrode with high energy and in their w ay can ionize o the r gas ~toms. ThUS1 • 

more ions will be produced and gas becomes conducting. Hence, fo r the gases in the discharge tube 
--~~~~!-~~rn1~l--~~~ in ulc1tors and at low pres ure becomes conducting. _ __. 

s. !2075 
~et A Q,-No. 2cj@o10 Sup~~ B)Q.N~] What happ-ens to the-kinetic e~~rgy of-photo-electrons when 

mtens1ty of hght is doubled? . [2] 

a. Tl1e kinetic energy of p hotoelectrons is given by, hf = ~ + ½ mv2 , where <I> is work fun ction, f 15 

frequency of incident radiation, rn is the mass of photoelectron and v be the speed . Here, the speed 01 

KE. ~epends upon the ~req~ency of radiation but does not d epend on th·e intc>' ,,jty of radiation: 501 

the.re 1 no effect to the kinetic energy of photoelectron when t~e intensi ty of incid e nt light is doubled, 
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r 
~ -- - -· ELECTRO NS ANO PHOfOt/ / 2,J !! 
6. @>75 S t B.Q.No. 2al Why is~ ·n--;t~- -- -- _ . ~- -- ~ . . . , 

picture tube? field used to deflect electron beam but not an electric field Jn a 1,V, 
~ Th1; moti )Jl )f 1 , tmn in ele tr ' f' . . · [ZJ 

pich1~ tnl ' if an de( tri fit'! i ~. tdd ts parn bullc Whit · in 11111gnetlc fk ld is fr ul f , In a •I Nifli<m 
l. t l is llSt'd to defl ' ·t ll , . t, 

,\f I ll ( r a ('I I k 1ng tubt' is to b, , · c w elcdl'nn bcn m1 l' ilher very high v0Jt,1w· 1:-; W '' 
It 'l·~ i t" . c U1-lc d . Howcvl' t' i' f , f 11 . ., IJ f' J l fr<. t t l .. ' t ·' .1 tm11. n ti , 1 , a n1c1g1wt1 le l Js 11.st•u <.'Vl'n a EJma ,e , an 

. . l • lt o t l e r hand ·i· , f J i , 

f1el t 1 · ust:.'u h: deFlc.: t <:'lec tron lw . ' s z1.: 0 P t tun• tubl:' 11, n ·du cetl . Therefore th ~ magn , _ 
- - -- · - -- - -- - a111 m a tek•vis ' · ' 

--· ~74 supp Q,No. 2~ Ga~~~-i) - --. •-... - ·--- -,-- ... .. ' 1~1~_P_1ctur~ tu?t> ~1stern.l of clc tric field , 
7. I~ - ecome conducting t I . - - - . 

Ple~s_ rcfur h:) ~075 Set A Q.No. 2fil a ow pressure. Why? , !21 

.. -~ ~:;~~ ~:~i:~ ,~::: i;~~ a:No~~[206-,-js.~-A, Q N~. 2~ rh.-Vi11~e o(e/,;,-is ~ nstant tof cathode fay-. 
Th~ value of e / m is constant for . tl 1 . · [2J 

ca lOl e ra)'S bernus, . ti i 
nul8S and charge of elec tron, . · ' · e Lil HK e mys are tlw beam of electrons. The 

. s ai e constant and henc , / f 1 . . 
P. o ittve rn, s are madt' un of po . ·t · . . · _ .e e 111 or. e ectrons. L'i universal constant. But the 

• r SI ive Ions which are i 'ff t f l 'ff 
Jiffert:'ll t mc1sst~s. So, values of e/ m . .· , . , ' · ~ 1 eren or t I erent substance because of their 

. -- - -- -- - -- - -- - _ . ........ ate diffe1e1)t for d1ffen•nt ions. 
9
· · ~~~f~.:;;a~~:~i-c 2f~l~

0
:: eSup~ Set -B~ a :N~~-2 .. iAn·-~lecir~n and a prot~n m~~e ~th the ~~~-;-;p;;d i.;; 

: . _ . qua magnitude. Compare the radii of their circular path. {2] 
li. The radms of cm:ular path covere i b 1 . . i · · · · . . l t Ya c ldI get particle mnvmg m a magnetic filed of flu x densihr B 

- . IS given 1y . , •; 
mv 

r=-Bq ' 
where 111 is lhe .n~ass of charged particle, v be velocity and q be the charge of particle. Or, r oc m. Since, 
mass of proton IS greater than mass of electron; the radius of proton is greater th~n the radius oi 
electron for same speed and charge in a magnetic field . 

10. @072 Supp a.No. 2bf Human ;kin is relatively in-~·~-;:;siti~e·t~-~i;jbi~ light, b~t ~It;~ ~j~,;t radiation can cause 
severe burns. Does this have anything to do with photon energies? Explain. [2) 

1s. The energy of photon is given by 
C . 

E = hf= h 'i . Si1~ce, Av > Auv, Ev < Euv. 

The wavelength of visible light is greater than the wavelength of ultraviolet light and the energ) of 
ultraviolet ray is greater than visible light. So, UV radiation can ca use severe burns to human skin 
and the skin is insensitive to visible light. . 

11. @072 Set C a.No. 2aj If we go on increasing th;·;~·~;1·~~gih~f-liiJht -i~-cid~~-i -~'n a ;etai'"~~rf~·c;,-~at cha~ges 

take place in the number of electrons and energy of the electrons? . (2} 
The no. of 1 hoto-elcctrons eniittcd from the surface of meta l surfocc depends up nn tlw inten:ity l t 
light but JH~t depends upon the wc1velengt~1 of _li ght. So, numlwr of photo-electrons t'mitted rennin.· 
const,rnt when the w,ivE'lcng th of incident light mcreases. 

The Ptwrgy of l'lec tron l'mitted is, 

1 
hf = 4> + 2 mv2 

1 
or, 2 mv:? = hf - <!> 

1 he 
or, 2 mv:? = - _ <P . 

. · "- . . ~ the KE. of photo-electron.s t' lllltlcd d 'Cl'l'HSl'S . 
~ hen wavelength (11.) of hgh!_:11__::~:~~'----- ---·- -· -• - · · ··· .. 
1 ~ -------- -· -- -- --- - - 1 t ns and protons having the same inltlal K.E. enter norm lly In 
2· ~12 Set E a.No. 2aj Beams of e ec ro ? Justify 

electric field ·which beam will be more curv~d . . · . 
>s. T , 1 i particle 1s givcll as, 
· he kinetic energy KE. of a c rnrgel ' 

l 
K.E. =2mv2 

or< v2 = 2 KE./ m . - _ ·c1 . 
1 

an' e. lectric field is giwn as, 
Th ct rtI e u · · e deflection of a charge pa • 
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216 / A COMPLETE NEB SOLUTION TO PHYSICS - XII 

1 
=- at2 .y 2 

1 F ] =- -t2 [a= F/ m, or, F = ma 
2m 

=-- E - =-- E- =-2- E2KE . m 2m · · 2K.E. 2m v 2m 2 m . • . 
1 e (l)2 1 e /2 1 e __£_ =1..£.. E _!:__ · · 

· . . · f . ld · t ·ty E the electron has less mass and h enc ., greater curve Hence, for same K.E. and electnc 1e m ens1 , . 

than th~t of proton. -- -- -:------
13. 120;~ s~t ~ ·a.No. 2 at A gas at lower pressure conducts electricity but the same gas at higher pressure does 

not. Explain. -------. l21 
a. Please refer to 12075 Set A Q.No. 2al .. ________ _ 
14. 12010 sup (Set A) a.No. 2 bl Gases at normal pressure are insulators; how do they become conducting at low 

pressure? -----~ . [2] 
a. Please re.fer to 12075 Set A a .No. 2aj ___ ................... ------

15. 12010 set c a.No. 2~ al A charged particle is fin~d into a cubical region of space where t~ere i~ unifo~ 
magnetic field. Outside this region, there is no magnetic field. Is it possible that the particle will remain 
inside the cubical region? Explain. . [2] 

a. Yes, it is possible that the particle will remai11 inside the cubical region if'it enters perpendi~t1larly to 

the magnetic field and the diameter of.:~~~cul_ar path is le . than the ide of the cube .......... ,, _____ _ 

16. 12010 Set D a.No. 2 al A char.ged particle moves through a region of space with constant velocity. If the 
external magnetic field is zero in this region, can we conclude that the external field in the region is also 
zero? Explain. [2] 

a. Yes, the velocity is constant only in the region of zc>ro •lectri field because the 'velocity of charged 
particle will be constant in a field free space and in ro -field pace . H ere, magnetic field is zero and 
hence for constant velocity electric field also be zero. 

17. 12069 (Set B) a.No .. 2fw~it;--d~- exp-r;~;i~n""s. f~r--acceleration of a moving- charge····a ·"··1·~""''p~~aii;i- and 

perpendicular magnetic fields. [2] 
r:it" The force experienced by a charge Q of mass m moving in a magnetic field of intensity B with 

velocity v and making an angle 0 with the field is F = BQvsin0. Then the expression for acceleration 

f · I Q · 11,;.1 d ct · ul BQv sin 0 o a movmg c 1arge m para t::.1 an perpen 1c ar magnetic field are· a = --"'---- = o, as 8 = 0° 
" • I 1n 

• BQv sin9O BQv 
and a= =--, as 0 = 90° respectively. • m - 111 . 

18. !2068 a.No. 2 al Vfhat property of1he cathode rays indicates that they consist ~f electrons·?----· (2i 
a. The value of charge (e) and specific charge (e/m) for cathode rays is same as that of el tro11s. Henn 

.the cathode rays must consists of electrons. , 
~ 

19
- j2os1 Sup a.No. 2aJ Why does electric discharge take place at low pressure and highp~t~nti~l-diff~~~e? [2] 

a. Please refer to 12075 GIE a .No. 2aj 

-;2~0-- l~2o~s~1~aR.N~o~:i2alJ\AW~h:at~i:s~th:e~l:m:p=orta=J1::-::c~e-=o-:f::M:::il::-:lik:--a-n:-'s-o~il-:--d-:-r-o.:_~-ex_p_e_ri_m_e_n-t? __ :_ ______ . -----------
/ a. Importance of Millkan's Experiment · 

i. Millikan's experiment sho th t 1 . . .1 

ti. 1 · . · ws a e ec tromc charge 1 the smallest possible charge o'n a charge"' par c e or 1On. · · ' · 

f Millikan's experiment has proved the quantization of 1· : . . ral i 

~1ultiple of minimum charge e. . c :targe.1.e., a charged body can carry an mte,g : ' 

. . . 1.e., Q. == ± n e, where n = 1, 2, 3 .... 
u1. There is no direct' method to find tl f ' •'..i 1e mass o an electr Ki . · . a.IJ'-' 

specific charge, the mass of the electron can bed . on. 1owmg the charge. of an electron ; 
m = ~ 1.6 x 10-19c ete.rmmed as . , ~'. 

·. . e/m 1.75 x 1011 C/kg = 9.11 x 10-31 kg 

[2) 
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:____ ·- -- -~ .. ---··-- . . ELECTRONS AND PHOTONS / 

,- @65 a.No. 2 ij Compare the spe~:f:-----·--·-·--·- _______ ..:_· ..... _____ _:_ ______ ~---
2 · The specific charge of ai1. el t 

I 
IC charge of an electron with that of a proton. 

1 
[2J 

-z,. . ec ron of m , . 
whereas the specific charge of a ro ass m l;' and charge e is e/ me, 
DI mo e ffio 111 1 67 p ton of mass lllp and charge e is e/ tnp, Then, 
~ = - X --4 = ~ _ · X JQ-27 
e/mp me e me - 9.1 x 10-3 1 ~ 1840 

So, specific charge of electron is ne . . ( . 
--==========::::::::-::-------- ally 1840 times the specific charge of proton. 
22 ~60 a.No.1 g! Cathode rays can~-- -----~--- -- ----·- -·· -- w•-•·-------

. Cathode rays are iot 1. e regarded as electromagnetic waves. Why? [21 
"' 1 e ectromagnet · . . . 

a. Cathode rays are fast m v· -~c w~ves, whlc~11s clear fr011~ the foliowm~ reasons:_ . . 
and magnetic fields. 0 mg elections but electromagnetic waves consist of osc1l1atmg electnc 

b. The speed of cathode ray · b ~ · 
. 1 s is a out (1/10) 111 of speed of light but the speed of electrom agnetic 

wave 1s as t 1e sp eed of light. · ' ' . 
c. Cathode rays are produced . 11 · . 

· b ' tt :l . . . nonna Y from the surface of a cathode, but electromagnetic waves 
can e enu el mall chrechons from the cathode. 

J. Cathode ra s are deflected · · i h I · · · · . · msic et e e ectnc and magnetic field in such a way that it conftrms the 
negatw ely charged particl tu f · · . e na re o cathode rays. But, electromagnettc waves have no effect on 
electnc and magnetic field. · 

23. j205s a.No. 12 al Why a glowi~g gas, such a~ that in a neon tube, giy,es only certain wavelengt·h-s- ~f light? [2] 
a eon tube is a discharge tube containing neon gas at low pressure and high potential difference 

between the anode and cathode. Due to high potential difference between the a11ode and cathode, 
electr01~s. are _accelerated towards the anode and colliding with neon aton~s, ionize them which excite 
the positive 10ns. When these exciting particles return to lower energy level, emit t-he characteristic 
pink light. There is only one neon ga~ but not other gas, so a glowing gas such as that ui. a neon tube, 
gives only certain wavelength of light. _ · - · , 

k,n,. »~•••••- • P· - •- · ~-,n-~- •-••• -------

24, j2oss a.No. 12 cl What is meant by sfopping potential? [2] 
a The minimum retarding potential applied to the anode at which photoelectric current becomes zero is 

ca)led stopping potential and denoted by Vo. Stopping potential Vo stops the photoelectrons with 
maximum kinetic energy reaching the anode an_d hence name stopping potential. If m is mass of 
emitted photoelectron and Vma x is its maximwn velocity, then 

' 1 
K .E,max = e Vo = 2 111 V 2md x. 

25. @055 a.No. 131 Discuss the physical principles involved in Millikan's exp~riment for the determination of the 

charge of an electron. _ . . [2] 
a The principle of Millikan's experiment is to ~neasure the t~~minal vel~Kity (by Stoke's law) of th . 

charged oil drops (i) under the actio11 of gr~v1ty alone ~d (11) u~~er the combmed action of gravity 
and electric field opposed to gravity. Kno~mg the termmal veloc1t1es under. these conditions, w , an 
ea5ily find th~ charge on each droplet. It will be found that every charged droplet has a charg qual 

~ o integral multiple of basic cha~ge e (i~,:::_2e, 3e, 4e, etc.). . ... . -..................... _, ____________ _ 

26. ~ 4 a.No. 12 d! Explain why photoelectric effect cannot be ob~erved wit-hall wavelengths of ligh_t. [2] 
'l:t. The wavelength corresponding to threshold fre_que~1cy 1s known as tl~re~hold wav •length Ao. The 

· photoelectrons will be emitted with some kmehc energy, for enussion of photoel .tron the 
wavelength of the inciJent radiation should be_ less than the Hueshqld wavelength :_The en ' r~ of the 
radiation should be mor than the work fun ct10n of the metal. Hence, photoelectnc effect annot be 

~served with all wave~gth:_ ofy ght. ____ _ __ •··•·-··-··-· __ ·••--· ---~--:-------

27· @53 a.No. 12 ~ What is threshold frequency'. . . . _ . _ . [2] 
'a. Tlie . . ·_f _ 11cy of incident radiation required to e1ect an elech·on (1.e., with zero velocity) mmunum reque . . . 

from tl f f 111etal is known as threshold frequency (fo) for that metal Different metals have - 1e sur ace o a . . . . . · . 
dif-f l I ld f ue11cies I11ununat1on of a surface with hght of frequency less than fo will not erent t ues 10 req · · ' . 
cause ejection of photoelectrons. 

'. I 

f 

puspas.com
.np



8 A O O M p L ET E N I: B ~ u Lu I IV ,~ . , .., • • . ,• - . - -

2 l t • , . - ·-----------·-----·- - J"--•~·- · ··---- ·---l___,_ 

11•1't•ifoMWQ-~m_f\h-i•Lt_ ...... -- -··---.. ~---·;-··~- _ .. ,_. .. -.. -----·--:··· .. ---~·;fu;·th·; --th-~-~;.y-~i-Miilikan's oil drop experiment tp 
-- -·. ·-·-····· ... ~ Wh t is quantization of c. harge? Des - [41 
28. 12076 Set B Q.No. 6 a . . -. 

d t . the number of charges on :tn oil drop. . 1 , )f charge on an e lectron usmg 0 11 
e ermine . , . . M '\HklH1 detcrmtn •tl the va ue c 

a Millikan's Oil Drop E P mnent. 1 
. . . 

drop method "'hich is discussl'd he\nW . . ·rn to d •l ;rmine the cht1rgc _or1 an cl ctron IS show_n in 

The , pl'tirnentt1 l arri\1'V, ·1m'1\ t t\ st•d hy M1 ll ikt B , l t 20 m in dimnct r and 1.5 cm apa rt with a 
Fig, lt on i ·ts of h o nwl-nl ri1ni \n l' plnll'S A irnd cl mu 
small h )le Hin the l '\Hn of lhe upr l'I' pl,,k t\ . 

1 Ottbk , ;_ill ,d d1 ;11i1lwr 
Atomiser 

/ 

I,,, ... ... - - .. - . ....... ~- ... - - .... ,. - - - i.._._ - - • "' 

; .. ' ..... 
A 

Light 
E X-rays 

Clock oil 

Mictoscope 

Fig. Millikan's experimental apparatus 

The u per plate A is connected to a positive of high tension battery while . the lower plate B" 1s earthed 
or upper .plate is connected to the positive tenninal _and lower plate is connected to neg~tive terminal 
of high tension battery. The plates are arranged-inside a double walled chamber. 
Throu gh hole in the upper plate ·H, clock oil (a non volatile liquid) is sprayed.. by m eans of atomizer. 
These drops get chai·ged due to friction and carry a few electronic charges. The window W 1 (not seen 
in figure) is used to illuminate the oil drops by ,providing ,\nough light. The windmv W 2 is used to let 
X- rays pass in to the space between the plates i1nnder to ionize the oil drops in case !:he oil drnp are 
Eot ionized by ~iction. The microscope is provided with a crosswire and a micromete/' scale that 

. ~ . . 

the m.ot10u of the drop can be observed and measured. · . 
Th.eoryl: . . . 

Motion of °.ii ~op und_er gravity.a~one,: S~p~ose the electric field is not applied . As the oil drop fill 
under gravity, Its ~elocity goes on _mcreasmg. A stage comes when the viscous forc-e 011 the il dr p 
beco~es equa~ to its resultant weight. The oil drop now moves with a constant vdl. it 

I 
ill d 

temunal velocity. · . 
Let, r = radius of oil drop 

m = mass of oil drop 
p = density of the oil 

· cr = .density of air 

Then/ Volume of the oil drop ·;;: ± re r3 
' 3 

Weight of the oil drop (W) = 1 n r3 r,g 

Upthrust duet< the air U - . I f . . 
4 _ ' - WG1g Ho the air dis1:1la ed by the ,lrnp 

= ~ 7t r3 o g -

The viscous fo.rce on the oil dro in u )W ' , . . · • 

When the oil dr6p · . - ~ 1 at ll dir · ' tlt)n, F = JTC qr v 1 
'F + U == W l !; rnov mg w1th ~~rminal velocity v t, then 

I, 

6n1ll'v1+!nr3crg =~ , 
. ~, 3 7t r Pg 

' 4 
or, -3· nr3 (p ) 

6
, 

. - .cr g == 7t Tl r v1 
: .. (i) 

u 

F 

w 
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ELECTR O NS AN O PHOTONS/ 219 

r . . == 
9q V1 , 

2(p - rr)g' 
f(nowin g the va lues of p, cr, 11 , 

inndott,,r· d· (1 . ,-1 Theory 2: 0 ' a 1us o t le 01) drop n be r I ·· )At u . 

_Motion of the oi l drop und t 1 , 
such a d irection that fotce ll tr fl J f: A stron r, k'ctti ' fi<•ld is ctppli f· lwt 

on ll' I\Poot-i ,J I i J I l h . vcrtioJl upward din.' lion c-, c' fJ{ • , oi ror, t U<' to t "' 11 • tn 
• . ' 0 -v th. ' oil i 1 t i f d \·dtKily ,·1 in upw,,rd ti°rl'cth n ' n 1 • itt ·s UH v ng up on. an s ,c n 

Let, Ebe the streL gth \ f th, dcct ·it' fi ,} l A _ l , . 
oil drop in · l lt: dH p 

l WM i din.Ylion F., =: 

\ i: ou. for ' in h,, 'ff rahi dtJ'(' ~lie ll (F == 6n 11 . 2 

4 
\\' - l = 3 r' (~ - cr g 

f ,, + 
attain ,- rtl\ . Ml do it .., th n 

r, f ,, = -
4 

r, E = - r ?- p - cr)g + Err l1 r 2 

or, 

r, 

E = m1 r Y 1 + t 11 r 2 

_ 61t l] I" {\' 1 + 2) 
- E 

9 'l v, 
2(p - cr) g ... (ii) 

l'f"n th pJc tes in 
fi I I a s in the 
tatn te,rminal 

tro<.t, ti fore on 

u 

Kno ·ing all the quantities on the righ t hand side, the value of charge Q on the oil drop can b€ 
determinl•d. By repeating the experiment for diffe rent drops, Mi llikan fount that all charges turned 
out to the integral multiple of unique value of 1.6 x 10- 1qC, which is the charge associated with an 
electron. 
Im ortance of Millkan's Experiment 
i Millikan 's experimen t shows that electronic charge is the smallest possible charge on a chaiged 

particle or ion. 
ii. Millikan's experiment has proved the quan tiza tion of. charge i.e., a body ecm carry an int gral 

multiple of minimum charge e. The value of e is 1.6 x 10-19C. 

i.e ., Q = ± n e, where n = 1, 2, 3 ... . 
iii There is no direct method to find the mass of an electron . .l~.nowing the charge of c1n ele tron an i 

specific charge, the mass of the electron can be d e termined as 

e 1.6 x J0- 19c 
m ------ = 9_.11 x 10-31 kg 

== e/m = 1.75 X 1011 c/ kg 

29. §Q1s Se~ c o .N.o. Ga! 12068 Old a.No. W What.are cathode rays? How are they prod~ced? Me~tion the pr itie 

of cathode rays. · _______ (41 
! The invisible rays, •merging normally from the ca thode of a d ischa~-gt:~ 

tube, kept at a pressu.re of 0.01 nun of I:g and under . a very l11gh 
putenliaJ diffc:>rence of the onler of 10- 15 KV, supplied from ,rn 
inJuction coil are lallcd ce,1thode rays. Th 'Sl' rays are indep •ndent of 
thl' nt1turv 0 / the gas and their propagation is _ind •penden t of th , 

position of anode. . 1 
Propertiet- of Cathode Rays 
1. CHhoJ c rays are emitted normaJJy from th • surfa , of the 

cc1 thod c . 
2. C<1 thoJ c rays can penetrate small thickness of mat t •r StJl ,has 

+ + ♦ '' + ... 

shee ts of a luminum foii. 
3-· Cathode rays travel in s traight line and as t harp s hadows of th objec ts placed in the ir pa th . 
4 . . Cathode rays carry nega tive charge. S? th~y are deflec te(l by electric and ma1rnetic fields. 
5.· d k t 

0 

Cu.thot~e ·rays carry momentum an me -i~ energy , 
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. l •11 tl, -'Y fall U\JOn nrnttcr. . . . l . .)d 
E They produce heat w '\C l by targ •t X - rays elf proL uce . 
J . 1 .. , . , suddenly s toppe~ c ' 
7. When cath?L e iay_s a~ . : l ·' ras through whi h they pass. 
8. Cathode r~ys can ,01i1ze t ,e, g ' ., . ' J 

Tl ' ·"ffe t th• photogrnpht plat . , 
. 9. ,cy' 

1 
·t1 l/l0'h tJ,,.- ve\cdl of liBht. b l'k phosphorus 

10 Tl trav w1 1 " f ll rtain u s tan e. 1 · . ,cy ' . l n )r --s L'n , whe1' th ~y ·a nn ~ 
11. Cathode rays prOL u ' lll · '\ . , . . , . 
12. Cathode rn scan ' (' t"t \~\ ~ .l~nlll: -' ?1 css~~ · ... - · .. · - .- ... • phot~ele~tii~~·;q~iti~~-.. W~ite-· io"i; 

------·-- ·- ___ .. , , ...... -~-W~-t I photo I ctrlc effect? DI cu a Eln teln . e 
30. ~076 Set C Q.No. 6 _ 8 • . . . l4} 

applications of photoelectn effect. , , f ,1 , troM from metL l su rfo c when th • hght radiation 
a Photoele tri ff t. Th pt ) \ s of em1ss,on o •I t .· . ,f·fe l T h ·, cl ,clro:ns cm itl •d in thi pro ess are 

of suitabl fr 'q\t '11 , fa lls on it is call ·' d photm l:. 11 . 

all d ph ) ) le tron . . . , , t n 
. . , , 1 tt·· quat"ion· A(cordmg to Planck s quan u1 

Etnst m ph toe 1 
· . • ·l , -1 I ton of light 

f 1 ·· t· ' tl,'.) •"nerg nssocwted wit, eac 1 p 10 th u o ra .1 ia 10n, ~ , V 

with fr~u "ll f is ~iv n b . . 
E = hf, whet"' hi th Planck's constant and' f is frequency of ~h_oton . 

\ hen a photon of energy hf is incident on a metal surface, it is used ~ Metal surface 

in n o wa :.. : . •,1,• . i to knock out ~n electron from surface of m etal. The minimum 
a. A part of tlns energy "' is use1... . 1 . ti 

energy '4>' required jus t to liberate an electron from the surface of metal wit ,out impar ng any KE 

to it is called work function of the metal. . 
b. The rest of the -energy is used to impart the KE. of ejected photo electrons ~fa~ -H m 1s the mass & v 

is the velocity of the photoelectron after the emission, the KE o~ the electron 15 given by, 

1 
Ei.. = 2 mv2 

Thus, the Einstein photoelectric electric is 
Energy of photon= work function+ kinetic energy of emitted elecb·ons 

or, hf=~+ Ek 
1 

hf=~ + 2mv2 

Energy of photon= work functi01i + K.E. of emitted electrons 

This equation is known as Ei1Lstein 's photoelectric equation . . 
Some applications of photoelectric effect 
Photoelectric effect (photo-elecb·icity) is used in photoelectric cells called photoce lls . A photoel tric 
cell is a device which converts light energy into electric energy . There are three types of photo kctric 
cells; photo.,.emissive cell, photovoltaic cell and photoconductive cell. They are u sed in TV cam rc1, TV 
receivers, cinema~ography to re-produce _sound, photography as exposure m e ter etc. _ 

31. ~01s Gt~QN~.-s~ De;~~ibe Millik~~-;-~·-exp~ri-~~ntt~-determine· th~·~ ;,~;-of ~P·i~~k~~ -c~-~;t~nt. Explai~hoW 
Einstein's photoelectric equation is verified from this experiment. [41 

a. Phot~electrk effect: The process of emission of electrons from m e tal surfa e when th ., light radi, tioll 
of smtable frequency falls on it is called photoelec tric effec t. The e lec tro ns mitted in this pro 5 are 
called photoelectrons. 

Einstein's ph~t~ electric equation: Ac ording to Ph nck's quantum 
th:0_ry of radiabon~ th energy L sso iated with e, h photon of ligh t 
with frequency f is given by . 
E = hf, wl1ere h is the Planck 's on tant and f is frequen -y 
photon. · 

~hen _a photon of energy hf is incident on a metal surface it is used 
m two ways: ' ~ 

y 

·· ············· 
Metal surface 

a. A part of ·this energ 1,1, 1 · , • :l k k · • ·01vJll 
'"'' . Y '+' 18 usec to noc out an electron from surface of metal . The nnfll "~ 

energy 'I' required · · 1 ·b · v f'I' 
t ·t . ll .J . Just to 1 erate an electron from the surface of metal without imparting an, 
o 1 1s ca et• work function ofihe metal. , , ' · 

• 
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ELECTRONS AND PHOTONS I 221 
__ ;;, r· b. •The rest of the-ener,gy is Used . _ ~. , _ _ . ,, . 
, · . . . · to tmpart th KE of ejected photo-electrons- (E1,,.). H m 1s the .mass & v 

is the velocity of the photoel . · , . , _ _ .!. 2 . . ectron after the emissl(ln, th , KE of the eleclTon 1s g,ven by Ei.. - 2 mv 
Thus, the Emstem photoelect . _ . . · 

f n equation 1" 
Energy o photon== work fut . · · 

- l f A, ' lion kinetic enero of umilt"d el• trons or, 1 == 'l-' + E1,,. t-. " '" 

. 1 
or, hf = <j> + 2 m 2 

. . 1 
or, hf == hfo + - n 

h h 1 T = ~ + -m ,2. 

· Enercr\ of ph ton = ·voi-k fu1, •tt· . K E • 
--o; . . c on + . '. of enutted electron~. 

,n..isem1 tio 1~ kno vna E' . · , 
1 1

1. ~:~ • .. • • s mstem s photoelcctnc eq11atio11 . 
Expenmental r rif1cation of Einste1'n's.Pl1ot I . tr· E . • 

~ · oe ec 1c nuss10n · 
{illikan pert, rated an e perirn"~nt t 'f E' . 1 . · & · t . l t · · . '- o ven v mstem's photo e cctnc equation nence o ue ermme 

the alu.,e f Planck's c t t Tl ·· · · · 1 

• , _ ons an • 1e experimental arrangement has . been show,, in the figure. It 
con.SlSts tan evacuated. glass t1ask with window and a rotatin r, ~ heel W. The alkali metals like 
li:tbium, d_ium and potassium are lJ.Sed to emit the photoeiectron; 
These metals are connected with a rotating wheel W which is made 
cathod~ b ' c~nnec~:.ing it with· negative terminal of battery. A knife K is 
-connected ,v1th· tlus to clean· the metal surface. A radiation· of suitablt2 
frequency falls on a ·given m etal surface at a time through window cf . 
an evacuated glass flask which emits the photoelectrons from the meta. i · 

• I 

surface.. These photoelectrons are attracted towards the anode and we 
can se~ the anode current on the galvanometer or ammeter cmmected 
toil 
Theory; 

L1gl . 

w 

' "" A j ....__ I 

i · I 
~ 

Let nega~ve potential to the anod e increases wi_th the hel p of rheostat. The negative potential a t 
anod·e repels the electrons reaching to it. On increasing the negative anode potential, .-anode 
.current decreases . At a certain: negative anode potential the .anQde current becomes zero called 
stopping potential. The frequency of incident radiabon 1s changed by color fiHet a11:d- the 
corresponding stopping potential ·Vs is noted. A set of observations i s taken fot different values 
oi incident frequency and corresponding stopping potentia L 

At stopping potential, ,ve have . 

1 
e = -mv 2 

s 2 

Since the pho to electric equation is, 

1 
2rnv2 = pf - cj> 

Thus, eV
5 

:;:::; hf_ 4> 

. h "' ·· Y =- f-~ 
~ f' (' I 

This equation represents a straight line between sto~~ing potentia l V~ and fr quenc./ f incident 
.radiation f [ i.e ., of the form of y == m x ~ c]. ~ 1en M1lhkan plotted an expen~1ental ~raph ?etw _en 
stopping potential and. frequency of incident hght'. he _fo und _t,h~t the nature :of graph ts str~1?ht }me 

, With _negative intercept along y~ax is_ 1:~s shown ~1 figure . 1 lns st ratgh l 11111: grnph ~entie.s the 
' Einstein's hotoelec tric equation . Mtlhkan ex penm enta ll y foun d the slop -' of the strn1ght lme m 
, :::: tane = hj e implies h = e tan0 == 6.62~ x Hl·34Js . In thi .s way, E~.nstein 'photoele tr ic equation is 

~ and value 0~~ consta~,t 1s calcu la t~~~ ·-- · --.-- ____ -----:;-:- ·--·_'... _ _ _ _ _ 

; ~. ~Set A a ."No. st>l,Oiscuss· J.J Thomson s experiment to determine the spec1f1c charge of an- electron. [4] 

}: Dete~mination of specific '·charge ; of an electron by J.J. Thomson Method: The apparatus 

~esign~d -in J.J. Thomson method consists of a discharge tube containing cm~cave cathode c & a 
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... (i) 

rcn e o) is appli · d betwee~ cathode and cyl_ind_rical anode, t 
r d and gc in a v locity v whose kinetic energy IS gJVen by 

m gnetic and electric fields are applied perpendicular to each other such that the beam 
eJ.e~a-oil not bend, then the magnetic force and electric force are equal. 

., Electric force = Magnetic force _ · 
or, = E 

E 
r, = B 

ere, Eis the electric field intensity and Bis the magnetic field intensity. The el~tric field E · gn­
E= / d, where V is the p.d. between the plates P, · and P2 & d is their separation. Then, 

equation (i), · 
E2 

' ~:: 2B2 Vo 

e V2 
f ro -2B2d2 v 0 

By k.nowu.llg the value of V, B, d and Vo, we can fini value of-e/m. The value of e/ m f )r' an elt.>C · 
fr m J.J. Thomson method is l.76x 10 11 Ckg·1• This ratio of electric charge to ma of an lectr( · 
called ·t.s specific charge. 

~3. ~p;5 S! B Q,No. 6~ 12;::;.0::._7.....:4:::;::S:::;::e :::;::t =e=a:...:.N:::-o;;.::_=-6=:;-al 12011-·set D Q.~o. 6 aj' @o69-~t-A)-a~~~-6i~oss C n. Q, 

Desor:ibe ~e theory of Milikan's oil drop experiment to determine the charge of an electron. 
Plea ~ r f r to @076 Set B Q.No. eaj 

34. @14_ Supp· a. - 0 ~ ~ What ,--~photoelectric effect? Expl-;I~ the effect oilncrease of (i) f~que~~y-(ii) int 
of the 'ncldent radiation on photoelectrons emitted by a phototube. 
The pr · of _ni sion of 1 tron · from a m "tal surfo wh 'n th , li)?.ht r h tion ·uiMbl ' 

, fr q · "'n y f ll n 1, 1 lle.d hoto I trj ~ff t. h le tr ms t.•milh.1 in this pr ".' " · ,-\JI 1 

P,hc toel tr n ' nd tJ urr nt >f the ,J tn n j, ll -'d I hoto un· 'nt 
Einst ht' photo le tri equatio , : A mding t( Planck's 
quantum theory of radi tio111 tJ1 ) ll >rgy al-is i t d ith ea h 
ph ton of Ii l, t with f n ,qu ,, y f is giv •n by 

"" hf, wh re h i th ' Pl n k' on tant "no f i fr qu n of 
photon. 

Wh n a photon of nergy hf incid nts on m t 1 surfo , it is 
u -'d in two ways: 
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A P rt of lhl-. 11 ,•r<1y l,j,I • { 1 ·r, 111 1· , imum a. ' ' . . ~ If' J. u u to ,11 ck HJ , n I ; ·tro fr, n . o m,·t, . 1 . 
..,, (,ry, q, ' I JU1r u JU. I , lib let' J ·I ro fr , 1 th . urf . Hh ,u t irnp;irting ny K 
1,, Jt1 ,1,1 ll ,• l wn r fut lt fi ( J ,·ftl 1 .. ,. 

' ' 11 l 1I,, . 
b. I It ' ,., , lf ~h ' ' ,·q~ i." u l I , II I r t tlw E l f •J, ·t,• I I holo- ,J ' tron 1-~ . If ll1 is ti, . nMss & v 

1.., th · w h ·, t ' < f II • I h I f · ' t... · 
1 

· ' lron. l 11 11· tJ, • t•ttt1i,. J m, tl w h, ff h · Pl •nn,n t 1~Jv,·n 11Yi 

• 1. 2 mv:! · 

h11 , th '1-in, t •11 I I ol <'I , t i 
,wrg~ ,t ph, ,t m 

f (1 111 II , I " ' •rtmn 
or, hf • ~ L 

h • 

li ll1 mill •u I ~ Ir< n. 
stci 11 ' lri '(fll flliOII . 
tal d •. n >l hit .. ,, ity ,f Jigl t. , 
r · lion th • n Jrgy f the photo I ,. tron J •pcnJ pon 

id ,nt r di, tion u no int n Hy of raJi, tion. lf the fr '(.jUency of th • 
ra '-''-"';,,\,;., in rgy < f th phot J tron in rea 1s and int nsity of photoe m, 
rem But th kin · rgy r main sam , and int •nsfry of. photo I ctrons increa. rm 

· in fin ident raJiati n . ----
i;.;,_ ____ .N_o_. _6_,bl 12012 Set o a.No. saj Discuss photoelectric effect and derive Einstein;; photoelectric 

. hat is stopping potential? [4J 
art : PJ t !2074 Supp Q.No. ag 

nd Part Pl · • r f r to 12058 Q.No. 129 

. @73 Sup,p a .No. 6aj 12070 Supp. (Set 8) Q.No. 6 al @054 Q.No. 1ij Des~ribe·~~-;xp;~i~entt o -dei~~ine the 
pecific charge of an electron. [4J 

Pl a · r f r t @075 SetAa.No. sW 

l7. j2D73 Set c a .No. sat Explain photoelectric effect to write Einstein's photoelectric equation. Describe Millikan's 
laboratory method to determine Planck's constant. · [4] 
Pl as r fe r to !2075 GIE a .No. sg 

38. go73 -Set D a.No.- 6dl De~cribe the -.laboratory ~~hod to det;rmi~e.-th~--~~~~ific charge of an ~,;ctr~n by J.i 
Thomson's method. · [4] 
Pl• r f r to @075 Set A a .No. eg - . ----- ---

39. ~012 supp a .No. sij Describe an experiment to determine the ratio of the charge to mass (elm) for an 
electron. Show how the result is derived from the observations. · [4] 
Plea · • n f r to (2075 Set A a .No. eW 

40. [g12 set c Q.No. 6~ Des~rlbe with necessary theory of Thomson's method to determine specific charge of ~n 

electron. ---~--::-:-, · · [4] 
Pl as, r f •r to ~075 t A a .No. eij _ __ _ ~- _ ·-- _ _ _ 

41 . @_12 Set e a .. No. ss4 067 Q.No. 6 Explain Millikan' experiment for th verification Qf Einstein's 
Photoelectric equation. . (4) 

... Pl , s J r f r to 075 GI a .No. e 
42~ 1 Supp a:No. 6~ Verify quantization of charg U Ing MIiiikan' oll drop ~xp rim nt. (4) 

Pl as<.' r f ,; t 2016 s t Ba.No. 6 1 

43· §1 Set C ·a.No. 6 al Di.scu 9 "the motl~n of an el ctr~n In i uniform ml-gnetf~ fi;ld and ~ho~ that if~ f~e;· 
electron moves at right angle to a magnetic field, the path I a circle and the time period of revolution is 
independent of the speed of the electro~. [4) 
0 fl ct ion of el ctr on in Magn tk f 1eld: 
u~p . • b l l of 1 tr ns 1T\ ving with v 1 ·ity v enter into a regi n of uniform m,,gnetic tield B 

~lurh L{,j p rp ndi ular t th. moti n of 1 trnn a · hown in figur . Th ~n, for e on Jc tn 11 in tlw 
f 1lu i F • B v . h is f r 1 p •rp ndi ular to both B & v a11d dir tion < f the for , iq gjvt•n by 
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22'4 1 A COMPLETE NEB SOLUTION TO PHYSIC • XII ; . 

· . l • in circuiar pa'tl,. lf ·m is the mass f 
·. Fknting's left llcmd rul •. Du' to tins, thl' e e tron mov . . . . . " he force Bev . o the 

elect1x1n & r be the radius of its ir ·ular path lnsid the magnetic field, then t provides the 

necessary entripctal for ·e. 
Thus, Magnetic fm e ~ cnh·ipetnl fm''C' 

m 
or, Bev =-­r 

l llV 
r, r . =s 

, ": .-- .- ~. "' ."'\ 
' · .. : . .. ... . .. ' 

I• • • ••••. • . : : : ~ 

:- . : 
.. . , ·/ 
' ... · . ._. ~-.:.. "' 

- th, m agn •ti · fo 'Cl' a l·inr ot1 tlw movll1 ~ 
c::.'C mes ·i ·ul r ilh ril fa\s t 

le trc;m acts tang ,_ntl, Hy, t c mo io o the electron 

n 2 
r0 ) el', . :e· = - .-

n v 1 u·ro n = -=.- -- (0 0 .' V = rro 
r 

B 
(l)=~ 

~ ' h 1r uen _, of electron ~novi11g inside the magnetic field is given by 

m B 
f = 2rr = 2 itlll 

Al , the time period (T) of electron moving insid,e the magnetic field is give-11 by 

1 2mn T --- -- f - Be 

Hence the frequency (f) and the time period (T) of_ the electron in the circular path is indepenrient oi 
the speed of electron (v). · 

44. j2070 Sup <Set A) Q.No. 6 a! Discuss the trajectory o"f a charged particle when . it is moving in a un· Olm 

,magnetic field and hence discuss how the specific charge of the particle is obtained. 
'8. Please refer to @o75 Set A Q.No. 6~ · 

45. 12010 sup (Set A) a.No. s di What is work function of a metal? Does it depend on the intensit,t cf in • 
light'? Discus·s Einstein's photoelectric equation. · 

a. The minimum energy of incident photon m, radiati.on required to libera te an eiectron from me · 
sUiface without gaining any kinetic e11ergy of emitted electron is called work fw.1etion of a metal. This 

is denoted as <I> and given as ~ = hfo, where h is Planck's constant and fll is threshold frequency of a 
~~ . 
No., the work function of a metal does 11ot depend on the intensity of incident of ligh . Jt is con tant 
for a metal and different for different rne~als. 
Einstein's photoelectric equation: Please refer to @075 GIE a .No. 6ij 

- -:;:::;=========================-·--·--· ----·----·••-·····•···--·-·--······•····- ... --- .. 
46, j2os9 supp Set B a.No. s ~ Describe -J.J. Thomson's experiment with necessary theol)' 

determination of specific charge of electron. ' 
&. Please refer to @075 Set A_ a .No. 6ij 

47. 12069 Supe Set_ B Q;No. 6 <4 Explain photoeleci-ric effect and present the necessary theory t determine the 
value of·Planck's constant. [~1 

&. Please refer to @075 GIE a .No. eij . 

48, 12~69 (S~ 8) Q.~o. _6.3 o~·~~;u;; ,Ji"1mka~;; -~,,-dr~,;·;~p~ri;~~t ··~i-t ~- n~~~~s~ry th~ory. Esti;at~ th-e-;pde 
charge of an electron from it. . [4] 

_:a: - ~~~..?!e refer to !2076 Set B a .No. 6~ _ _ 
49. -@0~9 (S~t-A) --Old .. Q.N~. 8~ What ·,s photo;iectri~ effect? Derive . Einsti~n's photoelectric equ~ti~~~ Oefi11e 

various terms used In it. · [31 

~ Pho~oelectric effect and Einstien's photoelectric equation: Please refer to 12076 Set ca.No. 6q 
Vanous terms 

l. Slopping potential: The tninirnm~1 retarding p~lt ntial «pplicd to th ., anode at which photoelectric 
current becomes zero is u i t · · l · · · we . · . ca et. s o~pmg potenbfl -a.nll denoted by V0. Stopping potential Vo stops 
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photoelectrons with maxinuun k . · · . ' ELECTRONS ·ANo· PH·o ·~oNS' 225 
's inass of einitte :i 1 · tnetic cmer · · · · ,.,.I If nll ~ l P 1oto "lectr gy reaching th " anode and hence name stopping potentt.a · · 

. on and v . . . 
K , . "'a~ 18 its maximum vclo ity, th n · . . . 

. t."11 ~~ -~ e V .I • · n "' -111 v2. . • · 
Ii ' work funct10m The tn inh 1U 2 lllll' 

. . . . m t·m ro '"'' , . m-etal without 1mpartmg nn K :; oY, 'l' 1 quued just to lib rntc an el 'cttqn from the surface of 
gtven as$ = h fo, ·h r, f0 hresh l /; it 18 'all d vmk fun lion , f th · m .tal. ft if7 Jenoted by <P and 
Threshold fte'quency: Th t'l:ll. . · r qu il y. 3, . llllht.Jm f , . 
w,tll zero velocity) from th u f qu t1 Y of in id nt radintloh relJtlired to(1ect an electron (1.e., 

.. r cl nf t'l . l . corres oll ll\ a I n th i , , · l] a r etE1 ls known ns threshold tr •quen y (fo) for that metal. ·n 1e 
fr u n i s. ' luminatiort (if'· l~l _li ll'lreshokt wnve 1,11gth. Diff -•rent m ,t, J[-j haVi dmerent th reshold 

, ~ tlrf'l 1 - • ti 1. 1 }lh toelc tt ns. \'. e Wt 'l 1g 1t of f requ n ·y I ,s thc1n fn will no-t cause 'ection of 

~6'8 Q,N ' 6 ~ Describ-;the,phe;,-0~-- ,:; -.. "- -·-·-·- . ···--·-·· ..... --- --- •· .. - -- ··-· 
ectri Di charg~ thr h 8 on of ele~trical discharge through gas&s. 

oug ~ases· o 1 1 n c du -eh~ctr citv <1nd 1. 
3
l . · 1 noi·ma pressure, gas d<.rs 

•· O<.' ,aves ·:1 lmost lik · J I th nreS 'Ure "t.. f ,Yas i . , i ~ 
1 

.. • , e ms u a tor. W ,en 
, r <: • 1 e l tlLct . ·u,d 'l 1 · . 
n~ar · b ut OkV r cm it t t c ~ P,P ymg very high voitage 
fl tr· ,i 1-' '." s ai _stoconductclectricity. Forthe study 
_ rec h IC -~C ~ar~'. .a gas 18 taken in a tube and the· tube called· 

~ t ~c :arg~ . u e. isc~1ar~e tube is a glass tube of 30 cm to 50 cm 
length & 3 u11 to S cm rn d iametei· •-,.-1 t b. • • · 

d tl d C
.

1
_ . · 1e .u e contams an anode A 

an a ca 10 e ov making res " t . 1 . . . . . 

[4J 

• • , • J • • pee 1ve y positive and negative 
temunal of tne induction coil (10 kV to 15 kV) -r1 f · · d - . 1 1e pressure o 
the gas msi e the tu be can be reduced. with a vacuum pump. The 

I ~~ To vacuum pump 

walls of the vacuum tube are coated with fluorescent material , Fig. Discharge IUbe 

When t.,e pressure of the gas is reduced, following results are obt~iI1~4 at different ressures. 
Pressure above 10mm of Hg: When the pressure is above 10mm of · 

Hg, the electric d ischarge does not take place. It is so b~cause the 
ions ,u1d electrons are unable to reach their collisions with gas 
ato~is due to low m ean free path. · 

. Pres~ure . at 10mm of Hg: When the pressure inside the discl1arge 
tube is reduced to 10mm of-Hg, discharge takes place. Its .path is 
zigzag with cracklin g sourid and bluish iI1 color. 

Pressure at 5mm of Hg: When pressure of tube is reduc~d to 5 mm 

of Hg, the blue streaks broaden out in to a luminous colu~nn which 
, is bright and steady. The fo minous column is called Geissler' s 
discharge. -111e color of discharge depends on t~1e na ture of the gas 

taken. 
ressur~ at 2mm of Hg: At 2mm of Hg pressure, a luminous 

.column appears from anode which extends almost to ca thode 
called the positive column. Colour of the discharge depends upon 
the 11ature of the gas. For e.g., it .is red for air and blue for hydrogen. 

Pressure ~t 1mm of Hg: When the pressure of gas is reduced to I 

.tnm cJf Hg, positiv c:olumn detac ,es from the ca thode and shortens 
towards -anode. A Jue Juminous glow ap pears nt the rn thode 
called negative glow. The spci e between positiw ·olumh & 

· negative glow is comparatively dark called Faraday's dark space. 
~ressure at 0.5mm of Hg: When the pressure of gas i. r-d uced to 

, 0:5 mm of Hg, the nega tive glow leav s the cathode and moves 
,towards the anode. At the ca thode, c t the same time, another glow 

Nogotivc glow 

Called cathode· glow appears. A dark space between negative glow • . 
a ~ all d r ok :.' s :l k . , C'a1ho<lc glow 
c nc, cathode glow_ is appears c, , e ~ ro e · car space. 
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?'2 f C O 'MPLE TE .N EB SOLUTJON TO PHYSICS - XII 

Pres ure at 0.05 mm of Hg: At 0.05mm of Hg pressure,· the po itive 

colum n sho rtens and breaks into alternative bright and dark space 

· ~ called striations. 

Pres!'> ure at 0.01 mm of Hg: At 0.01mm of Hg pr sure, triation:, 

Far,id ay's da rk space, negative glow & cathode glow are d · c1pp --ar I. 
The •whole tube is filled wi th Crooke's dark pace. The.i the cath le 
l'mits in vic;ibl C' radiation. towa rd anode, called cathode ra_ - Wh en 
they ar_e allow ,J to fa ll on fluoresc~t coating of the glass tube, 

fluorescent light is pr )duced . 
Pressure below 0.01 mm of Hg: When the pre sure · reduc l bel "' - 1 mm 
bl'hav •s lik , a vacuu m tu be & it is impos. ible to m aintain di!; harcw ' . Th ii, ·h H 

pressure of 10-4 md, of Hg. , 

51 .1 2067 Sup a:No. saj What is photoelectric effect? Discuss Ein ein's Pho o-ele ric u ti n. D th work 
[ +2+1) function of a metal depend on intensity of light? 

a. First parts: I I w,l' rd •r to 076 Se C a , o 
o, thew >rk fun lio n c ( , m tal d ~ fl( l d • nd , n 111 •1 ,,,., It h 

52. 12067 Old.Q.No. aaj De~crlbe J.J. Thomson' 
a Pl ase r J r lo 2075 S t A a No. 

53. 12066 .. Supp a .No. 9 oij Describe with n c n~r.a ru 

electron by J.J. Thomson method. 
~ Pl, St:' rl'f ·r lo 207 ---......;;..;;..;.;..;...;:..,;.;.;::...,;;,:J 

54. 12065 Q.N~·: 9 OR! 0 
~ Pl 'as · r ,f ~r to 207 __ ..;_;;,..;;..;.;..;..=-.,;.;.;::_~ 

65. l:l064 ~ .N . 9 '' '" 

method to d 

56. 2063 Q.N . 8 

on oil drop. 

57. 12063 

perio 
. l le,1. ' r •I L'r t 

,n 

od 

n' 

ci 1c ch 

t 

n I tr n. [4] 

' ' 

rn ( /m) of n 
(4) 

(2+2) 

f J.J. horn on'e 
[1+3) 

numb r of charge 
[4] 

circul r. Pro e hat frequ ncy and tim; 
[41 

ss. 12 . a) Write do~ Eins~in- p ~ ;.ectr;c ec1uatio 
Pl t ) n °nd e cribe an e periment to erify it. [1+3} 

;;_ ~~o . . 

_ Ple B 
6°' ~ Ex,: p~la-;=in=:t:he=-:p~h=en=o=,m~en- a_o_f_d-,· -
'&. 

_,... 
[4] 

--ro gh gases at lo pre sure. ~- [41 
' .. 

princip•t 
e de rmination of e 

[~ 
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I ' • 1 EL TR N N H T N . 

di@!i®•fflbMuM -·---- ·---- _ --· ---·· 
;;-~~et ~ ~S~o. 1~sij ~069 (Set B) Q.No. 1~n i~n ·for which th; ch rge p r ~~it"~ -~,; 4,40. 101 c/kg hos 

vetocrtyfothis· orbx ,·t? ms aod moves in a circular orbit In am gnetlc field of flux d nslty 0.4T. Wh t wlll b the 
radius o · · [4] 

501ution . 
Given, 

a,arge per unit mass of ion, - . 1 l m == 't.4( 

\ ciocit) of i Hl ( ) = .. - x 1 m /_· 
Magneti flux d en ity B == 0. T 
Radius of orbit r) == . 

\ e know that, 
m , . 

to:- / kp 

r = Be = --, = 0.-1 = 0.02 m· 
B -m 

~ 5 GIE Q.No. 1oaj 12068 Ca-;-Q.No. 1oilws~a.N~~-8--b-Orfr~~ pi~~~·• ;;,~t~l -plates 4 cm long are held 
horizontally 3 cm apart in a vacuum, one being vertically above the other. The upper plate is at a potential of 
300 V and the lower plate is earthed. Electrons having a velQcity 101 m/s are injected horizontally ~ldway 
between the plates and in a direction parallel to 4 cm edge. Calculate the vertical deflection of the electron 
beam as it emerges from the plates. (e/m for the electron= 1.8 x 1011 Ckg-1) · (4] 

Solution · 
Given, 
Potential difference (V) = 300V 

Separation between plates (d) = 3cm = 3 x 10-2111 

Velocity of elech·on (v) = 107111/ s 

Length of each plate (D) = 4cm =? x 10-2m 

e 
- = 1.8 X 1011 C kg-1 
m 

Vertical deflection (y) ::::: ? 
Now, 
For vertical motion of beam of electrons, we have, 

1 
y = - a t2 

. 2 

1 F 
= - x - x t2 [·.· F = ma] 

2 m 
1 exE 

= - x - x f ! [·.· F = e.E] 
2 Ill 

l e V 
= 2 m<l X t 2· [ ·. · E = -~o 
= l. X _ " X V X (D).2 [·.- t = D] 

2 m d v v · 

1 300 (4 X 10-2
)

2 

== i X 1.8 X 1011 X 3 X J0-2 X 1Q7 

= 1440 X 10-S 
Y == 1.44 X 1Q-2m ' 

D 

l 
\-=-

T 

---~ehce, the required vertical dcflc tion is 1.4~~ _10-: 1~~ _____ _ __ _ -· ~· . _ 

65, gQ7s. Set A Q.No. 1 ow A clean nickel surface of work function 5.1 eV is exposed to Ilg.ht~~, w~~elength 2'is·~·; :· 
· What is the maximum speed of the photoelectrons e~ltted fr9m Its surface? •. [4] 

Solution 
, I 

Given, 
Work function of. nickel (4>) = 5.1 eV = 5.1 x 1.6 x 10-19 J == 8.16 x JQ- 19 J 
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.228 1 , A COMPLETE NEB SOLUTION ro P H,YSICS • X II 

Wavele11gth (A) · = 235 m11 ""' 2. 5 :>< IO-" ll1 

Ma imunt speed ()f em~tted el ctrons (v), = ? . 
\Ve have, from Einstein ' photo •I :>Ctric equation, 

1 
hf = cp + 2 mv2 

nr, 
1 
-m 2 
;... 

1()- :14 3 X ll)R - H 16 X 1(1- lll = 2. 1 X H)-20 J . 
~, r.; ._. 1()-'l . 

]0-20 
)-,i l :=· L.5 X f (r Ill / , e 

! le tron n ~vin·g with a peed of 101 mis i passed into a magnetic field of inten ·ity· 
G. • diu of the path of the electron In Ide the field? If the trength of the magnetic 

el i radius f the new path? (elm = 1.8 >< 1011C/kg) 

•fution 

r) ::: 10- m .J. e 

itV (B) = 0.1 T 

' 
l ·ifi t dtg of •l~ tron (~ ) = l.8 >- 10n .., kg-' 

a iu, 0 path (r 

' hav , 
107 l lV =- =---

B ~/ m e lU x 1.8 x ·1 011 = 5·6 x l0-
4 

rn 

A ain on doubling magnetic field, 
mv v 107 

r ' =~ = B' e/m = 2 x 0.1 x l.8x10:1 = 2-78 x J0-4 m 

. ~075 Set B .No. 1oal Sodium has a work function of 2 eV. Calculat~ the maximum energy and-speed o 
emitted electrons when sodium is illuminated by a radiation of 150 nm. What is the threshold frequen 
radiation for whicn eledrqns are .emitted from sodium surface? 

Solutio · 
Given, 

or function (<P) = 2 eV = 2 x J .6 x 10-19 J 
Maximum Kinetic Energy (K.Ena x) =? 
Speed of electron (vmax) = ? 
TI1reshold frequenc_v (f11) ~? 

Wav length of light {11.) = 150 nm = 150 x t0-9m 
From 

Einstein photo-electric equation · 
hf = 4> + K.E,,1.ix . 

{~ 
or, .(.E.nax .,: h:- - /4) 

. I . 

Vmax = 

_ 6.62 / 1 O-J~ x ,,, x -, Oil 
- }5Q x 1()- ';1 - L ',< 1.6 X 1()- I CJ 

""1 .004 :,t JO-lHJ 

2 :.< 1.004 X JO- Ill 

9.i X J(}- I 

= 1.483' X lQ6 tn/ S 

Again, F~r threshold frequet~cy 
</> = hfo 

cl> 2 X 1.6 X lQ- 19 
or, f0 = - = ---:---:-:---.:::..::~ h 6.62 x 1 Q-J4 - ,J.8 x J 014 Hz 
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· · I 229 ' 
ELECTRONS AND PHOTONS . 

~PP a.No. 
103 C~lculate the p;;t&nua1 difference to be maintained bei,.;en ~ horizontal condUctl~ 

, plates _s_ep~ra~ed by a ~•stance of 10 mm so that a small charge~ oll drop of tnass 1.31 >< 10-14 kg wil! remain 
in equ1hbnum. Charge in .the oil drop 116_4 >< 10 .. 19 C. i' (4) 

solution 
Given, 
potential diffe1·en (V) c::: • 

Oistan e ~1etw -'n Pl tes (d) == lO mm == 10 >< . io~a m 
Ma s of o~ ~lrop (m} == 1.31 x 10- 1-1 kg 
Charge ot oil drop (q) = .4 · 10- 19 c 
Fro~n questi_on, at equilibrium posit•on of oil drop between the two plates, 
Weight of oil drop == Electric force acthtg on it 
mg =q.E 

V . ·· V 
or, mg =q.d [": E_=d] 

or, V 
m . g.d 

q 

:: 
1.31 X lQ-l4 X lQ X lQ-3 X lQ 

6.4 X lQ-19 

= 2046.87 V 

69. µ014 Set A a.N~. 1oaj An electron moves in a circular path of radius 20 cm in a uniform magnetic field of 2x10 
·3T. Find the speed of the electron and period of revolution. Mass of electron =9.1x10·31kg. (4) 

I 

Solution · · 
Given, 

Radius of circle (r) = 20 cm= 0.2 m 
Magnetic field (B) = 2 x 10-3 T 
Velocity (v) = ? 
Frequency (f) = ? 
We have, 

mv2 

· Bev=­
r 

Ber 2 x 10-3 x 1.6 x 10-19 x 0.2 · 
or, v =-~ = 9.1 x 10_31 = 7.03 x 107 rn/ sec 

Again 

Be ( mv mwr ) = -- Be = - = --= mw = 21tfm 
2mn r r 

= 2 x 10-3 x 1.6 x 10-19 = 5.6 x 107 Hz 
21t X 9.1 X 1Q-:l l 

.._____ - . . . - --- -
70. @14 sets a.No. 10~ Radiations of wavelength 5400 A fall on a metal whose work function is 1:9 eV. Find the 

energy of the photoelectrons emitted and their stopping potential. Planck's constant= 6.62x10·34 Js. [4] 
Solution 

Given, 

Wave-length of light()~) = 5400 x 10- 10 m 

Work function (<I>) = 1.9eV = 1.9 x 1.6 x 10--19 J 
K.E. of photoelectrons (EK) = ? 
Stopping potential (V) = ? 
We have, from Einstein's photoelectric equation, 

hf==$+ EK 

6 62 X 10-~ X 3 X 108 
or, E == 1 .£ _ _ · · -1.9 x 1.6 x 10-19 

K 
1 A <I> 5400 X 10-10 

EK== 6.38x 1~20 J 
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2• Q I A COMPLETE NEB SOLUTION TO PHYSICS . XII 

r, 

r, Vs= 

, ,) = -19) 

on (f1) 0141 lz 
tQ-19.J 

2) . 
= ? 

Prom ·i quation, 

E1 = hf,- - .. - (i) 

an fa!=hb-4> .. ( (ii) 
On u.'btracting quation (i) from (ii), we get 
E2 - E, = h b- ,) 

E2-E1 8.93 10-19 - 2.31x1Q-19 

f2 - l = - h- = 6.62 >< 10-34 = 10 x1Ql4 Hz 

or, f2 = 10 xl014 + i, 
= 1QxlQ14 + SxlQ14 = 15 xlQ14 Hz 

C 3x1Q8 
.' . 1\,2 = b = 1Sx1Ql4 2.0xl0-7 m 

• 

(4) 

12. ~073 Set c Q.No. 10§1 An electron having 500 eV ene-rgy enters at right angle to a uniform magnetic filea 
1 esla. lf its specific charge is 1.75x1011 Ckg·1, calculate the radius of its circular orbit. · · { 

olution 
Given, 

1 
Energy, 2mv2 = eV = 500 eV = 500 x 1.6 x 10-19 J 

2 X 5()() X 1.6 X lQ-19 
or, v = 9_1 x 10_31 = 1 .32 x 107 m/ sec 

Magnetic field (B) = 10-4 T · 

Specific chp_rge ·(e/m) = 1.75 x 1011 C kg-I 
Radius of orbit (r) ~ ? 
We have, 

f = ~ = y _ 1 .32 X JQ7 
Be B . /m 10-4 x 1.75 x 1011 = 0.75 m 

73
· ~

073-5;~ ~Q.N~. ~;;~ 400 nm·w;i~.1engih oi light i~i, ~n a photo sensitive material of mri.· fun~lion 2.3 ;v. 
ompu e maximum ·energy of photoelectrons · (4) 

Solution ' 
Given, 

Wavelength (/\.) = 400 nm = 400 x 10.9111 

• Work_ function (4>) = 2.3 eV = 2.3 x 1 _6 x 10_19 J 
Maximum energy (Ek) • ? 

We .have, from Einstein's photoelectric equ t· . · 
hf 

.a ton, 
=~+Ek · 
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1. 

Mi l 
i\ '11 , 

\ 1 )r fun tit ., (/l :::: 

, 1.6 H -·, J == , . 

- 1 ~m.i,) ::: - tl\v.l. 
1n,1 

fa ximm = 

\\'cl\',, 'n\. t 1 :::: 1 () 1 ()-Q m 
1,1 : t de ·tt .1 10-:i t g 

1 
. E=!j>+ - m 

1 
or, hf = Q> + - m 2ma 

1 

, 's l hn tn l'lt'c tric t'qucttion; 

x W l l) J O RO (' 

or, 2 9.1 
6.6 X lQ-34 X 3 X lQR 

lQ-31 X y 2max = 150 X lQ-9 - 3.2 X 10-l 'l 

or, Vm.i , = 1.48 x 106 m / sec 

CT ON$ - NO PHOTO N I 2 l 

. l 1 
Max. Energy (E mdx) = 2 mv2

111d x = 2 x (1.48 x 10°)2 x 9.1 x 1()- 31 = 9.96 x 10-19 J -
.. ----- -·-·--· ---·- ----------

75. @012 Set c a.No. 1oaj The work function for the surface of aluminum is 4.2 eV. How much potential difference 
will be required to stop the emi~sion of maximum energy of electrons emitted by light of wavefen 

0 -

2000 A? (Planck's constant, h = 6.61 x 10-34 Js) 
Solution 

Given, 
Work fUJKtion (<P) = 4.2 eV = 4.2 x 1.6 x I0- 1

CJ J 
Stopping potential (V,) = ? 

Wawk·ngth (t,) = 2000 A = 2000 x 1 O·_JO m_ 

Now, from Einstein 's photoelectric eq uat10n, 
1 

1 [·. V - - 2J hf = <I> + 2 nw 2 .. e s - 2 mv 

or, hf = <j> + e V ~ 
C 

or, e Vs = h :;-- - <I> ,.. ' 

6.62 X }0-34 X 3 X lQll - 4 2 X ] .6 X 10-19 
or, eV, = 2000 x 10-10 · 

. 0 - 19 
or, eV

5 
= 9.93 x 10-·19 - 6.72 x l 

or, eV5 = 3.21 x 10-19 

·3.21 X 1Q- l 9 

or, Vs = 1.6 x 10- 19 

Vs =2V 
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M N U I N PHY S I • XII 

obseNed to-fall with a ter~inal S~d Of 1 
f 4.9 ,c 10s V/m Is apphed, the droplet~ 

mis. Calculate the tharge on t~ 
tv of a r = 1.29 kg/m3

) • t; 

m, /, l 'l' 

1 1 •r 
) 'i 1 

/ m .. 
, h, . ' . 

1.81 X lQ- 11 X ·1 A X 10-. 
2(750 - l.29) x 10 

~-- - .. ---- - --- -- -
- -- o~ ,~ ~- A be~~-~f -;le~tro~s~ ~ oving with velocity ot 107 mis, enters midway between 

L',,,..., • .., ....... ~.. i llel plates in the direction parallel to the plates which are 5 ·cm long and 2 cm apart a -
ts etween them. Calculate V if the beam is deflected so that it just grazes the edge of 

,As!sume m = 1.76 1011 C/kg). 

~i · n, 
' lo i _' ( ·) = 10:-n / s 

: 1g: f a h plate (0) = 5cm = 0.0511~ 
Se aration betw en two pla tes (d) = 2cm= 0.02m 

' ~ = L76 X 10~ 1c g-1 

Potential dilferenc (V) = 7 

I ~o , 

· the electron beam enters mid-way between two plates, the vertical distance m ~d b , 
. d .02m 
··• a "1 i.s, y =2 =~ "-' 0.Ol m 

Gu , e I ave, 

1 
, =- V 

2 

J . 
~,r fl (JJ = - X - ' ... ' -· 2 Bl 

p 
f ·.- a =-0 

- rnd t =- ] 
l V 

l' f J.()2 =-~- X -Fx (0)2 
' m 

O!, fJ.Q2 =1 X ...;_ X -
V ( > Cr )',l 
l l 01 V 

or, 0.02 = 0\2 x J .76 x JOI , ,. (9 ~~)' 
<.~r, 0.<"10040 o-; V x 1.76 x, 101, x 0.25 »: 10~1r. 
or, V = 90.9 y 

i ence, the re9u ir ~i value ot V is 90.9 v· . 
. ( 

I a 

el n:on 
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~o~igti!:i,i-- - ~ ELEOTRONS AND PHOTONS/ 2~3 

fS·d:11.Ction ,1.90 eV. -Find kinetic::::~:~~~ 8 
)C 

10--1 m fall,-on a 9eh8ltl~e metai" plate with photo efe~tri;;ork 
·; 1o-3'Js) · . e PhOtol!leotroha emitted and stopping potential. (given h = 6.62 " 

~n ~ 
GiVeil , 
wavelengtl~ of light (A) = 5 x· llF 111 
workfunctmn (<I>) = 1.9 eV ;= 1, 1_6 
J(.E. of photoel trons · Ei.:.) == • l0-

19
) 

stopping I otentia) · s = ? 
,,,,e, have, ·Einstein ph to I t , · ,·~ e ·11 · eqm\tio1\ as, 
hf==~+ E 

(l!, & :::: - l .90 . 1.6 X 10- l 'l = 9.32 X 10- 1.0 J 
n a.::J.S "' e" f 

.~ 
:::: 7 

fa <J.32 . 10-20 

,V - e 1.6 10-19 

= 0.58 V 

_ en Set D Q.N . 10 al Ultraviolet light of wavelength 3.5 ,c 10-1 m is. made to fail ·on a smooth surface of 
potassium. The wok function of potassium is 2eV. Determine maximum energy of emitted photoelectrons . 
and stopping potential. · · [4i 

Sohitio.n 
Given, 
Work function (<I>) = 2.0eV == 2 x 1.6 x 10-19 J == 3._2 x 10-19J 
Wavelength(),) = 350 nm= 350 x 10-9 m . 
Stopping potential (Vs)= ? · 

Now, 
From Einstein's photoelectric equation, we have, 

1 

eV =~mv 2 = hf - ,h 
5 2 . T 

or, ev~ = hf - q, 

V
, .he 

or, ·e s = -:- _ <P 
A 

he _t 6.62 x 10-34 x 3 x 10s - 3.2 x 10-19 = 3.5 - 2 = 1.5 V 
Vs = - 1 - > = 1 6 X 10-19 X 350 X lQ-9 1.6 X 1()-1 9 

ere C . 

Hence, the required valu e of stopping potential is l.SV. 

Again, , 
_To find the kinetic energy, we have,· \ 
KE = eV = 1.6 x 10-19 x 1.5 = 2.4 x 10-19 J 

md~ ~ , . . 10-19 J 
.__ Hen.ce, the require!) kinetLc_~ne~~_is 2-~- ~ ------:._ ____ .. . . .. . _ _ 
so lfil · -- c] A lectron is accelerated through a potential difference qf 2000V and then 1t enter , 

· 011 Seto a No 10 n e . . 'f · ·. fi Id f o 02 Tesla in a direction perpendicular to it. Find the radius of the path f the 
u
1
m orm ·magnetic 18 ti 0,. Id. Mass of an electron is 9.1 ,c 10-31 kg, charge of an electron is 1. x 10-1 

• [4] . 
e ectron in 'the magne c 1e , , . 

Solution · 
Given, 
Potential diffe'rence (V) = 2000V 
Flux density (B) == 0.02T 
Proton mass (m) = 9.~ x 10-

31
kg 

.Electronic charge (e) = - 1.6 ~ 1?'°19
C 

. Radiu~ of .the path (r) = ? 

I 
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. TION TO PHYSICS . XII . . . 5 
234 , A coMPLETE NEB soLU . l to the work Jone on it. o, 

. . ,db th proton 1s equa , 
Now, the kinetic energy a quu. Y 

1 
-n1v 2 = l 2 . 

e 
01. v2 = z--: V , ll\ 

or, v = .. ~ . I ' ·tron due to m, r,nctic field B ,y provides th~ ~ ~ V I . . ·b 't th ' rnrn' ()11 e l 
For th, f tx)l )11 to\ t' in l'h dt\' \I n1 n1 ' , 

ll . ('~St'\ 1.' C , ,, \ ri f'\ l'i.1 t fl r -l\ . 

·.e ., B 

l l", l ' 

11\ , :'. --r 
mv --

ubstituting th illu , nf , . from ~q . (i) in q . (ii) , w , get, 

n, e\1 1 !!l _ _ I ~ 1 2x2000 X 9.1 X 10-J I = 7.5 X 10-'.lm 

r = B ~ = B 2\1 e - 0.l)2 1.6 x 10-19 

H tl ra liu - f th path is 7.5 x ~n-3m . --·--·-·-------- -----·-----·---. ------
-ence, ,e ---·-:-~ .. --•-.. -·-------·- h' h Id just remam suspended i ai 

1. §o -: :up ( et A) a .No. 10 aj Calculate the radius of a water drop w IC wou 4 
electri~ field of 300 V/cm and charged with one elect~on. 

~ofon 
Gi en, 
Radius of water drop (r) = ? 
Electric field (E) = 300 V / cm = 30000 V / m 
1n thU' case, elech·ostatic force= Weight of drop 

i e.7Fe= \ 

qE = mg 

4 
eE 3 [·:q = ne] or, n = 3 m pg 

4 . 
1 x 1.6 x 10-19 x 30000 = 3 n: r3 x 1000 x 10 

r3 = 1.1459 X 1Q- l 9 
" 

r = 4..9 x 10-7 m 
_, ..... ~ ..... ~--··~· •· ·-·~··--· ··~·-· 

s2. 12010 supp. (Set B) a .No. 10 ~ Electrons with maximum kinetic energy of 3 eV are ejected from a metal surfa 
by u1tra-violet radiation of wavelength 1.5 x 10-7 m.-Determine work function, threshold wavelength and 
stopping potential for the metal. (Planck's constant, h = 6.62x1Q-34 Js) l 

SoJution 
Given, 

Maximum kinetic energy of ejected electron (Ek) = 3 eV = 3. x 1.6 x 10-19 J 
Wavelength of incident radiation ()1.) = 1.5 x lQ-7 m 

Work function(~)=? 
Threshold wavelength (11.0) = ? 
Stopping potential \Vs) = ? 

Now, from Einstein photoelectric equation, 
hf =~+Ek . 

C 
or, h~ = ~ + E1-. 

or, ~ 
6.62 X }()-34 X 3 X lQB 

= 1.5 X 10-7 - 3 X 1.6 X 10- 19 = 8.44 X 10- 19 J = 5.275 V 
Again, 

he 
'( 

• 
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he 
<1r, Ao 

6.62 ~ ]Q-:~4 3 lQR 

8.44 X 1{)- 1<:i = 2 .. 5. 

ELECTRO NS AND PHO .TONS I 235 

Also, 
fa = e 'S 

3 X 1.6 X lQ- IQ 

or, V 1.6 10-1? 

-;,-~~70 S~t C Q.N~. 10 afAn ·ele~tron beam after being.accelerated from rest t'hrough a potential ~iff~t~nce-oi·s· 
KV in vacuum is allowed to imping normally on a fixed surface. If the Incident current is 50µ A, determine 
the force· ~xerted on the surface assuming that It brings the electrons to rest. Take mass of electron is 9.1 
x10·31 Kg. · [4] 

Solution 
Gi ·en, 

Pt)lential iifft'l't'nc-' (V) = - KV = 5000. V 
Jnci ient current I) = -o~l = so 10-c, A 
Force F) =. 

\ e lnvc, 
1 

-~ 
OT, V = v -----;;;:, 
~ o, 

mv n1 
F = - t =t V 

_ n Ill,c, V 

- t [·: m = 11 . m e] 

=_!_ .m ~ ~ 
e e \J~ 

~ J x ~ 

--------
2 X 9.J X lQ-3l X 5000 

= 50 X J0-6 1.6 X lQ-1 9 

= 1.19 X 10-8 N. 

g = ne 

.9. ne 
or, I= t =t 

n I · 
or, t = ~ 

qoioset C Q.No. 10 -~-T_h_e_p_h-ot_o_e_le-ct-ri-c-th_r_e;h~ld wa~;i;~-gth·--~t~ ·t~~~g;t~~-;~rti~;i;-- 272 -~~ ---Cal~ulate the 

maximum velocity of the electrons ejected from this tungsten surface by ultr~violet radiation of frequency 
1.45 x101s Hz. (h =6.62 x 10·34 Js, c = 3 x 108m/s, me= 9.1 x 10·31 kg) . · · [

4
] 

Solution 
Given, 

Threshold wavelength (Ao) = 272 nm = 2:72 x lQ-7 m 
Maxim um velocity of electrons (vrn,,x) = ? 
Frequency of radiation (f) = 1.45 x 1015 Hz 
We have, from Einstein photoel.cctri equation 

1 2 
hf = <P + 2 111 V 11 ).l X 

. 1 
ir _ 2 he 
, 2 111V 111 ,1\ = hf -To 

211 ( c ) 2 x 6.6i x io~:14 
( - 3 x JOH ) 

,r, v lll,I\ = ~ f - /,o 9,1 X 10-J I . 1.45 X ]01 5 - 2.72 X 107?' r;:: 7,11 X 10s mf s C 

~ · . --~ . . 
5
-§ii-;; D a.No. 10 •I A bea,;;-;i.1ec1rons, mo-;,i;;g--;.,i111;,;;io~lty-;;f-107ffii,; ";~1;;;s--·:---·-··---~-

horizontal parallel plates in a directio_n parall~I to the plates. Each plate is 
5 

c~ Ion . midway between, two 
cm apart and a potential difference of 90 V 1s applied between them C 

1 1 
g. These plates are kep~ 2 

beam with wt1ich it just grazes the edge_of the positive plate. (elm= 1 8 a~~ ate the Velocity of the electron 
. . . • >< 10 C/kg) [4]. 

\ . 

puspas.com
.np



236 I A COMPLETE NEB SOLUTION TO PHYSICS· XII 

Solution 
Give.n, 
Velocity of lectron (v) = 107 m/s c 
Length of pla tes (L) = m = 0.05m 
Distance betw n p late (d) = 2 m .02 tn 

Po ten ti~l diffr ren (V) = 90 
Specific harge (r/ m) = L '1011 /kg 
Final l i ty · r) = . 

w, 

01 m/ [·: u = nu =O V = u t] 

I f E V 
)' 

l= - - - {'.' Uv = 0 n:l ay =-; ;,. -;;; m •Jl U\ . 

0,05 
= L , H er- 107 = .J.O 10(, 11'1/ C 

•, ~ ""' ✓ 106)2 = 1.079 x 107 m/sec 

@to Se o a. o. 10 bl When_,ultraviolet light ~th· a wav~~n.gth of 400 nm-falls on a certain metaJ su~ 
lllaJdmum kinetic energy of the .~itted .e!,,~rqns is ~~10 ·ev. Wi~at is tl:le m_aximum.-kinetic ene,gy o 
P1mtoe11ectrons.~en light of wavelength·.~00 ,ns,:i~falls on the·•~e·s~aoe?_ 

Gen, 
avelength of UV light () .. 1) = 400rui1 = 400 x 10-9 m 

The maximum K.E. of electron (KE.1) = 1.10-eV = 1_.:J.0 x 1.6.x 10-19 J 
avelength for another light () .. 2) = 300nm = 3.(Xl x 10-9-. m 

Maximum energy of electron (K.E2) = ? · 
-e have, from Einstein's photo~lectric eql).ation, . 

hf = 4>+ KE . 
he 

So., - 1 = <f, + -KE1 
'-1 

... (i) 

he 
antL ~ = <f, + KE2 ... (ii) 

Subtracting equat_ion (i) from (ii), we get 

KEi - KE1 ,.. h.c (1.. -..!..) 
A2 A1 

KE2=K , +b -_...-. (1 1) 
A2 '"' 

= 1.10 X J.6 _X 1Qw19 + ·6.62 X lQ., 4 )( 3 )( 1()6 ( } . 1 ) 
{)() X 10-9 - 4()() X 1():_I) 

= 3.42 x· 10-t'l J 
3.42 X }Q-19 

= 1.6 x 10-19 eV; 2.13 eV 
----r-::.:· ~~~~~::;:.:=::::: 87 ,;. --- ' · 

. t069 Supp Set B Q No 10 ,! ~067 S - . ~------ -- ----- -- - - -- -· 
With the electric fi~ld . is switched "tt Q.No, I 10➔ In a MIiiikan apparatus the horizo~i;I plat~s ~re 1.5 cm apa~• 
When the field is switched . _ tho 'an° I drop 1• observed to fall wtth the steady velocity 2.5 x 10·2 ems · 

. potential difference betwee:~he e I urpe~ plate being positive, the drop just remains stationary whef1 th~ 
electronic charges neglecting air le~~~ ~G~soo_ V. CalcJJlate_ the radius of .the drop and the number1; Hsm·2) . 8 • van. density of 011 =900 kgm·3 and viscosity of.air= 1.8 ,c [Al 
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solution 
Given, 
Distance (d) = 1.5 cm= 1:5 x 10_2111 . 

Tenninal velocity (v1) = 2.5 x ·10-2 , _ 

Potential difference (V) = 1500V cm/ 5 
- 2.5 x 10-~m/ s 

·Now, 
for (a) : 
We have, 

r---- ro--:;-~-:-::-:------ ... 

1

ELECTRONS AND PHOTONS/ 237 

✓9 · 1,V ~9 f = l - - X 1.8 X lQ-5 X 2.5 X }0-4 
2 (p - cr)g . 2 (900 _ 0) X 9.8 ~ 2.29 >< lQ-'.I X 1()-9 X 1()-4 =✓2. 29 X lQ- 12 

= 1.5 X lQ-6m 

Hen~e, the radius of the drop is 1.5 x 10_6111 _ 
Agam, 
For (b) : we have, 

1500 1500 X lQ2. 

E = d = 1 .5 10-2 = l .5 = 105 V / m 

Again,·we have, 

= 67t:r)fVt = 6 x 7r X 1 .8 j: lQ-5 X J_5 X lQ:._6 X ·2.s x lQ-4 · 

q E 1 10s . = 127.23 x 10-20 c 
But, 
q = ne 

or, 12.723 X 10-19 = 1~ X 1.6 X lQ-19 

:. n = 8 
Hence, the required number of electrons is 8. 

88. ~069 (Set A) a.No. 10a! An ~lectr~~-1;--;~-~;-i~~~-te_d_t-hr_o_u_gh_a_p_ot-e-nti;i-·~11ff;~;~~; -~-f -2KV-and then it enters a 

uniform mag~etic field of 0.02T, in ~ ~irection perpe_ndicular to it. Find the radius Qf ~he path of the ~ectron 
in the magnetic field. (mass of electron= 9.1><10-31 kg) (4) 

Sol4tion 
Given, 

P.O. (V) = 2 KV= 2000V 
Magnetic flux (B) = 0.02T 
Mass of electron (m) = 9.l x10-31kg 
Radius of path (r) = ? 

• 

111v2 

We have, Bev = -r-

mv 
or, Be = ­

r 

. [o
-.r·,½vn=1~' ~2~:Vv] . . or, r =;: -~n~ "\JW 

1 _ ~ _ _ 1_ 2x9.1.x10-
31 

x 2000 = 7.Sx10-3m 
or, r = s\J 2.-;v - 0_02 1_6x10- 19 

89. ~069 ·s~t A Old a.No. 8b0R} In a Tho_ms~,,- exper~ment, voltage across- the plates is ~ov ~~~:·the~nc; 
•between ·them is 3 cm. The magnetic field applied to make ~he beam undeflected 1s 10-•r. What is the 
velocity of the electron passing between the plates? [4.] 

Solution 
Given, · · 
Voltage across ~he plates (V) = SO V 
Distance between the' plates (d) = 3 cm= 3x10·2 m 
Applied inagnetic field (B) = lQ-4 T 
Velocity of the electr~m (v) =? 
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-238 I A . 
COMPLETI: NEB SOL.UTION TO PHYSICS. XII 

We In , f 1 . i 1rngnetic field, · 
< ve, · Ort le undeflected ben m in elcctnc am 1 < 

Fn = F,, . 
nr, Bev= cE 

E 
01', V =B 

or, v 

or, =~-~---
1()-4 \()-2 

:. v = 1.67 ]07 m/.s · 
__ Ht'ncc, th' rcquir-0ll vclod ly of clertron is 'l .67 x 107 111 / s:._ 0 ·------ ·-····-··- •.••• •• • __ __ 

90.~ss ;Q.No. 10 -~ An~l';ct;~n·h~~lnQ 450 eV-;f en~;g·y--;~;;;~-;-~~t rig~t a~gles tq_ ~ uniform magn~16 
density 1.50x10·3T. Find the radius of its circular orbit. - [Gi,ven. specific charge of the electr 
1.76x1Q+11C/kg] 

1 

Solution 
Given, 
Energy of electron (E) = 450 eV = 450 x 1.6 x 10·19 '} 

Magnetic flux density (B) .= 1.50 x 10-3 T 
Specific charge (e/m) = 1.76 x 1011 C/kg 
Radius of the ot):>it (r) = ? 
We have, -

mv2 
Bev ·=--r -

mv 
or, r -

Be 
\ 

or,. r ' - ~ - -@ - 1 ..; ~ [ ·.- E = l. rnv2 or v = - @] 
_-Be ··\Jm-B.(e/111).-\jm_ 2 ' "\jm 

1 ' 2 )( 450 X 1.6 X lQ-1 9 
or, r 1.5 X 10-3 X 1.76 X 101 I • 9.1 X lQ-33 

= 0.048m 
-- ·--- -·- · ·--------·-· -· -··· - --·•----- -

91. @068 Old a.No .. a b! Light of wavelength 6000 A falls on a photosensitive plate of work func 

1.9 eV. Find the speed of the photoelectrorts emitted. (h = 6.62x10·34 Js and me= 9.1x10·31 kg) 

Solution 
Given, 

Wavelength of light (A) = 6000A = 6000 X 10- 10 111 

Work function (</J) = 1.9 eV = _1.9 x 1.6 x 10-19 J 
Planck's constant (h) = 6.62_ x 10-34 Js. 
Mass of electron (m) = 9.1 x 10-31 Kg, 
Speed of photoelectrons (v) = ? 
We have, from 'Einstein'.s photoelectric equation, 

hf = c/> + K.E. 
h.c 1 • 

or, T = ~ + 2 mv2 

. 2 (!1C ) 2 • (6.62 )( 1()734 X 3 X JO~ ,) 
or,. v :::: ~ ~T--~ 9.1 x J0-31 6000 x 10-10 - L9 x 1.6 x rn1 11) :::: 2.4-1 x JOS m/s 

-92. @~68 Can. Q.No. 10J What-~!, be the ch;~ge i~ the ~topping. pote~tial -f~r- ph~t~el~~tro;~ ;mitted frO I 
source if the wav~length of Incident light is reduced fro_m 400 nm to 360 nm? 

Solution · 
Given, 
'A. 1 = 400nm = 400 x 10·9m 
),2 = 360nm = %0 x 10·9m 
Ch,rnge in stopping potential (LiV) = 7 
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ow, 
, for 1 1 ccmdition, we ha e 

he 
e ,=-. - <!>,, 

I 1 

for 2 nc1 condition, we have 
he 

ev,, =-. - <pc, 
- 1.2 

.. . (i) 

... (u) 

Subtracting cqualion (i) from (ii), Wl' gL•t 

e(V2 - V ,) = he ( ~ - ~ ) . 
fl-2 ' •1 

or e.6 V = 6.64 x 1()-~ x 3 x 1 ~ ( · 1 _ 1 ) 1 

36() X }(Pl -!()() X 10-Q 

or 16 x 10-19 x tl V = ------- -- --·19_92 X l()-2h ( 1 1 ) 
, , 10-Q 360 - -t()() 

( --10 ) or, fl V = 12...15 x HF 
360 

x 
400 

:. 1W c::: 0.34 V 

El,.'ECTRONS AND PHOTONS/ 2' 9 

Hcnc ', lh • requir 'd hcrng in lhl' ~topping I n tl'n li,tl i 0. \ . 

~;-@os·s oid C;n, a .No. 8~ A beam of electron , moving with velocity of 106 m/s enters midway between two 
horizontal parallel plates in a direction parallel to the pl tes. E ch plate Is 4cm long. These plate$ are kept 
2cm apart and a potential difference V is appl ed be en them. Calculate V If the beam is deflected so that It 
just grazes the edge of positive pl le. (Given: m for th lccrron is 1.8)(10 11 C kg·1. ) [4] 

Solution 
iVL'll , 

Yl'lod ty ( ) I011m/ s 
L(1ngth t>f L',1 -h pl.11 • 

cpnr lion hl't",,VL'L'n tw 

) -= ~ -m = O ( n 
I 1,tes d) = _cm = O.O_m 

' m = 1.,' . , ) 11 kg- I 

P h .. 'nthl diff 't •n ' ' 
ow, 

, th ,} , -tr ml 'lm •n ters mi t~,,·rly bch 1.:: n two plate, , the vertic,11 dis tann• mov<.•d by th, cll'C lrnn 
L i (UL 01 
lit' rn i -, = - = -- = 0. m 

Bu W'h · v', 
1 

Y ==-nt2 

l F 01, 0,01 :::::- - . 
m 

F D 
[ · · a = - and t = - ] . Ill 

or, 0.02 == E , e 
m 

r, () 0 - -­. -- d 

oy 
·:, {~Y 

' (0.()..1)2 
, "' 0. ' ==- 1. JQll X 1()b 

- 0.0_ 

- = ' O.H4 1011 10-12-

~ ~-ate requitE'd alue ,j- is 1.3'9Y. 

. 'I 
I 

I! 
f 
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240 I A COMPLETE NEB SOLUTION TO PHYSICS - XII . _ • :--...... , 

. oelectrons emitted fron_, a metal.plate is 1.2 ev. ,,~ 
94. j2oss Old can. a.No. Sb oRJ The maximum energy of phot th f ;ncident light. (Given: Planck's const the 

th res ho I~ .waveJength is 2.48x10·9m, c;at1=_u~~t~ ~~e waveleng O I ant~ 
6.62x10·34Js.j [~ 

Solution 
Given, . : . , . . - 16 x 10~19 J = 1.92 x 1Q-19J 
Ma1:xi.inum energy of photoelectrons (K Emai.) = 1.2 e V - 1.2 x · . 

Threshold wavelerigth (Ao) = 2.48 x 10-9 m · · 
Wavelength of incident light(,, .. )=? 
Planck's constant (h) = 6.62 x 10-34Js 
Now, 
From Einstein 's photoelectric equation, we have 
hf = cf> + K.Ema • = hfo + K.Emd . 

or, K.Enldx = he (~ - ~) 

or, 1.92 X 10-19 = 6.6~ X 10-34 X 3 X 108 
(~ - 2.4.8 ~ 10-9) , 

1 1 
or, 9.67 x 10s = ~- 2.48 x 10-9 

1 1 
or, 9.67 x_ 105 + 2.48 x 10_9 = ~ 

23.98 X 10-4 + 1 1 · 
or, 2.48 x 10-9 - 11, 

· or, A 
2.48 X },()-9 

1.002 
'), = 2.47 xlQ-9 m 

Hence, the required wavelength is 2.47 x 10-Q rn . ____ ~- _____ _ 

95. !20&1 a.No. 10~ A b~am of electrons Is under potential difference of 1.36 x 1 o\, applied across two parallel 

plates 4 cm apart and a magnetic field 2 x 10-
3 

T at right angles to each other. If two fields produce no 
deflection in the electronic beam, calculate (I) the velocity of electrons (Ii) the radius of the orbit In which the 
beam will m<;>ve, if the electric field is made zero . 

. · -31 
[Given; mass of electron= 9.1 x 10 kg.). (4] 

Solution 
Given, 
Potential difference (V) = 1.36 x 104 V 
Distance between two plates (d) = 4cm = 0.04m 
Magnetic field (B) = 2 x 10-3T 
Ma of electron (m) = 9.1 x 1Q-31kg 

lo ity of l ctions (v) = ? 
Radius of the orbit (r) ;: ? 

ow, 

For (i): 

Since, the lectron b am is not deflected, the magnetic force is equal to the electric fo rce i.e ., 
Bev =eE 

E V 1.36 x 1()4 
or v =- =--

, B d X B 0.04 X 2 X 10-3 
v =1 .7 >< 108m/ s 
Hence, the required velocity is 1.7 x 108 m/ s . 
Again, 
For (ii) : 

If elec::~eld is made zero, ~e magnetic force provides the centripetal force. i.e., 
Bev=.--

r 
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==~ == 9.1 x •JlQ-31.x· 1.7 x 1()8 . . ELECTRONS AND PHOTONS' 241 
:or, .r . . Be ·,_. 2 x 10-3,x 1.6 x 10-~ . . ·i,,• • '. ,. • . , • • ' "; .. ,, , • . 

.\ r ==0.48n1· .,.· •: ;, !•• . 

·· I-fence, the requii-e~i radius of . . ; · · ',. , 
.,,.,-;::.,- -~~~ cncular path is 0.48 . , 

96_ @[6 a.No. s b oR] In Millikan-tyf;;- --- m . --· ---· _ ____ ---· -r---:--. _ 
switched off an oil drop is obse d pparatu5, the. horizontal plates are 1.5 cm apart. With the electric field · 
switched on the upper plate bein~e 

0
t~/all with the steady velocity 2.5x10-i cm/s, When the electri~ field is 

1500V. (a) Calculate th.e radius of t:e ;;~ve, the drop ju t remains stationary when the p.d. between plates is 
(Given - density of oil = 900 k t 3 P (b) How many electronic charges does It carry? . [4] 

~• refer 1o j2o6s s_u_ge s.".t_~~-N:11
~
0
~•coslty of air • 1.Mo·•N m-•, Neglect air density) 

97 ~~~~;.a ~.e,:~m-~~~: j,j ~~~6Q.N-;;: ,f Wh~; ; ugh·! ~, ;,.qu~l!Cy 5.4 ,; 1 O" HZ Is in'!:tdent -;;n a ffietal 
light of frequency 6.6 x 1 o1•

9~
2
° th 8 ele~trons emitted Is 1.2 >< 10-19 J. If the same surface is illuminated with · 

constant. ' e maximum energy of the electrons Is 2><10-19 J. Find the value of Planck's 

~ ~ 
Gi en, 
1st ca e: 

Frequen of radiation (f1) = 5.4' x 1Ql4 Hz 
.E. (E1) == 1.2 10-19 J . 

2nd case: 

Frequency of radiation (f2) = 6.6 x 10-14 Hz 
KE. (E2) == 2.0 X 1Q-1 9J 

Planck's constant (h) = ? 
ow, we have, 

E1 == hf1 ::... <!> ... (i) 
and, E2 = hf2 - <!> • . .. (ii) 

From equation (i) and (ii) by subtraction, we have, 
Er E1 = h(f2- £,) 
h == E2 - E1 2.0 X lQ-19 - 1.2 X lQ-19 0.8 X lQ-1 9 

f2 - f1 6.6 X lQ14 - 5.4 X lQ1 4 = 1.2 X lQ1 4 =: 6.67 X 1Q-J
4 

JS 

Hence, the required value of Plank's constant is 6_.67 x 10-34Js . 

.98. ~061 a.No. s bf A beam of proton is accelerated from rest through a potential difference of 2000V and then 
enters a uniform magnetic field which is perpendicular to the direction of the proton beam. If the flux density 
is 0.2T, calculate the radius ,of the path which the beam describes. (proton mass= 1.7 x 10·27 kg; Electronic 
charge = - 1.6 x 10·19 C) (4] 

Solution 
Given, 
Potential difference (V) == 2000V 
Flux density (B) == 0.2T · 
Proton mass (m) == 1.7 x 10-27kg 
Electronic charge (e) = - 1.6 x 10-19C 
Radius of the path (r) ==? . · 
Now, the kinetic energy acquired by the pro~on 1s equal to the work done on it. So, 
1 
2mv2 == eV 

e or, v2 = z--y 
. m 

or, v . = V . . . . 
' 

. F~r the proton to be in the circular orbit, the force on elec tron due to magn tic field BeV provides the 

necessary centripetal force . 

ie B .1nv2 
·., ev=-

r 
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242 I A COMPLETE NEl3 SOLUTION TO PHYSICS · XII 

lll V 
or, r =.....,__ 

lk 
Suhs titutii.1g the v,,llll' nf frnm ~q . (i) in Eq . (ii), we gl'I; 

r = ..!!!... _ ~ = J__ G "" .J_ ono 1.7 ~., 10-
7 

,., o.o::nm 
Bt' -\/ m H -\/ L V l' o. 1.6 )( 10-

1-:1e,Kl\ the nH. ill ~ lf lh '. palh is 0.0, m . _ 

99. !2059 a .N . . ij A UV light f 400 nrtt trlk c lum Urface of work function 1.9 eV. Find the Velocify Of 
electron emitted from th .. lutn urfa • (me = 1.9 ,c 10·31kg, c = 3 ,c 109 mis, h = 6.62 >< 10·34 Js) [4l 

Solution 
iVl'H, 

\i\7 w ,1 't\gth (> = 4l lm\\ = 400 10-\lm 
\V r l.. fun 'tl( n <I> ~ I.l: t,\ ' = 1.l x 1., ll)- l llj =, .04 x 10-1llJ 

m, = .1 , 10- 11 "''; 

H s m/ s 
h = <1.6_, 10-\4}. -
v ,J -in f ,1 "ti<!n (, ·) = . 
• l \\' , 

From t:i n.-kin ' plh, tl l'll'drit' t•quc1ti()n, Wl' have 
1 he . 
- m ... ,-2 =-::- - qi· 
- I .. 

} 6.62 X H)-'.14 x,3 X 1Q8 
or, 2 9 .. 1 10- :-1 vi 400 x 1()-9 - 3.04 x 10-1 9 

or, 4..55 10-31_ v2 = 4.96 x 10-19 - 3.04 x 10-19 

or, 4 .. 55 10-31 v2 = 1.92 x 10-19 

or, , 2 = -,L ...2 1011 

_-_ v = 6 .. 5 x 105 m/ s 
Henn', the requin.'d veloci ty is 6.5 x i05m / s. 

----- - ---·- - ----- -----· ·-------------
100.@osa a.No. a b oRj Calculate the p.d. io volt necessary to be maintained between two horizontal conducting 

plates, .one 5 mm above the other, so that a small oil drop of mass 1.3_1 >< 10·14 kg with two electrons attached 
to it remains in equilibrium. (g = 9.8ms·2, _charge of electron= - 1.6 x 10·19C). [4} 

Solution 
Given, . 
Mass of oil d rop (m) = 1.31 x lQ-14_ kg 
Distance between plates (d) = 5mm = Sx10-3 m 
Pot-entiJI diffl'n'HCL' (V) =? 
Ch.a rgl' o n o il drop (q) = 2L· == 2x1. 6 x'l()-19 C 
for lhl' drop to bt• in l'L}uilibrium, 
F,. = F.. 

o r, qE = mg 
V 

or, q d = mg 

<l 1.31 x]0-1-tx9.8 x 5 xlQ-'.I 
V = m g. q = 2x 1 _6x ]O- l9 = 2005.94 ~olt 

. .. --- ---
'101.~057 a .No.-8 ~ The ph~to;le~tri~ wo~k-f~~~iio~ pf potas~-iu~ is 2eV and the ~rf~~e is illumi-~~ied witll 

radiation of wavelength 350 nm. What potential difference have to be applied between a potassium surfa~e• 
and the ·collecting electrode in order just to prevent collection of electrons? What would be the kinetic] 
energy of the electrons? [4 

a. Please refer to 12071 Set D d .No. 1 o aj 

1 02.!w"~~ O~N;:16 ·oRl FJ~d t~ -electric fi;id req~iredto-k;;p· ~ ~~ter-d~p of radius 10~5 -~;;; 1·ust su~ ) 
· · I 3) [4 vacuum when charged with one electron. (electronic charge= -1.6 x 10·19C, density of water= 1000 kg rn 

Solution · · 
Given, 

_Radius nf wat~r drop (r) = 10-5 cm =10-7 m 
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El tr n i her ... e (e = - l. . l()IQ 
ELECTRONS AND PHOTONS/ 243 

D . (p) = 1000 kg/ m-
E = .· 

r, E 1. , l -1 = 1 

r, E , 1.t , 1 - = -H - . H H --t 
:. E = - - _­

H uin. l -l- ~tri fid lis_ n.-6\m-1. 

1.-------1....;.......;....._;iR) The m-a - imum - ki~eti-c ~ ~erg-y ~f the -ele~t~ons emitted from a metallic s rface -is 
J ~en the freque~cy of the radiati~n is 7.5 x 1014 Hz. Calculate the minimum frequency of the 
r wtn h electrons will be emitted. Assume that h = 6.6 x 10-34 Js. 

-.E. 1..-. = 1. ll -1 -J 
Fr u ncy of incident radiation (f) = 7.5 x 1Q14H z 

Plan - con tant (h) ~ 6.6 lQ-34 Js 
Tur~ hold frequency (fc,) = i" 

_ -m -, '"·e ha\ e, from photoelectric equation, 
hf = qi + KE.max · 

0 , F Emax = h (f - fo) · 
, 1.6 X lQ-19 = 6.6 X 10-34 (7.S X lQH - fo) 

I, Q __ -f X lQ13 = .5 X 1014 - fo 
0!, _ X 1014 = 7_5 X 1014 - f0 · 

:. fo = 3.1 X lQ14 Hz 
Hence, the required frequency is 5.1 x 1014 H z . --- ---------- -·----· __________________ ..., __________ ,_ ~ -- ... --- --

104.~054 Q o. 14) A beam of proton is accelerated-~rom ·rest through a p.d. of 2000V and then enters a unif rm 
magnetic field which is perpendicular to the direction of the proton beam. If the fl ux density is 0.4T, al late 
the radius of the path which the beam describes. (Proton mass= 1.7 x 10·27 kg, charge= 1.6 x 10·19 ). [] 

Solution · 

Given, 
Potential difference (V) = 2000 V 

Flux density (B) = 0.4 T 
Proton mass (m) = 1.7 x 10-27 kg 
Charge (e) = 1.6 x 10-19 C 
Radius (r) = ? 
Now, _ 
The k inetic energy acquir s by the proton is qu I to th ' ork don ' on it . ~ O, w' cc1 n w~ite, 
1 
~ mv 2 = eV 

e or, v2 = '2:-- V 
111 

: . V = •- ~ . .. (i) . · , -\J ~ V 

For the proton to be in the circula~ orbit, the foi;ce on elech·on du e to m agnetic fi eld Bev i'> rovi~ies the 
necessary centripetal force. So, . 
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2.44 I A COMPLETE NEB SOLUTION TO P~YSICS .' .~
1
,
1
., 

·, 1:- ,~- ' 

-~ . I, i ., 1 ... •· • Ir' 

m:v2 
-· · Bev=­

r 

- -~ -or, r - B ,;, (ii) e , 

~ I , I ,','t 

Substituting the value of v from equa tion (i) in c,qua tion (ii), w e get, 

. m # e 1 m2 e . _.l✓ .!!:1. x y · · r = -- - · '):- y = -- · 2 x - x - x V - B 2 x 
Be m l3 · e2 111 t: 

- . -

= _L 1.7 , 10-27_ X 2000 ~ _!_ ✓4250 X 10-8 
0.4 2 . 1.6 X lQ - 19 Q,4 

:. r 

I , 

Hence, the required radius is 1.629 x l0-2m. . .... ,, __________ _ 

1os.:j20s~ ci.No~ 1~ An oil dr~p of mass 3.25x10•1s kg falls vertically with_ unifor~ velocity, through th;;; be~er 
vertical parallel plates which are 2cm .apart. When a p.d. of 1_000V 1s _applied to the p~ates the drop move,h 
-the positively charged plate being inclined at 45° to the vertical. Calculate the charge on the drop. [◄ 

Solution 
Given, 

Mass of oil drop (1i1) = 3.25 x 10-,skg _ 

Distance between two plates (d) = 2cm = 0.02m 
Potential difference (V) = 1000V 

Let, vi & v2 be the vertical & horizontal compo~1ents of the velocity v 
Now, · ~---cf = 2cm ~ 

For vertical motion, · we have 
mg= 6m7 rv, ... (i) 
For ho1izontal motion, we.have 

QE = 6m7 rv2 .. . (i) 
Dividing equation (ii) by (i), we get 
QE =·v2 · . 
mg V1, 

QE vsin45° 
or-= 

' mg v cos45~ . 

or, Q =mg= mg x d = 3.25 x 10-15 x 9.8 x 0.02 
E V 1000 

Q = 6.37 x 10-i9C 

H ence, the required ci1arpe on _the drop is 6.37 x 10-19c_ 
000 

+ 

+ 

+ 

+ 

+- . 

+ 
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-----------------------------~E~le~ct~r'..:o~n.:.s•~ ___.-.... · . -.• -.. 
26. An electron and a prot . t· f. Id f . on move with the same speed in a uniform magne 1c ie 0 

equal_ m_agmtude. Compare the radii of their circular path. [HSEB 2069l 
~ The rad ms of circular p tl d . . · f · Id f . . a 1 covere by a charged particle movmg m a magnetic ie 0 

flux density B 1s givln by 

mv 
r = Bq' where m is the mass of charged particle, v be velocity and q be the charge of 

particle. Since mass of proton is greater than mass of electron, the radius of proton is 

greater than the radius of electron for same speed and charge in a magnetic field. 

27. Write down expressions for acceleration of a movino charge Q in parallel and 
perpendicular magnetic fields. 

0 

~ The acceleration of a moving charge Q in a magnetic field is given by 

BQv sin0 
a= 

m 

Where, B is magnetic flu x density, v is veloci ty of charged particle, mis mass·of charged 

particle and 0 is angle between Band v 

When a charge is moving parallel to the direction of magnetic field, then 0 = 0° 

BQv sin0 
a = =0 m 

When a chmge is mov ing perpendicular to the d irection of magnetic field, then 0 = 90° 

BQv in90 BQv 
a = 

Ill 111 

28~d parti_cle_ mo~es thr?ugh_ a re? ion of space with constant velocity. _If tl~e 
external magnetic field 1s zero m tins reg10n, can we conclude that the external f 1eld m 
the region is also zero? Explain. [HSEB 2070} 

a Yes, the v~locity is constant only in the region of zero elec tric fi eld because the velocity 

o f cha rged particle w ill be constant in a field free space and in cross field space. Here, 

magnetic fi eld is zero and hence fo r constant veloc ity electric fi eld a lso be zero. 

II. S .au1111lt~ Janncrit'.al 1>1·oblc1ns 

Specific charge of a particle is 4.4 x JOiCkg-1• It is moving in a circular 
orbit with a velocity 3.52 x 105 ms-1 in a magne tic fl ux density 0.4T. Find the radius of its orbit. 

Sol": 

Specific charge of a particle (e/ m) 

= 4.4 X 1Q7Ckg-l 

Veloci ty of a particle (v) = 3.52 x 105 ms-1 

Magnetic flux density (B) = 0.4T 

Radius of the circular orbit (r) = ? 

\,\Then a charged particle is moving in a 
circular path in magnetic field, then 

Centripetal force = Magnetic force 

[HSEB 2069 Set Bl 

mv2 
--= Bev 

r 

mv 
or, r = Be 

mv V 
or, r - Be Be/m 

3.52 X 105 

= 0.4 X 4.4 X 107 

= 0.02m 
Hence, the radius of the circular orbit is 0.02m. 

~ -
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.. •. . .. . . . . . ' eriment voltage acrOss the plates iS sov_ .~na_ tne· 
In a 1'ho1~1s?11 s exp _. f Id ap·plied to make the beam undeflected 

. . . . 's 3 cit\• The ,nagnehc ,e . ? • . . . . 

Pioneer Physics XII 

distance between thent ' ·. f ti . tectron passing between the plates. · . · 
is 

1
0-1 'f, W)tat is the vetocily tl te e [HSEB 2069 Set A Old] 

Mag
1
1etic force on electron = electric force 

Magnetic flu -der1sil) (13) == 10-4 T 
\ elocity ofthe lectt·o11 bean\ (v) =?_. 
Since, the path f the bean.\ is undetlected 

on it 
tJr, Bev = eE 

~ :i_ - 50 [·:E=y_d] 
tH'1 V == B ::: dB - 3 X 10-2 X 10-4 

Hence the veloci ty of electron beam passing 

between the pla te is 1.67 x 10
7 ms-

1 

1 • Electron is accelerated throngh a potential difference of 2kV and then it 
entelCS a u.nifurnt magnetic field of 0.02T, in a direction perpendicular to it. Find the radius of 
the path -0fthe electron in the magnetic field. (Mass of electron = 9.1 x 10-

31 

kg) [HSEB 2069 Set A] 

When an electron enters a uniform magnetic 
field perpendicular to it, then it deflects in a 

Potential difference (V) = 2kV = 2000\T 
Magnetic flux density (B) = 0.02T 
Mass of electron (m) = 9.1 x 10-31 kg 

Radius of the p ath (r) = ? 

~:- Letv be the velocity of electron, K.E. gained 

by electron = Work done on it 

1 
2mv2 = eV 

or, v =~ 

= 2 X 1.6 X 1Q-19 X 2000 
9.1 X lQ-31 = 2.65 X 107 ms-1 

circular path. 
Here, 
Centripetal force = .magnetic force 

mv2 

or,--= Bev r 

or, r 
mv 

- Be 

- 9.1 X lQ-31_ X 2.65 X 107 
- 0.02 x 1.6 x 10-19 = 7.5 x 10-:

3 
m 

~ence the radius of circular or path of electron 
IS 7.5 X lQ-3 ffi . 

Sample Problem 20.8 the str gth f e wnosphere electrons execut 14 x 106 I e~ o the magnetic flux density B in th. . e . revolution in a second. Find 
e ectroruc charge = 1.6 x 10-19 C) is region. (Mass of an electron = 9 1 x 10-31 k 
Sol•: · · g, 

Frequency (f) = 1 4 x 106 / mv S . rev sec or, Be = -r- = mw Be = m2nf 

trength of the magnetic flux density (B) =? 

Mass of an electron (m) = 9.1 x 10-31 kg . 

Charge of an electron (e) =1.6 x 10-19 C 

For the electrons to be in the . 1 £ circu ar path the 
orce on electron d t ' . ue O magnetic field 

provides the n~cessary centripetal force . 
mv2 

i.e. Bev=-­. r 
• I • t • 

or, B 
2rcf 

=111-
e 

= 9.1 x 10-31 x 2n x 106 
1.6 X 10-19 

= 5 X 10-ST 

= 0.5 x 10-4 T 

Hence the s tren tl f d . · g 10 the magnetic flux 
ens1ty is 5 x 10-ST . 
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;lli~iiiiriiiiiii&u!,&i=~r.-AA-~n~e~l~e;ch~·~o-n;;-,1~1a;v;i-n=-g=-A4;5~0=~v~=~==. =·============. =====E=le=c=tr=o=n_=-:-:--,·==·=· ~!;:-'7-:~.·-··A,<: , .. 
magnetic field of flux density 1 50 1 

_ , e of energy moves at right. angles· to a um or~t 
specific charge of the elech' , ' 

1 7
x
6 

O 
3 

T. Fmd the radius of its circular orbit. Assume that t:ti~ 
,' . . Oil JS ' X 1011 C kg-1, [HSEB 2068] 

~~ . 

Energy of an electron (E) = 450 e v i.e. l3ev == mvz 
r 

Potential difference (V) = 450 V 

Sp charge of electron C~J = 1.76 x 10u c Kg-t 

Magnetic flux density (B) = l.5 >< 10-J T 

As the elech·on moves with velocity v, 
then energy of the elechun is 

1 
2~nv2= eV 

v=- fjiy_ 
\Jm 

For the elech·on to be in the circular orbit, the 
force on electrons due to magnetic field 
provides the necessary centripetal force. 

Of; f 

or, r 

or, r 

or, r -1.5 X lQ-3 

= 4.8 X 1Q-2 m 

2 X 450 
1.76 X 1Q11 ffi 

Hence, the radius of the circular orbit is 

4.8 X lQ-Z ffi 

@hhdi1Rfb4@,)f..J1j11) In an evacuated tube electrons are accelerated from the rest through a 
potential difference of 3600 V and then travel in a narrow. beam through a field free space 
before entering a uniform magnetic field the flux lines of which are perpendiculars to the 
beam. In the magnetic field the electrons describe a circular are of radius 0.10m. Calculate 
(i) the speed of the electrons entering the magnetic field (ii) the magnitude of the magnetic 
flux density. (iii) If an electron described a complete revolution in a magnetic field, how much 
energy would it acquire (e/m = 1.8 x1011 C kg-1). 

So[n: 

p.d. (V) = 3600 V 

Radius (r) = 0.10 m 

Specific charge(;;)= 1.8 x 1011 C Kg-1 

(i) Since, the kinetic energy acquired by 
the electrons is equal to the work done 

on it. 

1 
i.e. 2m v2 = eV 

2eV ~eV or v 2 = -- ⇒ v = --, m m 

= ✓2 X 1.8 X 1011 X 3600 

v = 3.6 x 107 ms-1 

ii) Magnetic flux density, B =? 

For the electron to be in the circular arc of 
radius r, the force on electron due to 
the magnetic field provides the 
necessary centripetal force. 

iii) 

mv2 

i.e. Bev=-­
r 

mv v 
B-- ---- -er e 

-x m r 

3.6 X 107 _ _
3 

= 1.8 x 1011 x 0.10 - 2 x 10• T 
• f ! 

' ' -· v.--, ' 
If an electron described -a comp_le~e 
revolution in a in~gnetic fi_eld the total 
work done ,.., i~ -zero, so the energy 

. d _..bv·electron would be zero. 
acqmre. . -!-' . . . 
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IIIIBJilL~p·~,o~n~ee:!r~P~hr.vs~lc~_=s1X=-~-l=I-=-=-=-:,-:_-:_-:_~-:_~~~~~~;~~~~~;~~;;~;,~~;;;;~~~;;;;~~~~~~~;;~;;;= 
_ -1- ,t · ni~ charge to be -1.6 x 10-19 C, calculate the potential 
Taking the e ec 1 o . · _ . , .· . . . 

. _ \, \. •,,t-ailtecl l;~tweell. two honzonhtl conducting plates, one 
diff . . volt nece Sl\11' tu oe 1ia1 

ercnce m · ·, \ _ . .,"Il t}il dtop of mass L31 x 10-14 kg with two electrons 

Sr111111lc Problc111 W.11 

· · . 1: · ll olh t so h\al a stl •~ . . . 
5mm {I. nwe ,e . . ' . . 'l 'b ·•u 1\ belweett them. Which plate wtmld be at the positive 
attached to it., t mams m -equi 1 n 1 

porenl-ial? (g = 9.8 nis~) 

Soh 
, . 1atge of aft ele..iron ( ) = -1.6 10-19, g = 9.8m s- ' 

Distance lietwee11 two plates (d) = 5mm 
= 5 10..:1 m, 

Mas of an eleetron (m) = 1.31 · 10-14 kg 

. cceleration due to gravit) g) = .8 m/ s2 

umber of electron attached to the drop (n) = 2 

: . Charge (q) ::: 2e 

P otential difference =? 
For the oil drop to remain in equilibrium, the 

force on oil drop due to electric field must to 

-equal to the weight of the drop. 

Le. qE = mg 

i.e.~ = mg 

mgd 
Or V = 

I q 

mgd 
or, V = 2e = 

= 2006 V 

1.31 X lQ-4 X 9.8 X 5 X 10-3 

2 X 1.6 X 10-19 

The upper plate would be at positive potential. 

Hence, the required potential difference is 

2006 volt. 

aiilMUllia.alillliilliililMil'eliilil,,iiiisiiiiii A beam of protons is accelerated form rest through a potential difference 

of 2000 V and then enters a uniform magnetic field which is perpendicular to the direction of 

the proton beam. If the flux density is 0.2 T calculate the radius of the path which the beam 

describes. (Proton mass= 1.7 x 10-27 kg., Electronic charge= -1.6 x 10-19C) [HSEB 2061] 
Sol".: 

Potential difference (V) = 2000 V 

Magnetic flux density (B) = 0.2 T, 

Mass of proton (m) = 1.7 x 10-27 kg 

Electronic charge (e) = 1.6 x 10-19 C 

Radius of the path (r) = ? 

Since, the kinetic energy acquired by the 
proton is equal to the work done on it. 

1 
i.e. 2 mv2 = eV 

or, v2 

or, v 

2eV 
m 

=~ .......... (i) 

For the proton to be in the circular orbit, the 

force on electron due to magnetic field is B ev 

provides the necessary centripetal force 

mv2 

i.e. Bev=-­
r 

mv 
or, r =-

Be 

Substituting the value of v from Eq. (i) in Eq. 

(ii) we get, 

r =m- ~ 
Be \jm 

or, r=½"M 
.----------

1 2 X 2000 X 1.7 X 10-27 or, r =-
0.2 1.6 X 10-19 

or, r ::: 0.033 m = 33mm 

Hence, the radius of the path is 33mm. 
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·,-- .~.·_···Electrons ·- · ~-
b2fj@QtlS@P,,f.J,jijTwo 1 . · - ,' _· .. ,.. . _:·~.- - •.•. 
. . . , , b . p ane metal plat 4 0 . . ..c-- , ... , • . 

_a·.~ac~u~, ~ne e1ng vertically above t es • cm long are held_~oriz~n!1Y ~-0:cm.~~~~~!?" . 
the lower 1s __ earthed. Electr , . he other. The upper plate is at a p"otential of~00V an~··-. · • 

. . , ons havin . ' . . . ~ -, . , '.· .. 
nudway between the 1 g a velocity of 1.0 x 10' m s-1 are· m1ected horizo~t~~~y , 
· · . P ates and . . , . - - 1. • • 

Calculated the vertical d fl . in a direction parallel to the 4.0 cm ~~ge. 
e ection of tl 1 · . . 

(e/m for electron 1.8 x 1ou C 1 1 . le e ectron beam as it emerges from the . plaies_. 
<g-) [HSEB 2060] 

So~: : 

Length of each plate (D) == 4- . 
· Clll == 4 >< 10-2 1n 

Distance between two plates (d) == 3cm · ' 

P.d.(V) == 300 V 
== 3 X 10"'2 tn 

Velocity (v) =1.0 x 107 111 8-1 

Specific charge(;) = 1.8 x 1011 c kg-1 

Vertical deflection of the electron 
beam (y) =? 

As we know, 

1 
y = 2 at2 

eE 
y= -F m 

y = 1 eE (p~2 
2m \_V) 

= 1_ eV (p~2 . 
2md \v) 

1 300 (_4 X 10-2 ~2 
= 2 X 1.8 X 1011 X 3 X 10-2 X \_1.0 X 107) 

= 1.44 X lQ-2 ffi 

iilliilillll.iillllilliilaliliMill ... il4ilii,,liiljliar1j An oil drop of mass 3.25 x 10-15 kg falls vertically with uniform velocity, 

through the air between vertical parallel plates which are 2 cm apart. When a p.d. of 1000V is 

applied to the plates the drop moves towards the negatively charged plate, its path· being 

inclined at 45°to the vertical. Calculate the charge on the drop. [HSEB 2053] 

Sol11
: 

+ -d = 2cm 

+ =~ + ~ 
+ 145"-. 
+ t ~- V 

+ lv1 "'-
+ I 

( V > 
Mass of oil drop (m) = 3.25 x l0-15 kg, 

Distance between two plates ( d) = 2cm 
= 2 X 10-2 m, 

Potential difference (V) = lOOO volt 

Inclination of path to the vertical (0) = 450 

Let us consider v1 and v2 be the vertical and 

horizontal components of the velocity when 

the field is applied and q be the changed on 
the drop. 

·Here, 

mg= 61tT\ rv1 ......... (i) 

and qE = 61tT\rV2 ......... (ii) 

Dividing Eq. (ii) by (i), we get 

_g§_ = v2 = v sin 45° 
mg V1 V COS 45° 

~ or, q = E 

mg x d 3.25 x 10-1s x 9.8 x 0.02 
= = V 1000 

= 6.37 X 10-19 C 

Hence, the charge on oil .drop is 6.37 x l0-19
· C 
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-- Pioneer Physics XII -.. 
·· ,_. ~ · - . -_ - . . the horizontal plate are 1.5 cm part With · 
·· · In a Millikan" type appa1_alttsb · . d to foll with the steady velocity · 

f / d oil drop JS O se1ve i ·r th d . - . 
the electric field switched o ·r an - • . the u J ,er plate being pos1 ive, e rop Just . 
Somple Problem 20.15 

2.5 x 102 cm 8 -1. \¥hen the !h'!ld i_s_ sWtl-cl:~~eo:~o pla::s 1s 1500V,(a) Calculate the radius of ~he · 
- . t tionet"'r when the p.d, bel\vee1 . . , 1 (c) lf lhe p,d. between the two remains 

remams s a J _ •c ,1 ··n-dd dues 1l rany d tw 1 tr 
d . (b) How mai\y electrn1u c Ullo'" h.t?n H has collecte o more e ec ons as a 

ropl. o-c>d, with what \re_ lodly will the drodp •h~vl e ~900 kgm-3 viscosity qf air= 1.8 x 10-s NS m-2) 
unc ,ant>- _. , . ·adiatiol\?(Oil ens1 y - 1 l 
result of ex-posure to iomzing t mg 4 

3 
>< ~ 

l or q = E = -3 nr pg V 
So": . . _ (d) = LS cm ' " 
Distance beh\een n,ro plates = 1.5 x 10-2111, ! n(l.5 x 10-6)3 x 900 x 9.8 x 1.5 x 10-2 

2 _1 or, q = 3 1500 
Stead, \ elocity (\) = 2-~ x lO- cins 

1 
-12 5 x 1Q-t9C 

J = 2.5 x 10-4 ms- - · 

Potential difference (V) = lSOO V no of electrons on the drop (n) =; 
Densi t u of ml (p) = 900 kgm-3 _ 

~; 10 5 N 2 12.5 X 10-19 
\ 1scosity o'f air (11) = l.S _x ~ s nr = 

1
_
6 

x l0-19 = 8 
a. \,\then the electric field is s,v1tched off, then 
, ~eioht of the drop = viscous force. c. When the drop collects two more 

0 
electrons, the electrostatic force is greater mg=6mFV 

4 ? than weig~t of an oil drop and hence the 
or, 3 m-3 p_g= 6m1rv ⇒ 3 r2 pg= 311v drop moves up . 

., _ 911v = (911v)1/2 Here, (2 + 8) eE - mg= 6n11rv 
or, r.:. - ?po- ⇒ r ?po- . or, 2 eE + 8 eE - mg = 6nnrv 

- 0 - 0 

-(9 x 1.8 xlQ-5 x 2.5 x lQ-4)1/2 2 eE = 6n11rv [': 8 eE = mg] 
- 2 x 900 x 9.8 2eE eV 

v--- -= 1.5 xlQ-6 m - 6n11r - 3n11rd · 
b. \f\lhen the drop is stationary then force on 1.6 x 10-19 x 1500 

oil .drop due to electric field ~ust be = 3n x 1.8 x 10-s x 1:5 x 10-6 x 1.5 x 10-2 
equal to the weight of the drop. = 6.28 x 10-sms-1 

i.e. qE = mg 

MlhhUJ@Gi4i)f11jrn In an experiment a single charged drop w_as found to fall under gravity 
at a terminal velocity of 0.004 cmf s and rise at 0.012 cm/s when a field of 2 x 105v/m was 
applied. calculate the electronic is charge given that the radius of-the drop was 6 x 10-7 m and 
coefficient of viscosity of gas under the conditions of experiment was 1.8 x 10-5 Nsm-2• 

So[n: - 61t X 1.8 X 10-5 X 6 X 10-7 (4 X 10-5 + 12 X lQ-5) 

Terminal velocity of a drop in absence of - 2 x 10s 
field (v1) = 0.004 cm/ s = 4 x 10-s m/ s = 1.628 x 10-19 C 

Terminal velocity of a drop in presence of = 1.6 x 10-19C 
field (vz) = 0.012 cm/ s = 12 x 10-s m/ s Since, q = ne 
Electric field (E) = 2 x 10s v / m. 
Radius of drop (r) = 6 x lQ-7 m or, electronic charge (e) =; 
~dent of viscosity of gas (rt) = 1.8 x 1-0o Nsm-2 
Electronic charge ( e) = ? 
When the electric field is applied, the drop 
moves up and attains terminal velocity. 

According to question, the drop contains 
single charge i.e. n = 1 
:. e = q 
or, e = 1.6 x lQ-19 c . 

Then, 

- 6m1r (v1 + v21 Hence, the electronic charge is 1.6 x 10-19 C · . rio 

_ charge on rhe drop ( q) = E 'j ., . ..-~ 
··.,;,,;'!/ 

• • J,~~ 

·:- ';-i~i 

.::: 
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An electr h · ' Electro_ns . ·'~ 
. • on • enters a regton of uniform aving charge 1 8 . , • . . . . . magnetic fi I . x 1011 C/k . . . . ,. 

Sample Problem 20.11 

t~e field and the m1hal path of th e d of strength O.l T g with a velocity of 101 ms-, • 
distance_ traveled between t e elech·on being 2so F' cl th

e angle between the directio f 
revolutions made per sec. wo consecutive turn~ (~: t~e (a) radius of path (b) the a:i:l 
Sol": pitch of the helix) (c)the no. of 

Velocity (v) = 107111/ s, 

angle (0) = 25° 

Component of velocity p 
field (vy) = v sin0 erpendicular to the 

TI1e vertical component of velocit . . . 
to desaibe the helical path. · Y 

18 
iespons1ble 

a. Radius of path (r) = mvy == mv sin0 
Be Be 

V sin 0 107 sin 250 
- B(e) = 0.1 X 1.8 X 1011 

111 C. 

= 2.35 X 10-4 ffi 

b. Velocity along the field(vx) == v cos0 

TI1e hor~ontal component of velocity is 
responsible for the axial distance. 

Axial distance between tw 
consecutive turns :::: 1· d' o l · 1 mear 1stance 
ravel eel in 1 complete rotat1·· on. 

= Horizontal velocity x Time period 
= Vx T 

2nr 2nr = V cos0-= VCOS0---
Vy v sin 0 

_ _ 2_n_r 2n x 2.35 x lQ-4 
= tan0 tan25° 

= 2.86 X lQ-4 ID 

No. of revolutions per second is 

f = .! = v sin 0 _ 107 x Sin 250 
T 2nr - 2n(3.14 x 10-4) 

= 2.14 X 109/s 

EXERCISES-20 

20.01- Why is a gas at normal pressure a bad conductor of electricity? 

20.02- Why does electric discharge take place of low pressure and high potential difference? 
[HSEB 2067 SupJ 

20.03- A gas at lower pressure conducts electricity but the same gas at higher pressure does 
not. Explain. [HSEB 2071 Set D] 

20.04- Electric discharge stops at very low pressure, why? or Discharge tube appears dark 

. wh~n evacuated to very low pressure, why? 

20.05- Lighting discharge takes place at high attitude, why? 
20.06- Cathode rays cannot be regarded as electromagnetic waves. Why? [HSEB 206~J 

20.07- What property of cathode rays indicates that they consist of electrons? [HES~ 2068J 

20.08- Explain an evidence for the particle nature of electricity. 

20.09- State the principle of working of Millikan's oil drop experiment. 

20
_
10

_ What is the importance of Millikan's oil drop experiment ? [HSEB 2067] 

20
_
11 

_ Why is the path of a moving electron in et magnetic field is ciicu~~r ? 
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, Chapter 2. Solids and emiconductors 
_,.tiWJl§l .. htf1iM@ 

@ set B a .N . 2~ ~20;-;s:::-2-=a~.N-0-. 1-2- What d _ ~ - - -
1
· t ·\bsolutc zrrn t 'mp 'r.1tm , . . 

0 you mean by ~ole In a emiconductor? ; [2] 
' ' c, in l l pure s 'Ill . I 

,,still the vHhncr bnnd 1·s l-,,, 
1 1 

' 1 ' 011 l uctnr, c II the ele tmns lie in a valance b nd . As a 
ll:, I • V lip l' l \ fill I b 
I ,1nncra lu n:' of s ' m iconductor • , . l ' l Y clc lnins ilml omluction b, nd is empty. When 
t: r 1nl 1eascs the • I I h 
,011duc ti m lnnd ·reatinv a J l . · · '. vu nn e ·, cc trons gl't thermill energy and jump to t e 

. 
0 nu spnce mvala n- I "rJ · · I b d ' lJ d 

htllc ins ' llU onductor. T his hol , ., , .. • cc am . 11s va t1nl s pa e in va ence an is ca e 
.· . . c acts as pos1l1ve charge 

\\lhcn a lnval 'nl 11npunty atom is . ld :l · 
tr

\ iaknl -,tom form three c 
1 

• ;_ ell Cl to a pure semiconductor, the three valance electrons of 
1 ' ova enl oonds witl 1 · l I d h fou;th covaltnt bond has a d . . 1 s 1anngtiree_eectronsofsemi~onductoratoman t _e 
cmiconductor. · ehciency of electron . This varnnl space 1s also caJJed hole m 

z. -[§76 Set_ c Q~No. 2~ l2osa··o,d-~-Q~No~ 1f~~ihy-i; ·th;-;-~itt;,:~;~i~;~f~~t~-n~isto; d~ped h;avily? ---{2] 
A t~·ans1stor cons

i
sts of ~u:e terminals _called emitter, base and collector. The function of emitter is to 

ennt the charges, base 1s to suppl 1 . d · · · . . . , Y c 1a1 ge an collector 1s to collect the charge. For enus51on of 
charge, dopmg is needed high for emitter. Due ·to this reason the emitter of transistor is doped 

heavily . ==7=:=,.:::::..:=:.::::::=::=:::---:--- _____ ' 

~ GIE a.No. 2c! 12011 s~; ·o a~o. 2 d! What-i~-;notechnology? E~plain. [2] 
'5. Nanotechnology: Nanotechnology is the study of control of matter in atomic and molecular size :i.e_, 

in nanometei; scale in the range of 100 nanometer or smaller. One nanometer (nm) is one billionth, ie. 
1 nm= 10-9 rn. This helps to develop tl~e 'devices like nano-tubes, quanhlm dots of very small in size. 
It has the potential to create many new and_ small devices which are used in nano-medicine diagnosis, 
drug delivery, . tissue engineering, nano-batteries, opto-electronics, semiconductor devices, quantum 
comp~ter, etc. · 

~-··--·-• -•·-- ----- -
4. ~go_7_5 -se_t_A_Q-.N-o-. -2d~! A semiconductor has electrons and hofes as charge carriers. Do conductors also ha 

the holes as charge carriers? Jµstify. (2] 
"ts. At absolute zero temperature, in a pure semiconductor, all the elecb·ons lie in a valance band. As a 

result, the 'valan ce band is completely filled by e_lectrons and conduction band is empty. \ 'hen 
temperature of semiconductor increases, the valance electrons get thermal energy and jump to the 
conduction band creating a vacant space in valance band . This vacan t space in valence band · called 
hole in semiconductor. This hole acts as positive charge. Thus, in semiconductor hole in valance bdlld 

and electron in conduction band act as. charge carriers. . • 
No, hole can't be created in a metal because the conduction band and valance ba_nd t verlap \:ith eKh 

0 th 1 tl · 
0 

possi'bility of 1·umpiI1g of electrons from valance band mto condu ti n band er, so t 1at 1ere 1s n 
so as to create th e holes in valance bands. . .. _ _ _______ ___ _ _ _ _ 

;1£75 Set~-
0

:~~~-;~1~-~--t-;;~~i~i;~-;~itt;;.base junction is al\l/ays forward biased. Why? 

~ The proper application of d.. c. voltage across .----'(. :,,.----, ' 1 
Forward 
biased f 
E-B 

three terminals of a transistor (Emitter, Base 
and Collector) is ca lled bias ing of t~ansis tor. 
The voltage is a pplied eithe r in emitter-base 
junction or in coll ector-base junction in suc_h 
a lllanner that emitter-base juncti~n ~s 
fo rward biased and collec to r-base jui~ twn IS V K 

[2] 

rev ·b. :l Wl . emitte r-base 1uncl'lon 
. erse iaseL · , e n . . is tance dec reases. The current flows throu gh the jun ti()n be ond the 
15k made fqrward biased its r:sb :c from emillcr to colic to r. Hen c, r mitter-base jun tion is always 
nee It · J ·ge crosi; a .. f vo age 1.e. c , a , . . ass change ca rriers (electrons and holes) t()wards base. 

--.....__0 rward biased in trans1sto1 ~op, ~ _ - - . - ·- - - . . -. -. -----. -
s. ~ -- ------ ··-- - t t of two-input AND gate 1s fed to a NOT gate. Give its logic symbol and wnte 
. ~i Set A a .No. 2cl The ou pu I gic gate formed . [21. 

dow ·t I Id tify the new o . ~ l\ r n I s truth tab e. en . .· of AND and NOT ga te in su h a way that the output of AND gate is 
l',AND t · tl e combwatton · b 1· · f' . con . ga e is 1

_ a NOT gate. The sym ~ 1c re~resentation of the NAND gate is shown m 1g. 
1' _nected to the mput of t if any one of the mput 1s low . · . his gate produces high outpu · · 

\. 
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246 , · A COMPLETE NEB SOLU'rlON TO PHYSI CS. XII - - . 

· . ,. . ul of NAND gate, then Y = A.B. Thu 
If A nnd B rt'present the inputs and y represents the (1U tp s truth 

l I tabk for NA Nb gal:t' is given 1y: 

lnputs 
Output 

' ·B Y = AB A B 

J\ 

() 0 () l n 
() l 0 1 . 
1 0 0 • 1 

0 
Fi g. Symh< I of' NANI) gmc 

1 l l 
. - ... " 

... .. 
- - -- ·- - - ·- ' 

.. d d n f~rward bia's. Sketch the voltage - ' 1.-@074 set s a.No. 2aj Draw a circuit diagra111 for p-n Junction 10 e I versos 
current graph for it. · [~ 

+ -
' Fig: Forward biasing of p-n junction 

.F ig: 1-V c tir VL' in forw,1 rd biasing 

8. ~073 Supp a .No. 2W µoio Set C Q.N~.-2 c(Vihat·i; ;-i;;g·i~-g~t;? Gi~~ -i~g·i~-sy~b~i and tru·tl~ t;b·l~fu~ 
gate. · . [21 

a The logic gat~ is the electronic circuit whicJ1 gives the logic decisions. . . 
OR gate is an elec tronic circuit which gives high (1) output when any or all mputs are high (l) . lt·has 
two or more inputs and sii1gle .output. Logic sy_mbol, Boolean ex press io n and trnth ta,b_le of two 
inputs OR gate are as follows: 

:~ In rnts Otlt ,ut 
A B Y=A+B 

Y=A + ll 
1 1 1 
1 0 1 
0 1 1 

Symbol of OR Gate 0 0 0 

9. 12013 Set c a.No. 2W How does the conducti~ity··~f-se,;ic~~d-~~l~r ~ary with _temperatu~e-? Expl~in~- 12J 
?:,;. At absolute zero temperature the val. ,nce band is c:ompletel)' fill ed ,md · 

. Ene~y 
conduction band is empty and semi1 ·onductor acts as insulator. When 
temperature of semiconductor incre,1ses, some of the cnvc1l ent bonds of 
valance band brea k down and the elech·ons ju111p to the c'tmdu ction k111d 
where the elec trons become free to conduct elec tricity . At hig he r 
temperature, more covalent bot1ds break down & ·more e lec trons an' 
knocked to conduction band crec1 ting more nwnber o f in valc1nce band 

0 0 0 0 
0 0 0 0 0 

C.B. 

V.B. 

electronS' in conduction band . Hence, elec trical conductivity increases o n incre,1s in g lt• mperah1re. __ • 

10. Mo73 Set D Q.No. 2aj Explain how the conducti~ty ~f~ se-r;\i~~~du~t~-~-~~ri~~ with -t~mp;ra.ture?· - -- 121 
Please refer !2073 Set C Q.No. 2~ _.. 

-::--~ ~=~~~~-~---=;,--:=_. - "•- ···· -· --·--- -·- -- ........-
11. j2012 supp Q.No. 2cj Explain the essential characteristics for an element to ~erve as (i) a d~nor ;-;purity (ii) an

1 acceptor impurity in a semiconductor. 12 
~ ,The essential char;:icteristics for an e lement to se rve as a d ti nor impurity is pentavalcnt or has five 

vaJenc~ electrons w_hich provides one free e)e tron w hile doping tti ,1 ·emicondu tor crysta l aud a~ 
acceptor impurity is triva lent o r having three valnn c 1 e lec trons whic'h provides o ii e: hole which acceP 
~'.~ electrpn . 
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~et_C Q.No.- 2~W;;ta·~;,~Qkg·•._f - ---- SOLIDS AND SEMICONDUCTORS I 247- . 
The log IC gates are elc'ct . '. a es? Give at- .... t_h · . ion, . ru tabl i . -- - - ---- ---

,- highorlowbutnotintcr 
1
_nrruit,-,Which I e oratwolnputNORgate. (21 

. NO 111<.'l _l,llp v· 1 g Vl' 11,1,1c I •.· .1 • • . . . . NOR gate. R gnte i . ti , · <l Ul' . ' 1 < 1 I<; <> 11 .'I . 1 lw outµul' of .o;u h orcu 1ts 1s either 
I · I ll ''l'Clr · f()W. t 1s t 1c ro1nbin,1 tion f on,c rircu i( Whf ,1 . 

r,1te. The truth t<1bl, .
111 

l . 
0 

OR and N T , t ,
11

" 
1
.
1

1 
1 giw.i; lh t• high output wlim ,1 1/ of the inputs are 

p:.:...-------=-.::::..:•~,l. ·" n1b11I r c,' '- • 1( • t1 u111111 ( () /1 • In 1ut · u N I >ol, ·, . 11 ' 1;c1t1• , . ., 1' 011111· t,·d to input of NOT 
E Ou1, lll of on l IS 'JV('ll hdnw 

1----:':--\ -,-----:7ll---...L == +B g.ite Ulpul of NU/{ gn ll' 
0 () y = t\ + ll 

() () 

1 
1 
0 i Y= A+ B 

1 
1 0 
J () 

i 3, ·@12 !;t o a.No. 2~ The output f tw . - o 
c mbination of gates. Writ~ down ~ts tr~·lnput-AND gate is fed to a NOT gate. Draw the logic ciriuit ~f th; 

:._ P~l'asc_ r ,fer to [2074 Set AO.No. 23 
th table. (21 

1 [072 Set E a .No. aj What is m~~~t b -a - . . _ 
conductor? ~:;-;:-:~-:----- Y charge carrier hole rn a semi conductor? Can it be created in a 

Ple,n' n.'f<.'r to _12075 Set AO.No. 2d] f2J 
1s. ~071 Supp a .No. 2bJ When examinin · · . · . . . . , 

r NPN? _ g a circuit diagram, how 1s ,t possible to tell whether a transistor is P P 

2S. The arrow u1 the circuit symbol of tl t . .· · 
1e 1 ans1stor can 

be u ed to differentiate an N-P-N trnnsistor fn1m 'P- C C 

B 8 

Fig. (~) Fig. (b ) 

-P transis t()r. ff the arrow in the emitter terminc1l 

pointed in (pointed in m ea ns P-N-P) as sh<)wn in thl' 

figure (b), the transistor is recognized as a P-N-P . 
transis_tor. If the arr·ow in the emitter terminal points 

out (not pointed in mec1ns N-P-.N) as shown in the 
figure· (a), the trc1ns is tor is_ known as an N-P-N 

transistor. NPN transis tor , P P tran ·i tor ,,. . 

----- - -

16. @071 Set c a .No. 2 bf Draw a circuit diagram for a p-n junction diode in forward bias. Sketch the voltage-

. current graph for the same. f2J 
- Please refer to Ro74 Set B Q.No. 2a/ 

~~ s~t c -a~o~ 2 di Wh-at is truth-tabi-~? Write do~n ihe truth table for a two-input NANO gat~. - [2] 

- Please refer to /2074 Set AO.No. 2g 

~a.·§~70 -S~p (Set A) a.No·. 2 ij Based on the band theory of solids, how would you distinguish between 

conductors and semi conductors? EE 
Ac :1 · t b . 1 tlleory of solids, there are three tqws of ( .1:. 

corurng o anu · . l ' 1 I 
b ., - I- C" t121 11d conduchon 1a11L c111t t F.H. = IL'V anus. They an.~· va c1n ... c , '+' 

f l
. Tl, 1 c, b rnd is energy related t-<1 va l,mn· \/Jl. . 

or J1dden band . 1c va c1n ~ ' · .. 
J • , ,,,·gy related to co11dt1tt1<rn - 1 electrons, cond uction ban 15 CJk Sl'miconduct11r l'

11 uctur 

[4] 

electrons or · . 
. f f f l f is •ncriry gap bctwt'ell V<l lclllCl ' b,rnd ,llld condu t1on tlc1nd. F T 

free cl ) t · c.:, 11 · ' forlm .. Len Jal L • ., I · · ec rons '' u . between condu cr-ion ba nd ,ind v,1l,lll l'l' b,rnd is sm,111 (n 'ell' y 1 ' 
semiconductor, the energy ~'1~ . . , · two bands ,11,1, ovcrli1 ppl'd to 1• 1ch otlwr c1s shown is _figur '. 
WhiJt, for conductor, the gap JS zero 1.c., , 1- -- · ...___ -- - - · -

7 
a No 2~ An n-type semiconductor has a large number of free e ectrons 

19., @70 Supp. (Set B) a .No. 2_ ~ ~06;d~upbe.ele.ctrlcally neutral. Why? ,. (21 
at room temperature, yet ,t 15. 

531b ~ 1 by doping pure semicond11 ctor with pentavaknt impurity. As 
~ A · i ctor JS O taIJlCL k t 11 n-type senucont u · 

1 
f auntion of the ~-i un' 'il' 111icn nd11 ctor its four t'lcctrons ta c par 

ti . . t r in to t 1c con J,-, ' • , . • i 
. 1e impunty at(?l115 en e. 

1 
fifth elec tron is left free . 'S ince, c1n i11tri11sic scnuconductor is mm l' up 

Ul 1 b i · while t 1e · • · t l , t· valent · covc1 ent orn mg, ·t .
5 

electrically ncutrnl and 111 11-type Sl' llltCt mductor, neu rn pen c1 ' 

of neutrc)l atoms and hc1~~e :J~iconductor crystnl. Out' to this rec1son, the number of <'kctro11s and 
atoms are ndded to pu1 e f>t. • 

f2] 
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248 i A COMPLETE NEB so~ur10N T~ PHYSICS· XII . . 
1 

trically neutral even it ha 
. . , . . a 1d hence Jt is e ec . s la.rg 
protons are 1~ot cha~1ged m n-type senuconductoi c 

1 
~-·------·-····-··--· . . --~ ~ 

numb~r of fr e electrons. _________ :----;-· ·------:--· logic symbol and truth table for a " 
- ••· . Wh ti logic gate? Give . . \wti, 
20. \2010 Set o a.No. 2 cl l:Z067 Sup a .No. 2c! a s a -- . . . (i] 

mput AND gate. . , ti •1ogic A 
, a The logi ga tes a re th , t"I troni it' uits wluch give. te 

1 
. 1 __ ...... 

. . . . - ·t whi h gives ug l 
decisions. D ga te is c n ,, lcctronK u u! 1 f two 
outf ul wh 'n All of the inputs are high. fh symbo ~ u ts 8 

inpu ts D rate i gi en b low whi h ons iSt8 bf two mp Fig. Symbol or AND gate 
n u~l'd and B and on output sa 
Th ~ truth tabl, fo r t, o-in uts N 0 

B 

Output 
Y == A·B 

0 
0 O 0 
0 l 0 

y"'A.8 

1 0 1 
1 1 __ ,,,_ ... -. .... - ---- --- - ---

.-;1~§0~9 S~pp~B Q~N~~2-iwh;ti;d~ping? Disc~~-it;-;i·ij'~ifi~~~~;ln semiconductor studies. . [2} 
. . t •e semiconductor crystal o f silicon or 

a. Doping is the process of adding unpunty atoms O pm . al 
• - - • · · al t · t -like phosphorus or tnv ent atoms \ik o-emlanmm. The 1mpunty atoms are-either pentav en a oms - ~ 

b . . · . -1d d emiconductor crystal, the no. of free alumuuum. When pentavalent atoms are au e to a pure s _ _ _ 
electrons increase in conduction band. While the addition of h·ivalent unpunty atoms mcreases the 
h9les in valanc_e band. Hence, the addition of ilJ1.purity atoms to the pure semiconductor crystal 
increases the conductivity of semiconductor by increasing charge carriers. __ _ 

22. ~069 (Set A) a.No. 2~ A p-type semiconductor has a large number of holes but still it is electrically neutr.af. 
Explain. . [~ 

a. A p-type semiconductor is made by doping trivalent atom to a pme semiconductor crystal of silicon 
or germanium .. The three valance electron of trivalent atom form covale11t bond with the tree valance 
electron of semiconductor atom and the forth bond has deficiency of electron and a hole is created. 
An intrinsic semiconductor is made up of neutral atoms and hence it is electrically neutral and a p­
type semiconductor is also made by doping the neutral h·ivalent impurity atoms in neutral intrinsic 
semiconductor. Hence, p:-type semiconductor has equal number of electrons and proton; as a whole 
and it is electrically neutral even it has large number of holes. ____ ' 

23. ~069 (Set B) a.No. 2d! What is a logic gate? Draw the truth table for a·n AND gate . .. 
~ Please refer to 12070 Set D Q.No. 2 cj 
24. @06~ a .No. 2~ Would the;;b-;-an_y_a_d_v-an-ta_g_e_t_o _a-dd- ing n-type or p: typ;-i~p-~~ities to · copper? Why or wtiy 

n~. m 
:a. N o~ there would be no any advantage to ad?iI~g n-type or p-type nnpurities to copper b au se opper 

has a lready large number of free electrons m its conduction banLi a11 i tl · - f Jdm' g 
tl 

- •ty t · c t: 1ere 1s no meamng o at1 
1_e 1m pun a om s. 

25. 12068 can. a .No. 2cl How does the suitable impu-;ity'increase th·e c~-n-d--u--c-t:--,v·t .... ,_ f - - . ---·- · - ?. -[2] 
. . . . 1 y o a semiconductor. 

a In a pure semIConductor, the re are no more free electrons in the c · :l • . l ce 
b d d h . . . onL u c tion b a nd a nd hol s m va an 
an an ence the re 1s low conductivity of semiconductor W1 . . re 
dd d l - · 1 n p entav a le nt unpnnty atoms ,a 

a e to t 1e pure semiconductor crystal, the number of f . 1 . . b d 
· J s· ·1 i ee e ec tron m th onduct1on an 
mcrease . 11111 .a rly, the number of free holes increases on a :l :t · 1 . t} e 
pure semiconducto r crys ta l. Th is increase u1 holes in va la,~~ l ~:~,\le tnv~le nt impuri~ atoms toti~Il 
band increases the conductivity of semicondu ctor Tl l ~nd f I e e l c tron m con due ·n 

· d · · · 1u pres n of · ·ty atoms 1 
sem1con u ctor mcreases its contlu tivity . ---· ' m1pun · 

26. 12067 .Q.No. 2W A st~dent-ass;rt-; that 'si and Ge became-~o~ -- - - - -~-----------~~--------; 
good insulators at very low temperature. Do you agree? E 9

1 
. conductors_ at _very high temperatures 

30

121 
1 · . . xp am your reasoning . 

~ · agree with the statement tha t S1 a nd Ge become i · d 
good insulators at very low temperature. At very lo go~l conductors at very high temperatures~ e 
band and there are no free electrons in the condu ti~ emb perature, all the electrons lie in the vc1l~\ 

. c on and and hol . to u,1 
reason, the semIConductors become n1sulators Wl es Ill valance band. Due t!l 

· ,en temperature increases and reaches to roo 
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oucroRS 1 

l'trJtUrt', th SOLIDS ANO SEMICON . 

1tlt l~ trons 1·un . . tlu'rnh1I cnerg 
· ·h ·rt\-1 n b. . 1r h th Cl ndu tinn b,1tlll b I r,, ltllllg l I 

th h )} , in th' I nd l nd lhl'. r t•l · trons l ·n ,mt' fr ·r in' the ond ll lion 1 H1L • 
u n ~ . < n b. I · ,·,sc on 
ra in l m rnture. H 1 ll nd lnd 1111: I · trons in the ondu lion bt1m 111 r ' . 

rt - , , ' :l . . · creas ing 11 )raturt' an i - n, ndu 1 1 
. . nt u h ll o · •mi ond11 r1nr in ' t'C', SL'. on 111 

1tt1lf • -- -;- r t .2_1~, lt•m r 'fa ltlr . 
., ~ How '.s p-type semiconductor fo;m d? E . - - ·-·- - - - [2] 
•. ~,I nt impurity ell n, (lik b e . xplaln. . ·nl t> 

\\ r l'rDHnium p.h • . on. n, gn l11um ·t ) is ndd ,d lo 1111rL' ·t• nll 'Ondu tor 1 ~' 
·1 · 1n ' '1 pe nu I . · f · I n t 

-~ ·1y t1t m. f m, o\'aient b 
I 

Ill u t r 1s form •d. h thn• , ,11,111 , l'lectron. o tnv,, 
01 urt . ' nt1 by sh · • . , · < nd u tor 11 i th, f rth 1 - rm with thrre ~, ,n t• ·t• l ·tron. of pure mic 1 . 
1 01 · d ill l ' •1 nt ond f • I Ins 

'1 • • , f n., el tr · l ·nu onductor atom has n ddicien of l' •c tr 11 • • 
J •fi ·1en ' n m v Ian b j · 1. f · )ll ri 

i ;tr' numb r O h l • < 11 rec1 t , r1 holl'. n dopping large numo ' r itnf 
11\ n, n ff ., ,t . . 15 ere ted. Due this rea on, there ·ne larg, numbl'r of holes •1nd m, 11 

11,bt>r t r ~ c trnn m ondu ' ti b ~ . ' 
1111 _ _ __ -- -- __ n \~\L1 m P-l) p semi onductor. 
~ Give the circuit symbol a~ d ~t~e of NANO gat; - - - - -- - ---- [2] 
Pl ~1. r_:f -~ @o Set A Q No. 2g 
@:a.No. 1 ~ What do you mean by biasing a transistor? - -- ----- - [2] 
.,.,,l' pn per appli ation of d volta , 1 . • 1 l ,. · .· of th 111 • g «cro l 1e thre terminals of transistor 1s ca l C L orn:,mg 
, .. 11 · tor. The voltag 1 • applie l e·u · • . . . • · · h a 
uil - . l 1 1 r 111 em1tter-bc1 , JUIKtlo n or m ollcctor-bas' 1unct1011 m su ' 
o,~nn r th"1 Lb . emitt ' r-ba c jun ti n i · alw w forwMd-bic1s d and the coll~ctor-basc ju11 tion i 
,1hn ·, r ,,·er. ~-t i r1 :d. . , ~he re i lc1nce of the ~mittcr-bn e ju n lion is low whil' the rcsista n 'of the 

Uc tor-ba. e iunctmn is high. Thi · is wh ', th , forward bia voltngl' ,1pplicd to the emitter-diode is 
rery mall whcr 'as rev 'r. t.> bias voltage applied to the .nllector-diodc is larger. · 

~2 a.No. 2 gj When P and N type materials are interfaced, there exists a d~pletion layer at the int~rface. 
Explain · [2] 
\\'hen P-tyJ e of semi l ndu tori jnincd with a -typ, of semiconductor, the frl'' electron from th ~ 
N-~'P' is diffus ' d in t the P-l)·pc. Thi., i ' b 'r,,u r the rnn entrntion of free elec trons in the N-sid' of 
materi,11 is gr '<ltrr thc1n th ,1 in the P-. idl' of matcri,11. Thus, there \-viii b, n In ,er of positive and 
negntiv' ion!'> ,,t the jun ·tinn - railed depll'tion lc1 •er. In the depiction laye r, there i · net positive 
·h,1rge on the - ·ide ,rnd negative ch.1rg' on U1e P- ide. These olll'clions of positive and nega tive 
har "S ,ll the jun ·tit n produce an el' tri field which ppo es furthc r diffu ion . This region is ca ll ed 

~rri r reg it n ,rnd ·orr • ·p md in i: otcnti 11 prod u _'d is _ 'l llcd barrier pote1~ tial. _ · 

@:59 a.No. 1 ij What factors determine whether a material is a semiconductor or an insulator? [2] 
The ·t li i subst.111 'C whi ·h hc1s m 111 energy gc1p between tl1e va lence band and onduction band i 
kinwn 1s . 'mirnndurtor. The energ · gc1p in in ulator is large. t low r tempera ture (0 K), the 

mi ·ondurt )r ,1L ,KL lil--. in ulc1t 1r b cau both ha e the empty onduction band and fi ll 'd 
\'alence l .,nd . But at n 0111 t 'Illf rnture, ro~du tion band is partially filled for semiconductor but still 
en,F~• for insul ltt r. Thu , th fo tor like nergy gap, temperature, onductiv ity and resis tivi ty of th , 
tnal\'rial determine wheth 'r the mat rial i. a emicond.uctor or an in ulator. 

~ -- :__-------:--:-----:-:-:----:--:- --- ~·-
~Q.No~ 1 ~ A p-n diode conducts electricity when forward biased and does not conduct when reserve 

sec!. Explain. [2] 
\\'hen 1 f o. iti,· tennin,,I 1 f th ' l1urce is connected _with P-type anti nega tiv ' t •rn1inal It - l p , of,, 
P-n jnn •tion ii d ,, then it j_- ~ctid to be fon ard b1a ed. In uch bia ing, I, trnns M , rep ' li ed b , 
l\egatiye terminal f bltt n · in the I-region and hole · are apellctl b , po itive tcnn in,ll of 
battery 1· tl , p . · the " idth of barrier potential derr_e;ls ' ' and ·h,H1, es ' ross tlH' . . n 1t: -r 11n. , _ o 

l1Uiction \nd ~ondu ·t the flow of current ('wi t h O ). 
~\'hen a •ti·. . _, f th ource · onne t d ,vitl1 -type and 11 gativ t rmin, I to P-t 'P, of P-N 
11m~- l , mun,u o ti • b. • I · 
, ..... 11.uon ii 1 th . . •t1 to be re r bi, ing. In 11.s tasmg, h 'S ar ' attra ted b , 11 , 1,, live 
Ii>.-, : , en 1t c - . , 1 b . . 

1 
o 

,-llllJ\al an :l el trons u-e attra ted b_' p iti temun,u cmg opp sM c 1c1rg s. onsequ ntly, the 
~er p ten ._1 f th P- •uncti 11 diode in rea and U1c flmv of harg , , through the ,·un tion 

ticu e J b. . i . f 1 . . 
ine im~ 'ble. 

11 
harge flo, in re, ersc 1 mg, o nl u tion o e ertn 1ty al O Jo , . not take 

(S\ 'itch FF). 
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2 50 I A COMP L ETE NEB SO L UTION TO PHYS I C · XII 

l2 2 4 The b e riegion of tr n I tor i m de very thin as compared with emitter and collector 33. 057 Q . o. . 
regions, why? . . [2] 
A tr,rn',i t r j t. k •n ,t~ )' llt , mplifi •r ,,.., it r ,11 d •livt• I Hge ~nil •c tor curn.•nt for V<.',Y sm all bc1s~ 
ur •n . TI b( · n 1 lll •· to ·urrl' n to, t n' r- •ltlt<'l w ith emitl r ·urr<.•11t a. I i; = I + In. So, a t cons tant 

•mtU r u r r nt (h , th • l 1 • , 1rret t (In) houl I I vcr .., Ill , 11 for la rgt· r oll tor _ curn•nt (le). ~his 
rn: ·, n i Ii f, I nl\ \ h ,11 ' Ct , n1tt ll tlUml N of mnjol'i ly I hc1rp,c•c; , rn ' f'; from c m 1tt1::.r 

l · tl tl l I . • ,,. 1· , 1· , Iii , l • , Tlw < h,1m l ' o l <" rnnh in,1tion rn th · b, s · will fi ·o , " ., ' (' l I \, , ' C r • • 

I • i n 111 r < ,,11 0 th• h, q~, ,ltJ it•r i <' I In , tl wn• I I 1~ nu_, lwr,1<, rt ·du ~d by m,~k111y, 
• l , , I d I n, 11 h,t htl t t ll , tlw I , (' wgio 11 o f ,1 1 r,lfl <t t.'-. lor 1 111, t.ll' very th in a 

l ·, , " )n" t H t'l')t l\H\ In 1nrn t • tlw ( ( ft '( tor cu rr I t. tf Ocl', • j~ m( l 1 h' vy, 
t ,, • ml tH' 111 t r ~II • tor ·urn·nt d< rn•,1 · ·~-

with th of imp ritie ? 

.• 

m •r ion of /\ sig1h I into O .c,ign, I by os.i g d 
p ._ of r •ctifi •r: Hctlf w, v • and fu II WclV r, tifi "T . n l c 

,lf i r 1 Lifi -d because th •re is only 011 0 Jiod and it r c ifi 
~ rcrti fi •r, th r , ar • two d jodes whi h re ti fies bo th (positiv an 

• h . e d iod cs arl' so adjus ted th ,1 l om' d iodc hccnn1t • f ,rwc r I · 
n lth r during n ga tiw half cycl . Thus, AC can be r tif · 

-• 0 -- ----~h-- - ... _ .. -•- -•-- - ~ •-- ..... _ .... 
en examining a circuit diagram, how is it possible to tell whether a transisto · 

Supp Q.No. 2~ •.. _ •.... ,, ... ·--•-·"•H••· . _ · ···- __ _ _ _ _ _ __ 

.. 
(2] 

21 

may the addition of small quantities Qf suitable impurities to an intrinsic seuu·i :on:du1:mr 
C011rs··aaerable decrease in its resistivity? 

·conductor crys tal , th re arc equal number of free d ectrnns in c ntluction 
c > band. Wh n small q uantities of impurity atoms (e ither pen tavalent a ton 

d J to th · purt> semicond uctor crystal, there is exn .ss of el~ctron · in o nduc+· ~J .. "", 
f •ntavat •nt a toms and holes in valance band by addition of tri ~11 nt t 

harg ..:a rri •rs increases and hence conductivity incr 'as, . Tl re -· · 
i 11 at f condu tivity (p = 1/ o) . Thus, on increasing impurity, the r~s i ·tivity d ·rea: · 

on Answer Question 
--- - ---.-- -- ---

P-N junction diode? Discuss its applications as full wave re ifier. 
is s •mi ·ond u tor J vi in which P~ f , 

n ti ct wi I a N-tyr . lmi on'Liu tor. It h t · twl n 

1 fa tl rnJ . Th ' a nod r \fors to tlw l - t , f , 
· t, ti • N-ty p ' refit n. Its sy1 ,bol is a: ~hm 
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V. 
Ill 

0 l 

A ,C. 
Supply 

. A , . D, , 
+ r-- -1•t-L--

+1 
+ _J 

(a) B D., 

'V 
0 111 

01---L__.___,_........., 
P, 1)1 D1 Dz 

During the positi ·e ha lf c I , f . · , (b) - (c) · 
l . I D . t: o secondary v It ·1 , 10wer L lOl e 2 1s re 'rse-bia cd Tl . 0 age, t 1e upper diode 0 1 is forward bfosed and the 

DL;ring the lH:' rati -~ h a lf eve! , of , ~ HI S, 
th_e current fl ows through , the diode D1 and load _resistor. 

lower diode D2 is forwcird l; i..,s•-' i "fslcco-llllo1y voltagt~, the upper J irn.l(' D, is reVcrse biased and the 
c .. "l . llt s cur . ., t fl , , . 

figure 'hows the output volt '1, l . ' i en ows through 0 2 and thl' loaJ resistor Rt . 
< ge OJtamed '1t the·I i , · , · fl 

through R, for both half cyd<:> of ti , . c · Oal resistor RL rn both lrnlf cycle. The current ows 
Jirection in both cases. Thus tl , le mput voltage. The voltage' through the resistor RL is in the same 
We can con idcr tint 

1 
f 

11
' le outpu~ ~urrent through the loalfis said to be u11idirectio11al current. 

c c u -wave rectifier is 1 ·k t b k l . . . . h 
rec tifier workin g in the f . . ' t 1 . lf · 1 e wo ac , to Jack half wave rec tiflers wit one 

us 1c1 cycle a11 l tl , tl . k. · ___ -- -------- _ .•...... . .•.. _ ·------·- · - _____ L ~e o 1er wor . mg m the alternate half cycle. 

39. ~7~ Set~- Q.Nof Gbl 120~1 Set 0_ a.No. 6 d! Distinguish be~~;ni~-tri~-~i~a~d ~xt~i-~;·ic se~ic~_n_d_u_ct_o-rs-. -Ex- p-lat ___ n 

t e ~r~a ion ~ potential barn er and depletionegion 'in a PN Junction. - . . · [4] 
a Intnns1c sem1conductor An ex h·" ,J · · · 

. . , l " . . . • em~ Y pure scnuconductor is called an intrinsic semiconductor. Pure 
.1hcon anu germamum are cxam·ples of intrinsic semiconductor. 
Extrinsic semiconductor A pu1·e se1111·l' ()Jl i ct :t 1- · l · J · - 1 • • • • .· . . · , · . l u or l opcl wit 1 tnya ent or pentavcu cnt m1punt:Ies IS 

called ~x~msIC ~enuconductor. Pure silicon or germanium doped with cirsenic or indiuti1 is example 
of exb·ms1c senuconductor. · · 
The main differences between inh·insic and extrin sic semiconductor are· 

Intrinsic Semiconductor Extrinsic semiconductor 
It is pure semiconductor. It is impure semiconductor. 

The no. of holes in va la1i'cc band cmd no. of The no. of electrons in · conduction band is 

electrons in conduction band are equc1l. greater in N-ty1)e semiconductor and no. of 
holes in valance band is greater in P-type 
semiconductor. 

_ Its electrical conductivity is less. Its conductivity is high. 

lt'i electrical is only function of It e,lech·ical :: conductivity is function of conductivity 

~temper a tu re. temperature and quantity of impurity atoms, 

No impurity atoms are ad d ed. • Trivalent and pentc1valent impurity a tom , re 
added. 

-
· Eg. pure silicon a nd germanium. Eg. pure . silicon c1nd germanium "'ith ar ~ni 

and indium . 
-
~~~nd part Pl •asc rdcr to ~06~?-N~~~gJ__ __________________ , __ --·-·--··---·-·· __ . _____ .-------·- _____ ·--·- ___ _ 
40. § 5 GIE -Q.No.- Ga! @oGB ·can. a.No: 6~ ~hat is transistor? Discuss the input and output characteristics of a 

transistor in common emitter configuration. • · [4] 
'l\. NPN transjstor: A NP transis tor is composed of two n-~p1:' 

semiconductors separc1ll'd by a very th in p-~y pe sech,~)ll . ThuS, ur a ollector 
NPN transistor, there are three d_iffen·nt rcgmn~: E1~11tte1:, Bc1se a'.1,d_ 
collector.Here, CJ/litter is c1 heavily dopPd region .rnd 11 supph~s 
charge to th~ base regio n . Bose is a lig htly dop >d a_nd vcr ' th111 N p N 
region situated in between emitter a nd olle tor region . H passes 
n1ost f tl 

1 
· · cted form emitter to the collector. And 

• . o 1e c 1arges mJC . 1 · l 1 · , , 
coflec·to,- • 1 t ly lloned section of a transis tor, w 11 1 1cs on 1s a n1ouera e I t · f. 
the otl · ·ct f 1 1 " It collects the charge carriers 1 om the 1er s1 e o t 1e 1ase. 
base. · . 
l'he input and output charact~ristics of ~he ,transistor i_n, ~E configuration: Tl~e e~ectric ~ircuit 
diagram_ of NPN transistor in CE configurat10n is as shown lff figure below:· i. . 
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ng. <'l:· n11\fl!!1"·,111011 , cl mittcr t•rminalsanu outputista 
't nfi.gm-ation, th '"pul i. appli d b •tW ,c11 th ' bmi fl l ,n t ln ls the input urrent an<l con ken 
"" th 1H tx r cmL\ ,mm •r t nnitmls. H I' 1r base r. urr, .1 to forwan:I bit1s <m the inp·ut and tor 

·un m \ - ,.- th' :n1tput 'UlT 'nt \so, oltlg ourcc Yim is useL .Ve, 
ius-d 1•c\v'1. tia nth\:'o\.1tpu 1. druil. 
Input \a.racte i f : 1 ( A) . .. -ling ·values D ~L 
The ariati n f thl' ba , mPnt ln agamst tlP con espom -

f th ba. "- mitter ltag ~ BE for a onstant collec tor-emitter voltage 
all -d inp,\t haractcdsti urve, which is as shown.in grn_ph . 

· U win · informations can be obtained from the mpu t 

(V . ) 

vc.02 

···················· 
.. 

· l · all a. BE i less tl,an the knee voltage, the current Bis sm, · 
But, h n BE is increased to a value greater than knee voltage, 
the unent Is increased sharply. It is similar · t9 the forwa rd · vsE(Vor11i 

characteristics of junction diod~. . . 
b. The lope of the characteristic curv·e at a given.fixed point gives the value of the inpu t res1Stanct 

(Rm)-
. AVsE 
Le., Rn = AIB (at constant V cE) 

Output characteristic: 
The variation of the collectot curren·t le against the corresponding l c-(mA) 

collector-emitter voltage VcE for a tons~ant yalue of base current Ir, is 
called output characte_ristics curve, which is as shown in grap}1. 
The following infonnations can be obtained from the output 

characteristics. 
a. The collector current le increases rapidly when the V CE increased 

from zero. After a certain value of VcE,. le remains almost 
constant. _. 

b. When the base current h = 0, a small collector <iurrent still flows 
' . \ 

in the circuit, it is called leakage current. • 

Saturation reg ion 
18 = 60~LA 

Cut If 
/region 

V CE(voll) 

c. The slope of this characteristic curve at a given fixed point gives the value of the output re. istattt:e 

(Rou t) -
. AVcE · 
1.e., Rout= L\lc (at constan t h) 

d. Output characteristic curves shows that there exist three opera ting regions as cut-off region, 
saturation region and active region . 

. ··----~ --- ·- ··- ·-• - - - --
41. ~075 set A a .No. sci What is the difference between a zener diode and a com-.,,on diode? Discuss the function 

of Zener di.ode as a voltage regulator. · 1
4
1 

a. The difference between zener diode and a ord inary d iod ar • giv ' n as: 

Ordinary diode Zener diode 
1. Ordinary diode is a semiconductor dev i e ·1. ll is diode with prop rty 

made up of N-type and P-type sharp breakdown region. 
semiconductor w.ith two terminals and 
commonly doped. 

2. It words on forward biased. 2. It works on reversed biased .. 

3. Symbol: • t>l • 
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4. Characte ristics cu rv 
, I 
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4. Cha ra 

mA 

Use of Zener Diode as Voltag R . e egulator · 
pA 

oltc1g' regula t1o n is the ability f . . .. 
, aria tion of input voltage and l od c_irc_uit to maintain constant output voltage _irrespective of the 
clear th a t if th e curre nt is . · oa ies15 tance. From the reverse clrnracteristics of zener diode it is 

mcreased the volta . . . . . . 
the principl e bl'hind th e t f ' 'ge iemams constant 111 the breakdown reg10n whICh 1s 

regula te voltci ge is rnll e ·lac 
1
'ttH1 ° zener diode as a voltage regulator. The circuit (or device) used to 

' L vo age regula'to · It · i supply to obtc1 in co t ' L , IS connecteL bet,-veen filter and load resistor of a power 
. ' ns ant output voltage. · 

The abov e fig ure s hows the circ •t :I' _ . . is connec te d p ·~i·all 
I 

l _
1 1 

u, _L iagiam of zener diode as a voltage regulator. As the zener diod e 
. n ' e o t 1e oad res1stt)1· tl , . ' I . I LI . . · , 1e regu a tor 1s a so rn ed zener diode shunt regulator. 

A res is tor Rs connec ted in ser' ·ti I 1· · · .· . . . . _ . . . ics WI 1 t 1c L 10de l11111ts the current through the circuit and is called 
se 11es cu11 ent hm1l1ng res is to r Fo · ti , · · · · 1 1e proper operahon, the mput voltage must be greater than the 
zener voltage (Y. > V- ) wh ·c1 ~ , J I · · ''.' z 1 1 ensures t 1a t t 1e ze ner diode operates 111 reverse breakdown region . 
The total current m th e circuit is given by · 

I = IL+ IL R, IL 

wh~re 11. is the load cu 1-rent and lz is the zencr current t ,.,,v.v., >
1 # ) i j 

Also V111=Vr-+ Vz lz . 

and the curre nt throu g h the resis tor R, is given by V,11 
· ,RL tY0 11

1 

Y in - \/z 
r = R, Fig. Zener diode c1s voltage regulator 

Also, Vz= VL or Vo · 
If the input voltage (V

11 1
) increased, th en I c1lso i.J1erec1ses . Si.J1ee RL is kept constant which means IL will · 

have to re mc1in con s tant. So when I is increased, the ad<'.litional increc1sed current passes tl~rnugh the 
zener diode. Thus Jz increases. But the output voltage (Vo) remai.J1s constant. In this _way we see that 
cs the input vc)ltage increases, the voltage c1cross load ( VL = lt.RL) remains constm1t. So a constant 

oltag~ is obtained from the va1y ing input source voltage . 

42. ~o
75 

s-et-B a.No. 
6
[whcrt;~e a;ala~che effect and Zener effect? How c~~ -~ Ze~er diode be used as a voltage 

regulator? . [4] 
Zener Diode: A zcn e r diode is a properly doped c:Ystal ~iiode having sharp breakdown voltage. lt i 
designc1 ted to ope ra te in reverse breakdown region without damage. lt words on rev 'r e bi c-d 

onditi on . 
Zener ffect (Ze n e r Breakdown): If the L~iocle is h~av~y doped and hc1s narrow d e ple tion le e r, c) 

small revers voltag can se t up ve ry !ugh electric field across the junction . 1f th , I tric fie ld 

becomes very h e ight (10fl V / m), it ~reaks d own the cov~lent bon~ls producing larg1.' numbe r of 
electron -lwlc pa ir . H e nce curre nt nses very sharply . This e ffec t 1s call •d Zene r ~Hect or z 11 r 

breakdovvn . 
Avalanche Effect (Avalanche Breakdown): . . . 
If the diode is lightly d o p ed and the d epl t1on laye r I wide, 
tl1e . 

1 
t · fi'elLi unable to crea te zene r brec1kdown . 

1everse e ec n c . . . 
Ho tJ 

· ri· ty charge earners rn the d 1ode a re 
wever, 1e n1mo · , . _ . 

ace l d i t electric field . fhese h1ghJy ene rge tic 
e erate l ue o . 

ace I · :l 
1 

11
1
·cte with the semiconductor atoms and 

e eratel c rnrges co . 
bre kd h lei1t bonds creatmg large number of 

a owi1 t e cova 
electron-hole pairs. The newly generated electrons-holes gain 
energy and again accelerated, which produce large number of 
electron-hole pairs by breaking the covalent bond of 

-Vr 
0 
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254 / A COMPLETE NEB SOLUTION _TO PHYSICS · XII 

· l f ch ·ugc · s·emiconductor atoms. This leads to an avalanc 1e O c 

carriers called avalanche effect or avalanche breakdown. 

--~ -e~o~~ ~~~~~~~-= ref~ ~~~l2075_ S~t ~ a,-No: 6~ . ' - - rinsi·c -s-emi~ond~~t~r~: E~plain the. i~f~~~~ti~~~f 
·43_ 12014 supp a.No. ·s~ Distinguish between mtri~s1c ~nd ext . . [4] 

potential barrier and depletion region in a p-n Junction .· · 
. . . . . . d ...... ·c semiconductors: a Q1stmgmsh between mh·ms1c an e u.111s1 · 

Please refer to @076 Set C Q.No. 6~ 

Second Part: Pleas refer to 12062 Q.No. 2 9! ~ __ _ 

1201; Set A a.No. siW-hati s zene~ di~d~? -E~-p-lain it~ u~e as a voltage regulat~r. 
44. . . . I d , :I ystal diode havrn_g a Zen r diode: zcner diode- 1s a proper Y opel er k l 

· . . i . t ~ in reverse brcc1 L own shai;p breakdown oltc1ge. It 1s des1gnec to opera e _ · _ .. 
, . . . . . 1 i. . ·se biased condition . reg10n w1thou t damage . It is excl us1ve y usel m reveL -

. . (4) 
...... __ ,.. ___ .. __ 

Use of Zener Diode as Voltage R~gulator: · Fig; Symbol of zcncr diode 

Please refer to 12075 Set A a .No. Bel - . __________ .... .. . .. - -- - - - - - . . -

· ·t d'agram explain full wave rectification by 
45. !2074 se_t Ba.No. s~ What is rectification? With the help of a c1rcu1 1 . '- . [

4
] 

using junction diodes. 
a. Please refer to .-l2-07_6_S_e_t_B_Q ___ N.,....6.-6-,~ · •· · . __ . . . _ 

46, - @oi3- Sup-p a.~~~-6§ E~pl;l~th~ ch ar~-ct;ristic of a di~de a~d discuss its application as a half wave re~tifier. {4] 
• · · J - - - , t to de voltat..re or -current 1.s caUed ~ Half wave rectifier: The devICe whICh converts ,le vo t<1gc OJ cur 1 en n _- _ 

rectifie r. ·There are. two types of rectifiers; half wc1ve rec tifier and full vvavc rectif ier. The half \\ a e 
rectifier rectifies on ly half cycle of the c1c input into de output while fu ll wa~e converts both half c_ de 
into de output. A half wave rectifier is as shown in the figure which co ntarns a lransfon~1er, a diode 
and a load resistor. The diode is connected c1t thl' sccondMy coil through a load resistor RL. n 
alternating voltage is supplied to the transfmmer through th' prim<1ry coi l. 

I) 

v.~ 

in 

0 l 

p 

-+_-----~ 
B 

Fig f-lalj \l'C/ Ve rect{!ier 

During the positive half cy~le of secondary voltage, the diode is forward-biased _ . h 'rcfor ', th 
current passes through the load resistor. During the negative half cycle of secondary voltag , the 
diodE' :, reverse-biased. Therefore, no current passes through the load resistor RL, 
Thus, only during the positive half cycle of a .c, the diode conducts and vol tag ; is d "ve lop ... d in tl1 · 
load resistor . The volt:c1ge developed across the load resistor is shown in the figure . his ck ·uly shows 
why th > ci r uit shown in the figure is called-half wave rectifier. 

- - 4 - - -- ---- - --- - - • 

47. ~073 Set c a.No. G~ How are intrinsic and extrinsic semiconductors conceptualized? Expla.in the ,biasing 
characteristics of a junction diode. (4) 

a Intrinsic semiconductor: An extrem ely pure scmicondu tori ca lled an intrim;i s •mi 0111.:luctor. Pure 
silicon an<l germanium are examples of inl:rin i semi nndu tor. · · 

Extrinsic semiconductor: A pur cmi ondu tor dop .,d with triva l •n t or pentc1valcnt impurities is 
callecl extrinsic semiconductor. Pure ili on or g rma nium dl p 'Li with arsenic or indium is example 
of ~xtrinsic semiconductor. 

W11en penta~alent -atoms are added to -the pure 'er~1icond uctor, the impure semiconductor thus 
for~ned is called N-type -semiconductor_ ln N-type semiconductor, there are large numbers of free 
electrons in conduction band than the number of holes in valance band. ' 

~hen triv_alent atoms are added to the pure sen_1iconductor, the impure semiconductor thus formed 
15 

called P-type semiconductor. In P-type semi"conductor, there are large nm"!)bers of holes in valance ' 
band than the numb_er of free electrons in co.nduction band. 
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Characteristics of a p-n junction diode: 
Th~ proper suppl ' of 'X ternnl Vl ltogc to a p - 11 junction liodc tog Li t ret1dy for operation is called the 
bifs ing of a p-n d iode. Then• arc two typl.'. _of binsing of diode; fc rwc1rd hiasi,; g c1nd reversed biasing. 
When positive h: rminal of r1 batt 'r , is nntPcted Ln the p .. rl'glon and n •gn tive terminc1 l is connected to 
the N-reg.ion tlwn it is cnlJ ,d forward bio ing uf the diodl~. During this bicls ing, diode -properJy works. 
If P<:s_iti c terminal l'f a hatter r is onn 'dell to th ,·N-r •g inn c1nd ,1ega tive te rm inal i con nected to ~e 
P-reg1 m then it is called n:' ct·sc biasing of the diode. Durl ng th is bi, sing, diode do ·s not work. 
When a juncfa n diodCc.' is joined in forwmd binsed, ., r~ (mA) 
large ,,mount of un'cnt fl )Ws through it. But, when 
it i c mneded in the n'Verse:. biased, prac ti ca lly i'w 
urrcnt flows. The variation of current thrnllgh c1 

diod' with thl' ~tpplil'd external voJtage can be 
reprc~'en t d • b drawing a graph . This graph is 
called characteristic cmve. Such a graph is drawn 
by taking voltage a long the x-axis and the current 
along the y-axis. Tn order to determine the VR(V) 

characteristics of a semiconductor diode, a circuit 
arrangem ent is made as shown in the figu~e. 
When the e ' te rnal voltage applied is zero, the 
potential barrier a t the junction does not permit the 
flow of current. Th us, the circu it cu rrent is zero as 
depicted by point O in the characteris tic curves. 

--~ 

~ 
13rec1kd(Jw11 

Reversed 
bic1t-:ed 

8 
forward 
hiascd 

0 

, knee voltage 

When the forward voltage is gradually increased in steps and correspondin g m illi-ammeter reading 
shows that no current flows until the barrier voltage is overcome. Once the external voltage exceed 
the barrier _potential, the current increases rnpidly-. The forward vo~tagc beyond which the diode 
current increases ra pidly is known as knee voltage Vk. VK for Si diode is 0.7 Kand 0.3 for Ge diod e_ 
When the reverse_ biasing voltage is gradually increased i.J1 steps and corresponding micro-ammeter 
reading show~ tha t the small current flows over a long range, increasing slightly witl1 increasing bias 
vo~tage as shown- in figu re . If the reverse bias voltage is gradually increased, a t one point the current 
suddenly rises. This voltage where the reverse current suddenly increases sharply is called reYerse . 
break down voltage V B· 

----- ---•-· •- •-•--•---•-• _ _._ - ••-• ••••••··· -•,-•-•-•••·• -•-P••• • • •• ·-• •·•• .,,. "- . " •••·• - --•----

48, @073 set o a.No. sci What is a rectifier? Describe the working principle of a full wave rectifier. 

· ; Please refer to 12076 Set B Q.No. 6b! . · 

[4] 

;- @072 supp a.N;~!D; ~~-;ib;-th~-~~~~~~-~~-itt~~-~~-~fig.ur~ti~-~-i~--~-~:p~-~-ir~~~i-;tor~-D~;~~~d explain input, 

output and transfer characteristics. [4} 
a Please refer to 12075 GIE Q~No. 6a! . 

so. 1201·2 s~t c a .No. G~ What i~ -an .extri~~i~-;;~iconducto~?·E~pl'~-i~ -th;·f~~~ation- ~f-~tential barrier and 
depletion region in p-n junction. [41 

~ First Part: Please refer to 12076 Set C O.No. 6~ 

Second Part: Please refer lo 12062 O.No. ig! 
~t [2012-s~ D Q.N~.-6~-E~pl~-i~ -tt~e-~s~ ~i·a--p~n--j~~~tio~-di_~·d·~-~~--~ -;~~tifier. Draw the c~cuit diagra~ of ;-f~lt 

wave recti fier using diodes and explain its working. [4] 
'l:s. Please refer to 12076 Set B Q.No. 6b! 

-;;-~2 ·se; E a.N~. ~~I What is ·rectification? 
semiconductor diodes? Explain their working. 

H.ow can you con~truct a full wave rectifier using two . 

[4] 
~ Please refer to [2076 Set BO.No. 6bl 

· -~;--fo~-1 s~pp-·a.N~.-s~ What i~ a ·; emiconducto; diode? Expl~ln the working of a full ~~~e -r~~-ti fier. - [4] 
~ Please refer to 12076 Set B Q . No. 6~ · · 

~- ~071 _set C a.No. ~ d! What i·; p-n junct i~~? -o;~cribe-fo~~;d--biis~d and rev·e~;; bia~;d· condition· of p-n· r 

· Junction. _ · · -
& P-N . Junction .J?i~de: It is a ~emiconductor d~vice in which P-type 

semiconductor 1s m contact with a N-type sen11conductor lt l t · 
. 1clS WO 
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Rectitler 
output C 

Y uut 

C E G 

When the rectifier voltage increases, it charges the capacitor, as soon as the quarter cycle is completed 
(i.e., point X is reacheti in figure), the capacitor is· charged to peak value of Vin -of the rectifier, oltage. 
Now, as the peak point X crosses, over, the rectifier voltage starts to decrease. During this time, th 
capacitor discharges through the load RL arid voltage across it decreases slightly as shown by the line 
AB in figure . 
Jmmediately after it, another peak voltage Y comes and recharges the capacitor. Thi - profe 
repeated again and again resulting in wav_e form of the outpu~ voltage as in th figur ". 

69. 12069 (Set B) a.No.-6b! Whafis aZenor diode? Explain how it reg~lat;~ th~ -c~~~tan-t volt~-g~ -in th; electronic 

circuit. .--------. [4] 
~ Please refer to ~075 Set A Q.No. 6~ 

·-- - - -·--~-·--~ - ·-

61 . 12068 a.No. 6 ~ What are Logic gates? Describe, with truth tables, three basfs gates: OR, AND and NOT. [4] 

a Logic gates: The logic gate is the elec tron ic .ircuil which gives the logic dt>risions . 

OR Gate: OR gate is an electroni circuit whi h gives high ("I) ou tput ,,vhcn any or all inputs are high 
(1) . It has two or more inputs and single output. Logic symbol, Boolean "xpression and truth table of 
two inputs OR gate are as follows: · · 

B~y- A+B 

Inmts Output 
A B Y == A+B 
1 1 1 

, 1 0 l 
0 1 1 
0 0 0 Symhol or OR Gate 
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11cro Cafe: The log·k g t . . SOLIDS AND SEMICONDUCTORS , 257 
Ar• a es a1e tl1,, 1 . · · · . '-- e ec troni ,• . • . . • 
electronic cucmt which gives hi 1 c c11 cu1ts which give the log c deci.'l ions. AND gate 1s an 

. . . b . g 1 output wJp II f ' . . , 
11 ND gate .IS• given elow whicl . en " o · Lhe mnuts nrl' hi1,t, . i h ., symbol of two mputs 

, (\ . l consists of t . . t . ., . . . 
The truth table for two-mputs AND · wo mputs nntned A c1 tll:I Band one output say Y. 

,...- · Inputs gate is givl.'n bl'low: 
' - A - (hliput 
B - 0 V A·O 
0 

0 1 
0 

1 0 
() 

1 1 
0 

- ] 
TGate: NOT a 

r~~- v - AR 

1: ig. Symbol or AND gntc 

NO .. g te1san elec ttomcc . ·t 1. 1 . . . . , . . 
(1) when input is low (O) i . ucui w He 1 gives output wh ich 1s not of mput 1.e. J11gh output 

anL v1ce-versa '. 

Fig. Symbol of NOT gate 

;Toss_ ~Id ~an. ?-No.Ba) What is -~ P-~ j~·~tion· di~d;°iWith. ih;·h;lp-~f-~ ~~~~·~it di~g-~~~. ~xp-l~·in-th-~-~o-rking 
of a Junction diode as a full- wave rectifier. . · · · · [1+3) 

;-s. Please refer to ~076 Set B Q.No. 6b! ___ ~ 

63. ~06~ Old a.No. ~ OR! What do you m~an by rectifier? . De;cribe the V:orki ng of full wave rectifie-r -u-si_n_g 
semiconductor .diodes. · , [1 + 3] 

~ Please refer to 12076 Set BO.No 6b! 

64. goss Supp a.No. 8~ What are N-type and P-type semicon.ductor~? Discuss how the semiconductor diodes 
are used as a full-wave rectifier. [2+2] 

~ First Part Please refer @073 Set c Q.No. 6b! 

Second Part: Please refer to 12076 Set B O No 6~ 

65. goss a .No. 9 a) What do you under~t~~d .. by ~~~e7di.~d;?·-Ho~-~·~n thi~b~~sed asvoltage regula~or? [4] 

= Please refer to ~075 Set A Q.No. 6~ - ·-·---- - ____ ---- .. ··-·-- .... --.. ... - .... ·-·- ... __ ·- ..... : .. ··--···-·-- · 

66. gos1 a.No. 9! What is a junction diode? Explain its working as a half wave rectifier. [1+3] 

~ Junction Diode: Please refer to 12074 Set AO.No. 6a! 

Half Wave Rectifier: Please refer to 12073 Supp. O.No. 6N ~~~~~~==~~--·-~--". ·---------·· .. •--·- -- ······ ................ _ .. ....... -... -_ ... ,,_. ··-··-···-· ··-·-· .~• -
67. goso a.No. 9 oR! How is a NPN transistor formed? D\scuss the input ·and output characteristics of the 

transistor in CE configuration. [1+3] 

~ase. refer to !2075 GIE O.N_~· ~( ___ .. _ ....... -----·· -··---···- ----;- · .... ··· ,-···-· -·-·-·. . . __ ··-·· . ..... ... ·----·- ·-··-- ..... __ _ 

sa. [9ss-a~~~-;f Wh~ are N-type and ~-typ~ se~iconductors? Describe with a neat diagram tbe working 

mechanism of a full wave rectifier for a Junction diode. . [1+3] 

~ First Part: Please refer !2073 Set C O.No. 6~ ' 

Second Part: Please refer to [2076 Set B O .. No. 6~ 

~-.-~-;~·a~N~~ 1~ oR(Expl;l~ ·th~ -a-ct~~ ~f~di~d~-~al~~ ~;~·f~II ~~~-~ ~~~tifi~~- -·· - - · - · · · ------- --(4) 
~ refer to j2o76 Set B O.~o. ~-b] .. __ ....... .:... ··---·····- ............ _ ..... -·· __ .•. ..•. __ _ _ . .. ___ ...... __ -· _ 

10. ~ 55 0~;-1-;0RjExplain the characteristics of a diode and discuss its application as a full wave rectifier. i4] 
.:'.:_Please refer to !2076 Set BO No~ 6~ ··-- __ ... - ---· ... ···-··- __ -· ·-·· _ ............ _____ .. .. _ .. _ 
1, . [[54 a .No. 15 oRj Wh~t j~ a junction diode? Explain full wave rectification produced by a filter circuit:·- - [4) 

~ Please refer to Please refer to §069 (Set A) ~ .No. 6~ _ _ _ ___ . 

·~ @;;::05:::::3 ==0=_'N=
0
.=

1
==
5
=
0
=RJ::-W:::h~at is-;Juncti~n-d-iode? Discuss its ;ppllcatlon~-~~ full ;,a\(e ·re~tttier. · [4) 

~ - . 
Please refer to 12076 Set Ba.No. 5Q] 000 

puspas.com
.np



Short Answer Questions · · ____________ _;_ ... --h·---t· .. -n- · .,--n-· th--~ infrared or p .. h_o--t--.o , 7"---
- -·- --· ---··----·--·--- ---- - ---- ------- . a p O O l'l I 

1. 12016 Set B a.No. 2c! 12054 a.No. 12 bl Which has more energy- • · · " t~~ 
ultraviolet? Given reasons. lt) 

a We know, energy of photon is giv -n by 
he 

E=hf=T 

where h is Planck's 
1 

. . -t " wc1velength of radiation . 
onstant, c is the velocity of hght and "A 15 t 1e . 

or E oc - (1') 
I J... ••• ' 

It means energ of photon is i_n rsel proportional to its wavelength · · f 1 . 
. . . . . tl 11 wt1velcngth n u tra-vmlet ph 

Agam, ,,..,e know, wa elength of infrared photon 1s greater 1a . .1 1 °ton. . tlrn.n mfrarl'u p 1oton. 
Hence, a ordin,g to Eq. (i), nergy of ttltraviolet photon 1s more ' __ ___ _ ___ _ _ _ ___ 

---------- ---- -- -- · · _ 2bj \2068 Old. Can Q N 14--.. 
2. 12076 Set C a.No. 2al 12074 Set B a.No. 2b! 12073 Supp a.No. 29 ~068 Can. a.No. . I . . 

0-J.!J An 
electron and a proton have the same kinetic energy. Which one of them_ has the longer wave ength? ~] 

. . . . - . h 
a If Ei.. b e th~ kin tic energy of a pa.rticle, then its wavelength A is gi~cn by, A =· p '· wh 're h is Planck's 

constant. . . 

or, A~ ~. This shows that the wavelengtl, ~fa moving particle is invc;sdy proportional to th, 

quare root of its mass. : 
Since, the mass of the electron is less·than the mas·s of the proton, for srnne kinetic energy, the electron 

has greater wavelength than the proton by ✓1840. . .... : ........... ___ 

3. @01s set A a '.No. 2b! A·-photon a~d-~~--~,~~t~~; -h~~e got the same de-Broglie wavelength. Which one has 
g~eater total energy? Explain. [2] 

h 
a According to question, an electron and a photon ha · s, m d ·-Broglie w,w ·le n gth, A= m'v 

Energy ·of electron, E1 = mc2 

he mv 
Energy of _photon E-, = - = he -

I ~ A. h 

or, E2 = mcv ·. 
Dividing (i) by (ii), we get 

§_ 111C2 
--~ 

E2 - mcv - v 

Since, c > v, E1 > E2 

... (i) 

. .. (ii) 

Henc.e, nergy of photon is greater than energy of electron for san_1e de-Broglie wavl.'l ength. -- - ---· -~----- -------------- _,. -- ,. _, --- -- ... - __ __... 
4. · 12013 Set c a.No. 2a! The accelerating voltage of a proton is increased to twice. How will its de-Broglie 

wavelength change? Explain. [2] 
~ Let V be the accclerµting potential o_f a partice, then its de Brbgile wavelength is 

h h 
').._- - - ---

- rn - ✓2m ,v ' h = planck's constant. 

When c lerating pot n_tic I of proton increases twice, then new wavelen g th is, 
h 1 h "A. . 

), ' 
✓2me2V = "-P, ✓2meV =."-P-

The de B·rogile wavelength is reduced by ✓'2 . 
12013 Set c a.No. 2d! Can X-ray diffr~ction expe(,-m-en- t-be performed by an -ordinary g;ati~g? Why? ---1J . 

s.. No, X-ray diffraction experiment cannot be performed by an ordinary grating. For diffraction, tl:: 
t . 1 ~ 

grating element must be order of wavel~ngth of light. The -X-ray has wavelength of order o~ (<oooJ 
of ordinary visible light. So, for diffraction of X-ray crystal grating is needed. 
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• ~: ·(@73 Seto a.No. z]E~pl~i~e -d,-~ 
-z,. Tl1e process of emiss. . fference betw· 

OUANTI TIO OF E ERG'f I 2 <J 

. i , ion of r· j . n strmura ed 
exc1tel at-om during ·t dlrJ illi( 11 0 , . 

.J I l'l~ltlt . clli 
grounu state by th<: • i , . ·n1np htw l 

. . llll lH.: hon () 
the smtable energu . nl photon of 

. . Tl l .r ls Cc II I i 
e1111ss1n11 . lu ·, emitt i I l sl111////1;tcrf 
plwse with th, ,•timut t~ lotcm is nlwc1 . in 

a lllg ph t -
frequency aiid in Sat)l , di, < , • 

0 on ( f $, 111 , 

first figure . Thi,· i ,· the , r ~-l:on as shown in 
L ER. iktng prin ipl, nf 

of radiation . 

hf 
J r r, 

~fimulaf d emr .. ,on 

The F re c<.'. ·, f erni , ,,1·0 · f 
" ' no rai' I' 

e 'cited atom during ..... l hl H)t\ b nu hi 1-etu rn · · 
ground, state •without"a mg to the 

nv l''Xh.'.' rn 1 • f 
i. ~nrn,7-1 a , snoTlt 1 V a 111 lu 'nn• 

• - • · ,. r ncous c111issio11 . 
eml., 1011 1, i on-c her" t · u h en to the pl t 
Jiaht ·which arc cnt . ll . 1

0 ons of 
" m a direct' · 

random l ha ea sllc . · ions with 
- -- t -· - ----~- ~n ~1~!econd f igurc, 

k 2 upp a.No. 2ij ff a ·proto~-~~d · -· · - - -- · . - _ ' 
wavelength? Explain. an electron have the same speed, which has the tonge 

'iponfaneou. cm, · 10n 

The de-Broglie wavelength f . " o a movmg nartide . . \ 1 I be the ma s of the partic] j b . r 15 given as 1
' = 1 mv, where h is Planck' c tant, m 

e anl v e 1ts velocity s· , f . the wavelenoth of elect • 
1 

· rnce mass O proton 1s greater than ma o elec on, 
- -;::-====-==-=::...::.:-=0 ====- ____ ron IS_ onger than proton. 
8. /2072 Set ca.No. 2cf Even if ah d~ -· ·-·- -- -- ---.- -·· - -: -·-· : • - . -- _ 

lines. Explain how. y .ogen atom contams an electron, ,ts spectrum consists of a large 

- ~ hydrogen atom consists of one elec tron and one pr~ton . A 
sm~le hydro?en atom has infinitely large number of 
stat10nary orbits even it has a single electron : Even it has an 
elec~on; it ~an emit large no. of spectrums when electron 
jumps from higher orbits to lower possible orbits. Suppose 
an electron lies . in four th orbit (n =·. 4) then possible 
transitions are n = 4 ton = 3, n = 4 to n = 2, n = 4 ton = 1, 
n = 3 to n = 2, n = 3 to n = 1 and n = 2 to n = a. All together 
there are six possible transitions and give six lines to 

spectrum. - ---- - ·--- -·---- - --- -------·---·· ----· --···-··-··-·- --··-· --. -·----··•• ·--· ---- ·- - -·- -·- -

=J 

n= _ 

9. @012 set o a .No. 2bJ What is optical pumping in the production of laser? 
- The process by which populption inversion is carried out by light is calll'd optict1I pumping. hi , · 

done by applying the photon of suitable frequency to the atoms of grnund s t1te. It is comm )ntv u,' d 

in laser production so as to achiev: popul~tion inversion . · · 

10'. @o;; Set E Q-.N~~ 2dj Production of X-ray is the inverse phenomenon of photoelectri~ effe t. Jus i it. 1 
~ When fast moving elec trons (particles) strike on a metc1! target havi n.g high ,tnmi , m 1 -, th 'n . -n~.:: 

(waves) are produced. In photoelec tric effe 1, when r~Hliillinns (waVL's) of "iuit:1bl, fn, 1u ,11 in it nt 

011 
the surface of metal✓ then photoelectrons (pi-Hl1cles) c1re emitt ed from it. fn other , ord.', in 

photoelectric emission, the energy of photon transformed inln kinl'tic cm'rg_ of ·k ·tron herE' a in 
the production of X- mys, kinetic energy of d ec(ron is trnnsformed into th, energy ) photon. I , 
for production of X-ray, harJ metals lf u~ed as large! . metal wht' l'l'cl"i soft nwML are u · d in 
photoelectric effec ts. That's why, thl' prnllu rmn of x- rays IS th . rt'V t't'Se or in erst:) phern men n of 

photoelectric effect.• 
. 1l§0

7
2 Set EO:No.1] ;'The ·total energy of an electron of an atom In an orbit is negative". what doe; this 

negative energy indicate? . . (2] 
. ~ The total energy of an electron in an orbJ! JS 

. E · 13.6 V 
=-~e 

f2J 
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260 I A COM PL ET~ NEB ~OLUTION ,TO PHYSICS. XII . ' orbi~ as neg~tive which 1~ea1\s _'tl ' 
. . . . . . . . an electron u1 an ·, . rate it from the at01n1c Orb· \~ 

The --ve sign mdicates that the total enc1 gy of .' l i be done to se_r'-~1 ... -··• •····-·· · ·---··:·~·-···"·-:-· ··---•--.!: 
_. ~lectron in bound to the nu~leus and s°.~~~e-~_<_~!:~ ~~1~_l\'- . ... ..... --···h--the same potential, which one h;; 

12. 12011 s~p-~- a.No: 2ct -A~· .. ;ie"~t;o·~·;~d-· p~oton are accelerated 
th

roug . 
1
. . [2l 

· -- · ·t :le Brog 1e wav 1 higher de-Broglie's wavelength? Justify your answer. . , ·Kcelert1ted, then 1 5 '- - e ength 
, 1 , . l 1 l - 1 . 1 1 ,d p·,rtlcle is c a.' Let V be t 1e- potentia t u-ou , w 11 1 a mrge ' . , 

I .• 
IS, 

h h . 
A= - = - ~ ; h = Pla nck's constnnt 

mv "\J 2meV 

For same potential and differ 'llt m aSSl'S, 

1 
'A_oc-

~ . . avelength l1f elec~ron is longer than the 
Since, ma - of l - tron is les · than qtass \o( pwton, w, 
wa elen.gth l)f proton a - el era ting in a san~~-!1.?.t.e.1~ t ~~~ ~ : ......... _ ... -· . -- ·· · · · ·. - ·· - ' h t · h~ · - ·- - · · 

------ ------------ ---:--··-- ·•-------- - -· ··•·---• ··· -·· k' f energy which oft e wo s greater de. 
13. J2011 ~etc -Q,No. 2 cl An ~lectron and a proton have same me IC ' , 

121 Broghe wavelength? Justify your answer. 
a Plea ·e refer to 12076 Set C Q.No. 2al . __ ., .. - ...... ,,. .•.. -- .. , ·· · . -

-- · ---~-- ·- -- - -·-· -· ······· - -- ........ ----·----- - ·-- 8 1· wavelengths, which of the two has 
14. \2071 set o a .No. 2 ~ A proton and an electron have same de- rog ie . _ [

2
] 

greater kinetic energy? Justify your answer. · · 
'a Let EK, be kinetic energy and A be the de-Borglie waveleng~h, then, ~e have 

h . 
11. -_~ 

"\J2tnEK 

112 
"f 'A) - --
u I - - 2mEi-.: 

h2 
or, E K =? , 11 

- Illh-

According to question, wavelength of ·electron and proton has · same. Since m e. < mp than 
EK" > EKp· Hence, energy of proton is less thai1 energy of electron for smne d'e-Brogli <! wavelength. 

--:::============::--=:---:-~-:--:-------··----·--·-··-· ·---··-- ....... ---···-·---·· -·---·-··- -·-. --· --- --· -· -- .... . - ... -· ' --- ... ·- ... , .. " ........... ··•-·-··------
15. )2011 set o a.No. 2 cl_Distinguish between stimulated emiss_i on and spontaneous emission. .[2] 
~ Please refer to 12073 Set D Q.No. 21· 

16. j2070 Sup (Se~ A) Q.N~. ~ al If-~ proton and an electron havethesame kinetic energy which has .the-,~~g;~~ 
Broglie wavelength? [2] 

a Please refer ~~12~76 -~et c_ Q.No. 2al ____ __ ___ ______________________ --···-- _ --· -· ______ . __ _ ___ _ _ _____ · _ 

17. ~010 Sup (Set A) a.No. 2 cl Why is the gravitational force not taken into consideration while evaluating the 
energy of an electron in an atom? [2] 

a The gravita.tional force is not taken into consideration while evaluating the energy of ,in electron in an 
atom because the mass of electron is 9.1 x 10·31 kg w hich very small, as a resu lt i.e . the gravitational 
force is very small compared to the atomic energy caused by electrostatic force. 

-1-s.- 120-10 ·supp. (Set B) a .No. 2 c! Can X-rays be produced from gases?-·E;pj~j~_--, --··· -- ·· - ·- · -- · · - [2] 

a No, X-rays can not be proJuceJ from gases. The spec trum produced by gases lies in ultrnviolet, 
visible and infrared range, but not in the X-ray region . X-rays are produced onl , in tlw elc tron 

tran~~~~on i~1 ~he ! n ~tal_~ ~_f ~1igh:_t~n~i-~-1~~~1~b=r.-~~=~ ~~.?.~~!~1-:~~~l~~~!ke tun gst "11 . --

19, 12010 Set ca.No. 2 ~ A proton and an electron have the same speed. Whi~h h·as 1~~-ger wa~length? [2] 
· a Please refer to 12072 Supp Q.No, 2ij · . 

20. 12010 s~~-o·a.·N~~ 2 ~ Th~ ~~e-nature oi particle~~ not ~-bserv~ble in d~ily lif~~ Why?·. ·-·· . [21 
~ According to de-Broglie wave theory, the wavel ngth asso i, ted with wC\v of • .0·cte of 

· · . h c, movmg pa1 

111ass m and velocity v is given by, A=~, where his Plan k's onstant. Since, the value of Planck's 

constant is 6.62 x 10-34Js i.e., very ~mall anJ mnss of the pmticles whi h are daily ()bservable -in O\lr 
,eyes are~ very large, then de~Broghe ~ .avelength becomes very small . So, matter has a wave 11,1ture'. 
but-not observable in our daily expenences. · , 
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.,...-~ S; ppSet 8QNo.-2 cl C. B . " . . O'UANTIZAl'tON OF ENERGY t 261 
2i, ~ • · 1 · an ragg law f • . - . -- - -· - -:-

nm? Explain. x ray dlffra ti n be verified with yellow light of waverength 600 
Bragg's law depends upon th, X 1• t· . [2}, 

l 1 ( l ' - 0 L tfltnrlio , • . . the w,Wl' engt' l) l ,e """ e shnu\ 1 l , . n , Pl'nnwnts nn t rys tflls, For d1ffracbon of ,1ny wave, 
Br,lgg's diffraction ~xp ' riment 

1
-. ll ll compnraGk lo th' s(7.e of the wid th of the sht i.e. opening. 

. s l one b , u . · 1 · . . 
1ystal 1: al out 10-10 m whirh , smg meta cry lal. The p11cing between the atoms m 
. . et 

7 narrower th· t·I • ( ( ) S 8r<lgg's lav,1 )f X-r<lv diffrtlcti,)1, . ·.• 1_ " 11 \c wov length of yl' llow light 600nm 1 r6m . 0'1 
' . _ · ' ' ,,nnot Ot' , •'f , I l . . - - - u , 11 . .'l J usmg yl'll ow light of wavelength 600nm 

~ §:69 supp Set B Q.No. 2 .~ Draw schem ti ' . . . . . .. _ J . : _ - -

timulated missions of radiation. · a c diagram to show t~e 'difference between spontaneous and 

, Ple<l -~ refcr_to 12073 ~et o Q.No. 2] [2] 

~- ~ 69 (S?et A) Q.No. 2cJ A st~~~-is d.ropped -f~o~ -the --t~p -of -~-building How do~s its de-Broglie wavelength 
change. · . · · '2 
The -de~Brnglie wc1velength of . . f _} 

, _ _ a movmg parhcle (d ropping ,s tone) is given as "},. = h/ mv, where h IS 
Plane - LOnstant, m be the mass )f tl , . · 1 : · · 

f tJ b 
. . . . ' l 1e pa rt1c e and v be its veloc ity . Wh en a stone 1s dropped from 

the top o 1e uildmg its veloc·n · . • 
____ -----. ~ ' ______ 1·J_' ~~~!-~ases and hence its wavelength grad ual ly decreases. 

2. §os9 (Set~) a.No. 2cl.Compare the wavele-ngths of ~~- ;j;~~~~ with that-~T ; p roton if their- k-in-e-ti_c_e-ne-rgies 
are equal. Mass of a proton is nearly equal to 1840 times the mass of an electron. • (2} 

1i. Please refer to 12076 Set C Q.No. 2a! 

25. ~068 a.No. 2 l When x-ray~ are produced only ~b~~t 10°/o of\h~-i~-iti;I i~put-~~-~~gy appears as x-ray ene;gy~ · 
Explain what has happened to the other 90% of the energy. [2} 

~ X-rays are produced w hen fast mov ing elech·ons · s trikes a targe t of h igh atomic number like 
platinum, tungsten, molybdenum, e tc. When rapiLUy moving elec trons s trike the target m etal, about 
10% of tJ1e initial input energy appears · of X-ray energy and remainin g 90% of input energy ~ 

converted into heat energy. 
----•--- ---.,•~•-••••• •~•--•·••• ••••~--•-• "•-•••-•h••--•---- •~------

26. goss can. a.No. 2d! Define population inversion and optical pumping. (2] 

l!. .Population Inversion 
Let N

1 
and N

2 
be the nuinber of atoms ly ing in the ground state E1 and E2 exci ted state ·respectivelv. 

Under ordinary conditions of thermal equilibrium, the number of atoms in the ,higher energy state ·is 
considerably smaller than -the nu mber of a t~1~1s ~n the lower energy s~a te i.e. N2 < 1. In uch a 
situation,~ a light of frequency f = E2 - E,/ h 1s_ mm lent on ~ la rg<:! collection of such atoms, the aton , 
are excited d ue to absorption of photons and nse to the excited s ta te E2. So tha t there a.re m ore atom 
~ the higher energy sa te Ei t_h ~11 i11 the _lower energy s ta te E1 i e., N2_ > N1 . This phenon~enon f 
having more number of atoms m the excited s ta te by any means tha n m the ground tate IS call i 

population inversion. --------:-, · 
-Optical Pumping: Please refer to [2?7~ Set D -~ No. 2~ . 

21. @§67 Q.~o. i4 What ~re the differe~ces between matter wave _and electrom~gnetic wave? 
~ Tl,e l"ff b t 1 11,atter wave and electroma rne tIC wave are riven below: 

L 1 erences e wee1 

(2} 

1. The matter waves are prod uceJ when materia l 'I . The l:(lect romagneti waves an,' pr )du ~l'd when 
hc.1 r 1ed rnrticles mo . 

bod of certa in mass moves. 
2 Tl t •ty J.eiJends UJJOl1 th , veloci ty 2. The veloci ty \) f the ele · trom~w n •tic\ -1 p doc 
· 1e wave ve oc1 ,;, 

of tl~e i-n~viiw bndy 'w hi h is h~ss . no t depend upon the motion t)f the charged 
o JMlicles which is more. 

3. They are not associa ted ' with el _clri and '."\ . The cHl' associated with elec tric mid magnetic 
ft Id. 

ma 1etic fie ld . . . 
4 Tl tl . f le troma1:rneli radia l-ions 4. Th_e ma iler wavL'S hav, sh rter wavelength 
• 1e wavelen,g · , o e O 

1 11 
b 

d •. , 1 by the r , a on gt en Y de-Brndi ' e1.1ua tion, 1 are much large an g1vet · c, 
C i\. =J:..._ . 

, )\=7 mv 

.~ where f is frequencJ and c be speed of whc_re mv is the momentum of the particle and h 

I, electroma i etic wave. ·--- ----···· ... _ ~~-- 1~-~~c~'s constant. . . • 

'i ~- ~Old Q.N,o. 1~ l29ss-;;e·e··a~N·~--~ Why is the production of x-rays ~ all;d- i~~erse-~fph.otoelectric effeci?[2] 

j ', Please refer, to 12072 Set Ea.No. 2ill .J 

,­
Ail 
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262 1 A COMPL,ETE, NEB SOLUTION TO PHYSICS • XII _.----;----=- -f photoel;~tric· effe-ct~ 
. . . --- lled an inverse o . ••hY?" 

. 29. 12066 a.No. 1ij The phenomenon of x-rays production is also ca . [~ 
. ~----~ -- ---- ----.. 

'ls. Please refer to 12072 Set E Q.Nci. 2d! ---:- -~~daily experiences? -----._" 
. h' t observable '" o . 12] 

30. 12066 a.No. 2 ij If matter has a wave nature, why 1st 1s no ____ . 
'Is. Please refer to [2070 Set D Q.No. 2 ~ . ____ __.. --- ---. ~-----,__ 

· 31. 12062 a .No. 2 ij What do you mean by matter waves? . :1· ·t1 a wave w h ich controls the pa .121 
. . . 1 . assoc1ateL w 1 1 ' 'rticJe 

a According to de-Broglie, every movmg partic e is . . ti le is called matter wave or de-Bro 
1
• 

in every resp~ct. The wave associated wi th a ~wvmg_ par c uld be related 'to it's m omentum in ~~e 
wave. According to him, wavelength of a material particle ~

0

1 
f lass m moving with speed v e 

1 · f a partlc e o 11 ' · , de. same way as for a photon (i..e., P = h/A) . T 1at 1s, or t · 
Broglie wave le1_1gth is given by, )c h/ mv, where his PlancR's conStan · · . ___ __,__ __ 

n of photoelectric effect. Justify th :--
32. 12061 a .No. 1 sl Production of X-rays . is the reverse phenomeno is 

~~e~ ~---~ ~ 
~ Please refer to 12072 Set E Q.No. 2d! --'----- ------

33. 12oso a .No. 2 ij Distinguish between stimulated emission and .spontaneous emission. 12] 

a Please refer t? 12073 Set D a.No. 2ij ________ ----'----· 

34. 12058 a .No. 1 sl Can aluminum be used as a target in X-ray tube? 12] 
· · · b Tl 10 1° of Coolid ge tube is the targ I a No, Alum mum cannot be used as a target m X-ray _tu e. 1e at L.. . ' e 

where the emitted electrons from the filament s trikes and hence hu ge amount of hec1 t is produced 
"Yhich can melt the anode. To prevent ·it from melting, the anode s hould have high 1_nelting point and 
a metal of high atomic number has high melting point. But, a luminum has low me lt111 g pomt and low 
atomic number. So, it cannot be used as a target in X-ray tube. , - -----

35. '2056 a.No. 12 d! Differen'tiate between stimulated and spontaneous emission of radiation. 12] 

a Please refer to 12073 Set D Q.No. 2ij ___ _ 

36. j2o56 a .No. 12 ij What do you mean by uncertainty principle? 12] 
a According to Heisenberg uncertainty principle, it is Lmpns ·ibl · to mcas url' till' two ca non!ca lly 

h 
conjugate variables simultaneously and exac tl y. There arises some ' rro rs which i-; of th e order of-

2
. . )[ 

For example, it is impossible to measure s imulta neou ly the exa t po~ition of an electron in an orbit 
and itc; momentum accurately: If the position uncertainty is t.x am! mom entum (mass x velocity) 1 

uncertainty is t.p, then the Heisenberg's uncertain ty principle can be mathematically Jefinecl as 
h 

(t.x) x (t.p) ~ 2rr , where h is Planck's constant. 

37. j2055 a .No. 12 ij Poin~ out the importance of a de-Broglie waves. 
a Importance of de-Broglie waves are as follows : 

. [2] 

i. A matter particle will have a wavelength associated with it only if it is in motion . The grea tl'r is 
tJ1e momentum, the shorter will be the wave- length. 

Ji. Two different velocities arc associated with a material particle in motion _ one refers to the 
mechanica l motion of the particle (v) and other refers to the propagation of the associated wave 
(u). . I 

u1. It justifies Bohr's quantum condition of hydrogen atom. 

iv. It h~s broken l~Own the batrier between_ the matter and wave and established thei~ as two aspects 
of the same tlung. · 

' 38. 12054 a .No. 12 ij What do you meant by de-Broglie waves? 
a Please refer to @062 Q.No. 2 ij 

- 1 21 

39. 12053 'O.No. 12 a) An electron 
possible? 

is in the third excited state. How many -d.iffe -th. t ~---
1 

t---hs are ren p o on-wave eng 
121 

a. Suppose E1, E2, E3 and 'fu are energy oi an electron in ground state fu· st · . d d xcited 
. . . , excite state, secon e 

state and tlurd excited state respectively. So, possible transitions of 
1 

. . . third 
. an e cctrnn -whICh 15 m 

exc1ted·state are: 
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~4 to E1 

E4 to E2 

E4 to E3 

E3 to E2 

E.1 to E1. 

E2 .to E1 

QUANTIZATION OF ENERGY/ 263 

Hence, there are six possibl" :l ' ff . . · r:1 17: Energy Level 
---·- - ~-- e t 1 c1cnt w·we l l . 1 

40. ~052 Q.N~. 12. c! In the P~d~ct~~-oi X-ra -~(·-·. _ ~'~~t-~~ -~!-~~~~!1:_~1=~~.~-.?11!~.j~ J~~-(.~ ~~ i~ed Stclte. ---- -~ 

'I,. Penetratmg power of -r'-l 
1 

. Y, how. wlll you control the penetrating power of X•rays? [2) 

f 
c y, w Heh reprcs' t · ·t . .. 

reque ncy and energ of X-. en s I s quallty, depemls on its energy or frequency. The 
/ ta ' depends 0\ 1· ~ . . . , . . _ 1 - 1 app 1el1 potentml difference across the target and the 

hl.unt!nt (. hf - e = - mv2) S . . . . . 
· 2 ' ~0 , els notentn.l i ff · · l • • , .r- c t t erence 1s mcrcasec, penetrating power of X-ray 1s 

also mcreast'd and Vice versa H > • . • 

applied potential differen.c, t . :nee, penetrating power of X-ray can be controlled by controlling the 
·· -- -- ------ ----.. ---------~ -~: ... ,.~~.en .the two electrodes in X-ray tube. 

41. j2052 a .No. 12 ~ How Pasch en series . . ~. · · . · · -· ·-· ...... _ .,,_ .. ~----···-----· .. -:·-•----·-· ···-· _ . ___ .. _ 
W- , l, tl f 1 · . m ongmated m Hydrogen spectra? . [2] 

"1!. av~ cng , o mes m each grou . ·, i. ., .!. == R ( ~ _ .l) ~ P 111 1Yt wgen spectra can be calculated from Bohr's formula, 

'A 111- ni2 

where A is wave length (i the lines. 

R is Rydberg's c~nsfant. n1 is lower energy level and n2 i~ higher every level. · 
The_ Pasc~cn ser~es is_ obt~in~d when electrons jump from any outer orbits (n2 == 4, 5, 6, . . . ) to third 
orbit (n1 - 3) . Tlus senes hes 11~ the infrared region. · 

42. ~052 Q.No. 15 bl Differentiate between e~~it~tion potential . ~~~i i~~i~~-ti~~ p~t~~tiai "'' [2] 
'B. Th~ n~unum energy r~quired for electron to jump from ground state to any higher state is called 

exc1tahon energy and the corresponding potential is called excitation po_tential. · 
First excitation energy == E2 - E1 

and first exci tation potential== Ei: Ei volt, where e is electrm\ic charge. 

. . . · . E3- E1 
Second exci tation energy == E3 - E1 , and second exotahon potential== --e-volt 

En+l - E1 
Hence, n th excitation potential= e 

The minimum energy required for electron to knock out of the atom is called the ionization energy 

and the corresponding potential is c~led ionization potential. . 

For just escape, electron f umps from n = 1 ton = oc. 
E"' -E, 

So, ionization energy == Ex - E1 , and ionization potential= --e- volt. . 

The ionization potential is greater than e~ci~ati?n -~6tential. !h~ excitation· potential for th, fir t 

excited state of hydrogen a tom is 10.2 V wlule 10mzation potential 1s 13.6 V . 

.• ti,WA4i•Jit41•MMJ _ · ___________ ·----~·-···- · _ .. ______ , .. _ _ . ____ . __ 
43. ~

075 
Set A a.No. scl stating the Bohr's postulates, deduce an expression fo,r the total energy of an electron in 

nt~ orbit of hydrogen atom. · , ' . _ , . ' · [4] 
'I!. Bohr's Postulate: According to Bohr s theory of a tmm model, fo llowrn g ·:tre thP pos tulates: 
a. A · 1 · . 

11 
aton1 revolves in certain s table orbH without radiation. of ~n 'r<,y i ·u , atom has 

n e. ectron m a o , • · 

C 
-t . ·t · 

1
, ergy state and l1c1,s definite tota l ,,n rgy , hese a re ca lled stationary tc tes o the 

er am spec1 IC e . · · 
atom. · . 

b ·A 
1 

h, · move only in those orbits in which its ang4lar momentum is integral mulhple of~ 
· i, e ec ·o.µ can • . · · 21t ' 

where h is the Planck's constant. If an electron of mass m is moving with a constant velocity v in a 

St bl b
. f d·us r t1,en its angular momentum, . · . 

a e or 1t o ra 1 , . 
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h 
mvr = n 2rc Where n = 1,2,i , .. ... in tegc t·s. . . 

. , . . . , , b the above cq trntton a rc known as 
Tins 1s called 8( hr's quant1za t1 n cond ition. The nrblts glve il Y n=2 
tatinna I o rbits. II 

l I . . . , I 't . 1··1l" enct g·y ,H a . c. n e e tron revo \111\ g m ml sta tionary orb it t oesn · m t 1, '" , 
. . . f ·b ' t lo inne r o rbi t. _The d1.:.'Ctron emi ts energy w hen 1t Jtlm ps rom oliter <H J • . 

' 'I I · l b :1 · · I · · · f . t·l1•·' u· rnc r o rbit to mu cu y, 1t a )Sor s rnt 1at1on energy w 1en 1t 1umps rom "- · 
the oute r orbit. 
If En & 'E., are the e11ergies associated wiU1 (;)XC ited & graund s ta te energy 
level ', then the eneq,,y released is given by 1 . 

hf= E., - Eo ,w here f is the frequency of radiation. 
1 

b ' t · th 
Energy of Electron in the nth ~rbit: The total energy of the electron in the 111 ~ _or 1 fi s l e sum of 

· · • -1 . Jue to the pos1hon o e ec tron near kmetic energy due to motion of the electron & . potenha ene1 gy t 

the nucleus. · · 
K. · (K ) · f 1 · 1h •bi·t and m be its .mass then its KE is a. metic energy E : Let Vn be the velooty o e ectron m n or < · 

~~~ . 
1 · 2 

K.Ei, = 2mv
11 

1 ( e2 )
2 

- -m 
- 2 2 E

0
nh [-. v,, e' ] 

2 Eo nh 
me4 

? 

SE~ n2112 
.. . (i) 

b. Potential Energy (PE): The potential ei1ergy of an electron of charge -e is 
1 e. (-e) 

PEn = --
4rrEo rn 

1 e2 

4rr Eo I"n 

1 e2 

4rr E 0 ( E 0 n 2h2
) 

rr me2 

me4 

=- 2 • . .. (ii) 
4Eo n2h2 

c. Total Energy (En) : Total energy is the sum of KE and PE _in nth orbit,• 
En = K.En + P.E., 

1ne4 
( me4 

) me4 

= 8E~ n 2h2 + - 4E! n 2h2 = - BE! n2h2 

This is req uired expression for energy of electron in n th orbit. 
The negative sign shows that elec tron is bounded to the nucleus . 

. 44. @015 set B a.No. scj D~scribe coolidge tube for the production of X-rays. How do you control (i) the intensity 
(ii) the penetrating power of the emitted X-rays? · [4] 

a Production of X-rays by Coolidge Tu~e 
Wh en fast moving elec trons s trike on a very hard targe t of high atomic , number, e.g., pla tinum, 
tungsten, m olybden um e tc., X-rays a re produced. Dr. ~illiam Coolidge, in 1913, d esign •d a tube for 
the p rod uction of X-rays. This tube is known as Coolidge tube or m od e rn -ray tube. 
The Coolidge tube cons is ts of a g lass tube G exhaus ted to nerl rl y, pe rfect vacuum of about -io-s mm of 
m ercury p rov ided wi th ca thode and the ta rge t T. The rl lhode o n is ts of a tungsten filarrient (F) 
i1ea ted by a low tension ba ttery . The fil am ent is placed ins ide a m •ta l cup c to foc us the electrons ?n 
to the ta rge t. The ta rge t is m ade of a meta l like tun gs ten o r molybdenum hav ing a high melti11g po~t 
and high atomic w eight held a t a n angle of 45° to ~he horizontc\1. The targe t T held by a copper.ro~ 15 

projected outside the X- rays tube. Wa ter is continuously ci rcula ted a ro und the copper rod outside 
the tubf .• The anode •(i.e., targe t) is connected to the positive and caU10d e to the negative terminal of 11 

high tension power supply . 
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QUANTIZATION OF ENERGY/ 2~5 

Hot w.iler 

~~~ 
+ 

Cold water 

X- ray 

Fig. Pm<luclion of X-rays in collidge tube 

Working: 

TI1e filament F iB heated by · - : · f h . passmg a swtable current through it. The electrdns emitted rom t e 
filarnei_,t ar~ focused at a point on the target w ith the help of a metal cup C. Due to the extremely high 
p~Lenti_c1J difference between the cathode and the anode; the elec trons arrive at the targe t (i .e., anoJe) 
wi th high spee~I. . The speed of the electron can be further increased by increasing the acce lerating 
voltage. ~n stnkmg the anode, the clC'ctrons are stopped . Nea rly 98 % of the energy of the incident 
~J ,c trons 1~ _o nverteJ in to heat. The r maining energy appears in ' the form of x-rays. However, 
mtens~ heat is produccJ, whi h ma melt the target. Therefore, the targe t is cooled by circulating 
wa ler 111 the opp 'r tube ontinuou ly a hown in figure . . 

Intensity control: The intensi of -ra ' produced depend up on the number of elec trons striking 
to Lh <: larget. Th., more number of elc tron can b genera ted by the heating nf cathode by passage of 
elec tri urrcnt. Hen , intensity of ' -ra_ n be ntrolled by va1y ing the tube current i.e . by vc1ry ing 
the rheostate (Rn) in the irruit. 

Penetrating Pow r ontrol: P netraling pow r f -ray, w hich represents its quality, d e pe nJs on its 
energy or fr qu •n . The frequency nd energy of -ray depends on applied potential difference 

1 . 
across the targ :. t and the filament (' : hf = e = 2 rnv2) . So, as potential diffe rence is increased, 

pc11ctrating pn\v 'r ( -ray i al o in reased and vice versa. Hence, -penetrating power of X-ray can 
be ontr lied b on tro ll ing the pplied potential difference be tween the two electrodes in -ra 
lube. ___ ________ .. 

~~74 Set Ba.No. Sq StateBohr'; postulates. Using these postulates obtain ~~;-p;e~;i~~ forth-e-to-ta-,-e-nergy 
of an electron in the nth orbit of hydrogen atom. . • • [4] 
Pie s ~ ref 'r to @075 Set A a .No. saj --··---- . _ _ _ 

46, @n Supp a.No. 6cj ~063 a.No. ~ ~hat are Bohr's postulate~? Derive an expr_ession for the total energy of 
electron in nth orbit of H-atom. · [4] 
~ refer t ~075 Set A Q.No. 6aJ · . ____ ·----- _ -· _ 
47. ~ 73 Set c a .No. scj Explain the working principle of a gas laser. How 1s population inversion achieved for . 

lasing action? [4] 
La_ r _ tand~ for Light mplification by Stimulated Emission of Radiation. It is an int 11 b am of 

radiation of light. 
llelium - eon La r 
The f 11) ing figur how th . ba ic ~ atur . f H -N I~ r. The la r tube_ i 'bout ? .S m long and 5 
nt . 1 . T l tub i filled with a 011 ture of h hum and n on ga , 111 th r, ho 5 . 1 at"'• t"'tal 

n1 Ill oian1eter. \e . . , · c ,.: "'. c 

pressu~ of about 1 torr. The nd o~ the tub ar cut ~1 Bre~, te r . angl a shown in figure . Th~ tube 
has two parallel mirrors at its tw_o end. . On _f th rrurror_ lS pa_rhc11ly transparent and 99% refl~cting 
while other is completely reflecting. Th pacmg of the mirrors is eq ual to an integral numlier of half 
wave length of the laser light. There ar~ t_wo_ eJectrodes _connected , to power supply tQ c.:t~ate 
discharge in the gas. The mixture of the gas is iomzed by passmg e lectric current throug~A· .. 
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81-cwst •r's nngle 
windows 

H •-N • n1i Xlllf ' 

Brewster's angle 
windows 

Ekdrnd·s lo 
c:-.;cl'le the ga 

' <J9nA . Plane 1111rrnr o 

l"l:mc min'(lr 
100% r'llc- -tmg 

re ll ecl hig 

Fig. I le - Ne Lt\scr 

·ng fi ure ,'h(rws c1n -'nergy levl'l d~n?n,m for 2o.6lt:V 
~h, ,'V"ten, . H fonn atom are ' ·cited Wt)' dfic1ently by 
elc ' tron uni:a t intt the s J 3vel ,,vhile the neon ator11s MC 

much le~ r a :lil , e , i.ted b the electrons. Helium atoms 
,,Tith an el ·rr n xcited to a 2S state with energy 20.61 eV 
ha a l ng r lit time amj the energy of the 5S level is 
20. in ne n. imilarly, the energy of 3P energy level 
of 1 . 0 e . When the excited He atoms collide the 

e atom , their energy is transferred into the Ne atoms. 
The excited e al:oms in the 5S energy state undergo 
timulated transition to 3P state giving rise to laser light of 

wavelength 632.8 nm. · · 
Photons travelling parallel to the tube are reflecting back · 

2s 

-He 

LASER 

5S 

Laser transition 20-66eV 
632.8 nm 

~8.70eV 
Spontaneous 

emiss ion 

Radiation less 
transition 

2P 
Ne · 

and forth between the mirrors placed at the ends, .and 
rapidl build up into intense beam which escape through · 
the end with the lower reflectivity. , 

Ground state Ground state 

Uses of Laser 
Fig: Energy level diagram of He - Ne Laser 

Laser has a large number of applications. Some of them are given belo"':: 
i. The laser is used in radio communication in outer space. 
n. It is used in holography. • 
iii. lt is used in piercing holes in metals. 
iv. It is used in detecting and ranging objects at great distances._ 
v. It is used in welding. 
vi. It is used in medicine. 
vii. It is used in scientific resea'rch. 
Properties of Laser 
The characteristic properties of laser beam are 
i. The li,ght is nearly monochromatic. 
ii. The laser beam diverges hardly a l all. 
iii . The light is coherent and are in phase with each oth r. 
iv. . The beam is extremely int r1.se. 

48. 12073 S~t O Q.N~~ Gai Write do~n th;··~o~t~'1ates ot.ao·h-~;s·hydr~g~n ~tom. He~~e d~ri~~~-~~pression f~;;;gy 
of the th_ird electron orbit. J [4) 

a Please r~fer to 12075 Set A Q.No. 6a! 
-:i;· [2012 set o a.No. sci State Bohr'; p-ost~~t~~ ~f hydr~g;;-atQ~ ;~d· ~s; th-~~lo c~-lculate the ,adi~-r,i . 

orb;t of the hydrogen atom. · · [4] 
~ Bohr's postulates: Please ref r to [2075 Set A a.No. 6al 

Bohr's Theory ~f 
1 
1:f Y<:frogen -~_tom (Radi~s of Bohr'

1

s ?rbit):_ Consider a hydrogen atom: whic~ ha:, 
positive charge e m the nucleus & negative charge -e movmg round in an orbit of tlJe radius r a 
shown in figure. S~ppose, the electron is revolv·ing in the n 111 orbit whose radius is rn with velocity Vn· 

F~om C~ulom_b's Law,. theforce of attracti01\ between the nucleus & the electron is given by, 

'1 
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1 e.e . 
F"' ~ r,,2,' where Eo is.p.ern1ittivih> of fr·o'-' 

. · ' J "-:. spal'. . . 

2(i,7 au A N n z.A r Io N o F e N e R G v 1 

If Ill Le:; the mass of the e lec tron tl · . 
i . ' ,c entnpetal fo,· I own 'a t ng on th clc ·tron is giv n by · 

F"'~ 
The centripetal for -' is pro idcd b 

·' ilx trostc1 ti fl)1· " .. • 
111Vn2 1 ' .e ' 

Thus,-;- = -4n E · -r 2 
n O " 

] 
21· - -- :.2 

Of, J1l " n - ➔ 7t E o .. . (i) 

Appl ing th -' se ond postu la te of Bohr's t . 
1 h . . · a 01111c moL el, 

11w11 rn = n 27t (n=l,2,3, ... ) 

1,2 
2v 2,. 2 - 11 2 -

()f, Ill n n - 4n2 ... (ii) 

DiviJing equation (ii) by (i), we get 
Eoh2 · 

Ill f n = 11 2--2 
ne 

Eoh2 

r = 11 2 --
" mne2 

fn = n2r1 = n2a_o ⇒ l"n OC n2 ("') . .. lll 

Eoh2 

Where, r1 = --2 = ao is ca lled Bohr's orbit mne · 

Here, Eo = 8.85 x 10·12C2N- 1m-2 
h = 6.62x1Q-'.14 Js 
e = 1.6xlQ-19 C 
m = 9.1 x1Q-31kg 

(8 .85 X lQ-1•2) X (6.62 X lQ-34)2 
ao re x (9 .1 x 10-3 1) x 1 x (1 .6 x 10-13)2 = 0.53x l()-IO m = 0.53 A 

.. Tn = n2 (O .53 x10·10) m e te r 

m 

V 

This ClJUation is used to find the radius of various orbits of hydrogen atom. i.e., putting n=l gives the 
radius of first orbit (ao), putting n = 2 gives the radius of second orbit (r2) & so on . 

~n Set-~~N~. sQE~plain the working of He-Ne laser. - - --------[-4] 

.~se refer 12073 Set CO.No 6d! 

51. ~71.,. Supp a.No. Gd! Derive Bragg's equation and explain how this equation is used to determine the crystal 
plane spacing. . [41 

l1 Bragg's Jaw: When the path difference between two reflected beams of X-rays from two differ nt 
layers of crysta l is a n integral multiple of wavelength of X-rays, intensity of the reflec ted .beam, t -~ 
certain •rngle will be maximum. i.e., the intensity of reflected bec}m will be maximum. when path 

difference = n X (n=l, 2, 3, 4 , ... ) · 
Derivati'on: L ' t us consider AB & CD are tw_o layers of a 
crystal plan with spacing d. Two parallel X-rays EF & 
CH arc two incident beam which fall on the layers AB 

& CD at a glan ing angl 0 and a re reflected along PK & 
HL from the atoms F & H respectively as shown in th 
figure. · 

Now, FM perpendicular to GH and FN perp ndicular lo 

tlL ar~ drawn so that · 

.(MFH == L NFH = 0 ('.. · angles be.tween twl) lines and 

angle betweeJ1 their perpendiculars are equal) 

b., I\ FMH, we have 

Sine :::: MH == MH ⇒ MH = d sin0 
FH · d 

E 

G L 

Fig. Bragg's /cm 

J 
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Similarly, in I). FNH, we have 

NH= d sin0 HI.: is given by; 
Thus, the path dilfen, ;1ce betwe~n the two rnys --:F) & 
Path difh·ence = MH + HN = d si nO + d s inO 

= d inO 
Since for ma ·ilnum intcnsi 
path difference = n · (n=1, ,3, ... 

Henc-e, 2d sinH = n & . . cn ll r d Brngg's equation. 
. . . . . ' . . Bi" o;g' I ,w IS ( -, 

Tlns equatI n 1s th, math 1~1atJ al e, p1 'S, ion h11 c1t1 · . 

For first ,rder ·rcfl ti ,n, n=l , , . 
. . . . . . f . B. gv's equa tion U 91 I ' the ndll\g graz mg angle, th~11 10111 HI t , 

= d sin01 ~ d . 
0 U1 1 I . h X . 

. ,1ngle (0i) at w u c -mys are mcldent 
Thus, v :nm. ing the wa el ngth of , -rays used & grazmg ' " i ' 

· rv al _plane ~pa ing (Lattice constant) 'd' of the crys tal can be c~lc~late~ . . .. _ . ____ _ 
~ . -- -:-- - · · · · - -·--: --- b thod to produce x-rays. [4l 

52. _Q071 Set c a. · o. 6 ij What are x-rays? Descnbe the modern Cooltd~e tu e me - . ... 

ntroduction of -rays · f · 10-1 2 t 10·9 
· · · f length ru1ge rom m o m. The '-ra) are lughl penetratmg elech·omagnetic waves o wave < . . . 

•· · · . ·t f 1 ·gh atonuc number hke Platinum -ray are produced w hen fas t movmg electrons stnke a ta1ge o 11 , 

Tung ten, and Molybdenum etc. · . 

Production of X-rays by Coolidge tube: Please refer to 12075 Set BO.No. ~~ ---- -------·---------

53. @11 set o a.No. s ij State Bohr's po~tulates ~f-hy_d_~~gen ~t~;;,~u;e these postulates to d~rive an _expression 
for the radius of the nth orbit of the hydrogen atom. [4] 

'8. Please refer to-{2072 Set D Q.No. 6q _____________ _ _ _ _ _ _ _------

54. j2010 Supp. (Set B) a.No. s ij State Bohr's postulates of atomic struct~re. Use the postulates to determine the 
totai energy of an electron in nth orbit of hydrogen atom. [4] 

'8. Please refer to 12075 Set A Q.No. 6a! 
-;:=======~~~=:.=:=~ --:-------·-·---··-··--- ·- ·------·---··· - -· - -··-·--- -· ----·· 
ss. jz01-o Set c a.No. s ij State Bohr's postulates and hence derive expression for the radius of nth orbit of 

hydrogen atom.~----~ · [4] 
~ Please refer to 12072 Set D Q.No. 6cj 

-··-····----- -----•--·--•-·---·· ·--···.··-······· · --- .•.. ----- -··- ... --- -·--~--~ 
56 . . 12010 Set .o a.No. s ij Describe the construction and. working of a Helium-Neon laser. [4] 
~ Please refer 12073 Set C Q.No. 6d! 

57. 12069 (Set A) Q.No. 6d! Describe the construction and working principle ~f·H-;~Ne I~~~~- writ~ some important 
. uses of laser. [4] 

~ Please refer 12073 Set c Q.No. 6d! 

58. 12069 (Set B) -a .No. 6d! Describe -ih-~-~~~~r~~ti~-~-a-~d ;;~r-ki~g-pri~cipl~-of H~--N~ l~~;r. ·Also· write its important 
uses. .----~-----. · · [4J 

s Please refer 12073 Set C Q.No. 6d! 

59. '2068 a.No. 6 ~ Describe the m_o_d_e_rn- method of productions ot' ; :·rays. Discuss cry;tal diffr;~tio-n. ·- - [41 
a. First Part: Please refer to 12075 Set B Q.No. 6q . 

Second Part: Please refer to 12071 Supp Q.No: 6dl 

6~. j2068 01.d Can. a.No. s oRj Starying -from Boh~s postulates, ~btain an expression for th ·· ft-he e~tr~ 
. " · , ·in nth orbjt of the hydrogen atom. . e energy O 

[4] 
. a. Please ·refer to 12075 Set A Q.No, 6al ' 
s·1. j2067 Sup a.No. Gel What is la~;-~? -Describe th~ constr~cti~,;-and working principl;· of He~Ne -1~~;r.-- --[1+31 
'?.s.. Please refer '2073 Set C Q.No. 6d! •. 

--- -- .. ---·- ---
62. '2067 Q.No. Gd! 12066 a.No. 9 OR) Obta~n an expression for .the energy of~le~tr~; in nt~ o~bit -~ftlydrog;n·--;om. 
a. Please refer to @_o75 Set A Q.No. 6al 
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63. ~7 Old Q.No. Ba 0~ What do y~·u-m~a~-b-··- ·: . · - . ; - _ . _ . (1+ 3] 
, p1L1a.~c~:efer_t2~7~ ~t-~- Q.No. ~ , Y laser? Describe the He-Ne la~er. 

4·'rzts1 Old a.No. 9j Explain Ei~~g~;~-; ·f-d:ff-- · . ---· - • 
6 · e.: ~ · 0 ' ract1on ofx ray [4] 
~ PJc~~~~:e~:~--~~) .:~~u~p O.No. @] • s. 
i,'[~~:ss a.No. ~ Derive Bragg•; la;- - , · · [4) 
s Pl: a~ ~:e!e~ I~ [2~1 ~~?? O.No. @) . 

... ~ @ss a.No. 8 al Write down the·· -t I - - - - - · - · · · · ' t-h -66
· ,, f th th b' pos u ates of Bohr's model of hydrogen atom and obtain expression for e energ, o en or ,t of electron. [1+3] 

i,. Pleas:' ref~~ to_l2~75 Set AO.No. 6~ . · . 

--~s2a No aalX-raydiff ·u ·-· .. _ - -- · · -- - · · 
s7. t!! : · rac on has been very useful in determining the structure of a crystalline subStance. 

Use this concept to determine the distance bet t 
1 

[4) 
r::::::::-:-::--~-- ween wo p anes. ~ Please r ·f (' r to 12071 Supp' Q.No. sill _ 

'ss. ~0
59 

a~No. 
8 al What are Bohr'~ ~~ulate~? o;~i~ th~~~ula for the radi~s of the third- B~h~s o(bit.-- ---- [4] 

' Pll'<lSL' refer to 12072 Set DO.No. 6g . -

;; ~058 a.No. 91 Derive Bragg's -l~w a~d ~~plai~ -h~~thi;i~w i~-~·sed to determine u,~-; rys-tal· pl~~~;-cing. [ 41 
Please rd ·r to 12071 Supp Q.No. 6d] · . 

10. -@057 a.No. 9! Derive a~ expression for th~ e.nergy of~;;;1;~troni n a hydrog~n ~tom~ ~-
l:I. Ple<ise rekr lo 12075 Set A Q.No. 6aj · 

71. eo55 a.No. 1~ Wh~t ~re the X-rays? c~~firm with experiment the wave nature of X-rays. - -- ---· -·- - . [4]' 
'11 X-rnys ,He the e lec tromagnetic waves of very much shorter wavelength r,rnging from 11\ to 100 A. 

When highly energe ti c electron strikes on a targe t metal of high atomic number, the elec tromagnetic 
radiation is emitted which arc X-rnys. The X-rays lrnve the fol lowing importa nt properties: -

1. X- r,,ys arc the cle lromagnetic waves of ve,y short wavelength (1 A to 100 A). · 
2. They trnvel in strc1ight line with the speed of light in air. 
3. ThPy affl-ct.tlw photographic plate. 
4. They rn inni zc the gas through which th <::y pass. 
5. 'rhcy exhibit the properties of refl ec tion, refraction, interfe rence, diffraction & polarization. 
6. They arc highly penetra tin g. They G rn penetrate through fl esh, wqod, paper, etc. 
7. Th ~~)' an ·ausc phntnclcctric effec t like light. 
8. They M c not de fl ec ted by elec tric & magnetic field . . . 
9. The , produce fluorescence in substance like ZnS, Ca lcium compounds, Urn111um glass etc. 

An ex periment to confirm the . wave 
nature of X-rays: / -mys, produ ced from 
modl'l'n X-ra , tube, are ch,rnged into c1 

fint• bea m by thin slits L1 & L2. The _X­
rays be 1111 is tlwn incident on a zmc 
sulphide (Zns) CJ")'Sta l behind which a 
photographi pla te is placed. 

After ,, long L' xposu re, the photograph~c 
plat ' is develop >d. Mm1y conccntnc 
spots .nc obscrv ,J c1ro und c1 central 
·blc1ck spot on the pla te. The spotc; 
obtained in the photographic plate are 
known as Laue's spots. This shows that 
X-rnys arc diffracted from ZnS cry5tal. 
F -1. "'S concluded that X- rays are elec tromdg1 1wlic waves of v ''"' short rom this experiment, 1 Wo. J 

-~avelength . . _ _ _ . • __ 
12. 1§§3 Q.No. 1~ Wh;t· ar~ Bohr's postulates of hydrogen a~om? Denve an expression for the· radius o~ Bohr's 

~~ --~~~ ' . ~ 
~ Pleas~ rcfor to !2072 Set D a .No 69 

puspas.com
.np



270 I A COMPLETE NEB SOL UTI ON TO PHYSICS • KIi ·- --- .. --, ..._ 

-· - - - - -- . ·- -:--- - - - - . [4] 
73. ·12052 a .No. 15 a oRj State and explain uncertainty prlnclple. . ,' bl, to de termine precisely an l 

. . ' . • . . I t il i~ 1111 poss1 c . h I . t a. Heisenberg's Unce1tamty Prn\c1ple! It slnlcs I ~o . · f 
1 

,jnl vari.ibles wh1c l escnbe the 
simultaneously the 1-1 lucs of boU1 thl:' n1c1nbe.rs of pair O P ,ys ·c:ally con ju gate variables. 

· , l I . , co iled canon1 , . 
mo tion of ,,n atomi s · t~m. uch pnirs lf va na 1 es nic f a particle can not b~ J eterminect 

c ording to this prindpl ,, tJ,e pnsilion and 111011 1 ,ntum, 0 
' 

simultaneously to an I desired degree of a cun1 Y· , cntum component Px has a 
• 

1 
•• •pond mg mom n 

lf " -oor1..\inate x has an un ertaint I x n11d 1f tie 011 cs. . 
1 6 the inequality 

uncertaint I Px. then uncertainties a~e found to be related ·m gene ia Y 

X p, ;;;: fl .. . (i) 
. •t· 1 :I momentum . Thi i the Heis >nberg uncertainly principle for pos1 10n aJ L · 

h 
where TT = -

2n , . . . 1 for position and momentum, first 
This Eq. (i) is one foQll, of the Heisenberg uncertamty pnnop e 

5
. il .1 th ~ uncertainty AE 

discovered bv the German physicist Werner Heisenberg (1901-1976)- · llll ell y, Tel 
1 

t· .· 
• . ·rt · the giv en state . 1e re a 10n is -depends on the time interval M during which the system remm s 111 

6E M ::c n 
whid1 is uncertainty principle for energy and time interv~. · 

Numerical Problems 

74. 12076 Set Ba.No. 10~ 12066 Supp a.No. 8b oa 12058 Q.No. ·8 ~ Obtai~ the de-Br~gii;·w~vel;·ngth of neutron of 
kinetic energy 150 eV. (mass of neutron= 1.675 x 10-27 kg. Planck's constant= 6.6 x 10-34 Js. 1eV = 1.6 x 10-· 
19 J.) ' [4) 

·solution 
Given, 
Kineti~ energy of neutron (KE)= 150eV = 150 ~ 1.6 x 10-19 J = 240 x 10-19 J 
Mass of neutron (m) = 1.675 x 10-27 kg 
de:-Broglie wave length ("-) =? 
Now, 
If the Neuh·on acts as a photon, we have 

h 
p ... (i) 

Also, 
If it behaves as a matter, we can use; 

p2 
E - 2m 

or, P = ✓2mE ... (ii) 
From equa tion (i) & (ii),. we get 

h 6.62 X 10-34 . 6.62 X 10-34 6.62 X 10-34 

A = ✓2mE = ✓2x 1.675 x 10-27 x 240 x 10- 19 ✓804 x 10-40 28.35 x 10·23 = 2-33 x 10-llm 

H.ence, the required wavelength is 2.33 x 10-12111. 

75 . '2076 Set C a .No. 10a! 12069 (Set A) a .No. 10b! Ar:i x-ray tube, ope·~~t~ ;;;;d~-potentialdifh?r~~~e of ·1okV,. 
produces heat at the target at the rate of 720 watt: Assuming 0.5% of the incident electrons is converted into 
x-radiation, calculate the number of electrons striking per second at the target and velocity of t-he incident 
electrons. (given, e/m = 1.8><1011 Ckg-1) - (4) 

Solution 
Given, 
P.d (V) = JOKY = 10000V 
Power (P) = 720. W 
Current (I)= ? 
Vel_ocity (v) = ? 

Here, 
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p::: (100- 0.5)% x of IV 
99.5 

720 ::: -100 X I X 10000 ' or, 
720><100 

0
r, I ::: 995000 = O.o72 

Again,.· 
g l1 

I == t = t 

n I 0.07 
r, t =; == 1.6 · 10-1 = 

. ~ oin, \ h ·w ', 

1 - m 2== -'V 

QUANTIZAtlON OF ENERGY/ 271 

l()I numb,t/sc · . 

:. ,-=~ = ✓ 1011 10000 = 6xJO' m/se _ _ 

--1o15 GIE a.No. 10bJ C;lc~iate the-~;vel~~gtll. of an electron which has been accelerated through a potentja 
d~fferen~e of 200 V. Take mass of the electron as 9.1 x 10-31 kg and Plank's constant as 6.6 x 10-3-4 JS. [41 

lut1on 
Given, 
Accelerating oltage (V) = 200 V 

a e length (t, .. ) =? 
e ha e, 

h ' 6.6 X lQ-34 
" - - -;============== 8.6 X lQ-ll lTI -~ -✓2 X 9.1 X 1Q-3l X 1.6 X lQ-1 9 X 200 

--------------------. go1s Set B .a.No. 1obJ A hydrogen atom is in -ground state. What is the quantum number to which it be 
t excited.absorbing a photon of energy 12.75 eV? 

Solution 
Given, 
Energy of absorption (~E) = 12J5 eV 
9uantum number (n) =? 

We know, 
-13 .6 eV 

The energy of hydrogen atom in n th state, En - n 2 • • • (i) 

Th b tween nth state and the ground state of hydrogen atom is, 
e energy gap e 

6E = En - .E1 
Here, 

~E = 12.75 eV and 
E1 = -13.6 eV 
Then, 
12.75 = En - (-13.6) 

or, En= 12.75 - 13.6 == - 0.85 eV 
En = -0.85 eV 
Also, from (i), 

E 13.6 
n = - -;i- eV 

or, _0_85 = _ 13;6 
n 

Ot 'n 2 13.6 ' =-= 16 
0.85 

·:. n = 4 

1 ~ence, the qitantum n~mb~r is 4· 

\ 

\ 
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272 I A COMPLETE NEB SOLUTI ON TO PHYS I CS • XII , 
-··..-------- 1 . been accelerated through a p·ote~r 

, 78. !2014 Supp a .No. 10~ Detern,ine the wavelength of a proton tt,,at ,as nt = 6 62x10-34 Js. lal 
differe_nces of 20 kV. Mass of proton = 1.67 10-21 kg and Planck s con

5
la · (4] 

Solution 
Gh l'l'l, 
l>otl'ntial d ifferl'n '(' (V) = 0 k = _() l(J-1 V 
M,,s_., of pre t( n (mr) =. Lo7 10 2; kg 

Phnck ' nst .. rnt (h) = :1 . ,2 ).. lO ;\~ Js 

Electric -h,ng, {<:') = I.( • 10 1° 

W,wc length(),,) = . 
\i\ l' have, 

,, = h - 6.62 x 10' 34 2.02 x 10-1 ~ m 
~ ✓2 X l.67x lQ·2/ X 1 .6 X ]()_IQ 20 X 10:' __ _ 

79. ~07~- su;·a .No. 109 !2073 $et C Q.No. 109 The first membe~ -~ Balm~-r-~eries of hydrogen atom h~ a 

wavelength of 6563 A. Calculate the wavelength of its second member. [4] ' 
Solution 

Given, 
,welength of first line of Balmer series (11. 1) = 656?, A = 6563 x 10-10 rn 

WaYeleng th of second line of Balmer series (),2) = ? 
For Balmer series, n 1 = 2 · 
For firs t line of Ba lni.e r ser ies. nc = 3 
For second Line of Balme r series, n1 = ..i 
We have, · 

( 
1 ·1 ) · 

i .1 = R n 12 - 11 22 

1 

or, :
1 

= R ( ~2 - ; 2) , for first line of Balmer Se ries· 

or, :
1 

= R (¼ -i) 
1 5 

11., = R -36 

Simila rly, 

... (i) 

:
2 

= R (±-}6) , for second line of Balme i· Se ries 

3 . 
= R­'16 . 

Dividing (i) by (ii), we ge t 
1 5 . 

~ R 36 

1 =3 
A2 R 16 

A2 5 16 
= - x -

A1 36 3 
5 X 16 

... (ii) 

A2 = ~ X 6563 X 10-10 = 4861...!8 X 10-10 Ill = -181 IA8 A 

so. ~074 Set A a.No. 10~ Cal~~-l~t~ de-Broglie wavelength of an el t • · · . . ec ron which has be I d h h a 
potential difference of 200V. Given-mass of electron =9.1x10.31kg and Pl , en acce erate t roug 

a. Please refer to '2075 GIE a .No. 10~ . anck s constant, h=6.6x10·34Js. [4] 
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. ' y / 
__ .. -- - - --- - ---- --- __ . • QUANTIZATION OF EN ERG . 

· §!1 set D a.No. 1ocl Calculate th~~:8- · ·. - - . • .. . . - ~- · --
sf- t·~ roghe wavelength of electron having kinetic energy of 400 eV. 
5ohJ ,o 

.! Given, . · 
de-Broglie wa, cicngth (A) "" ? 

J(inetic energy (E1.) == -WO l' ;, ..J-OO x 1_6 l()-l<J J 
We have, 

h 6.62 X 1()-1~ 

== ✓2nJE, ✓2 xn J - - 6 ·t'J x ] () II 
" 

7
· x JO·.'I I >< 400 xl .6 x l()-1'' - J . ' ' 1 • • 

111 • 

82- ~~2 Supp a.No. 10al C~i~~late th~ ~avel e~gth_, of electr~m~g~etic- radi~tion emitted by a hydrogen atom­
which undergoes a trans1t1on between energy levels of -1.36><1Q-19 J and ·_5_45x10-19 J, (Given Planck's 
constant = 6.6><10-34 Js). [4] 

solution 
Gi,cn, 

First energy level (E1) == -1 .36 x 10-19) 
cond energy level (E2) == -5.45 x 1()-1 9 J 

Pldnck's constant (h) == 6.6 x 10-34 Js 
\Navclength (t.) == ? 
We h clV l', 

Tramilinn energy== E1 - E2 

hf E1 - E:: 
C 

11 - E1 - E:: 
), 

he 6.6 x 10-34 x 3 x 10~ • 
or, ), == ~ == _1_36 x 10~,g _ (-5.45 x 10_19) == 4.841 x 10·7 m == 4841 A 

83. µ012 Set c Q.No. 1obl J2012 Set D a .No. 10bl An X-ray tube works at a de potential difference of 50 kV. Only 
0.4% of the energy of the cathode rays is converted into x- rays and heat is generated in the target at the rate 

·of 600 watt. Estimate the current passed into the tube and the velocity of the electrons striking the target 
(Mass of electron = 9 x 10-31 kgm charge of electron = 1.6 x 10-19 C) [4] 

Solution 
Given, 
Potentia l di ffere nce (V) == 50 kV== 50000 V 
Heat generc1tion power (P) = 600 W 
Tube current (T) =? 
Vl'locitv of elec tron (v) == ~ · · . 
Affn rJi ng to ques tion, 0.4 % of energy is converted into x-rndiatoin & 99.6% of electiiczil ener , i_ 

converted into heclt. i.e. 
P = 99.6% of IV 

99·6 -0000 or, 600 == 
100 

x I x :, 

or, I == 0.(112 A 
Again, 

1 2 mv2= .,y 

- - ~ 2 x 1.6 x 10- 1'! x 50000 == 1.3 x ]08 m/s·ec 
Or, V ..., \J ID- = 9.10 X 10·~ 1 . 

~ 12A, v == 1.3 ~ l(~ ~~ / :_c: _ __ .. .. .. __ __ · . : 
84. [@2 Set E Q.No.waj-An X-ray spec~rometer has a crystal of rock salt fo r whi_ch atomic spa~in-g is 2-:S2). 5-;t­

at an angle of 140 to the beam coming from a tube operated at a constantly increasing voltage An instense 
fir~t line appears when the voltage across the tube is 9045 V. Calculate the value of Planck's co~stant. [4] 

Solution 

Given 
Aton1 ic spacing (4) = 2.s2A = 2.82 x 10-10 

111 

Glancing angle (81) == 14 ° . . 
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·274 1 A 'coMPLETE NEB SOLUTION TO PHYSICS - XII 

Vqltage (V) = 9045 V . 
Planck's constant (h) = ? 
We have, 
2dsin0.,,;, n 11.; n =,1, 2, 3, .. , 

2dsin01 = 11. for n = 1, 
2 x 2.82 x 10-10 x sin 14° = A 
11. = 1.36 x 10-10 m 
Again, 

hf == e 
C 

or, hi =eV 

e 11. 
or h = -, C 

1 .6 X lQ-l9 X 9045 X 1.36 X 10-lO 
or, h = . 3 x ms 6.56 x lQ-34 Js 

ss. ~011 supp a.No. 1oal An x-ray tube works at a de potential diff;~·; of 50KV and the current through the 
tube is 0.5mA. Find (i) the number of el~ctrons hitting th~ target per second·, (ii) the ene~gy falling on the 
target per second as the kinetic energy of electrons, (iii) the cut off wavelength of x-ray emitted. (The charge 
of electron= 1.6x10-19C, velocity of light c = 3 ,c1Q8 m/s, Planck's constant= 6.62>C10-

34
Js) · [4] 

Solution · 
Gi ren , 

D.C Potential difference (V) = 50 KV= 50,000 V 
Tube current (I) = 0.5 mA = 0.5 x i'0-3 A 

1. No. of electron pe; sec(~) =? 

Now, 

1 =g = ne 
t t 

n ] 0,5 X lQ-3 
or, t =; = 1.6 x 10.19 =3.125 x 1015 number/sec 

11. Energy per second (J>ower) = ? 
We have, 
P =IV= 0.5 x 10-3 x 50,000 .= 25 J/sec = 25 watt 

iii. Cut-off wavelength (11.c) = ? 
We have, 

hf=eV 
he 

or, - =eV 
')'-1: 

.he 6.62 x 10-34 x 3 x 10s 
or, Ac = eV = 1 .6 x 10-19 x 50,000 = 2·48 x 10·

11 
m 

ss. @011 supp a .No. 109 Determine the energy that must b.e given to a hydrogen atom so that it can emit second 
line of Balmer series. (Rydberg's constant R = 1.097>C107m-1) [4] 

Solution 
F<:>r second line of Balmer series, n1 = 2 and n2 = 4. Then, wavel ength of i . - mitted when 
electron jumps from 4th orbit to 2nd orbit is, raL ta hon 

2 _ (l .!.'\ (1 1) 3 A - R _22 - 42) = 1.097 X 107 X 4-16 = 1.097 X 107 X 16 = 2.057 X 106 

Now, 
C 

E = hf = hi = 6.62 x 10·34 x 3 x 108 x 2.05 x lQb = 4.08 x 10-19 J = 2.55 eV 

• 
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ROY/ 275 
..-::;;:::::.- . • QUA N TIZ ATION OF EN ___ 
~et A) a.No. 10 __g Find the wav - --- ---- , • _ ·- .. · - · n an 
. tron Tumps from 4th Orbit to the ec . elength of th radl tion o,;-;ltt d f ;om hydrogen atom wh~. Js 

. . ::: 9.1 10-31 kg) (where the symbol h ond or~lt. (Glv n o 8.85 10 .. u caN-1 m~a h • 6.62 " 10- [4) 
ave th tr USlllll Ill nlng .) 

I ,ct\, 

11nit1i\'ity 1f fn .. '<.' ~i ,\ 'l' · n) .,. ~-8r.:4 . 
I ,11 • 's l. n:,;t,mt (h :: b .( ll '.4 ls 

.• 11 ,ni · ~1:,\_ . ., m<- = . I , t0•11 "H 
\\•! •-ity ,t ltght · = J' 10-~ m/ st•r 
H ,n-. n, = n:"" 4 

1()-1 • N · I Ill · 

',; 1(}·,14 ~ X (8.8 l( 10-12) 

l = L , 10· ~ i--
~ \. 

l = -1 . .' , 10· - m 
__..--- . --------- ~---

. ~ upp. {~~t B) O.N~. 2 ~ A cricket ball is-;;,~ving ~th a speed of 120 km/hr. What would be its de-Broglie 
wavel_ength 1f its mass Is 400grns. [2] 

i f . k 1- all 120 X 1000 1 en · ·et L,. (v) = LO km/ hr= 60 x 
60 

= 33.33 m/ sec 

.1:1! of cricket ball (m) = -100 gm s = 0.4 Kg 
de- Broglie ,nveleng th (I,.) = ? · 
\\'e have, 

h h 
ii =- =-

p Ill\ 

6.62 10-34 
]. = 

0_,! X 33.33 

[·: h = 6.62 l0->-1 Jsl 

·· i. = -1.96 x lQ-35 Ill 

l ~o Supp. {Set B) a .No. 1 o ~ X-rays are incident on the zinc ;ulphide crystal of crystal spacing ~.08 x 104cm · 
such that first order reflection takes place at glancing angle 12°. Calculate the wavelength of X-rays and 
glancing angle for second order maximum. · [4) 

lolution 
Given, 

Wavelength of x-ray beam () .. ) = ? 

Angle of diffraction (0) = 12° 
Order of diffraction (n) = 1 
Spacing between planes (d) = 3.08 x 10-scm = 3.08 x 10· 10 m 
Now 

~~~~ Bragg•~ law, we have, 
~tne = n,, 

11

'" -2d o . 12 ', d - sinO :: 2 x 3.08 x 10-1 x su1 . 

"'1.28 X lQ-IOn, , 

ke~ce, the req uired spacing between L~ pla.nrs is_l .28 x 1,0-1om. -- -- - -

o, ~ X-rays are Incident on the zinc sulphide c~~tal. It's crystal spacing 1- .0Sio:--• cm 
-nd the first order reflection takes place at a glancing angle of 12 ' Calculate the wavelength of lncld ot ~ 

k ~S. . ' [4] 
l~e refer to go7o suep. (Set Bl O.No. 10] 
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'7h I A MPL T N U11N1 f' t ◄ . I II 

f WAY I ngth 2.9AU (A) r dlffr ct d from the Plane Of 
f 35 ... Cnlcul t th spacing b tween the 

\\',w1'kn •lh 1 1 ,.,.,y \ 1,,,m p,) - ,\l 1-

,\n,1k 1\I diltm ·111"' ti~ ., ,•' 
)1\kr It HI I r,h' tl\'" (n) - I 

Sp,h .·ing bl t\\'t'l'" pl,nws d) ~-

11" ' 
Ft m Rt '<\ A'S 1.,w; " (' h ,n ·p; 
dsmt) = 111.. 

llA I ' . .... (()• lll 
,1r, d = - . - ---.---

·smO sm."5 

d = 5 10- 10m 

[4} 

q " lO tt• "' 

Hl'1wc, the rl'•q u irt.•d s~ ,Kin g bl'l"l\ll'L'll 1lw plam•s is 5 x tO- Hln1. 

s . po6s Supp s t Ba.No. 10 bj 12061 sup a.No. 1ob! Find the wavelength of radiation emitted from hydrogen ato -
when an etectron jumps from third orbit to second orbit. (Given : eo = 8.854 x 10·12 C2N·

1
m·

2
, h = 6.62 x 10-~ Js 

and mass of electron, me= 9.1 x 1Q·31 kg .) [ 
olution 

Gi\'l'll, 
Pc nnittivity nf free sp,Ke {Eo) = 8.85-1 x 10-1~ c~ N-1 m-2 
Pl ,m c k's consta nt (h ) = 6 .62 tl)-34 Js 

· EIK trnnic m.1ss ( m ,,) = 9 .1 1l)- } 1 kg 

n, = 2 
11 :! = :\ 

lo,~•, 

Acco rding to Bnhr's it pos tulate, we have 

E" - E1 = hf 

9.J X ]0-3 1 X (1 .6 X J()- 1'))4 5 I 
o r, --::

8
:--

3
:-------__...;._____;;.__~---- x - = -

.,, )( JOH X (6.62 X J0· 14)l X (8 .854 )( 10· 12)2 :16 A 

J 
or, J .5J7,,, JOI·~ ;. 

1, = 6.59 x J 0•7m 
J-ienc •, tilt· n•yuireJ w.welt• n1:th is 6.r::9 x 10·7 m . 

. 93. /2067 a .No. 10~ An x-ray tube operated at a d.c. potentlal dlff r nc of 40 KV 
W. Assuming 0.5% of the energy of the lncld nt el tron conv rt d Int ' p du f 
electron per second striking the targ t. (II) tho v loclty of th In 1; ,;: ~

1 
· tlon , I l~l (I) num ' 

10
11 C/kg]. tr n . [ 1v n 

.Solution 
G iven, 
PolL•nli, I difft>r•1w • (V) = ,IO KV ~ 40,000 

.Pow r (P) ;:: 720 Wil li 

-:..-
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..... 

NOW, 
Q UANTIZATION OF ENERGY I 

for (i), ,. c hav ' 

Hef-e, Total p.d . U/Pd fnr pr;idt , · I 
I\ n,g 1t' t energy = (iOO - 0. )% of V 

1f t bl' the tnl,11 curr •nt produc, 1, 
1 

, "' 99.5 % of V 
\ in l 1e f1lt1n1 e11t Then, ,. e l..'clll use · 

p . = I 9.5% nf V 

or, 720 = ~ 
99.5 
1QO X 40,0()Q 

ne 
(lf, 720 = t 39800 

n 720 
()T, t - 3980() e 

720 
3 800 X 1.6 X lQ-1 9 

n 
:. t = 1.13 X }01 7 

Hence, the required number of elech·ons per second is 1.13·x 1017_ 
Agc1in, 

For (ii), we have, 
1 

eV = 2 m ".2 (Whe.re v is the velocity of electrons) 

or, v =~ = ✓2 x 1.8 x 1011 x 40000 

= 1.2 x 108 m/s 
Hence, the required velocity is 1.2 x 1QSm/s. 

... 

277 

94. ~065 a .No. s ~ .i .rays ~f -\Vavelength 0.36 A are diffracted by a Bragg's crystal spectograph at a glancing 
angle of 4.8°. Find the spacing of the atomic planes in the· crystal. [4] 

Solution 
Given, 
Wavelength of X-ray (A) = 0.36A = 0.36 x 10-10!11. 
Glancing angle (8) = 4.8° 
Spacing of atomic planes (d) = 7 

Now, 
From Bragg's law, we have 
2dsin8 = nA n = 1, 2, 3, .. . 

for n = 1; we have 
2dsi..n8 = 1, 

/, 0.36 X 10-IO 
or, d = -- = . 4 8 2siJ10 2 x sm . 

:. d = 2.15 x 1 o-1oni 
Hence, the required spacing is 2.~~-~-19- 10 m ___ _ _ _ _ __ _ 

ss. ~062 a .No. 8 Q If an el~ctro~--position can be measured to an accuracy of 10-9 m. How accurately can its 

velocity be measured? (mo = 9.1 >C 10-31 kg.) (4) 
Solution t • 

Given, 
lix "' 1Q-9m 

Liv = ? 
We know; 
m, =9.1 x 1Q-3 'kg 
h : 6.6 x 1Q-34Js 
Now, 
From uncertaiqty principle; we an wri te, 
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h 
P =-

1t 

h 
or, x Ill \' =--

2rr 
h 6.6 x rn-,'\.1 

ur, · rr . ~x ·m = 2 x re x 1()-9 x 9.1 x 10·11 

.-. = l.16 x 10 m/ s . _ ~os /s · · 
He.nee, it's •locity can be me,,sured to on nccurncy of 1.1_~-~- ~ ---•- ------· ; ·-t·· ~ --f -,--

- · . -- ---~ -------·- 1 t on having the kme Ic energy o 3600eV 
96. &og1 a.N9.. --~ l~ oBj Obt_aln the de-Broglie wave length of the_

1
: ec ~I nck's constant= 6,.6 x 10-34 Js) 

141
· 

(mass of &lectron == 9. >< 10-~1 kg, Electronic charge= 1.6 >< 10 C, a 
~~~ I • 

Gi en, 
Energy of election (E) = 3600 eV = 3600 x 1.6 x 10·19 ]' = 5760 x .10·

19 
J 

M.1ss of electron (m) = 9.1 x 10·>1 kg 
Electronic charge (e) = 1.6 x 10-19c 

Plancks constant (h) = 6.6 x 1Q-34Js 

de-Broglie wavelength ("-) = ? 
0\V, 

If electron bel1aves _as photon; we have 
h "- =p ... (i) 

Als_o, 
If it behaves as a matter, we can use; 

p2 
E 2m 

or, P · = ✓2mE .. . (ii) 
From equation (i) & (ii), we get 

h . . 6.6 X lQ-34 6.6 X lQ-3-1 6.6 X lQ-34 

"- = ✓2mE ✓2 x ~.1 x l~-31 x 5760 x 10·19 ✓1.05 x lQ-45 3.24 X lQ-23 

. . . 1, = 2.04 x 10-11 m 
Hence, the required value of wavelength ,1s 2.04 x 10·11 m. 

97. j2oso a.No. s ~ Calculate energy in electron volts of a quantum of x-radiation of wavelength 0.15nm. Take e =-

1.6 >< 10·19C, h = 6.5 >< 10-34 Js, c = 3 >< 108 ms-1• · [4} 
Solution 

Given, 
Wavelength {I,) = 0.15nm = 0.15 x 10-9m _ 
Electronic.charge (e) = 1.6 x 10-19C . 
Planck's constant (h)= 6.5 x 10-34Js 
Speed of light (c) = 3 x 108 ms-1 

Energy (E) = ? 
Now, we have, 

he 3 x 108 
E = hf = ""i = 6.5 x 10-34 x 0_15 x 10_9 = 130 x 10-17 joules 

130 X }0-l ? 

1.6 X 10-19 eV [·: 1 eV = 1.6 X 10-19n 

E. = 8125 eY 
Hence, the required energy is 81.25 cV, 

98. 12055 a.No. 1~ An elei;tron ofenergy 20eV comes Into collision-with-a .hy drogen -~tom i~ it;ground state. The 
atom is excited into a_ higher state an~ the electron is scattered with reduced velocity. The at?m 
subsequently returns to its ground state with the emission of photon of wavelength 1.216 x 10-1m. oetefmme 
the velocity of the scattered electron. (mass of electron = 9.1 >< 10·31 kg). [41 
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'20-54 a.N • 1~ Calculate the wavelength of the first line of the Balmer series, If the wavelength of the 
line of this series is 4-86x1Q•7m. 

tution 
in ·n, 

\\ ,m :•l ·' ngth 0f thl' _nd lint:: (A .., = -t86 ~ H)-:- m 
\\'a\'el 'ngth 1. f th, l st line(>.., ) = . . 
Now, 
F )r _ n,1 Ji n , of Bnltn 'rs •rics, we hn ' , 
n, = · n_ = -l 
Th 11, using 

~ =R(~-~) 
"- n . n l . 

or, ;: = R ( ~ 2 - 1i) 

1 - =R-~- 16 
i) 

For 1 ,, line of Balm , r eries, 

n,' = 2 , n2' = " 
Th nu ing; 

l.. = R (-
1 

- .J,) = R ( ~ 2 - ~ :) 
A1 n/ n2'-

1 5 
or, ~ = R 6 ... (ii) 

Dividing (i) b (ii), wt• get, 

& = 1- x~ 
'A2 1 5 

or, A.1 = {6 x 3: x 4.86 x 10-7 "" _r: , 10· m 

I f av •lcngl'h Is 1. r.: 1 x J l-711,. 
Ben e, the required va uc o w · 00 

econd 
[41 
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Ch3.ptei\4: NUdear Phjrsics 
,.. ·._,' ' . 

' ' ... : __ .. _ _:__ ---- ... . . ' - . d.-: ·•· --·p·-~rti~le i,:i a nuclear, ~~~ti;' 
- - -----·- -·- ······-. ··· ··-·····-· ,_ .. _,. ___ -- -·--7 . t ffectlve bombar mg . n. 

1. 12016 set. c a.No. 2c! Neutron is considered the mo~ e · [2) 

Short Answer Questions 

Why? ·. , . · I , s without being repelled .by th,. 
' . ' ' I . ti l' taq•l't nuccll . ' ' ~ The neutrons arc uncharged particle and C,111 111 1 ' 

1 
JJrnton rnlln of the nucleus anti . 

. . . , ,s the ncu tron o · 
nucleus or electrons. inside the nucleus, 1

i-_ rncacaSc. . . _ 
1

, .• · ,g large t1mnunl of energy. Due 
. . . . . , . ·l ,-1r rct1ct1on I e e,1s1_1 makes the nucleus unstable .rnd hence causes m1c c, . , . 
to this reason, the nL'utrons an; usL•d to initiate fission re_cic~~~~ ----- -_:.·- ···:· .. --···---·-- ···· .:..... .. _ . , ____ .. ____ . ________ ___ __ .. ,. ........ .. - ... . - --- .., ___ . --d t ns and electrically neutral netutrons ma 

2. 12015 set A a .No. 2~ A nucleus consists of positively charge pro O · h ? 
121 I . b 'bl th l'k harges repel each ot er . 

small v~lume. How can _t llS e poss1 e ~s e 1 _e c . _ _. other. Bu·t the protons in _a nucleus stay 
a Accord mg to1 properties of charges, h~e ~haiges iepel_ ec1~h 'kc char res of protons and chargclcss 

together due ll"1 binding energy. The bmdmg energy bm~is the h g , . , -
'neutrons. The source of binding energy is mass defect. _________________ ..... . . · 

3. j2015 set B a.No. 2d! 12066 a.No~-19! .All nuclei have nearly-the- same density. Why? [21· 
a . TI1e.mass per unit volume of a 11ucleus is called its density. 

Nuclear mass • AmN -
i.e., Nuclear density, p Nuclear volume = _ 4/3 n R3 

AmN 3AmN = 3mN = 3 x 1.66 x 10·27 k / m3 
or, P - ·4;3 rr (r0 A1/3)3 4n r0 3A .4rr r0

3 4n(l.2 x 10·15)3 g 
- =·2.3 x JOl7kgm·3 - - . . , . . .. . , . 

This shows that the nuclear density is ve1y high and is independent with A 1.e., all the nuclei, have 

sanie density. . . ________ --~-- ----· · . ----,~------
4. 12014 supp a.No. 2b! The nuclear density is almost constant for all nuclei. Why? ' .[2) 

a Please,reJer to 12075 Set B Q.No. 2d! ______ ..... __ ... _ .. ______ ......... ___ _ 

5. 12014 Set A a.No. 2al 12010 Set c a.No. 2 d! Why is ne~tron considered the most .effective bom~_arding .particle 
in a nuclear reaction? . · , · · · ·.. [21 

a _Please ief~r to 12076 Set C a .No. 2c) · · . 
__ ..., .... ,_ . -- ----- --------· - -· -·-------·-"·--·-·---··-- ~·- ' 

6. @014 set B a .No; 2c! Accordi_~g to properties of charges, like charges repel each other. Then, how do ~he 
·protons in a nucleu·s stay toge~her? · · , · · · [2) : 

a Please refer to 12075 Set A Q.No. 2e! 

7. @073 Supp Q~No. 21f;:=120=s=·i::.:· a=··:=N::.:~-:.:::.-· 2=d::;-I ::W-;-;-h-y_-=i-s -:t;h;----e- m~a-ss of a nucleus slight~ les~ than th~-;,~~; :-~t·c·~~-stit·u~~t r 

_nucleons? · ' [2) 
a The total binding energy of a nucleus r~presents the amount of energy -tha·t must be put into ,1 

nucleus in order to break it apart into its constituent protons and neutrons: According to Eisenstein's 
mass-energy relation (E = mc2

), change in energy is associated _with changes in mass. Therefore, one 
should expect that nrnss of a nucleus is less than the suin of the rest masses of its separated nucleons 
which expenses to bind the nucleons inside the nucleus. 

·;- j;o7~-S-et ·~ ---O.N~.--;cl Define 'at~~ir mass unit (amu). H~nce convert.ih~-~-~~s of a neutron-:-(1_8.40 M-~). i; · 
amu where Me is the mass of 'an electron'. · · , · · · \ (21 

a Atomic mass unit refers to the 11iass of neu tn1I atom including mass of all the rwck'ons . One .itomic 
1nass unit is defined as-1 / 12 of the mass of one ,,C 12 a tom. · 

- · 1 ( 12 · ) 
_i._c., 1-amu = 12_ 6_023 x 1023 g = 1.66 x 10·2·~ g = 1.66 x l ~P7 kg 

N~,,v according to Einstein's mas~ energy relation, 
E = ~ mc2 = 1.66 x 10·27 x (3 x10A) 2 J = l.49 x l0· 10 J 

1.49 X lQ·IO 
= ,1.6 x•l0·19 eV = 0.931 x 109 eV = 93] MeV 

-1 a.mu= 931 MeV 

I • 
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--=--- - -- -- . ----- -- -
~n Supp Q.No. 2~ By what factor ~,~;t t he ~;a-~~ -n~~-b~-~ ·of -~- -~u~leus i~~~ease to double ii; volume? 
Explain. [2] 

"' " lunw nf ,1 nucleus is gi,·t'n lw 
-t . 

V=~R-_., 

\\lien.~ R = radius of nucleus = R;.-\ 113, Ro= ninsfant par,rnwter, 
A= :\tomic m,\SS number. Then, 

-1 -1 
\ =:;- ;: R,.-\ 1 ·'? =~ .-. Rn=- A 

_:'I ~ 

ie., V x. A 

_ The.n1ziss number doubles when volume becomes double. 

@12 Se~ o Q.N~~ 2~ All th; ~uclei have ne~-rly the san;-d~~~ity- . J-u-st-ify- _- - -- -- · 
~ Please refer to ~0,5 Set 8 O.No. 2d!__ ___ _ _ ______ _ ____ _ _ __ _ _ _ __ _ 

[2] 

fui11 Supp a.No-. 2~ What is the significance of b·inding energy per nucleon? [2] 
The minimum cner<n.· relJUired to bind the rnnstituents of the· nucleus inside. it is ralll'd bindin,~ 

b. 0 

en.~gy. This is gi\ en as, 
B.E. = ~mc2, 

lllleie .1D1 is mass defect and C is speed -nf light. Binding l'll l' rgy per nurl t.>t)H is avcr,lgc binding 

energy given as, . 
B B.E. _ B:E.-
.E. per nucl euon = Mass number A 

· ltgi\·es the stability of nucleus ,1gainst disintegration {vhkh is sl10ws in give iigure. 

9 
s 

> 7 (J 

:;:;: 
6 

-~ 

~ 
4 :::::i 
.1 

2 

u ,rn i;o 120 1 ,,o 200 2<1 0 2xn _3~ 11 

Mass 1111111h , 1 ( /\) 

Fig . Vari~1io 11 nf hi11Ji11g t' ll , 1 (!)' p,·1 1111l'l,n11 11 ith 111:iss 11111111>,T 

~::~s~ee- (S.et 8 ) a.N~. 2-~ Find the value of 1 arnu In terms of MeV. 

·) le~sc refer 12073 Set C ?~~o3J_ ________ ·- ___ , _ . . 
,
14-' ~setDQ.-~:2c1fooes a nucleus cont~l_n ele~tr~ns: Explain. · - . ·. . . - ( 2] 

.~, tie t , t"t , t of nucleus. f O l'XlSl 11\Sldl! lhl· lllld, , II . . . . . . 
' .- 1 _c ron 1s not cons I uen l lls, ll' 1111cL•rtn1111ty 111 pos11lnn sho11ld 

'~ ;~}1~1 exc~ed the radius of nucleus. i.e ., L\x 
5 rn-i~ m. Thi•n, frun1 l-lt•!_se11lwrg 11;Kl!rtai11ty principle, 

': '!_;~ncert,li11ty in. momen~um is 
1j • \ 

°; !. 

·:i "', 
' ' '_ ,). I 
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PHYSICS • XII 282 / A COMPLETE NEB SOLUTION TO . 

· h 6.62 ~ 10,~
4 

= 5 3 ·~ 10, 21 kg1Hs-
1

• l , S8c where c is speeJ of · ~p=-- - , io-1-1 · , , ut to Jc , 

2rr~x 2rr x . . - . x 1 )-~1 k r, velocity of dcctron come:" ~ ·d of 1ighl. So, electron can't exist 
Since mass of elec\ron is 9.1 , l g_ . '' I •rcnlcr thn11 the spec 
l' ,ht l3ut no ma~rial particle moves w ith spccl i,; ' -~--- • -

·

1

g·· i., tl,e nucleus. · · ' - ···- ·--·--f·-- n-u-c- lear reaction signify? Explairy. (2} 
m:-.H e · (Q-value) o a 

· · 2 ~ What does the energy balance 1 , • 

15. 12069 Supp Set B Q.No. . I. . - giving by ~ . . . 
~ The general scheme of a nuclenr rear ion IS + Q . ' ' - ... 
"' A+ l3 - C + D d 1:hat in nuclear reaction m1tial 

. :I cts It was faun . t d 
where ·A. and B ,1rc reactants and C m~d D are pio~ us \of C + D). The diff~rence in mass 15 ~onver e 

( • f A. + B) is not equal to fmal mass (m, s. Tl Q-value balances this mass or 
mass mass o . . . E. . . ' ''SS ener·gy relation, E = mc2). ,e . ' . . 
into energy (accord mg to mslem s mu , , , . , . , . . 

energy .in the nuclear re~ction.. is released or absorbed dunng the 
So, Q-value in a nuclear reaction signifies that either energy 

nuclear reaction. · . . - ·.-.. -1-------·- - (2] 
~ o N 1 I Why are the neutrons used to initiate fission reaction . 16. l20b8 Old Can. · o . 9 · . , 

a Please refer to !2or6 Set Ca.No. 2cl [2J 

17. 12067 Old a.No. 2rt Why does a mountain of uranium not explode as_ a bomb? . t' ~f energy as . 92U~s_ + 
a The uranium at01!,1 undergoes nuclear fission reaction r_e!easmg l~rge amoun l i 

( U23o )' B 141 + l(r92+ 30111 + Q · . · · , 01
-i

1
-+ 92 -+ 56 a 

36 
. .. , · • b b i · · eutron must 

Tbis shows that to initiat~ the nuclear fission reaction of uramum,_ a slow om arL mg 11 b b 
b • • d w·thout this bombarding particle, a mountain of uran~um does not explode as a om · 

e reqmre . 1 . . , • , . . ·· 2} 
... ~66 supp a .No. 1~ Write difference between nuclear fission an~Jus1on. . [ 18. ~"':::..:.::.==...;;.;.___._ fu . . b 1 
The differences between the nuclear fission and s1on. are given eow: a 

Nuclear Fission ' . Nuclear Fusion 
1. If a heavy nucl~us is splitted into h-vo or 1. If two or more light nuclei fused together 

, more light nuclei releasing large amount of to 'form a 'heavy nucleus releasiI,g large 
energy is called nucle.ar fission readio~: amount of e1~ergy is called nuclear fu_sion 

, reaction. ' -

2. Slow neutrons are required to initiate 2. High temperature ' and pressure are 
reaction. 

~ required for this i;eaction to take place. 
Example: 92U235 + 011 1 -+ [92U236]* -+ s6Bal41 · 3. I 

Example: 1H2 + 1H2 --+ 2He4 +Q 3. 
+ 36 Kr92 + 30111 + Q 

4. 200 MeV energy is released per fission. 4 . . 24 MeV energy is released per fusion . 5. It can be used to make nuclear bomb. 5. 
-· It can be nsed to make hvdrogen bomb. 

• - --•••••·•h • - •~ .. ............... _, , _______ , , --.. 
I 

19. j2065 a.No. 1 st Explain the s1gmf1cance of Emstem s mass energy equivalence relation. . [2] 
·-a. According to Einstein, mass and energy are inter-convertible. In a nuclear reaction, s~un of initial rest 

mass is not equal to_the fin;ll rest mass after reaction . The difference between the rest inasse~ is equal 
,to the nuclear energy released. According to Einstein's equalio~1 expressing the equivalence of mas~ 

ancl energy is given as E = Am c2 where L\m ls the m·ass dlfferencl~ bc\\vecn the sum of tlie masses ot 
the nucleons and the mass of single nucleus and c he the velocity of light. Thus, Ei nstein's mass 
energy equivalence relation views as the lil·w of en~rgy conservnlion a nd mass conservation are no 

' more independent laws but single law ca lled law of niass-energy conservat ioi
1
. 

--;::.=::::::::::=::::::::::;-;~---:-- ---- - ---- ·•----·:t---·-·--·--·--,--- ... --.. _____ _ . .,_ 
20. 12065 a.No. 2 9! Define atomic mass unit and convert it into MeV. ,·-.... (2] 
~ -- Please refer 12073 Set c a .No. 2g 

21. @061 a.No'. 1 ij Define ~efe;{ and packing frar.ti~n of a ~~cious-:- ·- ·---~-­

;_ .. The difference between tl~e actua.l mass of the ~rnclcus and the sum -of masses of the .constituent · . 
. ,. · .. nucleons is called mass defect. It is-denoted by L\M and . given by 

Am,::; mass of coristituen_t nucleus ... actual mass of the nucleus . I • ' 

'Am~ [Z,inp_+. (A--Z) mn] - M. ' .,:-., . ' .' I ' . .· ' .. 

j • .\-Yhere Illp and mn are' the masses'..~_£~· ~rntqn ~ a ~~utron respectiv_ely. 

• I 'J . ., .. 

' '[2] 

: .. \ 

' , . \ ·· 1.' . 
J, \ 
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. rt. the nucleus grouped ,_ 2s· 3 
J\'11e11 LUgethe t ' · NUCLEAR PHYSICS' 
~ va)'S a mass defec t during th f r O fonn a nuc1 . 

t · ass defect of a nu 1 e ormation of a 
1
eus, they loss a small nmount of .mnss i.e., there is 

f}le 01 c eus per n · nuc eus. · • - . 
i cJ<i!lg fraction 'f' may be iv~ ucJeon is calleu · _. • . · , 
pa · d f g en as paclg.ng fract10n. U ~m is t11e mass defect, then 

. mass e eel Llm 
, f · - mass number == A 
l],US, packing fra c tion indica tes th _ . . . 
• t f th · • at when ind• ,·u · . 

Jjfferen rom _ _:!_:._~~umber A. n _1 uaJ nucieo_ns packed together, their mass will be . 

~ Distinguish between-,·-s t- -----i ~ 0 opes and· b -·--- ---------
'fbe diff erc;nccs between iso topes a 1 . tso ar? · 

J · nl isobar a · , 
Isotopes are th ' atom s which ha . re given below: 

f2J 

h . v c sarne <lion · l . . ~obarsarc t e atoms wh ich hr1v" 11c num :>er (Z) but different mass numl?er (A). But, 
' .... ~i1mc mass I 

1 Isotopes contain Jiff •ren t numh, f ' · num 1er (A) but diffl'rl'nt atomic number (Z). 
,. <: r O neutron c; I I · different numbl'r ()( IJoth 1w 11 tro . 1 · anc t 1 s;1111 e number of protl111s. lsnbi'lrS conlam 

. . ns Jnt proton<;. 
All the isotopes hnv • diff ·rrnt ph ·~·c 1 . 
isobar" J1av • different ht• · . 1. ,· 

1 
.i J~ropertil'.'- h11 t h,ivl' id l'11lir .1l chemir,1I properties .. Bui, all the 

• < ;:, • 1111 ,1 ,llll phy-.:1 , ,1 1 prop1 rli 'S. 
L Examples of ,~n l"pl's M( ' ii 11 ,I F 111 I 1-n 1) .---'.':'.::'.:-" • _ ' _:._ L 1 1 · J UI 1h 'c .im pk t1f i ... ohars .lrL' h JJ , ~N 1J i'ltlll sO 1J. 

D. [05s a.No. 12 11 Explain why lhe mass of a nucleus is alway; less then the- ~~~bi~;d_m_ a-ss_e_s_o_f_lts-
coristlluent par11clcs. f2J 
Please reft>r In !2073 upp o No .di 

F055Q.No. 1211! Ex plaln binding c;crgy lnf e~s of pack ing fraction. --- f2J 
i Expcrh11 e11tnll I ii Ji n-; '11 • •11 fo und lh.11 til l' ll'S t 111. i-. .. 1 I 1h1• 1wd1•11, ,1 ( .i ,t, il>IL' . 10 111 is i1lw;1ys less than 

lhe ~um nf IIH• 111,1 s.-l'~ uf ii-. t'll ll . ti111 e11t 1111t· l< ·o 11 1 , · , prnt n11., , 11 HI ll L' lllni11s i11 frl'e stnle. The 
dlffen•nn• IH•l w1'l ' II lhl• .,11111 o f til l· ma. :-<.' 'i 1) / 111H l1•n11, ,111-. 1111,tm!: ,1 1111 I ·us ,rnd thl' n·s t m,1ss of the 
nucleus ls l'nlll·d 111 ,1 .-..; dl'f l•c t, dl'nOtl•d h_r _\ m. Tht.• <-' ll t'f/:Y '- p1 i\'.1le11 t of this mass defect is called 
binding L' IIL'rgy () f t!J, , 111 1 ·k•11 , . Th i.' '-'11,•rgv i. dl.'line,1 ,1s lh l' mi11i111um •11 ergy n:quircd to bind the 
nucleons ins idl' till' 1111l·k1is . Tl1t• bind ing l ' 11t' 1):~· i,.; gin'n l y 
B.E, = \111 c·!; wli,•n• ,· j ~ ,·,·Ind!\' ,(light. Till' 11 1.i~,.; iJ,,f'- t l er nucll.!011 i know n ns p,1cking f rnction. 
i.c~ P:ic"-ing fracti,m · m / 1\ , ~1h,'ll' r\ i,.; tot.ii mn. - 11~1~1bcr:.. _____ · ___ ._. 

ffis a.No. 12-1 Point out the difference between nuclear fission and fusion. f2J 
Pleaserckr f()!20GG upp 1N 1~ _____ ··-- _______ __! ___ _ 

ffi:3 a.~.--12 bl wi~at is n~ea nt.by chain reaction? .,.­

When a slnw 11t•utnn i:-- l )Jllh. rded ( 11 ' Q~U-'' 

llur} ·· • 1 I it 'fllit s into two · eus, it u ndt'r~nt':-- I 1:--:-1011 <11 t - . -

Ugl.t • 1 ' , ··th three neutrons. 
11 e.r nuclei s~ B.1 w ,111d -~"" r · " 1 · • 

a .... · · tI· . l nl ud other three ''liaU\ three neut r(1ns c.m fur ier HlI · 
taniun t . . . )., " = 9 nrutrons. Further 9 1 a oms g1vm.; ,') · -

ll"" t· , ~ . . ~ uranium a toms to 
'" rems rnn bomh.1rd ther nme 

give 9 x 3 = 27 neutrons with the relea;e of energy . 

. lhis process will continue till all the uranium atoms 
1alc . t1 rel ease of a huge 

e part in the reaction with 1e h . 
atn . ·s known as C am 
. 0unt {)f energy. This reacoon 1! 

1e ti.on. · 

. n 

n [2] 

n 

n 

n 

n 

f2J 
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284 ./ .A c·oMPLETE NEB SOLUTION TO PHYSICS· XII 

Long Answer Questions ·- --· . _ - · -- ·- - - ; r··nu-~leo·~. Ho~ does binding ene-~gy-;; 
2s. ~075 GIE a.No. sci Define binding energ~ an~ b~ndlng energy P . [4) 

nucleon vary with mass number? What is its significance? .. 
1
iwa\'s Jess than thL' . um of the 

. 1 I . f ,1 st,1hle ntom is • ' ,· · a It was found tha t the rest m.1ss ol I ,c nur cus O ' • . f .•• slnlc The differcn ' l ·tween th~ 
.. , . I .· . I • ,tncutn1ns1n rec . ' . . 

ma~ses ot its constituent nuc cons u ~ .. pw ons ,ll l 
1 

• 
1 

n nss l)f the nu leus 1. called m 
- • . . . . ·I •us ·md I ,c n:s t ' .. 

sum ot the masses of nucleons c0nsl1h1tmg •1 ll\ll e · ' 
1 

. . . setl 10 hind the n ns titu en 
0 . l ' ff • . ()f the nuc eus 1s, u . defect. ft is denol-ed ·b\' ~m. Tlns l t c renre 111 mass . · t · I s inln the nucl C' u is 11 I 

. . ~ •. l l l · l th, const1tuc nt par ic · < 
the nucleus. The mmunum energy requtH'l O Hl_ll l: •• _ _ l f cl is rn ll cd binding en 'Ttn.· of 

l . I , t )f lhts mass l c c . ' ~ t:,.; binding energy. In otl~er wons, the energy eqmvn en l · · 

the nucleus. . 
B.E. = 01i.1e~ · 

Her~, Lim= mass of constituent nucleus - actual mass of the nucleu~ 

= [Z m r + (A- Z) mn] - '1\-1 - and 1\ l be the rc~t mass of lhe 
,-vhere m p and Uln are the masses of a proton & a neutron respectivcl) 
nucleus zX"'. Then the binding energ)' is given by _ 

B.E, = [{Z mp + (A- Z) mn} - M] c2J (Here, mass in kg) 
- B.E. -= [{Z mp+ (A- Z) mn} - M] x 931tvieV (Here, mass in amu) . _ . . . 

The variation of binding energy of different elements with atomic mass is s tud red m terms nf.bmdmo 
energy per nucleon which is average.binding energy given as: . 

. . - Total Binding.Energv _ B.E. 
Average Bmdmg Energy (B.E.) :-- Mass Number - A 

> 
C!J 

6 
~ 
!.Ll 
CCI 

9. 
8 
7 

6 
5 

4 
3 

2 

0 

i~Fe' r, · 

• 40 80 120 160 200 2-10 280 320 

Mass number (A) 

Fi~. Variation of binding energy per nucleon ,vith mass number 

1t determµ1 es the majo·r of the stability of the nucleus against disintegration. The greater the v.1lm' l,t: 
average binding energy, the higher will be the stability of ,nucleus and vice-vt.' rsa. The v niatilHl d 
birnJi.ng energy per nucleon with mass number is given -in the graph. The graph shows tlll' n1<1xinn1111 

· value of 8.79 MeV per nucleon of 2r,Fe56. So, iron is stable than the higher nuclei like ,~u: .... =-. _ 

29. ~075 set A a.No. Gd! Diff~rentiate between nuclear fission ;;;d fusio~-.--Expl~i~ ·t·h-e ju~duction ~f e~;~gy in the 
Sun. · · [4) 

. · a 'Differenc'es between the nuclear fission and fl1sion: 
Tl d iff b t ti I f I f ' 1e ·erences e ·ween 1c nuc ear ·1ss10n am 11s10n a re ~1vcn l I )l~ ow: ----Nuclec}r Fission Nuclear Fusion -1. If a heavy nucleus L'i splilled into two or ·1. If two or mnre light nudei fusl'd tngcther 

'. more light nualei releasing large m,nount of lo form a heavy nudeus r ,tcnsinl~ lnq;~ 
. energy is calJed nuclear fission reaction. ' . . . l ll 

amonnt nf energy is rnllell nurknr tu!ill 
reaction . ----2. ·Slow neutrons arc rClJUi~cd · to initiate 2. High h.~mpl:rature ~mt preS;-"ure ,\1-c 

· reaction. n'quirl~d for this reac tion to take t)lnce. ___. 
' 3. · Example: 92U235 + on1 .- [92u2:io]*' _. 56Ba 141 3. Example: 1l-l2 + 1H:! - ~He4 +Q 

+ 36' Kr92 + 3oll 1 + Q ' \ ---l 

4. · · 200 MeV enern:v is released per fission. ' 4. 24 MeY cner~v is released per fusion-------
5. .It can be used to make huclear bomb. 5. It cnn be used to make lwdnu?.en botllh-

,I • ) 

,' .•· , , 

, I J 
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6 Prod ucts of fission are radio ti · 
··~ . ac ve. 
· 7. 1JC1ear reactor is based on controlle . . 
, - chain reaction. d f~s10n 

. S:-For fission reaction, critical mass -· is needed. 
·~ The sources (fuel) of fission are lim· d ·~ . . I 1te . 
· 10. It 1s smg e stage reaction. 

:11. Fuel is either in solid or liquid state and 
can be stored for long time. _ · 

12. fission is induced by neutrons. 

s· I 
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· d. ctive 6. Products of fusion are not ra 1oa . · -
d. e ·l till now. 7. No controlled fusion iscover L . • 

_L 

reaction, critical mass is not 
8. For fusion 

needed. -
9. The sources of fusion are unlimited. 
10. It is multista2.e reaction . -
11. Fuel in plasma state and can not be 

is 
requires 

stored for long time because it 

high temperature. 
12 Fusion is induced b,~ protons. ·- ~ . Nuclear fus10~. The cornbmahon of two or more lighter nuclei to fom1 a heavy nucleus with the 

release of large amount of energy is called nuclear fusion reaction. For example, 
, 1H1 + 1H1 

4- 1H1 + 1H1 ➔ 2He4 + 2 +1eO + Q · . 
Now, ' 

M.:i ss of helium, 2HcA = 4.0038744 arnu 
Mass of p.roto,:1, 1H1 = ·1 .007825 amu 

Nof, tot.al mass on reac t.ant side= 4.0313 amu 
Total mnss on pro<lu ct s id e = 4.0038744 amu 
M.:i ss defect (t. m) == 4.0313 - 4.00''87-14= 0.027-1256 amu 
Energy rel eased == 0.0274256 x 9:'>1 McV = 25.5 M V 

• Like this re,1 ' Lion, en ·qjy is proJuccd in the sun . 

l. 

-----·- --- ·-·-·- ·- -----·--- --- - ---- -------- -------- --
)0. @074 Supp O.No. Ge! Discuss fission and fusion reaction with one example of each. In which reaction is the ' 

energy released greater? [4] 
ll. Nuclear fo, s ion: Th• proce ·s uf splitt ing up of, heavy nud us into two or more lighter nuclei with · 

the relL•.-i sc of a large ;11110u11t of energy i • known c1 s nu I •, r fi . sion. 
· When n LJ 2Yi is bombarded with a slow neut ron, ,rn unst, bl ' ompound nucleus is formed which may 
break up intn barium and krypton .i s ft11low s: 

()2 LJ 2:IS + on' (.i2 LJ 2 111 r ~h[3.i l41 + . oKrQ: + . n l 

Where Q is the energy rL' I •.-ised itJ the nuclea r fiss ion. . 
Nuclear f-usion: The process of formation of .1 heavy nu leus from two lighter nuclei with the release 
of n larl'e ,iniount nf enL'rgy· is k11t1wn as nu !ca r fu sion. For example, two dcuterons (1H2) can fuse 

, togcthe/ to form a hdium nucleus with the liberation of encrg) as follo_ws: 
,1-12 -\- ,H--. _He3 + on1 + Q 
Energy Released in Nuclear fission: 
A lar~e amount of euergy is released in a nucle~r fission reaction because the mass of pro~luct 
nucleus is less than the masses of the reactant nuclei. 

· Jhe fission rcal.'tion for U-235 is given as 
. ' nUm + onl - {ci2u:r,r, r - sr- Ba14l + 3oKr92+ 3onl + Q 

Given, Mass of 92LJ2.\5 = 235.()-13933-1 u 
Mass of 0n 1 = 1.008665-! u 

· Mass of si;Ba1.i1 = 140.91 _:)94 u 
. ~fass of 31,Kr'l:2 = 91.S973-1 u 

·-Avogadro's number (N,.,) = 6.02 ' 102., mol·~ _., " 
· _'therefore~ total mass of reactant part== mass 0 ~ [92U..3:i + oI1

1
] 

-== 235.049933 + 1.008665 
::: 236.052984 u . , 

&t' f[ Bat41+ 3&Kr92+3on11 · otal mass of pi:_oduct part= mass O 56 -

====1-10.9139 + 91 .89373 +·3x1.018665 

" •'So :::: 235.8373 U ,.. = O ?1534 u 
... - \ ,' decrease in mass= 236.05 - 23:,.8373 ·-
~-:;· \e have, 1 u = 931 Me\! 
~ 'I'herefo . _ 1 ele·ased:::; 0.2153 x 931 =200.2 MeV 

ti· F. . 1 e, tot:a energy r . . . 
~~'l': :•lletgy Released in Nuclear Fuswn. . 
~;, ~1a.ss f - ? x ·? 014102 u = 4.028204 u 't:,.· · o. the two deuteron - - -· . 
·Jt;'. ·, 

'. 
_, ~~t~if 
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Tvtass ohHe~ = 4.002604 u ' .. 
Decrease in mass = 0.025600 u • 1 . 
Ei1ei·11y released= 0.0256 X 9::n tvkV = 2'.\.8-l tvreV I ' . ' )l" .ibsorb during the nuc ear reaction: 

c-, • . . I rg)' re e,1sc ( ' f . 
The Q-value of 1,uclear reaction indicates t 1e enc . . , 1.,.,)l'nse ftir uswn. · · . . . . . . . . than ene1 g) ._ · . __ __ - · ·- -·- ·· ---- -
This shows that l'nergy rcle<1sed for f1ss ~l_1_1_1_~!~~~--~-:- - --- -- ·-0 - ~ a graph showing the variau;-
- --.. ·· · -- - - ·· -- · ·- - - ·- ·- - ·· ·- . of a nucleus. ra n 

31 . !2074 set A a.No. set Define mass defect and binding energy t Also, interpret the graph . [4] 
of binding energy'per: nucleon and atomic number of the elemen s. . · . 

a PleJ<;P n•fl'l" to 12075 GIE a .No. 6ci • --~-------- . - - -· ·- · : · E I .-· • h -- - -­
··· ·· - · ·· - · · -· - · .. · ·- --- -- - - --- - --- ~---:- f ion and fusion reactions. xp am, ow the 
32. j2013 set c a.No. set Write down the representative nuclear_ is_s d h r m can be estimated? · [4] 

· energy release in the c;:ase of four protons fused into doubly wnize e ,u_ t t ,
0 

or mm'e (Mrts . with ti 
· · • • · f J ~ )' nucleus m o " 1e ~ Nuclear f1sswn: The process . of sphttmg up o a 1eav · • . -~ I , . 1 fis · react)()n For exam p e, 

relense of a Inrge .1mount of energy is known a~ nuc_ ear sion ' · . . 
qzU 2..lS +on' ➔ (9221")* ➔ 5hBa 141 + 3bKr92 + 3011 1 + Q . 

Nuclca~ fusion: Please refer to 12075 Set AO.No. 6d! ___ _ ________ .,_., _ __ _ 

33. 12012 Set c a.No. sci D,iscuss four important properties of nuclei. [
41 

· · · · · i . t ·. " ')' clnn'ed electrons and dnrgc ~ Nucleus: An atom consists of positively chargel p1otons, ncga "· e ' o -. · . . ' . 
less · neutrons. The elect;rons are revolving round the central pnrt nf ·atom Ill possible P1_-h1~ wlul~ 
protons and neutrons are located at the central part of c1tom rn ll cd nucleus. So, constituents of 

· nuclei.is are protons antl neutrons. It is generally represented by ✓.X '\ where Z nn. of electrons.= no. o_f . . 
protons i.c:, atomic number, A= Z + N (N =No. of neu trons) is atomic mass. 
Four general properties of Nuclei are: 

1. Size:·The size of nucleus is ve1y small. According to Rutherford (who disco\ crcd nucleus), the size of 
nucleus (i.e. radius) is 10- 14 in to 10-15111 ,,vhilc that of otnm is c1bu t 10· 10 m . The empirical formula for 

nuclear radius is R = ro A1/ 3, where A is moss number ond r., = 1.2 x llJ ·1• m = l.2 Fm . 
2. Charge: The nuclei c011sist of protons & neutrons. Protons are positively charged .i nd 11eutrn11s are 

chmgelcss or _neutral. Sp, n:uclei arc positively charged. 
·3. Mass: Si.nee the nucleus consists of protons and neutrons. So, the mass of nucleus is th e sum of 11iass 

of protons and mass of neutrons. 
Assumed Nuclear mass= Zmp + Nm 11 

w!_1ere Z =No.of protons, N =No. of ne_utrons, mp= mass ·of proton and 111 ,, is mass of a neutron . 
4. Nuclear_dcnsity: The density of n.ucleus is given by · . 

· mass of a nucleus 
Nuclear density volume of nucleus 

Am,, 

llln 3 X 1.66 X 1Q-2i ·=--=--_;.;_:...:....-=.::__ 
!TC ro3 4 X iC X (1 .2 X 10-15)3 
3 . 

f 

[: .·R = ro Al/3] 

cr = 2.3 .x 1()1 7 kg/m3 . 
This shows that nuclear density .is independent to ato · · · 
ti t I c m1c mass numbe l · · · · • id 

rn a arge crane is relJUired to lift the microsco - . f r anL lS very high. So, 1t 1s sn . pie size o nucleus. - , 
. 34. 12011 su~p Q.No. scj What are meant by mass defect and bindin ener --- --- ___ .. :.._.----;-­

t~e ~elation between binding energy per nucleon and atomic n 9. gy pe~ n~cleon? Draw a graph showing 
a Pl~ase refer to (2015 GIE a .No. 6g um~er. Explain its significances. [4] 

35. 12011 Se~ c Q.N~. 6 c) Defirte binding-;;,ergy Ho;d· b' . ··-----. ·-·----:. ___ - . ___ __. 
What is its significance? · . · . oes mdmg energy per nucleon vary~th-~ -~~-~umber1 

a . Please ref:~ tp_i2,075 GIE Q.No. 69 [4) 

_36. 12010 Set c a.No. 6- c) Disc~ ss fission and fusio ·th - c-----.. , ___ _ 
. released greater? . .. · ·. . n.wi an example of each. In which ·~;a;tion i~fueener9Y 
· a Please.refer to @014 Supp a.No. 6g · [4] 
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,r. nuclear fus·1 7 :---- ·---·- - - :_ . , .. . 
~ !J: a_sc-rdcr to_ [2075 s_et A O No. ~ . on Discuss the sourc;;~-"flh-~-;~;~9y-,.;j'~-;;d- d~;ing fu;i~~:-~---fziT 
·; @ Set A a .No. scj How do~ · - •·• . , . · · · ·. · . · 
3 • ted · th f · . 5 nuclear fusio d'ff ·· · · ·. · · · · - ·: 

. -est1ma m e usion reaction? n I er from nuclear fission_? How is the energy ·released 
1 ~ P.l~:;~ r~!.e_r_ lc_l [2~75 ~et AO.No. ~ · · [4] 

:-;®a a.No. 6 cj What is nuclear-fi~- . ·-··-··· . ·. _____ ····- _ .. ___ . _ · · · · · · 
~ riasl' ,..r l' r I" ~o 7. Supp Q N ~ 6~on? Compare the energy rele~sed·1;~;;;-~ ~ci;;r r,~;1o~with ihai

0

0f ,~~ci~. 141 
.,-·--· ·--- - - - - ~ I 

,o.- ~67 Sup a .No. 6ct1 Write down th ·h . . .. . __ . _ . , ·. . 
. . f . e sc emcs for nu I f . . . . . . 

energy m any o these reactions estimated? . c ear us1_on and nuclear fission._ How can the release 
~~~C -~e~v_r ~o j20?4_ su_o~-~-~~..:~ · Wh~t do you _mean by Q-value of a·nuclear reaction? [1+2+1) • 

1 ~63 a.No. a al What is nucl fi -:~---- - --- · · · · · · · , • c:,;~-----.J ear 1ss1on? Ho . -------~ - - -··· •··-· - - -·- ·--· - ·· - --- --------- •--
,,. Nuclear fission : The J)roc"s f. 

1
.· . wenergy is_relea_sed in nuclear fission reaction? · · . . [4] 

"' ..... . s o sp ittmg u f l . . . . . , 
the relct1sc of c1 large amount of , · . . P O a 1eavy nucleus mto two, more.or less equal parts with 
When 92U235 is bombardcL:l w·tl enclrgy is known ~s nuclear fission. · · . 

. . ' I l a s ow neut , . b . 
break up into barium an<l k t ·• · ion, an unsta le compound nucleus is formed which may 

. · . ' ryp on as follows· u m + 1 ( u 2.16 )' B 141 K <12 ~ 1 Q where Q 1s the e nergy re lea · , ~ . ·I · · . 92 . · on -- 92 -- Sh a . + :i" r- + :Jon + _ 
· ~ seu lll l 1e nuclear hss10n. . . . . . . 

Energy Rclec1s cd in Nuclcc1r fi ssion: 

A large a rnnunl of energy is released in a nuclear fission reaction bec.iuse the mas~ of product 
nucleus is less lhan lhe masses of the rec1ctt1nl nuclei. 

' The' fi ssion reac tion for U-235 is· given as; 
_92LJ 2:15 + onl - (92 LJ 2:1h r - sr, Ba1 41 + 3,,Kr92+ 3 on1 + Q 

Given, .Mass o f ,12um = 235.0-139334 u 

ivlas~ of 0n1 = ·1 .0086654 u 
tvfa ss of 5~Ba 1·11 = ·140.91?>9-1 u 
Mass of :i6Kr92 = 91 .89734 u . 

Avogadro's number (NA)= 6.02 x _102
:i inol· 1 

· 

T ._. · f [ u 2.1s 1) herdore, to ta l mt1ss of reactant part - mass o 92 + on 
= 235.049933 + _l .Q08665 
= 236.052984 u 

& total ni.iss of product part = mass of [s6Baw + 3bKr
92 + 3on1

] 

=l-10.9139 + 91 .89373 + 3xl.018665 = 235.8373 u 

So, dec rease in tllil SS = 236.05 - 235.8373 = Q_,21534 u · 

We have, 1 u = 931 MeV . --- · 
Therefore, tnt,11 ene rgy rdeased = 0.2153 x 931 =200? MeV _ . . . 
Thus in the process of fi ss ion ~~_?~1_:_nucleus of Urarnum, about 200 MeV:_n: _i:¥Y.~~-r~~eased. . 

~ 2-Q.N~:; hj Wh-at i•s. nuclear -fusion? Write a representative equation of fusio~ reaction? -·- ---.---·.-·- ---~-(4j 
~ lease rder to 12075 Set AO.No._ 6dj · __ · •..:_'. _____ ··---·- _ . . · , 

~-@o~N~~9-·0Rl.l2057 Q.-No. 9 o!§j Distinguish between nucle;:ir f~~ion -and fission with e~~;;pi;~·- - -~ [4f 

Pleasc'rcfcr to @075 Set A O.No. __ 6~-----:--·-- .--· . . _________ ·---·-····- . ···-- _ . ___ _ 

~- ~O~N-~· siWh~i d~ y~~-mean by" fission,1 How energy is released in fission of ur~niu~ nucleus? · [4] . 

~ e refer to 12063 Q.No. 8 aJ.._ :..- - · ______ _ 

4S. ~ a.No. 1? What ·i~ n~clear fission? Give an example of nuclear reaction. 
~ p----..;~~ . - . 

lease refer to j2063 Q.No. 8 ~ 
s. 

. : .. ;~; ·: 
. ·.· •.,,, 

.,. .-,, .. 

[4] 
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---;:::::==::::;::::::::=:~~=~:w:-c·i::i~;:. ~ ----~i-ati;n with example. . · . . . . 4} 
46_ 12052 a.No. 13l State and explain Elnsteh\ s m~ss energy f . 1 nuclcM react10n1 ~um of .m1t1al rest 

. . l' . convcr11ble. 11 fl l ' t s, . a According to Einstein, mnss aml energy nrc u~ t..:1·. , ·1 • 1'ffcrc11cc bclw~en tie res . mas .. es is equaJ 
· mass {snot equal to tiu~ final 1·cs\ mass after rcacltott. 1 

ll! l 
1 

, ,xjJrcssing the eqmvalence of mass 
1 • 1 E'nslcin's l'qunlton c f th to the t\ucle.u energy released. t-\ccorumg o ' 1 • , f . , between the sum o e masses of 

l ., . th' nrnss d1f c1cncc h f h f· and energy is given as E = ,im c2 " ' ,ere um ts c ' 1 ··t Jf livhl. If 't c sum o t e mal rest 
. . . l l \ . . l C be the vc OCI y ( u . s· ·1 I ' the nucleons and the mass ot smg e mtc 1..:us \11ll • . b. lrbecl in the rec1cl10n . urn ar y, 1f the 

l \ . ·t· l t ·s •s Ute energy is cl st f' I t ' 1 mRss exceeds t ,e sum to t ,c nu ,a res mas. c , 1 KE of the mc1 par IC es. Thus 
. . . \ l • , , is releclset as · · . ' sum is less than the nutrnl sum, t ten t te energy · 

1 
f energy conservation and mass 

·· l I t' · ,ws ns the aw O · Einstein's inass energy eqmva ence ·re cl ion vie · ' · :l l f iass-energy conservation 
l b . l law rnllet aw o n . consetvation are no more independent aws ut smg e ' ' . 

for example: · . . deus with release of energy is 
Nuclear fusion: Combing two or more light~r ~mcle1 u~to a heff~'Y n~1 wl~ich a proton ·(1Hl) and a 
called nuclear fusi9n. As an example, consider a fu~10n reaction . , 

neutron (0n1) combiI1es to fom, a deute~ium (1H\ That is · 
1 1 2 

,H + on ➔ ,H + y 
1 

Here, the mass of ,H = 1.007825 amu . 
l 

The mass of on = 1.008665 amu 
. 2 

The mass of 1H = 2.014102 amu 
The mass defect (Ml)= (l.007825+1.00866~-2.014102) amu 

= 0.002388 amu · 
Therefore, the energy released is given by 
E =-6.m (in amu) x 931 MeV = 0.002388 x 931 MeV = 2.22MeV . 

. r 

Numerical Problems 

47. 12076 Set 8 a.No. 1oc:j,12010 Set D Q.No.10 cl ,Calculate the binding energy per nucleon of 2sFe56. Atomic mass 
of 2GFe56 is 55.9349u and that of 1H1 is 1.0078~u. Mass of on1 = 1:00867u and.1u = 931 MeV. {4] 

Solution 
Given, 
Mass of proton (mp) = 1.007825 amu 
Mass of neutron (mn) = 1.008665 amu . 
Mass of 26Fe56 (M) = 55.934939 amu 

Atomic mass A= 56, atomic.number Z = 26,-No. of neutron N = A - z = 30 
Binding energy per nucleon of 26Fe56 (B.E./ A)= ? · 
We have, 

I),, m = {Z1np + Nmn - M) 
=:' {26 x 1.007825 ·+ 30 x 1.008665 - 55.934939) = 0.7555 an1u 

Now, 

rr· = B.E. = o.7555 x 931 , 
· · A . 56 meV / nucleon = 8.78 MeV / nucleon 

48. 12~76 Set Ca.No. 10~ Calculate the binding energy per nucleon of· calcium nucle-;-- (· C 
40

) 
Given: IS 20 a . 

mass of 20Ca40 = 39.9.62589 u 

mass of neutron, mn = 1.008665 u 
mass of proton, mp = 1.007825 u 
1u = 931 MeV 

Solution 
Given, 

Mass of 20Ca40 = 39.962589 u . 
Mass of neutron, mn = l.00866S··u 
Mass of .proton, mr. = 1.007825 u · 

I . . 
lu = 93_1 MeV . 

[4) 
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Binding Energy per nucleon {g, _ __:) 
. \A - B.E. ==•? . . 
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We know, 

Binding energy is given by , . 

B.E. = [ {Z ffi p + (A - Z)mn } - M] X 9 . 
= [ {20 X 1 .007825 + ( 40 - 20 X 1 M V ' , 
= 341.873441 e ) l .OOSG 5 1- 39.962589] x 931 MeV 

_ B.E. 341.87 441 
B.E.. - A . 40 - 8.54 MeV / nucleon 

~75 Set A a .No. 10~ A city requires 107----- ----·-;···--··-···--------------- ___ _ 
nuclear reactor of efficiency 20%. Usin w:tts of ele.ct~1cal power o~ the average. If this is to be supplied by a 
day (Energy released per fission 92u J 2D Um as .the fuel source, calculate the amount of fuel required per 

olution 2Js - 0 MeV). . (4) 

Given, 

Output power (Pout) = 107 watts 
Efficiency (ri) = 20% 

Input power (Pin) = ? 
Mass required= ? 

Time (t} = 1 day = 24 x 69 x 60 = 86400 sec 

Energy, released per fission of ~5 U = 200 MeV 

Mass of 23
5 U = 7 

92 · 

We have, 

Pout 
~ = -

Pin 

107 
or, 0.20 = -p . 

tn 

107 
or, Pm = 0_

20 
= 5 x 107 watt 

Energy E = P in x t = 5 x 107 x 86400 = 4.32 x 1012 J 
Again, 

235 a.mu = 235 x 1.66 x 10-27 kg = 3.9 x 10-25 kg 

Energy released p er fission of ~ 5 U = 200MeV 

= 200 X lQ6x 1.6 X lQ-l9 = 3.2 X lQ-l lJ 

:. 3.2 x 10-11 J ener·gy is released by 3.9 x 10-25 kg of uranium. 
· 3.9 X lQ-25 

or, 4.32_ x 1012 J energy is _released by 3_2 x 'lo-11 x 4.32. x 1012 kg of uraniu~. 

= 0.0527 kg 

~ as of ~ 5 U required = 0.0527 ~g 

SO. !IDs Set a a.No. 1ocl j2o67 a.No. 10c) A nucleus of 92U238 disintegrates according to 

92U231 ➔ 90 Th234 + 2He4. 
Calculate: · 

i. . the total energy released In the disintegration process. 

ii. the k.e. of the a particle, the nucleus at rest before disintegration. 

[Mass of 92U 238 = 3.859 x 10-25 kg 

Mass of 9oTh234 = 3.787 x 10-25 kg 

S Mass of 2He' = 6.648 x 10-27 kg] 
01ution 

Given 

Mass defect = Decrease of mass in reaction 

(4) 
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:\4 . 1161':() + ..l .00.'\87) 

Equi, ·aknl 1.'1K'r~y in 1 "" 0.004 xl'.\1 "" . % MeV 
a . HlnC1.', tnt..-i\ e,, r,iy 1~h,,,st"d = 4-. '.\<, l'vh~ 

2~\4 .116 O x ,1.236 = LU 6 McY 
b. 

,~,,h 81 
' .E. \)I th, o - partick. >< E = '.\4 I I(, 0 + 4.003 . 

n, ,11 + Oh · · . c lcu late Its binding energy and binding energy 
. ,o§I Th m of nCL3~ is 34.9800 amu. a . - 1 00865 amu. . !!tr 
f rot n = 1.007825 amu and mass of one neutron - · . !~ 

p s 1:) = 34. 800 amu 
ct~. of one proton (m r) = 1.007825 amu 
a._ of one neutron (m n) = 1.008665 amu 

Binding ener ' (B.E.) :=? 
Bi.nding energy per nuckon {B_.E.) =? 
\\1e know, 
Binjing C'nergy is given by, 
B.E. = [l zm:p + (A - Z)mn} - M] x 931 MeV 

r , B.E. = [117 >< 1.007825 + 18 x 1.0086651 - 34.9800] x 931 

B.E. = 287.67 MeV 
Again, 
- BE 287.66 
B.E. =A= 35 
B.E. = 8.2 MeV / nucleon 

-s-2.- 12;::0=7=3=s=u=p=p=a=.N=o=. =1=ot>!~ @=o=1=2=s=et=o=a=.=N=o=. =10:.:::;-cl 12010-s~~--(s~-t--A;-·Q~N~~ 10 b! 12068 Can. Q.No. 10~ The energy 
librated in the fission of single uranium -235 - atom is 3.2 x10-11 J. Calculate the power production 
corresponding to the fission of 1g of uranium per day. Assume Avogadro constant as 6.02 x 1023 mole·1. I \ 

Solution 
Given, 
Energy liberated by the fission of a U235 atom = 3.2 x 1 ,0 - 11 J 
Avogardo's constant (NA) = 6.023 x 1023 moJ -1 
Time (T) = 1 day = 24 x 60 x 60 secs = 86400 secs 
Now, 
we have; 
1 mole= 215 gm of Uranium = 6.023 x 1021 at~)ms 

6.023 X 1023 
1 gm ( f Uranium = . 235 atoms = 2.56 x 1021 atoms 

Total energy released by the fi ssion of 1 gm Uranium 
= 3.2 X J0- 11 X 256 X lQ2I j = 8.19 X lQI0j 

Again, we k11ow, 

P 
Energy released 8.19 x 1010 

ower produ ed = . -~...;;;.::.- 9 Tune taken 86400 =:. .47 >< Hl5 waq 

Hence, ti e required power is 9.47 x ms wall . 

53. !2073 Set D a~No. 1ohl-What -~II be the amount of ~ - ·· · - . - · , -
1
; 5 into a 

c 12 nucleu if mas ~f He• and c12 nuclei are neirgy released in the fusion of three alpha part1c 141 

Solut!on , respect vety 4.00263 amu and 12 amu. 

Given, 
Mass of 2He4 = 4.00263 amu 

Mass of C12 = 12 arnu 
Energy released = ? 
Given reaction, 

3 X 2He4 :::> c12 + Q 
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Gi en, 

fas of proton (m r) = 1.00 275 u 
'1<1 ·s ()( neutron (mn) = "1.()08665 u . 

Binding energy (B.E.) =? 
Binding energy per nuclean (B.E.) =? 
ta s nf Lithium ( [) = 7.01-l35 u 

Herc, for 1Li7
; Z = 3, = A - z = 7 _ 3 = 4 

=7 

291 
NUCLE,AR PHYSICS/ 

foss ddc t ( m) = (Z · mp + .mn) - M = (3 1.007275 + '1 1.008665) - 7.m-l35=0.0-l2'135 u 

B.E. = t.m x c~ = 0.0-!2135 x 931 = 39.22 MeV 

B.E. per neclon (BE)= B. E. = :w.22 - - (ll M / · · 7 - :>.) cV nucleon . 

ss. ~072 Set Ea.No. 10ci 2~Ni62 may be described _as the mo~ str~-n-gly bou~d nucleu·s bec~~s~ it ·has the. high~t 
B.E. per nucleon. Its neutral atomic mass is 61.928349 amu. Find its mass defect, its total binding energy and 
binding energy per nucleon. · 

Given, mass of neutron= 1.008665 amu 

mass of porton = 1.007825 amu 

1 amu = 931 .5 MeV. 
Solution 

i l' n, 
tnmir m,1ss of ni kel (M) = 1.928?,-tt. amu 

t-.1l,1ss of prolt)n (rn 11) = l .OlmL5 amu 
Mass nf neutron (m.,) = 1.00/h(:- amu 

I ,'1\lll = 931 .r.: kV 

t-.1.1ss defec t ( rn) =. 
Binding encrg · (B.E.) =? _ 
Binding energy ~wr nucleon (B.E.) =? 
We h,we, 
6m = Z ml'+ m,, - t-.. 1 

= -~ x l .007/L5 + 3-l l .008 l65 - 61 .928349 = 0.585361 am u 

B.E. = ~m x 9:-,'l.,.. 'kV 
= o. -,'5. 61 x 931.5 -r-. tc = 5-15.26 MeV 

- = B.E. = ~ = 8.8 Me\/ per nucleon B.E. 

~ 1 5;-c~~ lhe energy released by ~ssion of ~ne U235 atom is 200 Mev.· Calculate the- energy 

released in KWh, when one gram of uranium undergoes fission. _ [4] 

Solution 
Given, · 
Ener<!\' liberated by the fissio 1i of' uns atom= 200 Me\/= 200 :x lQh x 1.6 x 10-19 = 3 .2 x 10- 11 J 

0 - 23 x 102.1 mol- 1 

Avogudo's onstant A)= 6.0 
T. (T) 1 d ?' , 60 x 60 secs= 86-lOO secs 

1111e = ay = --t 

ow, 
we ha e· ' . - 6 023 x 1023 atom 
1 moll'= _15 gm of Uramum - · 

0,.,,, 1 ()21 
. _ 6. £,..'} atoms= 2.56 101 1 atoms 

1 gm of Uram um - 235 ' 

I I 
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2 2 I A CONll>L i N UTI N t PH I S . II 

T ta\ energy \' tlw I\., in,, l,f I 1\'" llrnni\1111 

= 3 ... 1l lllZ' l , .l 1011 1 
S. 19 x 107 KWh 2. 7 x 104 Wh 

•d )10 Ws i,e 8. l'l Ill" \\Is ... c,0 (10 

I n for hellum nucleus. Given that ma 
I di rgy P r nu o - Of 
" n " d mass of neutron = 1.008666 amu 
f pr t n = 1.007277 mu an · (~ 

. a = Zn ,i = 2 1.007277-+ 2 x 1.008666 - 4.001509 = 0.030377 amu 

Bin in = 0.0 1 MeV = 28.281 MeV 

. . B.E. 28.281 M V/ l 
mdm en r-= .· per nu let n =-;;: = - 4- = 7.07 e nuc eon . -· -~--- -· 

supp. (Set B) a. o. 10 cj The most common isotope of uranium 
2
9
3
2
8
U , has atomic mass 238.050783u. 

culate -the a) mass defect, b) binding.energy, c) Binding energy per nucleon [4] 
{ ass f proton= 1.007825u, mass of neutron= 1.008665u) 

01u ·o 
Given, 

_ as of 92 
238 (M) = 238.050783u 

Mas of proton (1'1p) = l .007825u 
Mass of neutron (1'10 ) = l.008665u 

Mass defect (Am) = ? 
Binding energy (BE) = ? 

Binding energy per nucleon (BE)=? 
[A= 238, Z = 92, N = 238 - 92 = 146] 

ow, 

Mass defect (Am) = Zmp + Nm0 - M 

= 92 X 1 .007825 + 14-6 X 1.008665 - 238.050783 
= 1.9342u 

B.E. = 1.9342 x 931 MeV = 1800.75 MeV 
- B.E. 1800.75 
B.E.= A = 238 = 7.566 MeV /nucleon 

59. j2069 (Set Bl ·Q.No. 10~ Estimate the bindin~ ener er -·· ;-·-------. ·-------; 
are respectively 7.01435 amu, 1 _00728 amu and 1 ~~:

67 
:~leon of JL1

7
• Mass of 3Lj7, a proton and a neu~41 

a Please refer to @072 Supp_O.No. 1 ocJ · · 
60. ' @068 ..Old Q.No. 8 b oR) Ass~~l~g th;t-ab~ut 200 M -~- - . -~ - -- -- at 

would be the mass of um con urned per d I th eV energy Is released per fission of 9iU2,snuclel, wh[4} 
Solution ay n e fission reactor of power 1 MW approximately? 

Given, 

Energy released per fission of U-23S = 200 M V _ . 
Power of the reactor (P) = 1 MV = 106 W - 200 x I. 1 x 10-1 

Time (t) = 1 day = 24 x 60 x 60 se . 
Mass of U-235 consumed (m) =? 

We know, 
· TotaJ energy released (fil. 

Power (P) = . Time (t) 

,_ 
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a . :;:: p X t = lQ6 ~ 24 X 3600 ::: 8 64 1' 
µ l · X QlO) 

• ,1r, . ce 200 x 1.6 x 10-13 J 'nerg . .. I 
5111 / . IS 1 C ens 'li t . 

64 1010 J energy 1s released b tl , . . 1 lhc f1ssloi1 of I um ntnr11 
:, 8. 

1 
l e f 1ss1011 o ( . 

~200 1.6 , 10-1:1 x 8. 4 1010 Atoin == 7 x 11)21 l 
' fl lHll S 

'AJso, 235 gm of U-235 contains 02'1 
. . " x 1021 o lon;s 

NU C LEAR P H YS I C S I 29' 

i.e., 6.02.3 , 1023 a tot 1s ha e mass (m) 235 
6.023 X 1Q2J X 2.7 X i 021 gm = 1.0 gm 

~ \II~, !~~a_:~ of_~--~35 ~·~~~med P~I' da I is 1.or: gm. 

P· -~~;~-:r~d~,t~~e c~;:;~~i~:i:~ted in.th? fissi on of ~-single ~ra~ium - 235 atom i 
. 9 to the fission of 1.5 kg of uranium per day. 

3.2 x 10-11 J. Cafculate 
[41 

golut1on 
Given, 
Energy liberat d by the fission of a U23s t 3 , , a om = .2 x 10-1 11 
Avagardo s constant (NA) = 6.023 x 1023 mol-, 
Time (f) = 1 day = 24 x 60 x 60 Sfcs = 86400 secs 

ow, we have, 

1 mole = 235 gm of Uranium= 6.023 x 1023 atoms 
· . 6.023 X lQ23 · . 

.. 1.5 kg re, lS0Qgm of Ura.mum . 235 x 1500 atoms= 38.44 x 1023 atoms 

:. Total energy released by the fission of 1.5 Kg Uranium . = 38.44 x 1023 x 3.2 x 10- 11 J 
= 1.23 X lQ14J 

Again, we know 

Power produced 
Energy released 

Time taken 
1.23 X lQ1 4 . 

86400 = 1.42 x 109 watt 

Hence, the required power is 1.42 x 109 watt. 

62. ~054 a.No. 16 oR) The energy liberated in the fission of a single uranium - 235 atom is 3.2 x 10·11 J. Calculate 
the power production corresponding to the fission of 1 kg of uranium per day. (Avogadro's constant = 6.0 x 

1023 mole- 1) ' [ ] 

Solution 
Given, 
Energy liberated by the fission of a U235 atom= 3.2 x 10-11 J 
Avogardo's constant (NA) = 6.,0 x 1023 n10l~1 

fime (T) = 1 day = 24 x 60 x 60 secs = 86400 secs 

Now, we have; 
1 mole= 235 gm of Uranium which contains 6.0 x 1023 atoms. 

6 0 X }023 · 
1 kg i.e., 1000 gm of Uranium - · 235 . x 1000 atoms=_ 2.55 x 1024 atoms 

TotaJ energy released by the fission of 1 kg 
Uranium = 2.55 x 1024 x 3.2 x 10-11 J 

= 8.16 X 1013J 
Again, we know; 
p Energy released 8.16 x 10"'

3 
= 9.4 x JOB watt 

ower produced - Time taken 86400 

-...~ nee, the required power is 9~4- ~ 1~
8
--~~ t~ ~---- ___ .. _ . 

:3, ~ -O~No. 1aj Cal~ulah! th~; p~°'ed of particle If the mass of it ls equal to 5 times Its re t mass. 

Solution 
Given 
iA ' • _ 5 . m :;:)• st rmlSS of th par tlcl ·· 

, •v1ass of moving particle (m) - mo, 0 · 

Speed of the particle (v) = ? f · 1 I · · 
N uJ f the varia tion o m ss wit, ve oc1ty 1s giwn by 

ow, the relativistic form ae or , 

[4] 
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2 4 I CO PLETE NEB SOLUTION TO PHYSICS • XI I 

m 

(f, tno= ~ 
V· 

1 - ""3" 

U'to 

TOR m/s 

.·. v -~ 3 10'-2.94 l(}' m/ s _______ .. . - ~ 

-:---;:::==;~~==;--;~=~-:;::-::~--=~-:-;-;.::~~:;;-~ -;a;;n;-;;d~ m;e~ntion the type of reaction ·(endothennic 
01 

64. fzos2 a .No. 14! Calculate the Q-value of the reaction 
exothermic) I~ 

2He4 = 4.00377 amu 
80 17 = 17.00450 amu 

,N14 = 14.00783 amu 
Solution 

Given, 

The concerned reaction is 

1H 1 = 1.00814 amu 

14 + 2He4 --- s0 17 + i H t + Q . 
Where, Q is the Q-value of the reaction 

Then, Mass ofreactants = (14.00783 + 4.00377) amu = 18.0116 amu 
Also, 

· Mass of products = (17.00450 + 1.00814) amu = 18.01264 amu 

Difference in mass between reactants & products (~m)=(18.0116-18.01264)amu =-0.00104 a.mu 
Then, Q-v~ue of the reaction = .6mxc2 

= (-0.00104)amu x 931 MeV 
= - 0.96824 MeV 

= - 0.96824 X 1.6 X 10-13] 
= -] .55 X lQ-1 3J 

Hence, the required " value is - 0.97 Mev. He · Q l ction 
'-<" re, smce -va ue is negative, the givf.::!n rea endothennic. · 

ooo 
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·· Chapter 5: Radioactivity 

-t!Zf!tta4_1~h!;11§tlY _ ·-·- ~ . 
r1~-@76 Set B Q.No. 2dl All the radi~a~ti~e·s rl~~ t8rtnlnat&. at lead a. their flnai-pr~d~~t~ Why?--~---~- (21 

. 1'-. . When the rad ion tiv l_'h.'nw1_Hs_ lwnH\H' tmstt hie lhi•y l'mit ridh1linnc, Hkt.• u, f\-parti les an<l y- · 
radiaµons . s th' 1 cnu\: 1·admtion, lhc len l to b , slilblt•. Lt•ml is a ommon ,1 •ment having 82 
protons and 1 6 n 'Utrons. Tht..~ cl )m ,,us hnving prnlons gr •tHt•r them 82 rC'quir mor n •utrons to be 
·tabk. Due h. ina k \nary of ,'UffidL\IH nL1llll'on~1 lh •y hL•rnnw u1 stnbk , n { nd •rgo radioactivity 
phenomena. he pro -u,s of '\\.\L sion nf t't dlfl lh.m wrnrs until tlw •ll'mcn t bC' om "S stable which is 
l 'ml. TlH.' l 'al i: a fir ·t st-\tk is1..1tope . 'I h I hnlf lifl' of lend is billions of titn •s gr •,1t r thc1n th current 
·\gl' t f the ni 'Le. S( , the radi 1a ti l' l~lcm •n ts hnving I r1 Inns gm,t •r th, n R?, b rnmE-c; le.ad as th ir 

final l r )du t. 
-- - .,,. 

2
. · ~076 et .N . di How does a daughter nucleus differ from Its parent nucleus when i emits a11 a-particle? [21 

-,.. The a-prti l -• is a helium nu ·leus consistit\g of two protons anJ two neutrons. Wh nan r,-particle ?s 
mitt' l fr nn a mtd~us, then the new nucleus will h ,we two less protons and two lcs'; neutrons than 

the} c:1rent nu -kus. ln other words, thl' mass number (A) deci-eaSt..'s by 4 unil') and tht' atomi numl;>er 
(z) 1L,crc·1ses by 2 units . Foi· example, ·when 92 U2'.\S atom l'mils an u.~particlc (iHl,,t), it fc rms CJOTh

211 

as 

.-ho,"·n in thl' following equation: 

.- .:.°'" ----- lluTh231 + 2He4 (a-pi.Htide) 

-;:j2~1s GiE Q.N~. idj H"a~ do~~-~ ci;;u·Qht~;~~ci~u~ dill;, fro.;; it~ ·parent nuCleu~ when it emi s 

-- ----

i. an a. particle ii. y-rays 
a When a nucleus zXA ( Z = proton number and A = mass number). emit~ a -particle anJ 'fray, it 

changes as, 
zXA ~ 7_-2YA-4 + 2He4; for a -particle emission, where z-2Y A-4 is the daughter nucleu · 

(zXAf ~ z.XA + y-rad.iation, for y-rny emissi01.1 ······ -- .. .. ·-· -· -- -·· _ _ . ··- · -_________ _ 

4. \207 4 supp a.No. -2cl W~at change takes place in th~-nucleus when 

i. .an a. particle is emitted. 

ii. a·y-ray is emitte.d. 
a Please refer to -~-07_.:5_G_I_E_O_.-N-o.-2-,dl . , . _ --·-· ···- · -·. _ .. -·- . . 

5. 1z~;~· 5e;~-a~No.-2~ H~~-;i~;~ ; da;,-Qht~~ nucleus differ from its parent nucleus when it emi S . a 

and ii) a ~- particle? 
B.. For alpha decay zXA ➔ z -2Yi\ -

4 
+ 2He4, 

For BetadccayzXA ➔ z+1YA +_,co ~ .... .. ,,.----·----··- _ --· • - ---·- -- -
6. [2074 s;, B a.No. 2ij) 113 radi~~~ti~~ ~~cieus has a hall life of one year, will it be comp! tel dec:aVEl<l 

end of two year? E)(plain. ~ No, a radiu .. Klive nu ck .us wi ll not rompletl'd at the ends t,f tw o Yl',HS 
·t \ . , i 1 cx \1nncntial m,rn,wr ·,s 

if its hc1lf life is one year bt•cnusc I l ecays , 

shown in fi'gure by ~he relation, 

N ==N,)c-''1 

where, N) be the initial number of ' toms and T1; 2 he its half hf' . 

re imllar in many aspects. Write two 
[2] 

Two .important diffcn•n es bet we 
n x-rnys y-rays ar •: 

y- rays. '' 

X - rays wavelength of y-rays is less and 

wavelengtl~ of x- rays is mor and l . he 
1. The ' frequency is more than -rays, 

fr~quency is less than Y -rays. .. , 2. The ionization power , is less and 

2. 
The ionization power is more & peneh·atmg penetniting powt.:1: is more than x-rays. 

power is less than y-rays. 
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296 ' / A COMPLETE NEB SOLUTION TO PHYSICS · XII _ ---

--;:::====::;:=:;:::;-;~=:-:-:~ · j . ts them. Explain. . [2} 
8. j2012 set ca.No. 2et A nucleus contains no electrons, yet It e ec . . disint g,ation although there are 

., · Ll " radio ttv a Tl e P-parti 1-s ar emitted fr m th nu I us uunng ,e n rti'cles it bee mes more stable. 
· . . I its the 1-1-pa ' . 

no electrons m .id th 3 nu I u . Wh '11 lh nu eu m . Je us is converted into a proton by 
Durit~g the proc 'S ~f mitting th s _ parti ,1 , a _ne~t1

:
11 

'.'~ ~
1
~:ou+ v. Hence, p-particles ar emitted 

emittm g_ ab 'ta partl 1, nd n anti-n utrmo a . on ➔ 1H I-' , 

from nu leu b onv rtin n 3utrnn into rotons . .- - t-.--e-le_m_e_n_t_c-:-h_a_n_g_e-:in_ a_n_ 
- - . • LI ber of a rad1oac ,ve a-

9. @012 set o a .No. 2~ How do the mass number and atomic n m [
2
] 

decay? 
a Pl a r fer to 076 Set ca.No. 2d ·tted from an unstable 

. . . . h I s but they are em1 
1o. ~011 supp a .No. 2et There are no electrons ms1de t e nuc eu , [

2
] 

nucleus. Why? 
r---:---:----. 

Ple r fer to 072 Set C Q.No. 2 · 
1
· t d? 

· · d' r substance re a e !2010 sup (Set A) a.No. 2 d! How are half life and average life of a ra 1oac ive (2] 

a Th half life and average life of a radioactive elements are given a 
0.693 1 

T 112 = ~ and Tme~n=~ ..,. 

..lu.L 
Tme~n= 0.693 = 1.44 T1/2 

T medn = 1.44 T 1/2 

This is the _!._~!a t~<?:1shi,£ b~~ee1~ mean lif~ .a~,d half of radioa tive . ubs ta n e. -. ---· 
12. 12069 (Set A) a.No. 2dl Beta particles penetrate through a matter easily than that of alpha-particle of the same 

energy. Why? . [2] 
a. Beta particles are light particles, their velocity is v ry high nd h ' 11 e the ir •nc rgy _is high ._ So, their 

penetrating power is ve1y high a11d hence the an p n tra t thr u gh c rna tl r as dy . While alpha­
particles are heavy particles, their energy and pen ' tra ting p w r i I s . o, they annol p netrate the 
matter easil . _ _ __ 

13. !2069 (Set B) a .No. 2~ Write down the decay schemes separately for alpha and beta decays from a nucleus 

~ : · ~~~~~ m 
-;s. Please refer to 12074 Set A Q.No. 2d! _ _ __ ____ _ _ 

14. !2069 set AOld a.No. 2d! !2052 a .No. 12 al What do you mean by curie? [2] 
a. Curie is the unit of radioactivity . It is defined as the activity of a radioactiv subs tance which gives 3.7 

x 1010 disintegration per second. It is equal to the activity of lg of pure radium . i. e ., 1Ci = 3.7 x1010 

disintegration/ second. 

15. !2068 a .No. 2 d! Heavy unstable nuclei us~ally decay by emitting an a. or p particle. Why do they not usually 
emit a single proton or neutron? [2] 

a. During the emission of a-particle from an atom, it loses atomic number by 2 units and mass numb r 
by 4 unit . But, during th emission of P-particle from an atom, it gains ato~ic number by one but the 
mass number remains same. There is no phenomenon occurred in which increasing and decreasing of 
atomic number simultaneously found . So, a nucleus either emits a a-particle or a P-particl at an 
_instant but n ver both or more than one of each kind simultaneously . However, r-ray is mitted 
after each emission of a- or P-particle if the atom is initially in the excited state. -16. @068 Old a.No. 1 hl Explain th·e term ''decay constant". [2] 

a. . The rate of disintegration of radioactive substances at any time is directly proportional to the number 
of atoms present at that instant. 

Let N be the number of atoms present in a particular radioactive element at any instant t. If dN is the 
number of disintegration in time <lt, then rate of disintegration is directly

1 

proportional to the number 
of atoms present at that instant. 

dN dN 
i.e.,dt oc N ⇒ dt = -AN 

where 'A' is a proportionality constant and is called disintegration (o, decay) constant. The negative 
ign shows that tre _number of present atoms is continuously decreasing. Thus decay constant A is 

defined a the disintegration per second per unit atom. 
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RADIOACTIVITY / 29~ 
17. ~064 a.No. 2 gl ~ow do ~get- -;-- ·-_--::--::--::--------- -----.-·----:--== 

within it? ,emission of P-partlcles from the nucleus, although there are no ~ectron
2
~ 

l9- Please refer t<:> ~072 Set c O.No. 2:3 , · [ 
. 18. ~060 a.No. 2 g) What Is the result if ; -- --:----;---.,..- ---- - -- - - - -- 2) 

Please refer to r2076 Set c Q N ~ a-particle IS emitted from a nucleus? Give an example. [ 
'It,. ~ . . 0 , ~ • 

20. Teohs7d~·fNfo. 1 ~ Howb do ~-particles differ from electrons? (2) 
e t rences etwe p · 'It,. - en -particles and electrons are given below: 

J3-particles 
Electrons 1. P-particles are emitted from 

the nucleus are emitted during thermionic 1. Electrons during radioactive decay: 
emission or photoelectric emission from 

2. They have high velocity. 
outer shell. 

2. They hc).ve less velocity. 3. Jheir KE. is high. ' 
3. Their KE. is less. 

21 . ~o54 
a.No. 12 c! 12053 a.No. 12 dj Explain the term artificial radio isotopes. 121 

a The atoms. of the sam~ element having different mass nw11bers is called isotope. The artificially 
pro~uced isotopes, which exhibit radioactivity, are called artificial radioisotopes. For example: 
lodme-131, Cobalt-60, Sodium-24 etc are artificial radioisotopes. These isotopes arc made in 
laborat01 at1d. used for various ur oses. 

22. eo53 Q.No. 13! What are beta and gamma rays? State three properties of each. [2] 
a "Beta particles are the negatively charged particles (or electrons) emitted from U1e nucleus during U1e 

radioactive decay of a nucleus. The Uuee properties of beta particles are: · 
a. They are negatively charged particles having charge -1.6.xl0-1 9C. 
b. Their rest mass is equal to 9.0 x lQ-31 kg. 
c. They are deflected by electric and magnetic field . 
Gamma rays are the electromagnetic waves of short wavelength which are emitted during the 
radioactive disintegration of a radioactive substance. The three properties of U1e gamma rays ar 
given below: 
a. They move with the velocity of light. 
b. They are not deflected by electric and magnetic field. 
c. The can affect the hoto ra hie late. _______ _ 

23. ~052 a .No. 12 ~ How will you identity a, P and y radiation by simple experiment? (2) 
A irnple experiment which is shown below determu~~s ilie di~ferent types of radiation (a , p :md y) 
emitted by a radioactive substance. A small hole 1S made m a lead block in which a pie1..:, of 
radioactive sample such as radium is placed an~ a narro~ ~earn of radiation em~rges out of th hol '. 
Tl,e nature of the radiation is studied by applymg electnc held and magnetic field. In both ·a, 'S, th , 
narrow b am of 'radiation is splitted into iliree components. The beam which d.eviat, to ·ud th 
n gative plate p of electric field is a-particles an? the b'eam which deviates toward positi , plat 
are termed a p- particles whereas the beam which does not defl ct towards any plat i tenn d a, 
y-rays a shown in figure (i) . l.I~ m_agneti~. field, U1e P-particles d viat more than a - parti 1 . and 
y-rays travel straight a shown m figure (11) . 

p Q - --.-'' B 

y-ray 

a- particle -

. (i) 

+ 
+ p - particle 
+ 

a- particle 
\ 

y- rny ' 
\ 

'. P ~ particle 
I 
I 

m 
. (ii) 
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298 I A COMPLETE NEB SOLUTION TO PHYSICS· XII 

Long Answer Questions .. --· ---- -- . - ------------- - ···- _____ ____,..--;- d the expression N = Noe-µ wt, 
24. 12016 Set B a.No. Gel List out the laws of radioactive disintegration. De u~e .ere 

symbols have their usual meaning. _ . . ,. . [4] 
L f I> di · · · · • • f 1· -t-· , l isintt'11ra l1on MC. a. aws o ,a oachve D1smtegrahon: 1 he l.tws o 1-.1t H)flL 1vt L • o . . 
• . . . . . • 1. . . 1, . 1\- 1,,rtirk 1s only l'llllltl'd, hut it · . a . In c1ll known rndm,irtt L' d1s111h•prc1ll<ln l'1t lw r .111 u - pn1l1 l rn ° ~ I 

1 
. . is 

1. . '. . .. . . •. •niillcd after l',lC 1 l'm1ss1on of u 0 never l 1,1t both thl' partlclt•s an' l'Jl'Cled ..; 111111lt,111l'nusly . y-1,1y.-; ,lit l . r 
~\ parlid(' if tlw ,1ton1 is ,ilrL'ilth· in<' . rilvd ..;1,1ll' . ' · 

l Tl . t f 1· . . . . . . I f I 1·kl' tl'llll1('fllllf'l' jH('',',llfl' t'IC~ 
1. ll' ra l' n l 1s111 tegrn I 1(111 •~ 111d< 'f'l'lld l •n t nl l ' ll •rn,1 ilC or-.; 1 r ' ' 

·r, 1· . . . . . . . l 'n•ctl\· 11n)1)()rli1,n,1l IP th<· lllllllhl' r. w l",llt' of< lSlllh' )',r,1111111 lll r.id111,H tin· ~11l1~1.inct·~ ,J I .111 y llllll I'> l 1 . • r 

of atoms prt.>S(:'llt at.thdt iqstant. . 
L t l ti l f · · l J • ct·vc·· L'll'llll'llt at anv 111s t,111l l. If d is th. c · 1c 1c num 1 •r 11 ,,toms present 111 a pnrtICu ar rau1oc1 1 - - . 
number of disintegration in lime dt, then rnte of disintegration is directly proporlwnnl to the number 
of atoms present at that instant. · 

d d 
i.e., dt oc :::::, it = -AN 

L . 

where 'A' is a proportionc11ity co~1sta11t and is rnlled disintegra tion (or d ecay) constant. The negative 
sign shows that the ·numlwr of present atoms is continuously decreasing. 
dN . 
-= -Adt N 
On integrating, we get 

JdN J N = - A dt 

or, /n N = - At+ C, W hne C is c1 integr,1Lion consl,rnt . 

At first t =0, N=N" (inlic1l number of c1toms) 
ln N 0 =C 

On substitutkm, we get 
or, ln N = -A t + ln No 

ln N - ln No= -At 

N 
/n - = -A t 

No 
N 
No 

e -Al 

N = Noe ·Al 

N = Nu e-r•, where µ = 11. t , 

T his equation gives the di~integrntion lc1w and indicates that radioactive substances d ec rea •e with 
time. ' 

25. @015 Set B a.No. Gd! @073 Supp a.No. Gd! 12012 Set D a.No. Gd! State the laws of radi~active disintegration. 
Derive the relation between half life and decay constant. [41 • 

a. Laws of Radioacti e Disintegration: The laws of radioactive disintegration a.re: 

a. In a_ll known radioactive disintegration either an a - particle or a ~-particle is only t•mitt •d, but it i · 
never that both the particles arc ejected simultaneously . y-rays are emitted i.lfter ca t, e miss ion of Ll or 

· p particle if the atom is already in excited state. 

b. The rc1tc of disin tegration is indl'pe ndcnt of external factors like temperi.l tun:, pr •ssurL' ' IC. 

·c. · The rate of disintegra tion of radioactive substance at a ny time is direc t!)' proportional to the nul)lbcr 
. of '<.} toms present at that instant 

Let N be the numbt' r of atoms present in a particular rndioactive ele ment c1t ,my instant t. If dN' is the 
number of disintegration in time dt, then rate of disi.ntegrati n is directly proportional to the nu!llbcr 
of atoms present at that instant. ' 

dN . dN 
i.e., dt oc N ⇒dt = -X N 

where ',\' is a proportionality co~tant and _ is called_ a.isintegratioo (~r decay) cnnstaiit. The negative 
. h that the number of present atoms·is continuously decreasing. ,gn s ows . . .• 
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~ = -i\dt 
N , 
on integrating, we get 

JdN f N = - A dt 

tir, In N = - t + , 
· t fi rst t c:(), = 

/J\ ,,= 

Wh 't:c ls , · l 
. , ' •1 in cgn1 Uon C' tlll Nl,11,t. 

n (1n 1tial 11 urnb ,,. ')( ,. l ) 
\ ( I OlllS 

n substitution, we get 
t)f, In = -A t + /n 0 

In - ln o = -l\ t 

- = e ·:\l 
, l 0 

::: Noe ·Al 

RADIOACTIVITY ·1 299 

~his eq~ation gives the disintegration law and indicates that radioactive substances decrease with 
tune. · . 

Relation ~etween half-life ·a~d decay constant: . ~ 
The half ~l~e of a radfoactive element is defined as the time interval during which ~aJf the radioactive 
atoms d1smtegrate. · 

If T1 ; 2 is the half-life period of a radioactive substance, 
then 

No 
N= 2 _att=T, ; 2 

Since, N = N0e-X1 

No __ 2 = N0e-n 1;2 

1 . 
or, 2 = e-H1;2 ⇒ 2 = exT1;2 

or, In 2 = A T1; 2 

ln 2 
or, T1; 2=-:;: 

T _ 0.693 
. 1;2 - A 

N 

--.IE!:> ~s -~e9..uJ!..~~!.J:.?l£}i(e_.9f a radioact~~_e_n_1_a_te_n_· a_!. ______ _ 
2s. [o74 Supp a .No. Gd! State the laws of radioactive disinte~ration. What is half life period of a_ radioac;tive 

substance? Derive an expression for it.' . · ·, [41 
~ !ease refer to [2075 Set Ba.No. 6dl.______ · ··------------· _________ _ 

21. [o73 Set O a .No. 6~ Deduce the law of radioactivity and hence define half life of a radioactive sample. How 
much is one· Curie? [4] 

'a. Please refer to 12075 Set Ba.No. 6d! 

._!._curie = 3.7 X 1010 dis/ sec. ' -- -- ---- ~-- --· - __ :_ - - -· ..... -- . . - - --- - .. - --
28, §72s~pp-a~~:6d! Stat~-th~ iaws of radioactive disintegration. Derive disintegration equation. U;i~gth~-

equation find a relation between the half life and decay constant. r41 . 
~ ease refer to 12075 Sei B Q.No. 6ctj _____ ----------·- -·•-. _______ . _ .. ____ . ---·---'- _____ _ 
29 .. §12 set E a.No. 6cj What are different units of radio activity? Describe "carbon dating". _ , . ~ -
~- Units of_ Radioactivity: The activHy of radiM\ tive subSl,rn e is measured in disint 'gration per 

second. The other units are: 
i. Curje (C_i) = It is defined as the activity of a substance wl~ich gives 3.7 x 101~ dis/ sec. It i~ equal to 

activity of lg ·of pure radium. · · 

l Ci= 3.7 x 1010 dis/ sec 
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LE'TE ea LUTI T PH • II / 
l ' 1 , -- ,,·hidq~i l'S l( di: Sl' . 

.ii. Ruth rf )rd i : It i,' d ,fim i ,is th · ,.\ ·li\'ily l'I I S\I \I 

i. ' ,. 1 i a l tis s '. 
iii. R p1 'l l{F l : lt is -. .L nuit\,t r,di l'li\'ity . 

e-\1 = -
R 

or, ,.t = log (~J 
or, t =¾ l o.:, R) 

0. 93 --,.,o 
But, }. = -T , \\'ith T112 = ':J'/::i \'Cars. 

l . , . 

Then, 
T 1; _ (Bi\ 

1 = 0.693 log \ R) 

Hence, by medsuring U1e a · tivity R of li, ·ing J lc111t ,md ilc tiv ity R of its d ead m a te ri,11, th ao, t of tlnt 
obj ct can b determ ined . 

30. 12011 Set o a .No. 6 c! State the laws of radioactive disintegration, What is half life period of a radioactiv 
substance? Derive an expression for it. [~ 

a Please refer to 075 Set Ba.No. 6d _ 

31 . 12010 Sup (Set A) a .No. 6 ~ Define decay constant for a radioactive substance and deduce the expressi n 
N=No e-l.t, where the symbols have their usual meanings. How can we estimate the age of some fossils u lll9 
such equation? .---:--:::---::c--::---,---, [~ 

a. Plea ·e r fer to 076 Set B a .No. 6 

32. 12010 sup; (se; B) a .No: s c I Discuss radioactive decay law. Dedu~ an expres; ion to7 the numbr of ;toms 
after a time 't' has elapsed and hence write an expression for half life of the radioactive subst nee. [4l 

a. Plea e refer to 075 Set Ba.No 6 

33. 12010 set o a .No. 6 cj State the laws of radioactivity and derive the decay equation. 
a. Pleas refer t 12076 Set Ba.No. scj 

34. 120~9 Supp Set a a .No. 6 ~ ~xplal!l the difference between natural ~~d artificial radioactivity a~d obt in the 
~ecay law of radioactivity. Also find a relation between the decay constant and half life of a radioacli~l 
isotope. -
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r 
~8 Can. Q.No. 6: W- 't d - _ RAOIOACTryrrY I 301 ,s. ~l!.:::;;;.;..-----.;;.;;i~ n e own laWs of radl . - · 

. and decay constant. oactlve disintegration and establish a relation between half life 
'lj. -~leas<:..refcr t ~075 ~et s Q.No. @J [4J 

;.- [068 Old Can. O.N~. ~ §066 Supp Q,No.ol ~-=:--::-- . . . . 
substance. Establish a relation b t · ..:I @61 

Q.No. 8 ~ Define half- hfe and decay constant of a rad1oact1ve 
r::; e ween them [2+2] 

:,. Please ~~er to ~~75 ~et s a. No. 6ill · 
;-po67 Q.No. 6q Derive the dec;y equ r · - . .__ .- -- - - - , 

Of radio-active element a ton and estabhsh the relationship between decay constant and haff hfe 
. ~ij 

Plea_: _re~'~ ~ §075 Set B Q . No. 6ill · + 
~ 065 a .No. 8 a oR) What do ---:__ - --- ·- ---- -- -- - -

d . th I f d' . you understand by the activity of a radioactive material? Write its unit. Also 
enve e aw o ra 1oact1ve disintegration. [1+3J 

Please re~o §076 Set B Q.No. 6q 

-. P06_
4 0 -~

0
-

9 0 RJ State ~ws of rad-io-~-c-tiv_e_ disintegration and show thatth;;;~b;,:- of atoms ~fa gi;en 
radioactive substance decrea_ses exponentially with time. Also derive a relation between decay constant and 
half life of a radioactive substance. ' [2+2J 

~ Please refer to 12075 Set B Q.No. 6dj 

. ~060 a.No. aj What is radioactivity? Obtain its exponential d~cay law and hence derive an expression for half 
life period. [1+2+1) 

~ The process of spontaneous emission of radiations (ex, p, and y) by the unstable nuclei Like uranium, 
thorium, e tc. is called radioactive emission or radioactivity. 
2nd part: Please refer to 12075 Set B Q.No. 6d! __________ _ 

41. ROS4 a .No. 13! State the laws of radioactive disintegration. Derive a relation between ~alt-life and decay 
constant. · . . [4J 

ll Please refer to l2075 Set B Q.No. 6dl 

Numerical Problems 
, ~ - I r,.;075 GIE a No 1ocj Find the half life of U238, if 1 gm of it emits 1.24x 104 a-particles per-•2. 076 Set c a.No. 10c IL • • . · 

4 . 23 [ 1 second Avogadro's number= 6.025 x 10 • 
Solution 

Given, 
d , dt = 1.24 x1()4 

Half life (T1;2) = ? _ 
23 

_ 
But, 218 g of U contains 6.021 x l0 atoms 

6.021 xJ02.1 

1 g of U contains 218 

== 2.51 x 1021 a toms 
We h,ve, 
dN 0.693 
- -'A - --dt - - T ,12 · 

0.693 x 0.693 >< 2.51 x10
21 = 1.41 xl()l7sc = 4.5x 109 ears 

T112- d / dt .= 1.24 >< 104 . . . 
-;--- -·- . -. - . to ; Ra-226 undergoes a decay with a half life of 1620 years. What is the ac_t1v4tx , • 
3. ~4 Set A a.No. 109 ihe ,so p - 6 023x1023/mole. , [4] . 

of 1 g of Ra-226? Avogadro numbe~ - . 
Solution 

Given, : _ 1620 x 365 x 24 x 60 x 60 se =;= 5.1 x 1010 sec 
l-Ialt life (f 1; 2) = 1620 years -
Mass of Ra-226 = 1 gm 

Activity of Ra-266 (~ = ,? 
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302 I A COMPLE,TE NEB SOLUTION TO PH YS I CS • XII 

Now, 
0.693 0.693 

i-.. = T1; 2 ""5.1 1010 1.3 1 10-1 1 

226 gm of Ra-226 contains 6.023 x 102.1 ,1toms 

. 6.023 1023 
2 66 1021 a toms 1 gm of Ra-226 conta ms 

226 
a toms = . x 

0 \ \1, 

dlt = }, = 1.3l 10-1 1 x 2.66 x 1021 = 3.6 x 1010 dis/ sec __ _ 

__ t d" Te ; a~ ple Pb-214 having an activi~ - , 
44 12074 Set B a No 1oc! Calculate the mass in grams of a ra ioac iv 

1 
° 

. 3.7x104 deca;s /~and a half life of 26.8 minutes. Avogadro number= 6.0lx10
23 

/mo e. (41 
Solution · 

Given, 

Half life (T112) = 26.8 m in = 26.8 x 60 sec 

Activity_ CH)= 3.7 x 104 dis/ sec 

Avogad ro No. (N A) = 6.02 x 1023 /mol 
Mass of s_ample (m) =? 
We have, 

dN 
dt 

d N 
or, dt 

= kN 

N = d N x ..l!il.. 
or, dt 0.693 

(Magnitude only) 

3.7 X 1Q4 X 26.8 X 6Q 
or, N - 0 .69'.-\ 

=-8.585 x 107 atoms 
Now, 
6.02 x 1023 atoms of Pb are presen t in 21 -! gm of it. 

, 21-1 X 8.585 lQ7 
8.585 x ~07 atoms of Pb are present in 6_023 x 102., gm 

i.e., (mass (m) = 3.05 10-1-1 gm 
--

45. @073 Supp a .No. 1oc! A radioactive source has decayed to one tenth of one percent of its initial activity in one 
hundred days. What is its half life peri od? [4] 

Solution 
Gi en, 
Time period (f) = 100 days 

Le t Ao be the in itia_l ac tiv ity, then according to the question, activity afte r one hundr •d days is given 
by, 

1 1 1 Ao 
A = 10 of 1 % of - 10 10Q x Ao = 1000 

N ow, ,.ve have 
A = Ao e->- , 

~ - A e-" • ,oo or, 1000 - o , 

'1 
or, 1000 = e-1 • ioo 

Talking loge on both sides, we get, 

I gl' ( 
1
~) =· - Ax 100 
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-0.693 
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or, _ 6. 9 = ~ x 100 

. r112 = 10 days 

· · Hence, the required half-life perfod . 
10 

d 
_ -~-~- . lS ays. 

--; i;,a73 Set CO.No. 10~ Half life of Ra226 · 1 . . :- · · . 7 ---; C · - (4) 4 
· I!: is 620 years. Estimate ,ts mass when ,ts activity rs 0.5 une. 

solution . 
Given, 

Half life (T;;2) = 1620 years= 1620 x 36- x 
24 60 

_ 
J ;) x x 60 = . ::i .J x 1010 sec 

Activity C1D = 0.5 curie= 0.5 x 3.7 x 1010 = 1.BS x 1010 dis/ sec 

Now, 

J N . N (. Jt = 1. m magnitude) 

J N 0.69'.) 
- - --N or, Jt - T1;2 

• 10 0.693 
or, 1.85 .1. JO 5.-i .-< l()HJ N 

u~5 x s.1 y 1020 
or, N - 0.69'.') = 1.% x 1()21 atoms 

But, 6.02?, Y 1021 atoms = 226 gm of Rau" 

:. 1 J6 /. 1021 ,Homs = 6_02~:, 102., 1.:% x ,021 "' o.- I gm = o.- I x LO-' 1-.g 

47. 12012 Set c a .No. 1 ocj After a certain lapse of time, the fraction of radio.active poloniu~ undecayed is found to 
be 12.5% of the Initial quantity. What Is the duration of this time lapse if half of polonium is 13-9 days. [4] 

$olutlon 
IVl'll, 

Fmct ion n{ und (• ,lYl'd polonium (-;;) 1-.5", 

H,1II lilt' of pnlun1um (T io) = 1 9 dJy~ 
'fol.1I life lilll l' (t) = ? 

Nmv, 

N Nu ''1 

N _ o!,•11_i 
or, -N ..- l'- ' 1 - l' 

1 ' : 
n 

L .r.: - ~t 
lll", ll)() ... l' I I , 

()Ht' 
nr, -'.2.0~ = - -T >- t 

I ~ 

1'.N " 2.0/ 
nr, I = 0NX\ 

:. t = -:11 7.'.2 i,ws 

-;-~1 Supp a .No.· 10~ lf1 5o/o of the radioacti;e material decays in 5 days, what would bellie percentage of 
amount of original materiar left after 25 days· [4) 

Solution . 
lf 15% of radioactive material decays m 5 day . Then remain material i 85% of original 111, terial. 
Then, 

N 85 -2 - 85 o, - - = e-l.5 
0 - 10 -100 

I 1 
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304. I A COMPLETE NEB SOLUTION TO PHYSIC S · XII 

85 
or, e~ s = 

100 

· (85 or,· In 10 =. - ,_r::: 

. or, A 

gain, 

= 0.44 

. ]'.!5 
l.e., - = 44% 

\ 

,. 

_ .- . __ 4.!_~_~f~ig~1~lmaterialleftafter25days. ···-·-------·· , .. ------·-·-
. ~ 1 ' etc a .No. 10 ~ The mass of the radiulfl is 226. It is observed that 3.67 >< 10

10 
oc-particles are emitted 

per econd ·from 1g of radium. Calculate the half life of radium. (Avogadro number= 6.023 >< 10
23 

mole) ( 
S tufi n 

Given, 

Rate of di integration ( dLW) = ·3.67 x 101~ dis/ sec 

Half life (T1 ; 2) = ? 
Mass of radium = lgm· 
From mole concept, 
226 gm of radium contains 6.023 x 102., atoms. 

1 gm of radium 
6.023 X 1Q23 

N = 2.665 x 1021 atoms 
Now, 
dN 
dt=11.N 

226 

or, 3.67 X 1010 = le X 2.665 X 1021 
or, 1\. = 1.377 x 10-11 sec-1 
Again 

= 2.665 x 1021 atoms 

0.693 0.693 
Ti 12 = - 11.- · 1.377 x 10-11 = 5 x 10!0 sec = 1586 years 

so. ~010 Set c a.No. 1 o c! Meas-~re~~-,rt;-~n certain isoto e ~h-----~· · ··· - ·-·---- ··--"·--- -·-·- -· ----- -
decays/min. to 3091 decays/min. in 4 days What is th h Pit l'f ow t~at_ the decay rate decreases from 331S 

Solution • · e a 1 ~ of this isotope? · [41 
Given, 

Initial actjvjty (Ao) = 8318 decays/ min = ~ I 
· 60 Le ays/sec 

, Final activity (A) = 3091 d cays/ min :::; ~ t ~ 
· 60 L 'ilys/ se 

Time taken (t) = 4 days = 4 x 24 x 60 x 60 = :\45· Half life (Ti;
2
);::: ? ' 600 sec 

We have, 
A =Ao e-M 

A 
. or,· Ao = e-x1 

3091 
60 . . 

.Or, 8318 = e~A x _346(l0s~· . 

60 
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OJ', () ,, 7 • , -1. • 141,< X) " 

'fnk ing /11 on '111 th :-.idt• Wl' l'<'I 
In (0J 7) • 1-. x . I >00 ' ' 

- o.c J4 
or, 1, • _ '\4 600 2.87 y Io-,, 

Th('n, 
O.E9, 

T1;2 -"--
0.69'.\ 

2.87 ,< Io-,, = 2.8 lays 

RAD IOACTIVI TY I ' () 5 

51 . 12069 Supp Set B a .No. 10 c! At a ce .. _ . 
life of the material is 40 day C 

I 
rtaln Instant, a piece of radioactive material contains 1012 

atoms. The half 
Solution s. a culate the number of disintegrations in first one second. [4] 

iv •n, 

lnitinl no, of atoms (N(I) = -1012 atoms 
Half Ii( • (T 1; 2) = 40 1,,. . - 4(J . L .. ys - · x 24 x 60 x 60 = 3456()()0 sec 
Time tnkl'n (L) = 1 St', 

No. of Jisint 'gralion l?cr s, nnd (L~0 = ? 

W' lrnv •, 
-0 ,,.n -0 ,.,., 

N = No l'- ~1 = No ,-~- 1 = Nr •11/2 = No'~ = 1012 Y 0.999 = 9.99 x 10 11 

Agn i11 1 

dN 
- = 1i.N 
Jt 

dN 0.69'.\ 
or, Jt = . 456000 x 9.99 x 1011 

dN :. JI = 2 x 105 Jis/sc 

52. 12069 (Se t A) a .No. 1ocl Find the half life of 92U238
, if one gram of it emits 1.24x104 a- partici~~ ·per s~c~nd. 

(Avogadro's number= 6.023 x1023
) • [4] 

Pll't1,..,L' rdc•r to 12076 Set ca.No. 109 _ 

53. l2osa a .No. 10 c! At a certain instant, a piece of radio active material contains 1012 atoms. The h-att~life ~f the 
material is 30 days. Calculate the number of disintegrations in the first second. [4) 

Solution 
iv •n, 

lnitiil l nci . of a toms (No) = 1012 ntoms 
Hc1lf !i f, (T i;i) = 30 dnys = 30 x 24 x 60 x 60 = 2592000sec 

Time tak ,n (t) = 1 sec 

No. of di. in t •gra ti on p ·r second em = ? 

We have, 
-OlfJ'I -0 1'91 

N N 
~ 1 N .,,r .. N0c25920CXI = 1012 x 0 999 = 9 c9 x 10 11 = No c - M = 0 c· • = ri-- 1/2 • · . 

Again, 
dN 
dt = J..N 

Or, ~ = Q.693 X 9 99 X 1011 
Jt 2592000 . 

JN JI .. 2.7 x 10s dis/sec 
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UTI T 

n, 
lmtia\ 1H 1 10 ° 
H lfh 

l C:) = 10-'1 

,.., ll ' 
• 1 \ . C, 

\ 

II 

In dio tlv el rT1 n~~ 
Y d In O hour and 

1020 and It half life ls 10hour . 
6

,cmount of energy liberated ii the 
{4} 

~ = ( l 1 ·here i th , no. of atoms remained undecaycd after ?,O hours 
1o \2 

I, 'M· · 1011 crm al o II t/,c rcl11tio11, N = Nee·'' I 
30 

'n - ," lJ10 )r --- == -
, \, -

o , 

or, 
= 5_5 1()20 atoms 

H nee, the required number of atoms decayed is 5.25 x 1020. 

Again, 
__ Total ~ergy liberated= N' x E = 5.25 x 1020 x 4 x 10-13 = 21 x 107 J__ __ 

55. 12os1 Old a.No. Bbl If the half life period of a radioactive substance is 2 days, after how many days wiU -

part of the substance be left behind? 
Solution 

Given, 
1 

= 64 of No 

1 
or, -z: = 64 

Half life (T112) = 2 days 
Time (t) =? · 

ow, we know, 
= ~-Al 

0.6'1".\ 
--- ~ t = e J 1,J 

0 

0.693 
} - - ,J-' - X l 

- = e i,:: 
64 

0.69, 
--2- X t 

e 

ta ing natural log on both side, we get 
· 1 0.693 
loge (64 ) = - -

2
- x t 

~ -- = 12 days. _ 

56. 12066 a.No., a W A small volume of a oiutlon which contain a r~dioactlve I 
O 

- - - .. _ _ __ 

12000 disintegrations per minute when It was ln}ected Into the blo ct tope of sodium had an activity of 
~ctivity ?f 1cm3 of the blood wa found to be 0.5 disintegration° e~tream of a patient. After 30 hours, the 
isotope 1s 15 hours, estimate the volume of the blood \n the p tlent P minute. If the half life of the sodium 

Solution · [4] 
Given, 

Initial activity (Ao)= 12,000 dis/tninut 

Final activity per cm3 volume (A) =. 0.50 dis/minute 
Time (t) = 30 hrs 
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Half life( T1 ;2) :== 15 hrs . 
. Now, if V be the totAI volume uf bl · I 
. I OOl . 

then, we , ,ave; 

Activity of cm~ of blood "" 12 000 :\ ' / 
. , l 1S minute 

Activity of l cm~ of blood (A ) ,,, ~ , . 0 dis/ minute 

Then using 
t 

A ==(:)1~ 
30 

. 0.50 = (.!)15 
or, gQQQ 2 

V 

o.sv 
or, 12000 =0.25 

:. V = 6000cm3 

/Note: Also !)OIi C/111. 11 se; A ~ Art-''/ 

Hence, the required volume is 6000 cmJ. 

RAOiOACT IVl 'tY I , J()J 

57. eo63 a.No. 8 b OR! A sampl~-~f-·R~=226 -h~~---haif life of 16i0 .. y~-~~s. Wh~l-is th~ m~s~ -oi th~ ;amp(; which 
undergoes 20000 disintegrations per second? [4] 

Solution 
Given, 
Half life (f 1;2) 1620 yrs= (1620 x 12 x 30 x 24 x 60 x 60) sec= 5.04 x 1010 sec 

. (d!i\ 
No. of disintegrations per second dt) -~ 20000 dis/ sec 

Avogadro's no. = 6.02 x 1023 mol-1 

Now, we have; 

dN 
dt =1c N 

dN 0.693 
or - =-- x N 

' dt T1 ; 2 

0.693 
or, 20000 - 5_04 x 10;0 x N 

:. N = 1.45 x 1015 atoms 
Again, we have · 

· 6.02 x 1023 number of atoms of Ra are present in 226 gm of it. 
226 

1.45 x 101 5 number of atoms of Ra are present in 6_02 x 1()2J x 1.45 x 10
15

gm 

5.44 X }()-7gm 
5.44 x }0- IOkg 

~e~ the requ i~ed 1~~~:.?f sa~p~=-~~:
44 

x. lQ-lO ~?· -·------· .. ---~-.. -· __ ----·- ___ _ 
sa. gosz a .No. 

8 
b oRj The isotope 14C has a half life 5700 yrs. If the sample contains 1 x 1022 carbon 14 nuclei. 

What is the activity of the sample? [4] 
Solution 

Given, . 
Hali-life (Ti;i) == 5700 yrs = (5700 x 12 x 30 x 24 x 60 x 60)sec = J .77 x rn11 secs. 

No. of atoms (N) = 1 x 1022 

(
..:ct~ 

Activity Tt) =? 

Now, we have; 
-dN 
ili = 1cN 
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N 1 r II ' I " 0:-l I Ml' • N ll 1' 1 

0, l .t1'1,\ l l .. r, 
I ~ 

' ' -~ I , HF' ., q , 10111 lis/. ,•l' 
1.7, , ll \ I 

\\ " ,Hs, s -

H ''\\ , th,, i ~"'' ,,\ ,\\' llv11v b .\ ' \Olll dls/ s,'1'. . f llf 
=-:-.:::-~~~ ih UI\ t bl I p f p _t, lum - 40 ho hol ? 

5 
• a1npl nt, lnlng 2 ic 10·0 gm of pot 5 lum - 40 

l-bl1 lit, -, ~ = _.4 ' tO:< yrs • _..\ >- \l)~ :\<i5 ' •l ' , (iOO) Sl'C 

lnit<i ,l nM:S l"' = - " w-~ gm 

HM \ . 
40 ~m i l ot~,ssium rnnl':1ins , .0 :\ . ll)'.!., alom. · 1)f it. 

' ,.023 ·uF~ 
_ 1 _,_ gm 1f \-, 1.,ssium cnnt,,ins -lll 2 

= , .0 1 x 1010 atom s 

Le N = 3.01 101~ 

Then, 

De y p ' r ·c ·ond ( L~H) = . 

low , we have; 
l 

dt = ,,N 

0.693 
= -- x 1 

T 11~ 

0.693 . I 

'J.57 X 1Q 15 X 3.01 X 10 h 

d . dt = 2 76 dis/ sec 

l()- t, ,llllll\S of ii. 

Here, the required no. of de ay per se ond is 2.76 dis/Sl'( . 

of 2.4 x 1 os yr . How m ny a c y 
{ 

so. -l2os1 O.No. s b oaj A- radioactiv~ -~~~rce ~hkh -has the half life of -130 days, · contains initially 1 1()2Q 
radioactive atoms, and the energy released per disintegration is Sx10·13 J , calculate the activity of the sou 
after 260 days have elapsed and total energy released during this period, [ l 

Solution 
Given, 
H alf life (T112) = 130 J ays 
lnili.aJ no. of a toms (No) = 1 x ]020 

Energy relea eJ per Jisinl ' gra lion (E) = 8 ~ 10-11 J 
Time period (t) = 260 days; Hc1lf lift, (1'1 12) = l'.\ll dn ,s 

Activity c1 fter 260 d ys (-JJU =? 

Now, 
If N be tlw numb r of atoms r •mainin1~ ,1 fl e r 60 d \ s, Wt' lmv1.• 
JN -JT = 11.N 

0.69'.I 
Q.693 -~ X I , 
- x Noe = T1 ;2 
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0.M:\ -----10 0 l' I, \) 60 

• r.: ... 1017 n. 

or, ~ -- I... 101
:- dis/ d,, , 

dN 
M, -""Ji • " 

L .. 1 r.: -1 :. dt . I 012 dis/ s 'C 

HenCl', tlw l'l'quired a tivit , is 1,54 x .1012 dis/scr 
~11i n, Wl' ha c 

. . 0.69'.' 

= 0 , - XI = 1 1()20 e -130 X 260 2 5 
, : :" , X 1Q19 

\·ktKC', the required energy released = (No_ N) x E 

3 0') RAD IOACTIV ITY I 

= ('I )( 1020 - 2.5 )( 1()1 9) X 8. X 1()- t:ij = 6 X }07 J __ ___:__ 
st ~056 a .No. 16! A radio-active sour~~ has decayed t~ .one ·t~nth•·;f on-~ p~-~~ent of its-i ~itial ~~tivity ip one. 

hundred days. What is its half-life period? [4] 
Please ref 'r to !2073 Supp Q.No. 1 oc) 

-;;_ go55 a .No. 16! If 4g ~fradjo. ;~tive ~ ateri~~fhalf life- peri~d ~f-10- ye.ars disinteg~at~s, fi~cf out ~ea~life ~ 
the given sample. [4] 

Solution 
Given, 
Hc1lf life (T1 ; 2) = 10 yp1 rs 
Men n li.fe (T) =? 
Now, 
We know; 

0.693 
T, 12 = - A-

= 0.69:'> = 0.693 = 0_069:'> y r-I 
or, "- T1 ; 2 10 

Then, we have, 

• 1 1 - 1443y , ars Mean l1Je (T) = "T. = 0.0693 - . ec 

Hence, the required mean l_ife i~__!~-~3Jears. __ - . • •·· -·· -:-·-· ---·· ··· - -··· --- · ;-- ----
- r-------:::-, - - - · . - :-··-tant a piece of radio active material contained 1012 atoms. The half hfe of the 

63. ~053 ~ -N.o. 16 oRj At eel rtalmt mtshe rate of decay after 30 days have elapsed. . [4] 
material ,s 15 days. Ca cu a e 

Solution 
Give.n, 
Initial no. of atoms (No) = 1012 atoms 

Half life (T 112) = 15 days 
Tim , (t) = 30 Jays 
Now, 

. We know, 
N = N0e->.i 

069'.'\ ~ 30 
__ ._ . X t - 15 x • = 1012, -0.h91 • 2 

= Noe Ti n = 10 12 , 

N = 2.5 x 1011 a toms 
' Again \_ 

' · gtvcn oy Rate of decay after 30 Jays 15 ' . 

dN 0.693 . - ~ >< 2.s >< 1011 == 1.15 >< 1010 d1s/sl'c 
- = AN = - >< N - 15 
dt T1 12 :leca i l.15 x 1010 dis/sec 

Bence, the required rate of L Y □□□ 
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Chapter 6':· Nuclear and Other Sources of Energy ·. -." 

Short Answer Questions ---~--c----::---:----- -. -----
1. !2076 S~t 8 a :No. ~ij-Wh~tdo y~u mean by greenhouse effect? Write.its effects. ll . . r21 

- · . d , house. It a o"·s -entcnng the 
'a. The hou se whose walls are made up of green glasses IS calle a gn,en k ·u r-a 11 .. 1t. . 

· Tl en house ma es 1c .. l , ion tn sun r_ays through it but does not allow escaping out of 1t ms ~ gre · 

its tr<1p. · . . - I l 
• i. · ·an enter into t 1e a tmosp iere Eilrlh is comparable to green house having walls of arr. Solar raL 1at10ns Le . . • 

· th :r ti 1s are trapped m the earth but can't CSCilpe out from the layer of green house gases. So e raL ta 01 ' 
· · · · f e-ut11 's atmosphere due to due to wl11ch heating of earth surface takes place. Thus the heating up O ' . 

. 1 1 · · · II - f 11 house effec t c1rc the vanous trnppcu rat 1at10n 1s ca ed green house effect. Mam snurces 0 gree 
activities releas ing green house gases and deforestation. 
The effects of greenhouse effec t are: 
• Global wanning 
~ Desertification · 

Increased melting of snow ilnd ice 
Sea leve l rise 
Sl.ronger storms and ex ln·rnc C\'l•nl s 
On•;in Acidific.itiun 
Changes to plant growth ;rnd nutrit inn It:,· •I-; 
Smog and ozone pollution 

'• (1:,,,ont• layer dcplet ion 
·- -·--- - -· ·--

2. j201G Set ca.No. 2~ What Is acid rain? Write its any two cffo cls . (2) 
a The rain that contains h,1nnf11l cl1c111ic,1b lil--t• .111 1111 ic .1e 1d. , ul phur i .H 1d. n1tn .1 id whi ch d ,1 magl's 

lrl'L'S, rmps and buildings is c,llbl ,Ki d r,1i11 . 'I h1• h.1011 11! r.,,~ li k,• ,,r bon di1, 1dl', ,11 lphe r d ioxide. 
nilric oxidl' coming from indu :-.. lr il', .rnd <1tlwr :- 1u1 l"t~ 1111 \,·1th \\',ll L· r durin): the rai n ,1nd th e rain 
fnl.ls in thl' form of the .1cid wh ich is r .il b l ..i cid r,1111 :\ id r.,in h,1., ,1dv1· r"-t· effl t !' n d1ff •ren t things 
,111 tin'. L'arlh which are given ,is: 

The acidity of water in pond s, bl--i:s ,rnd l',ls in · rt' .1St: · due 10 whi h ,ll-1ua 1ic anim,,L iHL' affec teJ, 
II rl'duccs crop y il'ld due 10 th l' inet l',1Sl'S of . o il at~idiry. 
Acid rain corrndl'S building, hridgl'S, monuments el 
Rl~Spir.1tory nnd skin disl',lSL'S .1n:- c.1u .;;ci.l. 
II C.lllSl'S h.1cte ria l dise.1sl.'s. 

3. !2075 GIE a.No. 2~ j2012 Set D a .No. 24 j:2 011 Set D a .No. 2 ij !2010 Set c a .No. 2 ~ §oss Ca n. a .No. 24 What i~ 
acid rain? Explain. [2] 

a Ple.1se rdn tn §o,6 Set C O.No. -tj 

(1) 
a 1;he \vorld population incrc.1ses d ,1y by day. There is increasing demand of ene rgy _throughout the 

world due to over f opulc1tion gro, \ih. There has been a.n over exploitation o the no n-renewal le 
sources of energy. The non- renewable energy sources li.\.;:e coal, petroleum are being finished in their 
mines. Forests a re being red uced and \\·ate.r oun:es are being drie<l. . In this \\'a\' the useful form 
energy is con~•e rted to non-useful'fom1 of energy. If the> energy consumption rat~ · bein

0 
o nti:nu ... >J 

in the present rate, the w orld will face the energy crises e\·en the energy be co n.ser,;e<l_ 

5. 12015 Set B a .No. 2cj Define acid rain and write it's adverse effects. [2] 
B.. Please refer to bo76 Set C O.No. -~ 

6. · ~074 Supp a.No. 2~ What do you mean by degradation of energ)'.? Explain. [2) 
'B. Conservation of energy refers to reduce the> use 0 excess energy. Fo r th~ .. me te ho ul<l be taken 

· as: renew a ble sou rces of energ:. should be use<l in place o n n-rene\\·able ~ 0 enert,.; ·, ~ 
popula tion should be controlled, s lar and electrical whides sl ouI be used, deforesta.ti n sh uJ ~ 
s topped, awareness about the importance of energy c nse.rYa · n h uld be created in peop e. 

Degr.1d ation of energy refers to degrade or deplete o r be sh rtage ene.rt!y ue 1 chart i.r 
energy from u seful fom1 to unuse.ful fom1. Fo r example; nvers:ion l · fuel l &lt ene~•- ~ 

• 
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t'~ · . NUCLl:AR AND OfHER SOURCES OF ENERGY/ 3 t I. 
;_ ,· days, energy is depleting due h, v .· . . . c,c rve 
. . , n,,rn,s c.iuscs like over 11011uhlio11 11fnwlli n11d we have to con. · _eneig) - . · 1, 

;,- @4 Supp Q.No~2ij E;pia1·,;1,·~; -~~id ·,~~il,i"h"t~i--,,,ed·. . . ~- -· .. 
-:,. please _refer tn l207G Set c Q.No. 2~ 

~ 4 Set A Q.No. 2tl 12~~~ Set B Q.No. 2ij w,,~t Is ~1\ergy crisis? Explain. . . , - [21 
The slwrta~e of essctHi-:,1 , , . f · · th 

i,. • .' · • _ • ~nt.~ ~W O the. enrlh is rnlbl " enL•n~v cris is." Due Ill this energy crisis, e 
human hcmg has to ltlce scvc\'·,\ 1·,·r·. 1 • , 1

, • • •11 b ·I t tow n 
· . ' • ' t I H.: u tics & the tlcvdopml'llt of s1ll' 1ety wI e s nWN c · 

· Bec.1nsc ot these reasons an '",. • .· .· 1 . . I I I rd to ge t . . . · ' • ~ l l gv u 1s1s \i"ls become nn 11t1pnrtn11t Isst1t· of tlw wor t • n ° er 
. nd L)I the prnhlem t)t enen,v ·r· -· • . It · I t ---==- ------- ___ -------~,. 1..: 1~1~'. ~' ·crnallvc snmccs of energy should be devt· opct. _______ _ 

'9. ~073 Supp Q.No. 2~ 120G? Old Q.No. 1 hJ 12~6~-Q~-~--~-h! ·~~ih~-i d~ yo~-m~-an by en~rgy c~jsis? - [2] 
-:,,. Please refer tt1 12074 Set A Q.No. 2ij . 

b.§012 supp Q.No. 2~ wi{ich typ~ of-ren~~abl~-~-~;~gy is ~~-;tu·~-eiul to our ~ou~try? Gi~e rea~~ns. [2] 
~ fiydro-clc~h·icity is t!~e best rcnewahll' useful energy to our country becc1usc of following reasons. 

• Nepal 1s second nchest country for water in the world. 

• Nep~l has large water resources which arc capc1ble to produce electricity. There me 600 small and 
lar~c rivers which can produce 83000 ~lW electricity. 

· • HyJro-electricity is pollutionless. 

• It can run large machinery. 

• It is cheap. 

11. µ012 Set c Q.No. 2~ What do y~u mean by global warming? · [2] 
a The concentration of the green house gases including carbo;1 dioxide, carbon monoxide, sulpher 

dioxide is increasing significantly each year. The enormous human activities including . 
industrialization and transportation are enhancing the production rnte of green house gases. This 
'increase in the concentration of green house gases results in the increase in temperature _on the 
surface of the earth trapping more and more infrnred radiations. These radiations increase the 
'temperature of the earth. This increase in the temperature on the surface of the earth is called global 

warming. ____ . 

:12. µ011 set~ Q.No. 2 ~ Write th;~ning of conservation of energy and de-g;~~(ati~n-of energy. 

a. Please refer to ~074 Supp Q.No. 2ij ______ _ 

13. §011 Set C Q.~~- 2 f@·~;o Set D Q.No. 2 el What is global warming? Explain. 

~ Please refer to ~072 Set CO.No. 2ij -~ ------- ... _________ ___ _ 

14. [2oss (Se~-B).Q.N~. 2~ Wh;t is global warming? Give two examples of its effect. 

: Please refer to @072 Set CO.No. 2ij 
Two effectc; of global warming are: 

i. It affects seasonal crops . 
ii. Melting of polar ice. _______ · --•-·- ·····- ____________ __ 

~~-(s~~-;;_-, o~d-o.·N~~ ~gj N;~;-~ome of major air pollutants. 
'a. The major air pollutants are: 

i. Snfoke coming from old vehicles . . 
• ii. Dust particles from ston~ crusher industry'. 

' iii. Bad smell coming from garbage. ..... ___ .. 

[2] 

[2] 

[2] 

[2] 

~slfo;a o-,d·C~~--Q,N-;: 1'hj Stale-lh~t~~ -~~i~ eff~cts on the earth _du~ to oi~ne depletion?' - -- .. · ·-
'a. 'The · ffects on tile earth due lo ozone depletion are given hchw,,· , J7] . . mame " , , 

. Ti{e most hannful ullr~violet rays of sun reaches lo the earth and muses skin cancer ·1s well 
., , . . - , · ~ · as eye 

- •, etchin'g of human. · . . - · , ~ . 
. ~ u_ltraviolet rnys.c~use m~~~~~n and damage the ec~sY,:'>t~: ~\. 

· .17. \fil)sa Old can. a.No. Zh! What are the main _energy ~ources in Nepal? .-·· ····-- - -·-·-··---- -~--·--·· . ___ _ 

'a. .The main energy sources of _Nepal arc given: Biomass, firewood h)1dro1)ower ,,,1·11 l [2] 
'·. f 1 . . . ' ' l power foss1·1 ue s etc. · · ' 
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. ~ ' ' '. · . , . ' ' .•. ' . •i, ; · ·,.·~ •-,. - ·1., .. ;-~1, ~7,J.' 
J .J..L; 1 A c~.MPL.ETE .' N E.B SOLUT,ION TO ·PH1

YSICS . ~ XII :. .• 
1
' · . , •.· ___ · · ' .. •:\~:{:.,; 1::, .<1

'' 

.. ~~·:-}o~s~oid o:~~. 2gt·ex~~il"i~~h-at are ~~;~·~ti;~~-.-.. _.~--- ~--:~····--·:--~::;-t :.~::-.-::-:-~ : '.: · ~ ~-·:-~~~:~:~l::::? .. ·· 
· · A ·b ·· "f. · · · · · · 1 ·f associated w'tl '<!.' 21, · 1\ _ · qe , e~u~tmn_ ~f mte1~se .high-energy radi~~ion from ·thc_suns ~Ul ac~,- (, , · ,. 1 1 sunsp'oc 

,_ · and causmg radm and magnetic disturbances on the ,earth 1s c~llcd solar. fiar~s. Po~.ei f~l flat-es · s_ . 
· ·.:· oftc:1, but not ah:ars, accompanie·d by n coronal , mass cjC'clion, -Ev~P:·the 11105t .powc:~l :Hare~.;::. 

_hardy det~ctable m lhe total ·solar irrndinncc: Sotnr flnrcs cnn temp.oianly alter th~ u?pcr atmosph' .. . 
. creating disn~p.tions 'wilh sign.nl lrnnstnission .from, sny, n GPS satellite to Earth _cau~1~g it ~o be .off~~- .·. 
m~ny y~rds. A1~oll~er p~1enonw~1on ,pi·cldU~t!d by tt',e s.u1, could be even mor_e L~i_s~uJ?hve. Kno~~ as:· · . 

. cornna~ ,.~nas~ CJechon or CME these solar cxplusin11s prop~!I bursts of par.tt~les and e~ectromagne'tic 
fl"uc.,~~:ah~ms mto Earth's atmosph~re. Those fludualions could ind_uce electnc flu ,ctuat10ns at .g~ou_nd 
leve~J_trnt could blow.out lrnnsfonm~t·s i..11 powe1' grids , ......... •-·•········........... · 

1 s~ 12oss old ·a.N~~···:2 ,~1··M·e"·ti"t;;i ·t,~~.~,,~j·~;·s~~·~~;~ .. ~·i·N·~,·s~··11·~ii.oi1.~·,\: ··· · .. ············ .. ·········· ·· ··· · . . · · --··----[~ 
·a Any unwanted sound, which ~~rnduccs, displeasing effect in our car,· is caHed the ~oise. The adverse 

e~fect ~)f noise in living & working ~nvitopmenl ,is called n.ois.c polluti()n. !he m~i~ ?ources of noise 
polhtbon are means,of franspor~ation, nmnufocturing industries, Construction ad1v1.t.1es, Social no'ises 
and military activities ; _ ___ _ _ ___ _,___.,..........,. · 

20. 12067 a.No. 2ij Wf~;tis~;I warming? · ------- ·-······;-·~·--·--·-----

•';3. Please refer to 12072 Set C Q.No. 2ij . 

21. j2oss Su-pp O~No. 211IWh~t do you mean by radiation hazard? · ·. · · ·. · - ·-·- .--:--- .~ 

"a. The nuclear radiations such as a- rays, p -rays·, y- rays; neutrons, x--. rays can cause ha~ to the living 
-beings by ionizing complex 0.1:ganic molecules, the dange.r of our exposure to these radiations fs 
called radiMio,i h11znr1. The radiation dai11a·ge prmiuced ip biologkal organisms is d~e to ionization .

1 
produces in life cells. The main damage to 'the genetic material, DNA is· particularly serious one sin~ 
it cari-damage not oniy the individual but also futm:e genera,tions as well. · . .. . · · · _-

.22. @065 Q.No. 2 h! 12064 Q.No. 2 h! What do you understand by gr~en house effect? . l21 \ 
B- Please refer to 12076 Set BO.No. 2e! · . ·. ~. · . . ·. . . · .. . 

-
23. 12063 a.No. 1 h! What is radiation hazard? [2} 

~ Pl~ase refer to 12066 Supp Q.No. 2h! 

24. 12o·s3 a.No. 2 ~ Which bomb is more explosive, hydrogen bomb or atom bomb? [21 f 

a -Hydrogen bomb is more explosive· than atom bomb because hydrogen bomb is based .under the. 
principle of nuc~ear· fusion while ·atom bomb,.is .based on nuclear fission re.actio1~. It is noted that 
energy released· per nucleus during nuclear fission is 0.9 MeV, and that during u1 nuclear hision is 
·s.96 Me\/.' . . •. . . 

25. 12063 a.No. 2 ij What is the source of energy of sun? . [2} 
'a The source of solar en':_rgy is thenno-::nuclear fusion reaction . humdear fu;idn .reaction, light~r ntt~lei 

fose . to form heavy nuclei along wi_th release of tremendous amo11nt of energy. The nuclear reaction 
takes place in the· sun is as . 4 (1H 1) 7 2He4 + 2,e0 + 26.7 MeV · · 
Since there is a huge amount of Hydrogen present fo sLm, large nm11bers of such nttclear reactions take pla~- ­
As a result sun can emit light & heat energy. ' 

26. 12062 a .No. 1 hi What is Ozone depletion? - - .- ····· .. ·•···· .. ······· .. ·~···· , .. _ ......... - .... -··-. -----~ 

'a ·When the gases like CFCs, Co, oxides of nitrogen, etc. reach into the stratosphere of earlh5 

abposphere, they are decomposed by ultraviolet nidiation and form chlorine. This chlorine helps ~~1 

decompose ozone and hence the amount of ozone is drastically redu ~ed there. This is called ozone 

. depletion.. ·····-· ····-···-· ... ___ .,,_ ... .. ~ ......... ..... __ ....... ~ .............. . ........... : .. .... •-····· .... ... .. _ ... _ . .. .. · ... ___ __ .......... -.. -··· ·~.-[2}, 
27. 12062 a.No .. 10 oR) Discuss energy ~risis in a modern societ~. · 
~ Please refer to 12074 Set A Q.No. 2ij . / 
~-.---_-_-_-_-_- _- ---~-. - . ······· .. ·· .. ·-----····· .. --· ·----.. ~-... -- ... ·- - .. ____ ___..:_. __ ._ .... -•--·-·· .. --- [2) . 
2a. 12060 a.No. 2 hl What 1s water polluti~n? . . . _ · . . .. _ .. . , ·. _ .· ·. · · .· .. or other . 
'a Contamination of water by foreign matter such as nuc1001gan~sms., _chem_1ca~s, imh.1stn,~l :· called . 

:· was~es whfrh de.teriprat~s th~ _t}l:rnlity of. the was~e. and1 r~nders· it. unf.1t h? ~ts m,t7n~lel~ ~;;/~oh~~lc 
•water pollution. The ·major . pollutants of water . ~re , Oxyg~n . d.emc1ndmg wastes, w';. . · .; ,d.b)' · 

· · · ·- · · .. · 1 Tl · · f · 11 t' · be m1nun1z~. · 
inorganic chemicals such ~s .acids, s~lts, heavy. meta s .et~c . · 1~ .wa ei_ po u 1011 can. . :· . , ., .- .: ,:- , 
"wareness of water poµutim:i -should .be .\)r,ought in •,peoplc . .. . · ·:· · .< .. :•.:.·; .. :: ... 
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;--@59 a.N~ What I noi e pollutl n? 
m· unwanll'tl sound whi .1 • f .. , l1prnduc•s d ' I 

df l t1 iwi . e m Ii ing wn ., . ' . 1~1.1 ' using l' ff ·rt in 11ur r, r, iG c,1 11 (I th1• nni 
II 

. 11\lll g t' l1 JI• 
po ut1nn a1•c means of transt ·t 01111 111 1 i~ • l.lt•d nol ~t• 1111ll utilm I he rrt,"l,n , ,re 

. . • . r ' tit nlit11\ n r . . 
l\ntl nnhtc\ry a ti tlt •s . ' IAnll llc lu r 11 g 111 du ~lrl t•'I, rnl'llru tion ,1 lrvtll 'i, 

NUC AR Al~O om ou"c OF' I '}l'3 

(21 

oise pollution an be cont . 11 1 1 n H bv rt I I I ,•t)lumc and b , usin. silcn , . . l. 11111 11g nu l'i pC', l' r, m llo r1nd nth •r mu If <.y fem a 1 

. e1s \1tht wotl Lil 
~ &.1 W-h . ' 1 nmo 1 t'S ond mo hint• in th , indu c.trw 

o. ~59 a .No. 2 !.! y ' olar ener 
The enerlY\i ol tain ' I f . gy more preferable than fo&S ll-fuel energy? Explain. (2} 

o: t:t !Om the sun i . c II I . I . I 
1\ar energ , i th• , , .1 . . a Ct so r1r t'11L•rgy. II 1'1 llw 111,11n 'iOUr ,. of C"Jl •rgy of th w,,r 

" et <lsltn~ sou 1-- , f B fo -. il fuel enero, , will 1 . ' U:' 0 cncrg '· It il n n •v •r b • enJ •J up by continuou<, u 
t>J enc up 111 future I t · · II <lnV kind of pollution l I l ue o IL'> 011lmuous use. .s ing -;olar energy, th r • w, n 

P
o.llution water poll t~u use of fossil-fuel energy rnn lea tl 10 severa l ty p !> of pollutions such a5 au 

' u mn etc Also I I than fos •il fuel e . . S ' · ' soar energy can be used in different wayc; more convenient y 
neig • olar energy b · · · f h · an i cooking <l i . can e easily used in vehicles, factoriec;, generating em , eating 

L . nt many more unporta,nt works. 
Hence, solar energy is more preferabl ti f il f 1 . ______ , e ,an ass - ue energy. 

31. poss a .No. 1 h! What is ozone-hole? - - - - ---- [2] 
a TI1e re\Tion in the ozone Ia I t1 · · · • h 1 · 0 'yer w 1ere 1ere IS def1C1ency of ozone 1s ca lled ozone hole. Ozone o e 15 

made by the depletion of · ·1 · · .1--. - . ozone m t 1e stratosphere through which the uv rays can d1rectly enter ut<:" 

eartl, causing harmful effec ts. It is estimated that 5% reduction of ozone in tl1e ozone layer could 
result 111 nearly 10 % il1erease in tl1e ski.Ji cancer on the emth. When chlorofloro carbons (CFCs) reach 
the stra tosphere, it destroys ozone. 

··-----------
32. pos7 a .No. -1 gj What are renewable sources of energy? (2) 

a. The sources of energy which can be reproduced in short ti.J11 e & can be used continuously for long 
time are called renewable sources of energy .For example, bio-mass energy, hydr'o-energy, nuclear 
energy, solar energy, wind energy, tidal energy, geo thermal energy, etc are major ources of 
renewable sources of energy. Scientists are making several researches to develop the cheapest - the 
most convenient alternative sources of energy. 

Long Answer Questions 
33. po76 set s a .No. Gd! Wh~ r~ sources of energy? Discuss global energy consumption pattern and demands. [ ) 
a. The major energy sources are coal, biomass, nuclear energy, hydro- power, mineral oil, natural gas 

etc. . 
Global Energy Consumption Pattern and Demands 

Amsru nt of energy consumed by a country depends on the living stil ndar~1 of_ its c itiL.~115 a.~d-~e 
degree of its industrializa tion. The average energy re~u1red fo r a mil n to m,u ntilm 111 __ l~ ail_ actint.11:.· 
Jequire about 20 k ca l per day. This energy ·~ supplied by food he/ she Cil ls. In add1tu'.n, n~an us . 

f Pl·tal per day is about 2000 bmes the 20 l< alone he needs for m,unt,1 111111g lifo. more energy or ca 

Nuclear 

7%" 
Hyd ro electric --....._ 

power 
3% 

OIi 
40% 

Wo od 
10% 

I 

Tl 
. ces being used by us arc: coal, biomass, nu !ear e1wrgy, hydro- power, mineral 

1e mam energy sour O o, f ti I I f . I . . . At present about ,4 10 o IC L emant or energy 111 t 1' world 1s obtamed from 
oil, natural gas etc. ' 
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314 I A COMPLETE NEB , SOLUtlON TO PHYSICS · XII 

. . . t 'o ,s I rovid l'd by coa l, ,1bout 20 % by natu oils. mnlnrl ,, ::ibout 20 °; 0f UH~ tnt-al l'n ,rg , onsu,np I l · . . ra) 
. . 1• 1. .· • , . :\"1 ther l 'rwrgy ret1u1red by t'hc w 1 gas, wood 10 ° , nu I 'ar (1ss1on 7 o nnd h , · 1 Ol' e till pow J , ro . . . or d 

· · t· 1 . • ti I I 11 t1"r11y w ind erwr<ry •tc. Given fig is fu 1 filled by )ther e1wq,y snu t·cc s I k sn at l' IH?t g , l fl '-- ' o ' " ur 
ho\>vs a dear ph.'h.m.' of the wPrld 's pn'se11l L' t1 0rg nmsu111p li01L · 

34720~6-s~t-c a .N . 6<j Wh tar th m j urc · ? Discuss the global energy con umption p.attern and 

demands. [4] 
a Plea. e ., ' 

35. ~075 GI 

cri i · 

- . 
r nergy source in Nepal? Sugge t some mea ores to reduce ene~gy 

[4] 
al 

The -on.-un,r ti )1\ of 'n rgy i · increasing in Nepal tc!Ve ry yec1 r. Tlw pn~:ul, tion p,rm': th acc~:>mpanie<l 
l y rai: ii "'pan ·i m )f t ' onomic activities is the main cause responsibl e for the. mcrp, sing of the 

fl:"Ul 1pi n f energ •. How€Ver, the consumption of alterativc energy sources 1s very negligible. 

The f 11 \.\·in< ,:ire the major sources of energy in Nepal. 
a. Fu I od: Fuel ,v d i - the major source of energy in Nepal. That is, it is vital source o f energy and 

erve, the larger population tha n any other source of energy does. It is reported tha t fue l wood 
con ume i in hou ehold cooking purposes represents 97% for aU rural areas anL~ 75 % for all the 
countr\' a , hole. 

~ Bio-m~s energy: Bio-mass energy such as animal waste, agricultural residue is also become a major 
ource of energy. Recently, government of Nepal has been given high priority to biogas p rograms 

and has purposed to consb·uct 2000 plants in various sectors of the counh-y. 
c. H dro-energy: Hy droelectric Energy is the most potentiaJ sources of energy in Nepal. H owever, it 

has not been used sufficiently yet. At present tin1e, the use of hyllropowe r e nergy has increased 
drastically. In tl1e world ' s list, Nepal is rich in hydropower next to Brazil. Out of tota l population only 
about 20% people has been facilitated by hydroelectric power. · 

d. Solar Energy: It is a new type of energy, which has been recently iritroduced in Nepal. But its use is 
limited to heating water. It is also used to generate electricity on a small scale for te_leconununication 

• purpose and d om estic purposes in s01ne villages of the county . Even though the potentiali ty of solar 
power in Nepal is quite enormous, lh,ie to the lack of technological knowledge, only small amount of 
solar energy has been installed . · 

e. Coal: CoaJ is considered as a major source of industrial energy. In average, 1,60,000 tons of coal · 
consumed per year in Nepal. Being a mountainous countiy, Nepal has been supposed to be fa irly rich 
in coal resources, but it actually h as no t seen to be so. 

f . · Petroleum oil and natural gases: Pe h·oleum products such as petrol, diesel, kerosene, natural g e 
are the other major sources of tl1e energy in Nepal. The p eh·oleum products cover about 3.5% of the 
total energy consumption . 

g. Wind energy: W ind Energy can be used as a source of energy for operating wii1dmills. Ter'li an l 
some of the interior loca tions s uch as Pal pa, Ramechhap, Karnali, Chishapani, Jumla and am h ~ are 
identified for provid ing wind energy . Electricity is bein g genera ted from wind power in Kagbeni d 
M ustang district. . · 

Among the p rincipal sources of energy, hydro energy is the on) alterna ti e sour )f t•m~r ' 
available abundantly in Nepal. 

Energy Crisis in Modern Society: The shorlage of esse ntia l e1wrg , of thl' e,uth is ra iled " nerg ' 
crLc;is." Due to this ene rgy crisis, the human being has lo fa , , sev 'ra l difficulties & the de elopm •nt 
?f socie ty will be s low ' d down . B aus' of th •sc rcnsnns, an •n •rg cris is has bl'C<)tnl' c1n important 
15sue of the world . In o rder to get rid of ~he prubl 'Ill of ' I'\ •rgy c ris is, <1ltc rnativc sour es t~f ' nergy 
should be developed . 

Now-n-days, the development of a n, tion is m ' c\sured in t •rms of production, inve tment and 

cpnservntion of energy . In ou r vi llages, f ul'I wood , rop waste a nd a n im , I dung a re s till used as 
sources of energy for cooking, heating a nd lightin g. T he sour cs of -nergy, which arc exhausti~le and 

cannot be replaced in ·the nature quickly when exhau s ted, a re ca lled non-re newable sources of 
energy · Fossil fuels and nuclear e nergy arc examples. It has] been l:'Stimated that fossil fuels will JaS

t 

not more than· 200 years at the present rate of consumptions. Similarly, it is estimated tl~at nuclenf 

• 
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materials (uranium a d l . NUCLEAR AND OTHER SOURCES OF ENERGY.I 315 
' n t i onum) will las . . . . 

Thats why, we should cons ' t a t leas t fo r 100 years a t the presei1t rate of consumption. 
- -- --- - -· _ erve energy t 

;. ~074 Set A a .No. s~ Ex~~k!--~ ~vc~t th:~:1~~ ~~:is._ _ _ ~-- _. ___ _ _____________ _ 

of the energy consumption see . . and non-renewable source of energy with examples. Give an account 
bl nano in Nepal (4] 

~ Renewa e and Non renew b l · • 
a e sou rces of 

The sources of enerITT., whi I b energy: 
01 1 can e reprot.lu . 1 • 1 J , I f I g time are caJled renewable 

O 
ceu in s wrt time & ·a n be useu continuous y or on 

energy, solar n rgy . i urces of energy. For exam ple, bio-m nss energy, hydro-energy, nuclea r 
renewable sour ,5 of ' Wmt energy, tida l energy, geo therma l ene rgy, t tc arc major ourccs of 

· cncrg . Scientists • k. · & t 
convenient alte t· - aie ma ~m g several rese,uches to develop the cheapest mos 

rna ive sources of energy. . . 
The sour es of en rgy which , b · 
. JI d cant e reproduced in short time & can 't be used continuously for long 

tune c1re Gl ' non-re newable . . . d 
F l f sources of energy. These energy sources a re fm1 shed after exhauste . 

or 'Xamp e, uel energy al . . f 
bl 

' co energy, fuewood pe trol energy e tc a re m aior sou rce o non-
renewa e sour cs of energy . ' · 

nergy consumption scenario in Nepal _ 
The u e of energy is inc · · N 1 . . reasmg m epal every year. The development efforts and rapid d eve opm ent 
of l~vmg standarJ.s Jemand ever increasing use of energy. However, the conventional ene rgy sou rces 
whi h ~r' non-renewable sources a,re limited . In enal, existing eneq:,ry ·ources are class ified into two 
categories: ·onv -'ntionaJ and altern.itive energy sources. epal is no t indu s tria Uy d eveloped co un try . 
So, th ' biomass 'n -'rgy source su h a burning of wood, agriculture products and a nimal was te 
produ c ts .:ir • the most important sou rce of •ncrg , in cp, I. Petroleum prod ucts s uch as pe trol, d iese l, 
kerusl'nc ·le are th e olh ' r ' nergy ~ou rn•s used in ' Pill. nollll'r m,1jo1: so urce o f.ene rgy in Nep a l is 
hydrnpow •r. A orJing lo the Energy S 1,; t '111 . Pl,rnning cl nd 11c1 l sis Cente r fo r Er~e rgy S tud ies, 
I /TU, the mr1jor t'nergy onsumplion pc lt •rn in 201- is givl'n below: 

•nergy consumption cenari in pa l in 2015 

Types of Energy ource Consumption '1/t, 

Biomas 78 

le t ri ily 3 

nal 4 

Petroleu m products 12 

1odcrn ren ,,, abl ' energy 3 

Tntc1I 
100 

.) .) • > 

l l i ,1 1 tlrnt the most used ene1gy source 1s b10mass such as fu ewood, ,rn1m c1 l du ng, h clb()V) ta ) el s H)'\I\ ' . 
• • . 

1 
•· Itur product and second most used energy source 1s pe lToleum products. 

In 'than fclS, ,1g11 U · · -- ---- ---- -- ---- _ -- ---------··· _ _ _ 

37 ~ 1207 4 
Set 

8 
~a .No. Gd) Whaiis green house ~ffect? Discuss its_ effects, sources and the controlling measures. [4] 

U . ·e made up of green glasses- IS called a green house. It a llows entering th, a. h , h u ' , hos Wcl s 'II . • · . . . 
· . b t d >es not allow escaping out of it. Thus, a green house makes the rnd1, hon m 
through 1t u 

, hnuse having walls of air. Solar radiations cari enter into th , atmospI-wre 
om.parabiC' to green . . . 

f . ti e layer of green house gases. So, the rad1at1ons are trapped m the earth 
b t 1' t " 'IPC out tom 1 1 l 

u ' 1 • . f Lil surface takes place. Thus, t 1e 1eating up of earth's, tmosph('r , due to d 1 · t heating o ear -
u to ' "

1 11 
-~ · . . ll •d green house effect. Main sources of green hou , e eff, t ar , th, v rious 

trapped rad1<1tt0n 1· a . , r1nd deforestation 
activitie. rclea ing gre 11 hou . e gase ' 

Effects of Green House Eff ct 

• Global warming 

• Desertification 
f now and i c 

Increased melting 0 

• Sea level rise e events 
· andextrem · • Stronger storms 

Ocean Acidification w th a nd nutrition levels 
• Change to plant gro . 
• Smog and ozone pollunon 

Ozone layer depletion 
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316 / A COMPLETE NEB SOLUTION ·TO PHYSICS· XII 

Sources of Greenhause Gases 
Carbondioxiqe(C02) and carbonmono ide(CO) 
burning of gases, pclrole um and firewood 

fl
•
0111 

th , runnin g veh lc lc, industries, 
0nting 

Methane gas(CH.i) oming from the animal dung · .,., ,. " Xll " t1st p(1llut" 11ts l'k 
· I t' n between co ..... " • " . 1 , 

Low level ozon ga can be produced from chcnrn:a rcac 10 

CO and 
Haloge n.,tcd carbon Uke C -14 and CFCs gases 

• itrous O ·ide ( 0 2) from soil. 
Solutions of Greenhouse Gases 

Redu e, reuse, rec cle 

se \cs · heal and air conditioning 

Replace your light bulbs 
•· Drive less and drive smart 

Bi.1 energy-efficient products 
Use less hot waler. 
Use the "Off' switch 
Plant a tree 

Use alternative use. of energy 
encourage Others to Conserve 

----;:======-==:--·-···---- -----
38. ~012 Supp a .No. Sa! What are the environmental implications of the following energy sources: 

(i) fossil fuels and (ii) nuclear fuels? 
s Envinmmentc,l implications of fo·ssils fuels alld nuclea r fuels arc: 

[4] 

i. Fossil fuels: Fossil fuels were formed from the fossilized remains of pla nts and a nimals . They ar · 
used in industries like iron and steel. Coal is used in railway ' ngincs. lincral oils like pe trol, diesel, 
and kernsene arc used in lTansportation, lighting e tc. The fos, ii fuel has fo ll owi ng effec t in the 
environme nt. 
.a . Env ironmental pollution is the major disadvantages of fossil fuels . It is a known fac t tha t CO2, gas 

released when fossils arc burnt in one of primary gas respon&iblc for ~loba l warm in g. 
b. Midd le eas t countries have hu ge l'CSCIVC of oil and gas and many' o ther countr ies arc fully 

dependent on them . This leads incre<1sing marketing price. 
c. SO2 is one of pollutant that is released when fossil fuels are burnt and is a main cause of acid rain . 
d. lt .direc tJ y as w ell as indirec tly affects human health. 

ii. Nuclear fuels: the splitting up of a heavy nucleus into two or more nucl ei o f nec1rly equal or 
comparable masses with liberation of energy is called nuclem fission . From nuclear fission large 
amount of heat and light energy is produced. Uranium is the source of nu<;: lea r e ne rgy . The nuclear 
fuel s has fo llowing advanta ges as well as disadvantages on environment. 

Advantages: 

• uclear power plant could produce more elech·ici.ty after coal a11Li oil become scarce. 

• uclea r power plant needs less fuel than one which burns fossil fu els . 

• They do not produ c environmental pollution . 
Disadvantag s: 
• 1uclear explo ions produce radiation Like y- rays, o- rays, .p -rays, neub·o11S, x- rays. T he nu \ea r 

radiations harm the cells of the body which can make people sick or even kill. 

• lncasc of an a cidcnt, the fission reaction goes out of conh'ol , leading to a nuc\ ar ex plosion anti 
emission of great amount of radiation . 

• Nuc.lear reactors only last for nbout forty to fifty years. 

3~072 -S;t C Q~~si What ;; renewa-ble ~nd non re;:;;~ble sources of energy? Write with 'examples. 
Describe the necessity of conservation of natural resources of energy to reduce energy crisis in the future. [4] 

a Renewable and Non renewable sources of energy: Please refer to 12074 Set A a .No. 6dl 
Energy Crisis in Modern Society: Please refer to !2075 GIE a .No. 6~ -40. 12010 Set c a .No. s ~ What are the major energy sources? Discuss the global energy c~;s;:;-mption- pattern. [4] 

a. Please refer to !2076 Sei B Q.No. 6~ 
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--;- ®>68 Can. a .No. snlWh~:--------:--- . _N.UCLEA~ AND OTHER SOURCES OF ENERGY t 3_17 
4 . . !:I t are maJor ener . ___ .,.-----:--· 

pattern and demands. gy sources? Give a brief account .on the global energy consumption 

~ Ple~se refer to ~076 Set 8 O.No. 6jj (4) 

42. ~068 Old . Can. a.No. 1~ Whati~r--:----: ____ _____ _ _____ __:_ _____ :-•· 
some measures to control it. pollution? Discuss the adverse effects of it on the human beings. Wnte 

Air pollution: Air pollution . tl . . (4) 
than can endanger human h :i t contanuna tion of the atmosphere by gaseous, liquid or solid wastes 
reduce visibility or prod e t 1 a~d the health & welfare of pla11ts& animals or car, attack materials, 

' uce undesirable d 
Type of pollutants: 0 

or. 

Air i.s said to be polluted when solid& . . 
harmful substances are called . harrn£ul substances ~e accumulated m the atmosph r and such 

a. Gaseous pollut t· Th air pollutants. 11,ere are two ma1or types of pollutants: . 
an· ese pollutants · b d. · · .J nitrogen Jioxid 

1 
. . are m gaseous state like carbon monoxide, car on 1oxme, 

e, surp us d1ox1de etc 
b. Particulate Pollutant· Th 11 · 

t 
· ese po utants are on solid or liquid·state like dust particle aerosols & fum es 

CC 

Sources of air pollution: 

a. Industrial p ollution· h1dustri·es lik · d · 1 · I · :i · f til. f · b · k . · e cci11.ent m ustne , c 1enuca ml us tnes, er 1zer actones, nc s 
fa ton •s, de .o nlribute a lot lo air pollution . 

b. Veh icular emission: lw emis ion from motor vehicles is a major source of air pollution in urban 
areas. 

I 
c. Burning of solid fuel: Burning of f ucl like firewood, agri ultur, I residues, coal e tc for domestic & 

indu strial purposl' s al. o onlributc lo the air p0llulion. 

ontrol of air pol1ution: 
Follnwing m 'asur 1 s ran be us •d lo L m trol ,lir pollution : 

a. Ind u s lrit'S s hou Id b , establUll'd far from llw s Ill •m nt ar ·as. 
b. Then' ~ho ul I bl' proper h imney~ in fort m ·~ mill ·. If p<)s iblc du t & smoke coritrollcr. should be 

USC.-'d . 
c. Two s t rnk , vngines elf• t b 1 r •pla 'tl by four tr )keen gin . 
d. The us1' of fossil fuels, fircv,•ooJ ol-.e ~houlJ be minimizc<l . 

ffan•ntrnlion s hnuld lw •nc >uraged . Plants an be used f r removiJ1g some pollutants. 
f. lt e rn,llive sou re ~s ){ en 'rg should be used in chicles& c1lso in industries in place of combusti-ble 

ful'l s L' .g. sol,H }JO\ er, wim1 p )wer, de_ tric po,ver e tc. 
g. Popu la tion g rowth is the m , in cau. e of all types of pollutant. We should check the population 

r,rnw th rMe . 
h. udear 1 'Sting ~ 'xpl sion hould be avoided . 

ffe t , of air pollution: . . . 
he f )!lnwing are the major effects of mr pollutio~. . 

I 
. 

1 
entrntion causes global wamung due to green house effect. 

"· n r ' c1s111 g 01 ·d · f 
1 1

- flo·· carbon (CFC) & nitrogen ox1 e causes ozone depletion & ozone hole. 
b. ln reas 1 ro 1 . . . ·. f 

1 1 
.,. nitrogen in air combme vv1th water vapor & cause acid rain . 

Th, ):\.tde. o su p rnr . . . _ . . all absorb sunlight as a result road & aJr accidents may increases. 
d. Part1 uh-1t ' matt r u u · f bl d d · · , · i 

101
bines with haemoglobin o oo re ucmg oxygen carrying cap city of blood. 

rbon monox1l l di d. d · · . .
1 

. stion nervousness, car ac 1Sor ers, v1S1on effect e tc. 
It aus lazme , , au ' . . . . e eye initiation & pulmonary troubles m human bemgs. 

f. O '1de of 111trogen au · b . . . k c u e initiation in respuatory system. It also may caus a th.111a, ronchitis, 
g, Dust untation " smo e 

and allergie. in human b ~~----~ . . - - -- • .---· - - ---···- ~--
--- · · --- --

0
]1 Discuss the role of phys1~s m the development of a nation. (4) 

43. ~068 Old Can. a .No. 10 - f N ti 
. for Development o a on 

Role of Phy5 ics turY the hydro energy brought about a revolutjon in water transport in Britain, 
In the eighteen~, cen t blish itself as one of the world. So we see that every fact requir(:!d for the 
wh·cl helped it to es a tl 1 f h I · · 1 · 1 ti is based in 1e aw o p ysics. Physics am soCiety are complementary to 
dev lopment of a na on . _ · . . 

each other.
1 

n ,.,,nt of a nation without physics is like crying for the moon. Knowledge of 
H . f tl e deve op1 c: . . . . . op1~g _or 1 th efficiency & confidence m _a physical world, study of physics makes the 
ph '~ ics increases e . 
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31 1 A COMPl,-ETE NEB SOLUTION TO PH.YSICS - 'xii · . . h to the nation's social & 
. . -J C() ntnbute n1uc t t l 

indi idual · of a ,1atio.n u,or ,realisti & thus, t 1cy ·) ,· as rightly sa id, "If you wan o l evelop 
t I I . ·•ate (famous l e infrastructure development. o a no 1 e ,wi • · . 

1 
. _." . 

, mr n·'ltion ou must gi c mor, prioril t) the study of pl, ,s1lcs. rnent of a society & hence for the 
. • · ·tnnl for c eve op ·1 l e t f · It has been .lcar that ph 1s 1 ' 1s '' unpot • . f I sk s for the c eve opm n ° a natton 

. f II ' . . . ' th' im} clltan e o p ,y dc · el pmcntofnnahon. Thc l O" mg (H e: 

11ikc N 'pal) : 
1 

(m,ture our society rnn understand 
,, ( l . , I ·nowing· the 'ws o ' , . ,, a . Tn ph rsi s, wt' stud , the kn, s o na Utt .. 

ho"" t0 \i\ in harmon with natut' ' . · . . people towards th " importance of 
I \ · at~ awareness tn .. b. Th > ·tudv of envin.Hunt'n la p \ sics er' . -~~ 

healthy l';"- ironm "nt. . . . . . _. t' es are basically developed on the basis of 
\l tx :hnol i" ,, , hi h ha ~ b :.en f·acil1tating om soc1e 1 , c 

l<l"' • ')f r h r 'i ' . _ . . · . . · · l" s of science . 
d B"in fundamt'ntal s icn ·e, physics 1s used mother disop me_ . . .bl 1 b 

· 1 t f the societies 1s poss1 e on y y studying c. "" h in nev.r te hnology for the deve opmen o . , 

h) i - · . . tl f :l e in a physical work. 
f. The kn )wled g cf physics increases the eff1c1ency & 1e con _1l ~nc . 

tudving ph ic · makes the individuals of a society more realistic. . 
· · · b f 'ble for us by the study of phys1Cs. h . arching stud) of e ·traterrestnal bodies have een mate possi . 

~ Plea 'fi fer to '2068 Old Can. Q.No. 10OR! .. .. .. . . . . __ -·- ----- ___________ · 

44. j2os1 Old a.No. 1~ Discuss the importance of physi~s for the development of nation. [4] 

Ple e refer to @068 Old Can. Q.No. 10 OR! ___ _ -·--·-· ----.. ---· .. -·-·-· .. --.-.......................... ___ _ .. ________ .. __ _ 

45. j2os1 Old a.No. 10 oRJ What is ozone hole? Mention th~ cause~ ang eff~cts of depletion of ozon~ layer. [1+3] 
a The ozone (0 3) is a pale -blue gas formed in the stratosphere. Ozone always has tendency to conv_ert 

back into oxygen. It is an allotropic form of oxygen present in the atmosphere. Due to the absorption 
of certain radiation from the sun, 0 2 molecules dissociates into the nascent oxygen to make ozone 
(03) 
0 2 + hf (radiation) --► [O] + [O] 
02 + [0]--+ 0 3 

Ozoi:te_ hole: The region in tl1e ozone layer where there is deficiency of ozone is called ozone hole. 
Ozone layer is the tlticker concentration of ozone found in the lower sh·atosphere between the 
altitude 30 km to 50 km. A complete ozone layer stops most of the sun's ultraviolet (uv) radiation as 
well as radiations of wavelengths less then 3xl0·7 m. U the uv rays are not absorbed by the ozone 
layer, the existence of life on the earth would be impossible. . 

O_zone hole is made by the depletion of ozone in the stratosphere through which the uv rays can 
directly en ter the earth causing harm.fol effects. It is estimated that 5% reduction of ozone in the 
ozone layer could . result in nearly 10% iri.crease in the skin can~er on the earth. When chlorofloro 
carbons (CFCs) reach the stratosphere, it destroys ozone according to ·the following reaction: 
CF2Ch + hf (uv- radiation) --+ CF2 Cl + Cl, · · · 
CJ + 0 3 --► CIO + 0 2 
2c10 -c1i + 0 2 

This cl_1., in _reac tion occurs rapid...,ly & dest1·oys tl1e ozo 1e o CFC l · la~h 
-• 1 · ne s L estroys more than one ' ozone m the stratosphere during its life time. 

When the ozone in the ertain areas of an ozone layer is conv t :t · 1 C) th ffc ·t of 
CFCs ozon l l . f d . h . r ·el. mto t" o , ,g .n du 

, 10 e is onne m t at area of th ;) ozone layer. 

~~tTtsl of fthe ozone deple~ion: The deplet -d zon - layer annot absorb lhe UV radiation fr01n th 
. · 1ere. ore, UV rays easily pen tr t t tl ., f f l . " 

a. The UV . a o le u.r ' " t 1e earth nu m g man h nn(ul effects. 
b Tl rays brmg ca tara t ~n the yes. It an ul ti.mat Jy l c'lll to blindn ss 

· 
1e UV rays can cause skin can r . · , 

c. Th,e UV rays da l -DNA & b · · _. 
i Tl UV rnage t le nng gener, tion , lternation. • 

l . 'l.e . rays r d h f . 
e. ,The UV rays de uce t e rate o photosynthesis of plants & bring downfall in the crop yields. ·f 

46. @066 Supp Q.N{}iw~ag~ the phytoplan~ton of wat~•r e o ystem & affect the foo.d chain o~[~] 
. . at 1s ozone hole? Discuss the impact f d . . . . . 

& P!ea.se refer to ~d s_o ozone eplet1on on hvmg beings. . 
· . ~. . 
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47, p066 Supp_ Q.No. 10 03 w;j;;~-;;- - _______ NV~ ~ R ANO OTHER SOUR C E S OF ENERGY I 3 ] 9 

_:.~ :_~e ::~er_:_)_[~ ~~d <:an, Q.No~~~ ~; th
e role of physics in the develo-,;;; nt of nation. ---·· [4] 

48. pos4 a.No. @What is wate - , - ---- _ 
, . r pollution? Discuss 1 --- -- --- ·------ ---- -- - --

ater l olluti n: \V, t 'r is th, . 1 s adverse effects and give some measures to control it. [4) 
:lream t r , , .· l un po rta nt on n f • • 
l 1' c "ti 1nu l Welter \IV( · s I uent o life support sys tem . No one can live and even 

I ·t of our wa t1._'r btidies ,, · lbcn contamina ted .bodies are m·ixed into wa ter it becomes· poJluted. 
ti cl-Ve ecom e u . . / 

Ill C prob! ms lllcl i.nlv the I po uted due to mdus trial growth; urbaniza tion and man-
..,,. . . . , resu t of popul t' 

W,ln: r ansmg trom human a ti . a ion growtl1. Poor sanitation and contamina ted d rinking 
Th' ·hit'f sour c" of water c vllity_ a nd na tural phenomena create serious problems in hu man health. 
i . . 1 . po Uhon are sew d th - - · J 

L 1 • Mrgcs and mdustTial ,. t f age an o er waste, mdus tnal effluents, agn cu ltura 
< .. ,as es rom che . I . d . . . 

nl,mts . They create a J-,. rg " . . bl nuca m ustr1es, fossils fuel plants . and nuclear power 
r • c " e 1 p1 o em f . . 
agriculture a nd "'S , ,,eU f O water pollution rendering water no longer fit fo r d rinking, 

' n . • as or aq ti lif 
diarrhoea a nd othe r water saic _ u~ c e. As a_ result thousands of children die everyday from 
weakened by illness. ' lita hon and hygiene related diseases and many suffer ai1d are 

ause of Water Pollution · 
Surface wate r in the Katl,:n i y LI . • · 

. illlL u a ey 1s severely polluted by industrial effluence, domestic was te, 
and bv th e dIScharge of u 1t · t d · · . . . 1 1.ea e sewage from residential areas. 

i. Domeshc ~oll uhon: _Im porta nt source of wal er pollution is domestic sewage sys tem, which pollutes 
well a nd nve rs, w h ich are important source of drinking water. It is estimated tha t Ka thmandu 
produces 150 tons of waste each day, nearly half of which is dumped into the river. More than 40 
milJi ,)n liters a day of wastewater is generated in Ka tlm1andu and a whopping over 80 percent of this 
is generated by hou seholds. · 

u. Industrial pollution: Sewage is no t the only cause of wa ter p ollution; industrial waste is also a 
significant poll uter - g iving rise to contam ina tion with heavy metals. A recent research conducted by 
the Commun ity Developm ent Organization has concluded tha t the -chemicals discharged by the 
factories c1re m ore harmful than tl1e sewerage tl1at flows into the river9. Out of the 4,271 industrial 
esta blishments arou n d tl1e cow1 try, 72 percent are, concentra ted in the capital _city. Most of them 
discharge untrea ted wa te r into .the river. The efflu ent d ischarged by the factories contains detergents, 
non-biodegrndable m ateria ls and toxic chemicals hazardous to l~e~th and hygiene. _ 

iii. River state: The poor water quali ty of the ri':'er has nun:erous ~etnmental effects fr~m the ecolo?1cal, 
• 1 It I i 11e-, Jth -,.snec ts DomesttC sewage, mdustr1al effluents and agnculturai residues soc1a , cu ura an( ,, c r · - _ . . . _ 

I I 
. 1 . tl e 111 05t s ign ifica nt wastes causmg urban nvers pollut1on m Kathmandu valley. anL c 1e m1ca s ar e 1 . _ . _ 

. f LI t· t · a re discha rged w ithout pre-treatment duectly throu gh the pubhc sewerage All krnds o po u a n s , . . _ . 
_ :1 · • 1 tl . tgh nmoff and open dramage mto nvers . 

s tem orUllll eCt)' U Ol . . . 

I al t] . Poor sanita tion and contammated dnnkmg water are two of tl1e mos t 
Consequences on 1e, 1 · · - 1 :l . . . . 1 1 ards in m any countnes of the wor L. Inadequate wa ter, samtat10n and 
common •nv1ro n1ncnta ,az, d i I . 

I 
. _ .., ·t of the burden of illness an c ea t 1 m developing countries. Lack of 

I · t for a a 1ge p,a1 · · 
1yg 1cne accoun .' . . tI,e second m os t important risk factor in terms o f the global burden of 
1 - I ' rand s·1111tat1011 ,s tl . f . . c ea n "'"'1 ' · ' . . Tl ·e are ma ny reports on _1e impact o wa terborne diseases m countncs 

:t . , ft n a lnutnt1on . ie1 ' . - . . 
L 1scase, a er I i of outbreaks due to bactenal, v iral, and parasitic nucro-orgamsms 

11 . 1 . ,vea ling thousa nL s . 1 . 
wor L Wit e 1 ' • of untrea ted or improper y trea ted drinkin g was te. An 11n port mt 

. . 1 ·ti the con urnp t1on . 1· . assonc1tcu ,v i 1 lated diseases, in pa rticula r: water-rela ted vec tor-borne t 1sea es, 1s 
f · { 1 b rdcn nf water-re ' f 1 11 I ract1on o l 1, LI . rces a re developed and m anaged . Jn many parts o t 1e wor ( t 1 . _ 1 , , water reso u _ . . , 1 . 
attnbutable tot 1e wa) s truction, rrnga llon development and fl ood control may ead tom 

I I · a t of dam con · - • · f 'I ·· ,• W , · adverse· h a t 1 unp, . . Japa nese cncepl1c1 l1trs, sch1s toso miasis Iy111pha t1c I mms1s . a te1 
. · ·. 1 c of malana, · ' I I f I h an mcreased mciucnc • bstan ~s li ke mcrcwy le"'ll ·11·s"111·c et . m u 1 ,a.rm u to t e f · orgamc s u • ' , " , , L 

poll u ted by source O 111 
ff - tcd by the willer pollu ~ion. 

· 1 · a l o a ec J 1· · · health . Aquahc ivcs' . Wa ter pollut ion is the mos t se rious envJronm~nta qu;~ ity issues m 
How to soh,e the problem. I f solid and li t]Ui I t I i c1nd surfa e wa ter. The most ti e disposa o ' t was es on an( ' ' 1 . 1 R . 1 N al It is caused by 1 :I t •a t effl uent an 1 . . 1 . I . tues and c 1en11ca s. esearc 1 epc . . e Ull us n c L agn cu tu ra resit . . . 
significant waste is se_weag 'u blic hea lth importance of providing safe drill.king wat~r ~up phes, 

fu i . on the rclatlV P _ seem cou t . . . ed hygiene and sa mtat10n have 
1L mgs ducahon 01ay n er mtu1bve Improv d . . i ' 1 . - I J giene e ' - 1- 1 · u· ally re uchons m t iarr 1oea 

samtahon anl iy . k. 1g water qua ity on iealth outcom es spec ic, S 1· :I . l ' 
. t t1 an dru1 u d ral ·ty ' ild growth. o 1t was te 1s a so an 

more unpac 1 ·bidity an m or 1 , and increases in ch - . :l tr · 1 d ' . . . . f 0- ns n1or . f Hd was te m ml us 1a 1stncts 
paras1bc u1 e~ 0 , ])u tan t. There IS no system atic managemep t o so · 
aesthetic or visual P0 
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320 · ' . XII . I A COMPLETE N EB SOLUTION TO f;' HY S I CS . • b t the serv ices a . 
. . . . . . . . . I m of solid was tes u . . c re not as 

The n~um 1pahties are h · lpmg a lot tn olv11~g tl~' P1 {lb , s (or excreta managemen t, ma11y of Which 
effective as c pedcd. Thcr , a rc' 11u t l l'l'Otl s k-c hmrn l optwn. 

1
.
1 

. vid c1d quat -· and safe servic ' 
. . . l . tn'n ,d wl p 10 as 
1f properl , designed, onstrn tcid, opero l •d nn n H1 tl1 .t 

1 • · 

. well as health hem.fits . · · • ... f -d ·1 .-· -·--~ 
·--··--•·-, -- -·· · --~ · . . h d velopment o a eve opmg country lik 
49. 12064 Q.No. 10 oR) Write an es ay n th role of phy lcs In t 8 8 [e 
· Nepal. .--------- . . 4] 
.., Please refer to 12.068 Id an . Q.N . 1 o oaj · . , ..... . 
·;o.72063 Q.No.: 1g What ar th~ role of physics In .the de~~lopment of n_ation? [4} 

Please rd 'r to 12068 Id Can. Q.No. 1 0 ORI .. .... . ... . ... 

51.-@063 Q.No. 10 RID scribe the presen~t s~utc~s-·of en~rgy being used In our country. [4J 

Plea c I' 'for to 12065 GIE Q.No. 6dl . . . . . . _ ..... -••·- ... - •... -·--•-·· · ·- ·-·-: - ~-

52. IW62 a~N~.1~ Wh~ti; a ozo~e lay;~? ii;scribe th; iii~~ts ~i ~~-~~~ depletion on the plants and animal life on 
earth. What steps should we take to avoid ozone depletion .in our atmosphere? [4} 

"' Plea e refer to 12067 Old Q.No. 10 ORI . .... . .. . .. . ... . . . . . . . . __ __ __ -- . ------ ---
~W06-1Q.No~~ Wh~~;~ th~ causes of air pollution? Me~ti~n-it~~ffi~ts and ways to minimize it. (4) 

Please refer to 12068 Old Can . Q.No. 101 ···--------·- --~-
H___ - H H' HH 1-- -- - -

54. j2os1 Q.No. 10 ORI Write ~n e~;~y- ~~- ~~j~~-;~~~~~s ~-f·e~~;gy ·i-~ Nepal. (4J 

a Please refer to 12075 GIE Q.No. 6dl ·---·--- ---· - -· ---------=---
55. j2oso a .No. 1 ~ Give a brief account on "Energy sources of Nepal';:· --- - - [4] 
a Please refer to l207s ·G1E Q.No. Gd! 

56. j2oso Q.No. 10 ORI What is air pollution? Discuss major sources of a-i~ p~u-ti~ -and suggest so111e ways of 
controlling it. ~----- [1+2+1} 

"lS. Please refer to J~o~s Old Ca~:-~N~: ~?L ____ _ _ _ _ ____________________________________________ _ 
57.· j2059 a .No. 101 What do you mean by ozone-hole? What various agents are responsible for ozone layer 

depletion in the stratosphere? What measures should we take to stop the depletion of ozone layer? [1+2+1] 

'?:s.. Please refer to 12067 Old Q.No. 10 OR! _------ ··-----·---··------·--- -- ---·---------------

58. \2059 a.No. 10 ORI What is renewable source of energy? Nepal is rich in hydro power next to Brazil. Comment 

on it. ~-----, (1+3) 
";s. Please refer to 12075 GIE Q.No. Gd! ·----····- ____ ..., _____ ,._, -···- __ _______ ,. ___ .,.__,.,_. _____ , ____ ....... 

59. /2058 a .No. 1~ What is water pollution? What degree of water pollution qo you think exists in Kathmandu 
· valley? ~--~ · · [4] 

a Pleas~ refer to 12064 Q.No. 10! 
-60. 12058 a.No. 1 ~ oaj Wh~t d_o_y-ou-· m- e-a~-b-y r~~ii;ti~-~-h-;~~~d? What are its ~;f~ty-~;~;~~~? -- ------ -- [~f 
a The nuclear radiations such as y- rays, ll- rays, P -rays, neutrons, x- rays can cause harm to the li ing being 

by ionizin g complex organic molecules, the danger of exposure to these radiations is callrd radiation 
hazards. Moreover, the presence of rad iations on an enviromnent is called the radiation pollutions. The 
main pollutants of radiation are: · · · 

a. The radioactive elements such as urani um, radium etc. 

b. The co mi rays . 
Effects: 
The radia tion dam~gc produced in biologi al organisms is primarily due to ionization produces in 
life cells. The main damage Lo the g netic material, DNA i p, rti ularly eri( us one sine it can 
damage not only the individual but also futur • g nerations as_ w II. The possibl ., damages .are: 

a. Over exposure to radiation can cause lung cancer. 
b. Radiation can caU5e genetic damage by dividing the reproductive cells. 
c. Tl~e exposure to .radiation can cause blindness. . . · . 
d . The exposure to radiation may cause s tar t of leukemia (dea th of RBC m the blood). 

e. The radiation can cause ski!' bum & can ultimately lead to skin cancer. 

Safety: · • , 
The followin.g safety prernution~ should be taken while ~sing radioactive source: 
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321 RCES OF ENERGY/ NUCLEAR AND OTHER SOU 

a. Radioactive source.s must 'b handled with th., h~lp of rcmot~ cor~trol devices. ( . y absorb 
. . ' J . th t the leaL ma c b. Rad10active source s 1ou]d be pla ed in thi I walled, h ,d cont, iners so a the radiations. 

The worker must wear a I ,, d apron ,,vhilc worl Inv in lhe h, zn rdous areas. c. o 

d. The radioa tive waste must be avoid \d •(rom the working areas. 
e. Nuclear explosion should be nrri •d fnr away from the public ar Jas, 

i1.-~057 a.No. 1~ What is the role of physics In the developm~nt of a nation? 
Please refer to 12068 Old Can. O.No. 10 013] _ . ·-· _ 

~Tos70.N~ 10 oR)What Is ozone h"Oie? DisCuS~th;i;;;p·.~,; of-~zoM d.-P1et1on on living things. 
Please refer to 12067 Old 0 .No. 1 o ORj 

[4] 

[4] 

ClClCl 

... -.. ...... .. ..... 
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·. 1 . e of 1-6><10·29C is moving with a velocity of V = {2i + 3J11
)n-.

8
_1 , 

Sam ,It· Prvbl<?m 15.1 A t:~st- c 1a1g • ••1 1n 

. .. . 4 _ ( ~ 4 JI\) wlnu-2. Find the fol'ce acling on the test charge. 
a magnetic held. B - 3 1 + 

Sol": v = (2i + 3J) and B = (3i + 4j} F = q (- k) 
Now, F = q (v X B) 

= q ( 2i + 3 J) X ( 3i + 4J) 

= q ( Sk- 9k) 

/\ 

= - 1. 6 X 10-19 k 

• Force acting on the test charge is 
1.6x1Q-19 N along negative z-axis. 

;m Magnetic Force on a Current-Carrying Conductor 

A conductor possesses a large number of free electrons. 
These free electrons ~re drifted along the conductor when 
electric field is applied across it. Hence if a current 
carrying conductor is placed in a magnetic field, each of 
the drifting electrons experiences a Lorentz force. _$um of 
q]l Lorentz forces · is equal to force experienced by current 
carrying conductor in a magnetic field. 

Let us consider a straight conductor of length Z carrying B 
current I, placed in a magnetic field B making an angle 0 --'I!:.Jt-. _ ____:::,...__ ______ T 

• • "":;:7 · Fig-15 9· Force on a conductor 
with the directlon of ti as shown in Fig-15.9. Let 'n' be the · · . t· }. Id 

zn magne tc te 
number of free electrons per unit volume (free electron 
density) in the conductor. If 'vd' be drift velocity of electron in the conductor, then, force on 
each electron known as Lorentz force 

I 

· F; = e(~xB) 

Total number of free electrons in the conductor N = 11 x volume of the conductor 

= nAl {Al = volume of the conductor} 
ductor Where A = area .of cross-section of the con 

Total force acting on the conductor, f' = N °F!= nAle ( ~ x B) 
Magnitude of total force, F = (nAle) vd B sin0 = (nAevd) (Z B sin0) = I Z B sin0 
Since nAevd = (ne) Avd • = I 
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;, 

e relation can be written as ,. 
~ ' . I ~ : '\' ... 

. . . 

~ ; - ) "'R~h•'-'ffi 

; . {force is perpendicular to the plane containing 1 d ~ d · · · .' ·· ' -· 
1~jot1 o · an ti an may be given by .. ;". 

1 }"{t hn.nd rule. . 
1111gs e , , . • . (/~ 

. 'al C.1scs: ... T , .. 

\\~ien O == 0° or 180°, sin0 = 0 so that F =ON 

This n\eans if a current carrying conductor is placed parallel or antiparallel to the 
n,agnetk field, no force is e, perienced by it 

l\~tcn ·e == 90°, sin0 = 1 so that F =Bl/= max. value of force 

n11s means a current carrying conductor if placed perpendicular to the magnetic field, 

1naxinnun force is experienced by it. 

:,,:3 )'i1111· l111di•rst,mdi11 · Why does a force act on a conductor in a magnetic field only wh~n a 

nirrenl flows through it and not earlier, even though there are large no. of free electrons? 

a: When flow of current in a conductor is zero, the motion of electrons produce no net · 

facement due to ~ hich no force is experienced by them. 
• - - (. • <::, , 

lllli/,MIIAMilli61ii..._b_.iliii~ A vertical straight ·conductor X of length 0.5 m is situated in a uniform 

horizontal magnetic field of 0.1 T. (i) Calculate the force on X when a current of 4A is passed 

into it. (ii) Through what angle must X be turned in a vertical plane so that the force on Xis 
halved? 

SoJn: 

(i) Given, 

L = 0.5m, 
B = 0.1 T, 

I = 4A, 8 = 90° 
F = ? 

F 

= BIL sin 0 
= 0.1 x 4 x 0.5 x 1 = 0.2 N 

(ii) Let a be the required angle, The force 

on the conductor 

1 0.2 
F' = 2 F = 2 = 0.1 N 

F' = BIL sin 8 

1 
or, Q BIL = BIL sin (90° - a) 

1 
or, 2 cos a 

or, a = cos-1 (½) = 60° 
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- Pioneer, Physics XII ----

. ··· f 5 x Bern rectangular loop of wire is parallel to a o.19T 
Sam le Pmbfom 15.3 The plane o a cm (b) h t · th • . . . £ 6 2A (a) What torque acts w a ts e maximum 

. magnetic field. The loop carn~s a current ot t. 11 th of wire carrying the same current in th' 
torque that can be obtained w ith the same O a eng 1s 

magnetic field? 

So\n: Given, 

A = 5cm 8 m 

A = 40 10-4 m2 

B = 0.1 T 

0 = 0 

l = .2A 

) T rque acti ng ( t) = ? 

t = BIA Cos 0 

t = 0.19 x 6.2 x 40 x 10-4 cos 0° 

't' = 4.7 x 10-3 Nm 

(b) Maximum torque (-c max)=? 

·rorque will be maximum, when angle 
belween the plane of the coil and field 
is zero . So, 

Maxhnum torque (-c max) = BIA Cos0° 

= 4.7 x 10-3 Nm 

oving Coil Galvanometer 

The m_ovi.n.g coil galvanometer was introduced first of all by Kelvin and modified later by d' 

Arsonval. That is why this galvanometer is also known as d' Arsonval galvanometer. 

[A1 Principle: When a coil is placed in a magnetic field, it experiences a. torque due to the 
forces acting on the coil according to Fleming's left hand rule. 

(B1 Construction: A moving coil galvanometer consists of a coil PQRS, containing of a large 

n umber of turns of the fine insulated copper wire. The coil is wound over light, non­
magnetic, 

T 

11rm 
s I R 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Core 

(b) 
(a) r • 

Fig-15,11(a): Moving coil Galvanometer Fig-15.ll(b): ~oil in the radial magneticfteld 
- . . r 

11 brass) h · - · gttla metallic frame (usua Y w ich may be circular or rectangular in shape. Rectafl 
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Pioneer Physics XII 

D!!J Hall Effect _ __ _ _ ___ 
. . - · __ - ---~ - _. · _ .- =-- ~ ,d hJ a current carrying conductor, a voltage is deveJ 
\N11c11 a mag11 f1 f1 td ts at>plt~ . . . f' lar to /Jotlt the current and the magnet· . 
acmss Hr Lpetim n itt th dt1'edwtt pe1pem-.1cu d ' overed in 1997 by Ed . icJ 

t 1 fjr'..f. f 'f1 I-I If Effect was 1sc wm He This (fl?ct- is caUed 11-a l /CC -. 1e · a - k' U· · • . · 
L .. I ' . . 1 . . d l · -I :legree a t the Johns Hop ms mvers1ty m Baltin 

Hall while workmg on us o oia l 

Mar)land, U 

11,e 'tTansv rse 
produ ed in thi 
called HaU v lta 
b) H · 

V Jt-age 
ff - t is 

r denol d 

Explanation: AL shO\ n in 
Fi -15.1 , a ~u 1T nt l is 
passing thr u ~h a flat strip 
of 11 tal in a i, en direction. 
A magnetic field B is applied 
at ri ht angle to the strip 
which i directed in to the 
pao-e due to ,vhich the strip 
e 'periences a force which in 
tum is due to · the force 
ex.'Perienced by the charge 

Current (I) 

-- _-- -i 
=Bev/ 

d 

++++++++++++ 

A ®®®®13®® ,__ _______ _ 
Fig-15.12: Hall effect 

carriers, i.e free electrons for metal. The magnetic force acting on the charge carriers havin; 
the magnitude of charge e each moving with a drift velocity vis Bev in the direction fron 
AG to CD according to Fleming left hand rule. So, electrons accumulate at upper side CD 0 

the strip, leaving positive charge at its lower side AG which makes the side AG at positivE 
(higher) potential and the side CD at negative potential. In this way, a potential clifferenc~ it 
set up. This particular potential difference between these two sides of the strip which 
opposes further flow of charges is called Hall potential difference or Hall voltage VH. 

The accumulation of free electrons to upper face CD continue until the magnetic force Frn is 

cancelled out by the force due to electric field FE. 
For the steady flow of electrons, 

¢c 
B ¢ v sin 90° = d 

BJ V1-1 
= enA d [·: I= venA] 

BJ V11 
en (¢t) = 7 [·: A= dt] 
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~· 1 
t·ty- is called Hall c ff· · 

quan 1 nq oe 1c1en t (I-I· ) flte . . c . 

J-{all effect in. metal 

(a) Let B = 1 T I = l0A 

e == 1.6 x 10-19 C t = lnun == 1 >< 10·3in 

n :: 1029 electron lin3 (Copper) 

. Bl 1 x 10 
VH = net = 1029 x 1.6 x 10~19 >< 1 >< JQ.3 = 0.625µv 

1

) Hall effect in senticonductor 

Let B = 1 T I = 10A 

e = 1.6 x 10-19C t = lmm"=·l x 10-3m 

n= 1025 electron/m3 (for semiconductor) 

BI 1 x 10 
VH = net ~ 102s x 1.6 x lQ-19 x lQ-3 = 6.25m V 

Hence, Hall voltage (V H) is much more measurable in semiconductor than in metallic 
conductor. 

:' HatU;etfecf.:-tfs'!>'"'5r~:fm:ea:§'urable:iin semiconductor than in metal 

~~:m~ ~H= J;;t~i1~;:Jt ii~$t[~)[~!i~r:~:;::t electrons/UP)~~~ 
~conducforl('h(i;;io2f,i1~~fr<5gtJ,fu~).:,iHall{effei:'ti.f~:n,j~re,, measurable in semiconductQr~ 

., ,i· '• -d 1' > ~.;,,y'.· .: _:::·: ;:-·J/:&::.:;.,::,>.:;/•:;tJ:(~::irf=:if:\'t/ t_J:tt-::j/{l {H;,r-rj~ :_{ f,X;/t~::·\/?Y:/::~/::/f:, ~w ··t~;:>:if; /:~\, ::• ~-\-· _.. ... -

. ' . . 2 5 thick and carries a current of 150 
~A. A ' A slice of indium antimomde 15 • mm . hall voltage 
of 8,75 :agnetic field of flux density O.ST, correctly applied pro~uc;; ;;a~:: in the slice, 
l1s%i v between the edges of the slice. Calculate the density . 
~o/ij, ng they each have a charged of 1.6 x 10-19 C. 

c· 
. Bl 

1ven Now, \11-1=~ 
'\ I 

ckness (t) -
c~tt - 2.smm == 2 5 X 10-3m ent (I - . . . 
~gn. . )- 150mA = 150 x 1Q-3A 
I etic n -

I Ian va1 ux density (B) = 0 ST 
. I~ tage ( . 

tof fte VB) ·== 8.75mv = 8.75 x 10-3V 
. leqta11 e electron (n) = ? 

char 
. . ge (e) == 1.6 x 1Q-19C 

Bl --n -yHet 

Q .5 X 150 X 10-3 ~1 Q-3 
----:--::---:=-:-:-10-19 )( 25 )( 

::::: 8.75 X lQ-3 X 1.6 >< . -

1022 -3 · 1· of = 2.14 X m . ·de' that s ice 
I t on i.JlSl, · · 

N Of free e ec r .... . : . 
o. 22 .111~.;' 

. 214 X 10 , ·,'· 
indium 15 · . l- · .. · :,_-: 
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t ,: '.V';t~~)!?~;~ :: .. - ' ~~ f. 

~;~_D• l_" --~Pi~on~e::e~r~Ph~y~s~i_c~s-X~l~l ____ :_-_-_--:-,-:-_~_-:::~-::-;.~d-e-::-~a~n;d~-1;,m;;-;;m_-;;_tt~h;i-:-c1k~;i=s~pp;l=a;c;e;d=-=i~n~;a~~m;;-~a:-gn~~ '.I 
A copper stnp 2cm w1. ti strip what Hall voltage appears aero Ie]d 

B = I.ST. if a current of 200A is set is set up 111 te 88 the 
Sam ,It' Pmbfrm "15.6 

strip? Electron concentration = 8.5 )( l025nr3
, 

Sol": 

Thickness (t) = lnun = 1 >< l 0-3tn 

Magnetic flux tle1, sity (13) = 1.5t 

Current l) = 200A 

Bl 1.5 X 200 
Vu= ne t = 8.5 x 102a x 1.6 x 10-19 x 1~ 

300 
= 13600000 

Free electt01, (n) = 8.5 x 10
23 

.-. Hall voltage inside a CoPper strip is 
Hall voltage (VH) = ? 2.20 ~ 10-s V ,,,{ 

= 2.20 >< 10-5 V 

VI e know that, _,, - p ,;1J / £ Q I f -f 
1 

Yr 1 l--?-B 
;BJ Biot Savart's Law ifL 

v\lhenever current is passed tlu-ough a conductor, a 
magnetic field is set up around it. To find the magnetic 

field at any point Laplace and Ampere gave a law , , /, 
which is known as Laplace's law or Ampere's law. But ',,..-./, 

d /-.-this law is first explained by Jean-Baptise Biot an ,' 
I p roved by Felix Savart.- As such this law is now ,' , 

I \ commonly knm-vn as Biot-Savart's law. : \ 
I \ 

Consider a current element AB of a thin curved \ 
\ 

conductor XY shown in Fig-15.13 through which a \ 
constant current I is maintained. Let dB be the ",, 1,· 

r 

.... _ - , 

magnitude of the -;_agnetic field dB at point Pat ~adial Fig~15.13: Biot-Savart's law 
distance 'r' due to this current element of length dl. 
According to Biot-Savart's law 

p 

i dB= I (The magnetic field is directly proportional to current). 

ii dB = dl (The magnetic field is directly proportional to the length of the current 
element). 

iii. dB = sin 0, (The magnetic field is directly proportional to the sine of the angle between 

1 . . ➔ ~ ~ · the current e ement and position vector), where 0 is the angle between r and dL r 15 

position vector of the observation point p with respect to the centre O of the c1.irrent 

element. The direction of d1 is the direction of flow of current. 

1 a· tance iv. dB = r2 , (The magnetic field is inversely proportional to the square of the 15 ' . 

. d It is between the source of the field and the point at which the field is to be measure · 
. . . _ . . t p froJ11 also called inverse square law.), where r 1s the distance of the observation pom 

the mid-point O of the current element. 

Combining all the four factors, we get 
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SFZ .. -- - ,ii .(! sec2 a: da:) Cos a: - ~ co~·a: da .· 
_,,-.. dB=~~ , r2sec2 a - 4nr · . · > ~·:1·· :· ,. 

. , .. · . 4n: l f the conductor .XY is given by inte~ . 
. t p due to the who e o o .. ating 

The magnetic field at potn . . 

~ ~ . 

,h2 I f 110 I [ . ]<1>2 ' 11 µ d _t::- sma 

J ~o l :l '"" == ,_Q_ cos a a - 4nr · -<In 
. B - J .JB == 4 . cos a l u, 41tr i.e. - u -nr · 

- ll)1 
-¢1 . 

. 13 == µu 1 [sin (p2 - sin (-(P1)] 
01 , 4nr 

n _n 
If the conductor is infinitely long, then <!>1 = 2 and <!>2 - 2 

Thus for infinitely long straight conductor 

B=:! [sin~+sin(~)] = :! 
· µo · 21 

or, B ~ 47t ~ 

Sample Problem 15.10 Fig below shows a right-angled isosceles L\PQR having its base equal to_ 

a. A current of 1 ampere is passing downwards along a thin straight wire cutting the plane of 
paper normally as shown at Q. Likewise a similar wire carries an equal current passing 
norm~ly upwards at wire carries an equal current passing normally upwards at R .. F~~ tbe 
magrutude and direction of the magnetic induction B at P. Assume the wire to be infuutelY 
long. 

Soln: Let PQ =QR= r. In right LiPQR, 

A2 = r2 +r2 = 2r2 1 
or, r == -{2 

Magnetic indu~tionhat point p due to the 
conductor passmg t rough Q, 

B1 = 11-0l = ~: ~ 
2nr na -1ina, acting 

along PR 

Magnetic induction at point P due to the 
conductor passing through R, 

B2 = _ ~I , acting along PQ 
'\J2na 

Q a 
ting along 

As the two fields at point Pare ac resultailt 
perpendicular directions, the 
magnetic induction at point Pis 

1101 · 
✓ 2 2 .t:-B = .B1 + Bz"' 71a QIZ· 

•dpoint of 
This field acts towards the rni . 
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arlIIL.~-- ~p,~·o~ne~e~r~P~hy~s~ic~s~Xl~I--------------------~ ; 

II. Soul ··Ie Nnnteri~nl Probleins 
. .. A straight horizontal rod X, of mass 50 g and length 0.5 in is I 

S,1p_1 ,Ir l't,1Mcm 15.14 . _ , , c· Id f 0.2 T perpendicular to X. Calculate the curre .Paced i 
uniforn1 horizontal magnetic ie O 

_ 10 N k ') nt 1n X if ll 
force a·~Hng nit just bal01\ es Hs weight. (g - g- the 

For the weight of the d 
'"'c lh: ba lan ced by the force on th ro to be 

iv n, due to the current flowing t; conductor 
m = 50 g = 0.050 kg, == 0.5 Bl l sin 0 = mg rough it. 
m., 0 =90° 

13 = 0.2 T, I == ? J = 
mg _ 0.050 X 1Q 

Blsin 0 - 0.2 x o.s-;J" :: 5 A 

An cl cdron beam, moving with a velocity of J06 ms-1 th 
• 1 h d · ti f rough a unifomt magndic field of 0.1 T, which is perpend1cu ar to t e JTec on o the beam. Cakulat 

• J • 1 6 x 10-19 C e t he for nan electron 1f the electron c 1arge 1s • • 

,.,0111: 

iven, v = 10 ms-1, B == 0.1 T, q 

= 1.6 X lQ- l9 C, 0 = 90° 

Now,F = Bqv sin 0 

= 0.1 X 106 X 1.Q X }0--19 x J 
= 1.6 X 10-14 N 

r ....... ..,. .... ._.f.j..,tlilb A narrow vertical rectangular coil is suspended from the middle of If; 
upper side with its plane parallel to a uniform horizontal magnetic field of 0.02 T. The coil has 
10 turns and the lengths of its vertical and horizontal sides are 0.1 m and 0.05 m respectively. 
Calculate the torque on the coil when a current of SA is passed into it. What would be the 
new value of the torque if the plane of the vertical coil was initially at 60° to the magnetic 
field and a current of SA was passed into the coil. 

Soln: 
Given, 

B = 0.02 T, N = 10 turns, A = 1 
x b = 0.1 x 0.05 = 0.005 m2 

I = SA, 0 = 0° 
Now, 

Torque = BINA cos 0 = 0.02 x 5 x 
10 x 0.005 x 1 = 0.005 Nm 

= 5 x 10-3 Nm 

New value of the torque when the 
plane of the vertical coil was at 60° to 

the magnetic field. 

= BINA cos 0 
= 5 X 10-3 COS 60° 

1 
= 5 X 10-3 X 2 
= 2.5 x 10-3 Nm 

&7ilDPil@MMii&J& A t I ·1 · 'f m ~ ~ . rec angu ar co1 of 50 turns hangs vertically m a um or eiuht 
f~el: of ~~gmtu<le lO-~ T, so that the plane of the coil is parallel to the field. The mean~ p~ss 
o t e co1 rs 5 ci_n ~nd its mean width 2 cm. Calculate the strength of the current that n1u~on is 
through the coil m order to deflect it 300 'f ti . 1 t t f the suspens 
10 9 N d 1 1e tors10na cons an o - . m per egree. 

Given, 

N = 50 turns, B = 10-2 T, 0 = 300 
c = 1.0-9 Nm per degree, A 

= 5 x 2 cm2= 10cm2 
= 1.0 x 10-4 m 2 = lQ-3 m 2 

We know, BINA cos 0 == c e 
c0 

I = BNA cos 0 

~ 
= 10-2 X 50 X 10-3 c~S 69 µJ\ 
= 6.9 x 10-s A -
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1...urr~rtl Etif 

A copper wire has 1 0 >< 

f 2 0 
2 d . . 1029 fre I . 

I area o . mm an carnes a current e e ectrons per cub' 
.,iuona if the wire is now placed in a Urn of. 5.0 A. Calctila!e the forc:c rn:tre, a cross 

. ~1cetfOlld'cular to the wire. (e = -1.6 x 10-19 C) 'gnehc field of flux density 0 1a5c Tng o~ eac_h !'11'en 
1 

• whtch 1s 

. . 
(In: .,0 

GiV€ll, 
n = 1.0 x 1029 in-3 A = 2.0 

nun2 == 2 x 10-6 m.2, 0 = 900 

I == 5.0 A, B = 0.15 T, F = ? 

Now, I = nevA or v = - 1
-neA 

We k11ow, F = Bev s in0 

= Be sin0 x I BI sine 
= neA nA 

0,15 X 5 Xl 
= 1.0 X 1029 X 2 X lQ-6 

= 3.75 X lQ-24 N 

' A horizontal rod PQ of 10 
,mooth plane incident at 60° to the horizontal Amas~£ g an~ length 0.10 m, is placed on a 
ipplied in the region of PQ. Calculate B if the ,:';; orrn ~erhcal_ magnetic field of value Bis 
.current of 1.73 A flows in the rod. What is the d. t· remfams 

st
abon:rrr on the plane when a uec 10n o the current m the rod? 

Sol": 

B 

Force on the rod along the horizontal 

direction F = BIZ [8 = 90°] 

. Component of force up the plane= BIZ 

cos 60° 
_Component of the weight of the rod 

down the plane = mg sin 60° 

For the rod to be stationary 

BU cos 60° = mg sin 60° 

F cos 60° 

or, B = rr:zg 

0 
_ 10 X 10-3 X 9.8}3 

tan 60 - 1_73 x 0.l = 0.98 T 

As the force is to the right of PQ applying 
Fleming1s left hand rule, the direction of 

current should be from P to Q. 

/ , r 

1 

A cylindrical aluminum bar A resting on two horizontal aluminum 

.Iii a1 s wh· h r · d . tc can be connected to a battery to drive a current through A. A magnetic field of fJU,, 
f. 

1
::••ty 0.10 T, acts perpendicularly to the paper and into it. In which direction will A move if 

Sam I p e roblem 15.20 

~P current flows? 
F cos O 

' ~ 
'l ~-t,<(, ~.• . 

F 

CaJ~ulate the angle to the horizontal to which the· rails muS
t 

~e ti!ted to kee~ A 
stationary if its mass is 5.0 g, the current in it is 4,0 A and the dtrechon of the field 

ains unchanged. (g = 10 ms-2
) rem· 

puspas.com
.np



_, _, •j~{ ' . . , 

.,L __ .~Pi~on~e~e~rP~h~v~si~cs~X~ll~--------~---
1
=n~g~s:in~e~~=-:~F-c=o=s~e~=-:-----

{F = BU sin 90° = BU} - ll cos e 

1··· ,-. 

Sol": . . d ·ule the 
Applying Flet1\in.g,s left han. l . -~ , 1 t 

· t the l 1g 1 · 
~ _ 0.1 X 4 X 5 X lQ-2 

or tan 0 - mg - 5 x 10-3 x 10 ::: 0.4 

or 0 =tan-1 (0.4) = 21.8° 

direction of the force is o . 
l -\, ;-a· t·ds right. He11ce A mov- s O •v · , 

l l. u ~h wluch the 
Let 0 be the an.g c l wo g . - l so 

. - l b t·\te· j to the hottzonta tails nms e 1 a 
as to keep itstatio1\ary, then 

_ 1. ,ometern which are otherwise identical are fitted . Two ga v.11 ' • . . W1tb 
. c:oil of 50 turns and resistance 10 Q while the other has 500 turns and 

-different coils. One has a . 1 . f 
O 

of the deflection when each is connected in turns t 
res1stance of 600 0. W113t 18 t ,c ta 1 o a 

:ell of e.m£ 2.5 V and internal resistance 50 Q ? 

·.' 
-. ·•: · , 

Sol".: 
Given, 

-

' 

N1 = 50, R1 = 10 Q, N2 = 500, R2 = 600 Q 

\ T = 2.5 \ TI 81 : 82 = ? 
C E 

11 = N1 BA 81 = R1 + r ...... (i) 

C E (") 
h = N2 BA 82 = R2 + r .. .. .. 11 

From (i) and (ii) 

or, 
01 R2 + r N1 
02 = R1 + r. N2 

600 + 50 50 
= 10 + 50 · 500 

650 
= 60 X 10 = 13 : 12 

~ Jj;J A circular coil of 50 turns and area 1.25 x 10-3 m2 is pivoted about a 
vertical diameter in a uniform horizontal magnetic field and carries a current of 2A. When the 
coil is held with its plane in a north-south direction, it experiences a couple of 0.04 Nm. When 
its plane is east-west, the corresponding couple is 0.03 Nm. Calculate the magnetic flu.t 
density. 

SoJn: 

Let the plane of the coil makes an angle 

0 with the magnetic field when it is in 
the north-south direction. 

At this position 

Torque 't1 = BINA cos 0 

When the plane of the coil is in the 
east-west direction 

Torque 't2 = BINA sin 0 
2 2 

't; + 'tz = B2 I2 N 2 A2 (cos2 0 + sin2 0) 

B2 = 

= 

= 

B = 

2 2 
"C1 + 't2 

I2 N2 A2 

{0.03)2 + (0.04)2
-; 

(2 X 50 X 1.25 X 10-3)-

0.0025 ___.-:; 
(2 X 50 X 1.25 X 10-3)-

' 1 o.os ~::: o.4 
2 X 50 X 1.25 X 10 
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p. 
__;. ________________ _____.:M:.:..:..:a~gn:.::e:.:t::ic:....:E:..:.ff:..:e::ct::s:...::o:..'..f...::C::::u.'...'.rr.::e.'...'.nt.'.:...._ __ _ 

A ~a~v?nometer, with a scale divided into 150 equal divisions, has a 
rrent sensitivity of 1? d1~1s10ns_ per miliampere and a voltage sensitivity of 2 divisions per 

cU, , lt, How can the mshument be adapted to serve (a) as an ammeter reading to 6A (b) as a 
.,1\hVO • l l d' . . , ,,. ter in wlnc 1 eac 1 1v1s10n represents 1 volt? 
"0un,e . 
sol~: Given, . S 
current sensitivity (0/1) = 10 div/ mA lg= 

1 
G + S 

Max. cun-ent that the galvanometer can 
~iasure, lg= Cunent corresponding to 150 divs 

s 
15 X 10-3 = 6--5 + S 

150 or, 75 X 10-3 + 15 X 10-3 S = 6 S 

75 X 10-3 = (6 - 0.015) S = l0 = 151nA 

\o1tagesensitivity (0/V) = 2 div/mV 

:. Maximum Voltage corresponding to the 
150 

full scale deflection, V g = 2 = 75 m V 

:. Galvanometer resistance G = Y...z. lg 

75mV = =SQ 15mA 

(a) Current to be measured I = 6A 

Let S be the resistance to be connected across 
the galvanometer so as to read 6A, then 

or, 

s = 
75 X 10-3 

5.985 
= 12.5 X lQ-3 Q 

(b) Voltage to be measured V = 150 x 1 = 1sav 
Let R be the resistance to be connected in 

series with the galvanometer so as to read 
150 V, then 

150 = 
or, 150 = 

or, 5 + R = 

or, R = 

lg (G + R) 
15 x 10-3 (5 + R) 

150 
15 X 10-3 = 10,QQQ 

10,000 - 5 = 9995 Q 

ample Prnblem 15.24 A wire 28 m long is bent into N turns of circular coil of diameter 14 cm 
forming a solenoid of length 60 cm. Calculate the flux density inside it when a current of 5 

a.mp passes through-it. (µa = 12.57 x 10-7 m-
1

) 

Given, 

l = 60 cm = 0.6 m 
d = 14 cm= 0.14 m, 
From question, N x 1td = 28 m 

28 
N = 0.14 X 7t = 63.66 turns 

N 
B = µo nJ = µ0 z I = 12.57 X 

63.66 
10-7 X GT X 5 = 6.67 X 1()-l T 

Sample Problem 15.26 

N x 1t x 0.14 = 28 
_A_h ___ n_t_a-=-1-w-=i-re-,--=01f1l::en::g:;ti:hc5:":c;::m~a~n~d~c~ar-;,ry~in~g~a~c~u=rre::n•t :-of~2--;;A~is:--:p~li:ac:::e::i"d 

onzo · · Th 1 ·d h 1n th . 
1 

• d at right angles to its axis. e so enoi as 1000 tu.ms per 
lll~tre middle of a long so enot t 

I 
Calculate I if the force on the wire is vertically downwards 

e and carries a steady curren · 
and equal to 10-4 N. 

Sol 
or 10-'1 = ~lo nl X lwire l 

n: 
or 10-4 = 41t x 10-7 x 1000 x I x 2 x 5 x 10-2 

= 41t .X lQ-5 I Given, l = 5 cm = 5 X 10-2 m, I wire = 2A 

n = 1000 m-1, F = 10-4 N 
lf l be the current through the solenoid, 

th
en 

B=µonl 
Force·= B lwirel 

10-4 10 . 
I = 47t X 10-5 = 47t = 0.8 A 

1 

,l 
I 

'l 
i 
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