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. Chapteri: Wave Motion

g P U e s et
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1. [2076 Set B Q.No. 34 Can longitudinal wave be polarized? Explain. WL 12]
u Polarization is the phenomenon of restriction of wave to vibrate in a single direction. The transverse
~ wave vibrates in all direction and we can cut of other directions restricting vibration in a single
direction. The longitudinal waves vibrate in a. single direction (in the direction of propagation of

-~ wave) i.e. this wave is already polariZed. Due to this reason, longitudinal waves can not be polarized.

2. {2076 Set C Q.No. 3a] How are stationary waves formed? L e [2]

u Stationary (or standing) wave: when two progressive waves of
-the same wavelength and amplitude travelling with the same
speed through a medium in opposite directions and superimpose , —— ‘
upon each other, they give rise to a wave whichpié ceﬁled - M\;\A}VN\A—
stationary wave. ¥ TN g R
In stationary wave, there are certain points where the amplitude of .. Fig: Stationary wave
vibration is always zero. These points are known as nodes. '

Midway between these nodes, there are other points where amplitude of vibration is maximum. These
points are known as antinodes. The formation of stationary wave along with nodes and antinodes is
shown in figure. ' : ' Figd -

<«1/2—>

3. [2075 GIE Q.No. 34 [2072 Set D Q.No. 34 Distinguish between progressive waves and stationary waves. - [2]
n Differences between progressive wave and stationary wave are: )
: . Progressive waves ‘ ‘Stationary waves
_* The disturbance travels in forward direction. * The disturbances-are confined to a particular -
v ~ . region. Eak ’
* The amplitude of vibration of each particle is | * The amplitude is zero at nodes -and
same. : . : ) maximum at antinodes: :
= Energy is transferred forward along the | = There is no transfer of energy in the medium.
waves. . ;
* No particles in the medium are permanently at | = Particles at the nodes are permanently at
rest but momentarily at rest at the extreme |, rest. '
positions.: - , - ST
4. [2075 Set A Q.No. 33l We can't hear echo in a small room. Why? . [2]

® The minimum distance between the listener and the wall (reﬂecting surface) must be 17m to hear an
“echo. If a room is small, this requirement is not fulfille<. Due to persistence of hegring (0.1Sec) , our
ears cannot detect the repeated sounds i.e. we cannot hear echo. : ,

5. [2075 Set B Q.No. 3a Frequency is the most fundamental property of a wave. Why? 2]

B The frequency is the most fundamental property of a wave as it is determined from the wave source.
In a wave motion, its velocity and wavelength may change with the medium in which it passes but
frequency does not change. Due to this reason, frequency of a wave is taken as empirical parameter.

§. 2073 Supp Q.No. 32| [2058 Q:No. 1 d If you are walking on the moon surface, can you hear the cracking sound
behind you? Explain. o ' : [2]
8 Sound wave is a mechanical wave so it requires a medium for propagation ‘but there is no
atmosphere i.e. medium on the moon surface. There is lack of atmosphere on the moon because of its
weak gravity. So, due of lack of medium (i.e. atmosphere), the Propagation of sound waves on moon
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iy o - ehind us on the surface of
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et i st Tha i why e omo bt e oG M D 0t i
o ' : - waves) travel with-a speed o
7 069 Q.No.3b] A radio station broadcasts at 800 KHz. If the radio waves (em » ) e
" 3%10° mis, what will be the wavelength of the wave? e
» Frequency (f) = 800 KHz = 800x10° Hz
Wavelength (A) =? : ‘
Speed () = 3x108m/s
We have, »
¢ 3x108m/s _
A=F=Tgoox10e oM :
3, [2069 (SetA) Old Q.No. 1d| Why echo cannot be heard-in a small room?
w Please refer to [2075 SetA'Q.No. 33| . : ‘ , i
s, [Z0ss Can. G.No. 34 Distinguish between light waves and sound waves. ~ S 2
» The main differences between sound waves and light waves are: <
Light waves : . Sound waves
1. Light waves are electromagnetic waves |1. Sound: waves  are n}egl1zlnif:a1‘ Fraves
because these can travel in medium as well because they travel only in mgdxum.
as in vacuum. _ | ; ' :
2. The speed of. light 'Wa.ve is greater ie. | 2. The speed‘ of sound wave is smaller i.e.
3 x 108m/sec in vacuum or air. _330m/sec at 0°C in air.
3. They are transverse wave. - . | 3. They are longitudinal wave.
4. Their wavelength is short. k 4. Their wavelength is long.
5. Light wave can be polarized.’ o’ .. | 5.S0und wave can not be polarized. .
10. [2067 Sup Q.No. 3b] Longitudinal waves cannot be polarized. Wh);? A : : W[Zj‘
w Please refer to 2076 Set B Q.No. 3a] o ‘ :
- 11. [2063 @.No. 1 Which types of wave propagate in liquid, explain. 1 » . [2]
. It;oer tl;eo p;’o:ggzti?} ;)f tftﬁyzrlse.wave&lthe modulus of rigidity (.)f.the. medium is responsible and for
suodizsot rigidity 4k B bstbl? i '3101? pid Oi eltz;silkc e i i
) : , quids have only bulk modulus. ttudi
wave can propagate inside the liquid, . ¥ ' ulus. Hence only longitudinal
12. Do sound waves undergo reflection, refraction and polarization phenomena? Explain. [ZT
u  Yes, soum-i waves undergo reflection and refraction phenomenon. Sound waves Sl o t Cha
surfaces like walls, ground, big halls etc while striking on them. During night heari reflected ‘from
geilrer th;m at day time due to the refraction of sound. . g_ o adiing, ot Aouind &5
- but sound wave does not undergo polarization phenomeno ™ ' : ’
only transverse wave undergoes the Phenomenorll) of I};orlrlaenﬁzao?i:scause lt.ls a longitudinal wave, and
13. How are stationary waves formed? ; : —- - [—ﬂ

a

Please refer to 2076 Set C Q.No. 33

Long Answer Questions | ( 3

14, 074 ‘
Ro74 setB ano. 72 2070 Set D Q.No. 7a| How is a pro e

=

an :quah?n for a progressive wave. e 1 oy P i "
Progressive wave; A wave th ' . ;

o at tr. i .
in the form of crest anq trough o?vels from one region of medium to another repi ryi er[)’
transverse and longitudj compression and rarefaction is called the cbintive el enBO%]
progressive wave.

g
. ) waves are :
etc. are progressive wa \ Progressive w :
ves, - . aves. E. .

€S, The motion of Progressive wavf :§-» Water wave, sound wave, light wave

1S given below

Di /
ifferences between Progrgssive wave and statig
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' where a is amplitude, t is time and o = 2=f and f is

" frequency of vibration. If ¢ be the'phase angle of the particle YA
..P, at distance x from O, then the displacement equation
given by o Amplitude :
e Wy . - LE b
'y =asin (ot; d)). o (i) o ; P .
Sinlce, fora path diff. )F, phase diff. 1szin.. o vﬁé\gf\ St
4! And for a path diff. x, phase diff. is 3 X . =2 —=>I
. 2% ‘ K X >{
ie, = "X
o Fig: Progressive Wave
y “=asin (ot -3 N
t X . [(2r  2n J
y = asin 27 '..F-'): =asm T - \ X ‘
: . ©2n ,
y =asin(ot-kx) o U) [ k= \ + @ wave number or wave vector]

If the wave is travelling from right to left, then the displacement of the pérticlc is given by,
t XY "
y =asin2n(‘.‘l:+;\') (11)

These equations (i).and (ii) are the plane progressive wave equations.

15. 2072 Set C Q.No. 73 What is a wave miotion? Derive progressive wave equation in a medium. [4]
» Please refer to {2074 Set B Q.No. 74 ‘ i

16. [2072 Set E Q.No. 74 [2066 Supp Q.No. 53 Define progiessivé waves. Derive an équation to represent this wave. [4]
w Please refer to 074 Set B Q.No. 73] - ' L ;

17. [2070 Sup (Set A) Q.No. 7 bl 2068 Q.No. 7 b What is the principle of superposition of waves? Discuss the result
of superposing two waves of equal amplitude and same frequency travellirjﬁ in opposite direction. [4]

n Principle of Superposition of Waves: It states that if two or more progress waves traveling together
in a medium, converges to a point, the resulting displacement of the particle at that point is.equal to
the algebraic (vector) sum of individual displacements of the waves. Let y1, y2,°y3, ..., Yo be the
displacement at a point due to individual waves then the resultant displacement, y at the-same time
when the waves superpose to each other is given by ' '
Y=¥1+yat+ys+ ... +yn AR Yk ) _ Y : 3
Stationary (or standing) wave: Whenever two progressive waves of the same ( or nearly same)
wavelength and amplitude travel in opposite directions with the same speed in a medium superpose

--with each other; a resultant wave is formed, i‘,‘Ch a wave is called stationary((Standing ) wave. -

5 % e s

£ ' ; N5
/ ks . A \i A 1 A
¥4 & - T—
: 8 r /,: : PGy *_,' N '.__.: AN '\N b N
. e ‘ . ‘ :.\ <,.- .-._<,.- . .. <_.~ .
6 i) (i)
Original Wave RE Reflection Wave

Stationary Wave

Fig: Formation of Statidnary Wave 2

Let us consider a progressive wave of wavelength 2 is travelling to right as in fig(i) strikes to a p 01;_, oF

re ' ; ; :

thg:;:ot(::gr ::3@2 Ziﬂegt'mg “Tlve 1s]foml\ed which propagate in opposite direction as in fig(ii). When
mbine with each other in a medium, another roc S S

called stationary wave as fig(iii). | ' i Toﬂler resultant wave is formed which is

This’ wave is call : ’ \ \
ed stationary wave because there jg g 1A
~ stationary wave is formed d ; oy 10 flow of energy along the wave. When a
; ue to the superposition of ¢ : : : :
amplitude ; : WO waves, the points of aximum and zero
maI:imum :::c;elf:(lltii;l:gfinahveéy l:n the space. The points where the ampli:::le of vit;ration i
5 — es and those where the amplityde js zero -are,,éﬁlled nodes. The distance .
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P o]
bétWeen tWo consecutive nodes or antinodes is equal to half of the wavelengﬂ\_ i.e. 2)\, Where \ i

wavelength of a wave. Also, the distance between adjacent node and antinode 1s.equf11 to one Quar,

. TR X
of wavelengthie. 3 A

Stationary wave equation: Stationary ‘wave equation can })e obtained by -oppositg addin"
vectorically the displacements of two waves of equal® amplitude, frequency (or period) and
wavelength travelling in opposite directions. » . o

Let y1 be the displacement of the wave travelling to the positive x-direction,

y1 = asin (ot - kx) wes (1) : : sl t2, v
And, y2 be the displacement of the wave travelling to the negatwe x-direction.
y2 = asin (ot + kx) .. (i) :

By using the principle of superposition of waves, the resultant displacement y is given by
Y=nit+ya | Sy

= a sin (ot - kx) + a sin (ot + kx

= a [sin (ot - kx) + sin (ot + kx)] -

= a [sin ot cos kx-cos ot sin kx +sin ot cos kx + cos ot sin kx]

.- .2 2n
=2asinotcoskx =2asin7pt cosTTx -

. 2n 3 eIt
y=AsnTt : .. (i) y

] T2 : ~ - : ;
“where, A =2acos—— be the amplitude of resultant wave.
Equation (iii) is the equation of stationary wave équétion_. : :
; A2 3h T ’ ' i : : : N
CaseLForx=0,5,%5,7% .- ; : " ' e
then, A = 2a is maximum amplitude.
Thus, these points are antinodes.
2 3. 5A
Casell: Forx =7, 7, -
then, A = 0 is minimum or zei'q amplit_ude. 6
Thus, these points are nodes.

g . . X . A : ‘ £
-., Distance between two consecutive nodes or antinodes is > and d15§ancebetween any two consecutive

A
nodes and antinodes iSZ A

+18. 2070 Set C Q.No. 7 a] What are stationary waves? Prove that the distance between any two consecutive_ nodes
in a stationary wave is% x | - o

[4]

L]

@ * Please refer to [2070 Sup (SetA) Q.No. 7 5

19. [2068 Oid Can. q.No. 53 What do you mean by prbgreésive wave equaiion? Deriv ‘ quation
: . - il e progressive wave equd
in terms of its wave vector and displacement. : Riod $ »

‘ 1+]]
w  Pleaserefer to 074 Set B Q.No. 73 [

20. [2063 Q.No:6d State and explain the stationary wave,
w. Please referito po70 Sup (SetA) Q:NoT7 g

- %No' : ”"U’S‘"’ ihe principle of superposition of two waves to find the position of nodes and antinode;..i'“
a standing wave. ", i

DR ‘ I, 4
».  Please refer toR076 Sup (Set A) Q-No. 7.5 N

T

} s
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Numerical Problems ; , ;
22. [2053 Q.No. 3 OR] A wave has the equation (x in metres and t in seconds) y = 0.02 sin (30t 4x) Flnd_ﬁ
i.  lts frequency, speed and wave length.

i ii: The equation of wave with double the amplitude but travelling in the opposite directlon : [4]
olution :

Given,
-~ The given equation is
y =0.02 sin (30 t-4x)
Comparmb this equahon with the btandmd wave equation,

2n
y = asin (ot - kx), where k === VAL have |

@ =30
or, 2=f =30

_LO’.Q__']‘_S. , R ' f
or, f—zn— » . - ;

Frequency, f="—"=4.77 Hz

k=&

E_ -
or, =4

2 @t el

or, A==

~. Wavelength, A =—12t'= 1.571m

.; and Speed, v=7?
| We know that,

| 115
1 : Speed,v=kf=£x—= 7.5 ms™!

Hence, frequency, f =4.77 Hz
Speed, v=7.5 ms"! ’
and wavelength, .. =1. 571 m : \
.+ Theequation of the wave moving in opposite direction and double the amplitude is y = 0.04 sin (aOt 4
4x). 4
i X i aa D

Rt 5 ! 3 e e tn



Waves and Wave Motion "

It is very difficult to identify the difference between the motion of
disturbance and the motion of the water particle. The disturbance moves towards. right with.

constant speed v, given by Eq. (1.4), while the motion of the particles is simple harmonic about
mean position (Calm pond level) and their velocity changes with time as given by Eq. (1.2).

ption’ AlertI:

5. The energy transfer in the medium takes place with a constant speed (v = Af) which
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 Becomes 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

1. Waves transport both energy and linear momentum without transfer of mass but do
not transfer angular momentum.

2. Waves may be one-dimensional (waves in guitar string), two dimensional (waves in
surface of water) or three dimensional (sound waves in air).

SamleProblem-lﬂ’L The FM station of Ra‘dm—I\TL-[ﬁl_ broadcasts at 100 MHz. What will be the
wavelength of the wave?

Sol:  From Eq. (1.4),
Wave velocity (v) = A % f,
Where, v=c=3x10m/s _ A=1/f =3x105/100 x 106 =3 m
(speed of radio waves is equal to that of speed ’

of light in free space)
f =100 MHz =100 x 100 Hz

T B Diagnostic ultrasound of frequency 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 mys, what is the wavelength of this wave in tissue?

t 343 v 1500
Sol»: (a) From Eq. (14) A =F=75x 100 (b) FromEq. (1.4) A =

fa5x%100
or, A =762 % 10 ém =76.2 pm =0.3%x10°m =0.3 mm

S aganlev ke 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™ have a wavelength of 15 mm and amplitude of 5
mm. What is the maximum velocity of the cork?

Soln: Here velocity of ripples
= wave velocity

S (v)=02m/s

Velocity of the cork (1) = Aw cosawt and
when cosot =1, u becomes maximum.

v
Wave length of the wave (\) =15 mm S lUmx= A= Ax2mxf=Ax2mxy
=15 x103m 0.2
5 ————=0.42 m/s
Amplitude of oscillation of cork (A) =5 mm | Umax =5x10-3 x 21 *x 75703~

. =5x103m
Since the cork executes SHM, from Eq. (1.2),
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B s 1 75 (1.8) and (1.9) represent a plane progres§ive wave. The n(s:gative Sign in g

Equatml'lsd(ic'atc;s tilal‘ since the wave travels from left to 'rlght ie. along p951t1ve X-axis,

g'racillzt]l? a progreqqive wave travelling ih opposite direction i.e. from right to left iel
imilarly, a progress! “

negative) w-axis is represented by the equation,

: y-:-.asin(a‘)l‘—kx):amn“x‘ (vt=-x) = asin2n '+'7x o

=1

i

aloy

e

A progressive wave may be transverse or longitudinal in nature.

1\ 'Y 3 . R i 1. _ - . ' :
2. In a progressive wave, all particles of the medium have the same amplitude but differ
phases at a given time.
‘ ¢ ; , d?y d2y
‘3. Indifferential form, above wave equation can be written as, “35 = v2 =373

A wave travelling along a string is describe by y(x,t) = 0.005 sin (80.0 x-3,0
1), in which the numerical constants are in SI units (0.005 m, 80.0 rad m7, and 3.0 rad sT_.
Calculate (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: Giveny (x,t) = 0.005 sin (80.0x - 3.0¢) =7.85 x 102m = 7.85 cm.
This displacement equation for a harmonic h _ 2rrad
o (c) Time period, T=3 3 31 — 2-09s

. . (27
waveis y(x,f)=A sin (Tx - Tt)

1
On comparing the above two equations, we get and Frequency, f=T=50g; = 0.48Hz.

e 2R |27 . | Displacement of the wave at distance x = 30.0
,LA=0.005m, Fin 80.0 rad m?, T = 3.0 rad s?. cm and time ¢ = 20s,
(a) Amplitude, A = 0.005m. y = (0.005m) sin (80.0 x 0.3 - 3.0 x 20)
o = (0.005m) sin (-36 -ad)
(b) Wavelength, A= 300 rad m-1 Lo

I g0 e Nd 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-.

Solution: Here A =5 cm = 0.05m, f = 250 Hz, The equation for the given wave can be written as
= K| t x X
° > 50;)0%13 y=Asin ZTI(T- X) =0.05 sin 2n (250t - ;)
Wavelength, i = ¢ =555 = 2m, B
e 4 y= 0.05 sin 7 (500t -x) metre.
Period, T = 757505

B

Bl Al A progressive wave of frequency 5000 Hz is travelling with a velocity of
360 ms. How far apart are the two points 60° out of phase?

Sol": Here, velocity of wave, v = 360 ms’! (Ax) are related to each other as,
Frequency of the wave, v =500 Hz on :
Theciefore, wavelength of the progressive Ap =5~ Ax ,where Ap=60°=73
g A 072 g
=—= =072m 3 . m_
wave, A =7 | % S A=A =T T X =012m.
The changes in phase (Ap) and in position




| ' tant wave, i.e. A =2a cos kx
) Position of Antinodes: At antinodes, the amplitude of the resul |

i =+1.
hould be maximum and this is possible only when cos kx

21X y’

wheten=0,1,2, .....

A

Displacement of
Resultant Wave

wh

=
>

“© = 19
or, x==; wheren=0, Ly &5 v

A

| A, A
Hence at the distances x =0, X A, 3_ -

Fig- 1.14: Postion of nodes and antinodes from origin
.. from the boundary, antinodes are formed.

Also distance between any two consecutive antinqd¢§ 7 _ _-= —2— = (1.1.5)

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

. . A
consecutive antinodes is equal to % and that distance between node and antinode is 7 . The

points other than node and antinode, the displacement decreases gradually from their
maximum value at antinode to zero value at node.

LBl ERRY Stationary waves are set up by the superposition of two waves given by

v1 = 0.05 sin(5 7t - X) and y2 = 0.05 sin (5nt + x), where x and y are in meters and t in seconds. Find
the displacement of a particle situated at a distance x = 1m.

Sol*: According to principle of superposition, the

displacement is given by
Y=y +1p

= 0.05 sin (5nt - x) + 0.05 sin (57t + x)
Sm-x+5mnt+x  Smt+x-5mt+x

=0.05%2sin 3 cos 5

=10.1 cos x sin 5t
- Amplitude, A = 0.1 cosx

Atx=1m,
0
A=01cos1=0.1cos el
1800
=0.1cos 57.3°= 0.1 x 0.5402
=0.054 m

Sample Problem - 1.9 W o up in a medium is
where x and y are in cm and t in second. (i) Wh

component waves which produce this standing wave? (i) Wh
adjacent nodes? (ii) What is the velocity of the p

Sol™: (i) We know that tf.le displacement equation
of the stationary wave is, y = 2a cos kx sin o ,
Comparing this eg” with y = 4 Cos (11x/3) Sin 1 |
we get
9a=4anda=2cm, ®=40mand k=mn/3
- Vel. of the com ponent waves, U, =m/k=12m/s
(ii) Wavelength (\) =2n/k= 2r/ (/3) = 6 cm
Distance between adjacent nodes =\/2 =3 cm

(iii) Particle velocity (V) =y

give by y =4 Cos (nx/3) Sin 40mt,
at are the amplitude and velocity of the two

at is the distance between

article of the medium at x =3 cm and t = 1/8s?

d X
Y=Tilé Cos? Sin (40mt)]
X
or, v=4 Cos 3~ Cos (40mt)

for x =3 cm and t=1/8 cm,

. 03 1
v =4 Cos 3 Cos (40;1 xg) =1.6rt m/s
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i i wave.
12. Write down the difference between progressive wave a.nd stfmonary
»  Progressive waves and stationary waves have the following differences.

e

Progressive Waves

Stationary Waves

B1

The disturbance travels forward with
a definite velocity:.

T

The disturbance remains confined to the

region where it is produced.

Each particle of the medium executes
SHM about its mean position with the
same amplitude.

Except nodes, all particles of the
medium execute SHM with varying
amplitude.

(

There is a continuous change of phase
from one particle to the next.

All the particles between two successive
nodes vibrate in the same phase, but the
phase reverse for particles between next
pair of nodes.

s

[

No particle of the medium is

permanently a rest.

The particles of the medium at nodes

are permanently at rest.

1

3;
| 5.

There is no instant when all the particles
are at the mean positions together.

Twice during each cycle, all particles

pass through their mean positions
simultaneously.

There is flow of energy across every
plane the direction of
propagation of the wave.

along

Energy of one region remains confined
that region.

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 antinodes.

I1. Sample Numerical Problems

Sample Problemn 1.10 RS velocity of sound in air is 340m/sec, calculate (i) the wavelength of
the wave of frequency 256Hz (ii) the frequency when the wavelength is 0.85m.

Sol (i) V =340m/sec, f = 256Hz , A\ =?

Whére y is the fﬁ
fixed origin O 1n

Weknow, v = M\

or, AN = v/t
or, A = 340/256
or, A = 1.33m

(i) V=340m/sec, A\ = 0.85m

Weknow, f = v/\
or, f = 340/0.85
or, f = 400Hz

y =0.1 sin (2001& - zoﬂ)’

17

Sp]acement in millimeters, t is in seconds and x is the distance from 2
meters. Find (i) the frequency of the wave(ii) its wavelength (iii) its




Waves and Wave Motion_m

speed (iv) the phase difference between a point 0.25 m from O and a point 1.10m from O |

(v) the equation of a wave with double the amplitude and double the frequency but
travelling exactly in opposite direction. '

Sol™ The given equation is 201x
207X Now the phase difference = 7 =T rad
y= 0.1sin (ZOOJtt - ) .

(v) The amplitude of the new wave = 2a
Comparing this equation with the equation = 0.2mm
of a progressive wave, y= a sin (2uft -

; The freque f the =2f=9)
omx/\), We get, (i) 2nf = 200n Ay ok, LSa e L

or, t =100 Hz So the wavelength of the new wave = 2—\(;6
2n 20m
M =T _w0 17
g 200 — 20
0= Jof 0 Therefore, the equation of the new wave is
(i) v =Af given by
or, v =170 m/s : o
(iv) path difference between two waves y = 0.2 sin { 400t + —

xr =11-0.25 =0.85m

(A BBV 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)

Solm Let d; and d; are the distance of the And 2d; = vt,=350x%5
man from the first and second cliff or, d2 = 875m_
respectively, then 2d; = vt; =350 x 3 The distance between two cliffs

ot dy = .5%5m i = di+do= 1400 m

DB IETBEN 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 progressive 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.

Sol": Here, frequency (f) = 250 Hz i (2 " 2 nx)
Velocity of the wave (v) =30 m/sec LA e ke
30 . ) 2 TIX
Wavelength of the wave () = % =250 or, y=0.03sin (2 7 % 250t - 61_2)
s =0.12 m . _ _ (')SOt ;_)
()  Path difference between two points (x) or, y=003sin2mn|250t-577
= 10cm = 0.1m : @)
Therefore the phase difference = 2 yx /A or, y=0.03sin2m (250t T :
=2mx0.1/0.12 4 =§
= 5m/3 radians (iii) The distance between two nodes =5

(ii) ampli =
plitude (a) = 0.03 m
i 0.06 m

So the equation of the progressive iy
Wave is given by
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PI&| Speed of Sound in solid

i i elasticity and the
Since solid has different shape and size, it possesses different modul.lzi of ; Alsot}; e
relations for velocity of sound for the solid of different shapes are different.

; i fecls the spee e propagation.
the vibration of the particles of the medium affects the speed of wave propag

(@) Speed of longitudinal wave in solid i :
: 5 of icity i account.
[n solid bar or rod: In solid rod , the Young's modulus of elasticity is taken into

Hence speed of sound in solid rod is given by,

In solid of other shape : For the bulk solid( rather than thin rod), the bulk modulus (K)

and the modulus of rigidity (1) play role for propagation of sound wave and hence speed
of longitudinal wave is given by,

2.4)
(b) Speed of transverse wave in solid

The mechanical waves travelling in solids as transvers

€ waves are called shear-twaves
and their speed is given as,

S V‘\/; fWheren = modulgs _Of»rlgldl‘\ty : ‘ = (25)
Also for the transverse mechanical waves

Propagating along a string, their speed'is giveh
by the relation,

(For derivation, see section 4.4)

Sample Problemn 2.1 For alumi

nhum the bulk modulus and modulus of rigidit Vs ow
Nm2and 2.1 x 101 N2 gidity are 7.5 x 1

respectively. Find the velocity of longitudinal w

aves in th ium.
Density of aluminum is 2,7 x 103 kg m=3, it it vy
Sol»  Here, k= 7.5 %1010 Nm-2, 1
n =2.1x10" Nm->, 7.5x71010 + 3X 21x1010
= S 3 -3 =
HErIE kgna: o 27% 108

Velocity of longitudinal waves in aluminum js = 6.18 X 10% mg-!

4

K+3M

\% = p




e TR
W For a steel rod, the Young's modulus o
sty s 8 10° kg m* Find the velocity of the longitudinal
Here Y =2.9 x 1011 Nm?,
p=8x 103 kg m3

velocity of longitudinal waves in steel is

Mechanical Waves

f elasticity is 2.9 x 10 Nm? and
waves in the steel rod. :

1Y [29x10m
P 8 x 103

= 6.02 X 103 ms-!

S oln: -

For aluminum the modulus of rigidity is 2.1 x 101 Nm2 and density is
27x 10kg m>. Find the speed of transverse waves in the medium.

goln  Here,n=21X 100 Nm-2 e 3l 21 %1010
p 2.7 x103

p =27 x10° kgm3 ET T
Speed of transverse waves in aluminum is =279%103ms?.
given by

2l Earthquake generates sound waves in earth. 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 km/s and that of P-waves 8.2 km/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? i

Sol:Here, v, = 8.2 km/s , vs = 4.5 km/s and
At=3x60=180s

P waves S waves

‘q&; arrive first arrive then
£
We know that, : 0 3
VXV 45x82 I3 ‘ s
e % 1800 = 1795 km =

vo-v, XM =855

_mspeed of Sound in Liquid

h} case of liquids, the modulus of rigidity is negligible and the bulk modulus (K) becomes
lslg“jﬁcant. Hence the speed of sound in liquid is given by the relation,

V —_

NP
At a pressure of 10° Nm?, the volume strain of water is 5 x 10°. Calculate
n water. Density of water is 10° kg m™.

Bulk modulus of water is Speed of sound in water is

k _. [k
N

ey

th

_ Normal stress (pressure)
Volume strain

105

i x10-5
=2 %109 Nm-2

Depas
ensity, P =103k &b

2 x 109
= 103

=1.414 x 103 ms1.
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the velocity is also less.

high, the velocity of sound is high and if less, - Wng,
Atg night, the ground is cooler than the air above (air .hlgljl above ;he s’;‘l(r)ll;lwﬂl trav:-
than those at near the ground). So sound waves travelling in slanted m

. v il ill travel slowly. This makes the
faster whereas those travelling near the ground will tra el e At

A - g d n
sound waves become more near each other near the grou et et o o
above the ground. In addition, the wave which travelled up wi

. P at a distance
after bending, caused due to the difference in velocities. 50, an observer e 11y g
will get sound that has travelled along the ground and also that has ascen p into

s dfinet v g ems to come
the air, making the sound to be heard distinctly. Moreover, the sound se

from the sky rather than the ground itself.
II. Sample Numerical Problems
Wlen a detonator ié 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 10'* N/m? density of steel = 8 x 103 kg/m3, y for air = 1.4, atmospheric
pressure =105 N/m?) '

Sol™ Here, Y = 2 x 1011 N/m?2 t1 = 6.32 sec.
Pa= 14 kg/m3 Now, the velocity of sound through railway
pPs= 8x10%kg/m3 line
Yy = 14 Y
P = 105N/m? (V)= \/ps
d = 2000 m | $ ~
Velocity of sound in air (v,) = {E P b7 Ds
] Pa Where t, is the time taken by the sound to
g 2 - P travel 2 km through railway line.
L Pa ' 2000 2 x 1011
Where t; is the time taken by sound to travel | -- Ty N L
2km through air. or, tiz = 04% o000
2000 [1.4 x 105 - time i o
oA e ~1 ~.time mteival between two sounds = t; - ¢,
. =632-04= 59> sec.
Sample Problem 2.7 A stone is dro i
ed int .
Calculate the depth of th. 4 (VeIoEiI:y > SO(I)I ;dw=e;l3 :::/is :C)Syplash 1s heard after 2.6 second.
Sol®: Let t be the time taken b :
x Yy the stone in
falling through the depth of the well. Then S0, Ll =26 ¢
the depth of the well is given by : bl .
Y. ?1 d = 3342.6-) .............. )
P loin €quations 1 and 2, we get
3% 9.8 x ¢2 4.912 + 334} 868.4 =
CIR T (1) On solving quadratic equation, we get

t = 2.0504 secs
g and whenp We use this valye of ti
. s e —— . c n
distance d = 334 €quation 2, we get, ’
d =30.73 m

and time taken by sound to trave] the

But this time period is equal to 2.6-t.



Mechanical Waves

R=8.31Jmol] -
Sol» Here, Ratio of SP. heats (y) = 1.66
Mass of helium (M) =4 g
Molar gas constant (R)= 8.31]/mole/K
Temperature (T) = 273K

Compute the speed of sound in helium at S.T.P. Iy =166, M =4 g,

YRT _ [1.66 x 8.31 x 273
Now, v = V = 4 x 10-3

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

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.

Sol" Here,
Velocity of sound at 16°C (v1)= 340 ms-
1

Temperature (T;) =16 + 273 K = 289 K
Temperature (T2) =0° C = 273 K
Temperature (T3) =71° C = 344 K
Frequency (f) = 256 Hz.

Wavelength (A2) = ?

Wavelength (A3) = ?

340
0L 1029~ V2

va = 330.42 ms-1

‘It is given that v = Af

or, 330.42=2A;x 256
A=1.29m

;v Ty
Again, . Ts
340 /289
e vy 344

We have,

Vi o f21 vz =370.9 ms-!

Ty W 370

30_ gggx )MS_f —256—1.44111.
4

SR YRt ALl 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 sound from the source in air at 0°C?

Sol": Here

Frequency of wave (f) = 512 Hz

Wave length of wave (A) = 670mm = 0.67 m

Temperature (T) = 20°C = 293 K

Velocity of wave at 20°C (v)=7?
Wavelength of wave at 0°C (Ag) = ?

We know,

V=AM = 0.67 x 512 = 343.04 m/sec.

i Yo_ .\ [273
Again, 7*=1\ [557

[HSEB 2068]
Where vy is the velocity of sound at 0°C.

Vo 273

—_—

°L 34304~ \/293
Vo =331.125 m/sec,
or, Ao = 331.125
or, Ao x512=331.125
Ao= 0.647 m.
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| : 27° C. It is given th
ST SRIEIPNEE Calculate speed in air saturated with Watte; ;:)agoil‘s a?fs ooy Vgellocity :;
atmospheric pressure is 750 mm of mercury, S.V.P. of wafter a
sound at S.T.P. is 331 m/s.

Sol": Here Vi = 333.10 m/sec
ol": Here,
Tm
Velocity of sound (Vq) = 331 m/sec fehi %//_2,,,_7_ g \/T;
Temperature (Tyy) =27°C = 300K —
Pressure (Pn) = 750 mm of Hg or, 3?{?2.710 _ /3_0_6
S.V.P. at 27° C = 25 mm of Hg

Vy P - 0.378f Vo7 = 349.18 m/sec
We know, V—:n = /—?——

331 750 - 0.378 x 25
ek e 750

ST QTR VY Calculate the temperature in °C at which sounq in hydrogen trax.'els with
the same velocity as in the helium at 373 K. The density of hydrogen is half that of helium.

Sol": Here, from question (Vi,)a73
Velocity of sound at T in Hy = velocity of i (VHe)s73 =\/§
sound at 373 in He Now,
" Velocity of sound a In He s N ==
Vel. of sounc?;t TinH, Vel of sound at 373 in H, (VH2)373 41

Vel of sound at 373 in H;* Vel. of sound at 373 inHe = 1

1 T
(Vi,)r (Vh,)373 O \/E T \J373
or,

(VH,)s73 x (Vie)ars 1 373

s or, T =T
o (Vi)r (VhHe)s73 .
(Vs (Vi,)ars

T=1865K or - 86.5° C
o V1T B0l 0y
Again, 7=\ [2 =

Find the speed of sound in
the temperature is raised b
the gaseous mixture, (R=8.

Sol”:  (a) In terms of temperature, the MM+ oMy x4+ 2 x3
speed of sound is given by Muix = L

n + np - 1+2
YRT 68
van L5 =3 X103 kg/miol...(2)

Now here as 1 mole of helium is mixed with
2 mole of oxygen,

a mixture of 1 mole of helium and 2 mole of

y 1K to 300 K, find the percentage change in
31 J/mol K). :

Further as helium is monatomic

3
C = 5 )R [while oxygen is
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lc. = (-52-)1{] , 5o for mixture , (Cy)mix
diatomuq v
G Vi + nzCV2
MV, Ve

Now, substituting the value of M and ¥ Cfrom
Egs. (2) and (3) in (1) with T =300 K an
R =8.31]/mol K, we get

19 8330 _, o
nl'l"ll'l V: ﬁ)( (9_8.X_10'3) 4 I‘rI/
3 “Ip 3 “
1,\(5)1“2"@‘\ 13
=—R
= 1+2 (7

Also, (Cp)mi\ T (C\‘)mi\ + R
G, 19 6 19

(b) Asv= (Y_'_JII) p fpr a given gas,

Av_1AT 1

1

» :ET:E X-?_)aj XlOO

..(9)

(Cp)mi\ = C\- = 'G‘ R \ﬁ = ‘1_3

=0.167%

EXERCISES-2

Short Answer Questions

ion i i in air or gas?
201- What was the necessity of Laplace correction in the velocity of S(zlund 'mWh . g
202- The velocity of sound is greater through moist air than through dry air. Why?

203- The sound of a distant coming train can be easily detected by placing our ear near the
rails. Why?

Long Answer Questions.

204 Discuss the effect of pressure, temperature 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 Newton’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,

Numerical Problems =

2,08 The audible range of frequencies lies between 20 Hgz and 20 kHz. C
Wavelength corresponding to these extreme fre

7 NTP=33( m/sec)

"2 A sound note of frequency 200 Hz is
assuminy velocity of sound in air

h}'drogegn.

Find the temperature
at 0eC, )

alculate the
quencies at NTP. (velocity of sound at

[Ans: 16.5 m, 16.5 mm]
produced in hydrogen. Find the wavelength

as 332 m/sec and density of air as 14.4times that of
210-

, [Ans: 6.29 m]
at which the velocity of soung in

air becomes 1.5 times its value

[Ans: 341.25:C]
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Short Answer Questions

miteiouy
e ——— moeas——

i s
RN

»....

. quids, why?
Bo7a 5oL Q.No. 34 Velocity of sound In sollds ls more than that In Ilquifs :’vg tir gl G medmmﬁ]
Sound wave is a longitudinal wave. The velueily of a loni’““d'“a by 154

: : c is the densi
given by the relation v.= ’\/—1:; whete B is the modulus of Llastiafy and p ty of the

;0 on E. So, the velocj
medium. From this relation, it is clear that v not only depends on p but als d 1ty of

lepends on the'ratio'Ié . For a solid, the ratjg &
propagation vf any longitudinal wave in cmy medium depen ” |

p
low elastici
is much greater due to its high elasticity than that for a gas or a l1qu1d due to its ty. Hence,

liquids and
the velocity of longitudinal wave (e.g. sound wave) in sohds is grcater tharr in liq gases as
Ve VVg. we

[2073 Set C Q.No. 31 The velocity of sound in solid is generally greater than that in gas at STP Why” Gwe
reason.

| | i
Please refer {2074 Set B Q.No. 3a] : ' : : i/

[2072 Set C Q.No. 34 When sound waves travel through a medlum does the temperature at various points
remain constant? Explain. - ' i
No, when the sound waves travel in a medium, the temperature at various pomts does not remam
same. According to Laplace, during the propagation of sound wave, the formation of compression

and rarefaction is 3o rapid that the heat exchange is zero and the tempe1ature at different pomts is
different and hence the process is adiabatic process. ‘

H

{2071 Set D Q.No. 3 3| 2066 Supp Q.No. 1c| Why does sound travel faster in metals than in aur" : 21
Sound wave is a longitudinal wave. The velocity of a longltudmal wave (1n general) in a medium is

E. .
given by the relation v = '\/'-5, where E is the modulus of elasticity and p is the den51ty of the

medium. The modulus of elasticity for metal is Youngs modulus of elast1(:1ty (Y) then veloclty of

Y Y B
sound in metal is, v = \/; The value of 'E)' for metal is to much lugher than — % for air. So, the veloc1t)
of sound wave in metal is greater than i in air and hence sound travels faster in metal than i in air.

o

2070 Supp. (Set B) Q.No. 3 3] The speed of sound in humid air is more than that in dry air, why? [21
In the wet air, the atmospheric air becomes moist than on a dry air. So, the: humldlty on wet or rainy

air is more than the dry air. Greater humldlty present in the atmospheric air decreases its density. We
know that the veloc1ty of sound in air is inversely proportional to the square root of its densxty ie. Wc

T Therefore, decrease in density causes the Veloc1ty of sound to mcrease Hence, sounds heard
p

better on a wet day than on a dry day i.e. more in damp air than in dry air,

solid, explain,

Qu.

{2070 Set C Q.No. 3 4 [2063 Q. No. 2 al Although the density of solid is high, the veloclty of sound is greater in

= Please refer to 2074 Set B Q.No. 33|

7. (2069 Supp Set B Q.No. 3 b] Is it possible that the velocity of sound is greater in solid than that in a gas it

.STP? JUStIfy your answer, 2]
w.- Please refer to 2074 Set B Q.No. 23] ‘ _ _ : ‘| T LA
8. m Velocity of sound increases on a cloudy day. Why? [2]
n

In a cloudy day, the air becomes moist and humidity increases in moist air'which results to decfeas

'the density of air. Smce, velocity of sound is inversely proportional to square root of: denSltY

medium (i. e, Vv« \/— ) the velocxty of sound increases on a cloudy day.

: ")
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[2065 Q.No. 1 c] [2060 Q.No. ﬂ 12052 Q.No. 1 ¢ SOund ata dlstance can be heard dlstmctly at mght than.in the
‘day time. Why? [2]
At night, the atmosphenc air becomes ‘monst than at day txme So, den51ty of air at mght 1s less than at

1%
day time. But the veloc1ty of sound is inversely propor houal to the square root of density i.e., v.ec == \/—
p

50, veloc1ty of sound at night is more than at day time duc to reduced den91ty of air, Hence, sound
made at a distance can be heard dlstmctly at night than in dayllme

m Explain why the veloc|ty of sound in solids is greater than that in gases, though the densmes
of solids are greater than that of gases. , ... 1

Please refer to {2074 Set B Q. No. 33

.p962 Q:No. 1 d Do sound waves need a medium to travel from one point to other pomt in space" What

properties of the medium are relevant? ‘ [2]
Yes, sound waves are mechanical waves which need a medium to travel from one point to other
point in space. In this case, the disturbance is handed over from one particle to another particle of the
medium. Elastic property should be possessed by the medium. For the particle to gam kinetic energy,

: E
medium should possess inertia. The velomty of sound in the. elastlc medlum is given by v = \/%,

‘where E is the elasticity of medium and p is its density. Thus, elasticity, pressure and mertla are the

relevant properties of medium on which sound waves depend.

12

=

2056 @.No. 1  Why are sounds heard better on a wet day than on a dry day'?
Please refer to [2070 Supp. (Set B) Q.No. 3 4] -

= 7

13.

=

2054 Q.-No. 1 B Is velocity of sound more in damp air or in dry air?. Explam W S e 9]
Please refer to [2070 Supp. (Set B) Q.No. 3 a Flaalis :

Long Answer Questions}

14,

k%

{2076 Set B Q.No. 7a Does the propagation of sound wave cause change in thermodynamlc condition of
medium? Derive Laplace formula of velocity of sound in air. ; T 2% - [4]
Newton's formula: The velocity of sound in any.medlum is given by : it :

v= \/E where E is the elasticity'of medium and p be its density

For air medium, the modulus of elast1c1ty is Bulk's modulus of elast1c1ty (B) Veloc1ty of sound in air
is given by, ., ‘

| \'/1’3.
g, D
Np

Newton assumed that the formation of rarefaction and compressmn in the air is a slow process and
the temperature is equal to the temperature of surroundmg ie. the process is the isothermal process.

The gas equation is
PV = constant, where P is the pressure of air and V is the volume

On differentiating, we get

. PAV.+ VdP=0
PdV =-v dP
o - dP  Volumetric stress ' ) ok i
P = dV = Volumetric strain =B, Bulk modulus of elasticity of air. -
: So, Newton’s formula for velocity of sound in air is giVen by Jna A EAY

\/: = \/— where P is the pressure of air and p is its densnty. ;

For air, at NTP;
P =1013 x10°Nm=2. . - ’
P =1293kg/m3 ; '
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iy -=;\/% =% =280m/s about 332 m/sec. So, the

v =\ » '
- p

»

N TO PHYSICS - XII

P 1.013 x 105

* i TP 18
But, the experimental value of the velocity ('w[ sound lln ‘nn at NTP | b
theoretical value does not agree with the cxpenmcmnl va l'lt-‘ ol A S atisfactory solution to the
Therefore, there must be something wrong in NQWIO“’S"[1(“'21knlo.wn a5 Laplace correction;
discrepancy in Newton's formula was given by Laplace, wlut 1 :;m ] that the propagatifiy R
Laplace correction: Whilg deriving the n‘b'ove. fm-mu‘ln, Tr'l;“” e L;;plﬂce, the propagation of sound ,
sound takes place in the isothermal condition. Bu_t accordt 6.1 e {emperature at rare fraction
should take place in rapid way so the process is adiabatic process ¢ , _ ‘ '

and compression is different. » 5w

Since the adiabatic equation of state is : :

PV =constant ... (i) . = :

where y = -C_:; is a constant. On differentiating equation (i), we ge t

yPVdV +V'dP =0 . e Bl el
YP V-1 dV = -V' dP Sl (v R
V'dP dP dP
W=-gagy TTVaavT mdv/v f | : ‘ f
where B, is adiabatic bulk modulus of elasticity. Negative sign indicates 'th'at as the pressure
increases, the volume decreases and vice versa. Hence.the velocity of sound in air 18 .

Badi b
o A2 Y ’_
p

. Bmll"

This equation is called Laplace equation for velocity of sound in air.
For air at NTP, ey ¢

¥ =14

P =1.013 x 10°Nm=

p =1293 kgm3

. [® . [raxTo1sx10s_ |
Vv P = 1.293 ‘_3312 m/s

This value closely agrees with experimental value 331.2 m / s.

15. 2075 GIE Q.No. 72| [2068 Can. Q.No. 7a) [2067 Sup Q.No. 7b] Discuss N ' :
. ' - . Q.No. No. 7b] [ ewton's formula for the i

in a gas medium with Laplace's correction. ' % the rerahrol soun:
. Please refer to {2076 Set B Q.Np. 73] R o ‘ H
16. 2074 Supp Q.No. 74| Déscribie Laplace's correction i = ' T Also

No. , n in Newton's formula fc i :
© discuss the effect of temperature in i e of-saund 1n el
a in.ai '

7 P nd pressure in the velocity of sound in.air, | [4

PV =RT

First Part: Please refer to 2076 Set B Q.No. 73] :
Second Part: ' | '

The velocity of sou‘nd in an elastic medium is giveh by :

E
v = st » . ;o e
\/; + where E is elasticity and p is its density,

For air medijy =
. mE=B-= y .
constn P, where v is constant called the ratio of mol

s Pressure to that at constant volume and P is pressure ar heat capacities of gas &
So, v = \/_Ii ' ' ' | ;
s P - ’

ect of pressure: i,

» ' The velocity of sound in air is
v =

; P

For one mole of gas, equation of state is i
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Ata constant tempemtur e,
o pV = constant

M

const

“P“’ -const = b = M constant

~"Hence; v \/7 \/y x constant = constant

Thus, the velocity of sound in a gas is independent of the pressure of the gas provided temperature

- remiains constant.
Effect of temperature: For one mole of a gas, the equation of state s
PV =RT )
If M and p be the moleuxlm weight and densily of the gas, then,
v-2
p ’

1ii.

For given gas, ¥, R and M are constants.

vayT

Hence, the velocity of sound in a gas is- drrectly propornonal to the square root of its absolute

temperature. ;
Effect-of density: Consider two gases havmg same value of y_at the same pressure P but havmg

densities p; and p; respectively. Then, the veloc1ty of sound in them is
P . .
Vi =‘\/]T— 7
N
A P.
V2 =’\/JZ
P2

P AR
- ¥ \/;':va_\/;—)

‘ 1
Hence, velocity of sound in a gas is inversely proportional to the square root of the den51ty of the gas.

. Effect of mass: Let us consider M; and M, be molecular welght of the gases then at constant

temperature, the velocrty of sound in them is

. RT. y ‘ b S "
v =1\ HVI—] [Here, we cqnsr'der one mole of each gas such that PV = RT]

YRT
V, = e
M, ; '
Here, for a given gas at constant temperature, R, T and .y are constants. T

¥y M, * 1

’ Y, /\/;/I_]DVQV—-M

1A

h

18.

glence, velocity of sound in a gas is mversely proportronal to the square root of the molécular mass of
e gas ¥

m Describe Newton's formula for the velocity of sound in air. Explaj i

. Ex :
- formula is modified by Laplace. - pp = DRl and how s
Please refer to [2076 Set B Q.No. 73| : TN [4]

What correction was made in Newton's e
xpresswn for
explain, how change of temperature and pressure affect the veloclty of sound the veloclty % sound? AI;;;

;ﬂ‘st Part: Please refer to 2076 Set B Q.No. 7 74
econd Part Please refer to [;74 Supp Q.No. 73
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why a
19. 072 Supp Q.No. 7a] Write the Newton's formula for the velocity of sound in air. Explain why and h how thig _
formula is modified by Laplace. | 4 | ' _ _,“]

2 Please mlcr to 2076 Set B Q.No. 7§| ‘ ‘ d WP ~__.~.f
e == s locity of sou
20. [2072 Set D Q.No. 7o 2071 Supp Q.No. 73] Write down the Newton's s formula for the velocity ndin g in a.,

Explain why this formula has to be modified. Discuss Laplace's correctionon it. . - 4
= Please refer to 076 Set B Q.No. 73] ' : ________.....'_

A
21. 2071 Set C Q.No. 7 g Describe the Newton's formula for velocity of sound in air with Laplace's correctlon [4]

W Please refer to I:ge Set B Q.No. 73 stk
22. 2070 Sup (Set A) Q.No. 7 a] Deduce Newton's formula for velocnty of sound in a gas.
- needed? What correction made by Laplace? . - % 1
= Please refer to 2076 Set B Q.No. 74 o -
23. 2069 Supp Set B Q.No. 7 a-Describe Laplace's correction to find the veloclty of 5°U"d‘ and discuss how
velocity of sound is affected by different physical parameters. prla [
= First Part: Please refer to P076 Set B Q.No. 73] 3 '
Second Part: Please refer to 2074 Supp Q.No. 73] Ty
2. 2069 (Set A) Old Q.No. 53l What is the Newton's formula for the velocity of sound? What correction was mags
by Laplace? - ' [ty
w Please refer to 076'Set B Q. No. Tal
25. 069 (Set B) Q.No. 75 Discuss the significance of Laplace’s correctlon to, Newton s formula for the veIocutyo(
- sound. Also, explain how different factors affect the velomty of sound. , , [4
= First Part: Please refer to 076 Set B Q.No. 73 ” ) :
Second Part: Please refer to 2074 Supp Q.No. 73]

26. [2068 OId Q.No. 5 a] Write an expression for the speed of sound in an ideal gas. Discuss the effect of Change

Why was thencorre‘cﬁo“

in temperature on the speed of sound. o [14]]
a Please refer to 2074 Supp Q.No. 74} ' . ‘
27. 2067 OId Q.No. 53] Discuss the Laplace's correctlon for the veloclty of sound in air. 3 [

w. Please refer to 2076 Set B Q.No. 73

28. 2066 Q.No. 5 o] Write down the factors on which thevelocity of sound in air depends with necessay
explanation. [
= Please refer to 2074 Supp Q.No. 73] o ] i ¥ ;
29. 065 Q.No. 5 a OR] Explain the significance of Laplace s correctlon of Newton's formula for the velocity of
sound and derive the corrected formula. ‘ (18]
w Please refer to 076 Set B Q.No. 73] '
O 3, It

30. 061 Q.No. 5 a OR] State Newton's formula for the veloclty of sound in gases. What correction was done b
Laplace on it? [1#]

n.  Please refer to 2076 Set B Q.No. 73 ‘
_/

31. 060 Q.No. 5 4 Derive an expression for the veloc:ty of sound in a medium by dimensional 1 method. Discu
the eﬂect of change in pressure and temperature on the velocity of sound in air, “ [2+)
& The velocity of sound wave in an elastic medium depends upon the elasticity and density of mediunt

¥

Le, v« E'p" where E is elasticity of medium and p is density of medium.

Nou,

v =kE%’ N 1

where k is a dimensionless proportionality constant _

Here, . ¥ ‘

Dimension of elzfsticity, E= [ML'T?
Dimension of velocity, v = »[L'[“]

Dimension of density, p= [ML™] '
From dimensional analysis, from equation (i), we get
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LT = ML ML)

of, LT = M™Y LY T3] i)
Equating the powers of like terms, we got,
0 =x+y (i)
1 =-x-3y ~ . (iv)
-1=-2x (V)
Solving these equations, we get
1 -od
X = 2 ’ _v ke 2
B
& ‘l/._ “1/‘_. >
'y =KkE K/
; \ ; . ey E
From mathematical analysis, k = 1, then velocity of sound in medium is v = F
2nd part Please refer to 12074 Supp Q. No 74 ,
[4)

. Dlscuss Laplace s correction and derive the formula for the véldclty of sound in a gas.

= Pleaee refex to L/B Set B Q.No. 7a]

Y _ Descnbe Newton's expresslon ‘for the véléclty of sound in a gas'wmi‘ Laplace correction.
3. Please refer to [2076 Set B Q.No. 73]
. 2053 Q.No. 2 What is Newton's formula for the velocnty of sound? What correction was made by Laplace" [5]
» Please refer to [2076 Set B Q.No. j
35. 2052 Q.No. 2| 2052 Q.No. 7| Discuss the effect of pressure temperatufé'amnd densnty of elastic medium on the velocrty[g;

sound.
w Please refer to [2074 Supp Q.No. 73]

Numerical Problems

36. 2076 Set C Q.No. 11] A source of sound of frequer;cf( 550 Hz er;uts waves of wavelength 60 cm in air at 20°C.
What would be the wavelength of sound from the source in alr at 0°C? : [4]

w Solution
Given,
Frequency (fx) = 550 Hz
Wave length (A20) = 60 cm = 0.6 m
Wave length at O°C (ho) =7?

[4]

We have
VelOCll‘y (Vzo) = foy X Ao
=550 x 0.6
=330 m/sec
Again,
Y_, [T _
VZ() T20 . ! 1
To

o1, vg =y, x o
o Tao

_ h /2.7_3
=330 x1\ (353

=318.54 m/sec,
Now,
O 318.54

f,~ 850 =058m
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37. 2075 Set A Q.No. 11] What is the difference betwgen the sp . ' {4]

13°C? What is the\speed of 0°C?

Solution 3T
Given, : . AoC = ?
Difference between velocity of sound at 27°C and = 18
ie., Var = vaa =7

Velocity of sound at 0°C, vo = ?
Now, Vel. of sound in air is given by

p 14~ 101 x 105 . " .
Vo =A\/I5 =V 129 =331.1 l\\/bLC ‘ |

Va7 Ty
Since, v & \ﬁ“ , then Ny \/:0

Toy 273 + 27

or, vy ="\ [T X Vo = a7y X331 = 347.087 m/sec |
vas _ (Lo :
AISO, ‘70 - TO X ¢
’ J ’273 -13 : )
Vo3 = TT]: X Vo = 73 x331.1 =323.12m/sec ~

Now, : ki
vor—-vozs = 347.087 - 323.12 = 23.96 m/sec '
38. 2075 Set B Q.No. 11] 2058 Q.No. 5 b} At what temperature, the velocity of sound in air is increased by 50%t
that at 27°C? o : | [
Solution : :
Let, v be the velocity of sound at 27°C. Then, at T°C, the velocity of sound be ' '

_( L S0v
V2= V" 100

Here,
T, =27°C = 300K Vi=V

=
olg

T, =(T+273)Kand, v, = v+

Now, we have,

i __ 1T
v, T,

v
oL 3v2 N\ T+273

on 2 [
. 3 T+273
4 300
9 TTr273
or, T+ 273 =675
T = 402°C
Thus, the required temperature is 402°C.

?

39. [2074 Supp GNo. 11) In a resonance air column aomarar o G- =
"R PParatus, the f b At
observed at 18 cm and 56 cm respectively. The fre S, the first and second resonance positions we"

" |velocity of sound in air and end correction of the tubeq Hency of tuning fork used was 480 Hz. Calculat® d
olution e ‘ -

- Given, - -
First resonance length (h) =18 cm
Second resonance length (L) = 56 cm 5

Frequency (f) = 480 Hz
‘Velocity of sound (v) = 7
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End correction (e) =?
We have,
v =2f(la=h)
=2 x 480 (0.56 - 0.18)
=364.8m/s
I, - 3l
e - 2
0.56 -3 x0.18
= 2
=001 m

2 @m Calculate the bulk modulus of a liquid in which longitudinal waves with frequency of 250

Hz have the wavelength of 8 m and the density of liquid is 900 kg m?, (4]

Solution

Given,
Frequency of longitudinal waves (f) = 250 Hz
Wavelength of longitudinal waves (1) = 8m
Density of liquid (p) = 900 kgm-
Bulk modulus (B) =?
We have, '

=fx A=250 x 8:2000[“/Sec
Velocity of longitudinal wave in liquid is

B

p

_a |2

or, B =(2000)2 x 900 = 36><1O9N/rn2

V=

4.

[2072 Set E Q.No. 11] A source of sound produces a note of 512 Hz in air at 17°C with wavelength 66.5 cm.
Find the ratio- of molar heat capacities at constant pressure to constant volume at NTP. Densmes of air and
mercury at NTP are 1.293 kg/m? and 13600 kg/m? respectively. : 4]

Solution -

Given, .
Frequency of sound (f) = 512 Hz
Wavelength of sound (1) = 66.5 cm = 0.665 m
Temperature (T ) 17°C =17+ 273 K=290K
Ratio of molar heat capacities (y) = ?
Now,
Viz =fx)
=512 x 0.665
- 340 48 m/sec

2
T17 290

() 94
=0.97
or, vo =097 x 340.48
=330.26 m/sec
Now, Velocity of sound in air is given by,

Vo = VE
p
Qr, Vo =1 "ng_gh [ P= pmgh]
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¥ X 13600>< 10 x 0.76
or, 330.26 = 1.20

or, 33026 =y x 80124.03

or, 330.262 =1y x 80124.03

Rl s . 3 of f uency 512 Hz emits waves of wavelength 64 5 cm .m
» 071 Set D QNo. 11 of req
. l771 Set D Q.No. 11] A Source of sound 0
20°C. What would be the velocity of sound at 0°C?
Solution
- Given,

RN )“&@%& s i

Frequency of sound (Fx) =512, Hz at 20°C -
Wavelength of sound (Aw) = ()4 5 ¢ = 0.645 m at 2 ,
Velocity of sound at 0°C (vo) =
We have, velocity of sound at 20 Cis,

Va2 = fzo X kg = 512 x 0 645 = 330.24 lll/SCC

Again, "
Mo | Te
V2o Ta

[273 o 0 i | |
vy = 393 x 330.24 =318.77 m/sec A :

a. 2070 Supp. (Set B) Q.No. 11] In a stormy day a boy observes a Ilghtmng flash which is foIIowed by a thunder4

secs. later. How would you estimate the distance of the lightning stnke from the boy. (given velocity ¢
sound on that day = 332m/s, veloclty of light c = 3 x 10%m/s)
Solution

Given, Eoa ' \ : - : i
Time taken (t) = 3 sec |
Velocity of sound (v) = 332 m/ sec
Distance travelled (d) =2

We know,

d =vxt :

=332 %3 =99 m from him.

. 2063 (et A) Q.No. 11 When a detonator is exploded ona raNIYINw-aV |-|nme~ an observer. ;{ahdlng on 6275][‘2’5
away hears two sounds. What is the time interval between t

hem? (Young's modulus of steel = 2 x 10"qu

density of steel = 8x 103 3 = =

e ty x 10 kgm™3, density of air = 1.4 kgm™3, Y- for air = 1.4, atmospheric pressure = 105Nm”)!
Given,

Distance (d) =2 km = 2000 m
Time interyal (At)y=2

‘I{)oung s modules of elasticity (Y) =2 x10m N/ m?
ensity of steel (p,)= g x 103 kg/m3

Densxty of air (
Pa) =14k 3
y for air MN=14 g/m

Pressure of air Py=105 N i/ m?

Ve10c1ty of sound in steel (v,) = 2 x 1N - Y |
pb 8 x 108~ 5000 m/sec :

Time taken by sound ; in stee] () = _ 2000
v, 5000 ~ U4 sec

, vel
Agaln ve OClty of SOund in air (V ) \/—- 14 x 105 ‘
o T 14 =316.23 m/sec

Time taken by soung ; in ajr (t) = \ 2000

Then, time interval betyg " 0"4 31623 23 =6.325 sec
Ieportg = t,

|

“

I oo R SR L St

e - s

-t = 6.235 -04=50925 sec
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15. [2064 Q.No. 5'b] A source of sound of frequenc }

: _ y*512 Hz emits waves of wavel t in air at 20°
What is the velocity of sound in air at this te ’ w4 £ Sl

sgurce ii alr at.0°C? mperature? What would be thje wavelength pf soqnd from th4e
Solution . : - | : ' | 4

Given,

Frequency of sound (f)= 512 Hz at 20°C

Wavelength of sound (\)= 670 mm at 20°C

=670 x 10-3m

Velocity of sound (v)= ? at 20° . :

Wavelength of sound (\g) = ? at 0°C

The velocity of sound at 20°C is

v=fA=512x670 % 10-3=343.04 m/s

Now, for the velocity of sound in at air at 0°C is

v 273 + t

Vo \/ 273

. / 273 , 273

Vo =\[273+20 XV=\/273 + 3 * 343.04 =331.1 m/sec

Thus, the wavelength of sound at 0°C is : i
Vo Vo -331.1

Ao = £, f - 512 - 0.6467 m =646.7 x 103 m

46, A man standing at one end of a closed corridor 57 m long blow a short blast on a whistle. He

found that 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? ‘ |

ST fr 8
Solution _ : : » ‘
Here,

The distance travelled by sound between the blast and the firstecho =2 x57m
Time (t) =2sec : :

Temperature (6 )=17°C=290 K _A

Total distance travelled in 2 sec = 6 x 2 x 57 m

~ Velocity of sound at 17°C
6x2x57
Vo="—%—" =342 m/s

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

.Y __ [273+0  [273+17
S ove 273 273 =

Vo = -;;—(3) X yp = %%% x 342 =331.8 111/Sec
47, ‘_65{6}@:3wc;'M:rmli'e“i“rm\mt—éﬁéml"'B'eﬂi\'«'vlééh the flash of lighting and the sound of thunder is 2 seconds, when
temperature is 10°C. How far is the storm if the velocity of sound in air at 0°C is 330m s'? [4]
Solution
Given, the time period (t) = 2 sec
First case:

Velocity (vy) = 330 ms-! '
Temperature (T)) = 0°C = 273 K
Second case:

Velocity (va) =7

Temperature (T) = 10°C = 283 K
Sil’lce, V o _\IT

N A Lo
vy, E
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330 _ (273
O vt -\« 283
330
or, <~ =098

vz =335.98 ms-!
*  Again, Using,
Distance = velocity x time
=335.98 x 2 =671.96 = 672m
Thus, the storm is 672 m far.

QaQ
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Electricity and Magnetism

A. Current Electricity

\ Chapter 1: DC Circuits j

1. [2075 GIE QNo. 14 [2074 Set B Q.No. 13 Two resistors Ry and R; are conne.cted in parallel to an emf sourcs
What happens to the current through Ry when R, is removed from the circuit? . 2

=~ The current 1 flowing in the circuit is given by ——_/—AWM—
. \
1 =3 \—'m——ﬁ

R
Where A

R\ x Ry E
Y TR+ R, -+

When, I is removed, R increases and hence current through R; decreases.

2. [2075 Set A Q.No. 13 ‘A wire is stretched to double its length. What will happen to its r%astmty znd

resistance? z

w If R be the resistance of the wire of resistivity p whose length is [ and area of cross section is A thes
o o l [ [2 =hs : _

its resistance R is given by, R = p 1. Therefore, R=p 77 = p 7, where Al = V is the volume of the

conductor. If the wire is stretched to double its length, then the new length is I' = 2/ and new

['? 21): ,
resistance R' can be written as R' = p' V=P KT)’ where V' =V and p' = p, because resistivity and

volume of the wire remain same.
, 2 12 12
R'4pv=4pm=4R [‘:R=.pm]
Thus, when a wire is stretched to double its length, its resistance becomes 4 times to s Jn;:fi
resistance and resistivity remain same .

3. [2075 Set A Q.No. 10 Differentiate between a fuse wire and a heating wire. =
w  The difference between heating wire and fuse wire are given as:
Fuse wire Heating wire
1. Fuse wire should have the propertics of | 1. Heating wire should have the properties of
melting on heating within short time. heating for a long, time.
2. It has low resistance, 2.1t has high resistance without ‘M;/
3. Ithas low melting point, 3. 1t has high melting, point. I
4. Itis generally soft. 4. Itis generally hard.
5. It is heated for short time and immediate | 5. It is heated for long time for heatits
melted 1o save from firing, purpose.
4. [2074 Supp Q.No. 1a) Two wires, one of copper and another of iron, have the same diameter and cary he
same current. In which wire the drift velocity of electrons will be more? @
»  The drift velocity of electrons in a conductor is given by
.y
Vd = neA’
Where,
[ = currentin the conductor n = electron concentration
o = electric charge and A = area of cross section ot the wire. fectr”

For a copper and an iron wire; n; < n; L.e. free electron density of copper is greater than free €
density of iron. So, drift velocity of electrons for iron is greater the copper wire.
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074 Set A Q.No. 1a] 2058 Q.No. 10a) You are 9lven n wires, each of resistance . What Is thé'tellos i
- v n wl . . . .
to minimum resistance obtainable from thege wires? Rtk s b kel - maxml;g; '

We know that, net resistance ig maxin . y : e
' UM when a number of resistances aré connected in series.and it

- minimum when they are ¢ abeid 1
¥ T, sag 202 The fire ,.y ‘ (O.nnul( din cparallel. Lot number of identical resistors having
resistances Q2 The maximum resistancoe i given by
B s ]
R"m\=l'+l'+l'+l'-..+l'=n|' (l)
The minimum resistance is given by
1 1 1 1 1 n

e S5 W e T g T, O el 1)
Rmm r r r r 5 ' ‘(“)
Multiplying (i) and (ii), we pet

Rma\ - nz

R"’lll\

Hence, the required ratio of Ry, to Ry, is n2: 1.

(2073 Supp Q.No. 1a] [2069 Supp Set B Q.No. 1 a Is there any difference between 'resistance of a wire’ and

‘resistivity of a wire"? Explain. [4]
The difference between resistance and resistivity of a wire arc:
k- Resistance 2 Kesistivity
* Resistance is the property of a wire to | = Resistivity of the wire is the resistance of the
oppose the flow of charge (or current) wire of unit length and unit cross section
through the wire. - area. 1‘
* Resistance of the wire varies with length and | = It is independent to the length and area of |
- cross sectional area. that wire. !
* It is not constant for a metal (or conductor). | = It is constant for a metal (or conductor). 4
It depends on shape and size. |
* Its unitis Q in S.I. system = Its unitis Q min S.I. system. |

2073 SuppvQ.Nc;. @ [2072 Set E Q.No. 1b] [2063 Q.No. 10 a| The element of heater is very hot while the wire
carrying current are not. Why? _ 2]
According to Joule's law of heating, the amount of heat developed per second by a wire of resistance
R due to the flow of electric:current 1 is

H=PR —=H=R for constant L. ‘
50, heat developed across the wire depends on its resistance. As the resistance of the filament of

heater is very high than that of connecting wire, the heat developed in the filament of heater is very
high and becomes very hot whereas the heat developed in the connecting wire is very low and it is

‘not heated. -

2073 Set ¢ Q.No. 1a) Will the drift 'vyeldclity”of electrons change if the diameter of a connecting wire is halved?
Why? : 2]

The drift velocity of electrons ina metal is given by:
v = 1
enA
thrQ,
= al o e (Y (>
L' = current e = clectronic ¢ h‘““r
= i i = ar TOSS section

= electronic concentration A = area of cross secti

2
Now, A = E;j_

d 2
Al n(z) nd?

1ne?
4 4 4
Th@n new drift velocity is
1

S ——

en A/4 =4y

' M .
V'S 4y, the drift velocity increases 4 times when diameter of wiye js halved.

¥
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e F73 Set C QNo g Five bulbs are connected in series across 220 volt Ime If one bulb is fused the
remaining bulbs are again connected across the same line. Which one of the arrangements will be more
illuminated? Justify your answer. ‘. [2]

maining bulbs e

w Five bulbs are connected in series across 220 volt line. If one bulb is fused, the re

again connected across the same line, the later combination will be more ,]|ummated because the
P « I2R. In former case,

power consumed is proportional to resistance and square of the current. ie.,
product I and R will be less than the later. 7
10. [2073 Set C Q:No. 11 How can a galvanometer be converted into voltmeter? Explain. [2]

~  Conversion of galvanometer into voltmeter -
The galvanometer is converted into voltmeter by connecting a high Ig S R i
resistance R in series with  palvanometer. The voltage across the ".—»——@—'wmw—{.\
voltmeter is : f i
V=1g (G+R) ) '
Fig: Voltmeter

y

or, R= F -G
Knowi g the value of V, lz' and G, R can be alcu[ated ) I
11. [2072 Supp Q.No. 13| Explam the difference between reslstance and resustlwty of a wire. 2]

~x  Please 1cter to L20/3 Supp Q.No. 1a] , B
12, [2072 Set D Q.No. 1a] Resistors Ry and R; are connected in series to an emf source that has negllglble internal
resistance. What happens to the current through Ry when a third resistor Rs is connected in parallel with R;? [2]
R;

~  When two resistors R; and R; are connected in series to an emf source

E of negligible internal resistance, then current following in the - R
circuit is \ ;
_E
ISR+ R
When a third resistor R; is connected parallel to the resistor R, then,
net resistance Ry + R, | | Ry decreases and hence current through Ry - . 1 —
Increases. E

13, @72 Set E Q No. 15] Battenes are always Iabeled wnth thelr emf for mstance an AA flashllght 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
w No, it would not be appropriate to put a label on batteries stating how much current they provide

because current depends on both extern s = —
; al & internal res ce as :
al resistance as 1 R+p where R is external

resistance éz r lS internal resistance.

14. 2071 Supp GNo. 12 Ammeters often contain- fuses that protect large cure eters
ect them from lar i "
e
<eldom do- Expioin ge currents while voltmete[;
= Since current produces more heating effect than'voltage as H = I2Rt = [y So, to protect f heating
effect and damage, the ammeter contains fuses that protect from ldrg; ‘:ul-rl\,:\t u,lt-lron’l ;:;,etetr’
contains high resistance but in voltmctex the current flows in ideally zero. e SR L

15. 2071 Set C_Q.No. 1 & What is the difference between an emf and a potential qiff ? what
circumstances are the potential difference between the terminals of a batte S e
equal to each other? 'y and the emf of the battery

= The emf of a source is defined as the work done in moving a unit positive ch e f > tnl
to high potential end while the potential difference between two terminals of ‘1 . t“ S e pott“t‘ls
callod terminal p.d. of the cell which is equal to the p.d. a cross external u‘slsm‘n:‘:' ot'ut]l:ch:‘?:\:llttlr;:]

E=V+Ir
The emf (E), terminal pd. (V)f mteral resistance (r), external resistance
(R) and current flowing in a circuit (1) are related as Er
E =V+Ir :
If the internal resistance 't of the cell is zero, then emf and terminal p.d
are equal to eachhother. T L
R
« s e o IR KA A R : &&"‘ T UOREIY, | EERRARNRT S SERENA WIS . o ‘g S
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16. [2071 Set D Q.No. 1 a] A voltmeter has high resistance. Explain why?w R Y Tt Y O [2]
= Voltmeter is a high resistance electrical device which is connected in parailel in a circuit-and
measures the potential difference across any load. It has very high resistance because it is connected
in parallel across any component of a circuit; it draws a very small current from the main circuit, and
most of t.he current passes through the element. Hence, the p.d. across the component is not affected
If the resistance is small, the effective resistance is affect ;

ed and most of the current passes through the
voltmeter and the p.d. reduces across the component and the voltmeter ¢

) . , : CSETTILPEHICL] annot measure accurately.
17. [2070 Sup (Set A) Q.No. 1a] A cylindrical rod has resistance R. If we double its length and diameter, what is its
resistance interms of 'R'? 2]

w The resistance of a rod in terms of its length 'I' and cross sectional area 'A' is gives as,
l
R =p7x. [p = resistivity of the rod.]

[ 4 l
or, R = :<_p>_

nd? n,) d2

4

When [ and.d are doubled, new resistance is

o _(ig) 2L 4p |
“\n/ (2d)? T g 2d2

R
R

Il

NI= -

or,

or, R'

I

7]

: 1
The new resistance of the rod is R' = 5 R.

18. [2070 Sup (Set A) Q.No. 1 b] 2070 Set C Q.No. 1 bl Why does an electric bulb nearly always burn out just as you
turn on the light, almost never while the light is shining? ‘ [2]
w Initially the resistance of wire is small and large current flows. After some time the wire gets heated
as a result, the resistance being temperature dependent {R;= Ry (1 + « A0} increases and hence,
current decreases. Due to this reason, electric bulb nearly always burn out just as we turn on the light,
but almost never while the light is shining. '

19. [2070 Supp. (Set B) Q.No. 1 a Can the potential difference between the terminals of a Vbatt-e-lv'y Aekgérmbe; dppdsffe
in direction to the emf? - ; [2
= Yes, the potential difference between the terminals of a battery can be in opposite direction to the emft
during its charging. (V=E*1Ir)

20. 2070 Supp. (Set B) Q.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

w  The heat produced in a current carrying conductor is given by H = I2Rt, where R is the resistance of
the wire and t is time period. The resistance of heater wire is very high while resistance of current
carrying conductor is very low. Due to this, the heater wire gets heated while current carrying copper
wires remain cold and do not conduct the heat for longer distance.

zi. 2070 Set C Q.No. 1 a] Two 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? ‘ % [2]
w The drift velocity of electrons in a conductor in terms of current is defined as, 1 = vanAe or,

i L . »
Vd = 1oAY where I = current flowing in the conductor, n = no. of free electrons for unit volume and
ne :

. . . . ire p °
= electronic charge. When electrons moves from larger diameter wire to smaller diameter wire, the
drift velocity increases because drift velocity has inverse relationship with area of cross section.



106 + A COMPLETE NEB SOLUTION TO PHYSICS - XIi

22. ’m When the ends of a wire are connected to a battery, initially the current is slightly lm:
: but soon it decreases slowly and becomes steady at a lower value _although the emf of the battery remaing
unchanged. Explain. , . . .
w» Initially the resistance of wire is small and large current flows. After some tlme'thc wire gets hmted
as a result, the resistance being temperature dependent {R= Ry (1 + o AB} increases and e
current decreases, emf remain constant (V =1R)

nce,

23. EoTs (Set A) Q.No. 13| Batteries are always Iaberled'with their emf.'Wo'uld ‘i_tiarlrsoﬁ be approp'riate to pht a 'm,‘e,
on batteries stating how much current they provide? Why or why not? n
Please refer to 2072 SetE G No. 13

NS

! |72ibé-§/(8et B) Q.No. 13 Give an 'examble of non-ohmic conductor andupresent its current voltége chéfacte;isfic
graph.

@
» Example of non-ohmic conductor is junction diode. The IV curve of it is given below.
) TH{mMA) Eorward 1
Bias
VK(V Vl"( V)
Reverse
Bias k(M)

o

25. [2069 Supp Set B Q.No. 1 bl Two bulbs of different wattage are connected in series. Which bulb wil glow
brighter? Why? [@

w  Let us suppose that V is the voltage on cach bulb and Ry and Ry be the resistance of two bulbs having
power Pyand P, (Py < P3) respectively. Then,

V2 \:

Ri=% and R, =5~
l | l 2

R _Py

R, P,

ie, R o(lp
From this relation, we conclude that resistance of Py bulb is more than P, bulb. Since in series
combination, the same current I flows through each bulb.

Since, H = I2R; H is heat developed per unit time, i.e., power developed

H « R, if current 1 is constant.
Therefore power developed across Py bulb is more than P> bulb. Since the brightness of the bulb i
directly proportional to the power developed, Py bulb glows more brightly than P> bulb.

26

. 2068 Can. Q.No. 1a] What is the ratio of maximum to minimum resistance obtainable from n wires o
resistance R each?

»  Pleasc refer to 2074 Set A Q.No. 13

S s

27. [2068 Can. Q.No. 1b| Why is it essential that the reéigtéace of a ;c:liﬁié"té; be véury high?‘ B
= Please refer to 2071 Set D Q.No. 1 g

28. [2068 Old Q.No. 10 3| 2056 Q.No_10 4 An ammeter is always connected in series. Why? T

w  An instrument which is used to measure the electric current flowing in the circuit is called &
ammeter. [deally, ~thc‘rcsistancc of an ammeter is nearly zero. Consequently, there is no effect ©
gmmetcr o'n inserting in series. But, in practice, the resistance of an ammeter is ,nut zen; but very lo
in comparison to tl~1eA0th§r resistances. An ammeter is alwayé connected in scr‘icq of the circuit 8.
the total current of circuits should pass through it and then it can measure currL*nt accurately. it

connected in Parall.ell the current will divide and the ammeter cannot measure accurate value, Th2
why, an ammeter is always connected in series. )

t i

;9' The resistance of an ammeter myst ess;naaﬁyi;vewsmaIIWhy? b e (2]

- ) : , L8
w Ammeter 15 a ]0‘)“’52 is§mc§ee§§trlci] dlflmce used to measure electric current in the circult JJ{
resistance must €S tially Ty all. because it is connected in series in a circuit, the e

i
resistance of the circuit does not increase appreciably and consequently the current in the U"&ﬂl
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or,

or,

3.

32
=
33.
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remains unaffected. If the resistance of the ammeter is high, the net resistance of the circuit becomes

very high and the current in the circuit reduces and hence the ammeter is not able to measure
auumte uuunt

Water boils in an electric kettle in 15 minutes after being switched on. Using the same

main supply, should the length of the heating element be increased or decreased if the water is to boil in 10
minutes? Explain. ; [2]
Here in the both cases same amount of heat is to be supplied, i.c.,

H, = H: .

V2 V=

—t4 =5k SH = RRE

= % [ |

ok

RI Rj

R] =Rs -t

Since, ty1s greater than tﬂ s0, Ry is less than R;.

As we know that, resistance is directly proportional to length, the length should be decreased of the
heating element in which water boil in 10 min.

2067 Q.No. 1a] The energy that can be extracted from a storage battery is always less than the energy that
goes into it while charging. Why? ) [2]
The energy that can be extracted from a storage battery is always less than the energy that goes into it

while charging because of loss of energy due to internal resistance. The loss of energy is converted
into heat and light energy.

{ﬂ)ss 0Old Q.No. 10 a} A wire is stretched to double its Iength What happens to its resistance? - [2]
s Please refer to [2075 Set A Q.No. 12 e
m Why heat is generated across a resistor when the electric field is applied? [2]

When the electric field is applied across the ends of the resistor, the free electrons of the resistor
accelerate and hence gain kinetic energy. These electrons collide with nearby electrons and loose their

_kinetic energy. This loss of kinetic energy is converted into heat energy.

34.
a

35,

36.

Why do electrons acquire a steady drift velocity? [2]
When the electric field is applied across the ends of the resistor, the free electrons of the resistor
accelerate and hence gain kinetic energy. These electrons collide with nearby electrons and loose their
kinetic energy and the other electrons also accelerat’e which again collide and hence this process
remains continue. After some time, the electrons gain a constant speed in opposite to the electric field
applied which is called drift velocity. The drift velocity in a wire is given by I = ne Avy, where n is the
no. of free electrons per unit volume, e be the electronic charge, I be the current flowing and A be the
Cross scctmnal area of wire. ' A et S

Why ammeter is always connected in senes" ' [2]
Plcase r('fvr to 2068 OId Q.No. 10 : | RO

You are given 2. wires each of resistance R. What is the ratio of maximum to minimum
esistance that can be obtained from these wires? (2]
We know that, net resistance is maximum when a number of resistances are connected in series and it
IS Minimum when they are connected in parallel. Let two identical resistor having resistances R. The

Maximum resistance is given by
R"m=R+R=2R (1)
The Minimum resistance is given by

R, <R*R "R

1 "R+ R 2 - (i) g
WViding (i) by (i), we get
Rmm R/2= 4

X Nee, the reqlllrt‘d ratio of Ryaxto Ruinis4: 1.
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37. —_zoséb”‘.-r{l;.&iaw Exblafn the significanc_:‘é-df';s‘ﬂhﬂi“\}v-ith a diagram. 2]

: ; eSi eis :

w. Shunt: To convert galvanometer into an ammeter, a very low remstantc ' _I ----------- .
: B - ; can I g !

connected in parallel with galvanometer coil so that maximum Currenl f‘ _)_'__y-_@j—».
L o : Tna AT ati ' or I '
flow through it is called a shunt. Shunt provides an alternative path 1™ A
1 ) '
excess current. el it 1 . :

1 - ~ e i 2 with I YWWw

The value of shunt resistance S to be connected in parallc . S B
[ JOE S P 1

. . . e e re 1s
galvanometer to convert into Ammeter is S = bely x G, where G

resistance of galvanometer and 1, is current flowing th l't‘rllgh it.

38, [2061 Q.No. 10 bl A Iarge number of free electrons are present in metals. Why is there no current in the
absence of electric field across it? ‘ 2]

w In the absence of electric field, the free electrons in the metal have random motions. During such
motion, they collide with other atoms and electrons present in it again and again so that their
direction ch;ﬁngesﬂ As a result, the net motion in any particular direction becomes /,Lfm and hence no
current flows. But, when an external electric field is applied, the free electrons experience a force and
start drifting towards the positive terminal of the source with a small drift velocity and current also
starts to flow. '

39. [2060 Q.No. 10 a| Why are alloys of constantan and manganin used to make standard resistors? (2]

w The temperature coefficient of resistance for constantan and manganin is very small and they have
high resistance. This means that there is a negligible change in the resistance due to moderate
changes in temperature. Also, the melting points of these alloys are high and do not melt at high
temperature. Due to these reasons, the alloys of constantan and manganin are used to make standard
resistors.

40. Why voltmeter is always connected in parallel with the load resistance? [2]

w A voltmeter is a high resistance device and measures potential difference across two points of an
electrical device. When it is connected in parallel across any component of a circuit, it draws a very
small current from the main circuit and the voltage does not change in parallel combination such that
it can measure voltage accurately. If it is connected to series, voltage is divided and hence voltmeter
_cannot measure potential difference accurately.

a1. Two bulbs have the filament of the same length. If one is of 40 watt and the other 60 watt,
which one has thicker filament? 2

w  The power developed across the resistor R is

P= T{—. , where V is the p.d. applied across R.

A

If Ry and R are the resistances of 40 W (= P)) and 60 W (= P,) bulbs respectively, then: P, = %- and P2
g 1
V2 ' :

R, -

U

P, V2/ R, Ry pl/ A4
Py _ A _md/4di?

P, Ay md?/4  dp?
Since Py < P; then, d, < d,.

So, 60 W bulbs has thicker filament than the 40 W bulb.

42, Is terminal p.d. always greater than its emf? , " 2

w No, in general, the p.d. across a battery is smaller than its emf. But, when an electric current flows
through a battery in such a way that the direction of current is opposite to the direction of emf of the
batt-ery, then p.d. across the battery is greater than its emf. In such case, the current flows from
positive to negative terminal inside the battery (charging of cell). The relationship between p.d. of @
battery and its emf is given by: ‘

E=V + (-I)r, where ris the internal resistance of the battery

Dy VZ/ Ry Ro_pl/ A, l
()

\
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yv-Ir Forr# 0, then E < V. At this condition a part of the emf is used In overcoming the internal
g=V-r ; :
fesistance of the cell.

/”—_;5{ GNo. 102 Wﬁahi—a;;?t\é—féwd&r; on which the resistance of a-conductor depends? 2
3' 2 - - |
’ The resistance (R) of a conductor,
3 i i i h().ie,R=L
is directly pmportwnal to its length (f). 1€,

1
b 15 inversely pmportional to its cross- sectional area (A)ie, Rxy

¢, it depends upon the nature of the material.
4. it changes with temperature (t).
e corresponding relation which gives
|
R=ppa~

the relationship among above-mentioned factors 1s given by:

where p is the resistivity (or specific resistance)
Moreover, if o be the temperature
wire at t°C is given by

of the conductor.
coefficient of the material of the wire, then the resistance ot the
R, = Ry [1+ o (t2 - t1)], where R, is the resistance of the wire at t,°C.

Hence: I, A, p, v are the factors on which the resistance of a conductor depends.

4. Can the potential difference across a battery be greater than its emf? v
= Please refer to

45. Two bulbs of 60 W and 100 W are connected in series and this com

across the mains. Which bulb will glow more brightly? Give reason.
a Letus suppose that V is the voltage on cach
100 W bulb respectively. Then,

bination is connected

(2]
bulb and R; and R; be the resistance of the 60 W bulb and

n

V2 ‘ \%
Ry =‘P—| and Ry = _P_

where, Py = 60 W and P> = 100 W
R P !
' Ry Py M R P
From this relation, we

conclude that resistance of the 60 W bulb is more than 100 W bulb. Since in
series combination, the same current 1 flows through each bulb

Since, H = PRt
H « R, if currént | and time t are constant

l‘h('r\"l"-\’ ‘\C(\‘ (‘-‘) \ll‘\'[‘l(\v('(i ACTross (i“ \\' ‘.'ull‘ 1S MOore ‘l\d“ l‘x) \\. l)ull' Y noe lh(' hl.l}! hl“(‘\ﬁ l\‘ ”\('
l i"‘ dil'tt‘ﬂ\’ l‘rn‘,\)r‘i\)“ \‘ to l‘\(’ hL‘ at L‘L'\'t‘l\ p () \’ ) ) Ows O ) Ty \
lll S \ « < )})CL‘, ll\L’fl. ‘\"L’, § \ l llll 'l YW g 5
M l }\) more lr\}l l‘y l‘\(\‘\

4. [2056 Q No. 10 b Why do we use connecting wires made of copper?

. - ; L (- 2 [2]
According to Joule's law of heating, the amount of heat developed per second by a wire of resistance
R due to the flow of electric current 1 1s ) R
H=PR=H- for cons i '
. R = .H « R for constant 1. The copper wire has less resistance and resistivity ic., high
‘ ductivity. Hence, the heat developed per sec in the wire and power loss due to heatin L;f t)'
ss. So, copper wires are used for connecting wires. =

Long Answer Questions

41. Ro7e 066 Old G No_ 11 3 an X, 2 ORl
Set B Q.No. 5a] 2066 Old Q.No. 11 a 2063 Q.No. 11 a| 2057 Q.No. 11 a OR] What do you mean by shunt?

D . N . -
. Ses¢:nbe its use in converting a galvanometer into an ammeter. )
hunt and Its Application | w
To conve ’ i
galva“m“retteg;acl(\;gnonl\lster into an ammeter, a very low resistance is connected in parallel with
so that maximum current can flow through it which is called shunt. Shunt prov ides

an a“@lllatwe Path f()l‘ excess to c()IerIt galvall 21X lllto ammeter.

Let, S be .
thironsh ut‘l;e .valu.e gf shunt'resmtance and G be the galvanometer resistance, 1 be the total current
2 circuit. Since resistances G and S are in parallel, the effective resistance R of the circuit is
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1_ 1.1 .
R7GTS LR .

OGS 1 |

= RS G + 5 Since Sias small, Riis very small. E yi-lg A E

But, potential across G = potential across S. ! S ;

~ | anim an we oo o me oo o w ]

GS ®

= G+ 51 Fig. Shunt
—_— . T s
urrent through Gis 1, =% = GIG+5) I = (G +95)
V GS G

Current through Sis ls=g =3 (G+5) I=G+s!

S
Since the resistance of shunt is small, the fraction of current through galvanometer, (G 1 S)I 1s

small.

Again, current through the shunt= 1-1,
Since, p.d. across S = p.d across G
or (I-15=1; G
= § =I_E£I-;G
This is the required value of shunt which when connected in parallel with coil to convert the

galvanometer into ammeter of required range.
48. [2076 Set B Q.No. 5b [2072 Supp Q.No. 5a] 2061 Q.No. 11a] State Joule's law of heating and verify it
experimentally. [4]
When electricity is passed through the conductor, due to the applied clectric field, the tree electrons
in the conductor are accelerated. As they move, they collide with other atoms and lose their kinetic
energy which appears as heat energy in the conductor. The ' heat developed in the wire is discovered

=

by Joule and formed laws as
Joule's law of heating: The amount of the heat produced in a conductor due to flow of current is;

a. directly proportional to square of current passing through it

1e,H e« J2
"b. directly proportional to resistance R of conductor
e, Hx<R .
c. directly proportional to time 't' for which current is passed through it.
ie,Haot
Combining all above three relations,
H o 2Rt T ' -
H= I’JR t (In CGS unit]
where, ] is constant.
H =12 Rt [In ST unit]
This is the mathematical form of Joules law of heating.
Experimental verification of Joule's law
Experimental arrangement for the verification of Joule's law of | _ 0
heating is shown in_figure. A coil of copper is placed in a partially W
filled calorimeter with water. When the circuit is closed, electric | | R T
current I flow in the circuit and there is rise in temperature of water. | S
The current can be varied with the help of rheostat R, It is found
that for constant mass of water heat produced at a fixed time is
proportional to square of current flow. i,
i.e.,'l% « I2, (i) 5
If we replace the coil of copper by another coil of different length but

of same diameter. It is found that rate of heat produced, by a given
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current is proportional to the length of wire used. But, resistance of wire is proportional to.the length
of wire used. Thus,

-I';l'oc R .. (ii)
The amount heat produced can be estimated by measuring the raise in temperature during
expcrinwnt.
. " . A
From cquation (i) and (ii) e
i~
H =
— x IR =
s v
H IR a.
i P . g
t T [1n CGS unit] ‘ @
H =Rt [In S.1. unit] >

|3
. H =IRt :
Thus, Joule’s law is verified.

. 2076 Set C Q.No. 5a] 2060 Q.No. 11 a] Discuss 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]
w 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 of electrons. But when an electric field is applied in the conductor, the clectrons keep

colliding with atoms with gaining and losing their kinetic energy. However, they acquire an average

velocity opposite to the direction of applied field. The average velocity of free electrons with which

they drift in the direction opposite to the field is called drift velocity. Thus, the average velocity of

charge carriers (electrons) with which they move in a conductor under the influence of applied

electric field is called drift velocity. It is denoted by v.

Let us consider a metallic conductor, cylindrical in shape, with cross- +| L

sectional area A and length [. If n be the number of electrons per unit I

volume and e be the charge of each electron.

Total free charge in a volume V is, (Q) = volume of conductor x total 55
O=<O -

B

number of electrons x electronic charge
~ Q= Alne [[V=AxI]
Let I be the current flowing through the conductor, the free electrons drift in the direction opposite to
the direction of the applied electric field is as shown in figure. Let v4 be the drift velocity of the free
electrons. If t be the time required to drift total charge through length [, then current is given by

Q neAl l l :

[ =

t t

= I=v enA

00

+

T

=neAy =neAvy - (-3 =vd

'Or V o= m—
T heA

This equation gives ex pression for drift velocity. . .

Further, current flowing per unit cross-sectional area 1s called current density. It is denoted by ] and
/ ’

[ vy enA

A A

is given by, | =
= J =nevy .
Since, ‘J_> and v, are vector quantities, so T i “L‘\Z)h which is the required expression of current
%. 2375 GiE ae. 52 [2074 Set A Q.No. 5a) [2071 Set C Q.No. 5 & [2069 (Set A) Q.No. 5b| [2068 Can. Q.No. 53 Describe
the mechanisr of metallic conduction. Deduce a relation between current density and drift velocity of the
electrons. ‘ (41

B Please refer to [2076 Set C Q.No. 52
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51(2?755et30No§] State and explain Joule's law of heating. Deduce an expression for heat developed in:a
conductor due to the passage of an electric current. _ [4]
= Joule's Law of Heating: Please refer to [2076 Set B Q.No. 5b]
Second Part:

Let us consider a battery of emf E is connected across the resistance R as R

shown in figure. The potential across the terminals of resistance R is V = IR, W—‘ﬂ

where I is the total current flow in the circuit. Terminal 'A" of resistance 15 |

dl

by g . g o + ad
connected to positive terminal (higher potential) of the battery and o |
terminal 'B' of resistance is connected to negative terminal (lower potential) I E
of battery.

When charge moves from terminal A to terminal B, the net amount of work done for this is given by,
W=qV

Since, g=Itand V=1IR
= W=1txIR=DIRt

According to principle of conservation of energy, this amount of work done is converted into heat

energy.
i.e,, Heat produced in wire = W
H = PRt

which is the required expression and is called Joule's law of heating.

52. 2074 Supp Q.No. 53 What is a galvanometer? How can you convert it into a voltmeter? Why should the
resistance of a voltmeter be high? _ (4]
w Galvanometer: Galvanometer is an electrical device which detects and measures small amount of

current. It works on the principle of torque produced on a rectangular current carrying coil placed
inside the magnetic field.

Conversion of galvanometer into voltmeter
The galvanometer is converted into voltmeter by connecting a high G X

1
Lo lg R 1
resistance R in series with galvanometer. The voltage across the ‘.4_@_.%_‘_
voltmeter is ' : \ !
V=Ig(G+R) - |

Vv . - Fig: Voltmeter
or, R= g -G '

Knowing the value of V, I, and G, R can be calculated.

Third part: Voltmeter is a high resistance electrical device which is connected in p
and measures the potential difference across any load. It has very high resistance because it is
connected in parallel across any component of a circuit; it draws a very small current from the main
circuit, and most of the current passes through the element. Hence, the

A . p-d. across the component is
not affected. If the resistance is small, the effective resistance is ;

. affected and most of the current
passes through the voltmeter and the p.d. reduces across the compone

nt and the voltmeter cannot
measure accurately. : tmeter ca

~5-3»-H@7z Set C Q.No. 54 Define drift véibcity of electrons Establish a relation : '
x onb i
and current density in' the conductor. etween drift velocity of electrons

arallel in a circuit

w  Please refer to 076 Set G a.No. 5a| 2
54. [2072 Set D Q.No. 50| Describe an experiment to verify Joule's Law of heating. - 3 4]
w Please refer to 2076 Set B Q. No. 5p] . ;

55. [2072 Set E Q.No. 53] Why
an ammeter? :

w  Please refer to 2076 Set BQ.No. 53]
56. [2071 Supp Q.No. 5d Define emf, terminal p.d. and internal raci - i A B
. .. ernal resist i : S
circuit drawing current, ance. Derive the relation between them for the -
= Electromotive Force: The electromotive force )

[4
' AT of a source is defined g
positive charge throu gh the source from low po g b

: work done j ing a unit
- - tential end to hi e . 1H moving «
r. it is denoted by E and givenas gh potential end. It is cause, independent £

has : ; : . e
an 4ammeter a very low resistance? How can you convert a galvanometer int0

[4]
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]
where W is the work done to carry the magnitude of charge q. Its S.I. unit is joule per coulomb (JC)
Terminal Potential Difference

The work done in bringing a unit charge from one point to another point in the external circuit is
called potential difference between the points. It is denoted as V and given as
W .
o .
where W is work done to carry the magnitude of charge g,
Difference between emf and potential difference .

Electromotive Force(emf) Potential Difference(p.d)
1. Itis the difference of peotential between two | 1. It is the difference of potential between any
electrodes of a cell in an open circuit. two points in a closed circuit.
2. Itis greater than p.d during discharging, 2. ltis greater than emf during charging.
3. Itis cause of p.d. 3. Itis an 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 r and measured in Ohm.

Relation between emf, Internal Resistance and Terminal p.d. of a Cell

Let, E be the emf of a cell, r be its internal resistance and R be the external resistor connected in series
with the cell. V is voltmeter which measures p.d. between two points A and B of the circuit. S is the
switch, when the circuit is open, no current flows through the circuit. The reading of the voltmeter
gives emf (E) of the cell. When circuit is closed, the current I flowing through the circuit is given by

— E .
I=x++ )] —)—
o, E=IR + Ir .. (ii) Y s
Terminal p.d., V = p.d. across external resistance ]
or, V=1IR .. (iii) '
From equations (ii) and (iii), we can write, E=V + Ir S v
Orl V=E—Il‘ : (1V) '

where, Ir is potential drop across internal resistance of the cell. This is the required relationship
between E, V and r. '

57, lzoﬁ (Set A)'é.ﬁé‘. @I What is the difference between an electromotive force and the terminal potential
difference? How are they related? [4]
Please refer to 2071 Supp Q.No_54] L L= R aEer
- [2069 Supp Set B.Q.No. §_;i] Explain the theory of a) series and b) parallel combinations of resistances in an
electric circuit. ‘ . 4]
Combination of Resistors . ‘ o
There are two ways of combining two or more than two resistors; series and parallel combinations.
A Series Combination of Resistors: When a number of resistors are connected end to end as shown in
Fig, they are said to be in series. In this combination, the same current flows through them.
Let R, R and R are three resistors connected in series. 1 is current flowing through them. Vy Va and
Vi arc the potential differences across R;, R, and Rs respectively. V be the potential ditference across
the whole circuit which is equal to the sum of potential differences across individual resistors.
Therefore,

B
58

oY

V= Vi +V, +V; ; (l) [ } .
But V] =IR,, Vo= IR, and V3 = IR3 (ll) R ‘\' .
From relations (i) and (ii), we have, —WW— ‘j\ »V\/":";'\/\\:V:\/j
o o V=IR, +IR; +IRs o e "
01', V = I(R] +R2 +R3) ) i - “—’T ]
L V/I= Ryt Ry + Rs v

Or' R= R] + R2 + R3 (11]) ) L {*,_,__ —e
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in series combination of the TCSistoy,

i . 3 tem. SO/
where, R = T is called effective resistance of the sysS

al resistances.
ch lis equ
numbe

effective resistance is equal to the sum of indwndu. » .
ie,R=R;+Ry+Ry+ ...+ R, for n no. of resistors in W he r of resistors m.'L C(.mngcfed to 3
b. Parallel Combination of Resistors: When one end of t ;mmnn point as shown in Fig., itis Calley
common point and other ends are connected to an -o.t?fc,rrccnct’ across cach resistor1s the same.
parallel.combination. In this combination, potential di Ll] | combination. [ is the current entering the
Let, Ry, R and Rj be three resistors connected in para ¢ he common potential difference betweg,
~ H e
system at end A and the same current leaves at end B. \{ ls: h resistors R1, R2 and R3 rL‘Spcctively
common points A and B. 1y, I and I3 be the current throug

alin each resistor.

> . and 13. Therefore, .
Here, total current, 1 is equal to the sum of individual current I, 12
I=L+L+1; | ()
\ \ vV ..
?Ut, Ly R, 1:='R'2'and 13=F3 ... (i)
F lation (i i o 4 |
rom relation (i) and (ii), we get, [ = R, +Rz R l
[ 4
1 1 1 |
or, I-V<R|+R2+R3) !
11,1 .1
or, R_R]+R2+R3 ...(lll)

- . w . 3 = vy Y [ » Y OENe1e
where, R = 7, is effective resistance of the system. So, in parallel combination of the resistors,

reciprocal of effective resistance is equal to the sum of reciprocal of individual resistances, for nno. of

resistors.
59. 2068 Q.No. 5d| Distinguish between resistance and resistivity. Derive expression for the effective resistance
of number of resistors connected in series and parallel. (4]

w  Resistance: The property-of a material or conductor to oppose the flow of charge in a conductor is
called resistance. The resistance R of a conductor is defined as the ratio of potential difference V

across the conductor to the current I flowing through it. Therefore,
/

. _ X
R—l, or, V=1IR, or, l—R

In SI system, unit of R is the Ohm (symbol Q), the unit of current is the ampere (symbol A) and the
unit of V is the volt (symbol V).
Resistivity: Experimentally, it is found that the resistance, R of a conductor s,

i.  directly proportional to the length, [ of the conductor, e, R «/ ... (1)

ii. inversely proportional to the area of cross- section, A, of the conductor. 1.8,

1 .
R ... (ii)

Combining relations (i) and (ii), we have, R o %A or, R =p%

...... (iii)
where, p is constant for material of conductor, called resistivity of the material When. [ = 1m. A = 1m?
— s 28 E . R g < al. en, = , =
then R = - Hence, resistivity of a material is the resistance of the material of unit le t[ln' d unit
cross- sectional area. SI unit of p is Ohm meter (Q m). nit length an
Combination of Resistors: 2069 Supp SetB Q No. 5 d

60. State and explain Ohm's law. Two resistors ar i =
. ; . . - € connected in ; : A

- connected in series with the combination of parallel resistors. If this combipar:"el i il reslstqr bed
battery of the negligible internal resistance, find the potential difference across enaa ;‘on tge connected with ‘

w Ohm's law: Tlle potential difference across the ends of conductor is dj ‘i resistor. .
current flowing through the conductor provided the physical COnditi(ml-rLCtly Proportmnal to t
Ohm's law. , ) S remains unchanged.lt




R ' be th;e potential difference aCross ¢ ( gt
tor and [ be ‘ iy = (:) I

Js of a conduc 1 I'be the Curren |
fhro ugh it Then according to Ohm'g Ia‘:.ﬂnwing 1 B

V o o

v=IR

V

- R s

I* . "

L ‘ Rh

where R'is a co_“?“"“ called resistance of e i .
conductor. Its unitis Ohm () ( o "

e experimental verification of Oy ! : ;
The &% Ohm's law is shown in figure (i). The current I and p.d across R are

od from ammeter and v s :
“ou:]tc n‘sploch'\'(‘ pnt(\‘nli'ﬂ( I;::}Th" ) varying resistance usinig Rheostat (Rh). When V, V3, V...
are SEEE ° rence for the curpe 3 ive ductor of
constant phvsical conditions, ent Iy, 1, 1y, then for the given conduct
Vi Vo Vv,
L L R

A graph between Vand 1 iy then plotted which s

that potential diffor a straight line passing through the origin, which
p]‘O\'(’b crence

proportional to the current flowing through it
and Ry be connected in parallel and the third resistance R; is
ation. The resistance of the parallel combination of resistance R, and

is directly
Let us consider two rps]‘s[ancvs Rl :
connected to series to the combin
R.is given by

I, R,
% - Fl_ " Ri MWW —, R
N1 2

MMM~
/ww;/“ ;

RiR; . |
:RzRq"‘R: (l) !
I 1 be the total current flow in main circuit, then ] E%

E .. :

: 1=m ... (1)

Since, in parallel resistance combination, potential across the parallel combination of R; and R is
equal. i.e. potential across Ry = potential across R;

V= IR
R R
IR +Rr

TR+ II:S) I({fz TR)E  [usingeq (i)
_ R; R (R1+Ry)
T (R + Ry) [Rs (R +Ry) + Ri Ry
o Ri R» E

RiR> + RoR3 + RaRy

and potential across Rs; = E = IRs. . S sy
By knowing the value of E, and resistors, we can evaluate corresponding potential difference across

E [using eq" (i)]

v

i each resistor. o R
. What is drift veioéiiy of an electron? Derive a relation between the current through a metallic

conductor and the drift velocity in terms of the number of free electrons per unit volume of the conductor.[1+3]
i?}_ease refer to 2076 Set C Q.No._ 53

e 4Deduce an expressioyh for the heat developed in a wire by the passage of an electric current. [5]
8 Please refer to [2075 Sel B Q.No_5d) :

2erical Problems 4 -
076 Sef BQNosaTWO resistors of resistance 100002 and 2000¢2 are joined in series with a 100 V supply. A
Voltmeter of internal resistance 4000¢2 is connected to measure the potential difference across 1000Q

Tesistor, Calculate the reading shown by the voltmeter. ‘ M

&,




A ¢ . 1

Solution N
Given,
R\ " “‘(“\ &)
Ro = 2000 Q
gE= 100V . )
\l\h‘ll\.\\-l\\‘\l\\.\m o of Voltmeter (Ry) 4()0()9.
Now,
1000 x 4000

- 800Q
R = 7000 + 4000~

Total Resistance Ry = R + Re [Re=Ry]
= 800 + 2000
= 2800 Q

E 100
Total current in the circuit, I = R- 2800 0.0357A

P.D. across voltmeter =1 x Ry

=0.0357 x 800

=2857V
. VoltmLter reads 28.57V

64. [2076 Set C QNo, sa] The resistance of the coil of a galvanometer is 9.36Q2 and current of 0.0224, P

to deflect full scale. The only shunt available has a resistance 0.025Q. What resistance must be CONNecteq
series with the coil to make it an ammeter of range 0 - 20A?
Solution

Given,

- Galvanometer resistance (G) = 9.36 Q
Galvanometer current (I,) = 0.224A

r
oo
Full scale current (I) = 20A V=LY
Shunt resistance (S) = 0.025 Q A
Additional resistance (r) = ? N
Now,
P.D. across (G + r) = P.D. across (S)

L (G+n=(-1y)S

or, ¥ =I—I:2‘ .S- =20_0(§)2‘g% x0.025-936=1294 O
1294 rLsmtmce is needed to connect across coil to make it ammeter.

65. [2075 Set A QNo. 55 Two lamps rated 25 W — 220 V and 100 W - 220 V are connected to 220V sip
Calculate the powers consumed by the lamps.

Solution
Given, R
First lamp = 25 W - 220V " o
Second lamp =100 W - 220 V
Voltage (V) =220 V
Power consumed (P) = ?
Now, 220V
For first lamp,

TP =25W
Vi =220V
R, =i _220x220 _
Pl 25, w000

For second lamp,
P, =100 W

Va =220V,




17
_\_/ﬁ_ 220 x 220 DC CIRCUIT /

Re =p, 100 ~484Q

If two Jamps are connected iy SeTies and in
\ vV 220 Tes and joined to 220 v maing, the current in the circuit, [ is given as,
I "R+ Ry~ 1936+ 483 = 0.091A
power consumed by fiysy Imnp 2R, «
power consumed by secong lamp, 12R

(0.091)2 % 1936 = 16 W
s 2= (0.091)2 % 484 = 4 W
5 No.
66. w@l: beethe readinga o:’: l:‘;itslance of 1000 €2 and 2000 () are placed in series with 50 V mains supply. What
meter of internal resistance 2000 () when placed across the 1000 ) resistor?

Sol V:::t fractional change in voltage occurs when voltmeter is connected? (4]
olu

Given,
R, =1000Q

R: = 2000 Q _;@“"
E =50V 2000 €2
Internal Resistance of Voltmeter (Rv) = 2000 V = ;’;‘:“Q} b ;m
Now, I’
1000 x 2000 2
Ra» =7000 + 2000 4 —
= 666.7Q 50V
Total resistance, R =R, + Ry,
=666.7 + 2000
= 2666.7Q)
Total current in the circuit, [ = % = 26667 ~ 001875 A

P.d. across 1000Q =1.R,,
=0.01875 x 666.7
=125V

' 1000
P.d. across 1000 Q before connecting the voltmeter, = 3000 = 20 =16.67
e , , 16.67 -12.5
Fraction change in voltage =775 = 0.25x100% = 25%

67. 2074 Set B QNo ég] A copper wire has a diameter of 1.02 mm and carries a constant current of 1.67A. If the
density of free electrons in copper is 8.5x10%%/m? calculate the current density and the drift velocity of the
electrons. 4]

Solution
Given,

Diameter of wire (d) =1.02 mm =1.02 x 10 m
Current (I) = 1.67 A

Concentration of electrons (n) = 8.5 x 10% /m?3
Current density (J) = ?

Drift velocity (v) =?

We know
l .
] - A Aarea of cross-section

d?
n(1.02 x 10-%)?

) =204 %100 A/m?

Again,
I =venA
01‘, VvV = I

neA
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or, v 1.67 x 4 &1 5% 104 m/sec

e T16X 100 x 85 % 108 x % (102 L 25V when a resistor of 25Qis J°lned\
68. 2073 Supp. QNo 93 A battery of emf 15V has a terminal p.d of Lal o when a resistance. of 10Q remtol
Calculate the current flowing, the internal resistance and terml
25Q resistor. ' ' 4
Solution
Given,
E.m.f. of batter (E) =15V
Terminal P.D. (V) =125V
Resistance (R) =25 Q
Internal Resistance (r) = ?
Current when 25Q is replaced by 10 Q =?
We have,
- E=V4¢r
or, 1.5=125+0.05r
or, r=5Q

V=1IR
or, 1.25=1x 25
1=0.05 A
When 25 Q is replaced by 10 Q resistance, then
E=Ir+1x10
or, 1L5=1x5+1x10
or, 15=151
~ 1=01A
V =IR
=0.1x%10
=1V

69. [2073 Set C Q.No. 9¢] Resistance of a wire of length 1m, diameter 1 mm is 2.2Q. Calculate its resistivity and

conductivity. [
Solution

Given,

Resistance of wire (R) = 2.2Q

Length of a wire (/) = Im

Diameter of wire (d) = Imum = 10-* m

Resistivety of wire (p)="?

Conductivity of wire (o) =?

We have,

RA R-nd? =m-(103)2x22
Recmtwnty (p) = == 1x1 =1.727 x 10> Om

o 1 1
Conductivity (o) = ; = 1727 x 106 579038.8 Q—‘ m-!

70. [7)73_ Set D Q.No. 9a] An electric lamp consumes 60 W at 220V. How | many dry cells of emf 1.5V and mtemal
resistance 1Q are required to glow the lamp?

Solution
Given, |
Power (P) = 60W . .
Voltage (V) =220V . !
EM. Fofcell (E)=15V | A . r“
Internal resistance (r) = 1Q .

No. of cell (n) =
We have, .
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y=1%220

[=0.2727 A

Againy
\]" l{ o \/2 _ 2'\02
PR T " a0 = 806670

‘And:
: nk
=R +nr
SRR ) |
or, 02727 = 806,67 + n
or, 220=(1.5-0.2727)n
’)ﬂo
on n=T2073 ~ 17
. No. of u‘ll =179

Em Supp Q. No Sa

100 Qm it I:;:::zear :l:xrrer::t:asd;a:“::ter of 1.02 mm, cross-sectional area 8.2x10-" m? and resistivity

difference between two points in the wire 50 |anpda rtthe electric field magnitude in the wire and the Ddent%
Solution :

Given,

Diameter of wire (d) = 1.02 mm =1.02 x 10 m

Area of wire (A) =8.2 x 10-7 m2

Resistivity of wire (p) =1.72 x 10-52 Qm

Current in wire (I) = 1.67 A '

Distance (d) = 50 m

PD.[V)=?

Electric field intensity (E) =?

We have,

E =pJ

; ,
= p% : U=~ Current dens'ity]

1.72 % 10 x 1.67
=T 8.2 %107
Again, V. ~Exd = 0.0350 % 50 = 175V

72 2072 Set C Q No. g] The resnstance of a galvanometer cml is 5 9. 36Q and the current requlred for full scale
deflection is 0.0224A. We want to convert this galvanometer to an ammeter reading 20A full scale. The only

=0.0350 V / m

shunt available has a resistance of 0. 025Q. What resistance must be connected in series with thecoil. [4]
a Please refer to [2076 Set [& Q NC@] L ‘ o
73. 2071 Supp Q.No. 93] 1 82 resiator AR I 4A S 5Q
Consider the figure below. The current throug resistor s
the direction shown. What are the currents through the 25Q ar[\:] ‘ !
20Q) resistors? : T 20 Q
Solution >
Given, ' o Ry |
Here, Ry =6Q, Ry = 8Q),
Ry =25Q), R4 = 2002 e hose

Since Ry and R, are parallel
P.D. across R, = P.D. across Rz

11XR'|_12XR2
4X6=8x12
L=3A

Tota] current through path AC =4 # 3 = 7A




e ————

1l
120 1 A cOMPLETE NER SOLUTION TO PHYSICS

So, current through 250 is 7A.
- Now,

6x 8 48 - 28.43Q
Rac =Ri| Ry + Ra’(*:':‘g + =75 + 25 = 284

Since Rae & Rpp are parallel,
PD.across Ry = PD. across Ry
- 243 x7=20x 1a

28.43 x 7
of, la=="55== =995 A

4a=995 A

' ! tor is 0.8 A. Find the potencs
74, [O71 Set D QN0 8 8§ In the given figure, the current through the 3 () resis Potentiyq
across 4 Q resistor. )

Solution
Given,
R1 =3Q
Ry =6Q . ’ 3Q
R: =4 Qand | 40
L =08A 6Q)
Since, R, and R; are parallel,
potential across R, = potential across R, :
or, I]R] = I:R: ¢ e 4‘” |
or, 08x3=Lx6 o
24
or, L, = 6
L =04A

Total current through the circuit is
1 =L+1L=04+08 =12A
Potential across 4Q=4x12=48V .

75. [2070 Sup (Set A) Q.No. 9 | A cell of‘émf 18_\1 has an internal reslstanceof 3Q “'ll:ﬁé'termir;al p.d. of the batt

becomes 15 V when connected by a wire. Find the resistance of the wire.
Solution

Given,
emf of cell (E) =18V , '

I :
Internal resistance (r) = 3Q \ : :
Potential difference (V) =15V
Resistance of wire (R) = ? :

Let I be the current flowing through the circuit, then :
E =V+Ir
E-V 18-15
0y L., mSress m=g== B 1A
Again,
vV =IR
15 =1.R
or, R =15Q

7615)70 Supp. (Set B) Q.No. 9 a| A potential difference of 4.5 V is applied between the ends of wire thahsL
-, long ?nd has radius of 0.654 mm. The resulting current through the wire is 17.6 A. What is the resistivitl
" the wire?

Solution

Given, -

Potential difference (V) =45V

Length of wire (0) =25m

Radius of wire (r) = 0.654 mm = 0.654 x 10-3m
Current through wire () =17.6A
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e know
\Y 4.5

R =T =ﬁ =0.256 Q)

A ain

ik

R =P A

RA _ R.mr2 : 0.256 x 1 x 0.654 x 10-12
P T ! 25 =1.376 x 10-* Qm

.

A tightly coiled 8pring having 75 coils, each 3.50 cm in diameter, is made of insulated

metal wire 3.25 mm in diameter, An ohm meter co i is the

resistivity of the metal? nnected across its opposite ends reads 1.74 C2. What is t[4]
Solution

Given,

Number of turns of coil (N) = 75
Diameter of coil (D) =35 cm =35 x 10-2m
Diameter of wire (d) = 3.25 mum = 3.25 x 10-3n
Resistance of wire (R) =1.74 Q
Resistivity of wire (p) = ?
We have,
nd?
R. =3

RA :
P "L TaDxN [..L = length of wire = N x circumference = N x 1 D ]

Rnd?  Rd2 174 x (3.25 x 103)?

“47DN  4DN ~ 4x (3B5x102) x75 1.75 x 19-(7Q Th

76, BOT0 Set D Q.No. 9 2 A voltmeter coil has resistance 50 © and a resistor of 1.15 K  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? [4]

Solution

Given,

The voltmeter resistance (G) = 50 2

Series resistance (R) =1.15 KQ =1.15 x 103 Q
Voltmeter reading (V) =12V

Ammeter reading (I) = 2A

Shunt (S) =2
Now, we have,
v =l (R+ Q)
-V 12 .
I, = R+C " 1I5x10°+50 =0.01 A

Again, for shunt,
SI=1p)=1,.G

BE e o wme OBk o 5 = 0.25 02

1,

* Felg 2-0.01

‘E 063 (Set A) Q.No. 9 4 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 resistance of the battery and the resistor R. Assume that the two meters are ideal. [4]
Solution
Given, ‘ TN \’y\ ——
Emf (E) =3.08V . [ AAA-] L L.._.
Voltage (v) =297V o E ]
Cllrrent =165A é
Interng] resistance (r) = ? & e gv—-w'\/\/}/\/\/‘—"“—j\

External resistance (R) = ?
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We have, E=V + Ir
- 3.08=297+ 1.65r
Orr r = 00(’7 S)

/] 297
Again, V =R or, R == 522 = 1 80 18 o o 1O, Care
N AT e o , ' °C an . Culata i
80. [2069 (Set A) Q.No. 8 d The resistance of a conductor I8 10 ohm at 50°C | ate ?:
resistance at 0°C. i
Solution
Given,

Temperature (t) = 50° C
Resistance (Rg) =10Q
at100°C, Ry =15Q
at0°C, Ry =?
We know,
R:=Ri(1+aA0) [u = temp. coefficient of resistance]
S0,
Rso =R (1 + a 50)
and
Rmn = Ro (1 +Q ]00)
Rio 1+ 100
Rso 1+ 500
15 1+ 100a
10 1+ 50a
or, 15 + 750a = 10 + 1000a
or, 5=250 a '
or, a =0.02K-!
~ Rsp=Rp(1 +050)

10= Ry (1 + 0.02 x 50)

10=Ro(1+1)
- Rp=50Q

1. A resistor of 500 Ohms and one of 2000 Ohms are placed in series with a 60 volt supply. Wht
will be the reading on a voltmeter of internal resistance 2000 Ohms when placed across (i) the 5000 resist
and (ii) the 2000C2 resistor? - [

Solution 20000
Given, '
R; =500Q
R, =2000 Q2
Emf (E)= 60V ' A
Internal resistance of voltmeter (Rv) = 2000
Now, —
For (i) . 60V
When the voltmeter is placed across R;, the equivalent pe
voltmeter is

or,

/ > ANA
As500¢) B 2000Q

sistance of the 5000 resistor and the

2000 x 500
Rap = (2000 + 500) = 400
Lnen ‘ 20000
Total resistance in the circuit (R) = Rxy+ Ry oy
' ' ‘ : = 4009 + 2000Q 5000 Rhe A
= 2400Q
E 60 1

e — —— e —

. Current in the circuit (I) == 2400 ~ 20 A

60V
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Sding on voltmeter = x R, «
Reading ¢ eter =] x R, = 104400 =1y
HCI\CL‘,
The required voltmeter reading in his
For (“)
when the voltmeter s placegd
resistance of the 2000Q resistoy and

2000 x 2000 -

Rec = 2000 + 2000 1000Q

ase is 10V,

across Ry, the equivalent
the voltmeter is;

Then,
Total resistance in the circuit = Ry + R, = 1000 + 500 = 15006
; e E o0) 1 ) ;
 carrent in the circuit () s === —— _ L
- o B =R= 500 25 A
1

: Reading on voltmeter = | x Ric = 2—5 X 1000 = 40 V
Hence, required voltmeter reading in this case is 40 V.

82. An electric heating element to diséiﬁafé 480 watts on 240V mains is to be made from
nichrome wire of 1mm diameter. Calculate the length of the wire required if the resistivity of nichrome is
1.1x10® ohm-meter. ‘ [4]

Solution
Given,
power (P) = 480 watts
Potential difference (V) = 240V
Diameter of nichrome wire (d) = Ilmm = 10-*m

nd? @ x (10-3)2°
xe_nx (0% 7.85 x 10-7m?.

. Area of cross - section (A) === 1
Resistivity (p) = 1.1 x 10-°Qm
Length of the wire () =7
Now, We have, - '

R

V2 (24002
o R =T =~er =120

Again, we have;

s
P =IxV=,xV =7

R:

> =

o JRA_120x785x107
Y T p  11x10°¢

Hence, the required length is 85.6m.

= 85.6m

8. 2068 OId QNo. 11 q An electfic heating elemeh~t<t6 dié"éirﬁéte 1.2 KW on ?40 V mains is to be made from
Nichrome ribbon 1mm wide and 0.05 mm thick. Calculate the length of the ribbon required if the resistivity of

nichrome is 1.1%10€Q m. Bl
Solution
Given,
Power (P) =12 KW = 1200 W
Potential difference (V) =240 V
Wide of ribbon (b) = 1mm =1 x 10~ m
Thinkness of ribbon (t) = 0.05 mm= 5 * 10-5m
Resistivity of Nidrome (p) = 1.1 * 10~ Qm
Length of ribbon (1) = ?
OW, we have

2
P =IV=%X V:y—'
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Vi o 240
or, R= T 1200 = 48Q)
Again,
S/
R =&
RA
or, | “\_" [A=Dbxt]
_Rxbxt
e
48 X1 x 102 x 5 x 10
- 1.1 x10-*
=22m e 7
84. 2067 Sup Q.No. 93 What is the potential difference across 100Q resistor in the circuit given below. 4
Solution
Given, _ 100 Q 5000
Emf (E) = 12V WA > o
R, =100Q A I—JSOQWV\—]B
R, =50Q
R; =500Q A
\71 =7
Now, : [ |
v

If R be the total resistance of the circuit; we have;
R =Ri||R2+R;
100x 50
~ (100 + 50)
Then;

+500 =1533.33Q

E 12 i
Total current (I) = = 533 33 Ampere =0.0225A

We have

I, =1=00225A

Then, )

V3 =13R3=0.0225 x 500 =11.25V
Finally;

Vi=V;=(12-11.25) = 0.75V

Hence, the required voltage is 0.75V.

8s. Twelve cells each of e.m.f. 2V and of internal resistance 0.5 ohm are arranged in a battery of
n rows and an external resistance 0.4 ohm is connected to the poles of the battery. Estimate the current
flowing through the resistance in terms of n. Bl
Solution |
Civen,
No. of cells (N) = 12
Emf (E) = 2V
Internal resistance (r)= 0.5 Ohm mecells

No. of rows = n [ . |
External resistance (R) = 0.4Q il DR

¢ “-TOws -
Current (I) = ? _ ||,....m-f.\.f\,|

Let, ‘m” be the no. of cells in each row; ; Y . x

Then, we have;

mxn =12 v

ey 12 \"V\Q/\.~_~_
n

Now, we have;



‘ 24n
mnE 2]
s _mE__ - A2 _un 04 e
LR T X054 nx 04 640402 6404102 15 +n?

n

Hence, the required current flowin 8 through the

. circuit containing two parallel resistors of 3Q an
the 3Q is 0.8A. Calculate the current in the 60) re

Solution

Given,

Emf (E)= 24V

R =3Q Ry =6Q

Ry =3Q L =08A

L =?

Internal resistance (r) = ?

Now,

The equivalent resistance of the circuit is given as;
Rr =R1//R2+R3

__RR_ _<6><3 )
_R]_*_R2 3 = 6+3+8 Q—lOQ

Then,

E 24
Total current (Iy) = T A

~ (10 +7)
We have, For Ry; using
V1 =I1R] =08x3

= V] =24V

Here, Vi =V,=24V
Then, for R, using;

V: =L xRy
or,24=1,x6
~h =04A

Here, the current in the 6€ resistor is 0.4A.
Again, we have
Iy = L +1,

or, \-—24
" J0+;=08+04

o ao=12

2
! 10+r

Or/ 10"‘[ =20

2 1=10Q which is required internal resistance.

04

652

A

) . 60n
resistance is 5 + 2 Ampere.

oc circulT 1 125

862

P 1

- T

8 7 ] AS shown in the figure, a battery of emf 24V and internal resistance r is connected to-a
d 6€) in series with an 8() resistor. The current flowing in
sistor and the internal resistance of the cell.

3]

n, A battery of emf 1.5 V has a terminal p.d. of 1.25 V when a resistor of 25Q is joined to it
Calculate the current flowing, the internal resistance and terminal p.d. when a resistance of 10Q.replaces

25Q resistor.

Olution

Given,

Emf() =15v

Terminal p.d (v) =125V

Ex. Resistance R) =25Q
urrent flowing (1) = ?
ternal resistance {o)=?
oW, we have,

[
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Current (1) =XR =l‘2é =0.05A

Hence, the require

d current is 0.05A.
Again, we havo,
E
R 7>
1.5
or, 0.05 = -m
or, 25+ =3
r =50
Hence, the

€quired internal resistance is 5Q.

Lastly, if a resistance of 10Q replaces 250,
We have, '

1.5
Vio=TR = =

me’ =T+5><10 =1V

Hence, the required terminal p.d.is1V.

88. 058 Q.No. 111 I the given circuit, calculate the potential difference between the points B and D, |
Solution .
Given,
Emf of cell (Ey=6V
Potential difference between

B and D,
(V[‘,D) =7?
Total resistance Rac= (6 +12)] | (6+12)
= %) 18 nas op g
18 x 18
T 18+ 18 ~9Q

E 6 2
Total current in the circuit (I) = Tx =9 =3A

1 1
Then, I5g =3 and [xp = 3

Now,

Qaa
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- oeiple of potentipmet Ple of potentiometer and write down its one application. [2]
ri meter: N A c : .
3 section area of potentiome tr “lllhm a constant current is passed through a wire of uniform cross-
) . *ter, the potential drop ac H i is diréc oportional
to the length of that portion of wire 0p across any portion of wire is directly prop 2

ngth [ and resistance REMR ; :
leng é ROTEV iy the potential difference across

| —
ends of wire ¢ e — ‘ ]( —~
two ends of wire and I be the curront flow through it, then R @C)“—J
1

us consider a wire : )
Let a wire having uniform cross sectonal ared A e
( r

! !
v=IR=Ip A [ R= pK] I — !
= V! forconstant A and 1. A p ,F " (-’-,._,J
This is the principle of potentiometor. \\7‘_1':%7 K

"

i1 SOT 1S 119 . S b .
Potentiometer 1s used to find internal resistance of a cell.

2. — If the Curre|.1t flowing in the wire of the pote‘htio'méfér be décreased, what will be the effect
on the position of zero deflection in potentiometer? Explain. [2]
= ”Aﬂ‘(’ ‘C“"’E“t ﬂ_‘“‘"f‘% in the wire of potentiometer be decreased, there will be no effect on the position
of zero deflection in potentiometer because the principle of potentiometer state that when constant
current is passed through a wire of potentiometer, the p.d. across any segment of wire is directly

proportional to length i.e. v o [ at constant I.
3. [2075 Set B Q.No. 1a] [2074 Set B Q.No. 1b] Why do we prefer a potentiometer with longer wire? [2]
» The potentiometer works on the principle that the potential difference between two ends of a wire is
directly proportional to the length of wire, i.e. V «c [, or V = K [, where k is constant for potentiometer.
If the length of potentiometer wire be long, the potential difference per unit length K becomes small
and the sensitivity of the device increases. So, we prefer a potentiometer with longer wire to take

accurate data.

4. [2074 Supp Q.No. 1b] 2072 Set D Q.No. 10| Draw a circuit diagram of meter bridge to determine the resistance of
a wire. Write the formula used. [2]

= A meter bridge is an electric 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 and X is unknown resistance. Meter bridge is used to
determine this unknown resistance.

R X
(RE] D

g

.uhn[ullu‘lu‘I‘“.]“:lu

A P W Q C

e— | —>pe—100 - [—
[

(a)
Resistance of AB :E
- Resistance of BC ~ Q

Since, resistance o length. i.c. P« [and Q « (100 - 1)
Le P__I _R

“Q 100-1 X
or. X = lOOl—l R

Hence, the value of X is calculated at different values of R and mean is calculated.
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5. [207a Set A Q.No. 11 2072 Set ¢ Q.No. 14 it
potentiometer to measure emf of a cell rather than a Vo tm o
w Potentiometer work's on null deflection method wh(| y ,iut(.
works on deflection method. EMF of a cell i equal to'! 1(' : tiomete
the cell when no current is drawn from the cell Since ‘,m“ y sthod give
can measure the emf of the cell accurately. The deflection n?t we ;ref(:’f a p()tentiometer to Measgy
because on deflection the voltmeter draws some current. 50, I Ite
Y emf of a cell rather than a voltmeter. i be the effect on the positi oh of ZerN
6. [071 Set C Q.No. 1 1 If the length of the wire be doubled, what Wi 0
deflection in a potentiometer? 1 difference between two ends of a wire jg
w  The potentiometer works on the principle that the potcyntx.al ditfe |
directly proportional to the length of a wire. i.e., Vol T.hlS shows
in a potentiometer increases from the initial reference point. [ I R

ives accurate value while the Voltm m
ntial difference across the terminaf
¢ draws no current from the ceff
 more error than null meth‘

that the position of zero deflection

7. [2071 Set D Q.No. 11 State and explain Kirchhoff's laws of electric circuits. , 2
»  Kirchhoff's laws of electric circuits:
There are two Kirchhoff's laws in electricity:

a. Kirchhoff's current law (KCL): It states that, the algebraic su
in an electrical circuit is zero. ie., mathematically, ZI = O. It means,
towards any junction in an electrical circuit is equal to the sum of currents flo Iro
junction. This law is also termed as the junction law. This law is based on the principle of
conservation of charge.

b. Kirchhoff's voltage law (KVL): It states that, in any closed electrical circuit (loop or mesh), the
algebraic sum of all the emfs is always equals to the algebraic sum of voltage drops in resistors. ie,
mathematically,

TE =XV or, XE = X IR. This law is also called as loop law. This law is based on the principle of
conservation of energy.

m of the currents meeting at a junction
the sum of current flowing
wing away from that

3. [2069 (Set B) Q.No. 1 d| How woﬁld“yaﬁ convince t-hat"tt‘{ev‘iirini\:ipléw of Wrﬁea*s‘uremeht’ of reéistance of wire by
meter bridge is based on Wheatstone bridge principle? Explain. @
Please refer to [2074 Supp Q.No. 1]

e e 5] Stala KirchhofTs laws of secbic dvaite,
= Please refer to [2071 Set D Q.No. 1 b

Long Answer Questions

10. [2076 Set C Q.No. 5b| 2074 Set B Q.No. 53] [2070 Set C Q.No. 5 a State and explain"Kiréhhof‘f‘s laws ahd use these
laws to find the balance condition in a wheatstone bridge circuit. 4
». Kirchhoff's laws of electric circuits: Please refer to 2071 Set D Q.No. 1 )
Balance Condifion in a Wheatstone Bridge Circuit:
Wheatstone bridge: An arrangement of four resistances, three
of them are known and the fourth can be determined in term
of the three known resistances is called Wheatstone bridge. It
is an electrical circuit which can be used for accurate
measurement of resistance of conductor. The principle of
- Wheatstone bridge is that, when the bridge is balanced, the
products of resistances of the opposite arms of circuits are
equal ; ‘
P

X
ie, 5=R’ where P, Q and R are known resistance and X is unknown re

oo

sistance.

Balance Condition in a Wheatstone Bridge Circuit: The circuit
determine the resistance of unknown resistance is as shown in
resistances P, Q and R and a fourth unknown resistance X. a source of emf is connected between
points A and C and a galvanometer between B and D whose resistance js Gn]?l?x; €?irc:it is € ed

: alvanometer circuit is bridged AB he.. |
bridge because the 8a ridged across ABC and ADC parall ;. 1 1 be 18
current at the junction A, the current get divided at this junction. i mped ac e :

diagram of wheat stone bridge v
figure. It consists of three know!




I be the fraction of curre

1.

=
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nt flows through re

galvanometer, Sistance P, I, be the current through the resistance X and
ent |

I be the current throy gh
Applying Kirchoff's cury

L=y s
Considering the closed me
as positive)

-hiP-1, G+ X =0 (
Similarly, considerin o

\ Ting the close > i [

Jitééien b positivs closed mesh BCHB, applying Kirchoff's second law, (Taking anticlockwise

AW at junction A,
i, 0

sh A , ; .
BDA, applying Kirchoff's voltage law,(Taking anticlockwise direction

If the resistance i . _ o (i)
made zero, i.e., lg‘: (:.hlk:o:-‘:;‘;:t\?‘:t\“:ulmb‘y adjusted, the current through the galvanometer can be
From equation (if), we got 101, p.d. across B and D must be zero.
WP+ LX=0= 1P =1, X '
From equation (iii), we get ~(iv)
-IQ+LR=0= IIQ =L,R (v)
From (iv) and (v), we get )
P_X
Q R

This is the required balance condition.

2075 Set A Q.No. 5] 2073 Supp Q.No. 53 [2070 Sup (Set A) Q.No. 5 aI’Statyewthvé 'prvi'nuciple"of potem:ometer Discuss the
application of potentiometer to determine the intemal resistance of a cell. 4]
A potentiometer 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 area of

cross-section of potentiometer, the potential drop across any position of wire is directly proportional
to the length of that portion of potentiometer wire.

Let us consider a wire having uniform cross sectional area A, length [ and resistance R. If V is the
potential difference across two ends of wire and I be the current flow through it, then

[ l
V=IR=IpK [‘.'R=pK]

ie, V o | for constant A and I, which is the principle of potentiometer.

Determination of internal resistance of battery: The circuit diagram for the determination of internal
resistance of battery is as shown in figure. It consists of a driving cell of emf E whose positive end is
connected across the point A of the potentiometer and negative terminal is connected at B via

rheostat. 1l wh -
A known resistance R is connected across parallel to cell whose em !

is E, and internal resistance r ( to be determined). When the key is A
open, i.e., open circuit, there is no current flow through resistance R Rh
and potential difference found 1s.equa1 to gmf olf th‘e lC()ell. .‘The ;
jockey is adjusted to touch the wire at a point wlgrcl; t;ue is no A ! @1 i
deflection in galvanometer. Let the balancing le(?)gth is [}, then, rF]/
g

gi‘Ir:lill]arly, if key is connected across .l‘<nown resistance R and the -

balancing length is L, then V& I, ... (i)

Dividing (i) by (ii) we get

5 -1 ... (iid) )
Vol oo )
Since, E, = V + Irand V = IR, we have |

R+Ir = L

IR P oy
Rir L .
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CR(hi-h)

= I*
. i 5t e g i1 ) iome
By knowing the value of R, we can caleulate internal resistance of cell by using pc tentic md?"

' . » " TN
12. [2075 Set B Q.No. 5] State Kirchhoff's laws and use them to derive Wheat Stone’s bridge principle. H
= Kirchhoff's laws: Please vefer to 2071 Set D Q.No. 1y
Wheat Stone's bridge principle: Please refer to [2076 Set C O.No 5t

13. [2073 Set C Q No. 54 State aid apply Kirchoff's rule of electrical circuits to measure the unknown r
of a wire by metre bridge with necessary theory and circuit. [
w  Kirchhoff's laws: Please refer to [2071 Set D Q.No. 1 b
Second part: : . . 4 o _
A meter bridge is the simplest practical form of the Wheatstone bridge. | t.cnnsms of a resistive wire
of uniform cross-sectional area so that its resistance per unit length remains constant. The 'lengt}, of
wire is often a meter. Due to this reason the device is called meter bridge. It works on the principle of
Wheatstone bridge which states for balanced condition of circuit as,
P R
3 %
where P, Q and R are known resistance and X is unknown resistance. Meter bridge is used to
determine this unknown resistance.
R
REH D

I

X

'TWE FFTE FYTE FTWE IV FTTE ST ATTE N
T

APWQC

=|_/ +{ E
E , E
(a) - (b)

Meter bridge consists of a wire AC of 1m long permanently fitted between two fixed terminals made
on a wooden board having a parallel measuring scale. Points A and C are connected to a cell and B
and D are connected to Galvanometer G. A resistance box is connected between A and B and an
unknown resistance X is connected between D and C. A sliding jockey is connected on
as shown in figure. When the jock.ey is sliding on the wire at balance condition B, the
shows zero deflection. At this condition,
P R

Q "X
or Resi.stance of AB _ r

" Resistance of BC ~ Q

Since, Resistance « length. i.e., P oc [and Q o (100 - )

galvanometet
galvanometer

P 1R
"0 T100-1 °X
or, X = 100{-IR

Hence, the valy, :
ue ; cale T 5 :
e Ty ARt of X is calculated at different values of R and mean R is calculated.

14, m'sme princi ——

ez ple of meter bridge. Describe how it is used to determine the resistance of
» Please refer 2073 Set ¢ G No. 6a]

15. [2071 Set D Q.No. 5 4 What is the princicle tioh Explai ecessary theory. how you Wou
. principle of a potentiometer? Explain with would
determine the internal resistance of a cell using this principle. ’ e o

w  Please refer to 2075 Set A Q.No. 5p| [‘] »

e




r

i ELECTRICAL CIRCUITS +. 131
- “go70 Set D Q.No. 5 3 [2068 Old QNo 113 ot T APR T TR A WY TR, § I
6. :No. 11 a| (2059 Q. chhoff's
jaws of current and voltage to obtain bala Q.No. 11°a OR| What is Wheatstone bridge? Use Kir

nce con 4
.. Please refer to ETTE Sl C O T dition of it, . [4]

506 Set B Q.No. 5 4 State th . , _ .
o s Sone i © principle of potentio he internal resistances
of two celis by using a potentiometer? p meter. How do you compare the i o

5 Dlease refer to 2075 Set A Q.No. 50
1. @m Explain Kirchoff's laws. How are the conditions of balance in Wheatstone bridge
established through these laws? 2

» Kirchhoff's laws: Please refer to po71 St g Q.No. 1

Wheat Stone's bridgs principle: Please refer to [2076 Set C Q.No. 51

9. [2068 Can. Q.No. 5d iNhat is internal resistance of a cell? How “c‘ariwynbii ‘measure the internal resistance of a
cell by using potentiometer? _ [4]
= Internal resistance: The internal resistance  of a cell is defined as the resistance offered by the

electrolyte between electrodes of the cell when electric current passes through it. It is small for new
cell and large for old cell.

Please refer to [2075 Set A Q.No-5b]

20. 2067 Sup Q.No. 5d] What is the prlii(:l;)l; of poteii”tiﬂéiii;t';r-'éibéégribe a meihod to ‘measure the internal
resistance of a cell by using potentiometer. [143]
u Please refer to 2075 Set A Q.No. 55

21. 2067 Q.No. 53] What is potentiometer? How can you use it to measure internal resistance of a cell? [1#3]
n Please refer to 2075 Set A Q.No. 5b]

2 2062 Q.No. 11 a OR] Explain the principleofﬁgtentiometerHownsthis used to measure the internal
resistance of a cell? [2+3]
w Please refer to [2075 Set A Q.No. 5b)]

23. 2061 Q.No. 11 a OR] Discuss the principle of the potentiometer and use it to compare the emf's of two cells.[2+3]
® A potentiometer 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, —*—1F‘
the potential drop across any portion of wire is directly M
X

proportional to the length of that portion of wire.

Let us consider a wire having uniform cross sectional area A length ; l,
I and resistance R. If V is the potential difference across two ends of & E|/3 ‘SJ B
wire and I be the current flow through it, then . 57 <

! 1 ; ‘
V=IR=Ip4 [ R=p%]

= V| forconstant Aand L.

This is the principle of potentiometer. . o

Comparison the emfs of two ells using a potentiomeier: The circuit diagram which is used to
compare the emfs of two cells having emfs E and E; is as shnwii in above circuit diagram. E is
driving cell whose emf must be larger than p.d. across the whole wire of potentiometer. The positive
terminal of E, and E, are connected on the same end A where positive terminal of the driving cell is
Connected. Negative terminals are connected by _two way.kcy (K),.

Galvanometer is connected in the common terminal. At first, key is connected across terminal of cell
Ei. The jockey is adjusted to touch the wire at a point where there is no deflection in galvanométer.

Let the balancing length is b, then Eiocli .. (i) [CEi=V, &V,

Similarly, if key is connected across terminal of cell E; and the balancing length is [, then Epx [
(i) [ Ep=V;,&Vpelh]

From relation (i) and (ii), we can write
E_b

E " L



|
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By measuring the length [y and [, the ratio of By and l;,zlcan L'w dt}&:\?ﬂ rcla.ti(m e
dr Ko > ¢ ol o , evaluated by using, ¢ - e N
cell is known, the emf of another u‘," can be evaluated )’d ?wlt £ detérfnihe ey resistance\df\
24. [2080 QN : i f potentiometer and use .
24. 2060 Q.No. 11 a OR) Discuss the principle o
[:ell. [2+3]
w Please refer to 2075 Set A Q. No. 5b|

' ' ’ ‘ of two cells using
25. [2058 Q.No. 11 a) What is a potentiometer? Explain how you compare the emfs usu[\a :
potentiometer. ]

w  Please refer to 2061 Q.No. 11 a OR|

kzsr.A Usmg Kirchhoff's rules in the circuit, find
i. the currentin resistor R ‘
ii. theresistance R
iii. the unknown emf E

iv. If the circuit is broken at P, what is the current in resistor R?
Solution

For (i)
Using Kirchhoff’s current law at junction D; we get
CurrentinR=(6-4) A=2A
Hence, the required current is 2 A.
For (ii)
Potential drop across 3Q resistor = 3 x 6V = 18V
Potential across R(Vg) = (28 - 18)V = 10V.
Using;
VR - IR x R

or, 10 =2xR

“ R =50

Hence, the required resistance is 5Q.
For (iii)
Using KVL in loop ABCD; we get
28-E=IrxR-6x4

or, 28-E=2x5-24

or, 28-E=-14

. E =42V
Hence, the required emf is 42V
For (iv)
If the circuit is broken at ‘P’

Total resistance in the circuit will be Rr=(R+3)Q
Then, using; '

4

)

=(5+23)Q=80

V =1xR -
or, 28 =1x8
I =35amp

Hence, th

9. Ithasa reéistance <-)f>2'0 Q. ltis coﬁnected in seri T

i : eries with a

; battery of 3 V. and a resistance of 10 Q. What is the potential gradient along with wire? [4]
Solution

Given,

Length of potentiometer (Iag) = 10 m
Resistance of potentiometer (Rap) =200
E.m.f of cell (E)=3V

Resistance of cell (r) = 10 Q
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Ty AB
potential gradient (\I/AB) =9

We have,

e it g
I "R+r 20+10°3p=01A
Again,

Vas = [ Ras
=01x20=2V

Now,
Potential gradient = Yan = 3 =0
las 2V/m

28. [2074 Set A QNo. 95! What must be the | emf E in the circuit so that the <

current flowing through the 7Q) resistor s 1.80a2 Each emf source has 24\7‘[ E’i

negligible internal resistance., 4] B ~ 5
Solution 30 20) ‘ 72

From fig, at point E, using Kirchhoff's current law,

L+L=18 (1)

In a closed loop AEFDA

-E=-2I, + 3],

or, 24 -E=-2I,+3(1.8 - [,) from equation (i) ) ‘
or, 4-E=-2, + 54 - 3], A, E | 18A,
or, 186 -E=-51, 24VJ' Eib

or, E=5L+ 18.6 ... (i) ‘ 9 .4
30 20 370

Again from closed loop, EBCFE

E=18x7+2I,
or, E=12.6 + 2], ... (iii) D F C
Solving equation (ii) and (iii), we get,
L=-2A
Then, I] =38

From equation (iii), we get
E=126+2(-2)=8.6V

2. 2072 Supp Q.No. 94| ' 4vw |
A simple potentiometer circuit is setup as in fig Q(1), using a uniform —1l >—t757
. , R
c

wire AB, 1.0 m long, which has a resistance of 2Q. The resistance of the

4V battery is negligible. If the variable resistor R were given a value of A
240, what would be the length AC for zero galvanometer deflection? [4] l

Solution ' 1.5V
Length of wire AB (lap) =1.0m " Fig. Q (1)
Resistance of wire (R) » 240 )

Em.f. of cell (E;) = 4V. R
Resistance across AB (Rap) =2 Q A < B
Length of AC (Inc) =?

For zero galvanometer deflection, ‘_—1|5V

P.D.across AC = 1.5V
or, T, Rac=15

-4
R+\RA8 x Rac=1.5

-4
7373 *Rac=15

01', RAC ==

Since, 2Q wire AB has length 1 m.
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i 1
1Q wire AB has length 5 m.
1
1.65Q wire AB has length 5 x 1.65 m = 0,825 m

arallel with another of 10V;,,d
| resistance of 120, Fing the
y

Length of AC = 0.825m

30. 2072 Set D Q.No. 9a] A battery of 6V and internal resistanc
internal resistance 1Q. The combination sends a curren
current through each battery.

Solution
Given,

Emf of one cell (E;) =6V

Emf of another cell (Ez) = 10V

Internal resistance of one cell (r7) = 0.5Q
Internal resistance of another cell (7)) = 1Q
External resistance (R) = 12Q

Current through E; (I;) =?

Current through E; (I;) = ?

Using, KVL is closed loop ABXCDA, we've
Ei=Ln+ IqR

or, 6 =Ln+ (11 i Iz)R

or, 6 =05L+12 +12I,

or, 6 =125L+12]; . (i)

Again, using KVL in closed loop ABYCDA, we've
E» =Lr;+ LR
or, 10 =L, + (I] + Iz_)R
or, 10 =121, + 13I, ... (1)
Solving equations (i) and (ii), we get
L =-227A and Lb=286A

0 0,502 Is joined in P
t through af externa

31. 2072 Set E Q.No. 93] The total length of the wire of a potentiometer is 10m. A potential gradientﬂbifﬂ 0001 5VI;r;
is obtained when a steady current is passed through this wire. Calculate, 14
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 instrument.

Solution
Given,
Length of potentiometer (L) = 10m -
Potential gradient (K) =0.0015V/cm =0.15V/m
i. Distance of null point (l;) = ? ‘
Voltage of cell (V) =1.018 V
We have,
V « [, for potentiometer,
or, V=kl
or, 1.018 =015 x [,
or, 1 =68 m
i, Pd.(V)=2
Length of null point (I) =940 cm = 9.4 m
Again,
. Vb
or, V =kh=015x94=141V
iii. Maximum P.d. (Vmax) =7
4 Vmax =KL =015%x10=15V
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ERAE
Usmg Klrchhoff‘s W

# given crrcurt

|aws of current and voltage find the current in 20 resrstor in the

(4

soluto” 30 40

or,
or,

from figure, in closed loop ABEFA

3 + 2 =35 ()
In closed loop BCDEB

4+ 212 = 40 ()] T
Atjunction B, using Kirchoff's cuncnt law
h+h=h ews (11
From (i) and (ii)

4l -3h =5 .. (iv)
4h-3(L-1) =5

4[2—313+ 3l,=5

7h-31=5 s, (8}
From (v) and (ii), we get

1,=10A, I, =5A

From (iii),

I, =5A

35V 20 40 V

. Current through 2Q resistor i ris10 A.

33

n

34

2067 Q.No. 9] In the a adjacent circuit find: ' R a7 B [ 4
i. the current in resistor R. X R.

ii. resistance R,
jii. the unknown emf ¢,
iv. ifthe circuit is broken at P, what is the current n resistor R ?

3Q

Please refer to {2075 GIE Q.No. 92

2064 Q.No. 11 b] The driver cell of a potentiometer has an e.m.f. of 2V and negligible internal resistance. The
potentlometer 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

=

=

35.

Z|w ==

Given,
E=2V R =3Q
V=5mV R' =7
Suppose R' be the resistance needed in series with the wire.
From law of resistance, we can write
R/
__V
“(E-V)
5

2-0.005
,_2-0.005

\Q_.()AO()S x 3=1197.2Q
Again,
V=5mv d=100cm
E=9? I'=60cm

I}

60 X107V
— - =2 V ZJXIO V
1Y 00 o TR

The drlver ceII of a potentrometer ‘has an emf 2V and negllglble internal resistance. ‘The
DOtentrometer wire has a resistance of 3Q. Calculate the Tesistance needed in series with the wire if a p.d. of

SmV is required across the whole wire. [4]
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Solution
~ Given,

Emf (E) = 2V ,
Resistance (R) = 3Q
pd. (V) =5mV =5 x 103V
Let, R’ be the resistance to be connect
Total resistance of the circuit (Ry) = R"+ 3 "
Here,

od is series.

B 2

Current across the potentiometer circuit (1) = Ry = Ri+3
Also;

p.d. across potentiometer wire =1 x R
2

or, 5x103= R‘ +3 " x3

or, R +3 =3 10%
or, R"+3 =1200
~ R =1197Q

Heuce the requlred resistance is 1197Q T S L
3. (053 G.No. 11 5] The emf of a battery A s balanced by a length 75. 0 cm on a potentiometer wire. The emf of

standard cell 1.02 volt is balanced by a length of 50.0 cm. What is the emf of A? [4
Solution

Let E; be the emf of a cell A.

Balancing length for A =1,=75cm_

Emf of standard cell (E;) = 1.02V

Balancing length for E; =1, =50 cm

We know,
B _h B
E: b = Ei =], xE

2 =§ x1.02=1.53 V.
' 50

Hence requ1red emf of the cell A is 1.53 V.

37. 2056 Q.No. 11 b] The driving cell of a potentiometer has an e.m.f. of 2V and negligible internal resistance. The
potentuometer wire has a resistance of 3Q. Calculate the resistance needed in series with the wire if a p.d. of
1.5m V is required across the whole wire. 4

Solution '
Given,

Emf(E) = 2V

Resistance (R) = 3Q

p.d. (V) =1.5mV =15 x 103V

Let, R” be the resistance to be connected in series.
Total resistance of the circuit (Ry) =R" + 3

Here,

C h i ircui e 2
urrent across the potentiometer circuit (I) = Ry R +3

Also;

We have,

p-d. across potentiometer wire = IR

2
or, 15103 =R+3*3
or, R +3 = 4000

R' =3997Q

Hence, the required resistance is 3997Q.
aaa




[ Chapter 3: Waves in Pipes and Strings
X

1. [2074 Set B Q.No. 31) [2068 Can. Q.No. 35| The frequency of a fundamental note of a closed organ pipe and that

of an open organ plp_e are the same. What is the ratlo of their lengths? [2]
w  The frequency of a fundamental note of a closed pipe of length 1 is given by

T y ’

tf - 41‘ e (1)

And the frequency of a fundamental note of n orgs : is give

. ] al note ol an open organ pipe of length |, is given by

fo= ETN ... (i)

Dividing equation (i) by equation (ii), we get

Lo

fo B 2]1

. Lo
By question, f, = f, 7 = 2 L= 2. Hence, length of open pipe is double of closed pipe for same

fundamental frequency.
2. [2073 Set C Q.No. 3a] [2073 Set D Q.No. 3b] éy"um‘at“fa(:Atormdéeé‘th;—\?el_éci—ty of transverse wave in the stfing
change when the tension in the stretched string in increased by four times. [2]
w The velocity of transverse wave in the string is given as

T
kY ... (i)

“ where T is the tension on the string, p be the mass per unit length of the wire. If the tension in a given
stretched string is increases by four times, then the velocity becomes,

v' ='\/3:I (i)

Dividing equation (ii) by equation (i), we get

vl

- 2 = v' = 2v. Hence, the velocity of transverse wave is increased by 2 times if the tension in a
given stretched string is increased by four times. :

3. [2072 Supp Q.No. 3a The six strings of a guitar are of the same length and are under nearly the same tens—ion,
but have different thickness. On which string do waves travel the fastest? 21
» The velocity of transverse wave in a stretched string is given by

. Where,
T  =Tension on string
m . nd?
I =T ,mass per unit lengths ==

d = diameter of wire,
’4'1' % T
SO, v = de = d ’J;
1

Loveey. Thus, velocity of wave is highest for thinnest string.

« o7 Sas a3 How does the pitch of an organ pipe change with temperature? 3
» We know that the pitch (frequency) of the organ pipe i8 directly proportional to the velocity of sound

in air,

ie, focv (i)
Laplace equation for velocity of sound in air is
Vi I (i)

p
For one mole of an ideal gas, we have
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PV =RT

M
or, P 5 RT
PM
P=RT 4
Then, Eq. (i) becomes,

p
e /%—ﬁ RT

. [erT

01‘, v= R.I

or, \?=K\ﬁ' ::-Vo:\ﬁ‘ - (i)

3
|
R
Here, K= Xﬁ' is constant. : %
|
i

From Egq. (i) and (iii), we get
fo ﬁ - '

Hence, the frequency of the organ pipe is directly proportional to tl‘!e squase root of t_}:e absolute
temperature. Therefore, the frequency of the organ pipe increases '\f\!’l_th increase in temperature.

5. R071 Supp Q.No. 3a Does the frequency of sound produced by an organ pipe change with its dia
Explain. i
~ Yes, the frequency of sound wave produced by an organ pipe changes with its diameter.
- fundamental frequency of an organ pipe is,
= '_i'(l—‘i‘“c')" ; closed pipe f= m ; open organ pipe
Since, ¢ = 0.3d; end correction depends upon diameter 'd' of pipe, hence frequency also depends upea
the diameter of organ pipe.

E.il_zuﬂ Set C Q.No. 3 bl [2069 (Set Af d.ﬁ:ﬁﬁﬁﬁ-'Hiﬁp'eri's_ to 'th—e'f'r'éa'déﬁé; int};\nsverse vibration of :
stretched string if its tension is halved and the area of cross section of the string is doubled?
= The fundamental frequency of stretched string is :

-

f =% E [T = Tension & p = mass per unit length]
Here,
p=m/L=Vp/L=A.p
i i
"2l \JA.p -
If T is halved & A is doubled,

W S Wy _l(l 1)1
f=2a\|ap~2"\[22Ap "2\ \J2p /"2

Thus, the frequency is reduced to half if it
is doubled. - :

s tension is halved and the area of cross section of the stri :

7. [2071 Set D QNo. 3 B A tuning fork produces a feeble sound. But when it is pressed against e ad
' itis pre
sound is heard. Why? TP S
= £et:ri\bingt.fork prgdluces a feeble sound without pressing in any obstacle because there is less mass®
rating particles. But when it is pressed against a table, a loud 184 s
higher mass of vibrating air as the intensi S - sognd is*heard because thetly
iy g ensity of sound is directly proportional to the mass of vibratl

8. [20705etC QNo. 38 Why Is sounding board used In a string instrument?
= The sounding board on a stringed musical instrum

forced vibrations along with the strings. When the frequency of vibrating air becomes equal to 1%

natural freque.ncy, the resonance occurs and maximum sound will be prod .d. Th he lou -..:-_‘:
of the sound is more for larger area of the vibrating bod produced. Thus, the lo i

) . So, stri 3 . it
hollow boxes increases the loudness of soun = Y. 50, stringed instruments prowded w 3

‘
e e ————

ent is hollow inside it in which the air is set iM%
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9. @?73 Set D Q.No. 3 a When the tension in a given string is increased by four times, by what factor does the
velocity of wave in the string change? g 2

~ Please refer to 2073 Set D Q No_3H

10. Eoss Supp Set B Q.No. 3 a| Explain, with figure, the formation of second overtone of waves in an open organ
pipe. i [2]
» Second overtone: In this mode of vibration, two antinodes are produced at
both open ends and inside the pipe there are three nodes and two antinodes

Figure. If 2 be the wave length of the wave then the relationship between L & N A
’ 3L
length and wave length of wave is | = e If v be the velocity of sound and f; &g _1%_ —
. v 3v
is the frequency of 24 overtone then, f, = 1=
11. [m;—s}axi—é;nt Q.No. 1d A loud sound is heard at resonance. Why? L e [2]

m When the frequency of a periodic force matches to the natural frequency of vibrating body, the body
vibrates with maximum amplitude. This phenomenon is called resonance. At resonance, a
compression of one wave falls on a compression of another wave and a rarefaction on a rarefaction.
On account of this, the amplitude of vibrating particle increases. Since the intensity of sound is

directly proportional to the square of the amplitude of the vibrating particles (I o« a?), maximum
sound is heard at resonance.

12.”|5067‘ 'Sup-é;l"icnv:_:'ia] When the tension in a g—iven_strétched stﬁng is increased bﬁ four timés, by“wﬁat'fact'of
does the velocity of transverse wave in the string change? [2]
= Please refer [2073 Set C Q.No. 33

13. Would yod expect the pitch of an organ pipe to change with an increase in temperature? How? 2]
=~ Please refer to [2072 Supp Q.No. 30

14, 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 are perpendicular to each other. As a result the wave velocity and

- particle velocity are in perpendicular direction. (ii) The speed of wave is greater than the speed of the
vibrating particles of the string. saed o

15. [2056 Supp G.No. 2d What is the use of sounding board on stringed musical instrument? 7]
™ Please refer to p670 SetC Q.No. 3§

1. Why are all string instruments provided with hollow boxes? i I

a T!Ne 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 to hollow box and consequently

loudness of sound also further increased. That is why, stringed instruments are provided with hollow

—_boxes,

::' How does the temperature affect the frequency of an organ PiF”"i L e [2]
s A.BIPE_SS refer to 072 Supp Q.No. 3b)

18, One of the ‘Nine Jewels' of Emperor Akbar, widely known as Taﬁsen, the king of Music -

e ;l:g to break a glass by singing the appropriate note. What physical phenomenon could account for this? [2]
na:l 1 due to resonance. The frequency of sound coming from Tansen singing may match with the
i ral frequency of glass and resonance may occur. The sound coming from source (i.e. the
andger) may cause the vibration of glass molecules large enough to exceed thejr elasti. 1 it
- bcause b.reaking. Thus, the breaking of glass by Tansen, a singer, by Singing 3 Ant * c limi

Py 1! be explained by resonance phenomenon. Ppropriate note

& d| What do you mean by resonance? B

* When the n . !

4 atural frequency of vibrating body is equal to frequency of app; 2]
:li:rat.e with maximum amplitude. This type of oscillation or vibratii)yn is 931:)1}) l:ied force, the body will
fation. This process of vibration is called resonance. It is a special €d resonant oscillation or

case of forced vibration.
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48

b ——

s . 3
v ST, =
20. [2056 Q No. 1.3 Why is sonometer box hollow from inside? o AL [
'n. The air enclosed in the sonometer box vibrates when the stem of vibrating tuning f(?r is prﬁsseld on !
i . . . .
the top of sonometer box which increases the intensity of wave. To increase intensity are shou d be

i g 0 S > . inside. Hence, in order to deteg
increased. Hence to increase arca, the sonometer box is hollow for inside. Hence, .
the resoffance, the box of the sonometer is made hollow.

21. 2054 Q.No. 1 Why is an end correction necessary for an organ pipe?

7
G ; satbrate s i » sound waves ta
= Rayleigh found out that when an air in an organ pipe vibrates, the reflection of the sou € kes

place a little above the rim of the organ pipe because the air is free to vibrate at the open _end. Due t_o
this reason, antinode is formed above the open end of pipe. The vibrating length of t'h.e air column is
greater than the actual length of the.organ pipe. The distance between the actual position of antinode
and the open end of pipe is called end correction. Therefore, in order to get the a'ccu.rate value for
frequency of vibration, the end correction is necessary. The end correction of a pipe is given by e =03
d, where d is the diamefer of the pipe. £ - .

22. The frequency of organ pipe changes with temperature. Does it increase with increase iy
temperature?

@
= Please refer to 2072 Supp Q.No. 3p| AT TN
23. Explain why soldiers are ordered to break steps while crossing a bridge. 7]

= 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 frequency of the bridge,
resonance will occur in the bridge and begins to vibrate with maximum amplitude which may cause

the destruction of the bridge. To avoid such a destruction of the bridge, soldiers are ordered to break
their steps while crossing it.

, |
24, The frequency of fundamental note of an open organ pipe is double than for closed pipe of }
same length. Why? '

_ . A
= If v is the velocity of sound in air and ! is the length of the organ pipe. - ! — ‘
Then the fundamental frequency in an open organ pipe is N ‘
fo=7%; -..() : -
Also, the fundamental frequency produ'ced in closed organ pipe whose o b >
length is same as open organ pipe is :
v , i ! >
f = ] ... (ii)
~. Dividing Eq. (i) by (ii), we get, , . 'Q
fo=2f, ' — /4 >
Hence, the frequency of fundamental note of an open organ pipe is double than that for a closed pipe
of the same length. “

I

. 25 Differentiate between forced vibratié?;ﬁd free vihr:;t_ibn.

w. There are following differences between forced and free vibration.
Forced vibration Free vibration 1
1. When a body vibrates with the help of | 1. When a body vibrates with its own mtur:rw
an e'xternal periodic force, then this type frequency without the help of an ex‘terﬂal ‘
of vibration is called forced vibration, periodic force, then this type of v?bration is |
R oo called free vibration. ___,‘
orced vibration are the

. 2. An example of such vibration i :
sounding bodies ie, a loudspeaker § vibration is 3 sioiplg

' ! pendulum vibrating in vacuun
driven by ac signal coming from an ’ o
amplifier.

3. The amplitude of vibragic . : _—
gradually over time. ation decreases | 3. The amplitude of vibration remains co

___—«l
nstant |
S Y for long period of time. /JL
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26. [2076 Set C Q.No. 7a] 2074 Supp Q.No. 7b] 2070 Set C Q.No. 7 b Define end correction of a pipe. Prove that both

or,

or,

or

’

odd and even types of harmonics can be obtained from an organ pipe open at both ends. [4]
End correction in_ Pipes: Rayleigh found out that when air in an organ pipe vibrates, the reflection of
the sound waves takes place a little above the rim of the organ pipe. Due to this reason, antinodes are
formed above the open end of pipe. The vibrating 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 actual length of
the organ pipe is called end correction. Therefore, in order to get the accurate value for frequency of
vibration, the end correction is necessary. The end correction for open pipe is given as A = 2(l + 2¢)
and for closed pipe it is given as A = 4(/ + c¢), where ¢ is end correction [ is length of pipe and \ is
wavelength of wave, also the end correction of pipe is given as 0.3d where d is diameter of the pipe.
Wave in open pipe: Open pipe is one which is open at both ends. When air 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 stationary wave is set up in air in the pipe. Since
the two ends are open, they must be the positions of antinodes as shown in Fig. '

1 I |

L >

A A A A A A &N A
N N N N N

e T = e 1= —> —  3h —
=7 y I= 5
(i) . (i) " (iii)

Fig. Modes of vibration in open organ pipe
Fundamental mode (First harmonic): Let length of the pipe is [ and the velocity of sound in
air is v. In this mode of vibration, there are antinodes at open ends and one node at the
middle of the pipe as shown in Fig. (i). Let A1 be the wavelength of the wave. Then,
_h -

=2
)‘.1 =21
Thus the frequency of fundamental mode or first harmonic is

v
=g ()
Second mode (First overtone): In this mode of vibration, two antinodes are at the open ends but

inside the pipe, there are two nodes and one antinode as shown in Fig. (ii). If A; be the wavelength of
the wave, then.

l = 7»2
Thus, the frequency of first overtone or second harmonic is
v v v :

b=2f ... (ii)
Third mode (Second overtone): In this mode of vibration, two antinodes are produced at both open

ends and inside the pipe; there are three nodes and two antinodes as shown in Fig, (ii). If A3 be the
wavelength of the wave then,

3ha
l = ——
2
=2 |
Thus, the frequency of second overtone or third harmonic is
R v A .
Ay 21/3 Pl = T
f3 = 3 f]

In this way,

h other higher modes of vibration ca ainec
St 1 s g n be obtained

. . an nth
n = nf;, where n = 1, 2, 3, ... is integer. From this it‘ .. M diondy oF Y Do

is found that frequencies of higher
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a ' '1> a i re possible i
. f 'h tion are integn] multiple Df fundamenb | fl‘equency f|. SO, 3 “ I:c rmomcs a p 551[)]( ‘l :
modes oI vl _l'i\ 101 C ] : : s ‘
11 Ope]l plpe as f'l 2{1 ;flr 4f1.. . i.C‘, both Odd ﬂ.“d even hdrn]ﬂnlcs ﬂre PI esen
il ’ e

R — g -
U e et

075 GIE G.No. 78] e veree vibration in a ibe various modes o
27 075 GIE Q.No, 71 State the laws of transverse vibration in a stretched string. Describ ‘ s [:;
vibration in a stretched string. ~ N

~ Laws of transverse vibration of a string:

I
; : e stretehed string, is given by v =‘\F’
The velocity of a transverse wave travelling in a strelk hed g is g 1

¢ 3 wneth. Since the frequency, f <
where T is the tension in the stretched string and 1, the mass per unit ltngti S quency
v/2] in fundamental mode, then

1 i

f='2—,I;

: | srse vibrati st

From this expression, it follows that that there are three laws of transverse vibration of stretcheq
string;: . ' ;

a. The law of length: The fundamental frequency is inversely pmportmnal to the resonating length, | of
the string.
b =7

b. The law of tension: The fundamental frequency
stretching force or tension.
f = \ﬁ'

¢ The law of mass: The fundamental frequency is inversely proportional to the square root of the mass
per unit length. . ‘ :

1
f <
“u .

Modes of Vibration of Stretched String

is directly propbrtional to the square root of the

Let us consider a string which is stretched between two ends P and Q and plucked between these
points produces transverse wave. The stationary waves are thus set up in the string and the wire

emits vibrations of different frequencies which are called modes of vibrations as shown in figures.
” A

€ J== 1 1

- 3
R .

P Q

N N

f l »|

Fig: Modes of Vibration in Stretched String

First mode of vibration: Let a stretched string is plucked between two points P and Q in such a way

tha.t it fom{s only one segment. In this case, two modes and one antinode is formed. If [ be the long ¢
string and 2.; be its wavelength, then its frequency is

.. A
f.1=z=i l:‘=21:??&1=2l:|

1 T
i o [ovefT]

Ih]_s V]bratl("l 15 Call@d [undﬂ ne 10de 11 ) l‘ requen y S flll.\t‘"
1 Ll'ltﬂ S (

3 d string is pl s ; : cha
way that it forms two segme ¢ 18 plucked between two points P and Q in su¢

nts. In this case, three nodes : he
: : =y *s and two antinodes are f _If [ be the,
length of string and % be its wavelength, then its frequency is ( are farmed

v Vv :

e oy [ 1=2i]
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3 il
2 f
. ks VH

f,=2f ove id)
This vibration is calle ; .
frequency in the mode 'd hS:Cnnd mode of vibration or second harmonics or first overtone. The
Tﬂird m;Jde s [: 15 twice the frcquuncy of fundamental frequency. :
ration: Let a stretched string is plucked between two points P and Q in such a way

that it forms three segments. In thj
' x 15 case, four nodes and three antinodes are fc
; : : 4 s are formed. If [ be the length
of string and 4, be its wavelength, then.its frequency is ‘ _ g

g O 21
ST [ 7‘-‘“':?:[
3 [T ‘
. f=3f .. (i)

This vibra.tion‘ is called third mode of vibration or third harmonics or second overtone. The frequency
in thr(.ee times the fundamental frequency. In general, for nt" mode of vibration, the frequency of
vibration in f, = nf; = f;, 2f,, 3f,, 4f,, ... )

28. 2075 Set A Q.No. 7a] 2065 Q.No. 53 What do you understand by harmonics and overtones in the case of organ
.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 fundamental tones are called
overtones. When the overtones have frequencies in exact multiples of the fundamental tone, they are
called harmonics. _
Organ pipe: A hollow wooden or metallic tube used to produce sound is called an organ pipe. It is a
wind instrument such as a flute, whistle, violin, clarinet etc.
Wave in closed pipe: The organ pipe which is closed to one end is called closed organ pipe. Consider a
closed organ pipe of length / as shown in figure. A blast of air is blown into it at the open end and a
wave thus travels through the pipe and is reflected at the next end. Due to superposition of incident and
reflected waves, stationary wave is produced. In the simplest mode of vibration, there is a displacement
node, N at the closed end as the air is at rest and displacement antinodes, A at the open end as the air
can vibrate freely. The different modes of vibration in closed organ pipe are given below.

NS A N A > A AOAL

e 32 )
—h—— B e,
(i) : (i) (iti)

Fig. Modes of vibration in closed organ pipe

Fundamental mode: In this mode of vibration, the pipe has one node at its closed end and one
antinode at its open end. As observed in Fig. (i), the length, [ of the pipe is equal to distance between
anode and an antinode which is 1,/4, where A is the wavelength of the stationary wave. Then

M
4
or, ,=4] . k
If v is the velocity of sound and f; is its frequency of vibration, then we have
v=7f ) - .
vV v
0 = o =
Lass v
n=% _ )
. It is called fundamental frequency or first harmonic.

Itis the lowest frequency produced in the pipe calle _
Second mode (First overtone): In this mode of vibration, there are two antinodes and two nodes
within the pipe as shown in Fig (ii). If A2 is the wavclength of the wave, then we have

3

l=4
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4l

or, M= ‘ A

The fzequency of vibration, f2 18 gIven by

=\ f2

v Vz e 3_\-]- =3f | |
f i : l | J.I
or, =7, 7 41/3 e ﬁ

fz =3 f]

B 'x C i rat Ot i/ « no

i), 1f Ay s le s wave, then
within the pipe as shown in Fig,. (iii). I Ay 18 wavelength of the wave,

oY 1
=7
4]
or, \a= ?
If £ is frequency of second overtone, then
v=ksts
- N
or, f:\:-;;: 41/-5"34"‘5f1 l

This is the frequency of second overtone or fifth harmonic. g W . |
Similarly the n® mode of vibration, the frequency of vibration is fn = (211+l) f1.. In this way, other
higher modes of vibration can be obtained. From Equation (i), (ii) and (iii), it 1s observed that thc
frequency of higher modes of vibration is odd integral multiple of fundamental frequency f; - That is, £

=f, 3,5, 7 f, ... only odd harmonics are present in closed organ pope.

20, [2075 Sel B QNo. 84 [2069 (Set A) Old Q.No. 5a OR| What are harmoni'cs?mEprain the formation of overtones i '
an open and a closed organ pipe. M

w All the modes of vibrations other than the fundamental tones are called overtones. When thE:

overtones have frequencies in exact integral multiples of the fundamental frequency, they are calle

as harmonics.

Closed organ pipe: Please refer to [2075 SetA Q.-No. 79
Open  organ pipe: Please refer to [2076 Set C Q.No. 74

30. {2074 Set A Q.No. 7b| [2073 Supp Q.No. 73 2067 Q.No. 7a| Describe an experiment with the necessary theo
which the speed of sound in air is determined by using resonance tube method. Y Y

w Measurement of veloci f £ ; , g J
Sy ity of sound in air and end-correction of the tube (Resonance tub

tube, ; 0 given tuning forks, It consists of ic , Y

i ; ST . OxkS, s of a metallic tube about 1n
ength, about 3-5 cm in diameter whose upper end is open and lower is closed with a |

reservoir of water. The tube and reservoir are connected by 5 JOE & g

e " a rubber tube. A meter scale i -
by'the side of tUbe which measures the length of air column in the tube. The 1 te;\ Mdk‘ A is
adjusted by raising or lowering the reservoir as shown in figure (a) ‘ SEgHv el ol coluon iy

|

C

c A A +
[ o N
1
¢ n
,3 4
| X

N A/ |
Fig b L FYE *‘\E- ‘ :
‘ !

|

Fig e b

! ' )
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king Princi ; i > veloei S
:::i} le f S glfptllfl Tobflnld th_L. V_Llocuy of sound in air, the water level in the tube is brought close to
mout}l: 5 e Fiibe ?illL:‘de)):] ra151:1g ti\\e reservoir. A sounding tuning fork is held horizontally at the
' 1th water. A wave travels in air col :
i staionaty we column of the tube reflects from the water

o by _l.s formed as shown in fig.(b), a sound is heard, the condition is called
irst resonance. Let resonance is obtained at some position say X.
Let I be the length of air column in the tube

for first resonance, ¢ be the end - correction of the tube, A
be the wavelength of the wave in the tube, So, ’
" .

htc= I “ (i)
Now, the water level is lowered furthe

: 5 r from position X until second resonance is again obtained and
sound is heard at position Y

: as in fig (c). If 1; be length of air column for this second resonance, then,
]2+c=T " wai(in)
Subtracting equation (i) from (ii), we have,
A
l;‘_ = I] - E
or, A=2(la- 1) ;
Velocity of sound v = fa =2f(l, - ) ... (iii)
Where, f is frequency of the tuning fork. Knowing I, ; and f, v can.be
temperature.

calculated at a given

_ial A |
Substituting the value of 3 from (i) in (ii), we get,
I:+ c=3. (11“" C)
or, L+c=3L+ 3¢
or, 2c= Iz = 3!1
I, -3, !
= ‘__i"-— ) Pl (lv)

Thus, knowing [; and [,, ¢ can be calculated using equation (iv).

C

3.

2073 Set D Q.No. 7a What is the difference between an operi and a cld;é“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]
~ First Part: Please refer to [2075 Set A Q.No. 73|
Second Part: Please refer to [2076 Set C Q,No. 73|

32.

2072 Set D Q.No. 70 What is end correction of a pi})—a Describe the different modes of vibration of air column
in an organ pipe closed at one end.

(4]
= First Part: Please refer to [2076 Set C Q.No. 73| '
Second Part: Please refer to [2075 Set A Q.No. 7|

33. [2071 Supp é.moj;j Prove, W|th necessary di;'grams, thatvf)&trtyﬁéémaf ‘harmonics odd and even can be
produced in an organ pipe open at both ends.

| (4]
w Please refer to [2076 Set C Q.No. 73|

%. (571 et D Gio. 7 d What is resonance? Describe an experiment to determine the velocity of sound in air
and end correction of the tube by resonance method. 4]
B __lilgase refer to {2074 Set A Q.No. 7|

35 Eoérs:-gg‘ Set B Q.No, ;_g_'Wﬁ_te the laws of transverse vibration of strlng 'éx}:i;in how the law 6'{];7{916 is
verified experimentally, ;| (41
B Laws of transverse vibration of a string: Plea

Verification of the laws of transverse vibration

se refer to 2075 GIE Q No. 70|

To verify the laws of vibration of a string, a sonometer is used. This device consists of a wire under

tension which is arranged in a hollow wooden board as shown in Fig. The vibration of the wire are
Passed by the movable bridges to the box and then, to the air inside it.
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Sonometer wire

Movable bridges /

£ AT S
¢ @b

Hollow wooden

box O O
U

Weight
Fig: Sonometer

a. Toverify fx /I To verify this law, take'a tuning fork of known frequency. Taking a load of 1 kg'(m
the string, find the resonating length of the wire between the bridges C and 'D. Let [, be the resc?natlng
length for this tuning fork. The same process is repeated for next tuning fork having different
frequency. Let I> be the resonating length for the second tuning fork. It will be found that the product

1
f, x Iy = £z x | at constant tension and mass per unit length of the string,. This follows that f o« T-

b. Toverify fax W},_L To verify this law, the wires of different diameters and materials are used under

same vibrating length and same tension. Taking a load of 1 kg on the string, find the resonating

length of the wire between the bridges C and D. Let | be the resonating length for this tuning fork.
Take another tuning fork of different frequency and another wire of different diameter. Taking a load
of 1 kg on the string, find the resonating length of the wire between the bridges C and D. Now draw a

1
graph between frequency and 1/ \I—;—x a straight line is obtained. This verifies that f oc T
' 1
36. 2089 (Set A) Q.No. 7a| Show that both harmonics, odd and even can be produced in an open organ pipe?
What is end correction? 2 - (4]
w Please refer to 2076 Set C Q.No. 73 /

37. What is meant by resonance? Explain in detail how you would use sonometer to determine
freguency of a given tuning fork. ' ' (4]
w 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 natural frequency. If an external periodic force is applied
on the body and the body vibrates with the frequency of the force, the motion is called the forced

vibration. In a forced vibration, if the frequency of the periodic force is equal to the natural frequency
of the body, the amplitude of vibration becomes very large and the vibration of the body is called

resonance.
Movable bridges SOI\?eter wire 1
78 L
Hollow wooden ;
box 7 O O
1)
Fig: Sonometer Weight

A sonometer consists esgentially of a thin metallic wire stretched across two bridges A and B on the
top of a hollow, wooden sounding box about 1 meter long. One end of the wire 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 that it can be loaded to have any desired tension. There are two
bridges C and D between the two fixed bridges A and B

vibrating potion of the string.

sliding over a scale to adjust the length of the
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To obtain the frequency of the tuning fork, take a resonance vibration of the string, a small'V' shaped
piece of paper is placed on the string between bridges C and D. Some weight (W) is put on the scale
pan to produce tension in the string.' A tuning fork is struck against a rubber pad and placed on the
box close to the segment CD of the wire. When the string between the bridges vibrates, the piece of
paper on it flutters. By varying the resonating length of the string by moving C or D, if the frequency

n
fork, the string segment CD vibrates with maximum amplitude. As a result, the piece of paper may
fall. This is how the resonant condition is detected. At this condition, the resonant length and weight
on the pan are noted. By knowing the value of mass per unit length of the wire we can calculate the
frequency of the tuning fork. ;
38. [2068 Old Can. Q.No. 5a OR] What is a closed pipe? Describe the natural modes of vibration of air in an organ
pipe closed at one end. Also explain the term 'end correction’. [1#2+1]
» First part: Please refer to Please refer to [2075 Set A Q.No. 73]
“End correction in Pipes: Please refer to 2076 Set C Q.No. 73

of vibration of the string given by equation f = 31\/m becomes equal to the frequency of the tuning

3;—7[2*067 Oid Q.No. 5a —c‘)R] Describe the resonance tube é;(béfi}ﬁe;t— to determine the vel'orr:it'y ‘of sound in
Laboratory and obtain the expression of end correction. [4]

x Please refer to [2074 Set A Q.No. 7b) :
40. 064 Q.No. 5 a OR] State and explain- p-r_i;it':'i'blg 'c}f—gix;}érbas‘i)fi;ﬁ-;ﬁa'fo_r_r'n—ation 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 pipe of
[2+2]

the same length.

w Principle of Superposition of Waves: It states that if two or more progress waves traveling together
in a medium, converges to a point, the resulting displacement of the particle at that point is equal to
the algebraic (vector) sum of individual displacements of the waves. Let yi, y2 y3, ..., ya be the
displacement at a point due to individual waves then the resultant displacement, y at the same time

when the waves superpose to each other is given by

Y=Yt yz+ryst ...t ¥n
Stationary (or standing) wave: Whenever two progressive waves

of the same wavelength and amplitude travel in opposite directions W i N&
2 A
4

wi A imposed; a single wave is
th the same speed, they are superimp ; g —2L 5l

«)\/2—>

formed such wave is called stationary wave.
This is formed as given by superposition principle which states that the vector sum of displacements

of individual waves is equal to the displacement of resultant wave. When a stationary wave is
formed due to the superposition of two waves, the points of maximum and zero amplitude are
resulted alternatively in the space. The points where the amplitude of vibration is maximum are
called antinodes and those where the amplitude is zero are called nodes. The distance between two

consecutive nodes or antinodes is equal to half of the wavelength i.e. 5 A, where A is wavelength of a

wave, Also, the distance between adjacent node and antinode is equal to one quarter of wavelength

Le L A

T\
SFaﬁonary wave equation: Stationary wave equation ‘can be obtained by adding vectorically the
displacements of two waves of equal amplitude, frequency (or period) and wavelength travelling in

apposite directions. .
Lety; be the displacement of the wave travelling to the positive x-direction, then

Y1 =asin (ot - kx) ... (1)
And, y; be the displacement of the wave travelling to the negative x-direction. Then

)éz T asin (wt + kx) oo (i)
Y using the principle of superposition of waves, the resultant displacement y'is given by

Y=yi+y,
j a Sil.'l (ot - kx) + a sin (ot + kx)
*  “alsin (wt- kx) + sin (ot + kx)] :

=a [sin pt cos kx-cos ot sin kx +sin ot cos kx + cos ot sin kx]‘
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2n 27

= 2a sin ot cos kx =2a5inTt COSTX
2 e
Y=A5i“—";'t't ; ... (1ii)

___27;\)( be the amplitude of resultant wave.
Equation (iii) is the equation of statior
If v is the velocity of sound in air
frequency in.an open organ pipe is

Where A = 2a ¢os

ary wave.

and [ is the length of the organ pipe, then the fundamental -

b 5 . () _.
Also, the fundamental frequency produced in closed organ pipe whose length is same as open organ
pipe is
v .
f. =4 .- (i)
Dividing Eq. (i) by (ii), we get
1
. =351

Hence, the frequency of the fundamental mode of a closed organ pipe is half as compared to that of
an open pipe of the same length.

41. 063 Q.No. 6 a OR] [2057 Q.No. 5 a OR] Discuss the different modes of vibrations of air column in closed pipe. [4]
w Please refer to [2075 Set A Q.No. 73]

42. [2062 G No_6 a OR] State the laws of transverse vibration of string. Describe an experiment to verify the law of
mass, and law of length. :
= Please refer to [2069 Supp Set B Q.No. 7 9 T

4

43. 2059 Q.No. 5 a OR] State the laws of transverse vibrations of string. Using only dimen-éhl';nvsi._gl'ia;{r Ehat_tllzs});e_a
of propagation of a transverse wave depends only on tension and mass per unit length.

w Laws of transverse vibrations of string: Please refer to [2075 GIE Q.No. 7

[1+3]
A string is a flexible wire of uniform area of cross section. It is observed that the velocity of transverse
waves in a stretched string depends on '
(2) Tension T
Here,

(b) Mass m and (c) Length !
v T, vamyand v« [z

On combining, v oo Txmy [z
v=kT* mriz

.. ()
where k, x, y and z are numbers.
Since, the dimension of velocity (v) = [LT-]

the dimension of tension (T )= [MLT-?]

the dimension of mass (m) = [M]
On substituting

[LT-) = [MLT-2x My L4,
[LT-I] = [Mu *y Lx+z T —hl

Equating the indices of M, L, T .
ForM, x +y = + Ly I on both sides, we have
FO]’ Ll X+z=1
ForT, Ow = 1
1 1
e 1

y= =5 and z ='%
Thus, equation (i) becomes
v = kTwz m-1/2[1/2 ¢

4. B_Q,T
v k'\/—l_-n-—k ‘;n—/i

g e
Sine " = 1, is the mass per unit length of the strir;g, 1
) en
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i
v &= l\— ——,

ll
Experimentally it is observed that, k = |

T

r = e
v "
Th“"i the speed of propagation of a transverse wave depends only on tension and mass per unil
length.

44, [2058 Q.No. § a OR] Prove that both types of harmonics, odd and even, can be produced in an organ pipe open
at both ends. : [4]
w Please refer to (2076 Set C Q.No. 74
45. [2076 Set B Q.No. 11] A wire whose mass per unit length is 10-* 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
Fundamental frequency of vibration (f) = ?
Length of wire () =1 m
We have

o dy 1AL
f =3 i [.'.T=mg=4x10N].
1 f[a4x10 _

45. 2074 Set B Q.No. 11] A steel wire of length 20 cm and mass 5 gram is under the tension of 500N and is tied
down at both ends. Calculate the frequency of fundamental mode of vibration. [4]

Solution : 2

Given, _

Length of steel wire (/) =20 cm =20 x 102m = 0.2m

Mass of wire (m) = 5 gm =5 x 10-3 kg

Tension on the wire (T) = 500 N

quucncy of fundamental mode (fo) =?

We have, for fundamental frequency

1 T m 5 =103 e
f, == o AL L - ?

1 [500
o f, = 5 ;
' 72502 \[o0zs "33 H2

% E"” Vslmp Q.No. 11 [2069 Sl;pp Set B Q.No. 11| A pianofort wire havrlngra diameter of 0.90 mm is replaced by
another wire of the same material but with diameter 0,93 mm. If the tension of the wire is as before. What is

Percentage change in the frequency of fundamental note? (4]
Solution

Given,

1* diameter (dp) =09 mm =09 = 10 m

2 diameter (dy) = 0.93 mm = 093 x 10 m

Fundamental frequency of vibration of wire is given as;

R |

I.d _7;5
So

’

Fol it

I.d1



406

Solution

or,

or,
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And,
L S,
k= .4z np
. f-f
Percentage change in frequency = T 100 %

A \/I __'l_\/i g
I, ty  Idsa I d
- o shl L xp sz LOO %
ey o i
Wy \/ np dy i

-, ‘ L 093-09
s dy < 100 % ==09% x100 % = 3.2%

Thus, the required percentage change is 3.2%.

[2072 Supp Q.No. 11] On a day when the speed of sound is 345 'm'.'s, the _funda_mental ffeqyencv of a_cioui
organ pipe is 220 Hz. The second overtone of this pipe has the same wave length as the third harmonic of ay
open pipe. How long is the open pipe? 5

Given, }
Speed of sound (v) = 345 m/sec

Fundamental frequency of closed pipe (f.) = 220 Hz

Length of open pipe (lo) =?

Here, given that,

Wave length of second overtones of closed pipe (A3) = third harmonics of open pipe (1'3)
v v

PRSI
f; for closed pipe = f3 for open pipe, ( f= %)
: _N.
or, an = 1,3
v 345
or, M3=g5g =550 ~ 03136m
Now, for open organ pipe, '
v 3v . |
f3 _)L':i —2!l0 (A.3—210) !
v B éﬁ ‘l
s /L'a 2[0 1
33 3 x0.3136
or, b, = 23 = > =047 m |

Length of open pipe (lg) = 0.47 m ' ‘ |

;9'.713072 Set C Q.No. 11|'A wire with mass 40 gis stretched so that its ends are tied dbm_atlﬁéinté 80 cm iﬁaﬂ-

The wire vibrates in its fundamental mode with frequency 60 Hz. Calculate the speed of propagation @
transverse waves in the wire and the tension in the wire. “

Solution

Given,

Mass of wire (m) = 40 gm =40 = 103 kg ,

Length of wire (/) = 80 cm = 80 x 102 m '
Fundamental frequency (f) = 60 Hz

Speed of wave (v) =7

Tension in the string (T) = ?

We have, fundamental frequency in the stretched wire is

L .
f=7;
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or, v=£fx2/=60x2 x 80 x 102
v =96 m/sec

Again,
T . m .
n (m/.') . [w="T 7
P L 962 x 40 x 10

or, T T T sox102 - <4608 N

50. [2071 Supp Q.No. 11] 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 (/) =1.5m

. 1.2
Mass per unit length (u) =1.2 g/m =Tooo kg/m

Tension on cord (T) = 12N
a. Fundamental frequency (f) = ?

i m h 12 % 1000 _
2 \u “2x15 T2 - =282

Again, for n = 3 mode, let f, the fundamental frequency. Here,
3fy = 0.5 KHz = 0.50 x 1000 Hz

fo =500/3 Hz
T.=? o
Now,

1 T
¢ e & T
T ‘\/;
500 1 T x 1000
Or. "3 T2x1.5 ;

1.2
12 ° /500x2x15\> 12
or, T =1000x( 3 5)=1000x(5002=3001\r

T =300 N
51. [2071 Set C Q.No. 11] [2070 Set D Q.No. 11| 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,
First resonance length (/1) = 17cm = 0.17m
Second resonance length (I;) = 52.6¢m = 0,526 m
Velocity of sound at 0°C (v,) = ?
Frequency of tunning fork (f) = 512 Hz
We have,
At 27°C
viy=2f(l-1;)

=2x512(0.526 - 0.17) = 364.5m /sec

Since, v o« ‘\['-[" , then ‘

Vo dn . . 273
- Var = T o 273 + 27 -
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V. = 300 x 364.5 = 347.75 m/ sex

Again,

“ -3l 0526-3x0.17
End correction (¢) == 3 = o) = 0.008m

Thus, the required values are 347,75 m/s and 0.008 m respectively.

52, \2659 Set B Q.No. 11] 2067 Sup Q.No. 11] An open pipe 30 cm long and a closed pipe 23 cm long,_ both of the
same diameter, each sounds their first overtone. If they are in resonance, find the end correction of thege
pipes. [4]

Solution . . _
Let, ¢ be the end correction of both pipes having same diameter. Since their vibrations are in unison,

so they must have same tfrequency and same wavelength.
For the first overtone in the open pipe, we have:
=1+ 2¢; where | be the length of open pipe.
or, =30+ 2 (i)
For the first overtone in the closed pipe,
3}

3 = '+ ¢ where I be the length of closed pipe.

A%,
or, 73 = B +c¢
.4 :
or, &=3 (3+0¢) ... (i)
From equation (i) and (ii), we get
A+ 2= :% (23+¢)

or, 90+ 6c=92 + 4c

or, 2c =2
¢ =1cm
Hence, the required end correction is 1cm= 0.01m.

53. {2068 Can. Q.No. 11] A piano string 1.5m long is made of ét;e_l_'&;
2x10""N/mZ. It is maintained at a tension which produced an ela
frequency of transverse vibration of the string when it is vibratin

Solution
Civen,

Length of strihg (I)=1.5m

Density of steel (p) = 7800kg / m?

Young's modulus (Y) = 2 » 10N/ m2
1

S in = ',u T ——
train =19 100

Frequency of second mode of vibration (f)="7
Now, we have

f density 7800 kg/m® and Young's modulus
stic strain of 1% in the string. Calculate the
g in second mode of vibration. 4

stress

strain

or, stress =Y  strain

Tension
Area

or, =2x 10" x

100
b " ;
or, x=2x1 Sanfi)

Then, for fundamental mode, we haye

__].. _T_=l E:l ___L,T__ 1 T
f ] M/L 2 M 2 Ax[,xp=_2“;‘\/—_;—l;'
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1 2 x10°
T 2x15 7800 [ from equation (i)]

168.79 Hz
Hence, the required frequency is 168.79Hz
For second mode of vibration
fa =2f
=2 x168.79 Hz
=337.6 Hz

n

[2066 Supp Q.No. 5b] A steel wire of length 40 cm and the diameter 0.25 mm vibrates in unision with a tube,
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 0°C =
332 ms** and density of steel = 7800 kg m"'. . (4]

- Solution

Given,

Length of wire (I.) = 40cm = 0.4m
Diameter of wire (d) = 0.25mm = 0.25 x 103 m
Length of pipe (I;) = 60cm = 0.6m
Density of steel ( p) = 7800 kgm-!
Let,

vy =332ms-!

Ty =0°C=273k

v =7

T, =27°C =300k

Now, using;

i) P

Then,

3 "where, V is the volume per unit length
w Vx P :
ek P iy L8T =sz\/1 il \/'i
- wd2l ~ 2Ly nd2p 2L d np l.d TP

Again; o
Fundamental frequency of vibration in open pipe is given as:

i 4 ; 0 18
2y
When the steel wire & the open pipe vibrates in unison, we have
f =y

f' =

or, — e -

T &y
lwd np 2

. R T 34803
" Dax025x%107 \| nx7800  2x0.6

T
i =0.029

7800n
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T
or, “7800%

T=206N
Hence, the required tension is 20.6N

=841 x 10~

—— D
e

N Tt loW “end di ;.)ln.g into water. When
55 — 066 QNo. 5AJn|ton;1tﬁbé30cm long stands vertically with lts;:v::;oeunds t|:>  vibrating tuning forkth:f
- length above the water is 14.8cm and again when it is 48 cm, the tu

; en it is open at both ends,
frequency 512Hz. Find the lowest frequency to-which the tube will resound wh [
Solution

Civen,

First resonating length (1)) =14.8cm
Second resonating length (l2) = 48cm
Length of the tube (L) = 60cm
Frequency of tuning fork (f)=512Hz
Lowest frequency (f) =7

Now, we have,

Velocity (v)  =2f (- 1)

=2 % 512 (48 - 14.8)

.. v =33996.8 cm/s =339.97m/s

) -3, 48-3x 14.8
End correction (¢) == 5 = 5 =1.8cm

Here, as the tube is open at both ends, we have for the lowest frequency,

ho

5 =L+2c

or, he =2 (L+2c)=2(60+2x1.8)=127.2cm
Again, we have

v = 2fe
[ LY _33%%8 ,
or, Ia <= }m a 1972 = 26727 HZ

56. [2061 Q.No. 5 b] [2055 Q.No. 3| A piano string has a length of 2.0m;EJ ;aérn'sri& of 800 kgm3 When the t nsiol

; : ension
in the string produces a strain of 1%, the fundamental note obtained fr ;
3 o . .
170 Hz. Calculate the Young's modulus value for the material of string iheatring 1o tnaverss vibratir
Solution '

Given,

Length of string (1) = 2m
Density ( p) = 800kg/m?
Strain =1% = ]_ha
Frequency (f) = 170Hz

Young's Modulus (Y) = ?
Now, we have,

_ Stress
~ strain
or, stress =Y % strain
Tension 1
oL ™" Area = Y00
I Y
or, A =T06 (i)
Then,

For fundamental mode of vibration of string; we have

i g
AT




or, £ =7
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e ) M
M/L ['-‘u=—L:I
,\/L:T__l_, / Ly L
M a 2/ VXp=_ﬁ Ax],x P
‘T
Axp (ii)

i
Putting the value of‘g from equation (ii), we get,

1

f =7

s A §
100 ~

p
1 ,Y 1
or, 170=7252°\/ 100 ™ "800
- Y
ow%\/m
Y

or, 462400 = 80000

Y =3.7x10" Nm-2
Here, the required value of Young’s Modulus is 3.7 x 101°Nm-2.

57. [2060 Q.No. 5 b] [2053 Q.No. 3] A wire of diameter 0.04 cm and made of steel of density 8000 kgm? is under a

constant tension of 80N. What length of this wire should be plucked to cause it to vibrate with a frequency of

840 Hz? [4]
Solution

Given,

Diameter of wire (d) =0.04 cm = 0.04 x 10-2m

Density of wire (p) = 8000 kgm-?

Tension in wire (T) =80 N

Frequency (f) = 840 Hz
Length of wire (1) = ?
We know that frequency of vibration (f) is given by

1
f—21
1
b -

T _1 T . __mass _ &P]

m_2 p nd? ["m_length S
4 ;

T ‘ 1 )

w = 15H =

_ 1 80
840 = 0.04 x 10-2 7t x 8000

=0.168 m

N

v An organ pipe is _tufned to a frequency 0

Hence, the length of the wire is 0.168 m.

v of 440 HZ when the temperature is 27°C. Find its

frequency when the temperature drops to 0°C. Assume both ends of the pipe open. [4]

Solution
Given,

Frequency (f;) = 440 Hz

Temperature Ty) = 27°C = 27 + 273 = 300 K

FrEquEncy (fz) =7

Temperature (T;) = 0°C = 0 + 273 = 273 K
Or open organ pipe, we have

b el
v o)

and f, = 30

.. (1)
.. (ii)

Va
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59.

\

Dividing equation (ii) by equation (i), we get,
pee g p L -
TR A AR T ¢ : VT
f1_ il Bl ¢ T, Qﬁ_\/:r[“?
273
fa 300 > 440= - 419.73 Hz

Vi
f, =419.73 Hz

Hence, the frequency at 0°C is 419.73 H7

— 2052 Q.No. 3 A steel wire 2m long whose mass is 3g is under tension of 500N and is tied down at both ends,
Calculate the frequency and wavelength for fundamental mode of vibration.

[4]
Solut|on _ .

or,

Given,

Length of wire (1) = 2m.

Mass of wire (M) =3g =3 x 10- *kg
: 3 x10-3 - . , :

Mass per unit length (m) ==—5"kg :

Tension (T) = 500N . '

Frequency of fundamental mode of vibration =2

Wavelength of fundamental mode of vibration (A) =?
Now,

Fnr fundamental mode of v1b1at1011 we have,

L f T
f =5\m "

Also,

h =2A=2x2=4m

Hence, the required values of frequency and wavelength are 144.3Hz and 4 m res‘pectiv;‘l\,
aag _ \ : 2



L Chapter 4: Aéoustic Phenomena

hort Answer Questions

1.

ha ¥

P e

"

eart : ) : ; :
} _,,_“_l?l_]}l_ake waves are infrasonic waves. These sounds are not audible to normal human ears.

[2076 Set B Q.No. 31 [2073 Supp Q.No. 3b] [2070 Set D Q.No. 3 1) [2068 G.No. Z 6| An empty vessel sounds more
than a filled one when it is struck. Why? [2]
An empty vessel contains more air due to greater empty area than the filled one. When an empty
vessel is struck, greater mass of air is set into vibration, We know that greater is the intensity of sound
if the greater mass of air is set into motion. This means the intensity of sound is more in empty vessel

than the filled one by the relation I «c a2, Hence, the empty vessel produces more intense sound than a
filled one.

2076 Set C Q.No. 35 Sound waves are called pressure waves. Why?ﬂl
Sound wave is longitudinal wave in a medium. Generally, it can be represented by displacement
wave equation as :
v = a sin(wt-kx) .. (i)

21

where a = amplitude, k = wave vector and @ is angular frequency. Sound wave can be expressed in
terms of pressure variation at various points in a medium. In air, the pressure fluctuation occurs
sinusoidally above and below the atmospheric pressure during the formation of compression and
rarefaction. The human ear can sense such fluctuations. The compression portion has greater pressure

where as rarefaction portion has less pressure. In this way, sound wave can be expressed in terms of
pressure wave.

2075 GIE Q.No. 3b] 2074 Set A Q.No. 30 [2072 Set E Q.No. 3b] What is the threshold of hearing? Define one bel. [2]
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 well -
Hence, for a normal ear, the threshold of hearing is taken as 102 W/m?2 of a pure tone of frequency 1

Bel and decibel: The unit of intensity level given by the equation L = logio T~ is the bel. One bel is

defined as loudness of 1000 Hz tone whose intensity is ten times the thresholq of a hearing. Itis
denoted by B. Its smaller unit is decibel (dB). 1 dB'is ten times smaller than 1B. So equation (i) is given

) 1
in terms of dB as L = (10 dB) long .

2075 Set A Q.No. 35 Justify the proverb "An empty vessel makes much noisé"-.m B gt Y [2]
Please refer to [2076 Set B Q.No. 3]

2075 SelB Q.No. 3b] Wﬁy is the voice of a woman m&é“inteﬂigiglg than that of a man? o [2]

Tl_lc pitch of sound depends upon the frequency. The sound with low frequency is identified as low
pitch and sound with high frequency is identified high pitch sound: The tone of high frequency is
interpreted as shrill or intelligent sound. The sound produced by a woman has higher frequency than

the sound produced by a man. So, the sound produced b a woman is more intelligence than the
spund produced by a man.

M [2074 Set A Q.No. 32l Why are longitudinéi waves called pre§$ure waves? [2]

Please refer to 2076 Set C Q.No. 30}

2074 Supp Q.No. 3t} [2064 Q.No. 1 ¢ What are ultrasonic and infrasonic waves? [2]

Sound waves of frequency above the audible range (i.c., above 20 KHz) are called ultrasonic waves or

U“m_sonics. These sound waves are not audible to normal human ears. Such waves can be generated

l{ﬂy v1brati_ng crystals e.g. quartz crystal. The bats can produce and hear ultrasonic waves.

Oilf:f(;ll“d yvavcs nf' frcqucn1Fy below the audible range (i.e., bt'lm'/v 20 Hz) are called infrasonic waves
asonics. The infrasonic waves are produced by the vibration of large object. For example, an

073 Set b Q.No, 3al

Sound w
These

Explain the difference in characteristics between ultrasonic and supersonic waves.  [2]

aves of frequency above the audible range (i.c., above 20 KHz) are called ultrasonic. waves.

crqu:mmds are not audible to normal human ecars. Such w-avg.‘s‘ can k‘w generated by vibrating
TS €.8., quartz crystal. The bats can produce and hear ultrasonic waves.
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¢ than the speed of sound in air are called supersonicg,
P :

54 | A COMPLETE NEB SOLUTIO
ced greate

aching train is shriller, why? [
aching towards the stationary

The objects which travel with the sp
Eg superjets, rocketsetc, = oo

'—9—._”[2‘“0;'}5‘5‘(;‘{.6‘6.'&6; “3a [2060 Q.No. 1 ¢] [2071 Set C Q.No. 3 a| Whistle of.an. az;; "
‘ g to Doppler effect, the pitch of the source when 't, is apy

v
i e ! =
and the source as by relation: f ?Vs

is velocity of moving source. When the tr‘am is approaCh{"&
her outside the train and the train. Hence, the pitch

ain. That's why; whistle of an approaching train js

w Accordin

observer changes due to relative motion between the listener

£, where v is velocity of sound and vs
there is relative motion between stationary liste
increases for the stationary listener outside the tr

shriller. b i 8 el
0. ‘Eo'iz'Setb'a.‘ﬁé: Sﬂ —Irfyt‘hé'p‘res.'é,ur;é émplltude of a sound wave is halved, by what factor does the mtensny[;; 1
the wave change? o !
= The intensity (1) of a sound wave of pressure amplitude (APw) is given by
- AP

© 2pv .

where p is density of medium and v be velocity of wave. When AP

F o (Ap‘m): m __1__ Ap:n o lI

T 2ov 22\ 2pv 4

Thus, intensity is reduced by 4 times.

11. 2072 Set E Q.No. 33 A tuning fork has two prongs. Why? _

= A tuning fork has two prongs to produce vibration for longer time. When two prongs vibrate
simultaneously, they communicate the vibrations between themselves to produce vibration for longer

time than a single prongs. So, a tuning for has two prongs.

is halved, then,

: ,

12. [2071 Supp Q.No. 3bl How can we consider sound waves as pressure waves? , 2
= Dlease refer to [2076 Set C Q.No. 39 : o
13. [2070 Sup (Set A) Q.No. 3 a] 'An empty vessel makes much noise’. How would yoﬁ j[lstify the proverb? 2

w Please refer to [2076 Set B Q.No. 30

14. 5070 Sup (Set A) Q.No.3 b] Bats catch their prey in the dark even when they don't see the prey. How can this
appen? ‘ i )
= Bats have no eyes for vision. They produce and hear ultrasonic waves or' ultrasound. The ultrasoxl[?z

waves produced by a bat spread out.in all direction. These w i
. : 4 . aves after refl ;
insect reach the bat. Hence, the bat can easily locate its prey. SFSI0g frgm o prey o 9

e S —

15. [2070 Supp. (Set.B) Q.No. 3 b] How can we recognize a person i i g :
o 9 .P Just by hearing her voice without seeing h{;

» Due to the quality of sound, one can recognize a fri i

: : ’ a triend from his voi i —_ :

quality of sound emitted by a person depends on the presence of ovelr(;(emvcvslﬂ}l"olUt seving i, M
- e 5 i’ 2SS he
help‘s us to dls'tmgmsh between two sounds having same loudness and pitch. T} e X
in different voices are different whatever they produce the same freque prex 1 VL Pmsenf
“ncy and the same intensity @

sound. In this way, one can recognize a friend from his voice with
R hi 1 withou i
PR AR o) IR (AR oA > t Seell\g l](“l'/l 1S
s o b < T 1S face.

quality of sound

et

16. 2069 Set A Q.No. 3a] An empty vessel sounds more than a filled or?enfwul'i;? e
= Please refer to [2076 Set B Q.No. 3b] ' - w
17. [2069 Set B Q.No, 33| Is there a physical difference between intens
these quantities related?
= Yes, t}?erl;e is difference between the intensity and intensity level of a sound wave, The i i
oy e ) ‘. v 3 ) AR (
tsiv.?)v‘L 1';’ e .a‘mount of’sound energy passing through a surface per unit surface "\re-K - n5.1t31‘ of Smmm
he ‘.sur-aa Js.pcrpltl.ldlcular to the propagation of the wave, while the intensity ‘l‘ev :; e t\l}\e Wh"e
of the intensity with the reference to the threshold of hearing. These twa te mﬁ i r;elanve Va:ll:t‘
e "Ims are related by the

I i¥
formula, L = 10g|0]0 , where Lis the intensity of a sound wave and lo is the threshold of |
& he

sity and intensify “Ievélr 6f 'a Vwave?’ Hov'»)'ﬁr;

[

, ; : . aring and L 8
(3 .4 3 298 '2 i 2 1o 1
mtc'nslty‘]evd. I is measured in Wm while L is in bel, The absolute intensity cannot | d
avoided internationally and relative value of intensity is measured which is olled. (t be measured an
il tensity level.
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Ta. [2069 (Set A) Old Q.No. 2¢] [2053 Q.No. 1 b] How are beats produééa? What is beat frequency? A [2]
w» The process of alternate rising and falling the intensity of sound in the resultant wave formed due to
superposition of two sound waves of slightly frequency difference (less than 10 Hz) is called beat.
Each ‘rise and fall’ in intensity of sound is called a beat. The time between a ‘rise and fall’ is called
beat period, while the number of beats per second is called beat frequency. The beat frequency is given
by fo = | f1 = f2] which is less than 10H7. . ' .
'1‘9'_' Which has a more direct influence on the loudness of a sound wave: the displacement
amplitude or the pressure amplitude? Explain your reasoning. . [2]
w Pressure amplitude has direct influence on the loudness of sound wave. This is because the value of

+ pressure amplitude has greater value than the displacement amplitude and the intensity depends
upon the pressure amplitude as

2
APm . . i L. )
I= ——va . This shows that intensity is influenced by pressure amplitude. : )
IET‘GS Old Can. Q.No. 2¢] Two notes, one produced by violin and the other by a sitar, may have the same
frequency; yet we can distinguish between them. Why? 2]

= The quality of a sound is determined by the number of overtones present in the note. The
fundamental note of violin and sitar may be the same but they are accompanied by a different
number of overtones. As a result, the quality of the two sounds is different and we can distinguish
the two notes. ' :

21. 2067 Oi1d Q.No. 1d| Why are the bells made of metal not of wood? i [21

» 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 travel for long distances for longer duration and sound

22 Explain with a figure, the meaning of beats. [2]

Beats: When two sound waves of slightly v,

f, = 10H
different frequencies are sounded together, there f\ ﬂ ﬂl {Z\ /\ ﬂ ﬂ /\ﬂ ﬂ ﬂﬂm
occurs a periodic rise and fall of sound intensity. U U U U U U U U U U U

15,:3\: a phenomenon is known as beat. The time , b=
een a rise and a fall is called beat period. °*
The number of beats heard per second is called [\ ﬂ ﬂ m ﬂ /\ m {\ ﬂ ﬂ ﬂ m Time
beat frequency. It is given by, (fu) = f2- f; - U U U U U U U U U U U
' v " | =
s

AT

W

Fig. Formation of beats

3. b:ils are made of metal and not of wood, why? PR

gk_}?}gase refer to 2067 Oid Q.No. 1d|

s Deffﬁe?ééiﬁh”&“beat frequency. @
= Please refer to (2065 (set A) Old G.No, 29

2055 GNo. 74 What do you mean by the term threshold of hearing? . B
& Please refer 1o 2075 GIE Q.No. 30| .

26. et et 2o oo SR e o 3 T S e AP e e e AT
i Why is the roaring of a lion different than the sound of a mosquito? 2l
und produced by a body differs from that produced by another body, basically, by its pitch. Sound

Produced by a lion is of low pitch (frequency) but high intensity while the sound produced by a

MOosquito hag hi . h o that of a
s high pitch i ance. roari a li s different from thé
mosquito, gh pitch but ‘low intensity. Hence, roaring of a lion 1s difte
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27. [2056 Q.No. 1 b How is it that one can recognize a friend from his voice without seeing him? 0}
w  Please refer to (2070 Supp. (SetB) Q.N0. 3 bl AL ) ... T

28. [2056 Q.No. 1 d Distihguish between ultrasonics and supersonics. ¥, e - @
« Dloase rofor to 073 SetD Q.No 34

Lona Answer Questions | _ _ e R e R |
20, [2076 Set B Q.No. 71| 2067 Q.No. 5 a] What is Doppler's effect? Derive an expression for t:he apparent frequency
received by a stationary observer when a source of sound is moving away from the o servelr. ' - 14
w Doppler's Effect: "The phenomenon of variation in the pitch of sound c‘lue to thehre étl\;]e m(')::o(l; of
the source and the observer (listener) is called Doppler effect.” Due to this gffect, the pitc (;rnl ed by
the siren of an approaching ambulance appears increased. Similarly, the pltCl‘l’ appears to drop when
it 1s moving away.
Source is moving away from the stationary observer:
Suppose v is the velocity of sound in air and f is its true
are at rest, the distance occupied by f waves is v per second.
away from stationary observer O. Therefore, distance occupie
second is v + u. Thus, the wavelength increases as ’ - ,
v+ ug

frequency. When both source and observer
Suppose source moves with velocity
d by f waves sent out towards O in one

¥

Vo

: L «—vy— -
The apparent frequency is given by, ‘S l\ [\ [\V/\U o
~_velocity of sound wave relative to O vV V
~ wavelength of wave reaching to O

«——— v+uq

R WA AW A WA
ol Sl | s OS>

f
Since, (v +u)) >v =>f <f . Fig: Source moving away
Thaus, the pitch of the sound decreases if source is moving away from stationary observer

from stationary observer.

30. [2076 Set C Q.No. 70| [2075 Set B Q.No. 80| [2074 Set B Q.No. 7b] [2073 Set D Q.No. 7b] 2072 Supp Q.No. 70l What is
Doppler's effect? Derive an expression for the apparent frequency when a source of sound and the observer
are moving towards each other. - : _ 4
» Doppler's Effect: "The phenomenon of variation in the pitch of sound due to the relative motion et
the source and the observer (listener) is called Doppler effect." Due to this effect, the pitch emitted by

the siren of an approaching ambulance appears increased. Similarly, the pitch appears to drop when
it is moving away. ; k

-

The change in apparent frequency of sound as heard by the listener due to the relative motion
between source and listener was first studied by Doppler and is called Doppler's effect G

®

Source Us U Observer

Saas R
A - o

S ' v o 0

Fig: Observer and source are moving towards each other
Let us consider, source 5 is moving towards observer with velocity u, and observer O i ing
towards source with velocity with u,, then o e
Velocity of wave relative to observer, v' = v + ug
and

V- Uy
Apparent wavelength, A' ===

But, we have,

‘ v vt _(V‘*‘llﬂ)x
A (veu)/f T \v -
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v + Ug f ’
1 i ] Ve - g -
f —_— _ 2

So, the frequency_ of wave increases. In such case as v + up > V- us

‘3 5075 Set A Q.No. 75] What is Dopplers effect? Obtain an expression for the apparent pltch when a source
moves away from a stationary observer. ‘ (4]

» Please refer to [2076 Set B Q. NoTl

2073 Supp Q.No. 7li @64 Q.No. 5 Sl Define |nten5|ty of sound. Show that the mtensuty of sound for a glven

frequency is directly proportional to the square of amplitude of vibration. - [4
= Intensity of sound: The intensity of sound wave at a place is defined as the rate of flow of energy per

unit area held normally to the direction of wave propagation. It is denoted by T and given by

E., ;

I=Axt

where, E, is sound energy, A is area on which it passes, and t is time.

The dlsplacement yof a vxbratmg layer of air due to the wave propagation is given by

y =asin ot (1)
where, a 15 the amplitude of v1brahon Then the veloc1tv v atany instant is
fi)ti =— (a sin wt)
=am cos mt ()

Kinetic energy E of the layer is given as,
1 1 '
=3 mv2=75 m p?a? cos? mt [ v =ma] ... (ii1)

where, m is the mass of the layer. When the KE becomes maximum, the PE becomes zero and
vice versa, for an oscillating system. Thus, the maximum value of KE is equal to total energy
E, of the system.
In equation (iii), E will be maximum, when cos ot = L.

1
Ey= Em(o?az

Then, intensity of sound is given by

e 1 mo?a?

2 Axt

_l [2\/(1)2 a?

2 Axt

_1 pAlw? a?
2 Axt
1 , 1 : ‘
=3 pve2a?  ("m=Vp,V=Axlandv= ;)

or, 1 =3 vp (2nf)? a2= 22 fvpa? . (- © = 2nf)

From definition, this is the intensity of the wave

e, =2mfvpaz = I« a? :

In words, the intensity of a sound wave of given frequency is directly pmportlonal to the square of
. amphlude of fvibration.

3, ) How are beats formed when two waves are supenmposed? Deduce expressmn for the

frequency of beats so formed. H
Beats: When two sound waves of slightly
Idlfferent frequencies are sounded together,
there occurs a periodic rise and fall of sound
mtensxty Such a phenomenon is known as
beats. The time between a rise and a fall is
called beat period. The number of beats heard

Per second is called beat frequency. It is give
by (fo) = - £ o

Time

Tinme
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S

Let us consider two waves of equnl. amplitude Y. = 2Hz AN >y
'a' but of slightly different frequencies. Let the ., m ﬂ ﬂ i n [\
frequencies of the waves be f; and f» where f; > uﬂvvuﬂ U{'\"f\J Fime
Consider y; and y» are the individual U ) L
displacement of the medium at a time t dueto

: Fig. Formation of beats

. these waves, then

or,

or,

or,

N

y1=a sin ot = a sin 2nfit
and y2= a sin oot = a sin 2nfat ¢ p . .
Applying the principle of superposition of waves, the resultant displacement of the vibrating particle
is given by
y =y +y2=asin2xfit+ a sin 2nfrt
y =a sin 2nfit + sin 2nfot

A+B A-B

|

fi + f fi-f .
=2asi1121r(12 2)tc0521r<]2 Z)t [-sin A+sinB=2sin"%

y = Asin 2nf t; ‘ ... (i)

fi-f
where, A = 2a cos 2n ( I 5 ‘) tis called the amplitude of resultant wave (or amplitude factor) and f=

fi + 6
5 ) is resultant frequency.

So, the equation (i) represents the equation of the harmonic wave whose frequency is f and amplitude

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 maximum when

fi -6\ . )
cos 2n > t is maximum.

) fi -6
i.e., cos 2n > t =+1or-1

f-f
or, cos 2mn > t = cosnm

f; - f
Zn(lzz)t=n1t oo
" .

t:*

fi-f
when,n=0,1,23,... .
L 2 3

\ t= i
0, fl-fz' f|-f2' f,-f,7

i.e.

fi - £,
or, COSZn('z z)t =cos(2n+1)l'2-

The time interval between two consecutive maxima is the period and is given b
en by

1
T= fl’fz

> . . 1
Hence frequency of maxima is f= T = fi - fa
Condition for minima:
’

ey 7 Z 1t : o o f "f
Resultant amplitude is minimum when cos 2n (—'2—2> t is minimum

fi-f) _
cosZn( 5 )t.—O
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2n+1
o, 15 2(fh - F)
when,n=0,1,23, ...
1 3 5
or, U 2(h - )" 2(h - 1)’ 2(h - 1)’
The time interval between two consecutive minima i.e. beat period is given as
3 1 1
T=20 -6 20-6) ~ -1

g -y 1
Henee frequency of minima is [ = "'f =fi=f

Hence frequency of maxima = fy = f; = frequency of minima = beat frcquency = f. thus, beat frequency
is cq\ml to the difference of the frequencies of individual superposing waves.

Eén Set G Q.No. TGI Describe sound wave as a pressure wave and deduce an expression for the pfessufe

amplitude. [4}
« Pressure Amplitude: Sound wave is a longitudinal wave in a gaseous medium. This wave generally

can be represented by displacement wave equation as,

y = asin (ot - kx) (i)

Where, a = amplitude, » = angular frequency, t = time, k = wave number. Here x and y are parallel.

Sound waves can be expressed in terms of pressure variations at various points in a medium. In air,

the pressure fluctuates sinusoidally above and below the atmospheric pressure 'P' during the

formation of compression and rare fraction. The human air can sense such fluctuations.

Let AP be the instantaneous pressure fluctuation in a sound wave at a point X at time t. Consider an

imaginary air cylinder of cross section area A and length Ax, such that change in volume V = A Ax

when there is no wave. When wave is produced, the size of cylinder disturbed. Let left cross section

is displaced by y; and right cross section is displaced by ya. If y2 > y;, volume increases and pressure

decreases and vice versa.

Now, ' e——— AX——>
AV =A(y2-y1) = AA g o~
In the limit Ax g 0, ¥ Y Undisturbed Coi i i _ Disturbed
dv lim Ady _dy cylinder i i cylinder
v _ T Ax— 0 AAx  dx -
AV ) .
P = - B<7, B = Bulk modulus of air,
d
or, P =-B H}i = Bak cos (ot -kx)
or, P =Pmncos (wt-kx) - ... (i)
Where,

‘Pm = Bak, is pressure amplitude
B
Pm = v2pak [v= \/% or, B=v?p] |

The equation (ii) is pressure amplitude which is directly proportional to displacement amplitude.

From equation (i) and (ii) we can differentiate that the displacement wave is out of phase by 90° with

pressure wave. It means that, when the displacement at a point is zero, the pressure cl:nange 1S a

maximum, and vice-versa.
Y

Y
Displacement amplitude
Pressure amplitude
‘ ) PIII I /
X \i i \\.
L Y \ ] ; 5
"\,‘ \/ \\ \/ \\ ..... -
g
= Pm -

Fig: Displacement m\d Pressure
amplitude of sound wave in air
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35.

a stationary source and then moves away from the source.

R ST——— . s s b . o eSS ke Ao T pege—" mOves towards

fiat s Doppler effect? Find the change in frequency when an 0bSerter [4]
> ative motion of

Doppler's Effect: "The phenomenon of variation in the pitch of soqndl quftgc:h;u:e}laitcl1 fiitied by
the source and the observer (listener) is called Doppler effect.” Puc to this e : 1, AR 7  F
the siren of an approaching ambulance appears increased. Similarly, the pitch app
it is moving away. *s
Suppose Vv is the velocity of sound in air and [ is its
true frequency. Since the source is stationary, f it 3

waves occupy distance v in one second. So the { \ [\ /\ /\ /l()

: LS
wavelength A of the wave reaching observer O is \J \V/ L \V
et wihi alins a) <“u—>
=7 which remains unchanged. A N X 0

Suppose the observer is moving towards the Vv \ Y

stationary source with velocity u, as shown in
figure. Here, sound waves are moving towards O
with velocity v and O is moving towards S with

velocity u,. Therefore, velocity of sound waves relative to O is
v'=v+u,

2072 Set E Q.No. 7

Fig: Observer moving towards
stationary source

The apparent frequency is given by,
velocity of sound wave relative to O
wavelength of wave reaching to O

f,_.‘_" _Vtug _v+u<,f
A v v
f

Since, (V+uy)>v=>f>f
Thus, the pitch of the sound increases if observer is moving towards stationary sound source.

When observer moves away from the stationary source, the velocity of the waves relative to observer
is V — u,, then apparent frequency f' is given by _ :

LY vV-u,
f Yy v £
, _V -,
f=—""f

Sincev -us<v,f <f

Thus, the pitch of the sound decreases if observer is moving away from stationary sound source

36.

=

37.

- %

38.

=

39.

=

[2070 Supp. (Set B) Q.No. 7 b Define Do

[2071 Set C Q.No. 7 b Define intensity of sound. Prove that it is prbportional

071 8 to the square of the amplitude o
vibration for the given source of sound. ‘ ' : B S :;
Please refer to {2072 Supp Q.No. 75| ‘ : :

74 Set D GNo. 78 What is Doppler's effect in sound? Obtain an expre — .4

pression for the a

the sound when an observer moyes towards a stationary source of sound. IR s

Please refer to 2072 Set E Q.No. 70|

{2970 Supp. (1 B) GNo, 7 3 [:067 5up o, 72 What are boats? Obtain an expression for the tacs fec- ey
: -} :No, pression fo uency

produced by the superposition of two waves of slightly different frequencies. Fihehent tveq “

Please refer {2073 Set C Q No. 73] - ;

ppler's effect. Derive an expression for the ¢
observed by.a stationary observer when a moving source just crosses the observer. "

Do?p’ler’s Effeclt:) Tt‘f Pllelx()plellt)nl of variation in the pitch of sound due to the rel
i s?urce Al fhe o bter(Er (listener) is called Doppler effect." Due to this effect, the
the suen'of an approaching ambulance appears increased. Similarly, the pitch ; N
it ismoving away. « the § appe

ange in frequend
[

ative motion of
pitch emitted &Y
ars to drop whet

|
|
|
|
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When source is not crossing the stationary observer:

Suppose v is the velocity of sound in air and f is its p 4 ; “ &
true frequency. When both source and observer are at 5 [\\j/\\jf\ /\ [\ /\ \?

rest; the distance occupied by f waves is v per second. \/ \j : U
Suppose source moves with velocity u, towards '

stationary observer O. ——— oy >
Therefore, distance occupied by f waves sent out ’
towards O in one second is v - u, Thus, the S - o
wavelength decreases as
% V - Us ' ; Fig: Source moving towards stationary observer
N o= f
The apparent frequency is given by,
v v v
f=x TV -u —v-usf
f

Since, (V-u) <v = f>f ;
Thus, the pitch of the sound increases if source is moving towards stationary observer.

When the source is crossing the stationary observer: :
Suppose v is the velocity of sound in air and f is its true frequency. When both source and observer
are at rest, the distance occupied by f waves is v per second. '

Suppose source moves with' velocity vs away from /‘\ }\ /\ /\ >

stationary observer O. Therefore, distance occupied by f

waves sent out towards O in one second is v + vs. Thus, the S \j \] \/ 0
wavelength increases as e :

+ = X
Al - ¥ = Us < v/+u5 >

. f :
The apparent frequency is given by, S AU%QUQU%

Velocity of sound wave relative to O : -
. Fig: Source moving away

f -
wavelength of wave reaching to O :
from stationary observer
o= ¥ ._.¥ ¥ P .
N v+u, v+ug
f

Since,(v+us)>v—_i~fl<f a ' :
Thus, the pitch of the sound decreases if source is moving away from stationary observer.

S

40.

'

4,

-\

Y
\P lease refer to {2070 Supp. (Set B) Q.No. 7 b]
43,

Y

Please refer 2073 Set C Q.No. Iz

&& refer to 2072 Set E Q.No. 7b}

:\mease refer to [2070 Supp. (Set B) Q.No. 7

2070 Set D Q.No. 7 b [2060 Q.No. 5 a oé’] What are beats? Show that the number of beats heard ”p-er second |s
equal to the difference between the frequencies of two superposing waves. . [4]

2963 (Set A) ano. 75 What is Doppler's effect? Obtain an expression for thea;;parent pitch when an
observe! moves towards a stationary source. ’ [4]

e ——————————— pon

069 (Set B) Q.No. 73] How does the frequency of sound change when sound source is"mo{f'i'i'\g:

. towards the stationary listener and |
I, away from the stationary listener. . [4]

R e . o T To— Py s e s AR A RS

What is Doqpler‘s"'éffect? Deduce an exbresslon f&lv'mt‘t-iewabb;f'ent frequency heard by a
Stationary observer when a source approaches towards him. < [

e

06_7 2No. 78] Define intensity and deduce it in terms of amplitude ofV|br;n<;n,densn&o?h;a;um, angular
elocity and velocity of the wave. | e
lease refer to 2073 Supp Q.No. 7b]
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p Q.No. 5a OR| What is the Doppler effect in sound. Obtain 'ap exr.Jression for the apparent frequg[a::ay
i oli(fr‘:es:::n%v:ﬁen the source and observer both move in the san;e d;rect:o‘n{ LI e SRy Olf
ffect: 1. of variation in the pitch of sound |
‘ ! : "The phenomenon of variation in - ‘ ' :
e Elif: ilt;e obsefver (listener) is called Doppler effect." Due to this gffect, the pitch gmxuedhby
‘ &e Sf)l;;ﬂ;fa an approaching ambulance appears increased. Similarly, the pitch appears to drop when
e S1r 2 ’
it i ing away. - o
lctﬁstl:l(:n‘gﬁﬁ of agparent frequency when both source and observer are moving;:

v
: ' . e - T gt ot ' = — where, V'
If both the source and observer are moving, then apparent frequency f is given by, f' =23 , V' is

velocity of sound waves relative to observer O and A' is wavelength of the waves .reachmg O. This is
general formula to calculate f', when source and observer move along a straight line. So‘, welcar_\ use
this to find the apparent frequency in any of the cases considered before. Suppose, v is velocity of

sound in air, f is true frequency of the source, u, is velocity of the observer O and us is velocity of the
source S.

i. When source S and observer O are moving in the same direction as shown in fig}n‘e: o
The velocity of sound wave v and velocity of observer u, are in the same duechpq Therefore,
velocity of sound waves relative to O is,

v'=v-u, ; ‘ , :
Since, the source is moving towards observer O, wavelength of the wave reaching O is
L V- \i
SR : RS
vl V- u 5
Apparent frequency, f' = N u': ' ~ S’—-—u>s 8——1
) f
V- U, : Fig: Source follows the observer
or, P f *
V —1usg

Here, f u,=u then f' = f.

ii. If the source and observer are movin
1f the source and observer are movin

v and u, are in the opposite directio
Since, the source is moving away fr

g inthe same direction as shown in figure:
g in the same direction as shown in figure,

ns, so the velocity of sound waves rel

ative to Ois, v' = v + u,
om the observer,

wavelength of the wave reaching O is
Vg
}\'I =_f .
1 ¢ ﬂ X
P \L ~ v+ u, ’ .
A v+, RIS lh(\—.'
£ ‘ _v ‘ s K 0
LY ug - 5 :
or, f' = vt f Fig: Observer follows the source |
Here, if u, = u, then f' = f. .
46. [2066 Q.No. 5 a OR] Define the intensity of sound and prove that | = 2 PVr20? where the symbols have their
usual meaning,” , 143]
= Please refer to 2073 Supp Q.No. 7] t
a7, Discuss the phenomenon of Doppler's effect. F ind the changa T frommmme
. e in fre n
source of sound passes a stationery observer, ' ’ N, “hena mow[agl
= Please refer to 2070 Supp. (Sel B) Q.No. 7 5 .
48. What is Doppler's effect? Derive the change in frequency when;}\wdl‘);;r’;}éﬂ;\m;aaﬁ‘
stationary source, ‘ (143
= Please refer to [2072 Set E QNo_79 '
49, What do you mean by intensity and intensity level of sound? Define bel and decibel, "ﬂm
= Intensity: Please refer to [2073 Supp Q No. 7n)

Intensity level: The intensity level L of a sound wave is defined as the ratio of intensity of sound t0
the standard intensity. Mathematically it is given by the equation,

L
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1 ;
L =logioT (D) ‘
where, I is the intensity of the wave and I, is called the threshold value of hearing. It is ratio of same
quantity and has no dimension although it is measured in the unit to bel.

: : ; i £ I
Bel and decibel: The unit of intensity level given by the equation L = logio T is the bel. One bel is

defined as loudness of 1000Hz 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 1B. So equation (i) is given

I
in terms of dB as L = (10 dB) logmi 3

[2055 Q.No. 2 @ Deduce the expression for the frequency heard by an observer, when the observer is

approaching the stationary sound source.
n Please refer to 2072 Set E Q.No. 7b] -

Numerical Problems : .

51. 2075 GIE Q.No. 11] A train is approaching a cliff at 20 m/s. 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
Given
Velocity of train (vo) = 20 m/sec
Frequency (f) = 800 Hz
Velocity of sound (v) = 350 m/sec
Frequency of echo (') = ?
Now,
+
£ o=roxf [ova=vil
350 + 20-
= 350-20 * 800
=896.97 Hz

52. [2074 Set A Q.No. 11] A car is approaching towards a cliff at a speed of 20m/s. The driver sounds 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

= 350mis.

50.

» Please refer to 075 GIE Q.No. 11

53. [2073 Set C Q.No. 11] A carmtravellih_g“ﬁm a speed of 60 Kmhr' sounds a horn of frequenéy 500Hz. The sou;‘-
is heard in another car travelling behind the first car in the same direction with a speed of 80 Kmhr'. What
frequencies will the driver of the second car hear before an after overtaking the first car if the velocity of

sound is 340ms1? [4]

Solution R .
Given,
: . 1000
Velocity of sounding car (v) = 60 kmhr! = %‘-3.7 = 16.67 m/sec

. : 0 x 1000
Velocity of observing car (vo) = 80km/hr = %TO— =2222 m/sec

Frequency of sound (f) = 500 Hz
Velocity of sound (v) = 340 m/sec
Apparent frequency before overtaking the car,

I - Vv + yp . 340+ 22.22 -
v+vsxf _340+ 16.67XS00 507.8HZ
Apparent frequency after overtaking the car
P =¥ 340 - 22.22

V- Vs

x f =Wx 500=491.4 Hz
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' f 150 KHz towards a truck

aNo_ 11 A stationary motion detector sends sound waves 0 ‘

a5 [:'::a:o:::mi:g at aos;eid of 120 km/hr. What is the frequency of wave reflected back to detector? (Velocity of
sound in air = 340 m/s) [4]

Solution

Given,
Frequency of sound (f) =150 KHz =1 50000 Hz
120 % 1000

Velocity of obsetver (ug) = 120 km/hr = =370

- m/sec = 33.33 m/sec

Velocity of sound (v) = 340 m/sec
Apparent frequency (f) =? .
We have, the apparent frequency as observed by the truck is,
/ 340 + 33.33
YN0 2T RS 150000 = 164704.41 Hz = 164.7 KHz
Again, the truck acts as a source with frequency f' and the observer is the detector. So, the frequency
of wave reflected back to detector is,

b V) 5 340 L
P =38 -f =300 - 3332 X 1647 = 1826 KHz

.55. 2070 Sup (Set A) Q.No. 11] A car travelling at 20ms-! blows its horn which has a frequency of 600Hz. A
stationary observer notices that the frequency of the horn changes considerably as the car passes by him.
Calculate the change in frequency heard by the observer as the car approaches and moves away from the
observer. (given velocity of sound = 330ms-1) [4]

Solution
Given,
Speed of car (Vs) = 20m/sec
Frequency of sound (f) = 600 Hz
Velocity of sound (v) =330 m/sec
Change in frequency (Af) = ?
When the car approaches towards stationary observer,

e i B30 p
_v_vs‘ _330_20x600—638.7HZ

When the car passes the stationary observer,

. __V 330 ;
f —v+vs'f -330+20x600=5657H

Change in frequency heard by the observer as car approaches and passes him is
Af =f -f'=6387-5657 =73 Hz ’

56. 2069 Set A Old Q.No. 5b) When a jet plane is flying on elevation of 1000m the
. ) sound | d is
4.0db. What would be the intensity level on the ground when its elevation is as low as 1:\('):11‘;) i thelg;o e

Solution.
Given,
ri = 1000m B = 4dB
Jgz = 1001'!] [52 = ?

Now, we have

Intensity (I) o« -—:—5

Then,

’ 2

T =2 ~Tw
I r,

I ;

= =100

I;

Again, we have,

The difference of intensity level at these two points is;
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AB =B2- B ‘
I v :
= 101ogm(—f;) =10 log (100) = 20 dB

. Ap =20dB
Hence,
B2 =PBit+AB

=(4+20) dB =24dB
Hence, the required intensity level is 24 dB
57. [2068 Old Q.No. 5 b When a jet plane is flying at an elevation of 1000m the sound level on the ground is 4.0

dB. What would be the intensity level on the ground when its elevation is as low as 50 m? [4]
Solution

Given,

= 1000m B1 =4dB

. =50m B2 =7

Now, we have

. 1
Intensity (I) « 73

Then,

& =‘5i _ 10002

L Tz T

L 400 :

- 5
Again, we have,
The difference of intensity level at these two points is;

AR =B, - B1
I
= 1010g10(T2_1> =10 log (400) = 26.02 dB

- AB =26.02dB
Hence,
B = Bi+AB .

=(4+26.02) dB =30.02dB

__Hence, the required intensity level is 30.02 dB S

%. A source of sound generates sound waves which travel with a speed of 340ms'. The

,f"’""e"cy of the source is 500 Hz. Find the frequency of the sound heard if:
f: " The source is moving towards the stationary observer with a speed of 30 ms*'.
" The observer is moving towards the stationary source with a speed of 30ms-'.
Sol u‘:;o Both source and observer move with a speed of 30ms! and approach one another. [4]
n
Givep,

?Peed of sound (v) = 330m/s
N'eqUency of source (f) = 500Hz

ow,
For (i)
U - 30[1’\/5-1 T =0

hen, using ‘ L
O, 330 _ 1.
" }:‘u‘;x :m x 500 “'550“%
Aen_ce, the required frequency in this case is 550Hz.

8ain, for (ii) we have,

uoalaon'ls—] u; = 0
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Then, using

v+ u 330 + 30 e
= ( > °>f =(=5350 ) x500= 545.45 Hz

Hence, the required frequency in this case is 545.45Hz.
Again,

for (ii1), we have,

W, = 30m/s us =30m/s

Then, using

vEue ) 330 + 30°
( - g > xf "%0 30 x 500 = 600Hz

Hence, the required frequency in this case is 600Hz.

{2067 Q.No. 19 2067 Old Q.No. 58 An observer travelling with constant velocity of 20 mls, passes close to a

stationary source of sound and notices that there is a changes' of frequency of 50 HZ as he passes the

Solution
Given,
Velocity of observer (u,) =20m/s
Velocity of source of sound (us) =0
Change of frequency = 50Hz
Speed of sound in air (v) = 340m/s

Frequency of the source (f) =?
Now, we have,

£ = ‘;l:; <t
In the condition, when the observer approaches the source,
We have
v + 1, 340+ 20 - 360
=Ty <f=T3gg < feg0
18f
or, fi' = 'Ti
Again,
when observer passes the source, we have
P
16f
or, £, = T7
Then, according to the question,
£ - gy = 18f 16f
17" 17"
or, 50 = l§f_1:77l_6_§ ) , '
or, % =50
f =425Hz

Hence, the requlred frequency is 425Hz

60. [oss ONo- 5 B

(velocity of sound in air = 330ms™)

Solution
Given, .
Velocity of source (u) =20m/s

source. What is the frequency of the source? Speed of the sound in air = 340 m/s.

[4)

) A car s moving away from a stationary listener with a velocity of 20mis. If the hor is
soundlng at frequency 512 Hz, calculate the change in pitch of the sound received by the listener.

4
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Velocity of observer (u,) =0
Frequency of horn (f) =512Hz
Velocity of sound in air (v) = 330ms-!

. Change in pitch =7?

Now,
We have,

= v 1 u, B

vt ug .
In this condition, we can use
\ 330

fo=Sva < f=330+20 %512
f =482.74Hz

Hence,
Change in Pitch = f-f = (512 -482.7)Hz =29.26Hz

61. [2063 Q.No. 6 B The intensity level from a loud speaker is 100 dB at a dlstance of 10m. What is its mtensrty

Ievel at a dlstance of 200m? : (4]
Solution g

Given, ) . , _

For first case:  distance (d1) = 10m, intensity level (I;) = 100 dB

For second case: distance (d,) = 200m, intensity level L)=7?

Since,» Ioc% :}—f = %Dz = i—: =(% 2 = 0.0025 ...(i). .

Again, the difference of intgnsity level at these two points is; .«
7 Ba-P1 = (10 dB) logio G‘T) =-26dB

. B2=-26+ By = (-26 + 100) dB = 74 dB
Hence, the required intensity level is 74 dB.

62. [2062 Q.No. 6 bl The intensity level from a loud speaker is 100 dB at a distance of 10 m. What is its intensity

Ievel at a dlstance of 100 m? - ~ [4]
Solution - 5"

Given : 0 ' , ~ B1=100dB B2=?

B1=100dB r; = 10m , : 9 F

Ba=7? r; =100m : _ -G 10 S

Now, we have 100m

Intensity (@) < %
Then,

(J (%,

1, =0.01

Again, the difference of ‘intensity level at these two points is;
B2 -p, = 10]ogw(IT2]> =10 % log (0.01) =-20 dB

B2 =p,-20

= (100 - 20) dB = 80 dB
Hence, the required intensity level is 80 dB.
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63. A note produ&a; 2 beat/s with a tuning fork of frequency 480 Hz and 6 beats/s with a tuning
fork of 472 Hz. Find the frequency of the note, [4]
Solution
Given,
Note produced by a tuning fork of frequency 480 Hz = 2 beat/ s
Note produced by a tuning fork of frequency 472 Hz = 6 beat/ s
Since, the note produces 2 beats with the tuning f ork of frequency 480 Hz,
=480 + 2= 482 or 478 Hz.
Also, the note produces 6 beat/s with the tuning, fork of 472 Hz, the frequency of the note
=472+ 6 =478 or 466 Hz.

As the frequency of 478 Hz is common in both cases, the frequency of hthe npte is 478 Hz.

the frequency of the note

- —————————————

o4 The noise from an airplane engine 25.0 m from an observer is found to have an intensity of 45.0 ]
dB. What will be the intensity in decibel when the plane flies overhead at an attitude of 2.0 km? [4]

Solution i

Given, \

d:=250m, d;=20km=2000m, 1, =45.0dB, =7

Let I; and 1, be the intensities on the ground when the airplane is at an elevation of 200m and 25 m
respectively. :

We have, % = 531_1-; =1.56x 104
Here; intensity level at 25m,

B1=(10aB) logl ... @)

and intensity level at 2km,

p.=(10dB) logm%) ‘ ... (id)

Now, equation (i) - equation (ii), we get

B2 - B: = (10 dB) logmi—j - (10 dB) loguo G—‘;)

2= 1 + (10 dB) loguo (1.56x10-%) = 6.94 dB '

65. A column of air is set into vibration and the note emitted gives 10 beats per second when a
tuning fork of frequency 440 Hz is sounded, the temperature being 20°C. The frequency of beats decreases
when the tuning fork is loaded with a small piece of wax. At what temperature will the unloaded fork and the
air column will be in unison? < ' : — ‘ il

Solution
Given,

Beats per second =10

So, the frequency of the pipe =440 + 10 Hz =430 Hz or 450 Hz

When the fork is loaded with a small piece of wax, the beat frequency decreases, so the air column
must have the lower frequency. ' s ’
ie., f=4%0 Hz

Let t°C be the temperature at which the air column will be in unison.
At this temperature, the frequency of air column = 440 Hz

v, =440 # ). ()
And at 20°C the frequency of air column is given by
vap = 430 7 ). e veo (i)

Dividing (i) by (ii), we get,
Vi :4_2_0__7‘__); _44
-‘/—2'0'-1430,(—,” =43 . ons £18)

Since, V & ‘\/:F , 50 the equation (iii) can be written as

273+t 44 2.7.72_1_1“14.)2
%‘43 = . A 43
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[44\? .
| g (;@ x 293 - 273 = 33.73°C = 306.33K

Hence, the requned tomperatme is '%()6 "&’%K

& R] Two observers A and B are provlded with source of sound of frequency 500 Hz. A remains

stahonary and B moves away from him at a velocity of 18ms‘!. How many beats per second are observed by
B, the velocity of sound in air being 330 ms*1? [4]

Solution
Given,
Frequency of the source (f) = 500 Hz
Velocity of sound (v) = 330 ms-!
Velocity of observer (vo) = 18 ms-!
Velocity of source (v) =0 ms-!
Observcr B is moving away from the source i.e., observer A. Apparent frequency heard by B is given

-V 330-18
(‘ 2) x f= S35 x 500=472.8 Hz -

" Beat frequency (B) =f-f; =500-4728=272Hz~27 Hz"
Hence, 27 beats per second are observed by B.

Qaa

"



B. Physical Optics

T Chapter 1: Nature and Propagation of Light *=

e oo P ™ Tt TP P By D S
1. [076 Set 8 Q.No. 4a) [2067 Sup Q.No. 44 State Huygen's principle. Does ‘It apply " 12
@ Huygens principle is a geometrical construction of a wavefront which is ’

A" A A

used to determine the position of wavefront at a later time from' its o
position at any instant. The principle is based on the following ey
assumptions: - o

a. Each point on the primary (given) wavefront acts as a source of . tsé //c [,
secondary wavelets, the light waves sending out from secondary f/'/ (
sources travel in all direction with the speed of light. & »

b. The new position of the wavefront at any instant is given by the //c :
forward envelope of the secondary wavelets at that instant. r L
Yes, 1t can be applied to sound wave. ' 2y

2. D076 Set C QNo. 4a [2075 Set A Q.No. 4a [2075 Set B Q.No. 4a| [2074 Supp Q.No. 4a| [2072 Set C Q.No. 44

{2070 Set C Q.No. 4 b| {2056 Q.No. 2 d] Differentiate wave front and wavelet. 7]
» Wavefront at any instant is defined as the locus of the particles of the Wave front

medium vibrating in the same phase. Every point on the wavefront

acts a source of a disturbance; these disturbances from the points are

called wavelets. Each point on a wave surface can act like a new

source of smaller spherical waves which are called wavelets. The ©®

wavelets may originate from the primary as well as secondary source 0
of light. Wavefronts are the envelope of these wavelets. ’

p

{2074 Set A Q.No. 43| 072 Set E Q.No. 43| Explain with proper sketch, thé‘a'iwffér_éﬁ’c':—ég__ﬁé&een wavefronts and
wavelets. :

. k _ @
Please refer to 2076 Set C Q.No. 4a) ' '

2073 Supp Q.No. 43 2062 Q.No. 2 d| Differentiate between a plane wavefront_;ﬁah;;Bﬁ;;ihc‘;l 'ﬂéf—rgﬁaﬂ
A wavefront is the continuous locus of vibrating particles of the =0

medium which are in the same state of vibration or phase. If a
point source in an isotropic medium (i.e. a medium in which A A —
the waves travel with the same speed in all directions) is

sending out waves in three dimensions, the wavefronts are - ‘ ‘
spheres centered on the source as shown in Fig. (i), such a
(i)

oy

!

wavefront is called a spherical wavefront. At a large distance
from a source of any kind, the wavefront will appear plane as

shown in Fig, (ii), such a wavefront is called plane wavefront.

5. [o73 56t D Qo 42 What s the d N e i STy o ! VRIS SO AP -
i) ifference between wavefront and wavelets in the explanation of Huvg‘“é

w. Please refer to 2076 Set C Q.No. 4

6. (071 Supp Q.No. 43 If light travels from one medium to another. Its velaain crm: =5 oo mmeem e
frequency or wavelength? Explain, 1 Wiahar o valsicky changes? s d‘-le o chang} l21
= The velocity of light is given by v =

—

(1)

' _ A x'f, where A is wavele
frequency. Since, frequency is fundamental or empirical p

withmsec'iium. So, the velocity of light waye change
one medium to another medium.

ngth of light in that medium & f %
arameter of a wave & it does not chan§’
S On changing wavelength when light passes from

i

7. [2071 Set C Q.No. 4 4 Distinguish between wavefronts
w. Please refer to 2076 Set C Q.No. 43

P AV A e s

and wavelets. e e
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- a0 S o s 0
8.

o

E‘E/’; “Supp. (Set B) Q.No. 4 a ] A normally incident wavefront does not deviate, when it travels from one
medium to another. Explain. A ‘ i ¥ 2]

s AT - ' 3 3 4 ‘ " . : . J ) sini . Y
According to Snell's law of refraction, the refractive index of a medium is given by, p = =r= ,-where i
is incident angle and r is refracted angle. For normal incidence, i = 0, then r = 0 as p # 0, the minimum
value of p is 1 but never is equal to 0. So, a normally incident wavefront does not deviate, when it
travels from one medium to another.

2069 Supp Set B Q.No. 4 bj Can Snell's law be verified from wave theory? Explain with figure only.
Yes, snell's law can be verified from wave theory.
From right angled triangle APP', '

R < < - -
sini="23p = "Ap'/ Air
¢ = vel. of light in air : '
From right angled triangle AA'P',

2

M'
Now, ——=—=—= N Denser medium

sin 1

oleeam which is Snell's law.

10.

2069 (Set A) Old Q.No. 2g] [2068 Q.No. 4 b] What is wavefront? : . [2]
Wavefront is the locus of all vibrating particles which are in same phase. The shape of wavefront is
different according to the nature and distance from the source of light. ; '

1.

22067 Q.No. 40 What is Huygens's principle? : o [2]

Please refer to 2076 Set B Q.No. 43

12

967 Old Q.No. 2d When monochromatic light incidents on a surface, the reflected and refracted wave will
have same frequency, why? ' ' ; @
When monochromatic light incidents on a surface, the reflected and refracted wave will have same
fréequency because frequency of a wave is empirical parameter and does not change with reflection
and refraction. ' '

13.

- %

Which parameter of light does not change on refraction? ' )]

During the refraction of light, velocity and wavelengtl} of light wave are changed but frequency is not
changed because frequency is fundamental parameter of light wave. It is the characteristics of the

source that produce the wave. N

Long Answer Questions ' : :

14,

976 Set B N, 8b] 2075 Set A Q.No. 8] 2070 Sup (Set A) Q.No. 8 a| 2069 (Set A) Q.No. 8a Describe Foucault's
method of determining the speed of light. e v B
Measurement of velocity of light by Foucault’s Method: =~ e

Construction: The experimental arrangement of Foucault's method is shown in figure.

. Jle—a > |« b >| < !

It consists of a bright source of light S, placed in front of a parti

“Ptat an angle of 450 to the axis of lens L, which is kept between

- A concave mirror is kept at distance equal to the radius of C
POint A. The whole apparatus are arranged as shown in figure,

ally silvered glass plate P which is

the glass plate and a rotating mirror
urvature of the concave mirror from
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The light from source S is incident on a convex lens L. Th: 'ligh;l'af'tfarﬁI}?Zi:?%h?:ﬁ;agl?eI;f‘:;,}'l\n
. i ir is placed at A, light after reflectio ' . e
- converges at the point I. If a mirror M; is p ‘ i e AR o) By

. : | i C. The distance between t qual
mirror M converges at the pole E of concave mirror . i 1O ‘-
the radius of curvature of the concave mirror. The light refleczted back fromlE allgril;glcllz gcrlxg]tn;l\ gzu;s
finally the image is formed on the source S. As there is half silvered glassdpfatg T tana gh &
45° to the axis of lens, a part of light is reflected by the g,l.ass plate and omflls Wk tgh A 1OSit. &4
source. If the mirror M is rotated by an angle 0 to new position M.z,‘ the rays ;tlef tetc ik ltgo A ion
of the mirror are converged by the lens at point S, then the: position of Is ol 1 ) as
shown in figure.

Calculation: Let, n = number of revolutions per second made by the mirror, then time taken by

mirror to rotate an angle of 0 radian is
0 6

® - 2N o (1) )
Let, ¢ = velocity of lightand AE=a |

Also, time taken by the light to travel from A to Eand back to A is,
2a

b =T .. (i)

Thus, equat:’xig (i) and (ii), we obtain
8 2a

Hh =

2rn C
4mna ¢ : (-
C =9 -...(iiid) :

Therefore, knowing n, a and 6, the velocity of light c can be calc'ulate_d..
Again, if the mirror is rotated throu

gh an angle 6, the reflected ray is rotated through an angle 20. Itis

clear from the figure that : ‘ :
mL=a(20) . ,
Since the points S, I and S, I, are conjugate points for the lens L,
SS: _ object distance

-II; ~ image distance

$5__1

UM " a+b
Since, S5, = BB, =y,
1 " .
L T . (V)

Putting the value of 0 from equation (iii) to (iv) we get,

5 R

8tna? a+b

8nna?

y(a+b) -
This is required expression to determine the speed of light by Foucaul
the right hand side can be measured in the

experiment and hence
The speed of light from this method is foun

t's method. All the quantities on
d to be 2.98x10# ms-1

e the speed of light can be calculated:
in vacuum, '

15. [2076 Set C Q.No. 8d [2072 Set D G.No. 8a) State and explain Huygen's
reflection on the basis of wave theory, ;

» Huygen's principle: Huygens principle is a geometrical construction of
a wavefront which is used to determine the

position of wavefront at a A‘J._A |
later time from its position at any instant. The principle is based on the oW
following assumptions: et
a. Each point on the primary (given) wavefront acts as a source of ** }{x(
secondary wavelets, the light wayes sending out from secondary i
sources travel in all direction with the speed of light. ‘ ¥ \ |
b. The new position of the wavefront at any instant is given by the ’:\
forward envelope of the secondary wavelets at that instant. . _B}__g_,/:!




incident wavefront AP, represent incident rays. If AN is
~ normal to reflecting surface :
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Reflection on basis of wave theory: Let XY be a reflecting
surfac.e and AP be a plane wavefront just incident on it.
The lines LA and MP which are perpendicular to the

Q.x at A, then ZLAN = i is the
angle of incidence as shown in figure.

The vYavefront arrives at point A first of all and will arrive
at points B, C ... later in time, but in, this order. Thus,

of time. When the disturbance

73

Ml

A B C P’
different points on the reflecting surface will become source of secondary wavelets at different instants

from point P on incident wavefront has reached point P’ on the surface,’

the secopdary wavelets from A, on the sutface will have acquired radius, say equal to AA” and those
from points B, C, ... equal to BB’, CC, ... respectively. The reflected wavefront will be the tangent plane

- A’P’ touching 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 normal to reflecting surface at P, then ZN'P'M' = r is the angle

of reflection.

Now, in right angled triangles APP' and AA'P'
LAPP" =L AA'F’ (both are right angles)

AA'= PP (distance travelled by light in same time)
AP' = AP' (common side)

Therefore, two triangles are congruent and hence
ZPAP'=ZA'P'A R 1)

As the angle between two lines is same as the angle between their perpendiculars, therefore, -

ZPAP'=iand ZAP'A=r :
From equation (i), we have ‘
i =r "

ie, angle of incidence is equal to angle of reflection. Further, as the incident wavefront (AP), the
reflecting surface (XY) and the reflected wavefront (A'P') are all perpendicular to the plane of the
paper, therefore the incident ray (LA), normal (AN) and reflected ray (AA'L'), which are respectively
perpendicular to AP, XY and A'P' all lie in the same plane. This proves the second law of reflection.

Hence, the laws of reflection are proved on the basis of wave theory.

16.

P075 GIE Q.No. 8a) 2071 Supp Q.No. 83 What is meant by wave front? Verify Snell’

theory. :
Wavrey Front: Wavefront at any instant is defined as the locus of the
particles of the medium vibrating in the same phase. Every point
on the wavefront acts a source of a disturbance; these disturbances
from the points are called wavelets. Each point on a wave surface
can act like a new source of smaller spherical waves which are
called wavelets, The wavelets may originate from the primary as
well as secondary source of light. Wavefronts are the envelope of

these wavelets.

Refraction on basis of wave theory: Let XY be a plane surface
separating air form a denser medium and AP be a plane wavefront
just incident on it. The lines LA and MP which are perpendicular to
the incident wavefront AP, represent incident rays, If AN is normal
to the surface at A, then ZLAN =i is _the angle of incidence as

shown in figure. Again the wavefront arrives at point A first of all

and will arrive at points B, C,... later in time but in this order.

Therefore, different points on the surface XY will become source of
secondary wavelets at' different instants of time. When the
disturbance from point P on incident wavefront has reached point

s law on the basis of wave

4

Wave front

Ml

1\5].
Denser medium

.

P' on the surface, the secondary wavelets from point A on the surface will have acquired a radius, say
equal to AA' and those from points B, C ... equal to BB', CC'... respectively. The refracged. wave‘front

L}
)
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will be the tangent plane A'P' touching all the secondary spherical wa‘\I/\]e' e'ss.n K e hitoce |
perpendicular to the refracted wavefront A'P' are refracted‘mys- It P : 1 ]
separation at point P', then ZN'P'M" =1 is the angle of refractum:
Let ¢ be velocity of light in air and v, the velocity in denser medi

um. As the distance PP' in air and the
‘ i s tH herefore ;
distance AA' in denser medium are covered by the light in same time, t

R LA . T .
AA' T vxt v ‘

\ iculars, therefore,
As the angle between two lines is same as the angle between their Pefpendlc /

ZPAP' =iand ZAP'A'=1
From right angled triangle APT",
SiIn1 = AP‘
And from right angled triangle AA'P,
g
SN T =3
sini PP AP
H=sinr ~ AP AA
sini PP’ i
sint AA'

From equation (i) and (i), we have

sini ¢ s

— =—=p which is Snell's law.

sint Vv

Here, v A constant and is called the refractive index of denser medium with respect to rarer
medium.

. Thus, the ratio of the sine of the ahgle of incidence to the sine of the angle of refraction is a constant
for the given pair of media. ' i : '

Further, it can be proved that the incident ray (LA), the normal (AN) and the refracted ray (AATL)all
lie ir. the same plane. This proves another law of refraction. '

Hence, the laws of refraction are proved on the basis of wave theory.

17. [2075 Set B Q.No. 72| 2072 Set E Q.No. 8a] 2071 Set C Q.No. 8“i;|”|~2-069 Supp Set B Q.No. 8b) [2067WQ.N0. 82 Describe
Michelson's method for determining the speed of light.

» Measurement of velocity of light by Michelson’s Method: ‘ g
The  experimental arrangement of Michelson's :
experiment for determination of velocity of light e *
consists of an octagonal mirror M;, a bright source S, a
concave mirror My, a plane mirror M3, a telescope T.
These apparatus are arranged as shown in figure.

A collimated beam of light from source via slit falls on
the first face of the octagonal mirror at an angle of 45°
This beam of light reflects by mirrors M;, M, and M;
and again returned bacl;
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 position. At this rest
position of the mirror My, an image of the light sourée ‘
can be observed in the telescope, ' \v/

If the mirror M; is rotated, the light returning to it fro '
y m the mi . g Je
of 45°, and hence will not enter the telescope. When the Speedr(r)(f)rrx; will not be incident at an antged

that the face 2 of mirror occupies exactly the same position as was ocm;;;gfbr}xlnfrar:; ;\/glf{_:? (aiﬁ]:
) v Iil i




- «revolution, of mirror My) during this time
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light travels ffrom M 2 é it
. of source will reappear contmuomlv 2 ' . T gt Mh a0

. or,

or

If d is the distance between the mirroy M,
the llght to travel from M, to M, and b

2d
t="¢

and M, and ¢ be the speed of light then the time taken by
ack to M, is

If n is the number of revolutions per se

cond of mirror My and m is the number of faces of this mirror, .
then the angle rotated by the mirror during the time t is ‘

21 0
0= andt——

m AL 1s angular velocity of mtatmg mirror M.
0 27 1
t=2rf 27am  mn (v © =2nn) .
d 1
¢ mn
- ¢=2mnd

This is required formula to calculate speed of light by using Michelson's method. In his original

expenment the speed of the motor was about 528 rev /s and d was about 35 km. He obtamed a value
of 2.99775x10° ms-! for speed of light in vacuum.

18.

[074 Set B Q.No. 8a] What is a wavefront? Usmg Huygen's principle proves that for a parallel beam of light
incident on a reflecting surface, the angle of incidence is equal to angle of reflection. [4]
Wave Front: Please refer to 2075 GIE Q.No. 83

Reflection on basis of wave theory: Please refer to |2076 Set C Q.No. 83| _

18.

2073 Set C Q.No. 8b] Describe Huygen s principle with ﬁgure to prove the laws of reflectron and refraction of
light. (4]
Please refer to [2076 Set C.Q.No. 83

22

h

L.\

. 2072 Supp Q.No. 83] What is Huygen's principle? Show how refraction of | I|ght ata plane interface can be
explained on the basis of wave theory of light. : 4]
Please refer to 2075 GIE Q.No. 83 . __v_‘;__«_______.

. B971Se1D G.No. 8 a State and explain Huygen's principle and use it to verify Snell‘s law. [4

Huygen's principle: Please refer to [2076 Set B Q.No. 43|
Refraction on ba51s of wave theory: Please refer to 2075 GIE Q.No. 83|

@Sup (Set A) Q.No. 8 g State Huygen's pnnclple of wave theory of light and also use this principle to
verify the laws of reflection of light. : [4]
Please refer to 076 Set C Q No. BJ 4 ’ . e
@)"IT) Sug_gmg‘s‘;t‘ Bni QNo. 8 t_)] State and use Huygen s prmcrple of wave theory of Iught to venfy the laws of
refraction of light. ‘ 4]

Huygen's principle: Please refer to [2076 Set B Q.No. 44|

Refraction on basls of wave theory Please xder to [2 r075 GIE Q.No. Bal
\_ B

24,
a

@eto QNo. 8 a] State and explaln Huygen $ prlnclple Use it to prove Snell's law. : (4
Huygen's principle: Please refer to (2076 Set B Q.No. 4a|

acti ease refer to ITYS GIE Q.No. ELaI
\Befm‘?tlon on basis of wave theory: Ple:

25,

26.

e T it gy b ot st st e s DA e G e

Descrlbe Foucault's experimental ‘method for the measurement of the veloc|ty of ||ght
with necessary theory ' ‘ ’ - A
Please refer to [2076 Set B Q.No. 8_bl

068 Can. QNo. 8 @bsé éuEE Q.No. 69] State and explairl Huygerl s principle Use the | pnncrple to show that a
Plane wave incident obliquely on a plane mirror is reflected as a plane wave so that the angle of incidence ‘I‘s
€qual to the angle of reflection. :

A Please refer to [o76 Set C Q. NOLaJ
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27. [2067 Sup Q.No. 8b] Describe Michelson's method to determine the speed of light. Write advantages of 4,
method over foucault's method. - [3+)
w  Michelson's method: Please refer to [2075 Set B Q.No. 74|
Advantage of Michelson's Method : :
i. This is a null method and so, there is no measurement of the displacement of the image.
ii. The image is very bright and so its position can be located with accuracy. .
iii. The appearance and disappearance of the image is quite abrupt so thét it coincides with the
cross wires in the telescope only for a particular constant speed of the mirror.

iv. The distance between two mirrors is very large about 35 km so as to measure the speed of ligh
accurately. ‘

28. '§(§{e and explain Huygen's principle. Use the principle to verify the laws of refraction of light
on the basis of wave theory. [143]
w Huygen's principle: Please refer to 2076 Set B Q.No. 44|
Refraction on basis of wave theory: Please refer to 2075 GIE Q.No. 82

29. [2063 d.ﬁé:"ggaﬁbﬂéﬁhe Huygeﬁ;; prinéibi_é*and. prove Snell's law by the help of wave theory of light.  [4
w Huygen's principle: Please refer to 2076 Set B Q.No. 43| (LY
Refraction on basis of wave theory: Please refer to 2075 GIE Q.No. 83

30. 2061 Q.No. 6 3 QNo.6 4 Prove the laws -cif-fgflgi:t'ibﬁmc;?Iight using the wave theory s
w Please refer to {2076 Set C Q.No. 83}

[

31 State and explain Huygen's principle. Use the principle to Show that a plane wavefront

incident obliquely on a plane mirror is reflected as a plane wavefront so that the angle of incidence is equal
to the angle of reflection. - ‘ s :

; , [2#7]
w Please refer to 2076 Set C Q.No. 83 i :

Numerical Problems

32. [2074 Supp Q.No. 12}-In Michelson's rotating prism method, the distance between the rotating prism and ﬂ;

distant mirror is 45 km. A minimum speed of 416.7 revolutions per second is needed to view the source it
the same position as when the prism is at rest. Calculate the speed of light.
Solution : |

Given, :
Distance between mirrors (d) = 45 km = 45000 m o
Speed of prism (n) = 416.7 rev/ sec ‘ .
Faces of prism (m) = 8
Speed of light (c) = ? .
We have,
¢ =2mnd
=2 %8 % 416.7 » 45000
=7300024000 m/s
k% =3x108m/s ‘
s hﬂ; Set A Q.No. 12 A plane mirror is placed at the centre of a concave mirror having radius of curvatur® ’
:?\;:id';i tl;l:';em':ig;rn ;Ort;tr(:;ra: the speed of 2600 revolutions per second. Calculate the angle between o

nd then reflected from it after the light has travelled to the concave mirrof an
so‘:t?ck to the plane mirror. Given -speed of light is 3x10% m/s, : i
on

Given,

I;adius of curvature (R) =40 m
requency (f) = 2600 rev/sec
. Angle (20) = 7

Veloci 4
Wee(;"c;:,yelofhght (=3 * 108 m/sec
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180

_4nfR 4m x 2600 x 40 .
T i n) = 0.25°

¢ 3 x108 =435 x103rad = (4_35 x 10-3 x

Then angle between incident and reflected ray
20 =025x2=05°

34. 2073 Supp Q.No. 12| The radius of curvature of the curved mirror is 200m and the plane mirror is rotated at 20
rev s°'. Calculate the angle in degrees between ray incidents on the plane mirror and then reflected from it
after the light has travelled to the curved mirror and back to the plane mirror. (C=3x10% ms) B

Solution
Given,

Radius of curvature (R) = 200 m
Rotation of mirror (f) = 20 rev/s
Velocity of light (¢) = 3 x 108 ms-!
Angle (8) =?

We have,
_4.’ch_41[><20><2()0_ X : :
S T "3 x 108 =1.67 x 10-* rad = (9.57 x 10-3) degree

Angle between incident and reflected ray is 20
= 28 =2x95 x 103 degree = 0.0192 degree v : ,
35. 2072 Set C Q.No. 12 2070 Supp. (Set B) Q.No. 12] A heam of light after reflection at a plane mirror, rotating 2000

times per minute, passes to a distant reflector. It returns to the rotating mirror fron! which it is reflected to
make an angle of 1° with its original direction. If the distance between the mirrors is 6250 m, caiculate the

velocity of light. : . B3]
Solution

'Gi\-'en, +

Frequency of rotation (n) = 2000/min =~g5~ =33.33 rev /-sec
Angle (26) =1°, 6 =0.5° : '

or, 6 =05x 17;0 ’ &
=8.73 x 10-3rad
Distance between mirrors (d) = 6250m
Velocity of light (c) =?

We have,
_4nnd 4w x 33.33 x 6250 — 3 x 108 m/sec
T e 8.73 x 103 e e B E M

3. | o for measuring speed of light, the distance travelled by light

207 PP 12 ichelson experiment for,—measur .
Py bﬂ‘:::n M%’N:eﬂect::ni'?:: the rot‘;ting mirror is 4.8km. The rotating mirror has a shape of regular

octagon. At what frequency of rotation of mirror the image is formed at the position where non-mtaﬁ?sgl
mirrors forms it?

Solution
Civen,
Speed of light (c) = 3 = 107 m/ sec
No. of face of mirror (m) = 8
No. of rotation per sec (n) =7
Distance travelled (D) = 4.8 km

: ; —E=M=24()()m
Distance between two mirrors, &= 3 = 2
We have,
c = 2mnd

or, 3x108=2 x 8 x n x 2400
n = 7812.5 rev/sec
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a7, [2070 Set C Q.No. 13| 2067 Old G No. 65 A beam of light Is reflected by a rotating mu;r:;'o:\a:o ;ﬁ:&m,
which sends it back to the rotating mirror which it is again reflected making an lnig; civifipemin .
direction. The distance between the two mirrors is 10 km and the rotating mirror g vohuonsm
per second. Calculate the velocity of light. |

Solution
Given, :

The deviation of reflected ray from the original direction,
20 =18° :

s

or, 0 =9°=9x ‘f’éﬁ rad
distance between two mirrors (d) = 108 m
frequency of rotating mirror (n) = 375 rev/sec
velocity of light (¢) =?
We have,
_4mnd 4 x 7w x 375 x 104 x 180
R 9xm
Hence, the velocity of light (c) is 3x108 m/s. :

38, A beam of light is reflected by a rotatirg mirror onto a fixed mirror which sends back to.the
rotating mirror from which it is again reflected and then makes an angle of 3.6° with the original direction.
The distance between the two mirror is 1 km and the rotating mirror is make 750 revs-'. Calculate the velocity
of light. 4

Solution ‘

Given,
Frequency of rotating mirror
n =750 rev s-! .
Deviation of the beam after reflection from the rotating mirror
206 =3.6° .
3.6° Sy ' v ‘
5 s 1.8°=1.8 *180 radian

=3 x 108 m /sec

0 =

Distance between two mirrors (d) = Tkm = 1000m
Velocity of light (c) SR
We have, relation for velocity of light as

_4nnd 4z x 750 x 1000 x 180 :

e B 18xn o I/

Hence, the velocity of light (c) is equal to 3 x 108 m/s.

39. The radius of curvature of the curved mirror is 20 m and the plane mirror is rotated at 20 revs
. 1, calculate the angle in dedrees between a ray incident on the

A plane mirror and th flected from it after
the light has travelled to.the curved mirror and back to the plane mirror (c = 3 x 10t me:“r: ‘ “
Solution _

Given, .

The distance between the plane mirror and the curve
Velocity of light (c) = 3 x 108 ms-! ‘
Frequency of mirror (n) = 20 revs-!

Angle (20) = ?

d mirror (d) = 20m

Now,
4 7nnd
€. 5%
4nnd  4n % 20 % 20 \
or, 0 =7 =T 1o = 1.675 x 10 rad

0 =9.6 x 10 degree
20 =2 x9.6 x 10 degree
=1,92 x 10-3 degree
QaQaQ

SIS

A T

o A 1



iClicck your understanding FaEEIGTBITTILY of free electrons are present in me’cm
no current in the absence of electric field across it?
Solm: In the absence of electric field across a conductor, the free electrons move in roy A
‘direction. During their motion, an electron collide with other electrons and ions in the Meta] 4y 4
it will have net displacement zero making drift velocity zero. We know I = nevA where i the

—ry
Y is th‘ere'

current and v is the drift velocity. Since, v = 0m/s, I will be zero.

A copper wire of diameter 1.02mm carries a constant current of 1473
The density of free electrons is 8.5 x10% electron per cubic meter. Find the magnitudes of tp,
current density and the drift velocity.

Sol:
i The drift velocity v = L
The cross sectional area is s
nd2 T 2.04 x10¢
A =" =g = {102 x103)2 T 85x10%x 1.6 x 1019
=8.17 x 107 m2 v = 1.5 x 104 m/s
The magnitude of the current density is
I 1.67
J=A =817 x107 = 204 *10° Am™?
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m Relation Between J and E . , \

Vv = IR
\V/
or, | = [)

Here,

's law.
Thie is known as vector form of Ohm's la

Y The 18-guage copper wire has a diameter of 1.02mm and 3 Cross

. 3;('[%’;\
1t carries a current of 1.67 A. find: ml

area of §.20 » 10"°m?

(a) The electric field magnitude in the wire.
(b) The potential difference between two points in the wire 50m apart.

() The resistance of a 50m length of this wire.

Sol": Diameter (d) = 1.02x10*m J=cE
Crove 1A 2 > = -71m 2 . I
Cross sectional area (A) = 8.2x107"m or, B N
Current |,.H =1.67A
, o oo or E =0.0259Vm |
Electric field magnitude (E) = ? f E
Again, i

Potential difference (V) =?

V =Exd=1295V i

Length ({) = 50m

Resistance (R) = ? Then, R = 141 =1272x108 x 5=
Wehave, p=1272x 104Qm "

Sample Problem -10.3 The resistance :

Determine the temperature coeffjc; of a conductor at 20°C is 3.15 Q and at 100°C is 375 %
g i . . . ¢ |
resistance of the conductoy at 0°C? clent of resistance of the conductor. What will be ;

i
(] + 10, ~nrHE A e I
On dividing, 2) e 3.75 - 3.}3
b |

SolRi=R,(1+ 061) and R, = R

R 1+0p

o = 0.60 0.60 -1
v -I T 315.75 = - ,) 0
| 31575 = 240 ~ 0-0025°C
or, RJ (] + (}.03) = 1(2 ( 14+ (LU])
and R = Ry 3.15 =300
Ry - R By ™ T+0005 20

1+ a0, - 1+00025 %20

or, o=
R](j’_) o Rg()]

Here, 6,=20C, R, = 3.150
02 =100'C, R, =3.75 O




short Answer uetins -
}. [075 GIE Q.No. 4a] What happ:h‘;;ri't}{;‘iﬁié’r}.;',#;;ég.f'r},"’“g‘;;"la o Vourd : TAR RS SAR | e
: e ung's double slit experiment when'
screen is moved away (ii) the source is replaced by another source of shorter wavelengt’I:? it t?z‘;

r =l Chapter 2: Interference

We know that fringe width () i - s alit e ‘ s AD
- g dth (B) in Young's double slit experiment is given by f§ = 4 - Where D is

distance between slit and screen, d is separation of slits and A be wave length of light used
When the screen is moved away, the D increases and fringe width increases and better interference
fringes are seen.

If the source is replaced by another source of shorter wavelengths, then the fringe width decreases
and interference bands are not seen clearly.

1.

f—ﬁ;4 Set B Q.No. 43 What are coherent sources of light? Can two different bulbs,hs‘imvilar in alf iéépects, act
as coherent sources? 2]
a Coherent sources are a pair of sources of light which emit light waves of the same wavelength and
frequency which are always in the phase with cach other or have a constant phase difference. Two
independent sources of light cannot be coherent sources because they may emit the light wave of
same wavelength and frequency but they never are in same phase or at a constant phase difference.
So, two different bulbs, similar in all respects, can not act as coherent sources.

3. Bors set C QNo. 43 Two waves are represented in usual notation as y1 = i sin wt and y; = a; cos wt. Their
intensities are I and l.. What would be the ratio of their amplitudes when |1 = 2l,? 7

x Given waves, y1 = a; sin ot
and y>=azsinot
Let I; and L, be their intensities, then
I] o a12
L«<az?
L _ag
o I: - 322
When, I; =2, .

Then, 22 _{21Y
L —(az)
p 4
)
a
4
2

or, —=
az

. aq .
Le, ;2 :.Jé 1 :
. EP§, the ratio of this amplitudes w_c_)_uld be\/-i 1 PN T mog b o

‘ _m .7 e YTy ihgﬁéiehz—e;;ii;ﬂ;ﬁént is setub';ﬂ& the fringes are displayed on a screen.

Then the whole apparatus is immersed in water. How does the fringe pattern change? 2
* InaYoung's two-slit experiment, the fringe width denoted by B and given by

D = distance between slits and screen and d be -the distance

Where, j. = wayelength of light in air, L d "
: ¢ pt in water, the wavelength of light changes. S0,

betWeen two slits. When the whole apparatus is ke
Bw in water is given as,

D

Bw=)\.w'd"
Here By _Aw _ 1 » *_E.s_&-_f_,.}.]
€re, = Y —”w J Hw Vi A:\y-f }\W
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The fringe width decreases to a factor of_‘ times that in air.

Aw

;. [2072 Set D Q.No. 43 Does the interference of light wave obey the law of conservation of energy? Explam

s Yes, the law of conservation of energy obeyed in case of interference of light. During interference of I
light wave, there is unequal energy distribution. There is greater energy at bright fringe anq -
minimum energy at dark fringe. This means that the energy of dark fringe transfers to energy of °

bright fringe and total energy remains same. Hence interference phenomenon obeys law of
conservatmn of energy.

. [2071 SetC Q. No. 4 b]\Nhat are the cond‘ltio'ns for constructive and destructlve mterference of Ilght waves? 78

s For constructive interference, the path difference between two mterfermg waves should be integra] |

multiple of wavelength of wave ie., path difference = ni, n=0,1, 2, 3,
wave.

. and 1 is wavelength of |

i
For destructive interference, the path difference between mterfermg waves should be half of odd, | ‘

number integral multiple of wavelength i.e,, path difference = (2n + 1) _i ,n=0,1.29...

I.

{2070 Sup (Set A) Q.No. 4 b] Is the |aw of conservation of energy obeyed in case of interference of Ilght?
Explain.

o 2
= Please refer to {2072 Set D Q.No. 43| / <
B.

{2070 Set C Q.No. 4 al What should be the path dlfference between two mterfenng waves for construchve
interference and destructive interference?

. @3
= Please refer to {2071 Set C Q.No. 4 b . . '

3. 2088 Can. Q.No: 4a] 2066 Supp Q.No. 2d] In Young's double 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? [2

= .
wpere‘, A is the wavelength of light used, D be the distance between the slits and screen and d be the

sh't width. If the separation between the slits is doubled and the distance between the slits and the

screen is halved, then the fringe width is given as B'= %Q = % = }1 B

w In aYoung's double slit experiment, the frmge width denoted by B and given as § = 12,

Thus, the fringe width is altered by 2

3 times if the separation between the slits is doubled and the |
dxstance between the shts and the screen is halved.

10. [2068 Oid Q.No. 1d| 2065 Q.No. 2d What do you mean by coherent sources of ||ght‘7 T

» Coherent sources are a pair of sources of light which emit light waves of the same wavelength and |
frequency which are always in the phase with each other or have a constant phase difference. Two |
independent sources of light cannot be coherent sources because they may emit the light wave of 1
same wavelength and frequency but they never be in same phase or at a constant h\s% u.hftereﬂce
So, it is difficult to make the coherent sources. However, two sources o

of light obt: sin
_source can be considered as coherent sources. - ght obtained from a i |
. [2—7 0Old Q.No. 1c] What are the conditions for sustained Interference of Ilght? AN T
».  Conditions to produce Interference

l
The two interfering sources must be coherent.
The two interfering waves must have same amplitude or nearly equal amplitude
The waves should have a certain path difference.
The light source used must be monochromatic,
" The two sources must be very close to each other.
The two sources should be very narrow.

For constructive interference, path difference = n), and for destructive interference, path dlfference

(n + %)x , where n is the integer and \ is the wavelength of light used.
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- 0540 No. 1 d] Distinguish between interference and dlffractlon % “'A[vZM]
| Difference between the interface and diffraction are '
("_f

Interference . " Diffraction
It is due to superposition of wavelets of | a. It is due to superposition of wavelets of the
different wavefronts. _different parts of same wavefront.
In interference bands may of equal | b. Diffraction fringes are not of the same width.
width. . : k.
" Points of minimum intensity are | c. Points of minimum intensity are not
perfectly dark. perfectly dark.
[d. All bright bands are of uniform intensity. | d. All bright bands are not of the same
intensity.
e. Bands are large in number. e. Bands are few in number.
,3 2058 Q.No. 2 ¢ Why have the two sources of Ilght to be close to each other for the productlon of good
‘ mterference pattem? [2]

: : AD
» We know that, fringe width () in interference pattern is given by: = 'E'where D is the distance
between slits and the screen, d is separation between the slits and A be the wavelength of light.

IR 1
From above expression, it is clear that,  « d

- If the coherent sources are close to each other i.e., for small d, the fringe width will be large and hence
good interference patterns are obtained.

Fls. Can two independent sources of light produce interference? : 2]

= No, two sources of light cannot produce interference. The light wave emitted by two identical but
independent sources, even though have same frequency and wavelength do not have constant phase
difference i.e. they may not be coherent. So the sustained interference pattern will not be obtained.
Due to rapid change in phase difference the intensity of bright and dark fringes will change rapidly.
But as the time of persistence of fringes is smaller than the time of persistence of human vision, we
will be unable to see the interference pattern formed by the independent source of light. So, two -
sources of light‘ cannot produce interference.

'-Ong Answer Questions 7
\

5. 2076 Set B Q.No. 84 Describe Newton's ring expenment and derive expression for wavelength of light. [4]
‘a Newton's Ring Experiment (Determination of Wavelength of light) i

Traveling
mjcroscope

Glass plate

Source

Plano-convex
lens

> Air film
. Flat glags
Plate

Fig (i) Newton's Ring Experiment . Fig (i) Newton's Ring
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Newton's Ring experimental apparatus for determination of wnvclength of 4ligl’1t consists of a plano-
convex lens placed on a flat glass plate, a source of light (generally sodium liglit), a glass plat'e k.ept at
45° to the incident beam and a traveling microscope. The npparm%ls are arrange('l as shown in flgure.
A source of light S is plated at focus of convex lens. The ray of ‘Ilght after passing, through this 1en§
become parallel and strike to the glass plate which is partially silvered. These ray.'? get reflected and
strikes to the plano-convex lens. The air film is formed between lI‘w flat glass platc' ar?d.lower facg of
plano-convex lens. The air film is formed circular and width varics from zero to infinity. The light
rays reflected from upper surface of glass plate and lower su r.face of plann-convex.lcns has some pgth
difference. These reflected rays get superimpose and form interference pattern in the form of ring
called Newton's ring. The central ring is dark and then allcrnatc. L.lark and bright rings are .formed as
shown in figure (ii). These rings are formed duc to the superposition of reflected beam of light. Here,

2n -1 . . : 0
the radius of n® bright ring is r, = (——-"n )AR and nt dark ring is r, = \/nkR where 1 is

wavelength of light used and R is radius of plano-convex lens.

Determination of Wavelength of Light:

Dn
If D,, be the diameter of n» dark ring, then r, =75~ o

D,
= =7\nAR

or, D,2=4n)AR

Similarly, if Dy + m be the diameter (n + m)* dark ring, then we can write, ; ;
D], =4(n+m)AR ke ' -

D, -D:=4miR
wam— Df\

4mR :
From this formula we can calculate the wayv

or, A=

Y elength of light by using Newton's Ring.

16. @-;S—éet A a.No.TaI Discuss the Y-Sung'; double slit ei}»érimen
fringes are equal. -

14
» Young's double slit experiment: Let us consider S

t and show that the width of bright and-dark

be the monochromatic source of light. A and B are b B
two slits which act as the coherent sources, d be % D
the distance between them. Let a screen is placed s B
at a distance D from the coherent sources, C be the P24 D
central point on the screen, which is equidistance - 8
from A and B. The path difference of ‘the wave A N 4
reaching at C from A and B is zero. = B S
Hence, a bright fringe of maximum intensity is so--4--- v -Z’ﬁg %E’o
observed. From central bright fringes, alternative 772 D ‘_‘§
dark and bright fringes of equal width are formed B e B S
on either side of it as shown in figure. % D %
To find the n* bright or dark fringe, let us consider . B g
a point P which lies at a distance x from C. %% L
Here, PR = %= 2) 77D

d
and PQ= (X + 5)

d\2
Now, AP2= (x —5) 4 D?

e



5o,

, d |
And BP2= (x + ‘5)2 + D2

: A\e '
BPZ—AP2=(x +‘5) -(x+%>2
2xd

BP - AP=3p+ AP
If the point P lies very near to C then

BP ~ AP =~ D.
_2xd

1
i.c., path difference = f-Dl(-

" ; 2n i
Since, phase difference = - (path difference)

_a(x_cg
A \D

INTERFERENCE /

The point P may be bright or dark fringes depending upon the path difference (BP — AP).

Case (I): Bright fringes.(or Constructive interference)

83/

When the path difference between the two paths is mtegral multiple of wavelength (1), the bright

fringes are obtained.

ie. Path difference = nX. wheren=1,2,3, ...

xd
0r,3=nk
., _mD
. X = d

Or, —=

When n = 0, it gives the zero order which indicates central bright fringe and n =1, 2, 3,
1st,2nd, 3rd__ order bright fringes and so on. :

AD
Thus, for, n=1- X574
20D
for, .. #i=2; X =Tg
. - 3D
for, n=3, Xaj',d“
nAD

e —

and for, n=mn, Xn="7Q4

The distance between the two consecutive bright fringes called fringe width (f3), is given b\

AD

Brexs-x, ==
v od

Case (I1): Dark fringes (or Destructive int
hen the path difference between two p

Tinges are obtained.

+ 1 .
ie, path difference = ("2'%"') A, n=012 B ..

(211 + ])

A (Zn + ]) AD
> d

This equation gives the distance of the dark fringes from the point C,

AD

for, n=0, x=3q

erference) o
aths is half of odd integral of wavelength, then the dark

4 ... gives the
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3AD
for, n=1 x;= > \

f =2 248
or, n=2 x2=753

for _ ) _(21\+1)_):l_)_
or, n=n x=("5")7

The- distance between two consecutive dark fringes called fringe width (f3), is given by
3 A'D -

B=x2 -x = a

Thus, both dark and bright frmges are of equal width.

This shows that the fringe width p is:

a. Directly proportional to the wavelength of the light used

ie, B
b. Directly proportional to the distance between the screen from the coherent sources.
ie,BxD :
c. Inversely proportional to the dlstance between he slits.
1
ie, P xg
d. Independent of the order of the fringes. So, all the interference fringes are of equal width.
The intensity distribution in Young's double slit experiment is given as figure.
11
e T 1 T T T T T T —e
5n 4n -3n  2r -n O n 2n 3n 4n  5n
, <4
Fig: Intensity Distribution Graph in Interference
17. [2074 Supp Q.No. 83 2071 Set D Q.No. 8 b] Describe Young's double slit expenment and obtam an expressmn
for the fringe width. _ : [4
w Please refer to [2075 Set A Q.No. 83 )

18. 12074 Set A Q.No. 8a] Define ‘coherent sources of light. Prove that the dark and bright fnnges are equa"y

=

19, gn Supp Q.No. 83] lzoss (Set A) Q.No. sBl [2068 OId Can. Q.No. 5a OR] [2067 Sup Q. Np ajl Prove analytucally that

spaced in Young's double slit experiment. . [4
Coherent sources of light: Coherent sources are a pair of sources of light which emit light waves of
the same wavelength and frcquency which are always in the phase with each other or have a constant
phase difference. Two independent sources of light cannot be coherent sources because they may
emit the light wave of same wavelength and frequency but they never be in same phase or ata
constant phase difference. So, it is difficult to make the coherent sources. However, two sources of
light obtained from a single source can be considered as coherent sources.
Second part: Please refer to [2075 Set A Q.No. 84|

the bright and dark fringes in Young's double slit experiment are equally spaced. [4]

= Please refer to on75 SetA Q. No. ea]

20. [2073 Set C Q.No, 54 |2 I7>72 Set C Q.No, aa] 070 Set D Q.No. 8 b What are coherent sources of Iight? Describe

double slit experiment to find the fringe width from the experiment performed with light waves. [4]

= Coherent Sources: Please refer 2068 Old Q.No. 1d|

T —

Young's double slit experiment: Please refer to [2075 Set A Q.No. 83




1. BOTZ5uBp Q.No. 56 What are the conditions for consiructive oo
Show that in Young's double slit experiment, the dark

» Please rgfer to [2075 Set A Q.No. 83
2. [2070 Supp. (Set B) Q.No_ 8 a) Discuss the Youni's doubi pe | determine the expression for
s width, | ; g's double slit experiment and determine the expression for
= Please refer to (2075 Set A Q.No. 8a) [4

e INTERFERENCE / 85

"z¢3./l§w669 Supp Set B Q.No.'ﬁ Deséribe Young's double slit experiment o ' e
width of the pattern, . g slit experiment of interfererice to estimate the fringe
» Please refer to 2075 Set A Q.No. 83 ' [4]

24. [2089 (Set B) Q.No. 8a] What are the main characteristics of coherent sources? Describe Young's double siit
interference experiment to determine the wavelength of the source of light, e 9[4“
w Coherent sources of light are the sources of light waves which produce the light waves havin samg
frequenc_v: \Niaveleugth and they have same phase or constant phase difference. g
Characteristics
e They are monochromatic.
e They have same frequency and wavelength.
e They have constant phase difference or same phase.
o They are close to each other.
Young's double slit experiment: Please refer to [2075 Set A Q.No: 83|

25. 2063 (Set A) Old Q.No. 6a] What do you mean by constructive and destructive interference of light? Describe
Young's double slit experiment for the measurement of wavelength of monochromatic source of light. [1+3]

n First Part: Please refer to [2071 Set C Q.No. 4b]
Second Part: Please refer to [2075 Set A Q.No. 83

2. Describe Young’s double slits experiment for the interference of light and show that width of
bright and dark fringes are the same. b : : o4 [1+3]

n Please refer to 2075 Set A Q.No. 83 :
width in

2. What dovyou understand by interference of light? Derive an expression for the fringe
a Young's double slit experiment. , % 4]
a Interference of light: When two
other, then the amplitude of resultan
resultant amplitude is'either more or 1
of light wave is called interference of light.
0 [2075 Set A Q.No@!‘ s e

Young's double slit experimenb Plf af_ir_e_fert U [4]
e ith for Young's double slit experiment.

xa Derive the fringe width for Y

& Please refer to [2075 Set A Q.No. 82

Numerical Problems TR £ WA bR ¥ < : o
B Bor e s In a Young's double slit experiment, the separation of four bng:;
' ;,?:? < (;?'N"' %qh (Z: vzr;ngth'of iight used is 6.2x10-7 m. If the distance from the slits to the screen is -
es is 2.5 mm. The
cm, calculate the separation of two slits.
Solution
Cven, 5em =62 %107m
Wave-length of light (1) = 6.2 10~ cm >80 ém = 0.8 W
Distance between the slits and screen (D)
Separation of slits (d) = ? £ % 103 m 7
Separation of four bright fringes () =3P = 2.5

waves coming from two coherent sources of light overlap with each
t wave is different from the amplitude of individual waves. The
less than the amplitude of individual waves. This phenomenon

Here, p = %Q is the fringe width.
Now, :
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3D
or, d =""§'“

Ax 62 107%08 |
or, d =TT EN 109

d =595x104m
Thuy, the uqmwd distance is 595 x 10+ m.,

0. @_75 GIE Q.No. 1§ The distance between two coherent sources in Young' s double slit experlment is 0.3 mm

and the interference pattern is observed on a screen 60 cm from the sources. If the wavelength of light useq

is § x 107 m, calculate the fringe width of the interference pattern. 13
Solution ,

Given, ' .
Distance between two slits (d) = 0.3 mm = 0.3 x 10-*m
Distance between slits and the screen (D) =60 ¢cm = 0.6 m

Wavelength of light (\) = 600 nm = 600 x 10 m =6 x 10-7m
Fringe width (B) =?
We have

D 6x107 x06
=3 - 03x108 12X 10~ m
Hence, the fringe width is 1.2x10-3 m , ‘

3. ;zws Set B Q.No. 12 In a Newton' rings expenment the diameter of 15th ring was found as 0.590 cm and that
of 5 ring was 0.336 cm. Calculate the radius of curvature of the plano-convex lens if the wavelength of light
used is 5880A. : : B3l

Solution v , ‘ ’

Given,

Diameter of 15% ring (Dis) = 0.590 cm

Diameter of 5* ring (Ds) = 0.336 cm

Wavelength of light (1) = 5880 A =

Radius of curvature (R) = ?

5880 x 10-8 cm

m =15
n =5
We have,
DmZ - Dnz
R =Bm-n)

Dis? - Ds2 0.5902 - 0.3362
“4x2x(15-5) 4x5880 x 108 x 10
=100 cm
=1m

Thuefore the 'radlus of curvature of p]ano -convex lens is 1 m.

32, lg73 SetD GNo. 17.] The separation between the consecﬁﬁ\}e dark frin

nges in a Yourn's double slit experiment
is 1 mm. The screen is placed at a distance of 2 m from the slits 1.0
of light used in the experiment?

mm separation. What is the wavelength
Solution '
Given,

' Fringe width () = 1 mm = 104 m
Slit width (d) =1.0 mm = 103 m
Distance (D) = 2m
Wavelength (\) =7

we have,
LD

/3 =YT

' -3 -3
‘or, 7\ L}— l(l'—;ﬂ' =5x107m

N
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| o | 072 Set D Q.No. 12 In young's double slit ex;‘);r«l'h;ent, the slits are 0.03 cm aii"é}t‘ihil_tﬁé screen is ";;Iaced 15"

m away. The distance between the central bright fringe and fourth bright fringe is 1 cm. Calculate the wave
length of light used. [3]

Given,

Distance between slit (d) = 0.03 cmu = 0.03 x 102 m
Distance between slit and screen (D) = 1.5 m

Distance between central bright fringe and fourth bright
C 4p=1lcm=1x102m

or, p=0.25 x 10~2m

Wavelength (A) =?

Now, we have

fringe is,

AD
d

pd

D

0.25 x 10-2 x 0.03 x 10-2

' 15 =5x107m

Il

or, A

with wavelength 6m. Consider points along the line between two sources, at what distances, if any, from A is
the interference constructive.

[3]
Solution : ’ ;

or,

ie

-

Given,

Distance between coherent sources A and B (d) =5m Ag
Wavelength of source (A) =6 m Shrtly ¢ : -
We have, for constructive interference, :

Path difference=nA; n=0,1,2 ... . (i)

Here, in the case, it is impossible to have path difference of A or more because
sources separation is less than the wave length of the radio waves. So, only
n =0 1is possible. ‘ ' N
Then, from equation (i), : ‘ : l '
AC-BC=0. [~ Path difference = AC - BC] B
Xx=(5-x)=0

X=25m

Maximum brightness point between A and B is 2.5 m away from A towards B.

35.

2088 Can. Q.No. 12 Two slits spaced 0.45 mm apart are placed 75 cm from a screen. Wh'at\is the distance
between the second and third dark lines of the interference pattern on 'the screen when the slits are
iluminated with monochromatic light of wavelength 500-nm? 3]

Solution

Given, , ‘ :

Distance between two slits (d) = 0.45 mm = 0.45 % 10-3m
Distance between slits and the screen (D) = 75.cm = 0.75 m
Wavelength of light (A) = 500 nm = 500 » 109 m =5 x 10-"m

- Fringe width () = ?

Since, in the interference pattern due to the slits, all the fringes are equally spaced, the distance
between the second and third dark lines is the fringe width which is given by,

p _AD_5x107x075

d - 045 x102 0.833 % 10-*m

Hence, the distance between the second and third dark lines of the interference pattern js
0.833 x10-3m. "
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.5;.7- In a Young's slits experiment, the separation of four Pnght f,mz:geis :stz.t{;‘ ::2 :':‘:,'.‘ the

wavelength used is 6.2x107m. The distance from the slits to the screen IS 0.80m. Calculate paration gf
_ the two slits. . ' X7 4! ]
Solution

Given, \

The separation between the first and fifth bright fringes (xr)

=25mm=25x10"m, n=4 ‘

Wavelength of light used (\) = 6.2 % 107 m

Distance between slits and the screen (D) = 0.8 m

The separation of slits (d) =?

¥ nAD
We have, xp = ——d
nmD 4x62x10-7x0.8 .
e 2E%108 . oxiFm

Thus, the separation of slits (d) = 7.9 x 10~ m.

ar.. In a two-slit interference experiment, the slits are 0.200 mm apart, and the screen is at a

distance of 1.00 m. The third bright fringe is found at 9.49 mm from the central fringe. Find wavelength of the
light used. Bl

Solution
Given,
Slit width (d) = 0.200 mm = 0.2x10-* m
Distance between screen & slit (D) =1.00 m
Distance of 34 bright fringe from centre

y =949 mm
=9.49x10-3m

Wave length of light () = ?

We have,

If B be the fringe width,

y =3p

, AD

y. =3*"g

: yxd 949 x10-3x0.2x10-3
or, A =

~3xD - 3x1
7. =633 x107m

8. — In a Young's double sfit experiment, the separation between the first-and fifth bright fringes is

2.5 mm when the wavelength of light used is 6.2 x 10~ mm. The distance from the slits to the screen is 80
cm, Calculate the separation of the two slits.

| [4
= Please refer to L < :

19. 2060 QNo. 6 B In an eipéfiment using Young's slits the distance between the centre of the interference
pattern and the tenth bright fringe on either side is 3.44 cm. Distance between the slits and the screen is 2.0

m. If the wavelength of the light used is 5.89 x 107 m, determine the slit separation and the angle made by
the central bright fringe at the slit. [4

Solution
Given,

Distance between the centre of the interference pattern and the tenth bright fringe (y) = 3.44 cm = 3.44
x 10-2m * :

Distance between slits and screen (D) =2 m

~ Wavelength of light used (A) = 5.89 x 10-”m
ilt separation (d) = ?

ngle subtended by the central bright fri " ?

We have the relation, ' s i

_wD
Y=73
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SEHAD 10x589'51‘10-75<2 ROV TLRr Tt et
T 342 % 10'4 m.

.a,dﬁgy ! 70.0344
'" Also, we have,
_Q_L.Q ( _}\.D
a=p=dp s P
. 5.89 x 10-7 i F
A 282 2, =1.72 x 10-3 radian

T=3q7 342 %10+
'Hence, separation between slltb is 3.42 x 10- -+'m and angle made is 1.72 x 10- radian.

0 j Two slits.are 0.3 mm apart and placed 50 cm from a screen. What is the distance between the
second and third dark lines of the interference pattern when the slits are illuminated with a light of 600 mm

wavelength? (4]

Solution
Given, .
Distance between two slits (d) = 0.3 mm = 0.3 x 10-3m

Distance between slits and the screen (D) =50 cm = 0.5 m
Wavelength of light (\) = 600 nm = 600 x 10-9 m= 6 x 10-7m
Fringe width () = ?

Since, in the interference pattern due to the shts, all the fringes are equally spaced; the distance
between the second and third dark lmes is the fringe width Wthh is given by,

AD  6x107x05
B =3 =—mai s - 1.0 x 10m

Hence, the distance between the second and third dark lines of the interference pattern is 1.0 x10-m.
; Qaa
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1. [2074 Supp Q.No. ab] [2069 (Set A) Q.No. 4a] Why is diffraction of sound waves easier to observe than that of
light waves? | | _ 2]
w  For diffraction to take place, the wavelength of the wave must comparable the size of the Obsti.lcle,
The sound waves have longer wavelength of order of 1m. The light wave has wavelength of ordet 1¢-
sm. The size of obstacle of this order is rare in real nature. Due to this reason, sound waves are more ‘

evident in daily experience than that of light waves. , |

2. [2072 Supp Q.No. ab| Light waves undergo diffraction around an edge. Can sound wave diffract around an
edge? Explain. : [2]
= Yes, sound waves can diffract around an edge like light waves. The sound waves diffract when the
width of edge is comparable to wavelength of sound wave. The wavelength of sound wave is long
and there are more possibilities to occur the diffraction.

3. [2071 Set D Q.No. 4 a [2068 Old. Can. Q.No. 'zgﬁi'e diffraction of sound Wéves.is more evident in daily
experience than that of light waves. Why? gl ‘ [2]
w Please refer to [2074 Supp Q.No. 45 ; '

4. [2070 Sup (Set A) Q.No. 4 a| Why can we readily ob';e_n'le diffraction effects for sound waves but not for light? [2]
= Please refer to [2074 Supp Q.No. 4b| ' :

5. [2070 Set b—Q.No. 4al [2637 Md.No. 41;]_§;&io waves diffract arofmd bdilﬂings but not light waves, why? [2]
w For diffraction to take place, the wavelength of the wave must be of the order of the size of the
obstacle. The radio waves have long wavelength which is the order of the size of the corner of

building, hence they get diffracted. On the other hand, the wavelength of light wave is very small
(order of 10*m), thus they are not diffracted by the building. ' ~

6. [2069 Supp Set B Q.No. 4 a| What is the fundamental physical difference between interference and diffraction?
Explain with figures. . [2

»w Interference is due to
superposition of wavelets of
different ~wavefronts in which
dark and bright fringes are
equally spaced.
Diffraction is due to
superposition of wavelets of the
different parts of same wavefront -
in which central bright fringes has -
maximum intensity and the LA S
intensity o ofbar bright' fringes Diffraction of light

reduce on outwards. -

Central bright
fringe

Y

Vgt and dark tnnges

Interferénce of hight

e S S - i - ‘

“

7. [2068 (Set B) QNo. 43 What are the characteristic elements associated with a diffraction grating? How is |
plane fransmission grating constructed? 12

= The diffraction grating consists of large number of equidistant narrow slits. If the slits are parallel to |
each other then the grating is called plane diffraction grating or plane transmission grating. It can be
made by drawing a large number of straight and equidistant parallel lines or scratches over a thin
glass plate by means of a fine sharp diamond point, These lines are called rulings which act as opaqué
and the transparent regions between rulings serve as slits. If a be the width of the transparent part .

and b l?e the width of the opaque portion, then grating element is, d = a + b = 1/N; N number of lines
_ per unit length. ‘

i o st e i

8. [068 Q.No. 4 Describe what happens to the single slit diffraction pattern when the width of the slit is less
than the wave length of the wave. ) Y 2
n Fo_tidl.ffractionhof light, the slit width should be comparable to the wavelength of light used. When the
width of the slit is }ess thamn the wavelength of wave, no diffraction pattern on the single slit. ' '
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9. What is diffraction of light?
w In general, light wave travels in the straight line. A very careful
study's shows that light will bend when it is passed through an
edge of an obstacle or small opening. "The phenomenon of -

bending of the light around the corners of an obstacle and the = @A Central brigl
spreading into the region of geometrical shadow is called :—:’i fric::;? i
diffraction." The diffraction of light produces the dark and -
bright fringes known as diffraction bands or diffraction fringes.
Moreover, diffraction is shown by all kinds of waves. The

necessary condition for it is that the size of the obstacle must be
comparable to the wavelength of the wave.

10. [2059 Q.No. 2 ¢] Diffraction grating is better than a two-slit set up for measuring the wave length of a
monochromatic light. Explain. : 21
a Diffraction gratings are used to produce spectra and for measuring wavelength. The spectrum
produced in fine grating is sharp and can be scparated easily and more accurately are measurable.
Further, in a two-slit set up for measuring the wavelength of light which produces interference
fringes and are modulated by the diffraction produced by individual slits. Thus, diffraction grating is

better than two slits.

11. [2076 Set C Q.No. 8b] [2075 GIE Q.No. 8b] {2075 Set B Q.No. 7b} 2074 Set B Q.No. 8b| 2071 Set C Q.No. 8 b} Discuss
Fraunhofer diffraction at a single slit. | ; [4]

w Fraunhofer diffraction at a single slit: ;
Suppose a parallel beam of light ' N

. incident normally on a slit AB of width <

d after refraction through the lens L,.
These rays diffract and after diffraction
the beam is focused on to the screen
XY by means of lens L. ,
Result: A wide control central bright
fringe of maximum intensity is
obtained at the centre P of the screen - - >
and on either side of the central tringe, . Y
dark and bright fringes of decreasing intensity are observed. These bands are referred to as secondary

minima and maxima respectively. It is found that-
a. The width of central maxima is double to that of secondary maxima and
b. The intensity of the secondary maxima goes on decreasing.
Explanation: According to Huygen's hypothesis, when light falls on It bect
secondary wavelets. These wavelets are initially in phase and spread out in all dlroctulms.
Central maxima: Consider a pbint P at the centre of the screen as shown in.ﬁgure. nght lra\.'cl eql..lal
optical paths to reach the point P and are in same phase. Thus, P is the position of maximum intensity

(2]

Screen

.

ey Maximum
Intensity

the shit, it becomes a source of

which is known as the central (or principal) maxima. ] ‘

b. Position of secondary maxima and minima: Suppose a point Q on the screen at which wavelets
travelling in a direction making angle 0 with CP are brought to focus by the lens. The wavelets frop\
& at point Q in phase, although, they are initially in phase. This

different parts of the slit will not reach ! : :
T ep they cover unequal distances in reaching point Q. The wavelets from points A and B will
N c < 2

have a path difference BN. BN)

—_—

Le,BQ - AQ =BN=dsin0ie A=dsin0 ( sinb = 7

. For nt secondary minima, we have
Path difference=nA (n=1,2,3 ) ; Wore
= d sinen == 11)»
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. . nA i
sin 0"=c—i |
Since 0 is small, sin0® ~ 0,
ni

00 =3 (M=1,23.)

For first minima, n =1 = 0= d
This indicates that the path difference between wavelets from A and B is A and therefore the wavel

from the corresponding points of the two halves AC and CB will have a path difference of 3
\
For second minima, n =2, = 0,= a:

S nA’
For nh minima, n=n = 0,= a

b. For n™secondary maxima (bright fringe), we have

Path difference = (2n + 1) %

A 2n+ 1) A
= dsinf,=(2n+1)5 = sin06,= -(I_ZdL
Since, 0 is small, sin 6 ~ 0 ) :
2n+ 1) A ‘ ‘ \
o, =Dt o103, )

. 3
For first order maxima, n=1 = 0, = EH

5\
. For second maxima, n=2 = 0,= _2d

For nth secondary maxima, n = n

- (@2n+ 1A
IR =1, 55

On = 2d
o : S, (2n + 1)A TR i
Hence, the condition for secondary maxima is 0, = 5d and that of secondary minima is 0, = d
I

t
Central maxima

Tertary maxima/\/ Secondary maxima
A /\/\ "
A A 0 A

A A ) A A A
-3(’ -2:1. “d d '?(T 33

Figure: Intensity Distribution

12. 2074 Set A Q.No. 80 What is diffraction grating? Discuss the formation of diffraction pattern due to
diffraction grating. ' : o

= Diffraction Grating: An arrangement of a large number of very narrow equidistant slits is called &
diffraction grating, If the slits are parallel to each other then the grating is called plane diffmcfi"';
grating or plane transmission grating, It can be made by drawing a large number of straight i!"‘
’t‘_qllidislanl parallel lines or scratches over a thin glass plate by means of a tine sharp d iamond pt"“l"

Fhese linds are called rulings which act as opaque and the transparent regions between rulings servt

]
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as slits. If a be the width of the transparent part and b be the width of the opaque portion, then

grating elementis, d =a+b=1/N; N number of lines per unit length.

Theory of Diffraction Grating; CThe figure shows thie

section of grating whose slits are perpendicular 1o the

plane of paper.

Let,

a = the width of each slit

b = the distance between two slits (or width of opaque

Pm‘li(\l])~ '

The distance (@ + b) is known as grating, element or

grating space.

If N is the number of lines per inch of the grating then,
1inch 254

@+ b) = N N cm

(a+b) sin Ba = nA
where n can take any integral value like 1,2, 3,45, ...... ...

Fig: Diffraction Gratings

Ifn=0, thc (um al maxima is formed. .
13. &37' Supp QNo. 8b] Descnbe the diffraction of Ilght ata smgle slit and find the condition for secondary
maxima and minima. , ' @

n Pleaser lLfcr to [2076 Set C Q.No. 80

1. [Ts SetD Q.No. 8a| What is diffraction of Ilght7 Explam the case of diffraction at a smgle slit. Hence show
the intensity distribution in the flgure. Y : [4]

w First Part: Please refer to [2

Second Part: Please refer to I2076 Set C Q.No. 8b]

15. th Set C Q.No. 8b] Define Fraunhofer diffraction. How is transmlssmn gratmg constructed? Descnbe
necessary theory of diffraction grating. ) [4

~ Fraunhofer diffraction: The diffraction in which the source and screen are placed at a greater
distance. (i.e., may be infinite) from the obstacle is called Fraunhoffer diffraction. A converging
lens is used to focus the light coming from infinite source to the obstacle and another converging
lens is used to focus the diffracted light on the screen. In this type of diffraction, the incident as
well as the diffracted wavefronts are plane.
Diffraction Grating: Please refer to [2074 Set A Q No 8bl

16. 2072 Set D Q.No. 8b] Discuss the formation of maxima and minima due to Fraunhofer diffraction at a smgle
slit. ~ 4
= Please refer to |2076 SetC Q, No 8b|

17. mz SetE Q.No. 85] What do’ you mean by diffraction of Ilght" Exﬁla?n fhe diffraction pattern due to a smgle

slitto find the angular width of the central band. y [4]
® First Part: Please refer to o
i Second Part: Please refer to [776 SetC Q. No Bbl . 3
1. E071 Supp Q.No. 8h) Explam the formation of maxima and minima due to diffraction through a smgle slit.  [4]

| &

Please refer to 2076 Set C Q.No. 82]

1, m Discuss theétheory of diffraction of light at smgle slit. , (4
A Pleasv refer to 2 @75 Set C Q.No. BQ

2 2068 Can. Q.No. 85 What is the basic difference between interference and dlffractlon? Discuss Fratmihofer

dlffractlon at a smgle slit. ;s
8 Difference between the interface and diffraction
Interference Diffraction
It is due to superposition of wavelets of | a. It is due to superposition of wavelets of the
. different wavefronts. , different parts of same wavefront.

b, In interference bands may of equal | b.  Diffraction fringes are not of the same width.
width.
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¢. Points  of  minimum ' intensity  are | ¢, Points of minimum intensity are not
perfectly dark. perfectly dark. '
d. All bright bands are of uniform mtcnmly d. All bright bands dare not of the same
intensity,
¢.  Bands are large in number, e. Bands are few in number.

Fraunhofer diffraction at a qmgle sht Please rcfc: to |2076 Set C Q.No. 8b|

21. [2068 Q.No. 8 bl What is Fraunhoffer diffraction? Explam the formation of maxima and minima due fo
diffraction? Show that the width of central maxima is inversely proportlonal to the distance between the two
slits. 4

w Fraunhofer diffraction: The diffraction in which the source and screen are placed at a greater
distance (i.e. may be infinite) from the obstacle is called Fraunhofer diffraction. A converging
lens is used to focus the light coming from infinite source to the obstacle and another converging
lens is used to focus the diffracted light on the screen. In this type of diffraction, the incident as

- well as the diffracted wavefronts are plane in nature.-
Second Part: Please refer to [2076 Set C Q.No. Bb]

2. m Describe diffraction of lightthrough a single slit. l : 7_ 4
‘= Please qur to LO?G SetC Q.No. b} ' '

23. Loss QNo. 6 a OR] What are the differences between mterference and dlffractlon? Explaln the theory of
diffraction of light through a single slit. [1#3]
= Difference between the interface and diffraction: Please refu‘ to [2068 Can Q.No. 80|
Second Part: Plgace refer to 2 LG Set C Q. No. Bb]

e o s o o o M e o o =

24. 2061 Q.No. 6 a. 6R| béscrlbe the dlffractlon of Ilght at a su@le éllt and flnd fhe condltlon for secondary
maxima and minima. T 247
n Plemse rcfu to [2076 Set C QNo. Bb] ‘ ' '

25. [2058 Q.No. 6 a oTzl What is diffraction of ||ght? How does it differ from interference of light? [

= Diffraction of light: Please refer to 072 SetE Q.No. 84
Types of diffraction: There are two types of diffraction;

a. Fresnel diffraction: The diffraction in which the source and the screen are at fmltc distance from the
obstacle, is known as Fresnel's diffraction. Usually, no lens is required to observe it. In this type of
diffraction, the incident as well as the diffracted wavefronts are spherical in nature.

b. Fraunhofer diffraction: The diffraction in which the source and screen are placed at a greater
distance (i.e. may be infinite) from the obstadle is called Fraunhofer diffraction. A converging
lens is used to focus the light coming from infinite source to the obstacle and another converging
lens is used to focus the diffracted light on the screen. In this type of diffraction, the incident a8
well as the diffracted wavefronts are plane in nature.

Difference between the interface and diffraction: Please refer to [2068 Can. Q.No. 8t

Numerical Problems

26, (2076 Set B Q.No. 12 ‘How wide Is the central diffraction peak on a screen 5 m behind a 0.01 mm sit
illuminated by 500 nm light source? Bl
Solution
Given,

Width of slit (d) = 0.01 mm = 10-> m
Distance between slit and sereen (D) =5 m
g, Janv length of light used (1) = 500 nm 500 x 10~ m
Width of central diffraction peak (v) =
We know,
22D 2 x500 x5 %109
o 10-5

= 0.5m ‘ ;



7. (2975 Set A Q.No. ';;""5-“6;5—6;:

mm slit illuminated | 5.5 How Wide s the sergic Tt
solution 4 BY 300 nm light sourcey - oo Gfraction peak on a screen 3.5 m bahin 3 0.0
Given, i ‘ » | . i
Width of slit (d) = 0.01 1y =10-5 :
Distance between slit ang Screen Elll) -
Wavelength of light used () =500 ) -3_.5 -
Width of central diffraction - nm =5(() x
_2AD 2 %500 x 10-9 x 3 5

o d 105 =035m

Hence, required width of centra] diffy

DIFFRACTION LIGHT,/ 95

o 109 m
ak is given by ;

;;";T}srset e p|ar“‘“ 2 2 Ctmn peak is 0.35 m,
' T - — e

T bt I:’arlli.'sc)rr‘;:smon gr?tpng having 500 lines per mm s illuminate normally by light

- | many diffraction maxima will be observed on a screen bZhiZd l?hm

. . ‘ e

grating?
Solution o
Given,
Number of lines = 500 lines/mm = 500000 lines,/m
1 1

d=N =500000 =2*10%m

Wavelength (1) = 600 nm = 600 x 109 m
We have,
dsin O = nA
For maxim_um number of spectra, 6 = 90°
d o 2x10-
LSS0k 109~ 3-33%3
29. [2071 Set D Q.No. 12| 2069 (Set B) Q.No. 12] A parallel beam of sodium light is incident normally on a diffraction
- grating. The angle between the two first order spectra on either side of the normal is 27°42". Assuming that
the wavelength of light is 5.893 x 10-"m, find the number of rulings per mm on the grating? B3l

Solution
Given,
Wavelength (A) = 589.3 nm = 589.3 x 10-'m

2 )
Angle (20)) =27°42'=27"+"¢5 = 27.27¢
0=277/2=13.85°

No. of lines per mm (N) =?

We have,

d sinf = A (for first order)

1 -
Nsm(_) =A
sinf
or, N =—
A
. _Sin 13.85

~ 589.3x10-° : &
- 10621218 lines/m = 0 InES PeT Mt
TS s s vl e A :
%. 20 No_ 12 A diffraction. grati rating spacing,
%:oéze:) A)ti:? Tiloht!gf wavelength 6000 A ca.lcula:?ortnh:\aiima obtained. .
maxim r !:aseen gnd the maximum number of diffrac ‘
umi ,
Solution '
Given, : ‘
Grating spacing (d) =? _ 400000 lines/m
No. of %mgs (N) = 400 lines/mn = 4008

s illuminated normally, by
the angle at which first order

Bl
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’

1 1
d —ﬁ—m—25xw =om

Wavelength (1) = 6000A" = 6000x10-19m
We have,

d sin0 = nA

d sin0, = A [for first order]
2.5x10-txsin0; = 6000x10-10

0, =13.88"

For maximum number of diffraction maxima, 0 =.90°
d 2.5x10-0

no=5 =e000x10-0 174

31. [2068 Old Can. Q.No. 65 A Parallel beam of sodium light of wavelength 5.893x107m is incident normally on 3
diffraction grating. The angle between the two first order spectra on either side of the normal is 28°. Find the
number of ruling lines per mm on the grating. B3

Solution

Given,
Wavelength (%) = 589.3 nm = 589.3 x 10-°m

Angle (26) =28° =06 =14°
No. of lines per mm (N) = ?
We have, '
d sin® = % (for first order)

1
ﬁsm@ =)

) sin6 sin 14 . _ e
or, N = .~ 5893x109 410524.17 Il'nes/m =410 lines per mm
‘QaQ
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B Chapter 3: Thermoelectric Effect A

9 What is thermoelectric effect? )Y

» IFtWO ‘mm‘jm metal WIKES are joined to form a closed circuit and two junctions are kept at different
tl’n\}“"m“,r.l‘s.’ - §\mal.l emf s set up in the circuit and small current flows in the circuit in a definite
direction. ] his el'tccf is called thermoeloctric effect or Seebeck effect which is discovered by a German
physicist ”“f““‘s ] bt‘C.l’CCk- This thermoelectric effect is defined as the phenomenon of conversion of
heat energy uyl-p clectrical energy when the junction of two dissimilar certain metals (thermocouple)
are kept at different temperatures. The emf developed in the circuit is called thermo emf and the
current 1s called thermoelectric current Thus the electromotive force developed in the thermoelectric
offect is called thermoelectric emf or thermo emf or Seebeck emf. The value of thermo emf depends on:
(a) the temperature of hot junction of thermocouple and
() the nature of material chosen from the thermoelectric series. , ,

2 __.EWG Set C Q.No. 11| If the temperature of cold 1unct|on of a tﬁérmocouple is lowered, what will be the effect
on neutral temperature and the temperature of inversion? 21

w» When the temperature of hot junction increases, 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 temperature of inversion. The temperature of inversion is shown in the given graph. The

temperature of inversion depends upon the temperature of cold junction and the nature of metals
used in the thermocouple.

The temperature of cold junction, temperature of inversion and -
neutral temperature are related as §
T.+ T, z

o, T; =2T,-T,. ‘

If temperature of cold junction decreases, then temperature of T T ¥
__inversion increases and neutral temperature decreases.  Temperature—
3. 075 Set A Q.No. 1c] 2073 Supp Q.No. 1b] 2070 Sup (Set A) Q.No. 1 f] [2068 Q.No. 1 b] Does the thermoelectric

effect obey the law of conservation of energy? Justify? 2]

B Yes, the thermoelectric effect obeys the law of conservation of energy. The thermoelectric effect is
defined as the process of production of small emf in the circuit when the two dissimilar metals are
joined end to end and two ends are kept at different temperature. Here, the heat energy is converted

—-Ioelectrical energy and hence obey the law of conservation of energy.

4 075 Set B Q.No. 10) Why is Lead (Pb) used as a standard reference metal in thermo-electricity? [21
8 From experimental investigation, Seeback became able to arrange a number of metals in a series in
thermoelectricity called thermoelectric series. The series is given as Ag, Au, Cr, Sn, Pb, Cu, Co, Ni, Bi.
The series was made in such a way that if any two of them form a thermo-couple, the current will
flow from the metal which is earlier in the series to the metal which is later in the series through out
the cold junction. The lead (Pb) lies in middle and taken as standard references metal in thermo-
.Lfk,’,ctricity as the thermo emf of lead is almost zero. |
mar«o; 1§ [27569 (Set A) Q.No. 1¢| [2068 Can. Q.No. 1c] What is temperature of inversion? On what
factors does it depend? A [2]
hen the temperature of hot junction increases, the thermo-emf
increaseg at first, reaches to a maximum value called neutral
temperature and then reduces to zero called temperature of inversion,
he temperature of the hot junction at which thcmm—emf is ru‘iuced to
2810 and changes its polarity is called temperature of inversion. The
emperature of inversion is shown in the given graph. .The t.emperature
ﬁatill:rversi(m depends.upon the temperTrure of cold junction and the T. T, i i
€ of metals used in the thermocoupie.

Thermo-emf

Temperature —
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: -hange,
6. [2074 568 aNo. 1 What is temperature of inversion? How does it chang x
decreases?

= oo Iefer 10 R4 SR o, k effect in brief. R o

7. [2073 Set € Q.No. 1d| Point out the difference between Peltier and Seebeck e losed circuit suct [2]

w Seebeck's Effect: When two different metals are joined il e 1 fmtlln-ducr((uﬂ and small ccr1 iy
two ends are kept at different temperatures, a small emf is develope «l in the phskie Irteng
flows in the circuit. This effect is called Seebeck cffect. The amount of vmf (curren )J CPERds up on
the nature of two metals and temperature of hot junction. Heat energy is converted into electricy

if temperuture of cold j lUnctro,,

energy.

Peltier Effect: When a current is passed through a the { cxsci _
and heat is absorbed at other junction ant cooled. Thig
difference of two junctions depends upon the

rmocouple whose junctions are at sqme

temperature, heat is evolved at one junction

cffect is known as Peltier effect. The temperature . ted fito Ty
) . " . ot o ical ene 1s converted into he

amount of current flowing through the circuit. In Peltier effect, electrical energy 15 eat

energy. So, Peltier effect is inverse of Seebeck effect.

;‘Mbt-!kfs Set D Q.No. 111 What is Seebeck effect? How is this ‘efﬂfec't’”d'if"ferent from Peltier effect? Explain. 2
.  Please refer [2073 Set C Q. No. 1d| B s et
5. [2072 Supp QNo. 1¢ On what factors does the temperature of inversion depend? [
w Please refer to 12074 Supp Q.No. 1d S-S S SR S
;—Efz Set E Q.No. 1dJ | Is Seebeck effect reversible effect? Explaln “ (2]

= Yes, Seebeck effect is reversible effect. This is because on changing the hot and cold junction, the
direction of thermo- current reverses its direction in Seebeck expenment

11. {2071 Set D Q.No. 1 cj What is neutral temperature? On what factors does it depend'? 2

= When the temperature of hot junction increases in the thermocouple, the
thermo-emf increases at first, reaches to maximum value called neutral
temperature and then reduces to zero called temperature of inversion.
Neutral temperature depends on the temperature of cold junction and
nature of material of thermocouple. The relation between temperature of
cold junction, neutral temperature and temperature inversion is given as \
T+ T Tn T
Tn=""%—

Thermo-emf

gl

Temperature —

12. [2070 Set C Q. No. J Define temperature of inversion. If the temperature of cold junctlon ofa thermocouple is
lowered, what will be the effect on it? Yl

w Please refer to |2 h76 SetC Q.No, 1]

13. [2069 Supp Set B Q.No. 1 fllzoss (éét B) QNo. 1 1c| Peltier effect is the converse of Seebeck effect. Explam - 2
= Please refer 073 Set C Q.No. 1d|

14. [2067 Q.No. 15 What are the factors on which thermo-emf depends? @

-y lf we keep the junctions of two dissimilar metals making a loop at different temperatures, a current
flows through it. An emf appears across the junction and is responsible 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 wri( S,

15. [Les Old Q No 107:] How does thermo emf change in a thermocouple when the temperature of the hOt

junction is changed? 2
= Please refer to2 U1 Set D Q No. 1d
16. [2062QNo. 10 5] How is Seebeck effect different from Peltier effect? Explain. o

B Please refer to [2073 Set C Q.No. 1d}
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e wﬁﬁ‘a}qb.. 1‘0l »'_\]‘ \:;:\:t are the factors on which the thermo emf produced in a thermocouple depends? g
please refer 1o je

1330 Q.No. 10 ¢| Why Is Sb-BI thermocoy
The device, which is made by 1

»

Ple proferred to Fo-Cu thermocouple? [?]
VO diferent metal wires with their junction at different temperature 15
gnown as thermocouple. The value of thepmo eml produced between two junctions of thermocouple
depends on the position of metal in he thermoelectric series. The more distant the two elements in
the thermoclectric series, the Targer is the thermoolectric emf (or currenty for a given differences of
mperatures between the junctions of the couple, In the thermoeléctric series, the position of Fe and
Cuis at middle which have some common electrical properties but the position of Sb and Bi is at end.
As a result, large amount of thermo clectric current is produced by Sh-Bi thermocouple than that by
fe-Cu thermocouple, That's why Sb-Bi llwrmm'nuplv is preferred to Fe-Cu thermocouple.

. 088 @No. 10 b] What do you mean by Peltier's effect? @

s When a current is passed through a thermocouple whose junctions
are at the same temperature, heat is evolved at one junction and gets
thus heated and heat is absorbed at the other junction and thus gets
cooled. This effect is known as Peltier's effect, Thus Peltier's effect is
defined as the phenomenon of generation or absorption of heat at the
two junctions of thermocouple due to passing the current through it.
This is the inverse of Seebeck effect. If the direction of the current is eated Cooled
reversed, the previous cold junction becomes hot and vice versa.

. 075 GIE Q.No. 5b] 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: If two dissimilar metals are joined at their ends so as to form a closed conducting
circuit and if a difference of temperature is maintained at the two junctions, a small emf is produced,
this effect in which heat can be converted into electricity is called seeback effect.
The thermocouple can be formed by using, the metals such as Antimony, Iron, Zinc, Lead copper,
Platinum, Bismuth, ctc.
Variation of thermo-emf with temperature: Let us consider a Cu-Fe junction. Galvanometer is

connected in the copper wire. Junction A is placed in hot water and B is placed in ice cold water as
shown in figure. Keeping the junction B at 0°C and temperature of junction A is heated, the deflection
in galvanometer is noted. For different temperature of hot junction, the variation of emf with

emperature is shown in figure (i).

I
A

I'n Ice Bath Hot Water Bath
Figure (1) . Figure (i)

AS the temperature of hot junction increases keeping cold junction at constant temperature(Tc), the
Mo emf increases with the increase in temperature and has maximum at particular temperature
Calleg neutral temperature (Tn). If the temperature of hot junction is further increased beyond Ty,
Mo emf decreases and becomes zero at particular temperature called temperature of inversion
) , '
zksll?‘“l’crmu re of inversion and nv‘ul'ml‘ ”lcmp‘er;\lunl'cl '..n'c ‘clfmstant .for a given thermocouple and

Ta] temperature imlcpomlcnl of temperature of cold junction but inversion temperature depends
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e is equal t0 @ o

upon cold junction. It is found that neutral temperatul
tenlperﬂmre and the tempelatme Of C(’)ld ]un(tlon
T| + r(.

e junction ‘then Eand T are related as
If E is the thermo emf and T be the temperature of hot junction,
E=a T + b T2 where a al\d bs s CONBHT.

i.e., TN =

0 emf mth gradual '"C’eilse ; th

21, lzo74 Set A Q No. 5b What is Seebeck offect? Explal [4]
temperature of hot junction, keeping the cold junction at 0%.

= Pleaso wlcl to [2075 GIE Q. No. 5h|

22. (2072 Set D Q.No. 53 What is thermoelectric effect? How it .
increase in temperature of hot junction, keeping cold junction at 0 C? Explain. y

= Please refer to (2075 GIE Q. No. 5b| ' : L — ith pr——

23. {2071 Supp QNo. sﬁ] What is seebeck effect? How does the emf of thermocouple vary wi perature of h,
hot junction? ¢ Y

= Please lcfer to 12075 GIE Q. No 5b|

finv
24 (2071 Set C QNo. 5 b What i a thermocouple? Define neutral temperature and temperature of inversion ofa

thermocouple. Are they constant for a given thermocouple? . o h their i . Y
w Thermocouple: The device, which is made by two different metal wires with their junction at

different temperature is known as thermocouple. The value of thermo emf produced between twg
junctions of thermocouple depends on the position of metal in the thermoelectric series. The more
distant the two elements in the thermoelectric series, the larger is the thermoelectric emf (or current|
for a given differences of temperatures between the junctions of the couple. In the thermoelectric
series, the position of Fe and Cu is at middle which have some common electrical properties but the
position of Sb and Bi is at end. As a result, large amount of thermo electric current is produced by Sb-

Bi thermocouple than that by Fe-Cu thermocouple. That's why Sb-Bi thermocouple is preferred to Fe-
Cu thermocouple.

n thé“vériaﬁ“on' of therm

does the thermo emf of 2 thermocouple vary yig

When the temperature of hot junction increases in the thermocouple, the
thermo-emf increases at first, reaches to maximum value called neutral €
- temperature and then reduces to zero called temperature of inversion. 2
Neutral temperature depends on the temperature of cold junction and %
nature of material of thermocouple. The relation between temperature of =
cold junction, neutral temperature and temperature inversion is given as
T.+ T, Te T, Ti
T,= 5

- Temperature —
They are not constant for a thermocouple because they depends upon the
temperature of cold junction.

25, {2070 Supp. (Set B) Q.No. 5 a What is thermo electric effect? DISCUSS the variation of thermo emf with the
change in temperature of the hot junction. [4
= Please refer to (2075 GIE Q.No. 5b|

26. 2970 Set b GNo, 5 1) Define Seebeck effect. Discuss the variation of thermoelectnc emfin a thermocouPIe
with the increase of temperature of hot junction.
= Please refer to 2075 GIE Q.No. 50|

27. [2067 Sup Q.No. 5a] What is thermoelectric effect? Dlscuss the variation of thermo-emf with the chal it
- n e
temperature of the hot junction. emf with the cha 5[’1+31

= Pleaqe 1efer to g75 GIE Q.No. 55]

28. [2063 QNo. 11_a OR] What is Seebeck effect? How does the thermo emf of a thermoconle vary Wil
temperature of the hot junction? hermocouple vary

w  Please refer to 2075 GIE Q.No. 5]
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5 Whet is Seebeck eff
2 the hot junction? eCt? How does the emf of a thermocouple Va’V with the temperature Of

Please refer to m [2+3]

o R] Explain what do
the temperature?

» Please refer to 2075 GIE Q. No 5

You mean by Seebeck Effect? How thermoelectric e.m.f. does vary with]
[1+3

3. @3;’5;‘ D QNo. 89 The thermo-emf E and the temperature of hot junction @ satisfy a relation

E = a0 +bo? Wherea‘41x105v(oc1and - 3 ) I . .
e neutral temperature, ) b=-4.1x 10 V(°C) If the cold junction temperature is 0°C le‘g

Solution P
The given equation is
E=a0+ bO2........ (1)
where, a & b are constant, § = temperature of hot ]uncnon
a=41x10°V (°C)1, b=-41 x 108 V(°C)2
and temperature of cold junction is 0°C.
Now,

dE _
Q do -

Thermo-emf

Y

>

9l‘l 6|

dE
:ig =% 24, Temperature —

D
o

The neutral temperature is temperature of hot junction at which, thermo-emf is maximum i.e.

‘@—O + 2b6,, = 0
4o ora =

or, a = -2b06,
a 4.1 x 105
ot =755 =2 x (<41 x10%)

=500 °C
Qaa



- Ch'aptér 4: Chemical Effect of Current

1 .‘m[éﬂd;éﬁs‘étna QNo. 1..4,_[506,7.. Sup'é.No. 1c| Distinguish between ionic_and e.lectronic conduction. ) ‘[\2]~
@ The differences between the ionic and electronic conduction are given below; '
Electronic conduction Ionic conduction . -
1. The conduction of electricity takes place | 1. The conduction of clcc.tyria’tym
©due to drifting of free electrons in metals due to movement of ions is called ionjc
is called electronic conduction. conduction.
2. No chemical change takes place when the | 2. The chemical decomposition takes place
current passes through metal in electronic when  current  passes  through the
conduction. electrolyte.

conduction in metals. and negative ions in case of electrolytes,

wire. sulphate solution.

conduction.

2. [2076 Set C Q.No.
compared to that of metal at room temperature. Why?
®  The conductivity of an electrolyte is low as compared to a metal because of following reasons.

3. No matter is transformed during electric | 3. Matter is transported in the form of positive
. . . 1 \
4. Eg. Electricity passing through copper | 4. Eg. Electricity = passing through copper

. . . . o . s il
5. The resistance is less in electronic | 5. The resistance is more in ionic conduction,.

—

12| [2074 Set B Q.No. 1f} [2072 Set C Q.No. 1b] The conductivity of an electrolyte is low as

ol

L. The number of ions in an electrolyte is small as compared to the number of free electrons in the

metallic conductors. The drift velocity is given by the relation I = VaneA, since n is more in metal
that of electrolyte, then the current is more in metal.

than

ii. The mobility of ions in an electrolyte is small as compared to the mobility of free electrons in metallic

conductors. :

1ii. The resistance offered by the electrolyte to ions is more than re
electrons. '

3. [2075 GIE Q.No. 1c] A voltameter measures current more accurately than an ammeter, why?

; . ) : ; m
= The current flowing in a voltameter can be measured by using the relation, | = —

this relation can be accurately measured upto three de
presence of certain resistance in it, current can never be measured
voltameter measures electric current more accurately than an ammeter.

of metal?
® Please refer to 2076 Set ¢ Q No. 13|
5. [2073 Set C Q.No. 1¢] State the Faraday's laws of electrolysis.
® Faraday gave two laws of electrolysis, they are stated as:
a. Faraday's first law of electrolysis: The mass of a substance libe
directly proportional to the electric charge that passes throu gh the electrolyte.
Le, ma Q =>m=27ZQ
where 7 is electrochemical equivalent (ECE).
m=ZIt (Q=1t)
b. Faraday's second law of electrolysis: The mass of different substances libe

passage of same quantity of electric charge, is dire
equivalent.

L
E ~ constant

sistance offered by metal to free

2

2t - All quantities of

cimal places. But in case of ammeter due to the
accurately. That's why, a

4. 2075 Set B Q.Noﬂ @1 ‘s'et"c‘d.No.'i‘eIMWhy is the condu'c'ti\}ity of an eIébt_rolyte low in compérisqn to that

[

(@

rated or deposited in electrolysis 15

rated in electrolysis by .the
ctly proportional to their respective chemical
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| 5 [o725upp Q-No. 10| EXpIain electrocheminm - o oo e

| 6 electrochemical equi

| . Electrochemical equivalent: Fy Quivalent of a substance. [2]
Jiberated at an electrode in ele

through the electrolysis.
i i.e.,mOCQOI’,m=ZQ'
r

0 1 - . ] '
ctI:] lFra.day S .f”St law of electrolysis, the amount of ions deposited or
Olysis is directly proportional to the quantity. of electricity passed

m
Where, Z = 75 is electrochemj .
Q nical equivalent of a substance. Thus, electrochemical equivalent of a

ubstance is defined as the m;. . ' .
y ‘e d the mass of 10ns deposited or liberated at the electrode when one coulomb of
. charge is passed tljr<)ugh electrolyte. Its unit is KgC-

7. [072 Set E Q.No. 1] Why is the conductivity of an electrolyte 'very low as <':0ml433"5‘dwt6 a metal at room
temperature? &
w Please refer to 2076 Set C Q.No. 13

+. S7L5upp G.No. 71 056 Qs 10 What s meant by Faraday constant? ~~ @
n Farad'ays constant (F): From Faraday's first and second laws of electrolysis, we get a combined
equatmn 4

mzQE
where m is the mass of ions or substance liberated or deposited, Q is amount of charge deposited or
liberated and E be chemical equivalent.

Or, m= lFQIE

where F is a universal constant called Faraday's constant. If m = E (numerically), then F = Q. thus,

Faraday constant is defined as the quantity of charge required to liberate the mass of substance equal

to its gram equivalent. Its value is equal to 96500Cmol-1
5 -lﬁilo Set C Q.No. 1 ¢ The conductivity of an electrolyte is low as compared to a metal. Why? i [2]
w Please refer to 2076 Set C Q.No. 14 » iz
;6.;.@0 Set“b d.No. 1 ¢] State and explain Faraday's laws of electrolysis. 4 2]
% Please refer to [2073 Set C Q.No_1¢|
11:@ Old Q.No. 10 b Define one Faraday. [2]
N Please refer to [2071 Supp Q.No_ 11 ,

12, 663 Q No. 10 b Why does voltameter measure current more accurately than an ammeter? [2)
™ Please refer to [2075 GIE @ No. 1q

Long Answer Questions R
13.(-23-75 Set A Q.No @] [2071 Set D Q.No. 5 b] [2069 (Set A) Q.No. 5c| State Faraday's laws of electrolysis. How will

you verify Faraday's second law experimentally? 4]
ave two laws of electrolysis, they are stated as:

first law of electrolysis: The mass of a subst
: electric charge that passes through the electrolyte.

& Faraday g

. Faraday's

directly proportional to the
e, mexQ —-m=20Q

where Z is electrochemical equiv

ance liberated or deposited in electrolysis is

alent (ECE).

m=ZIt Q=18 ifferent substances liberated in electrolysis by the
Bt nd law of electrolysis: The mass of different substances liberated in electrolysis by the
) aysfseco quantity of electric charge, is directly proportional to their respective chemical
assage of same

equivalent.

m
= — nstant
B CcO ;
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Experimental verification:
Second law:

L

AN

N
Cd
N CuSO,
Copper Voltameter Silver Voltameter Water Voltameter

The experimental arrangement for the verification of Faraday's second law is as shown in figure,
There are three voltameters containing CuSOy, AgNO;_ and acidified water as electrolytes and Cu, Ag
and Pt are as respective electrodes. If I be the constant current flow in circuit, then in time 't', the masg
of hydrogen gas liberated, silver and copper deposited on electrodes are calculated. If mi, m; and m,
are masses of copper, silver and hydrogen deposited at the respective cathodes and Ei, E; and E; are
their chemical equivalents respectively, then, experimentally it is found that,

m; m; ms. ) o ' e
E "E _E. e meE. This verifies Faraday's second law of elect: olysis.
1 2 3

14. I2076-SlJJQ (Set A) Q.No. 5c] iioéz QNo. 11 a] State ‘Faraday's laws of electrolysis and verify second law. 4
w.~ Please refer to [2075 Set A Q.No. 5d

15. [2069 (Set B) Q.No. 5a] Verify Faraday laws of electrolysis. ‘ [4
w  First law: The experimental arrangement to verify Faraday's first law
of electrolysis in copper voltameter is as shown in figure. A clean and
dry cathode plate is weighed and then it is placed in the voltameter.
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 CuSO; solution of electrolyte decompose into Cu** and

SO4 .
Let m; be the mass of copper deposited on cathode in time t with the CusO,
passage of current 1, then

m]=ZI|t (l)

The experiment is repeated with current [, at same time t, the mass of
copper deposited on cathode is m,, then

—

m» =Z lzt (II)

From (i) and (ii), we get
m Lt m; Q
my It = m Q

i.e, m« Q, Similar procedure can be repeated by keeping curre
verifies the first law.

Statement and Second Law: Please refer to 2075 Set A Q .No. 54

" i 1%
nt constant and varying time. This

16. 2068 01d O No. 11 a or 2058 GNo. 11 a O] State and explain Faraday's Laws of electrivcic 2nd Fence defi®
i ey y's Laws of electrolysis and hence [3‘2]

w First law: Please refer to 2069 (Set B) Q No. 53
Statement and Second Law: Please refer to 075 Set A QNo. 54
Faraday's constant (F): From fist law of electrolysis, we have
m oc Q, where E is constant
From second law of electrolysis, we have
mocE, where Q is constant
Combining these two laws we get,
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mocQE where Q and E both vary.
1 .
or, m = FQE

where F is a universal constant called Faraday's constant. If m = E (numerically), then F = Q. Ty
Faraday constapt is defined as the quantity of charge required to liberate the mass of substance equal
to its gram“e.qmu.lvalent. Its value is equal to 96500Cmol-!.

17. [2084Q.No. 11 a OR] State Faraday's law of electrolysis. Discuss the experiment to verify them.
» Firstlaw: Please refer to 2069 (Set B) 0 No. 64
statement and Second Law: Please refer to [2075 Set A Q.No_ 5]

js. [2074 Supp Q-No. 9] It is desired to deposit 0.254 kg of copper on the cathode of a copper voltameter. How
long will it take to deposit this amount if a steady current of 100 A is maintained? Relative Atomic mass of
copper = 63.5 and Faraday's constant, F = 96500 C/mol. [4]
Solution
Given,
Mass of copper deposited (m) = 0.254 kg =254 ¢
Time () =?
Current (I) =100 A .
Relative Atomic mass of copper (M) = 63.5
Faraday's constant (F) = 96500 C/mol
We have,

4]

m =ZIt
M
or, m =Y7F X Ixt
m.V.F
OIy t = M i I
_ 254 x 2 x 96500
~ 63.5x100
=77205 ; DR Ve » i o i RETI yeer T ‘,-, SS——
19. [2069 él;ﬁ;;sd B Q.No. 9 a] Assuming Faraday constant to be 96500 C (mole) 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~’
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 =7ZIt
_E
. F It
M 63 x 2 x 300 )
E——p =t (196 ¢
_ wVFIt 7725796500 RS0 82 |
. B85 0id GNo 176 In a copper plating system, an electrolysis current of 3 A is used. How many atoms of
Cu* are deposited in 1.5 h? (e = —1.6x107C). 5]
Solution
GiVen’

Current I =3A
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Time () = 1.5h =15 x 3600 = 5400 s
e =1.6x10-19C

— 3 x 5400 =16200C

Now, Charge passed in 1.5 hour (Q) = It 19 =3.2% 10_17C |
Also, Charge carried by each Cu2* atoms = 2 X 1-6 %1 : 7;

- 1 (200 ; 22 ' . &£ 5
Then, No. of atoms deposited = Tj‘"l‘m =506 x 10 fs

. - . - 22
Hence, the required number of atoms is 5.06 107

' ‘ ' o an in the elécfrblysis of water.(ReTaﬁ\-
21. [2057 aNo. 11 1 Calculate the charge needed to deposit 29 of Oxygen in t 3

ol). )
molecular mass of Oxygen is 32, Faraday constant F is 965,000 C M ) |
Solution
Given,
Mass of oxygen (m) = 2pm
32
Molecular mass of oxygen (M) = 32; Atomic mass =75 ~ l6gm ’
Faraday constant (F) = 96500Cmol-!
Charge needed (Q) =?
Now,

Valency of oxygen (V)= 2

Then, we have

Chemical equivalent (E) =F x Z
Atomic mass ;

Valency xZ

or,

16
or, 75 =96500 x Z

Z =829 %105 gmC-!
Again, we have

m =7ZxQ
or, 2 =829x105xQ
. Q =2412545C

Hence, the required amount of charge is 24125 45C
aaa



. Magnetic Field of Current

C Chapter 1: MESBEtic Effect of Current

Ghort Answer Questions

- porese B.Q‘Nu?hl@sa Q.No. 1 d An electron beam and a proton beam are moving parallel to each other in
the beginning. ey always maintain this status? Justify your answer. [2]

s An electron beam and a proton beam are moving parallel to each other in the beginning, the path of
beam depends on the speed of charged particles. Protons and electrons are ()pp()si’tc charge particles.
In the lower speed, the electrostatic force dominates the magnetic force and attract to each other. As a
result, they come close to each other. If the speed is high, the magnetic force dominates to electrostatic

jorce and they behave ; ) 5 o o ; .
. t(?nft an i ave as two currents carrying infinitely long conductor carrying current in opposite
direction. 50, they diverse to each other and become far from each other

, [2076 Set B Q.No. 1¢ Define one ampere current in terms of lorce. — [ﬁ
w The force per unit length between two current carrying conductors is written as,
bk
T 2nr
when, L =L=1Aandr=1m, then
drx107x1x1
F= %t =2x107N

Hence, one ampere of current is defined as the current which when passed through two infinitely
long parallel conductors separated by a distance 1m in vacuum which produces a force 2x10-" N per
unit length between the conductors.

3 2076 Set C Q.No. 1c| 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]
» The magnetic field intensity at the centre of the circular current carrying coil is,

o NI
T 2r

B

where,
o = Magnetic permeability of free space,
N =No. of turns of coil,

r = Radius of coil
If current in the coil is doubled and radius of coil is halved, then magnetic field intensity is

p -l [T=2r=%]

2r'
_ Mo N(2I)

2(3)

ll() NI
r

=

=4B
Thus, the magnetic field inte
radius is halved. B R 7
\\‘_;>~7 S ———— — — >~ R - » ~ " -
4. 076 Set C Q.No. 1d| [2072 Set C Q.No. 19 Can a charged particle move through a magnetic field without
experiencing any force? Explain. o | 2]
A Yes, a charged particle moving through a uniform magnetic field B experience a force in a straight
line i given by F = Bqv sin0 where 0 is angle between velocity v and magnetic field B. If the velocity
and field are parallel, the charged particle moves without experiencing any force.

nsity changes by four times if the current through coil is doubled and
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.]6};3'55}'5“*&7@@5. What W“i\be‘;
direction (ii) in the OBposi

5. 120_75G|E Q.No. 1d| Equal currents are flowing throy’il’gh two ',"ﬂm-teilx the same
magnetic field at a point mid-way, when the currents are flowing (i)

direction? rection. The | 1]
@ % o ’
w Let two conductors X and Y carrying, equal current [ in same (iF I
. | tol oht hand thumb
magnetic field at point P due to conductor X is B = }2‘; By right he 1 A A
- - g stic field at
rule, the field is inward to the plane of paper. Gimilarly, the magnet Aoor ]
ol , alane of paper k. o %y
P due to conductor Y is B = }2'?:—' at a direction outward to the plane of pap TP 21 LI I
i - e ‘onductors
(right hand thumb rule). The magnetic field midway between two conc
is equal but opposite in direction, So, cancelled each other. - L )
But when current is flowing in opposite direction, then the magnetic 1€
. o § 1ol
the middle of wire is double is 2B, i.c. (‘Ll)
. - SO— - - i — S U SO I s : o act whena T ——
6. [2075 Set A QNo. 1d| [2075 Set B Q.No. 1d| 2067 Sup Q.No. 1d| A solenoid tends to contr Current
passes through it. Why? 7]}
n

= o : : wire act a
Solenoid is made by winding large number of insulated wires. Thus, the tur'ns Obf tWS parallg]
conductors carrying current in same direction. There exists a force of attraction between two paralle]

Ll 11,
current carrying conductors (F = ;nlr_)' Hence, the conductors attract each other. Due to the

attractive forces between the two parallel conductors the solenoid tends to contract its length.

—_———————e

7. (073 Supp QNo. 1d 2060 QNo. 2 ¢ Define one Ampere in terms of the force between current carrying

conductors. ) . a
w Please refer to 2076 Set B Q.No. 1¢]
8. [2073 Set C Q.No. 1d 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.

5. [2073 SetD QNo. 18] 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 charge particle carrying a charge q moves in an electric field E. If its specific charge is S, then foree

is given as S

F=gqE

: F_gE 9 :

and acceleration, a =_7-="—==5E [since, =S5, given]

. acceleration, a = SE
10. [2073 Set D Q.No. 1c| Magnetic field at the centre of a solenoid is double than that atits ends Why’5 o Ei
» The magnetic field at a point on the axis of solenoid is

ﬂnl
B = H—z [Cos 0, - Cos 0,] Tesla {
Where, po = 4n *x 107 H/m, | = current in solenoid and 0, and 0> be the angles made by small eleme ot
of solenoid. &

At the centre, 0, =0, 0, = 1, then

Be =2 (1 - (1)

At the end, 0; = 90°, 0; = 7, then ' , 3
1
BE = 'ng“_ .1

2




Hence, the magnetic field at (e

i

The Hall Voltage developed in
’ Bl
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ponl
B = 2
B(szBF

C(‘nt ()
¢ of solenojd is double than at ends.

es
g are much larger for semi-conductors than for good conductors for
imensions. Why? (2]

A Specimen kept in

" pp Hall volta
c(,mparable currents, fields and

a magnetic field is given by,
Varms () |

where, B = magnetic field,
[ = current I a specimen
n = no. of charge ca Iriers,
e = electronic charge,
t = thickness of specimen.
Thus the Hall voltage is,

1
Vi o 5 for same, B, [ and t,

n fgr conductor is much larger than semiconductor. So, Vy is larger for semiconductor than
con uctor

SE

12

X

13,

ﬁWTSet D Q. No. 10] DOES a charged pamcle movung through a magnetlc field always expenence a force?
Explain. 12]
No, a charged particle moving though a magnetic field does not expenenced force on any time. The
magnetic force experienced by a moving charge particle in a magnetic field B is given as,

F=Bqv sin 0,
where q is charge particle and 0 is angle between velocity and B. When 0 = 0° i.e., velocity is parallel
__tomagnetic field, the force experienced is zero.

2072 Set E Q.No. 1J How will an electron move in a homogeneous magnetlc field if the velocnty of the
electron at the initial moment forms an angle ‘0" with the force lines of the field? [2]

» The magnetic force acting on an electron moving in a homogeneous magnetic field when the velocity

14

15

a

of the electmn at the initial moment formc; an angle 0 is,

@Supp QNo. 1ql A uniform magnetlc fleld dlrected upward exists in some regron of space In what

directions could an electron be moving if its trajectory is a) a straight line? b) a circle? (2]
tic field directed upward exists in some region of space. When an electron moves in

and if the trajectory of the electron is circular then it moves in

% A uniform magne
straight line, then its path is circular
hehcal path

A current was sent through a a helical I coil Spnng The spnng contracted as if it had been
cOmpressed Why? (2

* Please refer to 2075 SetA Q.No v

@tk(set A) Q. No L(j Ifa magnetrc force does no work on charged parhcles how can it have any effect

2
onthe particles’ motion? , b , ; ; - [ ]
When 2 charged particle moves in a uniform, magnetic field (B), it experience a force F as

< C

F=Bqv 0, wi is charge of particle, v be its velocity and 0 is angle between B and v. This force
sinf, where ¢ é 4 ; : :
is aCh(h t is th me of circle or the motion is circular. The direction of force F and the distance
w ece ‘ ‘
COVereig ’ dnlb /s pcrpcndlcular to each other such that, work done W = ES cos 90 = 0. So, the
d s are alway

magnehc force does no work donc but moves the particle in circular motion.
rce dc

—— an a charged pamcle move through a magnetlc field without expenencmg any
et aNo.19C [2]

force? Explain the reason.

 Please Tefer to 076 Set C Q.No. 10
19 Supe Set B GNo, 1 TWO strai

lone) ampere of current be defined fr
€ase refer to

th current carrying rods are replaced parallel to each other. How can
om this arrangement? 2]




i sl g A moving coil galvanometer iy

150 / A COMPLETE NEB SOLUTION TO PHYSICS - X1 A
19. [2068 OId Can. G.No. 2] What will be the effect if the magnetic field in @ 3

radial? ' ial, the plane of coil does not bece|
w If the magnetic field in a moving coil galvanometer is not radial, the ‘0111
aralle o ; tic fie ) d ) o d 7
parallel to the magnetic field and the torque nce, following effects can bé seep: o

’

(t= BINA cos0) does not become same in all cases. He
sensitivity of the galvanometer decreases, it does not make ¢
galvanometer does not measure accurate current,

alvanometer dead beat ang th

20. [2067 Q.No. 14 [2067 Old Q.No. 1¢] [2066 Supp Q.No. 2¢] A current carrying solenoid
W Please refer to 2075 Set A Q.No_ 1d ; T————d

21, Explain how the direction of Lorentz force is determined. , Field [
= The direction of Lorentz force is determined by using, Fleming's left hand ¥
rule which states that when the fore finger, middle finger and thumb of the
left hand are stretched mutually perpendicular to each other in such a way

ends to contract. Why?\"ﬁ

that if the fore finger points the direction of field (B) and the middle finger X
points in the direction of motion of charge particle then the direction of Motigy

thumb gives the direction of the force. : ’

22. 2061 Q.No. 2 ¢ How magnetic field is n‘1‘adév'ra'di'a'l ina moving coil galvanometer? ' i

= Ina moving coil galvanometer, magnetic field is made radial by using concave pole pieces of magre
and putting a soft iron cylindrical core between the pole pieces. The advantage of radial magneti
field is that the deflection 6 becomes directly proportional to the current [ flowing through the coj
As a result, the scale showing the current values is a uniform one. .

23, Why is the cylindrical core of soft iron used in moving coil galvanometer? 7
= An instrument which is used to detect and measure small amount of electric current flowin
through the circuit is called moving coil galvanometer. When a cylindrical core of soft iron is uset
in it, a radial magnetic field is produced so that the deflection 0 becomes directly proportional &
the current I flowing through the coil. As a result, the scale showing the current value is uniforx
one iLe., 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 why, the cylindrical core of soft is iron used in moving coil galvanometer.

24. A proton moving in a straight line enters a strong magnetic field along the field direction. How
will its path and velocity change? [

= When a proton enters to a strong magnetic field along the field direction, the force experienced by d
proton is given by F = Bqv sin6. In this case, proton is moving along the field, i.e. 0 =0°, then F = Bqv
sin 0 = 0. Here, force experienceq bytheprotonlszeio So, its path and velocity remains unchanged.

25. Does a charged particle moving through a magnetic field experience a force? ExpresAs‘wiﬁ|
conditions, maximum, and minimum force it experiences. Y

» Yes, a charged particle moving through a magnetic field experiences a force. The amount of force
experienced by a charge q moving with velocity v inside the magnetic field B is givenby, F = BQV
sin 0, where 0 is the angle between the direction of v and B. ’

a. When 0 = 0° then F = Bqv sin 0 = 0 (minimum or zero force).

b. When 0 =90°, then F = Bqv sin 90 = Bqv (maximum force).

g Under what conditions does a charge affect a magnet? o e e e Jﬁ
w» When a fast moving charge particle enters to a magnetic field, a magnetic field as well as force is
developed in the charge which is F = Bqv sin0, where B is magnetic field intensity, q is the charger v
be the velocity of charge particle and 0 be the angle between the velocity and magnetic field. Du¢ 10
this reason, the fast moving charge particle affects the magnet. i
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30.

‘ I
wl & Ul n 1 1 = J AR
B=[dB=2-1 Gnoqo=tel | 01 =2 [eos0 - cosn] = Lo
dna’y ‘ dta | €O In dna l in
el ‘
2ma
This is required magnetic field intensity. aportional to the distance i

This indicates that magnetic field of a long straight wire is inverse ly p

the point from the wire (e, Ba l‘ ).

) field int
29. [2075 GIE QNo. 59 [2074 Supp G.No. 61 State Ampere's law and use it to find the magnetic d inténsity d;,:

to a long solenoid. i ]
¢ dAate ¢ > I > T
Ampere's Theorem (Ampere's Circuital law): Ampere's Circuital law state that the line integral o
magnetic flux density T{ in a closed loop is equal 1o jiy times the net current bounded by the are; of
closed surface (in SI system),
. 2D 9
ie, $ B .dl=p,1, where dl is a small element of the loop. )
The magnetic field intensity due to a long current carrying solenoid: . it T §
Consider a long solenoid having n number of turns per unit length & carrying CU”L’“ In the
clockwise direction. Then, the magnetic field outside the solenoid is very smal'l of-almost:zers &‘ that
mnside is uniform. The direction of magnetic field is along the axis of the sol‘cnou_i. _ .
Let us take a rectangular close path PQRSP to calculate the magnetic field intensity B inside thg
solenoid as shown in figure. Let PQ = [. Then the number of turns enclosed by the close path is
N=nl 5 - R
Thus, the current enclosed by the closed path is 5 @@@@@@O@OO
I'=NxI=nlxI=nll i (] ¥ 8 [
o - i
The line integral of B around the close path is given by olclolololelolelelelololoo)
> > Q5 5, R, , S, , P,
B.di=|_ B.dl+[_ B.dl+ .dl+] B .dl
I JQ di+] B.dl+] B ¢
R P
As angle between T3>and 37 is900,son_B). & =JS _E—E).Ef=0
S o
Alsoas B outside the solenoid is zero, so IR B.dl- 0
' Q Q Q Q
Therefore, § B .dl = jP B.dl- IP B d! cos0° = BIP dl=Bl  [Becausc ! =IP dl]
= :
Therefore § B. dl = BI ' . (i)
Applying Ampere circuital theorem, we have
473-) (_ﬁ = 1, x current enclosed = po x I' = p, (n 1) ... (ii)
So, equations (i) and (ii) give,
Bl=p,(nll)
B=p,nl

This is the required expression for magnetic field intensity due to long current carrying solenoid.

' [20';5 Set A Q.No. itailﬁsrtate Biot's and Savart's law and used it to obtain an 'expression for the magnetic field at

the center of a circular coil. | 4
Biot's and Savart's law: Please refer to 2076 Set B Q.No. 5d ;
Magnetic field B at the centre of narrow coil: Let us consider a narrow A B
circular coil of radius r having N-turns carries current I through it. The flux 0
density dB at the centre of the coil due to a small element d/ is given by r
[ sin .
dp = Lo 1dL5ind LN P
4n. 12
Since, 6 =90°
Id/
:>dB=E2—2' Lo
dn 1 FFig: Narrow circular €0
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Thus, the total magnetic ficld B

g=dB

at the centre
4n I0 R, 4 2 (2nr) = ol

for N numbler of turns, the magne
i o N
2r
< is required magnetic fiold ; ;
This is reqUIred Magnetic field itensity at the centre of circular current catrying coil

"' State Ampere's law and ight current
.  rying conductor and toroid, use it to find magnetic field due to a long straigh ”

. Ampere's Laws: Ampere's circuital Jaw

of narrow circular coil is given by

tic field inlvnsily at the center of the circular current carrying, coil is

) ‘ states that the line integral of a magnetic field B around any
Josed path in vac 5 i

dﬂﬂ‘d pa acuum s equal to Mo time total current enclosed l)y the path. If 1 be the total eurren]
enclosed by a closed path around w
Application of Ampere's Law

Magnetic field due

hich the line integral of B is T JL =, | [Ampere's Law]

< to along straight current carrying conductor

S 1 *I o N - : -~ : v ‘
Let us consider a long straight conductor carrying current I as shown in figure. A current carrying
conductor produces a magnetic field around it. We want to find out the magnetic field B at a point P

1 ~e f ~ . . .
ata dlsmnt.L T fmm the conductor. Let us draw a circle of radius r around the wire or conductor B be
the magnetic field at P and d! be small eleme

Ampere's Law,

i

nt of circle which are in same direction. According to
I 3
> - L B
§Bdl=p,l
or, §Bdlcos0=pol - ! dl
or, B §dl=pol
or, B. 2ar = pol

" §
: B_err

This is required magnetic field at P.

i Magnetic field due to a current carrying toroid _
Atoroid is an endless solenoid which is bent into a circular form and whose ends are kept closer as
shown in figure. This has infinite number of turns. Consider a torroid of mean radius r, number 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. Draw a circle of a radius r as shown dotted

line in the figure. Each and every point in the dotted circle B and d! are in same direction. Now from
Ampere's law,

§8-dli= poI' [I' = total current enclosed]
or, § Bd! cos 0 = pol' [.I'=N.I=n2nr]]
or, B §dl =yl [. N=n.2nr]

or, B.2nr=py. n27r . 1
B = jynl
\’lihis is required magnetic field.

R, 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 | is passed
trough it, Define magnetic moment in terms of torque. (4]

Orque on a rectangular coil in a uniform magnetic field:
tus consider a rectangular coil PQRS of lcngll? ['and breadth b carrying current 1 and having N
Number of turns is placed in a uniform magnetic field of flux density B. Suppose the plane of the coil
Makes an angle 6 with the field as shown in figure.
€ face PS of length b making an angle 0 with the direction of magnetic field, then the force acting
o0 this face is F, = Blbsin® in upward direction (By Fleming's left hand rule).

h .
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_ Il [since, angle : L |

= Blbsin
ny’u‘l I i.q F3

Similarly, the force acting on face QR is Fi
1d is 90°] which

force acting on face PQ carrying current 1 of Ie acts outward

between the length of the coil and magnetic field 1 at face RS i8 F, = BIl P  MRECEL
from the plane of paper. Similarly the force jacting at 1€ \2 !
af:ting inward from the plane of the paper. , JHipg on a same line of ﬁ__g--";”“ l
Since, the forces F; and Fy are equal and opposite acting al and opposite A ~3
action and hence vanish. The forces Fa and Fa are equd ‘l( / AR 1"
acting at different line of action so produced torque on e ot ‘
The torque exerted on the rectangular coil is given by Fx

T = force x perpendicular distance Z<ESS :
The perpendicular distance between forces is given by = b S Q

Fy

Thus, the torque exerted on the rectangular coil is given by

= BIIN xbcos 0
©=BINA cos0, where A = x b is the area of the coil. _ oo ¥ et
This is required torque produced in the rectangular coil carrying CULIELL

Special Cases:

a. When 6 = 09, then t = BINA cos0°= BINA . f il S
i.e., when the plane of the coil is parallel to B, the maximum value of the torque is acting gy
the coil.

b. When 6 =909, then = BINA c0s90° =0 ‘
i.e., no torque acts on the coil, if the plane of the coil is perpendicular to B.
Magnetic Moment: Two equal and opposite forces produced in a rectangular current carrying coil j

different line of action which produce the turning effect of coil are C‘Tllff,l;_’}}if;"_{,‘iic_njE)Tent‘
S No. Savart law. Use this law, to fing the

[2074 Set A Q.No. 5 [2071 Set C Q.No. 5 d] [2069 (Set A) Q.No. 5b] State Biot- ‘
magnetic field due to a current carrying circular coil at any point on the axis of the coil. I
Biot's and Savart's law: Please refer to 2076 Set B Q.No. 5q

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 direction shown_ in Fig. Let

the plane of the coil be perpendicular to the plane of the paper. It is desired to find the magnetic field
at a point P on the axis of the coil such that OP = x. Let AB be a small element of length d/ ata

33.

distance r from point P.

& B cos 0
= I
AL
' dB
L}
1
:a = +x n
'
L
! ; ! 0 dBsin 0
0 X T dis sin 0
s L\
e '\
—"“ “
2T \
.- B
A B J b
dB cos 6

Fig. Field on the axis of circular coil.

According to Biot-Savart law, magnetic field due to element AB at point P is given by’

_ poldlsina ' _
Bt 0
Angle a between d/ and r can be taken as /2 because radius of coil is small, so Eq. (i) can be writtel

as
~ Idlsinn/2 peldl -
dB-‘—WJ A 12 T 4n p (1) |
The direction of dB is perpendicular to the plane formed by d/ and r and is along PL whi :
perpendjcular to PC. Resolving dB along two components, we get dB cos0 along pcrpendi(‘ular o the
axis of the coil and dB sin 0 along the axis of the coil and away from centre of the CO"Tm]
components dBcos0 is cancelled by another components dB cosf ‘due to element A'B: 5% 9
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4 onetic field at point P gy, to the Whild sl (
gnehc field due to euch Cl(‘munl e coil i equal to the sum of the dB sin0 components©
2na
= i B o 1d!
B I‘dB sin ) = L— 1 1/ t
e (] o ) 1L
ik . .J dn @ S0 |y = L[ 1 from Eq. (in)J
0 0 4
2na
o I'sin 0 N _
i, B = dn l L-m_ ] ma g | 5in ()
Il 0 = S [2na=0)
dn 2
0
i 1 sin 0
TS <na
ol
=5 2sn0a =}:‘~l‘aﬂ e a .
21 285 ©sin b =T from figure
~ L, 1 a?
B 2 (a2 + x3)3/2 ...(iii)

[ r°=al+x2 from f1gu1e]
If the coil has n turns, then

,nla?
B = 2 (aq + X-s) 372 Tesla " (iV)

This is requlrLd formula f0r the magnetlc fxeld mtemnty at the axis of current carrvmg solenoid.

u Eo74 Set B Q.No. 55] Derive an expression  for the force per unit Iength between two infi mtely Iong parallel

-

straight wires carrying current in the same direction. Hence define one ampere. [4]
Force Between Two Parallel Current Carrying Conductors:

When two parallel current carrying conductors are placed close together, they exert forces to each other.
Consider, two infinitely long parallel conductors X and Y carrying currents I; and I 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 X Y
current I; in conductor X is
I LA Al
_ Hoh >
b= - (i) -

I"— - i N
. ) ) . . . y 4 Tkl N
According to right hand grip rule, the direction of magnetic field is ( S Y \-<. %
. . IR s I Lt 1 'Y
perpendicular to the plane of the paper and is directed inwards shown in RN /b',
figure. T e g

~ -,

~ 1o

Now, conductor Y carrying current I, is placed in the magnetic field B,

produced by conductor X. So, force experience per unit length of conductor Y bt

is given by 4 Ok :: .
Bi L, . -

F“=L =B I, [F=BU] ) z\ \‘\’|\ /I;l"‘

[ B, (N R

) N3 -%l

Puttmg value of By, we get Sy

L :
Fy =E£’_12 per unit length <>

Accordmg to right hand rule, the force Fy is in the plane of the papc and is directed towards the
conductor X.
Similarly force per unit length on conductor Xis

_wohb

2nr

Agam by right hand rule, this force is in the plane of the paper and is directed towards conductor Y
as shown'in figure. Clearly, the force is such that conductors attract cach other and the force of
altraction per unit length is

polobil

2nr

This i required force acting between two parallel current carrying conductors.

One Ampere Current: Please refer to [2076 Set B Q.No. 1¢
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35.

R N

36.

37.

38.

39.

40.

|

rt law and use it to find magnetic

Y yi

[£073 Supp Q.No. 55 [2072 Set D Q.No. 5d State and explain Biot-Sava
due to a long straight current carrying conductor.
Please refer to [2076 Set B Q No_5d for the force petween two parallel cur
[2073 Set C Q.No. 5¢ State Ampere's law and deduce an expression
carrying wires.
First Part: Please refor to 2076 GIE Q. No 54
Second part: Please refer to (2074 Set B Q No. 54
2073 Set C Q.No. 5d| [2073 Set D Q.No. 5d What is Hall effect? Explain and dedu "
and Hall electric field.
Hall Effect: When a magnetic field is applied Y
to a current carrying conductor, a transverse En 0
voltage 1s developed across the specimen in b v‘«/—
the direction perpendicular to both  the Hall field O
current and the magnetic field. This effect is
calied Hall Effect.
Let us consider a rectangular conductor in
which current is passed in x-axis and magnetic field is applied in z-axis, then hall voltage or hall field
is developed in y-axis as shown in figure.
Let, current is passing along x-axis and no magnetic field is applied, the electrons drift in opposite fa
the x-axis. When magnetic field is applied, the electrons bends downwards due to Lorentz force. Asa
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 unil
the Lorentz force is cancelled by Hall field i.e.,

Hall force = Lorentz force

e Ey=ev,B,
or, En=v,B,
From Ohm's law, current density,

Jx = -nev,

=5/

ce expressions for Hall voitage

A

X
or, vy = ne

BZ X
Ex =——'L

= we(1) ‘
This is required hall field. If t be the thickness of specimen, then, h
B,J.-t

V=t -Ey=- ne ...(1)

all voltage v, is

which is required hall voltage.

pdﬁ Set D Q.No. 53 uExpfaih the niagh;tig effect on a PP . e

- current ¢ H = p
expression for the torque on the coil. arrying rectangular coil. Hence obti?
Please refer to [2074 Supp Q.No. 5d|

[2075 Supp G.No. 51 Find an expression for the magnetic field ial 1i I
) on the axial line of a current carrying circut

Please refer to [2074 Sel A Q.No. 6q

2072 Set C Q.No. &d Derive an expression for the force p
parallel metallic conductors carrying current in the same
current carrying conductors attract each other?

er unit len

direction 9th acting on each of the two straidlt

and kept near each other. Why do §

First Part: Please refer to 2074 Sel B Q.No. 6b] u

Second Part: The current carrying conductors in same

directioy
force produced between them. )

attract each other due to m,‘,g“enf

a. [zo72' Set E Q.No. sﬂ'De'rIQe an eipmildn for the forvce”par unit |

RN

ength beres - —4]
conductors. 9 bet‘"een two parallel carrent carn’“‘g|
Please refer to [2074 Set B Q.No. 5b _ m
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42, 2071 Supp QNo. 5o Derive an expression for the force ' : _
i irech per unit length between parallel conductors carryin
current in the opposite direction, Y p ry [43
™ Force between two unlike parallel current carrying conductors
\‘:'l‘:\u tL\\::‘ :::::—lh(l\: :nlw:}l carmang conductors are placed close together, they exert forces to cach
;\ - \:‘;‘ti\-‘\l\: n:tho 0\‘ \u\ ‘:l\llil‘l} lpng parallel conductors X and Y carrying currents I and 13
% . Ppasite direction. Let the two conductors are separated at distance r in the plance
ot paper.
s : o N Y
The umgn‘lludo of magnetic field at any point on the conductor Y due to
current Iy in conductor X is

ol
B\=%—l ()

—
-—ik

Hy

y O - . 3 S . N \ “ia " N . . X
According & r‘ls,hl hand grip rule, the direction of magnetic field is perpendicular to the plane of the
paper and is directed outwards as shown in figure.

~ ’ ¥

TOW . (O ~ ~ " 11T e N N 1 1 4
Now, conductor Y carrving current 1, is placed in the magnetic field Bx produced by conductor X. So,

torce experience per unit length of conductor Y is piven by

LN .
Fh==7—=B.l: [ F=Bll]

Putting value of B,, we get
Lo [l
F == [\
VU2 G

According to right hand rule, the force Fy is in the plane of the paper and is directed opposite of the

conductor \.
Similarly, force per unit length on conductor X is
Elu ll l:
By ="
&Ir
Again, by right hand rule, this force is in the plane of the paper and is directed opposite conductor Y
as shown figure. Clearly, the force is such that conductors repel to each of the other and the force of

repulsion per unit length is

F = lh\ I] l:
2xr
which is force of repulsion per unit length acting between two long current carrying wires.
43. 2071 Set D Q.No. 5 d State and explain Ampere's theorem and use it to calculate the magnetic field due to a

[4]

long solenoid.
w  Please refer to 075 GIE Q No_ 54
u_ﬁom Sup (Set A) Q.No. 5 b 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]
N Magnetic field on the centre of a long solenoid: Consider a long solenoid of radius a having n
number of turns per unit length. When current I flows through it, magnetic field is produced inside it.
To find out magnetic field produced by if at a point P on the axis of the solenoid, let us consider an

element AB of length d/ which makes angle 0 with AP =r.
Let the element d/ makes angle d0 at P which is as shown in figure. Since, magnetic field: produced by

l] . - . . .
“‘;l sint). So, magnetic ficld produced by the element nd/ at point P is given by

single coil is, dB = w
voY g
dB =‘ul.",# sint n d/ - (1) elojeloilololc ROOOOEOEOO
I

F - — E-C—

rom AABC, sin 8 = AB

cdl == ‘
sin g = 148 {
dl - BC=rdo

(olofololololelolblololelelolololelololoNolol0
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rdo
b= sin ()
Using value of d/ in Eq. (i), we get
la - dO
dB = Lj? sin O n 1_1:\-6
[a
aB === q0 (i)
Agam, from AADP,
) a i
sin@ =T [If point A is close to point B, AP = BP = 1]
I U
O ¥ sin O
Putl'mg value of rin Eq. (i), we get
_lo l an dﬁ Hon lsin 6 dO
ne="————->—— .- (i)

2

If the radu of the coil at its ends subtend angles ¢; and ¢. at P, then to f1nd out total magnetic field

produced by the solenoid at point P we have to integrate Eq. (iii) from ¢ to 2.
$¢2

de =‘@‘2‘— [ cos 6] 4

ie.B _Ianlsm@dB p onl

> I,,, sin 0

Llo nl

(cos ¢ - cos ¢2) ... (iv)
If the point F' inside a very long solenoid is so long that we may regard, it is an infinite, then ¢, = 0°

and ¢, = m. So, Eq. (iv) becomes,
pnl
B O (cos 0° - cos ) —L(l 1)
B =ponlTesla
This is required magnetic field due to long solenoid.

At the end, 0, = 90°, 0, = &, then

L ponl  ponl
Be 5 - 1="%"

45.

RN

46. poT0SetC Q. No. 5 d] Describe with the help of a diagram, the principle, construction and working of a movi

-

[3070 Supp. ;S;t B) Q.No. 5 b] State Biot Sévart law. Use this Iaw to find the magnetic field mtensuty due to a
current carrying straight conductor at a distance 'd" from it. [

Please refer to |2076 Set B Q.No. 5d
"9

4

coil galvanometer.

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
L8 - -~

magnetic field.
Construction: It consists of a rectangular coil abed of o

length / and breath x and having N number of turns
of insulated copper wire, wound on a non- magnetic
metallic frame. The coil is suspended in a strong
radial magnetic field, B set up by two cylindrical
strong permanent magnetic poles, NS. A cylindrical
coré}‘of'soft iron is fixed to the frame at the centre of

Calibrated scales

Aluminium pointer =11

Phosphor bronse wir¢

Cylindneal soft

the coil.
The current is passed into and out of the coil won core
through the suspension coil at the top and the

N

bottom as shown in figure.
Theory: If current, 1, is flowing in the coil, the two
forces are acting in the coil such that they produce

<«—har spnng




or,

or,

47,

48,

49,

50.

§1.
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torque on the coil. If 1 is the length of coil, then F is
given by,

F= Bl (lis perpendicular to B)
Tbcsc' forces F, at two sides are perpendicular to the plane of the coil and acting in opposite
directions. So, tilie_v produce torque, the torque acting on each turn of the coil is Torque = one of the
force » perpendicular distance between two forces.

=F.x (" x is width of the coil)

=Bl x=BIA; (. Ix=Aisarca of the coil)

Therefore, total deflecting torque, acting on N turns of coil is = BINA.

A restoring, torque, due to the twist in the suspension wire, acts on the coil. Let, K be the restoring
torque per unit twist (or torsional constant) of the suspension wire. Then, the total restoring torque
for twist, 0, 1s KO,

For the equilibrium of the coil,
deflecting torque = restoring torque

BINA = K0
K
I =FAN"

0 wl, sinceK, B, Nand A are constant for a galvanometer
i, deflection,0, is proportional to the current, 1 Therefore, the equal divisions in scale show the
equal steps in current. Thus, the deflection over the scale can measure current values.

2070 Set € Q.No. 5 d What is Ampere’s circuital law? Use this law to derive an expression for the magnetic
field due to a long solenoid carrying current (4]
Please refer to 2075 GIE @ No_ 5d

[2070 Set D Q.No. 6 d Find an expression for the force per unit length between two long parallel conductors
carrying currents and hence define one ampere (4]
Please refer to 2074 Set B Q No 5t

2069 Supp Set B Q.No. & ¢ State and explain Biot Savart law to find the magnetic field due to a current
carrying solenoid at its centre. - (4]

Biot's and Savart's law: Please refer to 076 Set 8 Q No 59
Second Part: Please refer to 070 Sup (SetA) QNe 54

2069 (Set B) Q.No. 5d] State and explain Biot-Savart law to find magnetic field due to a long straight current
carrying conductor. (4]
Please refer to 076 Set 8 Q No 5d

[2068 Can. Q.No. 5q State and explain Ampere’s theorem and hence use it to find the magnetic field due to a
long solenoid carrying current |. (4]
Please reter to 2075 GIE Q No 54

[2068 Old Can. Q.No. 7a OR] State and explain Biot-Savart law and hence use this law to find the magpnetic field
due to a long straight current carrying conductor. [143]
Please refer to P076 Set B Q No. 59 7 o

067 Sup Q.No. 5o State and explain Biot-savart law and use it to find magnetic field due to a long straight

current carrying conductor. , [1+3]
Please refer to 076 Set B Q No_59 o ) - o

Find an expression for the magnetic field on the axis of a solenoid, carrying current, using
Ampere's law. [

Please refer to 2075 GIE Q No. 59

- 27 Ol ane 74 Obtain magnetic field strength at a point on the axis of circular current loop by using Biot

and Savart law. v
Please refer o Po74 SetA Q No 5d




160 / A COMPLETE NEB SOLUTION TO PHYSICS - X eld at the Centjeron;.

ic f
. d the magnetic i
nd X ")

56. [2066 Supp Q.No. 7a] State and explain Biot-savart law. Use it to f
circular coil of N turns and carrying current |.
= Please refer to [2075 Set A Q.No. 5al

o0 par
57. [2066 Q.No. 7 4 Derive an expression of force per unit length between two p 0
distance ‘r’ and carrying currents |y and Iz in the same direction. ; :

~  Please mfcr to [2074 Set B Q.No. 5b)|

ication. 247
58. lioss QNo.7 a OR] State and explain Biot-Savart law with a case of its applicati ]
w Please refer to [2075 Set A Q.No. 53]

- S intensity at any point |
59. State and explain Biot-Savart law. Use this law to find the magnetic field ty Y point |

allel conductors separated by}

: (143
due to a long straight current carrying conductor. I |
w Pleasc refer to [2076 Set B Q.No. 5d e _ .
60. 2063 Q.No. 7 g Find an expression for torque on rectangular coil in a uniform magnetic field. 0]

= Ple(m refer to [2074 Supp Q. No. 5d|

61, tzoss Q.No. 7 a ORl léoss QNo. 7 a OR] What is a Helmholtz coil? Derive an expressnon for the magnetnc ﬁeld
due to this coil. [4

w  Helmholtz coil: Helmholtz coil is a combination of two coaxial parallel coils having,

same radius, same number of turns & same current in the same direction.
TR2

The field along the axis of a single coil varies with the distance x from the coil.
In order to obtain a uniform field, Helmholtz used two coaxial parallel coils of
radius R, separated by a distance R. In this case, when the same current flows
around each coil in the same direction, the resultant field B is uniform for same

distance on either side of the point on their axis midway between the same
coils.

For two coils, the magnitude of the resultant magnetic ficld B at the midpoint P
can be given as

poNITRZ N IR?

~ /R\2 T R2+4RD\2
2((5) e (F55)

Discussion on Helmholtz coil:

The variation of B on the two sides of the coil with x is'as show
\! L
y 4 ' nin figure (i). Thus, the magnetic field
due to a coil is not uniform.

Y2 LN . to N1

B=2x R =042 R

1
5

B Resultant field

O
e
Iig. for a single coil

Ig. for a helmholi= coil
But for Helmholtz coil, the resultant field B is uniform for some

distance on eithe
their axis midway between the coils. ! cithe

r side of the point o
Here the decrease in the field due to one coil is balanced by the j

INcrease s 5
coil. 'crease of the field due to the other
Hence the field remains uniform over a considerable region on either sig
side
62. [2062 Q.No. 7 a State and explain Biot-

Savart law and hence use it to finc -
point due to a long straight conductor. Ind the magnetic field inte
' S Please refer to 2 FJ?G Set B Q.No. 59

Iz

Of the point x

N

nsity at 5‘,‘)'

63. m 2061 Q.No. 7 3 Derive the formula for the magnetic field at a

point due tg 2 Lo — g
conductor using Biot-Savart law. €10 along straight current carryi™

" w Please refer to [2076 Set B Q.No_5d : _ 4l

[
| R
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3 State and explain Ampere's theorem and hence use it to find the magnetic field intensity due
to a Iong current carrying solenoid. [143]

- Plcasc 1cfel to 2075 GIE Q.No. 5d

65'.. Derive the formula for the magnetic field at the centre of a circular coil carrying current.

Explaln why the magnetic field at the centre of the coil disappears when the circular coil is made mfmltezy]
. large. [
w First part: Please refer to 2075 Set A Q.No_54)

gy NI

The magnetic field at the center of a circular current carrying coil is given as B = 27 e, Bo
This shows that it the coil is infinitely large, the radius becomes infinite and B becomes zero.

66. m 2057 Q.No. 7 4 Derive an expression for the magnetic fleld at a point due to a long straight conductor

carrying current. (4]
» Please refer to 2076 Set B Q.No. 54
67, Explain in brief, the motion of an electron moving normal to a magnetic field. [2+3]

w Force on an electron moving in a uniform magnetic field:
When an electron moves in a magnetic field, it experiences a force called Lorentz force as it was given
by Lorenz. Let an electron of charge e is moving with velocity v making an angle 0 with magnetic
field B then the magnitude of the force F on the electron is directly proportional to the strength of the
magnetic field B, ie., FoB; directly proportional to the electronic charge; ie, F a e directly
proportional to the speed of charge; i.e., Fa v; directly proportional to the sine of the angle between v
and B; i.e, Fu sind. .

Combining all equations we get,

F o eBvsin0

F = keBvsinf), where k is proportionality constant whose value
is found to be 1.

so, F = eBvsin

Vectorically F-= e(7 x B )
Special Cases:
i.  When electron is moving in perpendicular direction to the magnetic field

0 =90°, F = Bev sin 90° = Bev; maximum force.
ii. When electron is moving in the direction of the magnetic field

0=0° F = Bev sin0 = 0, minimum force.
Direction of Force (Fleming’s left-hand rule): It states that, "If the thumb, fore finger and middle
finger of our left hand are stretched mutually perpendicular to each other such that the middle finger
points to the current direction, the fore finger points to the direction of magnetic field, then the thumb
points to the dnectmn of the fmce exper ienced by the conductor."

68. [2056 Q.No. 8] Derive an expression for the magnltude of the magnetlc flux density at the center of a narrow
circular coil. [4]
w Please refer to 2075 Set A Q.No. 53]

69. State Biot-Savart's law and obtain the expfession for the magnetic field at the centre of the
circular coil. (5]
w Please refer to 2075 Set A Q.No. 5a

Numerncal Problems

Eon SetB Q.No. 9b] Two galvanometers which are otherwise identical, are fitted with different coils. One has
a coil of 50 turns and resistance 10Q while the other has 500 turns and a resistance of 600¢. What is the

: ratio of the deflection when each is connected in turns to a cell of e.m.f. 25 V and internal resistance 50Q? (4]
olution

Given,
N, =50 turns R, =10Q
N2 =500 turns R,  =600Q
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E.=25U r=50Q :
i3 ilibrium condition -
We know that for a galvanometer at equill

Deflecting torque = Restoring torque
e, BINA = Ko

where,

B =Magnetic field intensity

1 =Current in the galvanometer
N = Number of turns

A= Arca of coil of galvanometer

0 = Deflection

K = Torsional constant

For hirst galvanometer,

BI,N,A = K6, and  E=L({R+1)
Ko, __E
or, l|=m : ) h=R+1
KO, _E LI
BNVA™ R, +1 o (@)
Similarly for second galvanometer
Ko, _E .
BNZA‘R:"‘T ...(ll)
Dividing equation (i) and (ii) we get
Ko, E
BN]A Ry+r
Ko,  E
BN-A Rot+r
O Ny Retr

102XN|_ Ry+r
b (fae) N
Or’U-)_ Ri+r N,

(600 + 50) 50
“\10+50 ) * 500

71. [2076 Set C Q.No. 9b] A flat silver strip of width 1.5cm and thickness 1.5mm carries a current of 150A./

magnetic field of 2T is applied perpendicular to the flat face of the strip. The emf developed across the widt
of the strip is measured to be 17.9uV. Calculate the free electron density in the silver. [
w Solution

Given, -
Width of silver strip (b) = 1.5 cm = 1.5 x 102 m
Thickness of silver strip (1) =1.5mm =15 x 10 m
Current (1) =150 A
Magnetic field (B) = 2T
Hall voltage (Vi) =179 uV =179 x10+V
Electran density (n) =?
Charge (ey = -1.6 x 10-°C
We have,

BJt

—

7= _
Vm ne

B-1-t 2x150 x 1.5 x 103
i e T, T \
Vam-€- A 179 x10*x1.6 x10-9%x 1.5 x 102x13 10 = 6.98x102 m-?

or, n
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nd — : csur r':nst"::fs\zir:: has 1 x 10% free electrons per cublc meter, a cross sectional area of 2 mm?
- Calculate the force acting on each electron if the wire is now placed in a

?ggn:uc field of flux density 0.15T which is perpendicular to the wire. 4]
yiven,
No. of free electrons (n) = 1 x 100 /2
Cross-section area (A) = 2mm?2 = 2 x 100 132
Current (1) =5A
Flux density (B) =015T
Force on electron (F) =?
Now,
Dift velocity, vy = ﬁ A and
Force, F = Bevy
1 _BL
enA  nA
____015x5
1x10% x 2 x 10-0
=375x10-5 N
075 Set B Q.No. 9b] [2061 Q.No. 7 b] A horizontal straight wire 5 cm long weighing 1.2 gm-' 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 Q m-, calculate the p.d. that has to be applied between the ends of the wire to make it just
self-supporting. [4]

= BO

Solution

Given,

Length of wire (I) = 5cm =5 x 10 m

Weight per meter = 1.2gm

Total mass of wirc (m) =1.2x5x10-2gm
= 0.06gm
=0.06 x 10-3kg

Flux density (B) =0.6T

Resistance per meter = 3.8Q

Total resistance of wire (R) = 3.8 x5 x 10-2Q
=0.19Q

Potential difference (V)

Now,

To make the wire just self supporting,

Weight of wire = Magnetic force

=7

or, mg = Bll sin90° [* 0= 90]

V
or, 0.06 x 10 x 9.8 = 0.6 % T 5x 102

V
or, 0.588 x 10-* = 0.03 x 019

4. 2074 Set A Q.No. 95 A siréigﬁt horizontal rod of Iength'2

V =37x10"%V
Hence, the required potential is 3.7x-10~ Volt. -~
A Ql 0 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
(4]

in the magnetic field, calculate the magnetic field.

Solution

Given,

Length of rod (1) = 20 cm = 0.2m
Mass of rod (m) =30 gm = 0.03 kg
Current (I) = 2A
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Angle (0) = 90°
‘Magnetic field (B)=?

' e
) X Joht of the wire,
For self supporting, magnetic force is equal to the welg
Le.

Magnetic force = Weight
or, Bl /sin0 = my
or, B x2x0.2xsin90° =0.03 x 10
B=075T

75.

{2074 Set B dNoﬁl A coil consistiﬁg of 100 c_iré4u|é'rﬂ ibops with radius 60 cm carries a current of 54, Find g,

= -7
magnetic field at a point along the axis of the coil, 80 cm from the centre. (o= 4107 TmiA) U
Solution :

Given,

Number of circular loops (N) =100
Radius (R) =60 cm = 0.6 m
Current (I) = 5A
Distance (x) =80 cm = 0.8 m
Magnetic field (B) =?
We know,
. poNIaZ
2(x2 x a?)3/2
41 x 107 x 100 x 5 x 0.62
=T 08 roeyvz - 1BX100T

B

76. [2073 Supp Q.No. 9] A straight conductor of length 5¢cm carries current of 1.5A. The conductor experiencesi
magnetic force of 4.5%x10-3N when it is placed in a magnetic field of 0.9T. What angle the conductor makes
with magnetic field? "

Solution
Given,
Length of conductor () =5 cm = 0.05 m
Current in conductor (I) =1.5 A
Magnetic force (F) = 4.5 x 103 N
Magnetic field (B) =09 T
Angle (0) =?
We have,
F = Bllsin0

or, 4.5%10-3=0.9 x 0.05 x 1.5 x sin6

or, sin6 = 0.067

. 6=384°

77. [2073 Set D Q.No. 95 A circular coil has 100 turns and a mean diameter of 20 cm. It carries .a-cu"eh't of A
Find the strength of the magnetic field at a point on its axis at a distance of 15 cm -fro the centre of thé

Solution m thec

Given,

No. of turns of coil (n) = 100 turns.

Diameter of coil (D) =20 cm

20)
Radius of coil (r) = 5 10em=0.1m

Current in coil (I) = 5A
Distance (x) = 15cm = 0.15m
Magnetic field (B) =7 A
Enlr2 4w x 107 %100 x 5 x(0.1)2
B = 202 # 12)3/2 ~ 2(0.152 + 0.12)3/2 =

6.28 x 10+
00117 =537x71047T

s i



e MAGNETIC EFFECT OF CURRENT [ 165
. A horizontal wire, of length 5 cm and carrying a current of 2A, is placed in the middle of

along solenoid at right angles to its axis. The solenoid has 1000 turns per meter and carries a steady current

|. Calculate | if the force on the wire is equal to 10 N (o = 4n x 107 H m-) , (4]
solution '

Given, ,

Length of wire (/) = Scm =5 x 102 1

Current on wire (1) = 2A

No. of turns of solenoid (n) = 1000 turns/ meter

Force on wire (F) =104 N

Current on solenoid (1) = ?

We have,

F=8Bl.1

or, F=pon Iy ! [B=ugnly]

or, 10 =4a x 107 %1000 x I, x 2 x 102 x §
or, k=08 A

79. Fzﬁﬁ‘sa D 'Q.No. 9b] 2071 Supp Q.No. 9b] [2067 Q.No. 'sb] The coil of a inoving coil galvanometer has 50 tumns
and its resistance is 10Q. It is replaced by a coil having 100 turns and resistance 50. Find the factor by

which the current and voltage sensitivities change. 14]

Solution
Given, “Similarly 1
For Initial condition; For final condition; 1%
No. of turns(N;) =50 No. of turns (Nz) =100 ;
Resistance (Ry) =10Q Resistance (Ry) = 5092 :

Now, current sensitivity of first coil is,

(_Q_) _BN]A
). k

Also, current Sensitivity of second coil is;

(g) _BNLA
1)." K

Then, ) f
(g_ BN2A
0. 5 n |
o =BNA _ Ni 50 °
(l)l k

The current sensitivity will increase by 2 times. : ;
Again, voltage sensitivity of first coil is:

(2_ _ BN]A
V/i1 T k#Ry
Also, voltage sensitivity second coil:
(g_ B BNz/\
V)2 kxR
Then;

e — iy —

Hence, the voltage sensitivity will increase by 5 times.
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80. [2072 Set E Q.No. 8¢ A 60 cm long wire of mass 10915 SU?:IZulate the curren
of flux density 0.4T through two springs at its two ends.
wire so that there is zero tension in the springs-

Solution '
Given,
Length of wire (/) = 60 cm = 0.6 m
Mass of wire (m) = 10g = 10 x 10-3 kg
Magnetic flux density (B) =04 T
Current in the wire (I) = ?
For no tension in the wire, the weight of wire
Weight of wire = Magnetic force
or, mg = Bl
or, 10x10-¥x 10=04 x I x 0.6
or, 0.1=0241

;o0
or, 1= 0.24

. v - C ce 1.C,,
l“ust 1,( ((Ill(ll l(’ lh( m |gl|( tl( l()l 2 >

Lo 1RORAL et 0cm s placed perpendiculry
81. 2071 Set C QNo_3 B A horizontal straight wire of mass 0.12 gm and length gl sy Qnoﬂ,
uniform horizontal magnetic field of flux density 0.6T. If the resistance per cllmlf thegwire o make' b j;m ’
calculate the potential difference that has to be applied between the end 0 sl
supporting. n
Solution
Length of wire (/) =10 cm = 0.1m
Mass of wire (m) = 0.12 gm = 0.12 x 10-* kg

y
i
s |
1
B |

Magnetic flux density (B) =0.6 T ]
Resistance of wire (R) =3.8 x 0.1 Q =0.38 Q !
p.d. between ends of wire (V)= ? '»Ak,
We have, for self supporting, ‘1}
mg = Bl sin 90° ]
V ‘1
0.12x 103 x 10 = 0.6 x 1z x 0.1 x 1
- <0 = _\_/_ :
or, 0.12x10-2=0.06 x 3¢ 1

or, V=76 x103V ;1
82. [2071 Set D Q.No. 9 a A copper wire has 10% free electrons per cubic meter, a cross sectional area of 2mj
and carries a current of 5 A. Calculate the force acting on each electron if the wire is now placed lnj
magnetic field of flux density 0.15 T which is perpendicular to the wire.

Solution ]
Given, §
No. of free electrons (n) =1 x 10% /m? ,
Cross section area (A) = 2mm? = (2 x 10-°) m?
Current (I) = 5A 1
Flux density (B) =0.15T ;
Force'on electron (F) =? 3
Now, ;

I
Drift velocity (V4) = _e_nT\.

. _1 Bl 015 x5 -
F =BeVa=Be gr="" =Tx109x2x 10> - 375 x10-%N

33[2770 «s:ab"(Set A) Q.No.ﬁwﬁw‘) Idhg parallel conductors carfy 'reSpectively currents of 12A and gA in.
same direction. If the wires are 10cm apart, find where a third parallel wire ajsq carrying a current m bt
placed so that the force experienced by it will be zero. g (U

Solution

Given,

|
7

|
a
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Current in first wire (I)) =12 A /
Current in second wire (I;) = 8A y
Distance between wires =10 cm = 0.1m /
Position of third wire = ?
Let us consider A and B are two wires carrying currents 12A and 8A are placed at distance 0.1m part.
A third (I‘Ondut‘tor Cis placed at x distance from A such that force on it is
ol Ll(\lg[
Fi= g 0 Fa = 27(0.1 -x) A C B
According to question, Fy - F, = ()
or, i=F g )
pwolil — — welal
2nx  2m(0.1 -x)
I, 12 A 8 A
- «—X—>
0.1-x
8
e 01-xX @ i(—O.]m-—;l
or, 1.2-12 x = 8x
or, 1.2=20x

5 ==

1.
or, X =?O' =0.06 m

. The third wire is kept at 0.06 m from first wire A such that it experiences no force.

84. 2070 Supp. (Set B) Q.No. 9 b| 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 10-1°C) [4]
Solution
Given,
KE of electron (Ex) =10 eV =10 x 1.6 x 10-19]
Radius of orbit (r) =11 cm =11 x 10-2m
Flux density of magnetic field (B) = ?

Now,
S
E. = 5 mv2
2E, 2x10x1.6x10-1 R
or, v.. =7\ /‘;{' =‘\/ 91 % 103 =1.87 x 10°m/ sec
Again, ;
Bey = mv?
ev="""
1 % 10-31 x 1.875 x 10°
i B e B men el K =97x105T

er 1.6 x 10-19 x 11 x 10-2

85. (2070 Set D Q.No. 9 b] 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 pV is developed between the edges of the slab. Find the concentration of the
mobile electrons in copper. : [4]

Solution
Given,

Thickness of slab (t) = 2mm = 2 x 10-*m
Width of slab (b) = 1.50cm = 1.5 x 10-?m
Magnetic flux density (B) =040 T

Current in slab (I) = 75 A

Induced voltage (Vu) = 0.81uV = 0.81 x 10-*V
No. of electron (n)=7?
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We have,
_ 1B
" et

or,

" lice of indium antimonide
86. 2069 Supp Set B Q.No. 9 o [2069 (Set A) Q.No. 9] nﬁ,tsy 0.5 T, correctly appl:et:je .TA
thick and carries a current of 150 mA. A magnetic field of flux Calculate the number of free chgy, %
maximum Hall voltage of 8.75 mV between the edges of the slni:;e Gec;
per unit volume assuming that each have a charge of 1.6 x 10
Solution
Given,
Thickness (1) = 2.5mm = 2.5 x 10-3m
Carrent (I) = 150mA = 150 x 10-3A
Magnetic field (B) = 0.5T
Hall voltage (Vi) =8.75mV = 8.75 x 103V
Electronic charge (e) =-1.6 x 10-°C
Electron density (n) Ll
Now,
We have,
Ev _ 1
B] " ne
Vy 1 V
or, _—thx] e ['_.’E=’a']
Vyt2 : 1 o d
L S Bxl T ne " [J=a=Tel
BI 0.5 x 150 x 10-3 D i S
O T T Vet T 875 x 107 x(<1.6 ¥ 10-19)x25 x 103~ 35 x 10-2
n =214 x 102 '
Hence, the requn ed numbu of hee charbe carriers is 2.14 x 102 m™. ’
87. [2069 Supp Set B Q.No. 9 b| A copper vwre has 1 x 102 free electrons per cubic meter and crossectlonal e
2mmZ carries a current of 6 A. Calculate the force acting on each electron if the wire is now placed in unifo
magnetic field of flux density 0.1 T perpendicularly.
Solution '
Given, _
No. of free electrons (n) =1 x 102 /m?
Cross section area (A) = 2mm? = (2 x 10-0) m?2 1
Current (I) = 6A
Flux density (B)=0.1T -
Force on electron (F) = ? 5
Now, ' ‘
|
Drift velocity (Vo) =7 ;
I Bl 0.1%6 4
F =BeVa=Be QA =TA ~Tx 10 x2x 10+ ~ 2 ¥ 10-% N .
88. ﬁ)ss (Set BlQNo 9a) An alpha particle makes a full rotation in a circle of radius 1.0 meter in I "ﬁ
Calculate the value of magnetic field induction at the centre of the circle. (mo=4n x 107THm™)
Solution

T Vet T 08Lx 100 x 1.0 x 109 x 2 x 10

Given,
Charge of a particle (q) = 2e
Time (t) = 2.0 sec

Radius (r) = 1.0m .
Magnetic induction at centre (B) = ?
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We have,

_ ol _Ho g _po2e  d4nx10-7x2x1 guqq- 1o
= dmA07x2x1 6x10-10

= 21‘ . 2|'~ (= 2!'( B 2,(2)(] T]() 7:;»]~
[2069 (Set A) Old Q.No. 7
¥ Z;en(t of 4)50 : f?&:: ? A copper wire 28m long Is wound into a flat cireular coil 8.0¢m in diameter. If the
Sl ' rough the coil, what is the magnetic induction at the centre? [1+2+1]
Given,

Length of copper wire (/) = 28 1
Diameter of circle (d) = 8.0 cm = 0.08 1
Current (1) =45 A
Magnetic field intensity (B) = ?
Now,
Length of circumterence

M

C ==x. ‘1=‘7‘ X008 =025 m

tn of o A 28
No. of turns of coil (N) = ¢ 0. - 112
CBoNI drx 107 x112x 4.5
Then, B = _21. = 2% 0.04 =78x103T

90. A coil consisting of 100 circular loops with radius 0.60m carries a current of 5 A. At what

distance from the center, along the axis, the magnetic field of magnitude 1/8 as great as it is at the center? [4]
Solution

Given,

No. of circular loops (N) = 100
Radius (a) = 0.6m

Current (I) = Sampere

Now, we have,

oNI
Magnetic field at the centre = ‘%

Also;
1oNla?

Magnetic field at distance x from the centre =" a2 + X2

According to the question;
poNIa2 1 : poNI

2@2+x2)2 ~8 ° 2a
or, 8a% = (a2 + x2)3/2

or, (2a)® = (‘\/a2 + x3)3
or, 2a = '\/32 + x?
or, 220.6 =\/U.36 + x2
or, x2 =1.08
Sox o =1.04m
Hence, the required distance is 1.04m.
91. 2068 Can. Q.No. 9b] A long wire carrying a current of 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 (1) = 10A
Magnetic ficld (B) = 5Tesla
Length (/) =2m
Force F) =7
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We have,

F =BIIsin90° =5 x 10 x 2 x 1 = 100N

Hence, the required force is 100N,
92 A wire carrying current of 10

What is the force on the wire if it is placed at 60°
Solution

Given,

Current (1) =10A

Length (/) =2m

Magnetic field (B) = 0.34T

Angle (0) =60°

Force (F) =7
- Now, we have;

F = Bl/sin0

=0.34 x 10 x 2 x sil}()()°
F =588N o
Hence, the required force is 5.88 N.

Aand 2m in length is placed in a field of flux density g 3,2
and 2m .34
to the field?

Qaa
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C Chapter 2: Magnetic Properties of Matters

ghort Answer Questions

[2075 GIE Q.No. 1¢] 2074 Set A Q.No. 1d] Why is soft iron preferred for making the core of a transformer?  [2]

he soft iron has narrow hysterisis ;
a The ¢ rrow hysterisis loop and henee low coercivity and high remanence which means

]

hat it can be casily magnetize N Tlyat - ;
that it c: asily m -},' ctized and demagnetized. That is why, soft iron iy preferred to make core of
transformer of high etficiency,

5 [2075 Set B Q.No. 1¢ What is the significance of the area of a hysteresis loop? (2]

~

A bro:ad h_\'Sl't‘l'L‘-\'lS toop with high values of retentively and coercivity is characteristic of suitable
material for ‘? permanent magnet as a greater work ln{wl be done to -chnny(' its magnetization ie.
more energy is required to damage its magnetic properties. For example, stevlf 1

[2074 Supp Q.No. 1d] Permanent magnets are made of steel. Why? ” (2]
The sha.pc and size of hysteresis loop is characteristic of each magnetic material. A broad hysteresis
loop with high values of retentivity and coercive force is charaz‘terislic of suitable material for a
permanent magnet as a greater work must be done to change its magnetization. This property is
observed in steel and so, steel is used to make permanent magnets. However, a material having
narrow hysteresis loop is _suitable for transformer: cores which undergoes many cycles of
magnetization. Soft iron has smaller hysteresis loop, it has very low coercivity and higl; remanence
which means that it can be easily magnetized and demagnetized. So, soft iron core is used in
transformer core as the loss of energy is less and the efficiency of transformer is higher.

4. 2074 Set A Q.No. 1d What is angle of dip? How is it related with cbmpbhehté of earth's magneti& field? [2]

=

5.

= Please refer to 2074 Supp Q.No. 1d]

Angle of Dip: The angle made by a freely suspended magnet or magnetic needle with horizontal
component of earth magnetic field ata place is called angle of dip. It is denoted as § and given by

"
tann—H,

where V and H are vertical and horizontal components of earth magnetic field respectively. If V = H,

6 =45°.

[2673 sl}pp Q.Né. 1d Eo'esr (Set A) Q.N&. 1c;|ﬂSte‘eI is used in making Vpermanent magnets where as soft iron ié
preferred for making the core of transformer. Why? [2]

6. [2073 Set D Q.No. 13 How do you expect about the directions of horizontal and vertical components of earth's

W

1.

magnetic intensity at pole and at equator? Give justification in terms of angle of dip. [2]
The horizontal component (By) and vertical component (B,) of earth magnetic field in terms of total
earth magnetic filed (B) and dip angle 6 are given as; :
By =B cos 6 .. (i)
Bv=Bsin 6 ... (ii)
At equator, 6 = 0°, Byy = B; maximum value

By = 0; minimum or zero
Atpole; 6 =90° By = 0; minimum or zero

By = B; maximum valuec.
This shows that the horizontal component of earth magnetic field is maximum at equator and

minimum at pole while vertical component is maximum at pole and minimum at equator.

ligé Supb Q.No. 1d| 2071 Set D Q.No. 1_d| Why should the permeability of a paramagnetic material be
expected to decrease with increasing temperature? 2]

A The degree to which the magnetic lines of force can penetrate the magnetic substance placed inside to

magnetizing ficld is called permeability of that substance. The permeability (i) of the substance is

given as i = [ where B is magnetic induction and H is magnetizing field. When the temperature of

Paramagnetic material increased, the alignment of molecular magnet disturbed and the value of

magnetic induction B decreases as a result, p also decrease.
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8. Ro e rromiaél;éti(-:. material?

8. tzon Set C Q.No. | 1El What is retentlvity and coerclvlty Jofafe | 3 ]
field in the

——

= Retentivity:  The induced magnetic

S
ferromagnetic material at which the magnetizing field i B Va
R,
reduced to zero is called retentivity or remanance of R

ferromagnetic material. In the given figure of hysteresis

loop, OR or OE at which external magnetic field or He
magnetising ficld is zero but induced magnetic field is not AT (0 7 F —H
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 D

the given figure, OC = Hc is the coercive force or coercivity. 1
- Fig: Hysteresis Loop

?. [2072 Set D Q.No. ﬂ Define angle of d|p What will be its value at a place where the horizontal and vertic;
components of earth's magnetic field are equal? [
= Please refer to 2074 Set A Q No 1c|

10. (2071 Supp QNd 1e| What is the role of hysteresns Ioop in choosmg a material for making permanen
magnets? [
w  Please refer to {2075 Set B Q.No. 1¢] :

1. [2070 Sup (Set A) QNo. 1 d| Distinguish between dia and para magnetlc substances on the baslsu
susceptibility. f
= The magnetic susceptibility of a magnetic material is defined as the ratio of the intensity ¢

magnetization (I) to the strength of magnetizing field (H). It is denoted by y and is given b
‘1
=4
The magnetic susceptibility of a diamagnetic substance is small and negative, paranmghctic materil
is small and posmve while that of fermmag,nonc material is very high and pnsmvu

12. 2070 Set o o No. 1 ¢ The magnetlc susceptubmy of a paramagnetic material is quite strongly temperatur
dependent, but that of diamagnetic material is nearly independent of temperature. Why? [

» The magnetic susceptibility of magnetic material depends upon the magnetic moments. Th
paramagnetic materials have permanent magnetic moment whercas the diamagnetic materials hav
zero magnetic moment. In paramagpnets, the alignment of magnetic moment gets disturbed due't
increase in temperature. As result, the paramagnet loses its magnetic properties. Due to this reasol
the magnetic susceptibility of a paramagnetic material is quite strongly temperature dependent, bt
that of dlamagnetlc material is nearly mdependent of temperatur@

13. Lss Supp Set B Q.No. 13] Define an angle of dip. What will be its value at the poIe of the earth? 7 [
w  The angle made by a freely suspended magnet or

magnetic necdle with horizontal component of earth Angle of dip

magnetic field at a place is called angle of dip. The i

resultant magnetic field is along the inclined Horizontal direction

direction of the magnet so the angle of dip is the along the magnetjc

: . mendi;
angle between the resultant field and the horizontal. R

It is denoted by §. At equator, the value of angle of
dip is zero and the angle of dip at poles is 90°. Thus,
value of angle of dip increases from equator (where
it's value is zero) to poles.
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14. 2068 O1d Q.No. 8 a X| What are the characteristics of a fero-magnetic substance? (2]
a Ferromagnetic substances: The substances which are strongly attracted towards the magnet are
called Ferromagnetic substances. For e ron, cobalt, gadolinium, and their alloys such as gadolinium
are ferromagnetic substances,
Properties of Ferromagnetic substances:
The properties of ferromagnetic substances are similar to that of paramagnetic substances but are
exhibited i a large scale.,

Y "hese © Q OQ S yie 1

1. ]In se sul\\(.‘mwx are strongly attracted by a magnet. This is due to the reason that when a
rgrr\wle‘\szl\kflln‘ material is placed inside a magnetic field, it gets magnetized strongly in- the
directionof the magnetic field.

i In a nun‘umfom‘l magnetic field, ferromagnetic substance moves from weaker part of the
magnetic field to stronger part.

ui. When a rod of a ferromagnetic substance is freely suspended in a uniform magnetic field, it
rotates and aligns itself parallel to the applied field.

iv. The relative permeability of the ferromagnetic substance is much greater than 1.

v. The intensity of magnetization of ferromagnetic substance has positive value much greater than L.

vi. The susceptibility of a ferromagnetic substance has a large positive value because y = 1/H and |
has large positive value.

vii. The susceptibility of the ferromagnetic substance decreases with a rise of temperature. For i.e., the
ferromagnetism decreases. At a critical temperature called Curie point, all the ferromagnetic
substances become paramagnetic.

15. A permanent magnet can be used to pick up a string of nails, tacks or paper clips, even
though these are not magnets by themselves. How can this be? (2]

w When a magnet is taken near a string of nails, tacks or paper clips, they get magnetized due to the
magnetizing field of permanent magnet. The magnetic field produced in opposite direction in the
magnetic material. Hence, the magnetic material like string of nail, paper clip are attracted by a
permanent magnet, even through these are note magnets themselves.

16. [2068 Can. Q.No. 1¢] 2063 Q.No. 8 3] Above curie' femﬁératﬁré ;'fér-r‘éfnagnetric material becomes p/aramagnetic.
Why? (2]

= According to the Curie's law, the magnetic susceptibility (x) of paramagnetic material is inversely

1 S :
proportional to its absolute temperature (T) ie, y = T The susceptibility of ferromagnetic material |

decreases with the rise of temperature in a complicated manner. A ferromagnetic material starts
behaving as a paramagnetic material at a certain temperature which is called Curie temperature. Due ‘
to increase in temperature, the alignment of molecular magnet in the magnetic domain distributed
and they lose their magnetic properties. Above curie temperature, the alignment of domain is
completely random and the ferromagnetic substance becomes paramagnetl.

17. [2067 Sup Q.No. 1¢] Permanent magnets are made of steel while the core of transformer is made of soft iron. 5

Why? , (2 ;
a Please refer to bt j
18. Why does a magnet lose its magnetism when heated to high temperature? [2) |

m When a magnet is heated, due to thermal energy, the tiny molecular magnet gains Kinetic energy and
orients itself in any direction. As temperature increases up to the melting point of the material of the
magnet, the orientation is completely random and it completely loses its magnetic propertics and

hence not retains its magnetism.

19, The angle of dip in Britain is greater than that in Kathmandu. Why? 2]

w The angle made by a frecly suspended magnet or magnetic needle with horizontal component of
earth magnetic field at a place is called angle of dip. It is denoted by 8. At equator, the value of angle
of dip is zero and the angle of dip at poles is 90°. Thus, value of angle of dip increases from equator
(where it's value is zero) to poles. Kathmandu lies near to equator than the Britain, so the angle of dip ‘

in Britain is greater than that in Kathmandu.
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20. {2064 Q.No. 8 /] Why does a bar magnet not retain its magnetis
~ Please refer to R067 Q No. 1d

21. [2053 Q.No_8 d How does dip vary from place to place on earth's SUEHCR

> Please refer to 2069 Supp SetB Q.No 19 '

m when itis melted? g

=

22, Define angle of dip and angle of declination at a place. _ _ f
with horizontal mmpnm-mo'

nded magnet or magnetic needle .
of this angle varies from zerg 4 i

angle between the Magnet

= The angle made by a treely suspe
carth magnetic field at a place is called angle of dip. The value .
equator o 90° at the geomagnetic pole. The angle of declination is the
meridian and the geographic meridian.

23, What are magnetic domains?

™ The atoms of a ferromagnetic material possess non-zero magnetic
moment. According to atomic view of magnetism, an atom acts as
a small magnet due to the orbital and spinning motion of ils
electrons. In small regions, there are large numbers of atoms.
These small regions in which all-atomic magnets align along
same direction and have very strong magnetism inside the
ferromagnetic material are called magnetic domains. There are

very large numbers of domains, which align along various ' ; :
- i . e Magnetic domain
directions. Hence, net magnetic moment is zero bul inside the
domains there exist strong magnets.
24. [2057 Q.No. 8 ] What is angle of dip? How does it vary from the equator to the poles? [

~ Please refer to [2069 Supp Set B Q.No. 1 ¢

Long Answer Questions
25. [2076 Set C_Q.No. 5c] Define angle of dip. If 3 is the true dip at a place, &1 and &; are the apparent dips
observed in two vertical planes at right angles to each other at that place, then prove the relation, cot®:
cot28 + cotd,. !
~ Angle of Dip: The angle made by a freely suspended magnet or magnetic needle with horizontd
component of earth magnetic ficld ata place is called angle of dip. It is denoted as & and given by
V : .
‘tan 6 = R

where V and H are vertical @and horizontal components of earth magnetic field respectively.
The angle of dip measured by keeping the dip circle in magnetic meridian is called true angle of dip
The angle of dip at a place measured without bringing the dip o g

circle in the magnetic meridian is called apparent dip. & cosd

Let OVCH represents the magnetic meridian & the shaded area
OH'C'V represent a plane which is not in magnetic meridian, | ¢oq5 = H
obtained after rotation of the OVCH plane through an angle 0
along the vertical axis OV, the resulted intensity 1 acts along
the OC and makes an angle & with the horizontal line OH. This

angle & is the truce dip at the plane.
In figure, OH represents the horizontal component and Qv
represents  the  vertical — component of I, so that,

H=OH =1Coséand V=0V =1Sin . ¢
Cborr 211 3 - » » it Al = ) 3 ¢ A P 5
After rotation of the plane to the position OVC'H', the angle made by the resultant intensity C

) . BT 1 is &;. This rle 8y is : i ; . . eV
the horizontal lmc' OH' is &;. This angle &y is called apparent dip at that planc. For the new plat by
represents the horizontal component and OV represents the vertical component of 1, so that
cos 0 and OV = I sin'é, Now, from right angled AOC'H!,

ot wiﬂ‘

I _1I ] . o 5
tan o = '8—]‘:7 =QV/OH'=1sind / Hcos0 ‘
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But, we have, H =1 cos §
So, tan &1 = 1sind/ Lcos 8 cos 0 = tan §/cos ()
or, 1/ an? §y = cos 0/ tany ()
Let the plane OVC'H' is rotated through an angle 90° from its position.
Suppose, at that place, angle of apparent dip is 8, so that
tan 2 = tand/ cos (W0 + 0) = tan §/ - sin0
or, 1/tanxd: =sin 0/ tand - (i)
Now adding (1) and (ii) we get,
1/ R + 1/ tand; = cos20/ tan2s + sin20/ tan2d
or, 1/tand, + 1/ tan; = (cos? 0+ sin20)/ tan2d =1/ tan2 &

cotXd, + cotXd: = cotd Proved

26. 074 Set B QNo. EI Define permeablllty and susceptlblhty of magnetlc materials. Derive a relation between
them. [4]

w Permeability (p): The degree to which the magnetic lines of force can penetrate in a substance placed
in magnetising field is called the permeability of the substance. It is a property of magnetic substance.
It is also defined as the ratio of the magnetic induction to the strength of magnetizing, field. It is
denoted by p. By definition, p = B / H, where B is value of magnetic induction and H is the value of
magnetizing field and value of p in free space is po = 41 x 107 WbA-!'m-!
Relative Permeability (p.): It is defined as the ratio of the permeability of a medium to that in
vacuum. So, by definition, p, = p / po. Since, it is a pure ratio, it has no unit.
Magnetic Susceptibility( x): The magnetism induced in a material when it is placed in a magnetic
field depends upon the magnetising field and nature of the material. Thus, when two identical picces
of the same volume and size of different materials are placed in the magnetising field H, they would
be magnetized to different extents.
This property of the magnetic substance also defined as the ratio of the intensity of magnetisation to
the strength of the magnetising field. It is denoted by y
By definition, x = I/H
Relation between pr and y
When a magnetic material is magnetized in a magnetising field vacuum, the magnetic induction
developed in the material is due to the magnetizing field H and induced magnetism in the material
ie., the intensity of magnetization. Hence, the total magnetic induction is the sum of these two
quantities and we have,
B =B, (magnetic field inside material) + B> (Magnetic field due to material)

or, B =poH+ pol

or, pH=po H + po |

or,"i=1+LH
or, He =]+7

Thls is the roqulrcd relationship between the relative pm’meablllly and magnetic susceptibility.

2. LB Set C Q.No. 5h| Relate magnetlc permeabllity and susceptibility features of a magnetic material. Can
~hysteresis curve be drawn in the case of diamagnetic material? Explain on the basis of above features. (4]
™ First Part: Please refer to 2074 Set B Q.No. 59
Second Part
No, hysteresis curve cannot be drawn in the case of diamagnetic material because hysteresis is the
Phenomena of ferromagnetic malmml which is casily magnetized and demagnetized by external
Magnetic field. The causes are:
i The permeability (n) of diamagnet is less than 1.
. The intensity of magnetization has a small negative value.
i, Susceptibility has value less then one.
i They are fecbly repelled by magnets.
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28. 2072 Set E Q.No. 5d What do you mean by true dip and apparent dip? Show that bk
where symbols have usual meanings.

w Pleasce refer to 2076 Set ¢ Q.No. 5q bt et e M

I : : al meanin

29. [2070 Supp. (Set B) Q.No. & d| Prove that cot? § = cot?§1 + cot?5,, where symbols have usu gs.

w  Please refer to [2076 Set ¢ Q No - . L e o b el ke o

T e TEMCL o |' PP |
30. [2070 Set € Q.No. 5 b Define magnetic susceptibility and relative permeability and establish a relation betWee
them. [

N Please refer to 2074 Set B Q No. 5d

Numerical Problems

31. 2075 Set A Q.No. 9d A bar ﬁ\agnet,' 10 cm in length, Héswp-d‘lé S'VtvrenAgt.h‘o'f 10 AM. Determine the magnetic iy

Ll

E/

oty

b}

e,

ata point on its axis at a distance of 15 cm from the center of the magnet. (o = 4 x 10-" Him) i
Solution s N & ‘
SIS o) o, e, S e B [ ol Bl FeE—icl
Length of bar magnet (21) =10cm
or,!=5cm =0.05m VN >
Pole strength (m) = 10Am_ S T
Magnetic moment (M) = m.2/ =10 x 0.1 =1 Am?
Distance (d) =15cm =0.15m :
Magnetic permeability (uo) = 47t x 107 H/m : :
Magnetic field (B) = ?
We have,
B = A 5 (d2- 12)2
4 xnx107 2x3x0.15
T 4n T (0152-0.052
3 x 10-8
T 4x107
=75x105T. E |
32, The needle of a'dip circle shows an apparent dip of 45° in a particular position and 53° whe
the circle is rotated through 90°. Find the true dip. I
Solution
Given,
Apparent dip at one place (8;) = 45°
Apparent dip at another place right angle to the first place (5,) = 53°
True value of dip (6) =?
If 5 be the true value of dip, then, cot25 = cot?d;+ cot2s,
1 1 I J SR SRS !
tan2s  tan?, " tan2s,  tan2  tan245° " tan253° :
4
RS T o e 1
Hence, the required true angle of dip is 38.7". A

aaQa
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chort Answer Questions
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o7e Set € Q.No, 19 [2070 Set ¢ ANo. 1 | A copper ring Is suspended by a thread In a vertical plane. One end
of a magnet is brought horizontally towards the ring. How will tha position of the ring be affected? [2)
When @ copper ving is suspended in-a vertical plane and one ond say
porth pole Noof the magnet is brought horizontally toswards the ring, the
rng will move away from the magnet. This is bocause if the N |m’h' of

et s approachimg the ving. the i .
mag Pl i rng, then face of (he ring, towards the magnel

N A \ YOl \ \ e 3 & v % .
will become N pole due to current induced in it (henz's law) which repels

the ring

75 Set A Q.No. 1] A bar magnet falls through copper ring. Will its acceleration be equal to 'g'? Justify. [2]
No, the acceleration of a bar magnet will nol equal to acceleration due to gravity 'g" when it falls
through copper ring. When bar magnet falls through copper ring, at first its acceleration increases
due to gravity but after some time, eddy carrentis produced in the copper ring, which opposes the
cause of it i.e. motion of magnet and hence its acceleration decreases, Alter some time it gains steady

state velocity.

2075 Set B Q.No. 1f] Birds sitting on a high tension line wire fly off when current is switched on. Why? [2]
When a high tension current is switched on, induced current is sot up in the body of the birds. The
induced currents flow in opposite direction (Lenz's Taw) through the wings of the birds which
produces repulsive force and hence the wings spread and the birds fly away.

2074 Supp Q.No. 1¢] State and explain Faraday's law of electromagnetic induction. [2]
Faraday's Laws of electromagnetic induction

First law: "Whenever magnetic flux linked with a circait changes, induced emf is produced. The
induced emf lasts as long as the change in the magnetic flux continues™. So, first law gives the state in

which the induced emf is obtained.
Second Law: "The magnitude of induced emf in a coil (or a conductor) is directly proportional to the

rate of change of magnetic flux and number of turns in the coil.”
Let ¢y & ¢, be the magnetic flux linked with a coil (or conductor) initially & after time t, then, the rate
of change of magnetic flux is
¢ :NM; 2 =—NL:(‘!:
(
Thus, Faraday's second law of clectromagnetic induction gives the measurement of induced emtf.
2074 Set A Q.No. 16 [2072 Sot C Q.No. 1d) If the number of turns of a solenoid is doubled, keeping the other
factors constant, how does the self inductance of the solenoid change? [2]

)

N? . ‘ 5 i
The self inductance of a solenoid is given by, L = Ho g™ A, where Nis number of turns of solenoid, [ is
length of solenoid and A be its area of cross section, If the number of turns N is made doubled, then

sell inductance of solenoid is increased by four times,

-@ Set B Q.No. 1d] What are eddy currents? How can these be reduced in a transformer? [2]

When a metallic piece is placed in a changing magnetic field, the induced currents are set up in the
metal picce. These currents are called eddy currents or Foucault's currents. The direction of eddy
currents is given by Lenz law. Eddy currents produce heat due to which there is loss of power. The
eddy currents can be reduced by using laminated sheet of softiron core ol transtormer,

R073 Set D Q.No. 1d) [2069 Supp Set B Q.No. 1d| Lenz law follows the principle of conservation of energy.
Explain. (2]
Lenz law & Conservation of Energy: Lenz's Law is an example of the principle of Conservation
of Energy. When the magnet is moved towards the coil, it produces induced current in the coil
Whose direction opposite to the motion of the magnet as given by the Lenz's law. Hence there is
a force of repulsion between the magnet and the coil and o overcome this repulsive force, an
®Xternal work must be done. This work done (mechanical energy) must be converted into
electrical energy which is according to the law of conservation of energy. Similar case arises
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coil. That's why, the

nz's law s in ace
. . b Lenz's L “,Urda,,c?
when the magnet is removed away from the
with the law of conservation of energy.
8. [2072 Set C Q.No. 1 A transformer gets heate

~ A transformer is made up of sheets of the soft iron.

transtormer gets magnetized and demagnetized with the _
the sheet. The circulation of eddy current heats the transtormet. .
) Ugh along soIEnOId decrease? [2]

a. [2072 SetD Q.No. 1d Why does acceleration of a magnet falling thro ot e e B prasie b
If a magnet is dropped through a long solenoid, at first acceleration CHEERES Alter

Ly * Sk A
some time, eddy current is produced in the solenoid which opposes the cause of it (Lenz's law) ie,
motion of magnet and hence its acceleration decreases.

10. 2071 Set C Q.No. 1 d| 2067 Q.No. 1d] A sheet of copper is placed between
the magnetic field perpendicular to the sheet. When it is pulled out, a cons
force required increases with speed. Explain. ) o [

= When a sheet of copper is placed between the poles of an electromagnct Wltyij “-]L[' lnag.netlc fielg
perpendicular to the sheet and pulled out, eddy currents are produced which a s0 produce the
magnetic field. The direction of these current opposes the motion of sheet and a cqxlsluiel'able force js
required to pull it. When the motion or velocity of sheet increases,. the magnetic field produced alsy
increases and more force is required to pull it. Wy o R,

11. 2071 Supp Q.No. 1d A vertical magnetic field is perpendicular to the vertical plane of a loop. When the loop is

rotated about a horizontal axis in the plane, the current produced in the loop reverses directions twice per

rotation. Explain why there are two reversals for one rotation. [2

A vertical magnetic field is perpendicular to the vertical plane of loop. When the loop is rotated about

a horizontal axis in a plane, the current produced in a loop reverses twice per rotation due to

Fleming's right hand rule. The current produced in half cycle is in one direction and reverses in nex

half cycle of rotation.

d up while in use. Why? [2].

wWhen the ransformer is inuse, the ¢gye of
cyele of ac which induces eddy current i,

W

‘the poles of an electromagnet v
iderable force is required, and th,

14

12. [2071 Set D Q.No. 1 ¢ A long, straight conductor passes through the centre of a metal ring, perpendicularfo
its plane. If the current in the conductor increases, does current get induced in the ring? Explain.

w Yes, when a long straight conductor passes through the centre of a metal ring, perpendicular to its
plane and the current through the conductor increases, it increases the magnetic flux linked to the

; Hol . . . : , .
ring (as B = - )- This change in magnetic flux linked produces an emf and hence current in the ring

is produced.

13. [2070 Sup (Set A) Q.No. 1 ¢ Can a transformer be used with dc? Why? Why not? _-—H]

= A transformer is device for converting ac current at low voltage to high voltage or vice-versa. It
works on the principle of mutual induction which is only possible by a.c. but not by d.c.. When
primary coil of the transformer is connected to a dc current, this produces constant magnetic flux
Consequently, the flux linked with the secondary coil of the transformer is not changed. If there is
no change in magnetic flux, emf is not induced in the secondary coil. That's why a transformer
can't be used to change the value of dc voltage.

——— N e e e = . | S

14. [2070 Supp. (Set B) Q.No. 1 d] Pairs of conductors carrying current into or out of the p(;Wér sdpply brohibkbnents |
of electronic equipments are twisted together. Why? [

= Pairs of conductors carrying current into or out of the power supply components of electroni
equipments are twisted together because this decreases the self induction Thepcurrm{t in every pat
of coil is equal and opposite in direction. So, the magnetic field around tl-1e one part is cancelled Y
the magnetic field around the opposite part. This self induction become i ower
loss will be minimum, '

S minimum and the p

energy? Explain. [1! |
"nergy. Lenz's Law is an example of i
Lis moved towards the coil, 1t Prmlum ‘
o the motion of the

15. [2070 Supp. (Set B) Q.No. 1 ¢ Does Lenz law violate princﬁ:i'plé__6f'cor‘1.s'ervét‘ionfof
= No, Lenz law doesn't violate principle of conservation of ene
principle of Conservation of Energy. When the magne
induced current in the coil whose direction nppnsild _ ioen bY the
Lenz's law. Hence there is a force of repulsion between (e magnet and the l::;‘}:’:t‘; l:\:‘,{i}:ﬁnnﬂ W
i .

repulsive force, an external work must be done. Thi ' J
I ’ - This work done (mechanical energy) must |
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cu'n\ft“l'lcld mnto electrical energy which is according to the law of conservation of energy. Similarcase
s s the magnet is removed away from the coil. That's why, the Lenz's law fs in accordanee
with the law of conservation of energy : ’

16. 2070 5et D Q.No. 1 d| A copper ring is held horizontally and a bar magnet is dropped through the ring with its

length ?'0“9 the axis of the ring. Will the acceleration of the falling magnet be equal to the acceleration due
to gravity? Explain. (2]

: . TR R T T
e A e e -

e . IS v .
» If l‘].}]l rmanent magnet is dropped down a vertical copper pipe, eddy currents are produced in pipe
which opposes the motion of the magnet (by Lenz law) and the speed ultimately decreases. At a

Ct‘rl-lfn mﬂdllllﬂn, the weight of the magnet and the upward force become equal and hence attain
terminal velocity.

17. [2069 Set A Q.No. 11 State and explain the lenz's law. S 2]
w Lenz's law states that "the direction of an induced current is such as
to oppose the cause producing it." The cause of current may be the —

motion of a conductor in-a magnetic field or it may be change of EU
|

magnetic flux through a stationary circuit.

Explanation: '

Consider a coil to which a magnet with its north pole is moved toward it. The induced emf in the coil
will sends current in such a direction in the coil that it will produce magnetic ficld from right to left
s0 as to oppose (repel) the magnet. When the magnet is moved back, the magnetic field will be
produced due to induced current from left to right & the current will flow in the opposite direction.
In this way, the induced emf produced in the coil opposed the cause which produced it.

18. [2069 (Set B) Q.No. 1¢| Explain Faraday laws of electromagnetic induction. 2
w Pleasc refer to 2074 Supp Q No 1¢]

19. [2069 (Set A) Old Q.No. 1] A ba'r'mag'net falls iﬂfdugﬁ a n_1etal ring,v;ill its acceleratioh_ be equal to '_g';? . [2] Ll i
wn Please refer to 2075 SetAQ No. 14
2. 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]
% Please refer to 2070 Set D Q. No. 1 d] Il

? 21,-[2068 Can. Q.No. 1d| A student asserted that if a per}nanent magnet is dropped down a vertical copper pipe.iitA
eventually reaches a terminal velocity even if there is no air resistance. Why should this be? [2]
n Please refer to 2070 SetDQ No 14|

2, A sheet of copper is placed between the poles of an electromagnet with the fnaghétlc field i
perpendicular to the sheet. When it is pulled out, a considerable force is required, and the force required [

can be reduced by use of laminated core.

increases with speed, why? [2]
 Please refer to 071 SetCQNo 14 .
2, State Faraday's laws of electromagnetic induction. 2] i
w Please refer to [2074 Supp Q No 1¢] | '
2, A transformer cannot be used in dc circuits, why? 2l i
~  Please refer to 2070 Sup (SetA) Q.No 1 B .‘ |
2. [2063 @.No. 1 ¢ |Tosi Q.No. 1 ¢ Why can't a transformer be used to step up or down the d.c. voltage? [2] | i
% Please refer Lo 2070 Sup (SetA) Q No. T_é o i . 4l
2. What is eddy current? Write down its uses. o [2] |
® When a metallic piece is placed in a changing magnetic field, the induced currents are set up in the il \
metal piece. These currents are called eddy currents or Foucault's currents. The direction of eddy |1
currents is given by Lenz law Eddy currents produce heat due to which there is loss of power which | l
|
|

Following are same useful uses of eddy currents:
*  Eddy current damping |
* Induction heating

*  Energy meters ‘
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28.

29 B058 Q.No. 1 ¢ Show that Lenz's law is an examp

™~

v Flactromagnetic brakes

s do you take to Minimizy
(2

'_ lndm‘ix_m\ motors. - et measure
062 QNo_2  What are different power los

these losses?

A practical transtormer has elhcic
+ Copper loss: It can be munmzed by t
*+ Hysteresis loss: This can be nunimize

ses in a transformer
1o following pes of power losses:
able thickness.
)aving harrow hyﬂf’resis

ey less than ond due
aking wires of suit -
d by using core malerials |
nated soft iron core.
ith low vibration.

| ge between the primary ang

loop. lami
R ,using lami
+ 1Iron (or eddy current) loss: It can be minimized by using !

+  Humming loss: It can be reduced by using pr
¢ Flux loss: It is minimized by designing the core

oper ma terials w
for maxunum linka
ut one has twice the radius

[

oil (ie. toroidal coil) is given by

secondarny coils.

2059 QNo.2 Q:MO clo§ély wound circular coils have the same number of turns, b
of the other. What is the ratio of self inductances of the two coils?

Since, the self-inductance of a closely wounded circular ¢

A (rr?)
L—*—m.\-‘;‘ = s N7 T -
where N is the number of turns, A = nr? is the area of the coil, T'is the current flowing in the windings

and [ 1s the mean length. X
is shows that the value of self inductance

This means, L « 12 keeping other parameter constant. Th

changes by four times when the radius is doubled. Thus one has twice the radius of the other, the

ratio of the self-inductions of wocoilsisdel, Lt
le of conservation of energy. [

Please refer to 2073 Set D Q No _1d| 7 - -
(@

30. State Lenz's law.

= lf!easelfefe(;DEOBQSelAONoﬂ b g e
[

- §
a.

32.

e

3. Mention two types of loss in a transformer.

Two types of loss in a transtormer are:
Copper losses: Energy lost in winding the wire of transformer is known as copper loss. This is due to

the resistance R of copper wire, when current flows through these wires, power loss (I* R) takes place.
This loss appears as heat produced in the primary and secondary coils. Copper losses can be reduced
by using thick wires for the windings.

Flux losses: In actual transformer, the coupling between primary and secondary coils is not perfect It
means the magnetic flux linked with the primary coil is not equal to the magnuiic flux linked with the
secondary coil. So, certain amount of electrical energy supplied to the primary coil is wasted. Itis
mintmized by designing the core for maximum linkage between the primary and secondary coils.

What is lenz's law? - —(-zi

Please refer to 2068 SetA Q No_ 1

Long Answer Questions

33. [2076 Set C Q.No. 5d| [2075 GIE Q.No. 5d| 2067 Sup Q.No. 5¢ 2064 QNo. 7 aW"State and explaih Féfaday_;s iﬁg

of electromagnetic induction and derive an e i i
xpression for the emf i [
et et induced in a rectangular coil rotating lﬂ:]
Faraday's Laws of electromagnetic induction

-“r]s' Al.:’w: Whenever magnetic flux linked with a circuil changes, induced emf is produced The
inducc Ll?l[ lasts as long as the change in the magnetic flux continues” S f: P sl i
which the induced emf is obtained. # s Hest lnwe glvesithe -
Second Law: "The llhlgll.lllldl‘ of induced emf in a coil (or g conductor) is (i : the
rate of change of magnetic flux and number of turns in the coil Wisdlrectly prnpm'lmlh!' :
Let ¢y & ¢2 be the magnetic flux linked with a coil (or cumlurl(‘,. n ,
of change of magnetic flux is ") Initially &

after time (, then, the rate
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O1- ¢ ¢
¢e=N t =-N _q)'
Thus, Faraday's seco rof ole
! Cond( 11 ;‘ A cond Id\\‘ f\l electromagnetic induction gives the measurement of induced emf.

e part: Induced EMF in a coil rotating in Magnetic Field:
We consider a rectangul

ar coil of arca A and number of turns N iy
y
rotating in a magnetic field. The field is provided by two pole

S
\
§

vieces N and S of \\\ {

pieces N and 5 of a strong magnet. Let the normal to the plane of % 7 "B
\
§
N

the coil makes an angle 0 with the direction of magnetic field as
shown in figure. The component of field B at right angles to the

plane of the coil is B cost). The total flux through the coil is
¢ = NAB cosd (1) lig. Indivced emf in a rotating coil

TN

If the coil turns ATS Aol . . . ) ,
turns about an axis perpendicular to the field direction with a constant angular velocity o

0 .
(= T ), then emf induced in the coil is

d d =
E = —ﬁ)- = -7 (NAB cos0) = - NAB d(cosot) A .
dt dt dt

B |7

i t : ' in
= NAB &»m(.)r"(_L ;0 L ' : w ‘gz P
t of— = "
= NABw sinmt (ll) o B \/

Therefore, E = E, sin wt, y'

where, E; = oNAB is the peak value of E.

This sinusoidal varying emf is called induced emf in the coil

rotating in the magnetic field.

The instantaneous induced current in the circuit is given by,

E  Epsin ot

R=" R - where R is resistance of the coil

[ = lu sin ot (lll)

where Ep/ R = Ip is maximum value of the induced current.

The equations (ii) and (iii) are the required equations of the induced emf and induced current in a
rotating L()l] of area A, no. of turns N and rotatmb ina magnetlc field B with qpecd 0.

l:

- [2074 Supp Q No 5c] Descrrbe the structure and worklng pnncrpte of a transformer Defrne the effrcrency of a

transformer. [4]
Structure and Working Principle of a Transformer: Transformer is a

device used to convert low alternating voltage at high current into [

high alternating voltage at low current and vice versa. The j:: o3
transformer works on the principle of mutual induction ie. when Ep :E: e 3 R
there is change in the current of the primary coil, magnetic flux pR s

linkage with the secondary coil changes and hence induced emf is
produced in the secondary coil. There are two types of transformer
Le, step up transformer and step down transformer.
A simple construction of transformer is as shown in above figure. The primary and secondary coils
are wounded on a common laminated soft iron core. The coil connected to a.c. is primary coil and coil
connected to load is secondary coil. When an a.c. source of emf Ep is connected to primary coil, an
alternating current flows through it so that alternating magnetic field is produced and hence
magnetic flux linked with secondary coil is changed. This change in magnetic field induces an
alternating emf in the secondary coil. Let Np and Ns be number of turns in prunary coil and
secondary coil respectively. From Faradays law of electromagnetic induction,

Ep= —Np%? . (1)
The induced emf is secondary is given by

E\ =-Ns ili(f (ii)

Diy iding equation (ii) by (i)
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Er  Np

where, \; L. = Kiscalled transtormation ratio
&{

where Lg is the self induction for secondary coil and Ly is th
For step down transformer, K < 1 so that Ne < N and Es < B
For step up transtormer, K > 1 so that Ne > Npand Eq > B
For an deal transformer, on which there is no loss of energy,
Qutput power = lnput power
E\'L\ A E:‘lf‘

o solf induction for primary coil,

E!‘ l}
Efficiency of transformer: Efficiency of transformer is defined as the
power.

. . : Qutput power ,
Efficiency of a transformer ) = LN 100%
: Input power

ratio of output power tq inp

Edls )
ol AR 100%
‘35:‘&574 Set A QNo. VSH State and exptam Faraday s law of electromagnetlc induction. Obtain an expression | for
the emf induced in the rectangular coil rotating in a uniform magnetic field. [
w Please refer to [2076 Set C Q.No. Sd]

36. 2073 Supp Q. No. 50] State and explam Faraday s law of electromagnetlc induction. Obtain an expressuon fo;
the emf induced in the rectangular coil moving in the magnetic field. « 4
= Please refer to 076 Set C Q.No. 54|

37. 2073 Set D Q.No. 5d Explam how the concept of self and mutual inductances are used in the workmg
principle of a transformer. Lo U]
= Self inductance is the property of a coil by which it opposes the growth R ——
or decay of the current flowing through it. In the given figure, when the
switch is on, the current in the coil increasing due to which flux linkage

around the coil also increases, as a result, induced emf is step up in the E K
coil. The direction is such that it opposes the growth of current in the coil. —{1]+ /.

When the key is off, current in the coil starts decreasing due to which Fig: Diagram of self inductance
magnetic flux around coil changes and induced emf is set up that oppose

the decay of current. Such property of coil is called self induction.
Mutual induction is the phenomenon of inducing emf in a given
coil due to rate of change of current or change in magnetic flux
linked with the near of coil.

In the figure, primary coil P is connected with battery and
secondary coil S is connected to a galvanometer. When the key is
pressed, current increases in the coil and magnetic field around
primary coil also increases. As a result, magnetic flux linked with :
secondary coil changes. Due to this, emf is induced in secondary
coil and current flows through coil. This phenomenon of mducing
emtf is called mutual induction. Fig: Mutual induction between coll

Structure and Workmg Principle of a Transformer: Please refer to po7a Supp Q No 54

38 lﬁz Supp Q.No. Sc] Describe the phenomena of self and mutual induction. Describe the construction and
explain the action of a transformer. |
. Please refer to [2073 Set D Q No. ﬁ

G

{1}

=

w
(<)
Q)

K

39. [io72 Set C Q No. 5d| What i is Lenz's law? Deduce an expression for the emf induced in a straight conducw'
moving in a uniform magnetic field. {

w Lenz's Law: Please refer to po69 Set A Q No. 14

:‘é:ﬁ
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Second part:
Let us consider a uniform cond

. . ucting rod of leng is od N V) v
inside  the magnetic ficld of flux ‘\'ll‘l\\‘“\ B 'Mh | l;‘_|'|“'li*l| fits :X e RN
) . sity 1) T T T 1 T W N ST T R
serpendicular  direels ' N ‘ ' >R
I:Ul; ““:K.llldl to t_h( direction of magnetic field. Suppose, this | . p PSP e
LOH'& l~l( ﬁ\»‘l m‘nvos trom X to Y covering a distance X Then, total , '-J' - : : ‘
flux linkage in the conductor change by b o RN e
¢ =BA =B.l.x O

Now, from Faraday's law of electroma anetic induction, ;,*‘]-L:.“L-ﬁu-ﬁ: = ! ,;.‘,‘1 e
oo _d@®ly dx NS N Y B

dr dt =B, m =Blv
E =B.v

This is required expression for emf i od " e
*quired expression for emf induced in a conductor moving in a magnetic field.

. 2071 Set C Q.No. § d Define self inductance. An inductor having self inductance L is used in a ac power
supply. Calculate the energy stored in it. [4
Self ll\ductance: Self inductance is the property of a coil by virtue of which it opposes the growth or
decay of the current flowing through it.

Consider a coil connected to a battery through a key (k) as shown in figure. As

the key is on, current in the coil starts increasing. Duc to it, the magnetic field Coil

and hence flux linkage around the coil also increases. As a result, induced e.m.f.

is set up in the coil. According to Lenz's law, the direction of induced e.m.f. is k |
)——-{ |

such that it opposes the growth of current in the coil. This delays the current to
acquire the maximum value. ,
When the key (k) is off, the current in the coil starts decrcasing. So, the magnetic flux linked with the
coil decreases. As a result of this change in magnetic flux, induced e.m.f. is set - up in the coil itself.
According to Lenz's law, the direction of induced e.m.f. is such that it opposes the decay of current in
the coil. This delays the current to acquire minimum or zero value.
Such property of the coil which opposes the growth or decay of the current is called self induction. It
is also known as inertia of elasticity as it opposes the growth or decay of the current in the circuit.
Coefficient of Self Induction or Self Inductance
Let 1 be the current flowing through a coil, then the magnetic flux (¢) linked with the coil is found to
be proportional to the strength of the current (1).
ie, ol
or, ¢ =LI
where L is proportionality constant called coefficient of self induction or self inductance.
Energy Stored in an Inductor
Let us consider an inductor of inductance L having initially zero current. It is assumed that an
inductor has zero resistance so that there is no dissipation of energy within the inductor. Let 1 be the
current at any instant of time so that d1/dt is the rate of change of current. Here, current is increasing,.
The voltage between the two terminals of the inductor at this instant is, V = L d1/dt and the rate P at
which energy is being delivered to the inductor is given by,
dl
P=VI=LI%;

¢
The energy supplied to the inductor in small amount of time is small which is written as

dU =Pdt
dl
=L Imdt
dU =LIdl (i) -

To obtain total amount of energy stored in the inductor, we have to integrate it from 0o L.

|
Le, U = IOO L. 1 dl

. lo
or, U= LJOIdI
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7 1
Or'U_L[Z]O—2L]°2

= Total energy stored in an inductor, U=5 L l? e expression for energy SfOredT,T\
5 A 2 N S e , 7 Derive @ L]
41. 2070 S No. nt by self inductance ' iy

[2c up (Set A) Q.No. 5 dl What is meant by , [‘] 1

inductor.
w  Please refer to 2071 Set C Q.No. 5 d|

42. [2070 Supp. (Set B) Q.No. 5 ¢ [2068 Q.No. 5b] Describe t
w A.C Generator (Alternator / A.C. Dynamo)
An electrical machine used to convert mechanical ¢

ing of a.c. generator, T
]!

he brinblple and work

nergy into

electrical energy is known as A.C. generator. . N[~
Principle: It works on the principle of electrmn.agﬂt‘llc

induction i.e., when a coil is rotated in a uniform magnetic field, .
ane. m. f. is induced in it. : .

Construction: The a. c. generator consists. of following
components as shown in Fig. below.

i.  Armature: Armature coil (PQRS) consists of a large number of
turns of insulated copper wire wound over soft iron core of area
A and N turns. : e orstic: Beli previd

ii. Strong field magnet: The armature is rotated in a strong qlﬂfOlm nagh I provided py
powerful permanent magnet NS. The axis of rotation is perpendicular to the ‘fle g,

iii. Slip rings: The two ends of the armature coil are connected to two brass slip rings Ry and R,. These
rings rotate along with the armature coil - o

iv. Brushes: The two carbon brushes (B; and B;) are pressed against the slip rings. The brushes remaiy
fixed while slip rings rotate along with the armature. These brushes are connected to the loag
through which output is obtained.
Working: When the armature coil 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 direction of induced e.m.f. or the
current in the coil is determined by Fleming's right hand rule.
The current flows out through the brush By in one direction of half of the revolution and through the
brush B; in the next half revolution in the reverse direction. This process is repeated. Therefore, emf.

produced is of alternating nature.

()lllpm
ac
thage

: ; " s g A :
Theory: Consider the plane of the coil to be perpendicular to the magnetic field B . Let the coil be
rotated anticlockwise with a constant angular velocity o. Then, the angle between the normal to the

coiland B at any time t is given by, 6 = ot. The component of magnetic field normal to the plane of
the coil = B cos 0 = B cos ot.

Magnetic flux linked with a single coil = A.Bcosot, where A is area of the coil. So, magnetic flux
linked with N coils, $ = NBA cos ot.

From Faraday's laws of electromagnetic induction, the induced e. m. f. in the coil is given by,

dé ~ d(NBA cos ot)

E = -4 dt

i
= -NBA &t- (cos wt) = NBA (sin ot) o

E = NBA v sin ot (D)
The magnitude of induced e.m.f. will be maximum i.c, (Eo), when
sin wt=1, so, ' X
Ep = NBAw® £ \

Thus, Eq. (v) becomes, g |- ) .
. . %
E = Ep sin ot ...(ii) . : L E 3
Instantaneous current in the circuit is given by, : x \/
) U M,




AC circuliTS 1 185
E Epsin ot

[=% = y : :
R R Where R jg resistance of the coil
[ =1osin ot

where Eo/ R = Iy is maximum v

when the coil is rotated fy ' b
' from its position at right angle to the magnetic field through 1807, the

induced e.nufand current ineron e )
WTeases from zero to maximum (1 o) and then decreases from maximum

to zero in the same divection W o 3
N When the coil is further rotated through the next 1807, the e.m f. and

current Tises from zero to maxi
X ) axmum and then decreases fro i sror in the opposite
direction shown in figure, reases from maximum to zero ir Pr

alue of current,

R A) Ol 73
- g08S (Set A) Old QNo_74 What do you mean by electromagnetic induction? Obtain an expression for the

e.m.f. induced in Athe conductor moving in the magnetic field. e
The process of induction of emf in

. . a coil when the magnetic flux linkage in a coil changed is called
electromagnetic induction,

ot us consider a uniform ¢ By _ ‘ iy
L{ . ‘ulq‘| m conducting rod of length 1 is placed X y

S . \ &Y a ¥
iy t?( magnenc- tield of flux density B in a direction () P
perpendicular to the direction of motion or rod. Suppose, this ' 4
-onductor moves from X " : : g se, thi B .
e : OM X 1o Y covering a distance x. Then, total o
flux linkage in the conductor changes by | :
¢ = Bx‘\ = B 1 o : . 2
Now, from Faraday's law of electromagnetic induction, R e e P
do _d(B.lx) A dx '
= = _ _ l
dt dt L5 =Blv IS

E =Blv

This is required expression for emf induced in a conductor moving in a magnetic field.

44, 2068 Can. Q.No. 5b] State and explain Farada‘y;s”laws of eiéctrdmégneiic induction. Deduce an expression for

b8

45.

W

47.

8

: State Faradéy's laws of eiec'tron'iagnéti'c induction. Derive an exbression for induced emf in a

the induced emf in a coil rotating uniformlyin a uniform magnetic field. [4]
Please refer to [2076 Set C Q.No. 54

{2068 Old Can. Q.No. 7a] State Faradéj}'é law of 'elecin‘.‘)maghetic induction. Derive an expression 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 [2076 Set C Q.No. 5d

Second part: Please refer to 2072 Set C Q.No. 54

coil rotating in a magnetic field. [4]
Please refer to [2076 Set C Q.No. 5d| -

@GSupp GNo. 734@ State Fafadé}'é laws of electromagnetic induction. Deduce an expression for induced
emf in a coil rotating in a magnetic field. [1+3=4]
Please refer to [2076 Set C Q.No._5d|

2 State Lenz's Ié-w’a‘ndrexp'lain how this law leads to the conservation 6f—energy principle. [4]

Lenz's law: Lenz's law states that "the direction of an induced

e Tl AR e
current is such as to oppose the cause producing it." The cause of
-

current may be the motion of a conductor in a magnetic field or it )
p |

may be change of magnetic flux through a stationary circuit. [
Explanation:

Consider a coil to which a magnet with its north pole is moved toward it. The induced emt n the coil
will sends current in such a direction in the coil that it will produce magnetic field from right to lett
S0 as to oppose (repel) the magnet. When lhg magnet is moved back, the magnetic ?wld}nll. be
produced due to induced current from left to right & the current will flow in the opposite direction.
In this way, the induced emf produced in the coil opposed the cause which produced it.

Lenz law & Conservation of Energy: Lenz's Law is an example of the principle of Conservation of
E“‘Srgy. When the magnet is moved towards the coil, it produces induced current in the coil whose
direction opposite to the motion of the magnet as given by the Lenz's law. Hence there is a force of
repulsion between the magnet and the coil and to overcome this repulsive force, an external work

[
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ed into clectrical energy which

must be done. This work done (mechanical cnergy) must be convert he magnet is removed gy,
according to the law of conservation of energy. Similar case arises when the (:fiz-ncrgy ' awaw"':'
from the coil. This proves that the Lenz's law leads to the law of conservation 0T € ‘ -
49. 2059 Q.No. 7 a OR] State and explain Lenz's law. ~ 1‘1&
> Please refer to 2062 Q.No. 7 a OR] , ~ - : 5
T , , T TP m a magnetic field. -
50. [2057 Q.No. 7 a OR] Deduce an expression for induced emfin a coil rotating U]

w Please refer to 2076 Set C Q.No. 5d] [ i
51. State the laws of electromagnetic induction. Derive an expression for the emf induced in ,
conductor moving in a magnetic field. : 4
Faraday's Laws of electromagnetic induction: Please refer to m

) Second part: Please refer to 2072 Set C Q.No. 5d| - o . B .
52. Obtain the expression for the emf induced in the conductor moving in 3 magnetic field. 4

w Please refer to [2069 (Set A) Old Q.No. 74 -

53. [2076 Set B Q.No. 9¢] The magnetic flux passing perpendicular to the plane of coil is given by ¢ = 4t2 + 5t +2
where ¢ is in Weber and t is in second. Calculate the magnitude of instantaneous emf induced in the coil
when t = 2 sec. 0

Solution
Given,

Flux (¢) =42+ 5t + 2
Time (t) = 2 sec
Em. (E) =7?

We know that

W]

E =

Now,
d¢ CdEe 5t+ 2
dt

dt

=8t+5
Now,

dt

| 8x2+5 |
=21V -

t=2s

54. [2075 SetA Q.No 94 Astralght conductor of length 25 cm is moving perpendicular to its length with a uniform
speed of 10 m/s making an angle of 45° with a uniform magnetic field of 10 T. Calculate the emf i"d““[‘]

across its length.

Solution
Given,
Length of conductor (H)=25cm=025m
Velocity of conductor (v)=10m/s
Angle (0) = 45°
Magnetic field (B)= 10T
Induced emf (E) =?
We have,
E =Blvsind
10 x 0.25 x 10 x sin 45°

1768V

L]

i
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~BoT8 Swet”B Q.No. 9 M"’”‘T'%«—a—---wmh.-,w i s e S

5 jies in a horizontal plane inQaN:' 7, A coil of 100 turns, each of area 2 x 10- m? has a resistance of 12 Q. It
through the coil if its ends are sh :rrtt'c_a' Magnetic flux density of 3 x 10-* Wbm-2 What charge circulates

; Iﬁﬁ dh ~Circuited and the coil is rotated through 180° about a diametrical axis? [4]

0 ,

Given,
No. of turns (N) =100
Area (A)  =2x10-3m?2
Resistance (R) = 12O
Magnetic flux density (B) = 3 x70-3 Tesl
Charge (Q) =7
Now, we know that,
Mag. Flux (¢) = NAB cos6
Then,
Ap =41 -2
= NABcos0O; - NABcosh,
= NABcos0® - NABcos180°
=NAB+ NAB =2NAB =2 x x -3 -
Pty g 2x100 x 2 x 10-3 x 3 x 10 = 0.0012
Then, we have;
155 154
Charge (Q) =é[? = ﬁlzﬂ
- Q =10+C
Hence, the required charge is 10-4C.
56. 2074 Set B Q.No. 9¢| An aircraft with a wingspan of 40 m files with a speed of 1080 km hr'in the eastward
direction at a constant altitude in the northern hemisphere. Where the vertical component of earth's
magnetic filed is 1.75x10° T. Find the emf that develops between the tips of the wings. [4]

Solution
Given,
Length of wings (/) = 40 m

) 1080 x 1000
Speed of span (v) = 1080 Km/hr = 3600 m/s

Vertical component of earth magnetic field (B.) =175 10T
Induced e.m.f. (E) = ?

We have

E =By.Lv

1080 x 1000

=1.75 x 10-5 x 40 x 3600 =021V

57?m5@ A straight conductor of length 15 cm is moving with uniform speed of 10 ms' making an
angle of 30° with uniform magnetic field of 10+ Tesla. Calculate the emf induced across the length. (4]
Solution
Given,

Length of conductor (I) =15 cm =0.15m

Velocity of conductor (v) = 10 ms™!

Angle (0) = 30°

Magnetic field (B) =10~ T ;
Induced emf (E) = ?

We have,
E =Blvsing
=10~ x 15 x 10 x sin 30°
=75%x105V/m .
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Tre, SHem the v

58. [2072 Supp QNo. 35 A jet plane Is flying due west at the speed of 1800 kmlhfrl-e :cjl'::tt:at Ioca(:::)ar?? difty,
developed between the ends of the wings 25m long of the earths’ magnetic ¢ h;'gﬁ‘

4

and the angle of dip is 4507
Solution g
Given,
1800 % 1000
60 x 60
P.D. between end of wire v)=2?
length of wings (/) = 25m
Horizontal component magnetic field (Byy) =5 x 10T
Angle of dip (8) = 45°
Now, we have,

Velocity (v) = 1800 Kmy/lhr = m/sec = 500 m/sec,

tand = i
¢ - BH

or, By =By x tan '
=5x104 xtand5=5x 104 T
From Farraday's laws of electromagnetic induction,
E =Bv .l.v
=5x10- x 25 x 500 = 6.25 V S e
59. 2072 Set D Q.No. 8q A long solenoid of 1000 turns and cross sectional area 2 x 10~ m? carries a current ofyy
and produces a flux density 52 x 10-* T inside it. Calculate the self inductance of the coil. [}
Solution
Given,
No. of turns (N) = 1000
Area (A) =2 x 103 m?
Current (I) = 2A
Magnetic field (B) =52 x 103 T
Self-inductance (L) = ?
Now, we have,

_9
L =7
= E%E [..- e = 900]
1000 x 2 x 10 x 52 x 107
= 2
L =0052H

Hence, the required self inductance is 0.052H. A
60. [2072 Set E Q.No. 90 The magnetic flux passing perpendicular to the plane of a coil is given by ¢ = 4+ St*?

where ¢ is in Weber and t is in seconds. Calculate the magnitude of instantaneous emf induced in the ¢

when t = 3 sec. ‘ !
Solution

Given,

Flux in a coil (¢) = 4> + 5t + 2

Time (t) = 3 sec.

E:m.f. induced (E) =?

We have, ‘
f.j_q! dth + 5t + 2}
E == dt = dt

or, E =-(8t+5)
or, Bpg=—(8%3+5)=~20V
e sign indicates that e.m.f. induces has opposing nature,
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Ty ks 8
i T eting o the ciresi ;f;::lar coil has 200 turns and its radius is 0.10m. It is connected to a battery.
7 Hm-! rentof 2 is set up in the coll. Calculate the energy stored in the coil. (uo=
4 x107 A7) [4
sowuon ) .
leeﬂ:

No. of turns of coil (n) = 200
Radius of coil (r) = 0.10 m

get up current (I) = 2A

gnergy stored in the oil (U) = »

Now,
1:n
U =’2' LI2 ¢ =LI
1 1 . & ¢ =punlA
=31 nA =3 nar, 2 or, L=pnA
1 22

=7 X4x107 X200 x= x (0.10)2x 22= 1 ¢ % 105

—— —_— T ———— —
- Find the emf induced in a straight conductor of length 25 cm, ‘on the armature of a

dynamo and 1'2 cm ffom the axis, when the conductor is moving in a uniform radial magnetic field of 0.5 T.

The armature is rotating at 1000 revolutions per minute. [4
Solution ‘

Given, )

Induced emf (E) = ?

Length of conductor (/) =25 cm = 0.25 m

Distance from axis (r) =12 cm = 0.12 m

Magnetic flux density (B) = 0.5 T

Frequency (f) = 1000 rev/min = 1000/60 rev/sec

We have,

E =Blv =B.l.wr =B.l. 2zf r=05x0.25x27x1000/60 x 0.12=1.57 V.

§3. 2070 Set C Q.No. 9 b] A metal aircraft with a wing span of 40 m flies with a speed 1000 km hr in a direction
due east at constant altitude in a region of the northern hemisphere where the horizontal component of the
earth's magnetic field is 1.6 x10-°T and the angle of dip is 41°. Find the potential difference developed
between the tips of the wing. [4]

Solution '

Given,
Length of span (/) = 40m

” 1000 x 1000
Speed of span (v) = 1000 Km/hr = T 60x<60 m/sec
Horizontal component of earth magnetic field (By) =1.6 x 10-5T
Dip angle (8) = 41°
Induced p.d (V) =?

Now,
Vertical component of earth magnetic field is calculated as,
By
tand = —
By
or, By = By x tand = 1.6 x 10-5 x tan41°
Again,

» 1000 x 1000
Vo =ByxIxy =16x1075 x tandl x 40 x 60 x60 - U154 volts,

. A rectangular coil of 100 turns has dimensions 15 x 10 cm?. It is rotated at the rate of
300 revolutions per minute in a uniform magnetic field of flux density 0.6 T.-Calculate the maximum emf
Induced in it. 4l
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Solution
Given,
No. of turns (N) = 100 :
. . -4 2
Dimension of coil (A) =15 x 10 cm? = 15 x 10 * 10-+ m2 = 150 % 10:+m
Frequency (f) =300 rev/min = 300/60 =5 Hz

Magpetic flux density. (B) = 0.6 T
Maxmmm emf induced (E) = ?
We have,

___Eo =BoNA =B.27f.NA=06x2r x5 x 100 x 150 %
erc

65. [2069 (Set X) "&J d'.No.;“a}\ lbng solenoid with '15'ti’|‘ms‘ p
normal to the axis of the solenoid. If the current carried by the sol o ariiing?
0.1 second, what is the induced voltage in the loop, while the current is changing

Solution
Given,
No. of turns (n) = 15 turns/ cm = 15x100/m
Area (A) = 2cm? = 2x10-4m?
Change in current (dI) = I,-I, = 4-2 = 2A
Time (dt) = 0.1 sec
Induced emf (E) = ?

10-4=28.27 V. R ”
'mA has a small loop of area 2c,nz"‘,‘,“\,;;
enoid changes steadly from ; Mo;

Now,
ar_2
dt =0_1=20 A/sec
_d¢ d d . dl ) &
E = dt - dt (BA) =3¢ (Amonl) = Amna:z % 10-4 x 47 x 10-7x 15 100 x 20 =7.5x 10V

66. Two plane coils having number of turns 1000 and 2000,andradu5 cm and 10 cnﬁe_ﬁ
are placed co-axially in the same plane. Calculate their mutual inductance. (po = 47t x 10-7 Him).

. Solution
Given, :
No. of turns in first coil (N;) = 1000
. No. of turns is second coil (Nz) = 2000
Radius of 15t coil (r;) = 5cm = 0.05m
Radius of 2nd coil (r2) = 10cm = 0.1m
Mutual inductance (M) = ?.

Now, we have,
Ho N;l

Magnetic field due to 15t coil i.e, B =5

Then,
2
po Nil o B iy e 1o NiNsInr,

Flux linked with 2nd coil (¢2) = BIN2A2 = 2n 2
Again, we have,
. 2
' > M NNl Tou N;1Nor
_ Mutual inductance (M) =% & . 12“] =T - ]r-. =
x dmx 107 x 1000 x 2000 x (0.1)2 |
=% 0.05 =0.73.H

Hence, the required l}'l_lil_t_l:lalrirldUCtk.H]Ct'”iS 0.79'H.. /““’ii

;;"' A long solenoid of 1000 turns and cross-sectional area 2x10°3 ey ié;a':'carrenf
produces a flux density 52x 107 T in the middle of the coil. Assuming this value of flux denslty
sections of the solenoid, calculate its self-inductance.

w Please refer to {2072 Set D Q.No. 99
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s “’\__ ek
. A transformer has foe——ee ey
the output voltage if the inpy ::“500 turns in the primary coil and 100 turns in the secondary coil. What is
 100%, what primary current js requiage IS 4000 volts? If the transformer is assumed to have an efficiency of
Solution red to draw 2000 watts from the secondary? . 4]

~Given,
No. of turns m Primary coj (Ny) = 500
No. of turns in secondary cojj (Ne) = 100
Input voltage (&,) = 4000 v )
Output voltage (&) = ?
Efficiency (n) =100%
Power output = 2000 watt
Current in primary coil () =2
Now, we have,
Ns &
500 _ 4000
0 100 &
- g =800V
Again; we have,
output power
T~ Input power
2000
Input power
or, Input Power = 20W
or, EpxIp=20
or, 4000 x Ip =20
~ Ip=0.005 A .
Hence, the required current is 0.005A & output voltage is 800V.

89. 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 x 104 T
and the dip angle is 30°? " 4]

Solution '

Given,

x100%

or, 100 =

1800 x 1000
Speed of jet plane, v = 1800 km/h =—3¢5= m/s
v=500m/s
Length of wings, [ = 25m
Earth's magnetic field, By = 5x10+4T
Angle of dip., 8 =30°
p.d. developed i.e., induced em.f, e=7
We know,

‘ tan § = g—;
or, By =B, tan & =5 x 10~ x tan 30°=28 x 10T

1800 x 1000
€ =Byl V=5x10-x tan 30° x 25 x — 300

So, £ = 3.5volt i
2 Voltage developed between the ends, €= 3.5 volt.

w3 vhost i mtl spfes .2 g rltd i  magnatc il f  deny 5 1
T normal 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 metal spokes, r = 1.2 m
Magnetic flux density, B = 5 x l()-'
Induced eem.f, E= 102V
Rate of rotation, f = ?

In such case, we have

0+v » 2nfr ’ =BAf
E =B-L\’a\-.=B.l’.( 2‘)= 1'.%=B.l'.'—2_=3-"'” B
_E __E 10-2 " -
f.“BA “Brn-T: Ty (_1.2)2=44.2 rev/sec
] abe xis through its cenp
e i
n. A circular metal disc of area 3.0 x 107 m2 s “rotated at 50 revls %::’0;‘::::0.37 in thegdim
perpendtcular to its plane. The disc is in a uniform magnetic field of flux dens Y . nof
the axle. What is the value of induced emf? g
Solution
Here,

Area of metal disc (A) =3 x 103 m2.
Rate of revolutions (f) = 50 rev/sec
Magnetic flux density (B) =5 x 10-3 T
Induced e.m.f. (E) =?

In such case, we have .
E =BlLv.=B.r. (0;") B =p.r 2 - p f

or, E =BAf
=5x10-3 x3 x10-3 x 50

or, E =75x105volt
Induced e.m. f., E =75 x 10-5 volt

72. 2052 Q.No. 11 OR] A step down transformer transforms a supply line voltage 220 volts into 100 volts. Primary
coﬂ has 500 turns. The efficiency and power transmitted by the transformer are 80% and 80KW. Find (a) the
(4

number of turns in the secondary coil (b) power supplied.

Solution
Given,
No. of turns in primary coil (Np) = 500 No. of turns in secondary coil (Ng) = ?
Input voltage (g,) = 220 V Output voltage (g;) = 100V
Power transmitted = 80 KW = 80000W

Efficiency (n) = 80%
Power supplied = ?
Now, we have,
Ny _5
N: &
500 220
L "N, ~ 100
N, =227
Again; we have
7= power transmlltted « 100%
power supplied
80000 o
or, 80% = power supplied e 10

‘Power supplied = 10° watt'. 200




AC CIRCUITS / 193

Chapter 4: AC Circuits

Short Answer Questions

BSREON B r  ea
t 5‘;' = Q.No. 1§ 2070 Set C QNo. 1§ 220 V A.C. is more danger than 220 V D.C., why? 2
w The m(vmean Ssquare voltage and peak value of voltage are related as

or, Vp =V3- \,rms
So, the peak value of 220 v
dangerous than 220 V d.c.

2. [2076 Set C Q.No. 1 2069 (Set B) Q.No. 14 2068 Old Can_ G.No. 19 A choke coil is preferable to a resistor in an
ac circuit. Why?

Wi 2

w Choke coil is a coil of wire with high inductance and low resistance. It is used in ac circuit to control
the current without significant loss of electrical energ'y in the form of heat. The power consumed in
choke coil is Pay = Iims % Vime x cosf. Since, 6 = 90°, then Pay = Iime X Vims X c0s 90° = 0. It means the
current in a choke is wattless. If a resistor is used for limiting current in a circuit, there is always
wastage of power by Joule's law of heating. The power loss is given by P = I2R. Also, there is gradual
potential drop across the resistor. Hence, choke coil is preferred to a resistance in an ac circuit to
change the magnitude of the current without consuming power from the source.

a.c. is \/—é times greater than 220V d.c. Hence, a 220V a.c. is more

3. [2075 GIE Q.No. 11 The emf 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.MS. voltage (E) = ?
Frequency (f) =?
Comparing this equation with

E = Ep Sin wt
Here, Eg =300V & o = 314
Eo, 300
=L
Vrms \/72 2\
& 2nf=314 )
f=50Hz e S N —
'+ 075 Set AQNe_1f [2073 Supp Q.No. 1 [2071 Set D Q.No. 11 08 Can. QNo. 1 [2062 Q.No. 1d 2057 QNo. 1
2056 Q.No. 7 d] [2053 Q.No. 7 ¢ Why is choke coil preferred over a resistance in a.c.? [2]
™ Please refer to 076 SetCQNo. 1 S RS SR
5. [B074 Supp G.No_ 1] 2072 Set D Q.No. 1] [2071 Set C QNo. 1§ What is wattless current? 2

a The electrical power consumed in an ac circuit is given by,

Piv = Lme X Vims X c0s8,  where, cost = 7

ms

Here, Z is impedance, cosf is called the power fac.tor and 0 is _the phasg d.ifferepce l:etweon the
current and voltage. Since, the value of phase angle in pure capacitor and inductor ¥s 90°, th.e power
consumed is Pav = lrms X Vims X cos 90° = 0. And hence, current flowing in pure capacitor and inductor
is called wattles current. So, current of any ac circuit is said to be wattless current when it does not

consume any power.

&\E;sarqy.;o—.j?he emf of an ac source is given by the é;pr&);ion: E=300 sin 314 t volts. . v
values of peak voltage and frequency of source. 2
® Please refet to [f075 GIE QNo. 1

\




‘ |
194 / A COMPLETE NEB SOLUTION TO PHYSICS - X!

7. [2074 SetB Q.No. 14 Define rms value of ac. How I8 it rel
W The rmes. value of ac is the steady current (dc), Wll‘
time will produce the same amount of heat as ‘hu. o4 alue. If To
the same time. It is also called as virtual or effective Vae:

tod with the peak value of f#od s oy
ng, through a resistance fey a “3 !
nt does in the same "Cﬁista“%' ,ﬁ

ich on passi
ernating, curre

g™

. . _l
value is given by Trs = =

2
\/_ Vo

—— »
Similarly the r.m.s value of ac voltage is Vrms = \/’2 ¢ )

r whereas direct current does m

8. [073 SetD Q.No.‘ﬁxlternating ch"r;e?t_passes through a capacito
this fact on the basis of capacitative reactance. R [
= The capacitative reactance of a capacitor is given as, .

1 . itance of ¢ itor.
Xe= i Where f = frequency of current and C is capacitance of a capac

For a dc current, f = 0, Xc = w ie,, for d.c. current the reactance of a capacitor lbecomes infinite anq
B ’ ’ s . . ; ] = 1 A

acts as insulator which blocks current. For alternating current, f is more & X§ 1S ‘»155 1-6‘-,_ the capacitoy

has low reactance for alternating current. So, a.c. easily passes through it and d.c is blocked by

capacitor. S OV PR | O W,
9. [2072 Supp Q.No. 1 How does the re;c;ﬁance frequehcy of an L.C.R. series circuit change if the plates of the
capacitor are brought closer together? i [
= The resonance frequency of an L.C.R series circuit is
i) 1. .1

2n L omJLC

where, L is inductance of inductor and C is the capacitance of a capacitor. The capacitance of a
parallel plate capacitor is given as

cA

d
~ where, € = permittivity of the substance kept inside the capacitor,
A = area of plate and d is distance between plate.

-when distance decreases by taking the plate closer, the capacitance of ca
the resonance frequency decreases.

10. [2072 Set E Q.No. 11 What are the advantages of A.C. over D.C.?

w  The advantages of a.c over d.c. are'given as:

¢+ Thea.c. can be easily converted into d.c. but reverse is little bit difficult.

+ The voltage of a.c. can be changed from lower voltage to higher
transformer but voltage of d.c. can not be changed.

¢ The a.c. can be transferred easily over long distances without any loss of e

pacitor increases, as a result

e e e . Ao s oo e et

and vice versa with the help of

nergy but not d.c.

¢+ Many electrical appliances like electrical fan, washing machine, electric motor are run by only a< but
not by d.c. » € y

+ Production of ac is easy and economical.
e — —— gaise /

11. [2071 Supp Q.No. 10 For a capacitor in an a.c. circuit, ex
and voltage.

»  When an a.c. is passing through a capacitor, curre

the charge storing nature of capacitor. When

response current but voltage produces afte

Plain why there is a phase difference between 0""'["2;
n.l' lCﬂdS VOltag‘Q by a PI\t\S(’ i\“gl(‘ 90°. This 1S due to ;
A.C.1s passing through a capacitor, it stores charges

SlOl‘lJ i._' < > @ 2
. ’ T 19 Cl| IIgLS "n‘.l hLl]C(. CU]I(“t l.ﬁz
_——_-ph—‘seallg le Uf EC —— ——— ——— e f a/lter"aﬂg

= Please refer to [2074 Set B Q.No. 1¢]

Ce
pe the peak value of ac, thep g foy




¥

AC CIRCUITS 1195

3 Fiuc h the
o B Whys 't better fo ine o] orescent Iights often use an inductor, to limit the current through the
luctor rather than a resistor for this purpose? . 2

electrical power co
' The P nsumed in ap ¢ circuit is given by I

Pav = Irms X Vims ¥ cos0, hmc cos) =
Z‘ .

‘Here, Z is impedance, cosf s

cal > . ;
current and voltage. Since, the led the power factor and 0 is the phase difference between the

Py = Trms X Vims X cos 90° = 0. D\:;h:g gf phase angle in pure inductor is 90°, the power consumed is
tbe of fluorescent light. But, if 5 o 118 reason, an inductor is used to limit the cutrent through the
]oule T heatmg e sistor is used for this purpose, there is wastage of power (P = I?R)

0 zero phase difference between the voltage and current. Thus, unlike

resxstOD inductor plays a significant ro] i
e for controll i . That's
why/ i du ctor 1s better to use than : resmtor oo ing the current without loss of any power. T

ot uorescent tubes

w At high freqUenc|es a canacitor ¥
open circuit. Explam aPaCItOr becomes a short-circuit and an mductor becomes - [azr;

s T he capac1tahve reactance if 3 Capacitor Xcis given by

Xc=5nfC where f is frequency & C s capacitance of a capacitor.

Iff= 0, Xc =0, So, capacitor acts as short circuit.

The inductive reactance for inductor Xv is given by,
X, =2n fL, L = inductance of inductor. .
If, f= oo, XL ®, 50 inductor act as as open circuit.

5. [2069 (Set B) Q. No. ﬂ Sketch the s symbols of "capacntor"_";h‘ufn_d—u#cntor" "emf of a cell" and "a resistor". q_[ﬁ
a The symbols of a capacitor (C), an inductor (L), emf (E) and a L C R
resistor (R) are shown in the circuit

)
&
E

e ettt guprepesin e v et e ——

nean by wattless current? | 2]

#. j67 Q.No. 1] What do you mean by wattless current?

B Please refer lo [2074 Supp Q No. 11 . B R R ¥ AL L
he a [

1. b0 2067 OId Q.No. 2¢] OIdQNo 26 What are the advantages of a.c. overd.c.?
5 Please refer to [2072 Set E Q.No. 11 B - L L

18, BS56 Supp Q.No. i¢] Define rms value of ac. 2
A Please rLfer to Fll Set B Q.No. 1¢] . S ) ' -
Y ballast, to limit current through the tubes.

" o Fluorescent lamps often use an inductor, called a
Why is lt better to use an inductor rather than a resustor for this purpose? [2]

A Pkase refer to lfo SetDQNB - R A
y (2]

| J What is meant by wattles current?

A Please re &—_—m SR S
\ie re fer to 074 Supp ey /___’T{C__ A_n??_, . m
1,  What do you mean by r.m.s value ofan A.C. curre

PIQaSerefertomm WS S : S S
2 b farable to re [2]

" 3 Why is choke coil il preferable to resistor?
wﬂse refer to 2076 Set C Q.No 1ﬂ

4 T What is meant by i impedence of an a.c. circuit? 2]
‘ ered by the ac circuit to the alternating current is called inipendence

Ifh z: eatcre;;s tm:cev\;)li;p g;m;tclocnu?rff t passes through a LCR circuit ie., circuit containing inductor,
acie ancdu;éslstor then each of the components o_ffers different resistances which differ from each
Other Inductor (L) offers reactance Xt whlch 1s.d'1rectly proportxohal to the frequency (f) of'_ac.

ce Xc which is inversely proportional to the frequency (f) of ac,

Milar] C) offers reactan
d resiZtafciacc);;ge(d z))l resistor does not depend upon frequency.
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Hence, the net resistance offered by LCR circuit is given by,

Z=+R2+ (X, - X0t = A\ ’ R2 4-(mlJ - '&‘) (whete o =2nf)
Q salls y {
it It plays same role as played by resiSance in de cipg,

which is known as impedance of an ac circu 2
. i 4 7 = 2 4 g
R2+ X ,2 and CR circuit is Z RZ+X .

Similarly, the impedance of LR circuit is 7 =

Long Answer Questions - ; e
b : . rough a circuit containing an indqu

24. 2076 Set B Q.No. 5d| [2058 Q.No. 7 a] An alternating current passes th iition Betivesn i
and a resistor in series. Derive expressions for the current flowing and phase retat N the currgy
and the voltage. ' 1

=™ Suppose a pure resistor of resistance R and a pure inductor of inductance L are cf()nne;te((jl in series ,
a source of alternating e.m.f. as shown in figure (i). Let V be the r.m.s. value of applie altematmg
e.m.f. and I be the r.m.s. value of current flowing in the circuit.

; R V.
r—”"""m—lwmw— I : v
—V >y, —> .
A%

H

(iii)

0] (ii)
(i) A.C. through resistor & inductor (ii) Phase relationship between Voltage & Current in

LR circuit (iii) Phasor diagram
The potential difference across inductor, Vi = IX, (leads current I by an angle of n/2). The potentia

difference across R, Vg = LR (in phase with the current). Since Vi and I are in phase. So, Vy is
represented by OA in the direction of I (figure (iii)). The current lags behind the potential difference
VL by angle of n/2 so, V| is represented by OB perpendicular to the direction of I. So resultant of ;
and V| is given by OH. The magnitude of OH is given by
OH =4/OA2 + OB2 =1/Vg2 + V2

or, V=+12R2+ 2 X2

or, V=14/R2+ X2

V
or, T=VR2+ X2 =[R2 + 02L?

% . o ’
But 7 =Z, is the effective opposition of LR circuit to a.c. called impedance of LR circuit.

The impedance of L-R circuit is given by

Z= RZ+XL2
V

. v VvV
Agam,l—z—m
v :
;s =—F/——= [ XL=Lo
'\/R2+(Lm)2 [ X '

Let 0 be the angle between V and I, so from figure (iii), we have,

Vi IXu
tan0 = VR = IR
XL Lo . Lo
—= o tano = R

or, tanf = R~ R
If the values of X, and R are known, 0 can be calculated. Current lags behind the applied voltage"’
e.m.f. by-an angle 6. The phase relationship between current and voltage is given in fig, (i):

factor in this circuit is given by

R [

coso = \/m

The power
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/‘"75 Set A Q.No SMWh t : ‘.
75 5oL A QNo 5 Whatis an LGR g seres
- " LCR Gireuit? Derive e sondiion !
circuit with an a.c. supply. "CUit? Derive the condition for resonant frequency for an LCR seﬂ‘:’;
LCR Circuit: The electrical circ ' » [
with an a.c. mains is called LCR circuits S a resistor, an inductor and a capacitor connected
ElicTzzlnl;Z?nmce and reésonance ip Series LCR Circuit
et u I a pure resist i : '
of capacitance C be conllectg:i (,)f resfjc’tﬂnce R, a pure inductor of inductance L and an ideal capacitor
7 S N in se.ues to'a source of alternating e.m.f. as shown in figure. As %
hase. @b any nstant through the three clements has the same amplitude and

However, voltage across each element b
with the currenit. Let V be the r.m s, valy
LCR circuit and I be the r.m_s. va] .
elements which is given by

[= -

uit which contain

ears different phase relationship C M

e of the applied alternating e.m.f. to fe—y, —» <V —> <=V,
ue of current flowing through all the circuit

Z AR+ (X - Xz

where, Z= \R2 + (X - XO)? is the imp: _ ‘ .
- impedance of th ircui
Electrical resonance is P e series LCR circuit.

said to take place in a series LCR circuit when the circuit allows maximum

current for a given frequency of the source of alternating supply for which capacitive reactance
becomes equal to the inductive reactance (ie., Xc=Xy).

E

_E_ ,
Now, I = 7= e
RZ o —
\/ + (LU) Cm)

: 1 1
At low frequgncy, XL = Lo = L2xf is very small and Xc = Co~Cont is very large. At high frequency,

C2n f

XL = Lo is very large and Xc = C]—w is very small. If X, = Xc for a particular frequency fo, then the

impedance of LCR circuit is given by

z=4/R2+ 0 =R (minimum)

ie, Impedance of LCR circuit is minimum and hence current becomes maximum. This frequency (fo)

is called resonant frequency and the phenomenon is called electrical resonance.

Hence, for electrical resonance, we have
XL = X(

1
or, Lo = Co

1
or, 02 =7—=

LC

1
or, @ =—F—

Jic

Orr 27t f() =

" 2am{LC

This is'the expression for resonant frequency. . .
The resonant frequency is independent of the resistance R in the circuit. However, the sharpness of

o resonance decreases with increase in resistance asﬁgho—\'\-{l‘]l‘nf_lgure S

%. m},’gg’et B QNo. 5d Derive an expression for the impedance of an 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 pf resistance R, a pure inductor of inductance L agd .
an ideal capacitor of capacitance C be connected in series tola source of alternating e.m.f. as shown in
fﬂllowing figure. As R, L and C are in series, current at any instant through the three elements ‘has tl.le
same 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
rms. value of current flowing through all the circuit elements. '
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cR \Al
VL——)(—A/C—-)@VR—-I
\Y
| «
—GV— ol L4 vﬁ\\\yﬁx—ml
\ ) ’
” Voo i

() (i1 B ’
% m i sries LCR
() AC. through LCR series circuit (i) Phase relationship between P GRS
circwit (iii) Phase diagram .

The potential difference across inductor, V| = IX, leads current I by an angle ofth/ 2/’2
The potential difference across C, Ve =1IXc (lags behind the_ current I by an angle )
T he potential difference across R, Vi = IR (in phase with the current)_ i G
Since, Vr and I are in phase so, Vi is represented by OA in the direction of I as shown in figure ("1).

The current lags behind the potential difference V. by angle of m/2, so Vi is represented by Of
perpendicular to the direction of I. The current leads the potential difference Ve l_ay an ang]e of /2 54
Ve is represented by OB perpendicular to the direction of 1. Since Vi and Vc are in opposite phase, 5,
their resultant (Vi - V) is represented by OD (Here, Vi > Vo).
The resultant of Vr and (Vi - V() is given by OF. The magnitude of OF is given by
OF =/(OA)2 + (OD)2 =[Vi2 + (VL= V)2

or, V=BR2+ ([ XL - 1 X0)2 = RfR? + (X, - X0

A%
or, T == ‘\j R2+ (XL - Xc)z

Vv ' - NS ,
But T = Z is the effective opposition of LCR circuit to A.C. called impedance of the circuit. So, we get

=L =R (0 X ...

This is required impedance of LCR series circuit.

Resonance frequency:- . ,
' ' : 1 1
At low frgquency, XL = La)‘ = L2xf is very small and Xc = E(_n=m is very large. At high

' 1
frequency, X, = Lo is very large and Xc = Cao Is very small. If X, = Xc for a particular frequency fy,

then the impedance of LCR circuit is given by
z=\/‘R2+ 0 =R (minimum) A ‘
i.e.,, Impedance of LCR circuit is minimum and hepce current becomes maximum. This frequency (fo)
is.called resonant frequency and the phenomenon is called €lectrical resonance.
Hence, for electrical resonance, we have ’ ‘
XL = Xc 1
or, La)=é o B2 Rk,

or, 2= T

1
or, w=_\/_l:_E

1
or, 2nfo = \/L—C
) 1

fo =3 ﬂ:\/—l_f |
This is the expression for resonant frequency. =
The resonant frequency is independent of the resistance R in the ;

resonance decreases with increase in resistance as shown in figure,

TCuit. However, the sharpness *

-,
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G074 Set B Q.No. 5d] Deriv ‘ : e

: :(7143 :esistor Rin serle:. al')‘r::vp::%"’n for the impedance of an ac circult with an inductor L, a capacitor C
:cross the capacitor. ¢ phase diagram If the voltage across the Inductor Is groater than that

« Please refer to mﬁﬂ nt
TZB&S Supp Q.No. 5d] Derive expressio
inductor. Also draw the phase diagram

n for the impedance of an ac circult containing a resistor and an

« Please refer to [2076 Set B'Q No_5d) ’ t

/”—_ﬁ S O.No_ Bt o - . v ) | |

. [p073 Set.D Q.No. 55 Find expression for current in the case of alternating LCR serles circult and explain the
phase relation between voltage and current. (4]

« Let a pure resistor of resistance R

T , o pure inductor of inductance 1, and an ideal capacitor of
capacitance C be connected in serje

t and'C e o seft 8 L0 asource of alternating, e.m.f, as shown in following, figure. As

and ¢ SCTeS, cure o . |

i al ]:| — CHIES, current at any instant through the three elements has the same amplitude
phase. oweve ACTOSS 0 o ' ' ‘

and phase ever, voltage across each element bears different phase relationship with the current,

/ be 3 5 « 2§ 1 i i s i i
Let V be theil.m.s. value of the applied alternating cam.f, to LCR circuit and I be the r.m.s, value of
current flowing through all the circuit ol

emenls, _
; (}._WI{M,_ I
!:: VA N
L = VC ><V|(9
| & ()A A
MV , %‘\;n ’/2\ 15) >
w i ~ ,r - N it VR \
| 0P AN T ]
2 (ii) Ve Vi
B fve i)

Fig: (1) A.C. through LCR series circuit (ii) Phase relationship between V & 1 in series

LCR circuit (iii) Phase diagram
The potential difference across inductor, V, = 1X;_(leads current I by an angle of nt/2)
The potential difference across C, Ve = IXc (lags behind the current I by an angle n/2)
The potential difference across R, Vi = IR (in phase with the current)
Since Vr and I are in phase so, Vr is represented by OA in the direction of T as shown in figure (iii).

The current lags behind the potential difference Vi by angle of n/2, so Vi is represented by OE

perpendicular to the direction of I. The current leads the potential difference Ve by an angle of n/2 so
Vc is represented by OB perpendicular to the direction of I.
Since V, and V¢ are in opposite phase, so their resultant (Ve - Vi) is represented by OD (Here Ve >
Vo). ;
Th)e resultant of Vi and (Vc - V1) is given by OF. The magnitude of OF is given by

OF =4/(OA)? + (OD)?2 = AJVr2 + (Ve - Vi)
or V=B R2+ (I Xc - I X)? = R + (Xc - X0)?

Vv

or, T:-\,RZ + (Xc = X1)?
4
I

e
Z=T=\/R2+ (Xc - X1)?
Vv

V .
- Or, I=Z=m (l)

This is required current of LCR series circuit,

Now, .
Ve-Vi Xe-IXy =X(‘—x| .
e Ve Ik R, .
1
mC-mL

R.
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= . E
C R Vil : ,kv., vy
Vi eV ey : 4 B P Nl L 'F
N \ [
¥ AN ! PN ’ 0 >‘ e
2o A o \//\\/X o viA 7
(i) | (ii) va“ (i)

(1) A.C. through LCR series circuit (ii) Phase relationship betveen V & I in series LCR
circuit (iii) Phase diagram ‘
The potential difference across inductor, V, = IX, leads current I by an angle of n/ 2y
The potential difference across C, Ve = IXc (lags behind the current I by an angle n/2)
The potential difference across R, Vr = IR (in phase with the current) 4
Since, Vi and I'are in phase so, Vi is represented by OA in the direction of I as shown in figure (iii),
The current lags behind the potential difference Vi by angle of n/2, so Vi is represented by OF
perpendicular to the direction of I. The current leads the potential difference Ve by an angle of n/2 sq
Ve is represented by OB perpendiciilar to the direction of I. Since Vi and Vc are in opposite phase, so
their resultant (Vi - V) is represented by OD (Here, V| > Vo).
The resultant of Vi and (V, - Vc) is given by OF. The magnitude of OF is given by
OF =4/(0A)? + (OD)2 =[V2 + (V.= V)2
or, V=4RR2+ (IX, - I Xc)2= RfR2 + (X, - X2

Y i
or, T=VR2+ (XL - X¢)?
But 7 = Z is the effective opposition of LCR circuit to A.C. called impedance of the circuit. So, we get

\% :
Z=T7=R2+ (XL - X0)? ...(J)

This is required impedance of LCR series circuit.

Resonance frequency:" » ;
' e . 1 1
At low frequency, X, = Lo = L2xf is very small and Xc = Co ~ Conf I8 very large. At high

i 1.
frequency, X, = Lo is very large and Xc = Co 18 very small. If X, = Xc for a particular frequency fo

then the impedance of LCR circuit is given by

z= \/RZ + 0 =R (minimum)

i.e, Impedance of LCR circuit is minimum and hence current becomes maximum This frequency (fo)
is.called resonant frequency and the phenomenon is called €lectrical resonance

Hence, for electrical resonance, we have _
XL = Xc i

7
or, Lo =a;

1
or, w2=iE

1
or, 2n fo = ‘_\/——
b LC

1

fo=—""—
2n\/ LE
or resonant frequency. |

This is the expression f ‘ '
The resonant frequency is independent _Of the resmtancg R in the circuit. HOWEVQI’, the SharpneSS Of o
resonance decreases with increase in resistance as shown in figure. ( '




AC CIRcUITS 1 199

DU —

750t B aNo. 5d Derive an expro lance o rcuit w oLy .
—’07 seri Pression for the impedance of an ac circuit with an inductor L, a capacitor C

a resistor R in series. Draw
:::) <s the capacitor. the phase diagram if the voltage across the inductor is greater than tl;:;

please refer to 2075 Set B Q No_5¢

Derive expression for the frcde— s

: n for the | d an
nductor. Also draw the phase diagram mpedance of an ac circuit containing a revsistor an "
please refer to [2076 Set B Q No_ 54

/Set D Q.No. 5b Find ex re—i» P LK ST SO SO, TN
pord - Pression for current in the case of alternating LCR series circuit and explain the
phase relation bgtween voltage and current, 4]
et 8 pute, resistor of resistance R, 4 pure inductor of inductance L and an ideal capacitor of
apacitance C b? connected in series to a source of alternating e.m.f. as shown in following figure. As
R L and C are in series, current at any instant through the three clements has the same 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.m.s. value of
current flowing through all the circuit elements. .

C {
L R 5
{:V‘wm—f }—-'wwm— V,,L - ’M
L VC ><VR9‘
‘ \'% O/\ A
O\L - LK 7D U 7 ['r
P AT AN o oot
> D ___________
M (i) Ve
B v, (iii)

Fig: (1) A.C. through LCR series circuit (ii) Phase relationship between V & 1 in series
LCR circuit (iii) Phase diagram
The potential difference across inductor, Vi = IX, (leads current I by an angle of n/2)
The potential difference across C, Vc = IXc (lags behind the current I by an angle n/2)

The potential difference across R, Vr = IR (in phase with the current)
Since Vi and I are in phase so, Vi is represented by OA in the direction of I as shown in figure (iii).

The current lags behind the potential difference Vi by angle of n/2, so V| is represented by OE
perpendicular to the direction of I. The current leads the potential difference V¢ by an angle of t/2 so

Vcis represented by OB perpendicular to the direction of I
Since V| and V¢ are in opposite phase, so their resultant (Vc - V1) is represented by OD (Here Vc >

V).
The resultant of Vg and (Vc - V1) is given by OF. The magnitude of OF is given by

OF =[(OA)? + (OD)? =/ V2 + (Vc - Vu)?
orV=+[l2Rz + (I Xc - I Xp)2 = WR? + (Xc - X0)?
Vv
or, T=1/R2 + (Xc - X0)?

B“t¥ = Z is the effective opposition of LCR circuit to A.C. called impedance of the circuit. So, we get

2 Y (i)

C0I, [=2—=
Z R+ (Xc - Xu)?

This i required current of LCR series circuit.

Now, i )
tan9=VC—VL=IXC—IXL='_XC—XL -
VR Ir R,
1
-t oL



o\

200 | A COMPLETE NEB SOLUTION TO PHYSICS - XI!

- oL ’

R
o . i . w enrront and voltage. e R b
This is required phase relationship between curren i e i Py
__ This is required phase relati I : ¢ of a LCR series a.c. circuit. Show gfﬂphlc}“‘y'

oC
or, 6 = tan-!

30. [2072 Supp Q.No. 5 Derive an expression for the impedanc
how impedance varies with the variation of applied frequency. 4
= Please refer to 2075 Set B Q.No. 5d|

31. 2072 Se1D QNo. 5d An alternating current _[i;;;’évé fh-rough.a circuit cont:]aim:?r :nrte::t'lt‘:;; angtZaCitor and‘i,]
inductor in series. Derive an expression for the phase relation between the ¢ ge. _ [4

~  Please refer to 2073 Set D Q.No. 55

N S—— N et e e e e . S =t . D) “\
32. 2072 SetE Q.No_5d Derive the condition for resonant frequency of LCR alternating current circuit. 4
= Please refer to 2075 Set A Q.No. 5d|

33. 2071 Supp Q.No. 5¢ Define a.c. power. Derive an e
x Power consumed in an circuit
Let the alternating e.m.f. applied to LCR circuit be
E = Essinot (I)
The current in the circuit be,
I=Ip sin(ot - 6) ... (i)
Power at any instant t is given by

dw ) ) . ; ;
&t~ El= Eosin ot x I sin(ot - 6) = Eolo sin ot (sin ot cos 0 - cos wt sin 0)

e S TS Il
xpression for it. Also define power factor, 0

‘ Eolo . ]
= Eolp sin2wt cos 0 - Eglp sin ot sin 0 cost wt = Eqly sin2ot cos 0 -5 sin2omt sin 0

If this instantaneous power is assumed to remain constant for a small time dt, then small amount of
work done in this time is,

E .
dW = (Eolp sin’wt cos 6 -—;E sin2wmt sin 0) dt ... (1)

Total work done over a complete cycle is calculated by integrating equation (iii) from time t=0tot=
T : '

T T
I
W =f EOIosinZ(otcos(-)dt—f"Eg—o sin2ot sin 0 dt

0 0
T El T T T T
= Eylp cos 6 f sift2ot dt - %0 sind f sin2otdt | f sinZotdt = > f sin2otdt =0
0 0 0

0
T
W = Egylpcos 6 ‘5

Now, Average power,

W _Eb _E L
I’—T =" cosb = > 2c059
P = Iims . Erms cOs 6 o (1v)

This is required expression for power in ac circuit. The power in ac is defined as the product of the
virtual current and virtual potentjal difference with power factor cosf. Here, cos 6 is power factor
which is defined as the ratio of true power to apparent (or virtual power) in an ac circuit.

P
i.e,, Power factor, cos O = ——l - B
rms-

34. 2071 Set D Q.No. 5 d Derive an expression for the impedance of an ac circuit with an inductor L. a capacito'®

and a resistor R in series. Draw the phase diagram if the voltage across the capacitor is gre:ater than
across the inductor. * i

a Let a pﬁ;e resistor of resistance R, a pure inductor of inductance [, and an ideal 'mpacitm of
capacitance C be connected in series to a source of alternating e.m.f. as shown in following figure:

; ¥ : ode
R, L and C are in series, current at any Instant through the three elements has the same amplltud
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d phase. However, voltage acrac . y
and p ' ABe across each clement beats different phase relationship with the current.

Let V be the rm.s. value of the applied ; . f
: : od alternating e.m f. to LCR circuit and .l be the r.m.s. value o
current flowing through all the circuit elements b¢ " Ml

fe 4t B I
V.,«\ M
VL = Ve DV
A A
v V ) 7 7 lc'\
O A A Vi !

0 \\'/21‘ \-\\,/4” ol o . L

Q) " Ve — Vi
(1) B Ve (iii)

ase relationship between V & 1 in series LCR circuit (iii) Phase diagram

Fig: () A.C. through LCR series circuit (11) Ph
The potential difference across inductor, V, = IX. (leads current I by an angle of n/2)
The potential difference across C, V¢ = IXc (lags behind the current I by an angle /2)
The potential difference across R, Vi = IR(in phase with the current) ‘
Since Vi and I are in phase so, Vi is represented by OA in the direction of I as shown in figure (ii).
The current lags behind the potential difference V. by angle of n/2, so V| is represented by OE
perpendicular to the direction of I. The current leads the potential difference V¢ by an angle of /2 so
V¢ is represented by OB perpendicular to the direction of I. Since V|_and V¢ are in opposite phase, so
their resultant.(Vc - V1) is represented by OD (Here, Vc > V).
The resultant of Vi and (Vc - V|) is given by OF. The magnitude of OF is given by
OF =/(QA)2 + (OD)2 =+[Vi2 + (Vc - V,)2
or V=42 R2+ (I Xc - I X.)2= hfR2+ (Xc - X,)?

= Z is the effective opposition of LCR circuit to A.C. called impedance of the circuit. So, we get

VR (Xe-X): ()

This is required impedance of LCR series circuit.

3. 070 Set D Q.No. 5 d| An ac passes through 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]
& Please refer to [2076 Set B Q.No. 5d| . T e
ms_&;a@.“sjﬁaﬁ'expression for the impedance of an ac circuit containing a resnstorana ar;

inductor. Also draw the phase diagram. [4)

& Please refer to [2076 Set B Q.No. 5d|

3. 2069 (Set A) Q.No. 5d] [2052 Q.No. 10 OR] Discuss the phase relationshi‘;;‘i;efweeﬁﬁe' v'o‘lia'geranJ current in
the ac circuit containing an inductor and a resistor in series. What is power factor of the circuit? [4]

EuPlease refer to 2076 Set B Q.No. 5d| e , et X
3. m [m QNo 7 ;irg ljigéuss the phase relationship between the current and voltage in A.C. circuit

containing capacitor and resistor in series and hence derive an expression for the impedance of the circuit. [4]
& Suppose a pure resistor of resistance R and a pure capacitor of capacitance C are connected in series

to a source of alternating e.m.f. as shown in figure (i). Let V be the rm.s. value of applied alternating
em.f. and I be the r.m.s. value of current flowing in the circuit.

I\
C g VIA TV T
— Ve <—Va— P _
,0’ A YA 2 R :
__@l___ : “VZn ‘\\¥/[ax O | :
(i) (iii)

&MAC through capacitor and resistor in series (ii) Phase relationship between V & I in CR circuit (iii) Phasor diagram
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IXc (lags behind the current 1 by angle of 1/2),
= C v

with the current). Since, Vi and Lare jg Pha
(iii). The current leads the i

b
endicular to the directionp:#a

The potential difference across capacitor, Ve

. 5 hex e : <
The potential difference across R, Vi -:I.R (in phd:“-,wn i Flpie
Vi is represented by OA in the direction of lass gure

presented by OB.-perp

difference Ve by angle of n/2 so Ve is re i e
: > 1S ven ’
resultant of Vi and Ve is given by OD. The mag“““dL of ODis g y

’ 2 . ;
OD =4J0OA2+ OB2= Vg2 + VC y ' |

or, V. =\[R R+ 12 X0 | :
or, V =I\’Ri+ Xé
Vv / 2 1
or, T = R2+ X = R2+ T
V

But T =Z, is the effective opposition of CR circuit to

a.c. called impedance of CR circuit.

*

The impedahce of CR circuit is given by

z=1\[Re+ ¢

R2 +

Where, Z = ‘\/R2 + (l /(bC) 2 is impendence of the circuit

Let 0 be the angle between E and I, so from figure '(c), we have,
_Ve_IXc
tan6 = Ve IR

Xc 1 1
or, tan0 =‘E=ﬁ cotand = :n)—(—fl_{-
If the values of Xc, and R are known 0 can be calculated. This shows that the voltage lags the cur®
or current leads the voltage or e.m.f by an angle 6. The phase relationship between V and I is sho¥
in fig (ii).

- e e et S e e e L o 1 |
39. [2067 OId Q.No. 7a OR] [2066 Q.No. 7 a OR] Derive an expression for the current flowing through an ac. ¢i®
containing a resistor and capacitor. Obtain the expression of power factor of this circuit ‘ [

= Please refer to
o ' i |

40. Derive the condition for resonant frequency of anT.:E-Iaégr—r'\‘;tiggearvr;r\‘t;eries circuit. |
w Please refer to 2075 Set A Q.No. 5d] :

. . . ————— ”____»,,..,_’/
41. 2061 Q.No. 7 a OR] Find an expression for impedance. of an ac, circuit containing a resistance an{‘
capacitor in series. Also discuss the phase relation of current and emf i [*

n that circuit.
w  Please refer to
/

a2 An alternating emf is applied across a capacitor. Show that the current in it | [éga_slt; the !PP“;
emf by 90°. ) .
w  AC circuit containing a capacitor:

C-, ;
— A 4 B e —

J.,\v /9’ ]“ YA \\ /l R \%
—/ i \\/ln \\ h’u an t B
(1) (ii)

(iii)

(i) A.C. through capacitor (ii) Phase relationship between v & | (iii) Phasor dia
gram
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Let us consider a pure capacitor of capacit

. . 5
shown in figure. The emf at ;

V =V, sin ot
Now, the charge q on the
q=CV=CV(\ Su‘(l‘t

Thus, the-current ﬂowin'g in the circuit at any instant is '

99 9 .
el (O 1 . Vs -
= dt (€ Vesinot) CoV; cos ot =m sin (ot + g)

BT ance C connected across an alternating source of emf 'V as
any mstant in the circuit is '

(i)

Capacitor at the instant is given by

I =Lsin (ot +5) (i)

o

where, I, = CoV, = Vo _ _ Ve
Xe

1/Co is the peak value of current. The equation (i) & (ii) show that the

current leads the applied voltage by % :

The phase relation between V & 1 is shown in the wave diagram in (i) and (iii). The phasor diagram
(iii) also shows that I lead V by 90°.

43. Find théi—mp’é;a;r;éé;friaR circuit in series. (4]

n Please refer to (2075 Set B Q.No. 54|

Numerical Problems

44. 2076 Set C Q.No. 9¢] A circuit consists of a capacitor of 2uF and a resistor of 1000Q2. 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,

Capacitance of capacitor (C) =2u F=2x10-F
Resistance of resistor (R) = 1000 €2

emf (V)=12V (rms)

Frequency (f) = 50 Hz

Current (I) = ?

Voltage across capacitor (Vc) =?

Phase angle (¢) = ?

We have 1
. S X = - - 6.38,x 103 A
,/Rz + X2 1 2
‘\/R“(znfc> 1000% +{ 550 x 2 x 106

1 6.38 x 103
Ve =Xe=I5n6C = 2n x50 x 2x 10°

102
V C } _ =
' S (v(;) leod G/R) =t (6.38 %107 x 1000) e

45. 075 GIE Q.No. ¢ An;c— source of 220 V, 50 Hz is connected to series circuit containing a resistor R and
inductor L and a capacitor C. If R =200 Q, L=0.5Hand C = 10 pF, calculate, (i) the current in the circuit, (i)

=102V

the phase angle and (iii) the power consumed in the circuit. 4]
Solution

Given E=220V, 50 Hz

Em f. of source (V) =220V _ @

Frequency of source (f) = 50 Hz
Resistance (R) = 200 Q
Inductance (L) = 0.5 H i
Capacitance (C) = 10 pF =10 x 10-* F
- L=0.5H R =200
|

il
|
{
i
i
bk
i
|
.I
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i. Current(I)=?
ii. Phase angle (¢) = ?
iii. Power consumed (P) = ?
We have, "r}
i. Vo =I4yR2+ (X, - ‘*’;

Xc
or, V. =] R2+( L . )2
v L - ”C

or, ] =

. ] :
\/200“(2”50”"5'2nz50z1o-/1w)

220
257
=0.856A
ii. Let ¢ be phase angle,
_Xi-Xc

1
27t><50><().5-2ﬂ)(50“)_5
= tan-!

200
= tan-! (-0.807)
=-38.9° [ - ve sign indicate that current leads voltage]
iii. Power consumed P is
P =IVcosd
= 0.856 x 220 * cos (- ",89)
~ 146 56 W
S .. .

46. 2074 Supp Q.No. 9c] An iron cored cml of inductance 2 H and resistance 50 O is connected in series with 2
resistor of 950 Q. A 220 V, 50 Hz ac supply is connected across the arrangement. Find the current flowing @
4

the circuit and the voltage across the coil.

Solution
Given
Introduction (L) = 2H
Resistance of inductor (Ry) = 5002
Resistance of resistor (Rg) = 950 €2
Emf (V) = 220V
Frequency (f) = 50Hz
Current () =?
Voltage across coil (Vi) =?
Now, we have,
XL =wL
=2nfL=2nx50x%2

Then, using

= 628.32Q
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E

= =220 20
A Re+ R+ X2 VOS0+50)+ (qapaap 18101 - 186 ampere

Hence, the required current s 0.186 ampere
Again, we have ‘ '
V. = IXy

=0.186 x 628.32 = 116,87 V
Hence, the required voltage is 116,87V

47. [2074 Set A Q.No. 3d A coil of inductance 0.1 H and negligible resistance is in series with a resistance 40 Q. A
supply voltage of 50v (rms) 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. [4]

Solution
Given,

Voltage (V) = 50V

Voltage across resistor (Vr) = volta gea
L=0.1H R =40Q

Now, in case of L-R circuit, we have

V2=V + V3
R L

cross inductor (Vy)

2 2
or, V2 =Vg+ Vg [-Vr=V{]
2
o, V2 =2V
2 V2
o, VR =75

. Vg =35.35 Volt
Hence, the required voltage across R is 35.35 volt.
Again using,

Vk =V,
or, IR = [XL
o, R =X,
o, R =L
o, R =2nfL
% § = R _ 40

2nL.  2xx 0.1

~ f =63.7Hz ¢

~ Hence, the required frequency is 63.7H

4. 2073 Supp Q.No. 99 [2053 Q.No. 11] An iron cored coil of inductance 3 H and 50 Q resistance is placed in
series with a resistor of 550 Q 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 (R;) = 50
Resistance of resistor (Rg) = 550€2
Emf (E) = 100V
' Frequency (f) = 50Hz
Current (1) = ? )
Voltage across coil (Vi) =? v
Now, we have,
_XL =L
=2n fL =2rn x50 x3 =94247 Q
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d 12V (rms) and frequency 50Hz | o capacitor of 2uF and a resistor of 1000€). An alternating emf of

is a
phase angle between the applieq em'f’g::adéuf:::'the cutrent flowing, the voltage across capacitor and the
- : (4]

pleasc refer to @m
5 G070 Sup (Set A) ANo 9 1 A.C. majns of 20
100mH and a resistance of 200 i series

Solution
Given,
voltage of A.Comains (V) = 200y
Froquency of A Comains (1) = 50 145,
[nductance \\Al coil (L) = 1000 mi = i()ﬂ 10V H
Resistance of resister (R) = 20 ()
power consumaed (P) = ?
Now, impedance of circuit

=4f/R24+ X;2 = 2 T\
z =N L NVR* @nEL) =200+ 2 % 50 x 100 % 10-)2 = 37.24 A ‘

Carrent in the circuit (1) =L7/ = % =537 A

0 volts and 50 Hz is joined to a circuit containing an inductance of
Calculate the power consumed. 4

Power consumed (P) = IR = 5,372 x 20 = 576.8 Watt

&, 070 Supp. (Set B) Q.No. 8 d An iron cored coil of 2 H and 50 Q resistance placed in series with 2 resistor of
250 Q and 200 V, S0H z a.c. supply is connected across the arrangement, find
i.  The current flowing the coil,
i.  Its phase angle relative to the voltage supply

ii. The voltage acress the coil. 4]
Solution
Given,
Inductance (L) =2 H : Resistance of coil (r) = 50
Resistance of wire (R) =450 Q Emf (V) =200 V
Frequency of a.c. (f) =50 Hz Current(I) =7~
Phase angle (¢) = ? Voltage a cross coil (Vi) =?
Now, :
Vv "V 200 )
I= = > = - =(.25A
JR+p+ Xz (R+rp+(2rfl) V(350 + 502 + (2mx 50 x 2)2
Now,
V, =1X, =025x2nx50%2 =156.5V
vV 156.5 B R ) il
¢) = fan-i (—-—\71-\]) = tan-! (""—025 % 450) =543 v i
e S - ERp— ,,..,,.,;..‘ s T A1 . ,:_ i ’ . " d » ,‘;:
5. 2070 Set C Q.No, 9 A 50 V ac. supply is connected to a resistor having resistance 50 Q in series wnt!x a o
solenoid whose inductance is 0.25 H. The potential difference between the ends of the resistor is 25 V. Find
the resistance of the wire of the solenoid. Take frequency of the ac source is 50 Hz. N
Solution
Given,

Emf (V) = 50 V
‘ Frequency (f) = 50 Hz
Resistance (R) = 50 €2
Inductance (L) = 0.25 H
P.d. across resistor (V&) =25 V
Resistance of the solenoid (Rs) = ?
Now, for LR circuit, we have L. g

: R TR
| =" R r 50p + @LF V(R * 502+ (2nfL):

(Rq + R)** XL
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5 50 50 oo
VR 502+ 4P A[(R, + 50)2 + 4 x n2x 502 0 7 502 % 025
_ 50 N
V(R + 50)2 + 6168.5
Also, we have
Ve 25
R 50

I =05 Ampere
From equation (i) we get,
05 = 0
VR, +50)2 + 6168.5
or, {J(R. + 50)2 + 61685 =100
or, (R¢+ 50)2+ 6168.5= 10000
or, (R, +50)2 = 3831.497
or, R¢+50=61.89
R =11.89Q
nge thL xequlred resnstance is 11 89Q

55. Eoss gSet B) Old Q.No. 9b| Alternatlng voltage in an ac CII’CUIt is represented by V= 100\/3 sin (100 nt) volts,
o

Find its roots mean square value and the frequency.
Solution :

Given,

V = 10072 Sin(1007 t)

R.M.S. voltage (V) =7

Frequency (f) =7

Compare this eq" with

V =V, Sin wt

Here, Vo =1000/2 & w =100 =

Vo
Vrms = \/— =100V

& 2nf=100n

.. f=50Hz

56. W A circuit consists of an inductor of 200 m H and resistance of 100 in series with a a variabl
capacitor and a 0.10V (r.m.s.), 1.0 MHz supply. Calculate (i) the capacitance to give resonance (ii) the qualiy
factor of the circuit at resonance. [

Solution

Given,
Inductance (L) = 200pH = 200 x 10-°H

Resistance (R) = 10Q2

Emf (E) = 0.10V

Frequency (f) = IMHz = 10°Hz
Now, For (i); we have

X|_ = wL
=2xfL = 2r x 106 x 200 x 10-* =1256.6Q2

In resonance condition; we have
Xc =XL

1
H —_— =12
or, ¢ 1256.6

)|
or, fC 1256.6

1
or, S 1oreC - 12566




¢ =126 x10-1F

Hence, the required capacitance i | 26 x
Again, we have, : 10~
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|(lF.

; 1 L
Quality factor (Q)=‘\/Z:L 200 % 10+
- RN C g m%mwzm
Hence,required value of quality factyy g *

e factor is 126
ﬁ 2068 Can. Q.No. 9¢] .

A 100V, 504z Aq _
and R=10 Q all connect source is connected to an LGR circuit containing L= 8.1 mH, C=12.5p F

ed in series, Fin |
golution d the potential difference across the resistor. 4]
Given
(V) = 100V
EIL (g.\l)mH =8.1 x 10234 1il‘t‘quoncy (f) =50H2z
R=10Q C=1250F = 12,5 x 10-4F

P.d. across the resistor (Vr) =2
Now, we have

X, =L

=2nfl =2x x50 x 8.1 x 103 = 250
Also,

11 1

oC 2rnfC 21 x 50 x 125 x 10-6 254.65Q
Then, :
Current (1) = b = 100 ___10 0.39 .
AR+ (XU-X? \102+ (25 -25065  N6ser96 - mpere

Then,

Ve =IR =039 x 10 =3.9V
Hence, the required p.d. is 3.9V.

58. 2068 OId Can. Q.No. 7b] An alternating voltage 10V (rms) and 4 KHz frequency is applied to a resistor of
resistance 5Q) in series with a capacitor of capacitance 10uF. Calculate the r.m.s. potential differences
across the resistor and the capacitor. ' [4

Solution
Given,

Voltage (Vims) = 10V
Frequency (f) = 4KHz = 4 x 1000Hz
Resistance (R) = 52
Capacitance (C)= 10pF = 10 x 10-°F
p.d. across resistor (Vg) = ?
p.d. across capacitor (Vc) =7
Now, we have,
X 1 1 =398 Q
C = onfC” 2n x 4 x 1000 x 10 x 10
Then, in case of R.C. circuit, we have

| Viems _____l(_)_———- =—(}% =1.56A
v.o R R )
R+ X
Then,
Pd. across resistor (Vi) = Iv * R
-156x5 =78V N

Also, p.d. across capacitor (V o) =1IvX \>/(<‘
—1.56x3.98 =62 - . s
oss resistor & capacitor are 7.8 & 6.2V respectively.
cr

Here, the required p.d a
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o, [EOSE OGN, 7 ] A 50V, 500z, ac. supply is connected 10 8 Fct esistor is found to be 20y,
" solenoid wﬁos.e inductanc,e is 0.,20H‘. The p.d. betweezn;t:‘g)e" ' '

the resistance of the wire of the solenoid? (Assume ™
Solution

Given

Emf (V) =30V

Frequency (f) = 50Hz.

Resistance (R) = 400

200

Inductance (L) = 200mH =565 = 0.2H

P.d. across resistor (Vi) = 20V

Resistance of the solenoid (Ry) = ?

Now, tor LR circuit, we have

- \Y . 50 P 50 ,

VR Rpe xS VR0 (L) (R, + 40)2 + (2nfL)*
A\ NS b A
: 50 e 50
VIR = H0)S + dm22L2 - Af(Ro+ 40)2 + 4 x 12 x 502 x 0.22
30 :
1 : (1)

V(R + 40)2 + 3947.84
Also, we have
' "R 0
I =0.5 Ampere
From equation (i) we get,
== 50
77 J(Ro+ 20)2 + 394784
or, \/(R. + 40)> + 3947.84 =100
or, (R.+ 40)* + 394784 = 10000
or, (R, +40)==06052.16
or, Re+4H)="779
R, =37.790 :
Here, the required resistance is 37.79Q

-

60. 2067 Sup Q.No. 9¢] An iron cored coil of mductanceZHand Of reS|stance SOQ is connected in serieSVWi"‘"
resistor of 5500, and a 220V, 50 Hz ac supply. Fi T o
rgd] Pply. Find the current flowing in the circuit and the voltage acfﬁ
w  Please refer to 2074 Supp Q.No. 9d

61. [2066 Supp Q.No. 7b] A coil of inductance 0.1H and neqliqi AT : - . ry
supply voltage of 40 V (rms) is connected to them. If ag I\:g:?alge:scl::;:cf I Sl 1o 8 fesistand T‘:
the voltage across R and the frequency of the supply? * €qual to that across R, calf Ul

Solution :
Given,,

Voltage (V) =40V
Voltage across resistor (Vr) = voltage across inductor (V1)

L=0.1H R = 40Q
Now, in case of L-R circuit, we have
2 2
V2 =V + VL‘
2 2 '
or, V2 =V +Vp [ Ve=Vy] . :

-

,' 2
or, V- =2V
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YRR

or, VR=73
v Vv 40
or, R‘_\l‘ = =
2 2

Vi = 28.3volt
Hence, the required voltage
Again using,
Vr =V,
or, IR = l\l
or, R =X
or, R =olL
or, R =2xfL
R 40
S 2k 2rx 0.1
f =637Hz
Hence, the required frequency is 63.7Hz :
82, A 50V, 50 Hz, ac supply is connected to a resistor of resistance 402 in series with a solenoid

-hav_ing i_nductance 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. - [4]
n Please refer to 2068 Old Q.No. 7 9

across R is 28.3 volt,

or f

83. An inductor, a resistor and a capacitor are connected in series across an a.c. circuit. A
voltmgter 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, .
Voltage across inductor, Vi = 60 volt
Voltage across resistor, Vr = 16 volt
Voltage across capacitor, Vc = 30 volt

L Voltmeter reading across the series, V = ?

ii. Power factor =?

We know,
V =14/R2+ (X0 - Lo)?
or, V2 =2 R2 + (IX, - IXc)?
= (16)2 + (60-30)? =162 + 30?
V2 =1156
~ V. =34 volt

Again, we know R IR Vi Ve 16

S =3 : - Ve le
Power factor (cos 0) = [R2+ (X1 - Lo)? [\[]{'2 FXL-X)? JVe+ (Vi-Vop V 34 047
»\,,:-:_ i circuit. R = 250, L = 30mH and C = 10uF and these elements are connected to
64. 2062 Q.No. 7 o] In a series LCR circuit, R=25Q,L=3 n
240 ac (rrc:\s) 50 Hz source. Calculate the currentin the circuit and voltmeter reading across a capacitor.  [4]
Solution

Given,

Resister (R) = 25¢2 -
lnduct‘or (L) =_30m}; ‘ l/;\l\m )
Capacitor (C) = 10u N o

Voltage (V) = 240 \Y% .
Frequency = 50Hz
Current in the circuit, I =7 ; ot 8 - | YWy
Voltmeter reading across the capacitor, Ve Lt Eaibpt Re &0

In such case, we have,

——
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V= I4R2+ (X - Xo)?
: —,
or, V. =1 R~+(mL-mC)
%

.or, 1 =
] 2
\/R2+(2nfL -z—fC)

I =0.774 Amp
And, p.d. across capacitor,

(25)2 + (er % 50 x 30 x 10- =577 50 x 10 x 107

L ! — 24637 volt.
(=lx(=l2nfC=O'774x 2rx50% 10 % 10° ~ ©
cntor is 33 pF What should be the self

s5. {053 aNo. 7 8] The maximum capacltance  of a variale cape cy of the LC circuit to be 810 K,
lnductance to be connected to this capacitor for the natural frequency
Corresponding to A.m. broadcast band of Radio Nepal? 4
Solution
Given,
Capacitance (C) = 33pF =33 x 10-12F . e e
Let, L be the self-inductance connected with the capacitance, sO the natural frequency of this [¢
circuit is, f = 810KHz = 810 x 10°Hz.
Now, using
¢ 1
LC
| 1 ~ i
or L =7mpC = 1w (810 x 1092 % 33 x 102 - 177 10°H
Honcc th required inductance is 1.17 = 10-'H
66. [2057 Q.o 7 B] A circuit consists of a capacitor of 10 uF and a resistor of 1000€2. An alternating emf of 1V
(rms) and frequency 50Hz is applied. Calculate the current flowing and voltage across the capacitor. (4]
Solution
Given,
- Capacitance of capacitor, (C) = 10uF = 10 x 10-°F
Resistance (R) = 1000£2
emf (V) =12V (rms)
Frequency (f) = 50Hz
Now, impvdnncc of the circuit is given by

Z =
- — A
B Cw? (Cx2nfp (T@=2nf)
B {1000y + 22 3= \/1000000 p—1
10 x 10+ x 2 x:7x 50) 986 < 10
=10494 Q
Then,

12
Current flowing (I) = 7 ~10294° 0.0114 A
Now,
Voltage across the capacitor (Vo)=1 x Xc =1 x 2]fC =0.0114 x
\
22 =363V

. ) 2 x 7 x50 x 10 x 10-»
Hénce, the required current is 0.0114 ampere & voltage 13,63V
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- [2054 Q.No. 11] A constant T R PR v TR U e 130002 in
6 capacitance 6A6C7 :lépmi lfs connected to a series circuit consisting of a resistance of 3009 in
Srrentn 16 elrcuit o haif its valt’Je Shl::’l:'ency <.>f the supply being 3000/2r Hz. It is desired to reduce the
S on . ow this could be done by placing an additional resistance. [4]
Given,
Resistance (R) = 300Q
Capacitance (C) = 6.67uF = 6.67 x 10-F

3
Frequency (f) = (;(710 Hz .

Let, I & I> be the current i > s
entin the 1st & 2nd condition then, according, to the question.

I
L = —2.
We have,
Xe = A1 1
wC ~ 2zfC 3000 =49.97Q
21 x e X 6.67 x 10
Now,

For 15t condition, we have,

\
1 (i)
R2+ X ¢

Again, Let, (R') be the resistance in 24 case, then

or, = ... (11)

L
2
R2+ X
o) /2
2
R2+ X

w o _AREFEIIE

 \[(300)2 +(49.97)?

or, 2 =3[—_———:RI2 ¥ A
304.13 |

o, 60826 =[R2+ 2497
or, 369980.22 = R'2 + 2497
or, R? = 369783.22
© R =606.1Q
Hence, the resistance to be added =R'-R

= (606.1 - 300)2 =306.1 )
ooo :

J
(




Modern Physics

1.
- ¥

3.

p- §

or,

 [2975 GIE QNo. 2] If the wavelength of electromagnetic radiation is doubled, what wil happen to the energy

[2076 Set B Q.No. 23l Why discharge does not take place at very low pressure?

At lower pressure, the ionized particles (ions and electrons) have higher mean free path and e
reach to electrodes. The discharge thus takes place. But at very low pressure, no particles are
sufficient for discharging or ionizing and discharge does not take place.

(2075 GIE Q.No. 2a [2071 Supp Q.No. 2a] Explain why electric discharge through a gas takes place at low
pressure. ' [
At high pressure and low voltage, due to presence of more atoms, the positively charged particles (or
ions) and electrons can move freely for short distance only. The particles present in the tube are not
able to travel to cathode or anode but soon recombine. Thus further ionization bv the initial ions i
prevented. But at low pressure and high voltage, ionized particles (ions and clectrons) have larger
mean free path and can move towards electrodes with high energy and, in their way, can ionize other
gas atoms. Thus, more ions will be produced and gas becomes conducting. Hence, for the gas in the
discharge tube kept at low pressure and high potential difference become conducting,.

of the photons? 1|
According to Einstein Photoelectric equation the kinetic energy of photon is given as
1
=5 vk = hf - ¢
where ¢o is work function of a metal, h is Planck's constant and if is frequency of radiation.

Now,

| . he
Fmv2=""-¢p

A
.
E }— at constant ¢o.
When wavelength of radiation doubled the energy of photon is reduced to half.

2075 Set A Q.No. 2] [2068 Can. Q.No. 2 Gases are insulators at ordinary pressure and start conducting at low

v
R Chapter 1: Electrons and Photons t‘

pressure. Why? [
At ordinary pressure, due to presence of more atoms, the positively charged particles (or ions) and
electrons can move freely for short distance only. The particles present in the tube are not able to
travel to cathode or anode but soon recombine. Thus, further ionization by the initial ions i
prevented. But at low pressure ionized particles (ions and electrons) have grcatt-} mean free path and
can nl.ove towards electrodes with high energy and in their way can ionize other gas atoms. Thus,
more 1ons will be produced and gas becomes conducting. Hence, for the gases in the discharge tube
kept at l_’lt?l'lAlli'dl pressure are insulators and at low pressure becomes cond ucting.

@5 Set A Q.No. 2 2070 Supp. (Set B) Q.No. 21 What happens to the kinetic energy of photo electrons whe”
intensity of light is doubled? 2

st o 1 . i
The kinetic energy of photoelectrons is given by, hf = ¢ + 5 mv2, where ¢ is work function, £
f fequency of incident radiation, m is the mass of photoelectron and v be the speed. Here, the Spt’ed of
K.E. (?epends: upon the frequency 'of radiation but does not depend on the inte: «ity of radiation- 7
there is no effect to the kinetic energy of photoelectron when the intensity of incident light is doubled
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e

S aNe i Why i s magrai | P
; picture tube? Aanetic field used to deflect electron beam but not an electric field in 2 T[\Z/]

The motion of electron in electyice f : )

}\ichm‘ tube, if an clectrie l’i:‘l‘\:'il: {::I‘\: o bt ool while - BIAENULE field is circular. In a M,"w‘mm

applied or a very long tubo i l“lb - U‘ ‘ln deflect the electron beam, cither very high voltage is o be

}\n\dua‘ large deflection. On the (::hu;\-( 1("' l>lnw'(‘vvr, if a magnetic field is used, even a small field can

field is used to deflect electron b S' and, size of picture tube is reduced, Therefore, the magnetic
: N beam in a television picture tube instead of electric field,

74 Supp Qo 24 Gase icting a
s become conducting at low pressure. Why? )

Please refer to 2075 Set A Q.No. 23]

2074 Set A Q.No. 2b| [2071 Set e ey ] 7
v € Q-No. 2 2] [2069 (et A) Q.No. 22| The value of e/m is constant for cathode rays

but not for positive rays, why? [2]

# The value of ¢/m is consta e
mass and charge of elocts ant for cathode rays because cathode rays are the beam of electrons. The
‘ s are constant and hence e/m for electrons is universal constant. But the

positive rays are made up SEVe Tame . h
;}i"f‘ Dt 6 ¢ up of positive ions which are different for different substance because of their
itteret asses. 50, values of e/m are different for different ions.

) f2T73 Supp Q.No. 23] [2069 Sum] An electron and a proton move with the same speed in 2
uniform magnetic field of equal magnitude. Compare the radii of their circular path. 12]

b\ The. radius of circular path covered by a cl\arged particle moving in a magnetic filed of flux density B
is given by ‘

n

-

_mv
"7 Bq-

where m is the mass of charged particle, v be velocity and q be the charge of particle. Or, r « m. 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.
10. 2072 Supp Q.No. 2b] Human skin is relatively insensitive to visible light, but ultra violet radiation can cause
severe burns. Does this have anything to do with photon energies? Explain. 2]

x The energy of photon is given by

C
E=hf=h=—. Since, Av > Ay, Ev < Euv.
l . . ~
The wavelength of visible light is greater than the wavelength of ultraviolet light and the energy of
ultraviolet ray is greater than visible light. So, UV radiation can cause severe burns to human skin
and the skin is insensitive to ViSiblC‘ulig]']tl’_u” PR LT ; T -
" § 072 Set C Q.No 23 If we g>o"<“>n increasing the wavelength of light incident on a metal surface, what changes
take place in the number of electrons and energy of the electrons? ‘ ‘ @
% The no. of photo-electrons emitted from the surface of metal surface depends up on th.c mtensxt‘\‘\or
light l:L l( lt (l( pe nds‘ ulo(')n the wavelength of light. So, number of photo-clectrons emitted remains
) 1t not depend: e . L
constant when the wavelength of incident lightincre
The energy of electron emitted is,

ases.

b= + = mv?
\ —¢+2mv~

1
or, Zmy? = hf-¢

orl g i
,2mv~—} -¢

v

¢ K.E. of photo-electrons emitted decreases.

W v slone \, N
- ‘hfn wayglgngtll (}B) < of electrons and protons having the same initial K.E. enter normally into an
' ani ? Justify.
electric field, which beam will be more curvggle 4 gi\?’cn At [
N The kinetic energy K.E. of a charged par

of light increascs, th

1
KE. = 3 mv2

or, v2=2 K.E./m.
The deflection of a charg

an ic fi i iven as
i i electric field is grver s
ed partlcle mn
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=1

Il

oY)
=4
[

2 |

—~ 12 [a=F/m, or, F = ma]
I

182 ] 2 1e 12

IN2 1e 2 1le | _le o

-\ ==— E— =5 E5ggp m*~ EsvT
m E (v) " 2m EyZ “2m P2KE 2m 2B |
Hence, for same K_E. and electric field intensity E, the electron has less mass and hence greater curve
than that of proton.

|m

I
PRI= N NI

13, [2071 Set D Q.No. 2 a] A gas at lower pressu
not. Explain.
w Please refer to 2075 Set A Q.No. 23|

7ré>'c;r\'ciaéfs;;l;:;tr'iéirt‘ft;ht 7trh<e Vsime gas at higher pressure ddeg

@

ators: how do they become conducting at low

@

14, izB;o Sup (Set A) Q.No. 2 b Gases at normal pressure are insulators; how do
pressure?

w Please refer to [2075 Set A Q.No. 23

15. libio Set C Q.No. 2 a A cti;rged particle is fired into a cubical region of space where tl}ere is? uniforfn
magnetic field. Outside this region, there is no magnetic field. Is it possible that the particle will remain
inside the cubical region? Explain. A 2

w  Yes, it is possible that the particle will remain inside the cubical region if‘it enters perpendicularly to
the magnetic field and the diameter of circular path is less than the side of the cube.

16. [2070 Set D Q.No. 2 a] A charged 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

w Yes, the velocity is constant only in the region of zero electric field because the velocity of charged
particle will be constant in a field free space and in cross-field space. Here, magnetic field is zero and
hence for constant velocity electric field also be zero.

17. [2069' kéét B) Q.No.uz;lr Write ddeméi(pressibns for acceleration of a moving charge Q in ”parallel anrdA
perpendicular magnetic fields. 2

“ 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 6 with the field is F = BQvsin0. Then the expression for acceleration

of a moving charge Q in parallel and perpendicular magnetic field are; a = Bigy sin 0

m
BQv sin90 BQv
™y =" +as6=90° respectively.

=0,as 0 =0
a;\d a=

18. What property of the cathode rays indicates that the)} consist of electrons?

w  The value of charge

N
(e) and specific charge (e/ m) for cathode rays is same as that of electrons. Hence
the cathode rays must consists of electrons.

19. [2067 Sup Q.No. 23 Why does electric disé}g{g{ﬁﬁﬁ;&; at low Bi"t_a;éwtfr‘é a

B Please refer to 2075 GIE Q.No. 23

o e ————— B eI

- 2067 Q.No. 23 What is the Importance of Millikan's oil drop experiment? - A
- & lmportance of Millkan's Experiment |

i. Millikan's experiment shows that e
particle or ion.

nd high potential difference? (%

lectronic charge is the smallest possible charge on a Ch"“ged

ii. Mﬂlﬂ‘(an s experiment has proved the quantization of charge i.e
multiple of minimum charge e. '

ie, Q=tne, wheren = 1,2,3..
lii. There is no direct method to fi
o ind the mass of an electr 3
specific charge, the mass of the elin ctron. Knowin
i : TON CQ .
s 1.6%10:8C can be determined as
e/m  175x 100 C/xg = 9.11 x 10-3 kg

+ a charged body can carry an integrdl

. ol
g the charge of an electro? an -
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- "'c"‘é",:' D A A_.,.(.,_; s s RS
5 The specific charge of an electro arge of an electron with that of a proton. /

Té N of mas :
whereas the specific charge of 4 mass m. and charge e is e/m,,

ro ;
e/Me _ € My my, 167 xpm;(;l\ of mass m, and charge e is e/ m;. Then,

e/mp Me €  m. 97xq1o. a7 ~1840

o, specific charge of e ; /
2 ~"E****'-m~wgw-»» ‘,IES"",“} > b mly 1840 times the specific charge of proton.

3060 Q.No. 1 g] Cathode ravs R e
g (z:athOL'ie 1.‘ays Sk nmeell‘ays cannot be regarded as electromagnétic waves, Why? [2]
. a. Cathode rays are ff::'::“ﬂgnetllc waves, which is clear from the following reasons:
a. < 4 s oving e Q(‘h-ons ¢ sl ) . oy e F . P » ic
and magnetic fields. 5 but electromagnetic waves consist of oscillating electri

) b. The Speed of cathode rays is abou ' i
out th Dee 1 - 3 5 3 >
wave is as the speed of light. (1/10) of ;)pud of llght, but the specd of electromagnetic

Cathode rays are ,

€% P Bl prOt‘iuced normally from the surface of a cathode, but electromagnetic waves
can be emitted in all directions from the cathode

d. Cathode rays are deflected inside the electric and magnetic field in such a way that it confirms the

negagvely charged particle nature of cathode rays. But, electromagnetic waves have no effect on
electric and magnetic field.

2. Why a glowing gas, such as that in a neon tube, gives only certain wavelengths of light? [2]
» Neon 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 anode and cathode,
electrons are accelerated towards the anode and colliding with neon atoms, ionize them which excite
the positive ions. When these exciting particles return to lower energy level, emit the characteristic
pink light. There is only one neon gas but not other gas, so a glowing gas such as that in a neon tube,
gives only certain wavelength of light.

u, What is meant by stopping potential? [2]

a The minimum retarding potential applied to the anode at which photoelectric current becomes zero is
called stopping potential and denoted by V. Stopping potential Vo stops the photoelectrons with
maximum kinetic energy reaching the anode and hence name stopping potential. If m is mass of
emitted photoelectron and vmax is its maximum velocity, then

, 1
K.E.max =eVp= E m vZpnax

25.~A Discuss the physical principles involved in Millikan's experiment for the determination of the
charge of an electron. : : h (2
8 The principle of Millikan's experiment is to measure the terminal velocity (by Stoke's law) of the
charged oil drops (i) under the action of gravity alone and (ii) under the combined action of gravity
and electric field opposed to gravity. Knowing the terminal velocities under these conditions, we can

easily find the charge on each droplet. It will be found that every charged droplet has a charge equal

to integral multiple of basic charge e (i.e.",*ge, 3e, 4e, etC-_)r-y

%, Explaln thyvbiibtc;électric effect cannot be observed with all wavelengths of light. [2]
& The wavelength corresponding to threshold fre.que-ncy is known as thre.slmld wavelength X. The
photoelectrons will be emitted with some kinetic energy, for emission of ‘?[\()l()t‘lﬂCtl‘(ﬁl] the
Wavelength of the incident radiation should be. less than the threshold wavclcngth{. | lu;‘ energy of the
radiation should be more than the work function of the metal. Hence, photoelectric effect cannot be

observed with all wavelength:_; Qf ligh@j

\\w\__.‘_w,«wh___,,,A_,. e I - 2 ny o .
X What is threshold frequency? =

A The minimum frequency of incident radiation required to eject an electron (i.e., with zero velocity)
from the surface of a metal is known as threshold frequency (fo) for that metal. Different metals have

different threshold frequencies. Illumination of a surface with light of frequency less than fo will not

Cause ejection of photoelectrons.
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»

-' "éwWuhvé«iniué'q-ha‘h'tiiétion of charge? Describe the theory of Mi [:q
28. [2076 Set B Q.No. a | N
T ot . olillgmp‘l termined the value of charge on an electron using o}
i iment: Millikan deter
w Millikan's Oil Drop Experiment.

Tl kst o iy hd;“lM Millikan to determine the charge on an clectron is shown i
s A \ \ 5 w HITKe . ) ‘ 1 5 ‘m dpar‘ Wltl
perimental arrangement use ‘ st il »
E‘t‘ ;‘:Pﬂllj\t :f t‘wo. m}:‘lnl citcular plates A and B about 20 cm 1n die
ig. It consists ¢ | ‘
small hole H in the centre of the uppe plate A

Double walled chamber

Atomiser

Microscope

Fig. Millikan's experimental apparatus

The upper plate A is connected to a positive of high tension battery while the lower plate B is carthed
or upper plate is connected to the positive terminal and lower plate is connected to negative terminal
of high tension battery. The plates are arranged inside a double walled chamber.

Through hole in the upper plate H, clock oil (a non volatile liquid) is sprayed by means of atomizer.
These drops get charged due to friction and carry a few electronic charges. The window W; (not seen
in figure) is used to illuminate the oil drops by providing enough light. The window W5 is used to let
X-tays pass in to the space between the plates in order to ionize the oil drops in case the oil drops are

not ionized by friction. The microscope is provided with a crosswire and a micrometef* scale so that
the motion of the drop can be observed and measured.
Theory 1:

Motion of qil d.rop under gravity alone: Suppose the electric field is not applied. As the oil drop falls
under gravity, its velocity goes on increasing. A stage comes when the viscous force on the oil drop
beCO{nes equal to its resultant weight. The oil drop now moves with a constant velocity v, called
terminal velocity. : )

Let, r = radius of oil drop
m = mass of oil drop
p = density of the oil

u
o = density of air F
Then, Volume of the oil drop = ';1: 1 -
Weight of the oil drop (W) = % Tt pg ‘VI
Upthrust due to the aj -y g hit of ir disp
o O the air, U = weight of the air displaced by the drop
=M o g ki

The visc - ’ .
e J:zu‘?ufc:jrcg on the oil drop in upward direction, F = 6m nrv
) rop is i i (» 1 . \ ! |
i B o W P18 moving with terminal velocity vy, then
i 4
: Bt e X 4
T NI vy + 31[‘-30-&:51[,4

il g P-o)g=6nnrv,
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¢ 9I| Vi
A2 B 2(p-o0)g

G

‘ @ C Q.No. 64 [2068 OId Q.No. 9 What are cathode rays? How are they produced? Mention the properties

gnowing the values of p, ¢, 0
Theory 2:
Motion of the oil drop under afsins o |
. " ectric fi A N ) . " ‘ .
such a direction that force on phics F1o ?hl. A strong electric field is applied hp(“v‘ en the pléles in
vertically upward direction Now t‘l( Latively charged oil drop due to the electrie field acts in the
v L ‘ 7, the il dron stark ' ’ hi
velocity va inupward direction rop starts moving upward and soon attains a termin
Let, E be the strength of the ole
oil drop in

Viai v vadi :
and g, the radius of the oil drop can be calculated.

Ctrice field. As the drop carries a charge Q, then, electrostatic force on

ypward direction (F,) = QE £,
Viscous torce in downward direction (F)=6nn1v, !
W-U=3xr1(p- o)y N
When the oil drop attains terminal velocity vy, then IV’
F+U=F+W T

or, .=(W-U)+F

4 F
or, QE = RN (P-0)g+o6mnrv, -

or, QE=6mrv,+6mnrV,s
6T T (Vi + v

or, Q= E

o vitwy) 9n v B
o, Q=6 X 0-0)3 ..(ii)

Knowing all the quantities on the right hand side, the value of charge Q on the oil drop can be
determined. By repeating the experiment for different drops, Millikan fount that all charges turned
aut to the integral multiple of unique value of 1.6 x 10-1°C, which is the charge associated with an

electron.

Importance of Millkan's Experiment
i Millikan's experiment shows that electronic charge is the smallest possible charge on a charged

particle or ion.
Millikan's experiment has proved the quantization of charge ie, a body can carry an integral

i
multiple of minimum charge e. The value of eis 1.6 x 10-1°C.
ie,Q=+ne wheren=1,23..
ii. There is no direct method to find the mass of an electron. Knowing the charge of an electron and

specific charge, the mass of the electron can be determined as

e 1.6 x 10-"%c
=—— =911 % 103" k
e e/m 175 10" c/kg « &

of cathode rays. [4]

The invisible rays, emerging normally from the cathode of a dischaf'gv
tube, kept at aJprcssurc of 0.01 mm of Hg and undcr.n very high
potential difference of the order of 10-15 KV, supplied from an
induction coil, are called cathode rays. These rays are indopomlom ot
the nature of the pas and their propagation is independent of the
Position of anode. \ e ke LT
Properties of Cathode Rays A T

1. Cathode rays are emitted normally from the surface of the 3

cathode,
2 Cathode rays can penetrate

sheets of aluminuim foil. . o .
3z Cathode rays travel in straight line and cast sharp shadows of the objects placed in their path.

4 Cathode rays carry negative charge. S50 th.ey are deflected by electric and magnetic fields.
- Cathode rays carry momentum and kinetic energy. .

+

small thickness of matter such as —

e
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What is photoelectric effect? Discuss Einstel

EB SOLUTION TO PHYSICS - X

heat when they fall upon matter.

pped by a target, X - rays are produced.
I which they pass.

They produce
When cathode rays are suddenly sto
Cathode rays can jonize the gas throug,
. They affect the photographic plate. :
10. They travel with 1/10™ the velocity of light.

11. Cathode rays produce fluorescence when they fall on ce
12. Cathode rays can exert mechanical pressurce.

rtain substance like phosphorus,

n's photoelectric ‘equation. Write Some

_ applications of photoelectric effect.

oss of emission of electrons from metal surface when the light radiatigy

Photoelectric effect: The proc ’ . ;
ffect. The electrons emitted in this procesg -

of suitable frequency falls on it is called photoelectric ¢

called photoelectrons.

Einstein's photoelectric equation: According to Planck's quantum

theory of radiation; the energy associated with each photon of light

with frequency fis given by

E = hf, where h is the Planck's constant and f is frequency of photon.

When a photon of energy hf is incident on a metal surface, it 1s used

in two ways: 0 Metal surfac

a. A part of this energy '¢" is used to knock out an electron from surface of metal. The minimuyg
energy '¢' required just to liberate an electron from the surface of metal without imparting any Kg
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 (Ex). If m is the mass &y
is the velocity of the photoelectron after the emission, the KE of the electron is given by,

1
Ei= 3 mv?2

Thus, the Einstein photoelectric electric is \
Energy of photon= work function+ kinetic energy of emitted electrons
or, hf =¢ + Ex

1 .
hf=¢+35 mv?

En?rgy of photon = work function + K.E. of emitted electrons
This equation is known as Einstein's photoelectric equation.
Some applications of photoelectric effect

Photoclectric ¢ R & .

o :(:L;ilc(:l]cc ;f‘,fve}fitcf]p:\:ts-dteclt'rl?ty) is usgd in photpelectric cells called photocells. A photoelectri

g Cell}] elr s light energy into electric energy. There are three types of photo electri

A Baive el photovoltaic cell and photoconductive cell. They are used in TV camera, ™|
s, cmunatogx@hy to rc-produce sound, photography as exposure meter etc ‘

[2075 GIE Q.No. 6b] Describe Millikan's experiment to determine the value of Plank's constant Ekpiain how

Einstein's photoelectric equation is verified from this experiment.

Photoelectri
ric effect: The Talce =
» process of emission of electrons from metal surface when the light radiation

qU(n(‘ fallﬁ on lt 15 C(]ll(_d h() & i B [ > = ns ln s pre

Einstein's . )

theory of rggﬂt&:\le;tm equation: According to Planck's quantum
. £ , the energy associate ! e § .

with frequency f is given by e clated with eack photow of light

E = hf, wh i
» where h is the Planck's cons
phioton lanck's constant and f is frequency of

hi

When a pt

hoton of energy hf is inci

. ]f 1S Tl

in two ways: incident on a metal surface, itis used —

a.

v Metal sufo®

A part of this ‘

energy '¢' is us

energy '¢' required %zstdio liberztzetgnkIIOCk out an electron from surface of metal. The miniﬂ““’1
Ay s ele cl. 4

to it is called work function of the metaidmn from the surface of metal without imparting anie

o
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.The rest of the.ener i i |
;. 8Y is used to Impart the KE of ejected photo-electrons (Ey). If mis the mass & Vv

is the velocity of the photoolect. ;
Photoelectron after the emission, the KE of the electron is given by E, =5 mv?

Thus, the Einstein photnelectric o
Energy of photon=
or, hf=¢ + E,

quation is

Work functi T
etion+ kinetic energy of emitted electrons

1
or, hf = ¢ + 5 mv2
-1
or, hf = hfn + 3 mv2
he he 1

A = }T) b 3 mv?2

Energy of photon = work function + K. of emitted electrons.

This equation is known as Einstein's photoelectric equation |

Experimenta.l verification of Einstein's Photoelectric Exﬁission

Millikan performed an experiment to verify Einstein's photo electric equation & hence to determine
the valuerof Planck's constant. The expei-hnental arrangemeﬁt has been shows in the figure. It
consists of an evacuated glass flask with window and a rotating Whea-l W. The alkali metals like
lithium, sodium and potassium are used to emit the photoeiectron;

These metals are connected with a rotating whee! W which is made

cathode by connecting it with negative terminai of battery. A knife K is - Lighty /\%/
connected with this to clean the metal surface. A radiation of suitable ,_§§

frequency falls on a ‘given metal surface at a time through window of ] AE

an evacuated glass flask which emits the photoelectrons from the metai f ‘\-/ i
surface. These photoelectrons are attracted towards the anode and we . |
can see the anode current on the galvanometer or ammeter connected m__@——‘

toit. ;

Theory: A

Let negative potential to the anode increases with the help of rheostat. The negative potential at
anode repels the electrons reaching to it. On increasing the negative anode potential, -anode
cirrent decreases. At a certain negative anode potential the anode current becomes zero calied
stopping potential. The frequency of incident radiation 1s changed by color filter and the
corresponding stopping potential V is noted. A set of observations is taken for different values
of incident frequency and corresponding stopping potential. :

Atstopping potential, we have Vj" /
" ] ! 74 '
eV, = 5 mv? ' / ;
“ . 1 :») H
Since the photo electric equation is, i £ b
1 ‘ or—#7 . '
amve = hi-¢ R el l
Thus, eV, = hf - o _{

vs= b f- Q.

e e i

This equation represents a straight line between smPp‘ing potential Vi and frequency of ‘incident

Tadiation f [ ie., of the form ofy=mx+ c]. When Millikan plotted an experimental graph pe‘rwecn

quency of incident light, he found that the nature of graph is strmght‘line

xis as shown in figure. This straight line graph verifies the

quation. Millikan experimentally found the slope of the straight line m

e tan0 = 6.625 x 10-%]s. In this way, Eg_nstcin photuelcctric equation is
tant is calculated.

Stopping potential and fre
With negative intercept along y-a
instein's photoelectric e
“tanf = h/e implies h =
\ve.iified and value of Pla“Ck’S'f‘_)_'ls

~.

7). Thomson's experiment to determine the specific charge of an electron. [4]

Discuss J.J

R,

: ; e
! Determinaﬁon of specific charge 1, of an electron by J.J. Thomson Method: The apparatus

‘ designed in J.J. Thomson method consists of a discharge tube containing concave cathode C & a
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cylindrical anode A with high positive pntvntiall The d:sch_arge hll'b(:! I;::x;::t;;’gv?lt:t? (::;:?m“’m
tube. When a high voltage of the order of 10 to 15 kV is apphe i i : of the
discharge tube containing gas at 0.01 mm of Hg, cathode rays are P"’f ueed: tor O Electl Dderey
into a beam by the cylindrical anode, which mects with the 5""“!_.,1 » llt? ﬂ]'“ is d("viatec? o g
applicd by the horizontal plates Py & P so that the beam o m?‘hn'(_t'hf; {,”m to S, ‘WI:O 5.
perpendicular magnetic field is represented by the "”""‘l,(.'",lv dw',d:‘ S, } ””'“_r fhen ‘th . “n both
fields of equal magnitude are applied in perpendicular directions with each e beam
electrons or cathode rays does not deviate and again meet at point O.

When a high potential difference (V,) is applied between cathode and cylmd-ncal anode, the beam of
clectrons is highly accelerated and gain a velocity v whose kinetic energy is given by

1
eV, =5 mv?
L’ N l w2 b .
oL T2V, . (1)

When both magnetic and electric fields are applied perpendicular to each other such that the beam of
electrons does not bend, then the magnetic force and electric force are equal.
ie., HEectric force = Magnetic force '

or, Bev =eE
_E
or, v ol

where, E is the electric ficld intensity and B is the magnetic field intensity. The electric field E is given
by E=V/d, where V is the p.d. between the plates Py and P2 & d is their separation. Then, from

eguation (i), .
¢ E?
oL 'm T 2B2V,
e V2
=

By knowing the value of V, B, d and V,, we can find value of e/m. The value of ¢/m for an electron
from J.J. Thomson method is 1.76x 10""Ckg-'. This ratio of electric charge to mass of an electron 5
called its specific charge.

33. 2075 Set B GNo. 64 [2074 Set B Q.No. 6a 2071 Set D Q.No. 6 a] 2069 (Set A) Q.No. 6a 2068 Can. Q.No. 63
Describe the theory of Milikan's oil drop experiment to determine the charge of an electron.

a Please refer to 2076 Set B Q.No. 6a]

34. [2074 Supp G.No. 65] What is photoeléctric effect? Explain the effect of increase of (i) frequency (i) intensity
of the incident radiation on photoelectrons emitted by a phototube. X

w The process of emission of electrons from a metal surface when the light radiation of suitable

frequency falls on it is called photoelectric effect, The electrons emitted insthis process are called

photoelectrons and the current of the electrons is called photocurrent,
Einstein's photoelectric equation: According to Planck's
quantum theory of radiation, the energy associated with cach
photon of light with frequency f is given by
E = hf, where h is the Planck's constant and f is frequency of
photon,

When' a photon of energy hf incidents on a metal surface, it is m*
used in two ways: : ' ¢ Meta |




. |

%. 2073 Supp Q.No. 6a] [2070 Supp. (Set B) Q.No. 6 a| [2054 QNo. "]”Q'Déééfi'i;é' an experiment to determine the

2
37@73 Set C Q.No. 6al Ei;;l’ai‘ﬁ-'“pﬁubtoelectrié effect to write Einstein's pl;btoélectrie equatib'ﬁ.‘ Describe Millikan's

a Please refer to [2075 GIE Q.No. 6

a Please refer to 2075 Set A Q.No. 6b]

] 0]
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d " » » [ i o 4 H
a A p,m of this en gy 4" is used to knock out an electron from surface of metal. The minimum

40 H 4 ’ :
energy 'O required just to liberate an electron from the surface of metal without imparting any KE
(o it as called work function of the moetal '

' '

10 rest of the energv i

b. lluI N «’ntlr}'.) 15 used 1o impart the KE of ejoc ted plml()-vh
: . (l (’“‘ v > : ’ i
151 ul v iy of the photoclectrons aftor the emission, the KE of the electron is given by,

E. =75 mv?

wotrons () 1Em is the mass & v

Thus, the Einstein P'lﬂlm'lv( tric electric iy
"y ] ] > y .
Lnergy of photon= work fungtion+ kinetic energy of emitted electrons

or, hi=¢+E,
l -
hf=¢+ 3 my

-

Energy of photon = work function + K.E. of emitted electrons
This equation is known as Einstein's photoelectric equation.
No, the work function of a metal does not depend on intensity of light.
The above Einstein photoelectric equation shows that the energy of the photoelectrons ¢
the frequency of the incident radiation but not the intensity of radiation. If the frequency of the
radiation increases, the kinetic energy of the photoelectron increases and intensity of photoelectrons
remain same. But the Kkinetic energy remains same and intensity of photoelectrons increases on
increasing the intensity of incident radiation.,

- 074 Set A Q.No. 6b] 2072 Set D Q.No. 6a] Discuss photoelectric effect and derive Einstein’s photcelectric
equation. What is stopping potential? [l
First parts: Please refer to [2074 Supp Q.No. 65

Second Part: Please refer to [2056 Q.No. 128

icpvr;ds upon

(4]

specific charge of an electron.
Please refer to [2075 Set A Q.No. 6b)

laboratory method to determine Planck's constant. [4]

[4

Thomson's method.

3. @-Su;)b 6:&3."}'9—] Describe an experiment to determine the ratio of the &;féé to mass (élm) for an

8/

electron. Show how the result is derived from the observations. ‘ [4]
Please refer to 2075 SetAQ.No. 6~ N A L

. 072 et C Q.No. ‘ggi—be‘sé}ii)é.ﬁth necessary theory of Thomson's method to determine specific charge of an
electron, (4]
Please refer to [2075 Set A Q No._6b] ———

- 2972 Set E GNo. 6d [2067 Q.No. 64 Explain Millikan's experiment for the verification of Einstein's

photoelectric equation. - [4]
lesa refer to 2075 GIE Q.No. 64 .

' Verify qu‘éhtiza'tio?l'bf chario dilng Millikan's oil drop expdﬂ;h;nt. [4]

§_ Please refer to [2076 Set B Q.No. 63 . 7 4 5 y
“. Q071 Set C G.No. 6 a Discuss the motion of an electron in a uniform magnetic field and show that if a free

electron moves at right angle to a magnetic field, the path is a circle and the time period of revolution is

independent of the speed of the electron. , (4]

Deflection of electron in Magnetic field:
Suppose a beam of electrons moving with velocity v enters into a region of uniform magnetic tield B

M\irh is perpendicular to the motion of electron as shown in figure. Then, force on electron in the
field s F = Bev. This force 1s pcrpendlrular to both B & v and direction of the force is given by
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ctron moves in circuiar path. If m is theimasg

'ming's le le. Due to this, the ele
Fleming's left hand rule ot the magnetic field, then the force Bev proyigeg the

electron & r be the radius of its circular path inside
necessary centripetal force.
Thus, Magnetic force = Centripetal force

mv?
or, Bev=—""—
r
\J
mv
or, r Bo

. ; e “ts sntialiy, the motion of the
As the magnetic force acting on the moving electron acts tangentialiy, th the électrg,

becomes circular with radius v

mv?2
Moreover, Bev = 5
mv - mro oo ]
he v = " (\'vV=1ro)
Be
" m
So, the frequency of electron moving inside the magnetic field is given by
Q) BC

1  2mam
" f 7 Be
Hence the frequency (f) and the time period (T) of the electron in the circuiar path 15 independent of
the speed of electron (v).
44. 2070 Sup (Set A) Q.No. 6 a Discuss the trajectory of a charged particie when it is moving in a uniform:
magnetic field and hence discuss how the specific charge of the particie is obtainec. [4

w Please refer to 2075 Set A Q.No. 6b]

45. 2070 Sup (Set A) Q.No. 6 dl What is work function of a metal? Does it depend on the intensity cf incident
light? Discuss Einstein's photoelectric equation. [4
w The minimum energy of incident photon on radiation required to liberate an electron from metal
surface without gaining any kinetic energy of emitted electron is called work function of a meta!. This
is denoted as ¢ and given as ¢ = hfo, where h is Planck's constant and {; is threshold frequencv ot a

metal.
No, the work function of a metal does not depend on the intensity of incident of light. It is constant

for a metal and different for different metals.
Einstein's photoelectric equation: Please refer to 2075 GIE Q.No. 6bf
46. 2069 Supp Set B Q.No. 6 a Describe J.J. Thomson's experiment~ 'v(li'th 'neééséa'ry theofy behihd the
determination of specific charge of electron. e [
& Please refer to 2075 Set A Q.No. 6bj
47. {2069 Supp Set B Q.No. 6 d| Explain photoelectric effect and b}eéé}\f t'hev"vieé‘esséry theory to determine the
value of Planck's constant. 4
= Please refer to 2075 GIE Q.No. 65 _
48. 2069 (Set B) Q.No. 64 Describe Millikan's oil drop ékpériﬁiéht with necessary theory. Estimate the specific
charge of an electron from it, &
= Plec\sv refer to [2076 Set B Q.No. 64 :
49. 1&5_9 (Set A) OId Q.No. 8a] What is photoelectric effect? Derive Einstien's photoeleciric eqdatidh; Define
various terms used in it. ' 3

=3 Pho.toelectric effect and Einstien's photoelectric equation: Pleasc refer to [2076 Set C Q@ No. 64
Various terms .

1. Stoppi Hal: o . ,
c:l(:fel:tng potential: T}w minimum retarding potential applied to the anode at which photeele
ecomes zero is called stopping potential and denoted by Vi. Stopping potential Vo stops

ctri€
2
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nhotoelectrons with maximy, ELECTRONS AND P

. Um kih otic o
{f m is mass of emitted phoy bl

electron "ergy reaching the anode and hence name stopping poten

and Vmax i3 its maximum velocity, then

K.

‘.r = l
: R (T Fmve
work function: The Minimuyy, ene
f metal without impartmg any Kji ¢
wven as ¢ = h fy where £, ihroc
:?lweql‘m l¢d iy T(l‘ threshaly requency
\res Y the ming v 2
3 with zero velocity) from the llm;num f“’q“(‘"(‘ v of incident radiation required to eject an electron (1.0.,
orresponding wave length : l IT Ace ofa metal is known as threshold frequency (fo) for that metal. The
;"mucnde%‘ ’:ilun\in’\tm]’\ \fh talled threshold wave length. Different metals have different threshold
: o il GFa surtace wi i by i : - qection of
phomelcctmns. th fight of frequency less than fy will not cause eje
'/—MQ.NO.G 3 DESEHDE the Bha = e e g T S
@ SR Dischazge.tk the phenomenon of electrical discharge through gases. (4]
d EleCTC ; t (pgf» e rough gases: On normal pressure, gas does
bes um‘uc ® L»d“mﬁ' and behaves almost like insulator. When ( i) )
o prtssurint[:f ;:,as " reduced and applying very high voltage \T%QQ’_/
g abqut & V/ cm, 1t starts to conduct clectricity. For the study S Il
of electric discharge, a gas is taken

max

"&V ' required just to liberate an clectron from the surface .O,f
9 1tis called work function of the metal. It is denoted by ¢ and

alle

: ' N a tube and the tube called i
as discharge tube. Discharge tube is a glass tube of 30 cm to 50 cm 1 |
length & 3 cm t0 5 cm in diameter, ‘The tube contains an anode A ‘—.—K—l o B
and & cathode C by making respectively positive and negative e "
terminal of the induction coil (10 kV to 15 kV). The pressure of £ To vacuum pump
the gas inside the tube can be reduced.with a vacuum pump. The ~ '

walls of the vacuum tube are coated with fluorescent material, Flg: Discharge uke
When the pressure of the gas is reduced, tollowing results are obtained at different pressures.
Pressure abovg IQm_m of Hg: When the pressure is above 10mm of No Discharge Il"‘
Hg, the electric discharge «oes not take place. It is so because the o 4
ions and electrons are unable io veach their collisions with gas ’
atoms due to low mean free path.

Pressure at 10mm of Hg: When the pressure inside the discharge
tube is reduced to 10mm of Hg, discharge takes piace. Its path is
zigzag with crackling sound and bluish in color.

Pressure at 5mm of Hg: When pressure of tube is reduced to 5 mm
of Hg, the blue streaks broaden cut in to a luminous column which
15 bright and steady. The iuminous column is called Geissler’s
discharge. The color of discharge depends on the nature of the gas
faken. ’

Pressure at 2mm of Hg: At Z2mm of Hg pressure, a luminous .y
! . o N - &
Column appears from anode which extends almost to cathode Sl —— = ._._.:_}WL

Y > nositive col _Colour of the discharge depends upon t
alled the positive column. Colt A Al P P H | Positive colemn
the nature of the gas. For e.g., itis red for air and blue for hydrogen.

" 3 &) - ¢as 1Q 16O 4 ‘
Pressure at Tmm of Hg: When the pressure of gas is reduced to 1 st i e aa
column detaches from the cathode and shortens 2 % |

m of Hy, positive
towards anode. A blue luminous glow appears at the cathode
Calied negative glow. The space between positive column &
y dark called Faraday's dark space.

. vel taraday's dark sﬁace
Nlegative glow is comparative . ;
Pressure at 0.5mm of Hg: When the pressure of gas is reduced to Negative elow - araday's dark space
05 mm of Hg, the negative glow leaves the cathode and moves
towards the anode. At the cathode, at the same time, another glow
calleg Cathode‘glow appears. A dark space between negative glow
nd cathode glow is appears called Crooke’s dark space.

Cathode glow Crooke's dark space
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51.

52,

53.

54,

55,

56.

§7.

58,

§9,

60.

81,

82.

‘ Please refer to 2068 Q.No. 6 2

s - Xl
Negative foW Raraday’
v V'§ dary o

3IML

Striations

; ysitive
Pressure at 0.05 mm of Hg: At 0.05mm of Hg pressure, the pc

. - i d dark space
column shortens and breaks into alternative bright an

Cathode glow

Crooke's dark
called striations. SPace

ons,

triati
Pressure at 0.01 mm of Hg: At 0.0lmm of Hg pressur;e., i o —
Faraday's dark space, negative glow & cathode glow are ¢ : Pcr:thmie ===z 3%1 >33
The whole tube is filled with Crooke's dark space. Then, '9‘; s
emits invisible radiations towards anode, Calléd cathode ra]-‘“~ b
they are allowed to fall on fluorescent coating of the glass ,
scent light is produced. ‘
230(:::::]beliw 051 mm of Hg: When the pressure is reduced below 0.01‘ mm ot Hg, the tybe
bt“li{\/CS like a vacuum tube & it is impossible to maintain discharge. The discharge stops bevong
pressure of 104 mm of Hg,

Cathode ravs

[2067 Sup Q.No. 'sa]“Wha'i' is p—I{Si’delectric effect? bisi:usé Einstein's Photo-electric equation. Does the work
function of a metal depend on intensity of light? [1424)
First parts: Please refer to 2076 Set C Q No_6d

No, the work function of a metal does not depend on intensity of Light

(2067 0id Q.No. éaj Describe J.J. Thomson's experiment to determine the specific charge of an electron.  [4)
Please refer to [2075 Set A Q No. 64

[2066 Supp Q.No. 9 O] Describe with necessary theory to determine the ratio of charges to mass (e/m) of an
electron by J.J. Thomson method. [

Please refer to [2075 Set A Q No_ 64

2065 Q.No. 9 a OR] Describe an experimental method to determine the specific charge of an electron.  [2+2)
Please refer to (2075 Set A Q No 64

What is specific charge of an electron? Describe and give necessary theory of J.J. Thomson's
method to determine the specific charge of an electron.

(143]
Please refer to [2075 Set A Q No 64
2063 Q.No. 8 a OR] Describe the theory of Millikan's oil drop experiment to determine the number of charge
on ol drop. [
Please refer to 2076 Set 8 Q No_6q)

2063 Q.No. 9 OR] Show that electron motion in m
period are independent with the velocity of electron

agnetic field is circular. Prove that frequency and time

_ 4]
Please refer to Q071 Set ¢ Q No. 6 g |
2060 Q.No. 8 J Write down Einstein's photoelectric e&uaﬁon and describe an experiment to verify it [1'31
Pﬁlc.\:w refer to 075 GIE Q.No [ .
—_57 Q.No. 8 J What are cathode ‘rra-‘)‘!;"?- State their six propem ties. [‘1

A Please refer to [2076 Set C Q.No. 63
Explain the phenomena of dischar “

rge of electricity through gases at low préssure. .

8955 GiNo. 73 Discuss the physical principles invofved -

charge of an electron, ' Principles involved in Millikan's experiment for the determination of
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umerical Problems

N
B Q.No. 103 |2 . R _ , ; ~
i ':;:i:ist;tof 3.52(;105 mI:Z:dS::OB Q'.N ©. 10d An ion for which the charge per unit mass is 4.40 x 107 c/kg has
‘r’a dius of this orbit? Ves in a circular orbit in a magnetic field of flux density 0.4T. What will be t{:;

po -

solution
- Gi\"e“r

arge per unit mass of i =) 4 2

Chge s offon, (m) = 4405 107 C/ kg

velocity of ion (v) = 3.52x105 1y /g
Magnetic flux density (B) = 047
Radius of orbit (r) = ?
We know that,

mv Voo 3.52x108

T TBe ¢ 04x4a40x100 - 002m
m

. 075 GIE Q:No. 109 [2068 Can. Q.No. 104 [2060 Q.No. 8 b O] Two plane metal 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 velocity 107 m/s are injected horizontally midway
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 10! Ckg™') (4]

Solution '
Given,

Potential difference (V) = 300V

Separation between plates (d) = 3cm = 3 x 10-2m
Velocity of electron (v) =107m/s

Length of each plate (D) = 4cm =4 x 10-2m

— =18 x 10" Ckg-"

Vertical deflection (y) = ?
Now,
For vertical motion of beam of electrons, we have,

y =3at

1 F
SR oxi [ F=ma]

1 exE ,
=X x t2 [‘A‘F=C.E]

1 eV hd
—Zmdxt‘ ['E_L]
Le v (22 .,.b
2 m T d v [ v
- P 300 4x'10-2)2
‘le.bxl()”x 3)(1()_2)( 107

=1440 x 10-5
Y =144 x102m .
___ Hence, the required vertical deflection is 1.44 > 10-2 m,

85, A clean nickel surface of work function 5.1 eV is exposed to light of wavelength 235 nm.
* What is the maximum speed of the photoelectrons emitted from its surface? 4]
Olution,

Given,
Work function of nickel (¢) =5.1eV =51x1.6 x10-19] = § 14 x 10-9]
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Wavelength () =235 nm = 235 = 10-*m
Maximum speed of emitted electrons (v),=7
We have, from Einstein's photoelectric cquation,

1
hf =+ 5 mv?
1 he 6.62 X 10-3 x 3 x 108 PR ——
or, ‘imv2 e 7 o 215 x 10-Y - 816 x 10 291 !
[Tx291 100 ,
= ——eee———— = 2 52 % 105 m/ 5€C
¥ AVAEEXEICE .

§6. [2075 Set A Q.No. 10 An electron moving with a speed of 107 m/s is pass-ed into a magnetic field of intenea.
0.1 T normally. What is the radius of the path of the electron inside the field? If the strength of the Magneti

field is doubled, what is the radius of the new path? (e/m = 1.8 x 10"'Clkg) 4
Solution

Given,

Speed of electron (v) = 107 m/sec

Magnetic flux density (B) =0.1T

e "
Specific charge of electron (77) = 1.6 > 10V Ckg

Radius of path (1) = *
We have,
mv \4 107
"T Be RBe/m  0.1x1.8x10"
Again on doubling magnetic field,
. mv \% 107
T=Be Be/m 2x01x1.8x101
67. 2075 Set B Q.No. 10a] Sodium has a work function of 2 eV. Caiculate the maximum energy and speed of the
emitted electrons when sodium is illuminated by a radiation of 150 nm. What is the threshold frequency of
radiation for which electrons are emitted from sodium surface? &
Solution )
Given,
Work function (¢) =2eV=2x1.6 x10-19]
Maxamum Kinetic Energy (K.Eyax) =7
Speed of electron (Vmax) = ?
Threshold frequency (f,) = ? :
Wavelength of light (%) = 150 nm = 150 x 10-m
From
Einstein photo-electric equation
hf = ¢+ K.E,..

=56 x104m

=2.78 x 104 m

¢ L
or, '<-E'naA =~ (i)
/.

B 6.62 7 103 « %« 1B
. 150 = 10 ~27% 1.6« 01
=1.004 » 10-18

VMax = ‘\/m
- m
9.1 x 10-31

= 1483 x 106 m /s
Again, For threshold frequen'cy
(b = hf,

9 2x16x10-19
or, fo= 1 = T o2 x 10w = 4.8 x 101 Hz

"o
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;s/ Calculate the Paenigfdfffe;;nég o be maintained between two horizontal conducting
plates separated by a distance of 10 mm g gy 5 sl charged oll drop of mass 1.31 x 107 kg wilreme
in equilibrium. Charge in the oj| drop is 6.4 x10-1 ¢ ’ "
golution '.
Given,
potential difference (V) = ?
Distance between Plates (d) = 10y = 10 %100 m
Mass of oil drop (m) = 131 x -1 kg
Charge of oil drop (q) = 6.4 x 10-19 C
From question, at equilibrium
Weight of oil drop = Electric f
mg = (]L
v .
o, Mg=9q-q - sz]
m.g.d
9
1.31 x10-4 x 10 x 10-3 x 10
- 6.4 x 10-19
=2046.87 V

position of oil drop between the two plates,
orce acting on it

or, V

§. [2074 Set A Q.N6.1Ta| An electron moves in a circular path of radius 20cm|n a unifbrm magnetic field of 2x10
“T. Find the speed of the electron and period of revolution. Mass of electron =9.1x10-3'kg. (4]
Solution

Given,

Radius of circle (r) =20 cm =02m
Magnetic field (B) =2 x 103 T
Velocity (v) = ?

Frequency (f) = ?

We have,

Ber 2x103x1.6x1019x0.2

01 x 1091 =7.03 x 107 m/ sec
Again
= Be (B =M=M=rnw=27tfm)
2mm r I

3 x 19
L2 16X 10T g 6x 107 He
2 x 9.1 x 10

n, 207‘43etm:—1@; 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 = 6.62x104 Js. (4]
Solution

Given,
WaVe-length of light () = 5400 x 10-'m
Work function (¢) =1.9eV =1.9x 1.6 x 10-?]
KE. of photoelectrons (Ex) = ?
Stopping potential (Vo) = ? ;
e have, from Einstein's photoelectric equation,

=g+ By
o p € 662x10Mx3x108 .
b Ec=h - g= T - 1916 %10

© Ex=638x100]
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Also, . y 4
Ex =eVs

Ex )

. g —-—
or, Vs e

. _638> 10-20
or, Vi =T~ 100 :

CoV.=04V

4 Light of frequency 5 x 10"Hz libraqe,

71. 2073 Supp  [2068 @.No. 10 1 2088 Supp A.No. Tt :
1. [2073 Supp Q.No. 104] [2068 Q.No. 10 1 (2066 £ i e G,
electrons with energy 2.3x10%J from a certain metallic surface. Wh ight |

which librates electrons of energy 8.93 %1018 from the same surface? [
(Given h = 6.62 x 10% Js, ¢ = 3 % 10* mls) g
Solution
Given,
1% case: K E. of electron (Ey) = 231x 10-19]
Frequency of radiation (h) = 5.0x10"Hz
ana case: K. E. of electron (Ey) = 893 x10-1Y]
Frequency of radiation (f) = ? .
Wavelength of radiation (A3) =?
From Einstein photo electric equation,
E‘, = ht]"¢ (l)
and E2 =hf; - ¢ ., (ii)
On subtracting equation (i) from (ii), we get
E: - Ei=h(f-f)
Ex-E; 893 x10-1° - 2.31x10-1°
&=h="p " 6.62 x10-%
or, , =10x10"+f,
=10%x10% + 5x10' =15 x10'4 Hz

=10 x10" Hz

3x
A2 =E = m =20x107"m

72. [2073 Set C Q.No. 10b] An electron having 500 eV energy enters at right angle to a uniform magnetic filed of
10% Tesla. If its specific charge is 1.75%x10"" Ckg™!, calculate the radius of its circular orbit. 4
Solution
Given,

1
Energy, 3 mv?=eV =500eV =500 x 1.6 x 10-19]

~_[2%500 % 1.6 x 10-19
or, v= ()1 X 10_3] = 132 X 107 m/SGC

Magnetic field (B) = 10-4 T

Specific charge (e/m) = 1.75 x 10" C kg
Radius of orbit (r) = ?

We have,
PR - 1.32 x 107

" Be B. e/m 104 % 1.75 x 1on = 0.75m

73. (2073 Set D Q.No. 104 400 nm wavelen V.
_ gth of light falls on a phot i i ion 2.3 &V
o (t:'ompute the maximum energy of photoelectrgns. P RRORSe ratyial ot Wyt gt ¢ 4

olution

Given,

Wavelength (1) = 400 nm = 400 « 109m
. Work function (¢) =2.3 eV =23 « 1.6 % 1019
Maximum energy (E,) = ?
We have, from Einstein's photoelectric o
hf =¢ + E.

quation,
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C
- = + E
Iy ¢ + Ex
N 6.62 X103 x 3% 108
B = 400 x 10 =23« 1.6 < 1010

SL25 1010 ) = 0 802 oV

. Sodium hag ‘
a work function of 2 eV, Calculate the maximum energy and § of the

emitted electrons when sodium i jj)

9.1x 10 Kq) Uminated by radiation of wave length 150 nm. (Given: mass of electron =
golution (4]
Given,

Work function (¢) = eV
ES 2 X 1(\ X ]()40, = 32 X l”""'

Maximum C“Clg.\ (Em.\\) = .; |“\r2|vn\ - )
“ & .

Maximum speed (viy,,,) = ?

Wavelength of light (i) = 150 « 10-91m

Mass ot c]gctron (me) =9.1 x 19-n Ky

We have, from Einstein's photo electric cquation;

1
E=¢+35 mv2,,,

.

) 1
or, hf = ¢ +35 mv2y,,

1
Or, 5 MVZp,, = 7 -0

1 6.6 x10-3 x 3 s
or, 5 91 X 10731 X V2 = =55 :O_QX L a2x100

0T, Vma, = 1.48 x 10® m/sec
1 1
Max. Energy (Emax) =75 mv2y.x =7 * (148 x 1062 x 9.1 x 10-3'=9.96 x 10-#]

ﬁd;z—séi VcﬁongqoaTﬁre;lork‘ function for the surface of aluminum is 4.2 eV. How much pSter{tial difference
will be required to stop the emission of maximum energy of electrons emitted by light of wavelength

[«

2000 & 2 (Planck's constant, h = 6.61 x 10-% Js)

Solution

Given,
Work function (¢) =4.2eV =42x 1.6 x10-]

Stopping potential (V.) =?
Wavd(_'ngth (r) = 2000 A =2000 x 101 m
Now, from Einstein's photuclcctric equation,

1 e
hf=¢+ 5 mv2 [ eVi=35 mv?|

or, hf = ¢ + eV,
|

>1n

[’ =

or, eV5=h§— -é
103 » 3 x 108 B

or, ev, = 2 4216 X107

or, eV, =9.93 x 10-19 - 6.72 % 10-19 =

or, eV, =3.21 x 10"
'3.21 x 10-"?
e g

V=2V

-t

R,
S
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s , yvy a terminai speed i
76. 4072 Set D Q.No. 108 In a Millikan's oil drop experiment, a drop I8 observed “;J: l\',r:,t:‘, applied, th: :erd oty
mmis in the absence of electric field. When a vertical electric field of 4.9 % /8. Calculate the char o
observed to continue to move downward at a lower terminal speed 121 mmof..air = 1.29 kgim?) 0 Yk
drop. (Density of oil = 750 kg/m?, viscosity of air = 1 81 x 10- kg/m.8, density , 1_4}
Solution
Given,

Hirst terminal volocity (vi) = 14 mm/sec = 1.4 x 10 Y/ sec ’
Second terminal velocity (ve) = 1.21 mm/sec = 1 21 107 m/sec
Blectaie field intensity (B) = 49 105V /m

Charge on oil drop (g) = °

Density of il (p) = 750 kg /m?

Vensity of air (&) = 1.29 kg /md

Viscosity of air (1) = 1.81 x 105 kg /m.s

Wie have,

6\ =vy) Iy 1V

L B 1 \J 2p - o)y
Con > IS8T 108 (14 -1.21) X 10 [9 > 1.81 x 105 % 1.4 x 10
) 4.9 % 108 N 2(750 - 1.29) 10

=516 x 1000 C

T7. 12072 Set E Q.No. 16u] A beam of "el\ectforis, fn&ving wuthvelomty of 107 ais, enters midway bemgen two
horizontal parallel plates in the direction parallel to the plates which are 5 cm long and 2 cm apart and haves

p.o. ot V volts between them. Calcuiate V if the beam is deflected so that it just grazes the edge of the piate.
{Assume e/m = 1.76 x 10" C/kg).

q
Solution

Siven,

Velocity (v) = 10'm/s
Length of each plate (D) = Scm = 0.05m
Separation between two plates (d) = 2cm= 0.02m

= =176 x 10"C kg"!

Potential difference (V) =7

MNow,
As the electron beam enters mid-way between two plates, the vertical distance moved by the electro®
oo d u02m .
eartis, y =7 =——>— = 0.01m
But, we have,
1
7 el A
3 2 al
| P D)? F D
or, D01 == x—x [ — g — = —
or, 11.01 i (v | | ca= o ond t = V]
bx e (D 2
r, .02 == | —~ A R
or, 0.02 m ‘ V) [ F=Ex¢)
\Y e N
or, 0.02=— :<—x(-— |<~|:»-_.\i :
d " m\vy oE=T]
V 0.05\?
or, 0,02 =~—= » 17 —
?2 0.02 * 176 x 100 "( ]()7)
or

, .00040 = V. % 1 76 x 1011 x (.25 » 1016
or, V=909V

Hence, the required value of V s 90.9 V.
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/“,’,'",’E;'E"B.No. 10 a Ligﬁ{ Ef;;*»= o & &
# ; : velength e & 7 S )
function 1.90 eV. Find kinetic ene 9th 5 10-" m falls on a sensitive metai plate with photo electric work

rgy of th
! g Js) ® photoelectrons emitted and stopping potential. (given h = 6.62 *
jution (4]
Given,

wavelength of light (A) = 5 x 1> o
work function (0) =19 eV =19x 14«

K E. of photoelectrons (Ey) = ? 6 % 10-10
stopping potential (V) =2

We have, Einstein photoelectyic equation

hf _ q\ N Ek as,
h¢ o)
g ¥
.62 % 10-3 x 3 x 108
ok = 5~ 107 =190 X 1.6 x 10-9=932 x 100 ]
i = 0.58 eV
Agai.
E =¢eVs
E. 9.32 x 1020 )
o VsT e T 1.6x 100
. Vg =058V

m is made to fail on a smooth surface o
f emitted photoelectrons

14

. 2071 Set D Q.Nc. 10 a Ultraviolet light of wavelength 3.5 x 10
potassium. The wok function of potassium is 2eV. Determine maximum energy o
and stopping potentia. ‘

Solution
Given,

Work function (¢) =2.0eV =2x1.6x10-¥]= 3.2 x 101
Wavelength (1) = 350 nm = 350 x 109m . '
Stopping potential (Vs) =7

Now,
From Einstein's photoelectric equation, we have,

1
/ :L wv2=hf-4d
9\/5 zm. hf Q

o, eV, =hf-¢
or, eV, =-]-1}£ -¢
o he ¢ _662x10Mx3x10 32 10-
Vs = o =T 1019 x 350 x 1007 16 X107

er e
Hence, the required value of stopping potential is 1.5V.

=35-2'=15V

Again,

To find the kinetic energy, We have,

KE,, =eV, = 1.6 x 10-9x 1.5 =24* 10-19

Hence, the required kinetic energy is 24~ 1_(})»-"’]. |

g d through a potential difference of 2000V and then it enters

b, m An electron is accelerate t . . )
uniform magnetic field of 0.02 Tesla in a direction perpendicular to it. Find the radlus‘ of the path of the
electron in the magnetic field. Mass of an electron is 9.1  10-* kg, charge of an electron is 1.6 x 10-°C. [4].

Solution
Given,
Potential difference (V) = 2000V
Flux density (B) = 0.02T
Proton mass (m) = 9.1 * 10-4'kg
Electronic charge (€) = = 1.6 10-°C
‘Radius of the path (r) = ?
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i > on it. SO
proton 15 equal to, the work done on ;

Now, the kinetic energy acquired by the

1
5 —mv2=cV

or, v2 —2—“\7

m
[
o ¥ “m v
At s force \ i due to magnetic ficld BeV provide

For the proton to be in tha circular orbit, the force on clectron f, p €5 the

necessary o trpet tal force
. myv?
ie,Bev=""

mv

or, T =Tgg

Suhstituting the value of v from Eq. (i) in Eq. (i), we pet,

m 2¢V 1 m 1 2x2000 % 9.1 ¥ 10-3
LA === L1 S =75 % 10-3m
T =g/ m B \f VT S0.02 \/ 16 x 109

Hence, thg radms of lhe path is 7.5 x 10-3m.

8. [2070 Sup (Set A) Q. No. 10 jl Calculate the radlus of a water drop Whlch would 1ust remam suspended n a
electric field of 300 V/icm and charged with one electron. 7
Solution
Given,
Radius of water drop (r) =7
Electric field (E) =300 V/cm = '%()000 V/m
In this case, electrostatic force = Weight of drop
ie, Fo=W

qE =mg [ Fe=gE]

4
or, neE =35 nripg [-q=ne]

4
1x1.6x10-19x 30000=§1tr3 x 1000 x 10

rr =11459 x10-1°
r =49x107m

82 G070 Supp. (3518 Q.No. 10 4 Electrons with maximum Kinetic energy of 3 eV are ejected from a metal sura

by ultra-violet radiation of wavelength 1.5 x 10~ m.. D
. . ; . Determine wo
s u'stlaoppmg potential for the metal. (Planck's constant, h = 6.62x10-3* .rj‘;)funcnon, Rt 3““[:
on

Given,

I‘\//Lvaximum kinetic energy of ejected electron (E) = 3 eV
avelength of incident radiation (1) = 1.5 x 10-” m
Work function (§) = ?

Threshold wavelength (i) =
Stopping potential (V) = ?
Now, from Einstein photoelectric e

= 3'>< 1.6 x 10-19)

hf =¢+E, > equation,
c
or, 117 =¢+E,
o, e S L X B 30 3
PR -3 x o
Again, sk 16> 10 =844 x10-w) =5275 v
o
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he — 6.62 x10-Mx 3 x 18

or, Mo =g 844 x 10-9 =235 x 10" m
Also,
E. =e¢Vs
3% 1.6 x 1019
o Vs =T 16 =109 =3V

g3. [2070 Set C Q.No. 10 a] An electron beam after being accelerated from rest through a potential difference of 5
KV'in vacuum is allowed to impinge normally on a fixed surface. If the incident current is 50 A, determine
211% 13‘?8 exerted on the surface assuming that it brings the electrons to rest. Take mass of electron is 9.1
S1Kg. 4

Solution ) 4
Given,

Potential difference (V) = 5 Ky = 5000 v
Incident current (1) = S0uA = 50 x (-0 A
Force (F) =?

We have,

1 .
Fmv: =eV

= [-m=nmg]

_ 2% 9.1 % 109 x 5000
=30 % 1 16 x 109

~ =119x10¢N.
8. m] The photoelectric threshold wavelength of a tungsten surface is'2772 'rim.AéaI;cuilét;fHe'

maximum velocity of the electrons ejected from this tungsten surface by ultraviolet radiation of frequency
145x10'5 Hz. (h =6.62 x 10% Js, ¢ = 3 x 10°m/s, me = 9.1 x 10-3'kg) 4]
Solution .

Given, .

Threshold wavelen gth () =272 nm =272 x10-" m

Maximum velocity of electrons (Via) =7

Frequcncy of radiation (f) = 1.45 x 10" Hz

We have, from Einstein photoelectric equation

1 ,
hf = (‘b + E m v”llld\
»f d. g hc
"2 my max hf -—
2h c 2 % 6,62 % 10-% ( _ TETT
max TN Sl 7Ty T “91x1001 \ L 1§ o oy
‘ " 5 VW 101 LB .10 _ZW) =711 x 105 m/sec

2070 Set b GNo_ 70 2) A beam of electrons, moving with a velocity of 107mis. amimer s e e
: " . o m/s, «

horizontal parallel plates in a direction parallel to the plates, Each plate is 5 clr: lemers midway between two

CM apart and a potential difference of 90 V is applied between them. ¢ Ong. These plates are kept 2

beam with which it just grazes the edge of the positive plate, (e/m=1gx :l()c‘?l(a:tli;)he Velocity of the electron
' _ [4]
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Solution
Given,
Velocity of electron (v) = 107 m/sec
Length of plates (/) = 5 cm = 0.05m
Distance between plates (d) = 2cm = 0.02 m
Potential difference (V) =90 V
Specific charge (¢/m) = 1.8 x 10" C/kg
Final velocity (v¢) = ?

Now,
Vi =v=10"m/sec [“u =vanda,=0asv,=u +al]
X 3 F e e V
Vy =at=d v [‘.‘u\=0am|ar='l“"“='l-1—"=-n—]',-(-l']
90  0.05

=18 310" x s x 7 =405 x 106 m/sec

So.vi =\vi+vi =107+ (405 x 109 =1.079 x 107 m/sec
Also,

tan® =—
P ==
n Vi

vy 4.05 x 108
or, 8 =tan! (lv‘-) = tan-! (T) = 22.04°

X

86. 2070 Set D Q.No. 10 bl When ultraviolet light with a wavelength of 400 nm falls on a certain metal surface, the
maximum kinetic energy of the emitted electrons is 1.10 eV. What is the maximum kinetic energy of the
photoelectrons when light of wavelength 300 nm falls on the same surface? 4

Solution ‘

Given,

Wavelength of UV light (1;) = 400nm = 400 x 10-°m

The maximum K.E. of electron (K.E.;) =1.10eV =1.10x 1.6 x 10-19 ]
Wavelength for another light (A2) = 300nm = 300 x 102 m

Maximum energy of electron (K.E) = ?

We have, from Einstein's photoelectric equation, .

hf =¢+KE
he
f71=¢+KEl ... ()
hc
9+ KE .. (ii)

Subtracting equation (i) from (ii), we get

N,

KEZ" KE1 = he '1--_1-)
}\2 A

KE2 = KE‘ + hc (l__-l—)

Ar Ay
=110 % 1.6 X 109 + 6,62 x 10-% x 3 x ( ! :
S 10 S0 105~ 100 % 1()—")
= 342 x 10-19) ‘
342 x 10-19

“T6x105 €V=213 eV

8. M‘ﬂu' 367 Sup G.No. 108 In a Millikan appara e '
With the electni ?i:::; .i;o 2067 Sup Q.No.104] In a Millikan apparatus the horizontal plates are 1.5 cm apa:f.
When the field is smchxtghedthoﬁ, an oil drop is observed to fall with the steady velocity 2.5 x 107 ™
potential difference betye N, the upper plate being positive, the drop just remains stationary whe" ?
n the plates is 1500 V. Calculate the radius of the drop and the pumber ¢

electronic charges ;
Nsm?) ges neglecting air density. (Given: density of oil =900 kgm3 and viscosity ofair = 1.8

y
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SQIUtlon
Given,
Distance (d) =1.5cm =1 5 102

Terminal velocity (Vi) = 2.5 x'10=2 ‘ '
Potential difference (V) = 150y Cm/s =25 x104m/s

Now,
For (a):
3 We have, -
| S _ [9 18x
) 2 18 x10-5x 26 x 10
r 2 (p-o)g )\/; (900-0) x 0.8 =\[2.29 % 10-3 % 10-5 x 10-4 =4[2.29 * 10-12
‘ =1.5 x 10-m
Hence, the radius of the drop is 1.5 x 10-6m
Again, '

For (b): we have,
i = vV 1500 1500 x 102

d T 15x10= 15  —105V/m
Again, we have,

_omrve 66Xt x 1.8 x10-5x 1.5 x 106 x 2.5 x 104
q =7 g = \ T =127.23 x 10-0C -
But, ’
q =ne
or, 12723 x 10-" =n x 1.6 x 10-19
. n =8

Hence, the requlred number of electrons is 8.

88. 2069 (Set A) Q.No. 10a] An electron is accelerated through a potentlal difference of 2KV and then it enters a

uniform magnetic field of 0.02T, in a direction perpendicular to it. Find the radius of the path of the electron

in the magnetic field. (mass of electron = 9.1x1073'kg) [4]
Solution

Given,

P.D. (V) =2 KV = 2000V

Magnetic flux (B) = 0.02T

Mass of electron (m) = 9.1x10-3kg

Radius of path (r) =7

mv?

We have, Bev = >

0

mv
Or Be — —
r

—mv2=eV

mv m 2eV 2
oL I =Be = Be . [2eV
Jor,v= i
0-31 :
e LBy - 2O <2000 =75x10°m
‘e ”

39 ILQ Set A Old Q. No. ab@] In a Thomson expenment voltage across the plates is 50V and. the dlStance
‘between them is 3 cm. The magnetic fi field applied to make the beam undeflected is 107T. What is the

velocity of the electron passing between the plates? ‘ 4]

Solution
Given,
Voltage across the plates (V)=50V
Distance between the plates (d) =3 cm = 3x102 m
Applied magnetic field (B) = 10’4 T
Velocity of the electron (V) =
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cctric and magnetic field,

We have, for the undeflected beam in el
Fy =F,
or, Bev = ¢ -

or, v _E
B
g \7 V
MY =B [E=3]
s 50

T 09X 3 x 10
V. =167 %107 m/s
Heneg, the wqum\l velocity of electron is 1.67 10 m/‘-
0. (068 ANo. 10 4 An electron having 450 eV of energy moves at right angles to a uniform magneti fleld
density 1.50x10°T. Find the radius of its circular orbit [Given: specific charge of the 9|ecty
1.76x10*1'Clkq]
Solution
Given,
Energy of electron (E) = 450 eV = 450 x 1.6 x 10-1]
Magnetic flux density (B) =1.50 x 103 T
Specific charge (e/m) =1.76 x 10" C/kg
Radius of the orbit (r) = ? "
We have,

B mv2
r

_mv

or, r =g=
m [E__ 1 _[E A._1,._£]
o L T e m  B.(e/m)" : E— SmvZor, v = =
1 2 x 450 x 1.6 x 10-1°

o5 % l 5 X 10'2 x ] 76 % 101] 91 x 10 _33 =0.048m

91. [2068 OIld Q.No. 8 b] Light of wavelength 6000 A falls on a photosensutlve plate of work func
1.9 eV. Find the speed of the photoelectrorts emitted. (h = 6.62x103 Js and me = 9.1x10-%'kg)

Solution
Given,
Wavelength of light (1) = 6000A = 6000 x 10-10 m
Work function (¢) =1.9eV=1.9x1.6 x 10-1?]
Planck's constant (h) = 6.62 x 10-3¢]s
Mass of electron (m) = 9.1 x 103 Kg,
Speed of ph()tooleLtI ons (v) =7
We have, from Einstein's photoelectric equation,
hf =¢ + K.E.

l\L 1
or, ¢ + = n]v-

hc ' 6 62 x 10-34 x 3 x 108 o
m 9.1 x 103' 6000 x 10-10 -1.9x1.6x 10"’) =244 x 105 m/!

52. [2068 Can. GNo. 3¢ What will be the change in the stopping potential for photoelectrons emi
source if the wavelength of incident light is reduced from 400 nm to 360 nm?

Solution
Given,
A =400nm =400 x 10-9m
2, =360nm =360 x 10-m

Change in stopping potential (AV) = ?




r

"y (
ELECTRONS AND PHOTONS . 239

Now, ) .
+ For 1¢ condition, we have

eV = )‘]'¢l‘ (l)

For 2"¢ condition, we have

hc )
Cv2=—;;_¢" “(u)
Subtracting equation (i) from (ii), we pet
1 1 :
v viy=he (55
(1 1
AV =664 x 10-% x 3 x | ( i

or, € O 0 m o e

19.92 x 10~ 4 1
6x100xAV=—e— (1 1
or, 1.6 e ( o 40())

T
or, 8V =12.45 > 102 ( 360 x 4()0)

. AV =034V

Hence, the required change in the stopping potential is 034V,

93. 2068 Old Can. Q.No. 8b] A beam of electrons, moving with a velocity of 108 m/s enters midway between two
horizontal parallel plates in a direction parallel to the plates. Each plate is 4cm long. These plates are kept
2cm apart and a potential difference V is applied between them. Calculate V if the beam is deflected so that it
Just grazes the edge of positive plate. (Given: e/m for the electron is 1.8x10''C kg') (4]

Solution '

Given,

Velocity (v) = 100m/s

Length of cach plate (D) = 4cm = 0.04m

Separation between two plates (d) = 2em= 0.02m

;% = 1.8 x 101C kg!

Potential difference (V) =2

Now,

As the electron beam enters mid-way between two plates, the vertical distance moved by the celectron
d 002 . X

beam is, oy ey = 0.01m .

But, we have,

1
A\l ='§nt3
P 2 F 2
01‘;0,01:%,(%‘((%) [';a:?\' andt=v
o=t (Y [“F=Exe]
m V
y N 2 X
“"0~02=~3— xlinx(%) -. [E=d]
7 < 0.04\ .
o, 0_()2:%02- x 1.8 x 10! x(—ﬁ)—b ‘
" 0m.y . 0.144 x 101 x 10-'*
=139y :

¢, the required value of V is 1.39V.
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6.62x103Js.)

~ Solution

. or,

or,

or,

or,

or,

or,

95. A beam of electrons is under potential difference of 1.36 x 10°V applied across two parall

Given,

Maximum energy of photoelectrons (K.Emax)

Threshold wavelength (o) = 2.48 *

=12eV=12x%x16% 10-19] = 1.92 x 10-19]
10-°m

Wavelength of incident light () = ?
Planck's constant (h) = 6.62 x 10-*]s

Now,
From Einstein's photoelectric equat
hf = ¢ + K.Enax = hfg + K. Emax

1 1
K.Enex = he ( e }»o)

ion, we have

1 1
1.92 x 10-19=6.62 x 10-3 x 3 x 108 ( A~ 248 x 10—9>

1 1
9.67 > 105 =" -5 8% 109

1
9.67 x 105 + 548 x 109

2398 x 104+ 1
2.48 x 109
248 x 100
1.002
A =247 x109m

_1
. X

_1
Y

Hence, the required wavelength is 2.47 x 10~ m.

e T
94. [2068 Old Can. Q.No. 8b OR] The maximum energy of photoelectrons emitted from a METEFRS '8 12%

2 o i iven: Planck’ N
threshold wavelength is 2.48x10°m, calculate the wavelength of incident ight (e K's constay,

an

plates 4 cm apart and a magnetic field 2 x 10 'Tat 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 move, if the electric field is made zero.

[Given; mass of electron = 9.1 x 10"

Solution

or,

Given,
Potential difference (V) = 1.36 x 10¢

kg.].

\Y

Distance between two plates (d) = 4cm = 0.04m

Magnetic field (B) =2 x 10-°T

Mass of electron (m) = 9.1 x 10-3'kg
Velocity of elections (v) = ?

Radius of the orbit (r) = ?

Now,

For (i):

Since, the electron beam is not deflected, the magnetic force is equal to the electric force i.e.,

Bev =¢E

£= vV _136x10¢
B de-0.0‘lex]O—B
v =17%108m/s

v =

Hence, the required velocity is 1.7 x 108 m/s.

Again,

For (ii):

If electric field is made zero, the ma
mv2 )

Bev-=——
¥

gnetic force provides the centripetal force. i.e.,

0
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- my _ 9.1 X 10-3 x 1.7 « 108

vt - Be 2% 10 1.6 % 108

. =0.48m’ ]

"~ Hence, the required radius of circy gy path is 0.48

86 Q:No. 8 b OR] In Millikan-type oo™ TS A R SRS

%. drON;":;ka: type apparatus, the horizontal plates are 1.5 cm apart. With the electric fle!d~
S itched on the upper blate bepny -t fal With the steady velocity 2.5¢10-2 cmis. When the electric feld is
:500V. (a) Calculate the radiy e":g Positive, the drop just remains stationary when the p.d. betieen plates is
iven - denaky il =010 ks o tlhe drop (b) How many electronic charges does it carry? 4

- N 9 M~ and visc SNsm-2

e l't‘vf?‘f_ to 988 Supp ST E Qs 0sity of air = 1.8x10*Nsm-2, Neglect air density)

. gk Q‘N:h. - m When a light of freqruency 5.4 x 10" Hz is incident on a metal
surface, the maximum energy of the electrons emitted is 1.2 x 10-19 J, If the same surface is illuminated with

light of frequency 6.6 x 10 Hz, the maximum energy of the electrons is 2x10-% J, Find the value of Planck's
constant. *

Solution
Given,
1%t case:
Frequency of radiation (f;) = 5.4'x 1014
KE. (E))=1.2x10-19] § i
2nd case: '
Frequency of radiation (f2) = 6.6 x 10-14 Hg
KE. (E2) =2.0 x 10-19]
Planck's constant (h) = ?
Now, we have, : 7
E =hfi-¢ ) i
and,E3=hfg-¢ ’ (11) §i
From equation (i) and (ii) by subtraction, we have,
Eg— E] = h(fz— f]) ) "
»-E 2.0x10--1.2x10- 0.8 x 10-1°
k= Ef; Th " 66 10054 x10W ~ 12w 100 ~ 667X 104]s

Hence, the required value of Plank's constant is 6.67 X 1‘0-3‘4]5..

%. 051 Q.No. 8 b] A beam of proton is accelerated from rest through a potential difference of 2000V and then
enters a uniform magnetic feleld 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 1027 kg, Electronic 1t
charge =- 1.6 x 1019 C) 4] ‘

Solution
Given,

Potential difference (V) = 2000V
Flux density (B) = 0.2T
Proton mass (m) = 1.7 x 10-7kg
Electronic charge (e) = - 1.6 x 10-1°C
i . =7
gi:i:/l,lih(f lt}ilr:elt)iitgférgy'acquired by the proton is equal to the work done on it. So,

1
Fmy2=eV

e

e
or, v2 = r—
. Tm v
nv o= [z
: I _ &
For the proton to be in the circular orbit, the force on electron due to magnetic field BeV provides the

Necessary centripetal force.

1 2
le B ey = mv



242 /| A COMPLETE NEB SOLUTION TO PHYSICS - XII

: myv
or, 1 =
Bv

Substituting the value of v from Eqy. (i) in Eq. (i), we get

’ m 20V S 3 - m_ 1 2x2000 x 1.7 T"m»«?? = (.08
B\‘ m B B 0.2 1.6 x 10~

Henee, the radius of the path is 0.033m.

99. 2058 G.No. 8 H A UV light of 400 nm strikes a cesium surface of work function 1.9 eV. Find the wm)c,fy
electron emitted from the cesium surface. (me= 1.9 x 103'kg, ¢ = 3 x 100 mls, h = 6.62 x 10 Js)
Solution
Given,
Wavelength (1) = 400mm = 400 x 10-“m
Waork function (¢) = 1.9¢V = 1.9 x 1.6 x 10-1] = 3.04 x 10-"]
me =9.1 x 10-kg

L

¢ =3x10"wm/s
h =662 x10-4)s
velocity of election (v) =
Now,
From Linstein's photoclectric equation, we have
1 _he ‘
5 M = 3 = W
1 6.62 x 10-3 x23 x 108
or, 3 X 9.1 x 1051 x v2 = 100 < 109 -3.04 x 1010

or, 4.55 x 10-3! x v2=4.96 x 10-1° - 3.04 x 10-1°
or, 455 x 10-3 x v2=1.92 x 10-19
or, v2=422 x 10"

v=65x10om/s

Hence, tlu reqmrcd vclncm 15 6.5 x 10°m/s.

100. IL.’:B Q.No. 8 b OR] Calculate the p.d. in volt necessary to be maintained between two horizontal conducting
plates, one 5 mm above the other, so that a small oil drop of mass 1.31 x 10-'* kg with two electrons attached
to it remains in equilibrium. (g = 9.8ms2, charge of electron = - 1.6 x 10-1°C). 4
Solution
Given,
Mass of oil drop (m) = 1.31 x10-4 kg
Distance between plates (d) = 5mm = 5x10- m
Potential difference (V) =72
Charge on oil drop () = 2¢=2x1.6x10-1"C
For the dr()p to be in (‘L]Uilibrium,
F..=F,
or, gE = mg

Vv
or, 3 = mg

d  131x10-14x9.8x5%10-3
Vommey T 2 dex10 _
101.2057 Q.No. & B The photoelectric work function of potassium is 2eV and the surface is illuminated With

radlatnon of wavelength 350 nm. What potential difference have to be applied between a potassium surfacé
and the collecting electrode in order just to prevent collection of electrons? What would be the kin€
energy of the electrons? i

= Pleme wfer to F‘M SetD Q.No. 10 al -

102.2 Lss Q.No. 16 OR] Find the electric field required to keep a water drop of radius 10 cm just suspeﬂdedi:;

vacuum when charged with one electron. (electronic charge = -1.6 x 10-15C, density of water = 1000 kg/m’)
Solution
Given,

Radius of water drop (r) = 10-5 cm =10~ m

= 2005.94 volt
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Electronic charge () = - 1.6 x 1010 C !

Density of water (p) = 1000 Kg/m3
Electric field (E) = 2-
Now,

To keep water drop just suspe

nded, we have,
Electric force = weight of w

ater drop
or, EX @ =mg [since, water drop is charged with 1 electron)

m
or, EXL‘?-p\\ \s[‘_“\:—\—_l

AN , 4
or, EXe=px="%F=xg ["V=

R

4
or, EX 1.6 x10-= 1000 x ERR (103 x 08

or, EX 1.6 X 10-1°=41050.14 x 10-2
E =25056 \m-!

Hence. the required electric field is‘ 256.56Vm-!.

103.2055 Q.No. 15 OR| The maximum kinetic energy of the electrons emitted from a metallic surface is
1.8 x 107%J when the frequency of the radiation is 7.5 x

10" Hz. Calculate the minimum frequency of the
radiation for which electrons will be emitted. Assume that h = 6.6 x 10 Js, [4]
Solution

Given,
KEma =1.6 x 10719
Frequency of incident radiation (f) = 7.5 x 10%4Hz
Plank constant (h) = 6.6 x 10+ ]s
Threshold frequency (f,) = ?
Now, we have, from photoelectric equation,
hf = ¢ + KE.max '
or, KEnax=h (f-f;) - [d=hfo]
or, 1.6 x 10-19=6.6 x 10-3* (7.5 x 10" - £,))
or, 0.24 x 10'3=7.5 x 10" - f,
or, 24 x 10 =75 x 10" - £,
. fi =51x10%Hz
Hmce the reqmred frequencv is 5.1 x 10 Hz.

104 2054 G.No. 14 A beam of proton is accelerated from rest through a p.d. of 2006V and then enters a uniform

magnetlc ﬁeld which is perpendicular to the direction of the proton beam. If the flux density is 0.4T, calculate

the radius of the path which the beam describes. (Proton mass = 1.7 x 10-%" kg, charge = 1.6 x 10°'°C). [4
Solution

Given,

Potential difference (V) = 2000 V
Flux density (B) =04 T

Proton mass (m) = 1.7 x 10-27 kg
Charge (e) =1.6 » 1019 C

Radius (r) =7

Now,

The kinetic energy acquires by the proton is equal to the work done on it. So, we can write,
1

omv2=eV
or, v2 = ziv
m

Ly ="\ /2£V ...(3)

For the proton to be in the circular orbit, the force on electron due to magnetic field Bev provides the
Necessary centripetal force. So,

~
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B mv? ' : : ’ {
eV = r , :
mv i
g, S R 1|
or, r Be ( )

(on (i) in equation (ii), we get,
Substituting the value of v from equation (i) in equatior & :
m

¢ B

1
4 1 > L[, m2 € omaf2x—xV
r =_ll;? 2V ) \/ZX'CZX m*V "B €

1 L7 X107 x 2000 _ L =570
T 04 \/2>< 1.6 x10-1 0.4 \[_———_

r =1.629x102m
Honce the i s b LB L0 e
1os—m Q.No. 16 An oil drop of mass 3.25%105 kg falls vertically wi i ’ Etweg
vertical parallel plates which are 2cm apart. When a p.d. of 1000V is ap:)h:z':i toht:re Zf:)e:hzh;rﬁrop Moves ¢
,, the positively charged plate being inclined at 45° to the vertical. Calculate the charg P. 4
Solution ‘ '
Given,
Mass of oil drop (m) = 3.25 x 10-15kg
Distance between two plates (d) = 2cm = 0.02m
Potential difference (V) = 1000V , ‘
Let, vi & v; be the vertical & horizontal components of the velocity v

Nrer, . &—d= 2311 e
For vertical motion, we have :'3 :
mg = 6mn rv, s (1) | 35 X
For horizontal motion, we have - v +
QE =6mn v, -..(i) , g i+
Dividing equation (ii) by (i), we get . :
QE ‘Vz - +
mg v
QE vsing5°

o5 mg ~ v cosd5°

. _mg_mgxd  325x10-5x98x (.02
oLQ <F="y. = 1000

Q =637x109C
Hence, the required charge on the drop is 6.37 x 10-19C.
; QaaQ
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26. eAIL :llenclt:on. and a proton move with the same speed in a uniform magnetic field of
q gnitude. Compare the radii of their circular path. [HSEB 2069]

. The radius of circular path covered by a charged particle moving in a magnetic field of
flux densi is give g
nsity B is given 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 d?wn expressions for acceleration of a moving charge Q in parallel and
perpendicular magnetic fields.
= The acceleration of a moving charge Q in a magnetic field is given by
_ BQv sinf
o5 m

Where, B is magnetic flux density, v is velocity of charged particle, m is mass of charged

particle and 0 is angle between B and v 4

When a charge is moving parallel to the direction of magnetic field, then 0 = 0°

_ BQvsin0
- m 0

a

When a charge is moving perpendicular to the direction of magnetic field, then 0 = 90°
B BQv sin90 BQv
- m T om

a

28. warged 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. [HSEB 2070]

= Yes, the vélocily is constant only in the region of zero electric field because the velocity
of charged particle will be constant in a field free space and in cross field space. Here,
magnetic field is zero and hence for constant velocity electric field also be zero.

I1. Sample Numerical Problems

el S Al Specific charge of a particle is 4.4 x 10°Ckg. It is moving in a circular
orbit with a velocity 3.52 x 105 ms~! in a magnetic flux density 0.4T. Find the radius of its orbit.

[HSEB 2069 Set B]
S()I": rnvz
: e : —  — Bev
Specific charge of a particle (e/m) r
=44 x107Ckg! mv
~ . = Orl = Be
Velocity of a particle (v) = 3.52 x 10° ms™! I
Magnetic flux density (B) = 04T my ¥
¥ 3 i . or, I = Be = Be/m
Radius of the circular orbit (r) = ?
When a charged particle is moving in a = 3.52 x 10° 7
circular path in magnetic field, then 04x44x10
Centripetal force = Magnetic force = 0.02m i
Hence, the radius of the circular orbit is 0.02m.
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Since, the path of the be

Electron is acce
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the path of the electron in th

Sol™

Potential difference (V) = 2kV = 2000V

Magnetic flux density (B) = 0.02T

Mass of electron (m) = 91x10% kg
?

Radius of the path (r) =
- Let v be the velocity of electron, K.E. gained

by electron = Work done on it

1
Em 2= eV

2eV
or, v ="\ ,—
m

= \F X 16107 x 2000
91 x 1031 =265 x 107 ms™!

lerated through
field of 0.02T, in a direction perpen
¢ magnetic field. (Mass 0

plates is 50V and the

oss the
the beam undeflected

voltage acr
1d applied to M
1 the plates?

assing betwee ;
[HSEB 2069 Set A Old]

Magnetic force on electron = electric force

on it
Bev =ekE

- ... v
e v =§~dB~ 3x102x10¢ ["Eﬁ]
IHence the velocity of electron beam passing
ate is 1.67 » 107 ms™

o1,

between the pl

a potential difference of 2kV and then it
dicular to it. Find the radius of

f electron = 9.1 x 10 kg)
[HSEB 2069 Set A]

When an electron enters a uniform magnetic
field perpendicular to it, then it deflects ina

circular path.

Here,
Centripetal force = magnetic force
mv?
OF) r b Bev
o) ol i o
Be

_ 9.1 x10-% x 2,65 x 107
0.02 x 1.6 x 10-1°
Hence the radius of circul
ar o
is 7.5 x 103 m. r path of electron

= 75x103m

Sample Problein 20,8
%4 In the ionosph
fhE btrerizth of the e ionosphere electrons execute 1.4 x 106 PR
magnetic flux density B in this region. (Maslsooéﬂi:;ohlm(g1 e e
electron = 9.1 x 10-3! kg,

electronic charge =
S ge =1.6 x10-9 C),
grequency (f)=1.4 x 106 rev/sec
N}'rength of the magnetic flux density (B) =?
ass of an electron (m) = 9.1 x 10-3 k |
ICJZharge of an electron (e) =1.6 x 10-19 g
focz: the electrons to be in the circular path, the
e4.0n electron due to magnetic ;ield
provides the necessary centripetal force
mv? .

ie. Bev="""
r

mv
or, Be = — = mw Be = m2nf
or, B =m -zlf
e
_ 9.1 x 103! x 27t x 106
1.6 x 10-19 =05x104T
=5 x 105T

Hence the str
e strength of .
density is5 x 180-5'1? the magnetic flux




specific charge of the electron is 1.7 x 10" C kg1

Sol™
Energy of an electron (E) = 450 eV
Potential difference (V) =450 v

' e
Sp charge of electron (E) =176 x 1011 C Kg—l
Magnetic flux density (B) = 1.5 x 10-3 1

As the electron moves with velocity v
7
then energy of the electron is

1 2]
Fmvi= eV

2eV
v =\ /—
m

For the electron to be in the circular orbit, the
force on electrons due to magnetic field
provides the necessary centripetal force.

clectrons_ (EZEAN

An electron havin 450 /
B ] . 8 290 eV of energy moves at right angles to a uniform
magnetic field of flux density 1.50 x 10-3 T, Find the radius of its circula% orbit. Assume that the

[HSEB 2068]
mv?2
i.e. Bev = -
. my
o, r =%
_m1_ [V
()r,f = e B m
N 1 2mV
or,r =3 &
1 2 x 450
or, T =15x103 \/1.76 x 101 ™
= 4.8x102m

Hence, the radius of the circular orbit is

48 x102m

St"mzpie P:‘obléianOf.iO 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 x10" C kg™).

Sol:
p.d. (V) =3600 V
Radius (r) =0.10 m

' e
Specific charge (;) =1.8 x 1011 CKg!

(i) Since, the kinetic energy acquired by
the electrons is equal to the work done

on it.
e Winige
le. smvi=e

2eV 2eV

2= —— =
or, v . =V -

=\/2 x 1.8 x 1011 x 3600

v =3.6 x 107 ms-!

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.

mv?2

i.e. Bev =

_ 36x107
~ 1.8 x 101 x 0.10

iii) If an electron described a complete

revolution in a magnetic field the total
work done is zero, SO the energy

acquired by electron would be zero.

=2 10'3T
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Taking the electronic charge to be ~1.6 x 101 C, calculate the potential

b

difference in volt necessary
5mm above the other, s0 tha
attached to it, remains in equilibrium
potential? (g = 9.8 ms~)
Solm:
Charge of an electron ©

-
Distance between two plates (d) = 5mm
=5x10- m,

=16 %10, =98m 572,

Mass of an electron (m) = 1.31 x 10-" kg
Acceleration due to gravity (g) = 9.8 m/s?
Number of electrons attached to the drop (n) =2
> Charge (q) = 2e

Potential difference (V) =?

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.

to be maintained between two horizontal conducting plates, one
t a small vil drop of mass 1.31 x 10-"* kg with two electrons
hetween them. Which plate would be at the positive

i.e.ql =mg

\Y%
i.c,ﬂJ‘= mg,
rd
or, V= ML
q
mgd 1.31 x 104 % 9.8 x 5 x 10-3
or, V=" = 2% 1.6 %101
= 2006 V

The upper plate would be at positive potential.
Hence, the required potential difference is
2006 volt.

Syt grgule IRkl 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-¥ kg., Electronic charge = - 1.6 x 10-1°C)

[HSEB 2061]
Sol*: my?>
el M ie. Bev=—"—
Potential difference (V) = 2000V r
Magnetic flux density (B) = 0.2 T, _mv
Mass of proton (m) =17 x107 kg = 17 Be
Electronic charge (e) =1.6x10-12C

Radius of the path (r) =7?
Since, the kinetic energy acquired by the
proton is equal to the work done on it.

1
ie. Emv2 = eV

2eV

m

or,v o m e (])

For the proton to be in the circular orbit, the

or, v2

force on electron due to magnetic field is B ev
provides the necessary centripetal force

Substituting the value of v from Eq. (i) in Eq.
(ii) we get,

oF 1 [2x2000 x 1.7 x 10-27
v 702 1.6 x 10-19

or, r=0.033m = 33mm

Hence, the radius of the path is 33mm.




3 TWO plane meta s

Sample Problem 2.
a vacuum, one beip

g Vertically aboy I plates 4.9 cm long are held horizontally 3.0 cm »apaxt.-i'n
d. Electrong hav © the other. The upper plate is at a potential of 300V and
the plateg velocity of 1.0 x 107 m s are injected horizontally

tical deflectioy in a  direction parallel to the 4.0 cm edge.
(¢/m for electron 1.8 ><1011Ckg_1) 1 of the electron beam as it emerges from the plates.

the lower is earthe

midway between ing a

and

ek [HSEB 2060]
1

Length of each plate D)= 4 cm= 4%102, y =75at?

’ W m,
Distance between two Plates (d) = 3c¢m eF

y = E t2
_ =3x%x102m
P.d.(V) =300V _1eE (Q)Z - D
Velocity (v) =1.0 x 107 m g-1 Y7 2m \v A
" e _leV (E)z
Specific charge (E) = 18x10uC kel “2md \v
Vertical  deflection of tha 1 300 4 x 10—2)2
electron = 5 x 1.8 x 101 x 2 %

beam (y) =? : =¥ .10 P i
As we know, s e o

SR SRl PIE Y 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]
Solr the field is applied and q be the changed on
+ (e—-d=2cm—y _ the drop.
: P | T Here,
| |45\ - mg=6mn Ivy  ......... (i)
R N vo|- .
: v N W and qgE =6mnrv. ... (it)
+ ! " & Dividing Eq. (ii) by (i), we get
: E vy vsin4b°
Mass of oil drop (m) =3.25 x 10 15 kg, —I;%g S i vieos 45
Distance between two plates (d) =2cm =
=2%x102m, | or,q= E

Potential difference (V) = 1000 volt _mgxd 325x107 x 9.8 x 0.02
Inclination of path to the vertical (0) = 45° S P 1000

Let us consider v, and v be the vertical and = 637 x10-9C

horizontal components of the velocity when Hence, the charge on oil drop is 637 % 1049 C
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Tn a Millikan- type apparatus
drop is observed t

the electric field switched off and oil

2.5 x 102 cm s-'. When the field
remains stationery when the p.d.

drop. (b) How many clectronic charged
unchanged, with what vel

ocity will the d
result of exposure to jonizi
Sol~:

Distance between two plates (d)=15cm

=1.5 x10-2m,
Steady velocity (V) = 2.5 x 10-2cms™!

= 25x 104 ms™!
Potential difference (V) = 1500 V

Density of oil (p) = 900 kgm-?

Viscosity of air () = 1.8 X 10-5 Ns m-2

2. When the electric field is switched off, then
Weight of the drop = viscous force.

mg = 67nIv
é 3 ==l )
or, 3T PE= érmrv = 3I°pg = 3nv

9nv Iv\1/2

Zw’:rzéggr
o] o

* (9 x 1.8 X105 x 2.5 x 10-\1/2

" 2x900x9.8 )

=15x10*m

b. When the drop is stationary then force on
oil drop due to electric field must be
equal to the weight of the drop.

ie.qgE=mg

or, 2=

is switched on 1
belween the two plates i
does it carry? (c)
rop move when it has

ng radiation?(Oil density = 900 kgn

the horizontal plate are 1.5 cm part. Wit
o fall with the steady velocity
he upper plate being positive, the drop just
s 1500V.(a) Calculate the radius of the
If the p.d. between the two remaing
collected two more electrons ag ,
\-3, viscosity of air =1.8 x 10-5 NS m-2)
mg 4 d

or,q="g =3 wrd pg X3y |

4 n(1.5 % 10-0)3 % 900 % 9.8 x 1.5 x 10-2 |

or,q=3 1500 |
=12.5 x 10-19C
no of electrons on the drop (n) =%
125x1019 _
=T6x100 O

c. When the drop collects two more
electrons, the electrostatic force is greater
than weight of an oil drop and hence the
drop moves up.

Here, (2 + 8) eE - mg = 6nnrv
or, 2 eE + 8 eE - mg = 6nnrv
2 eE = 6mnrv [ 8 eE=mg]
L 22eET vV
VZ6mmr  3mmrd
1.6 x 10-1° x 1500

3m x 1.8 x 10-5 x 1.5 x 10-6 x 1.5 x 10-2
6.28 x 10-°ms-1

' '

11 Pobe 0. In an experiment a single charged drop was found to fall under gravi

appuedmma- Cakulateo:kllty ;)f 0.001.1 c_m/s and rise at 0.012 cm/s when a field of 2 x 105v/gnr\ wt};
e electronic is charge given that the radius of the drop was 6 x 107 m alzlld

coefficient of viscosity of iti
e ty of gas under the conditions of experiment was 1.8 x 105 Nsm2

Termi.nal velocity of a drop in absence of
fleld (v1) =0.004 cm/s =4 x 105 m/s
T'ermmal velocity of a drop in presence of
field (v2) =0.012cm/s =12 x 105 m /
Electric field (E) =2 x 105 v/m o
Radius of drop (r) =6 x 107 m.
Coefficient of viscosity of =
gas (1) =1.8 x 105 Nsm?
Electronic charge (e) = ? ) T
When the electric field is applied, the drop
moves up and attains terminal Ve]ocityﬂ :

Then,
_ Smnr (vi + vy)

charge on the drop (q) 3

_ 6mx 1.8 %105 x 6 x 107 (4 x 105 + 12 x 10)
2 x 105

=1.628 x 1019 C
=1.6 x 1019C
Since, q = ne

or, electroni =
ectronic charge (e) = %
/\'ccording to question, the drop contains
single chargeie.n=1
Loe=q
or,e=1.6 x 1019 C
Hence, the electronic charge is 1.6 x 107 C.




enters a region of uniform magnetic fije]

the field and the initial path of the elech'ctln()fb i
distance traveled between two s
revolutions made per sec,

SOI"-'

Velocity (v) =107m/s,

angle (6) = 25°

Component of velocity perpendicular (o the
field (v.\,) = v sin0

The vertical component of velocily is responsible
to describe the helical path.

. mv, ;
a. Radius of path (r) = Fel _ v sinf

strrge 1.8 x 101 C/kg with a velocity of 107 mg-1
:;lg;l: 0.1 T, the angle between the direction of
consecutive turne;

Find t1‘1e (a) radius of path (b) the axial
(or pitch of the helix) (c)the no. of

Axial distance between two
consecutive turns = linear distance
travelled in 1 complete rotation.

= Horizontal velocity x Time period
=2 T

2nr 2mr
=vcos) 7= vcosh—;
Vy v sin O

2nr 2m x 2.35% 104

_ Be “tand ~  tan25°
CRE DT, L sin 25" = 2.86 x 104 m
MK 11
B(ﬁ) 1810 No. of revolutions per second is

B . (l_vsin®_ 107xSin25°

= 2.35 x 104 m T 2nr 27.‘:(314 x 10_.;)
b. Velocity along the field(vy) = v cosd = 214 x 10%s
The horizontal component of velocity is
responsible for the axial distance.

EXERCISES-20

Short Answer Questions

Why is a gas at normal pressure a bad conductor of electricity?

[HSEB 2067 Sup]

at higher pressure does
[HSEB 2071 Set D]

20.01- e
20.02- Why does electric discharge take place of low pressure and high potential difference?
20.03- A gas at lower pressure conducts electricity but the same gas

not. Explain.

20.04- Electric discharge s
when evacuated to very low pressure,

20.05- Lighting discharge takes pl
20.06- Cathode rays cannot be reg

20.07- What propert
20.08- Explainan evidence for the p
20.09- State the principle of work

20.10- What is the import .
20.11- Why is the path of a moving €

y of cathode rays indicates th
article nature of electricity.

ing of Millikan's oil drop experiment.

ance of Millikan's oil drop experiment ?
2 . ?
lectron in et magnetic field is circular ¢

tops at very low pressure, why? or Discharge tube appears dark
: why ?
ace at high attitude, why?

arded as electromagnetic waves. Why?
at they consist of electrons? [HESB 2068]

[HSEB 2060]

[HSEB 2067]

‘
b
> Y

!
i
!
{



Ch oy BET
Lhapter 2: Solidg and Semiconductors

ghort Answer Questions

fo7é Set B Q.No. 20| What do

At absolute zero temperatuye in

You mean by hole in a semiconductor? ' 2]
a PUT'C 8OV " o1
result, the valance band iy mn\pl(l\ ¢ Semiconductor, all the electrons lie in a valance band. As a

tely fj ' [
emperature of semiconductor ittere y fllllml by electrons and conduction band is empty. When
ases, the valane
e el
| . : acant Space in v
pole in semic onductor, This hole acts as positive char
y T\ . i ' - : arge.
vhen a trivalent impurity . is .
:ﬂ\' ylent atom form tl}u-ue z‘oil(;m ® added 10 a pure semiconductor, the three valance electrons of
g { ala : .
fourth covalent bond has f: (;‘lfl.mnds with sharing three electrons of semiconductor atom and the
! . Nas - a deficiency of electr i i
- ectron. g g pace 15 also calle
e dchor y n. This vacant space is also called hole in

76 Set C Q.No. 25] hﬂ T a—r - -
g 07‘ ey eOE] 88 Old . Q.No. 1 Why is the emitter region of a transistor doped heavily? [2]
» Atransistor consists of three terminals called emitter, base and collector. The function of emitter is to

mit the char 5"
Lfﬁ“yﬂ“ iL) e base is to supply charge and collector is“fo collect the charge. For emission of
charge, doping is needed high for emitter. Due ‘to this reason, the emitter of transistor is doped

'ctrons get thermal energy and jump to the

conduction band creating a v
alanceband. This vacant space in valence band is called

heavily. ?
1 BO75 GIE QNo. 2] [2071 SetD QNo. 24 What is nanotechnology? Explain. [

s Nanotechnology: Nanotechnology is the study of control of matter in atomic and molecular size ie.,
in nanometer scale in the range of 100 nanometer or smaller. One nanometer (nm) is one billionth, ie.
1nm =10°m. This helps to develop the devices like nano-tubes, quantum 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
computer, etc. '

4 [2075 Set A Q.No. 2d| A semiconductor has electrons and holes as charge carriers. Do conductors also have 1
the holes as charge carriers? Justify. 2] 1
& |

At absolute zero temperature, in a pure semiconductor, all the electrons lie in a valance band. As a
result, the 'valance band is completely filled by electrons and conduction band is empty. When
temperature of semiconductor increases, the valance electrons get thermal energy and jump to the
conduction band creating a vacant space in valance band. This vacant space in valence band is called :
hole in semiconductor. This hole acts as positive charge. Thus, in semiconductor hole in valance band b
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 overlap \f‘ith each
is no possibility of jumping of electrons from valance band into conduction band

oA

i 2 ke

other, so that there
s0as to create the holes in valalfcg_})flngis.

‘. 2975 SetB .No. 28] In a transistor, emitter-base junction is always forward biased. Why? 2]
A8 The proper application of d.c. V()ltE}ge ac};{osz I
three terminals of a transistor (Emltter,“ ‘as. .
and Collector) is called biasing of transistor. Forvard
d either in emitter-base bas

The voltage is applie

' Raalos D junction
junction or in collector-base junction in bu(’.h ‘[
i e Sine is
8 manner that emitter-base ,u.ncl'u.)'n o | *
forward biased and collector-base junction ¥ Vk

. ; ase junction
feverse biase emitter-base | . )
is crs; o d its resistance decreases. The current flows through the junction beyond the
made forward biased 1ts TE5E

k 1 base from emitter to collector. Hence, emitter-base junction is always
ne , : ~harge Crost ¢ ; a
fo e vsltage o Lhmi’t. tor to pass change carriers (electrons and holes) towards base. .
- YI'ward biased in transist¢ i

b P s ' f two-input AND gate is fed to a NOT gate. Give its logic symboi and write
The output ©' 17 gate formed. 2]

down | ify the new [0 , )
N:‘\:’In\lllgs ey tablle. Idenzfiiﬁtion of AND and NOT gate in such a way that the output of AND gate is
gate is the comblne ‘

, te. The symbolic representation of the NAND gate is shown in fig.
tonnected to the input of NOT ga

his gate produces high output if any one of the input is low.

~




246 / A COMPLETE NEB SOLUTION TO PHYSICS - XII ) |
' : s D gate, then Y ="A B
If A and B represent the inputs and Y represents the output of NAND g B. Thy, ,rmh
table for NAND gate is given by: |

Jutput
Inputs AB (_ ! A
A B Y = A B >——
0 0 0 I - P o i |
0 1 0 o
1 0 0 . Fig. Symhol of NAND gate
1 1 0 ‘_J i

7. Eou Set B Q.No. 29 Draw a circuit diagram for p-n junctioh diode in forward bias. Sketch the voltage Vergy,

current graph for it. ' (g |

+

s

| sy

Vi

(@)

" Fig: Forward biasing of p-n junction b .
Fig: I-V curve in forward biasing

—

8. [2073 Supp Q.No. 2b [2070 Set C Q.No. 2 d What is a logic gate? Give logic symbol and truth table for an OR
gate. . ' ' - ‘ [2]
w The logic gate is the electronic circuit which gives the logic decisions.
OR gate is an electronic circuit which gives high (1) output when any or all inputs are high (1). It has
two or more inputs and single output. Logic symbol, Boolean expression and truth table of two
inputs OR gate are as follows:

A Inputs Output
Y=A+13 - oAk
" 1 1 1
1 0 : 1
. s 0 1 1
Symbol of OR Gate 0 0 » 0
9. [2073 Set C Q.No. 2b] How does the conductivity of semiconductor \)ary with temperéture? Explain. L [{]

= At absolute zero temperature the valince band is completely filled and
conduction band is empty and semiconductor acts as insulator. When
temperature of semiconductor increases, some of the covalent bonds of
valance band break down and the electrons jump to the conduction band Q Q CB.
where the electrons become free to conduct electricity. At higher
temperature, more covalent bonds break down & more electrons are o & o o 0 O|yB
knocked to conduction band creating more number of in valance band SELELELSL
electrons in conduction band. Hence, electrical conductivity increases on incr

1 Energy

e SECCPREE ECHGUELVEF AN FIESE, CIEEELGA B ¥ ncpe casing temperature.
10. [2073 Set D Q.No. 2a| Explain how the conductivity of a semiconductor varies with temperature? 2
r Please refer [2073 Set C Q.No. 2b -

11. 2072 Supp Q.No. 2¢| Explain the essential characteristics for an element to serve as (i) a donor impurity (i an
acceptor impurity in a semiconductor, @
= [The essential characteristics for an element to serve as a donor impurity is pentavalent or has five
valence electrons which provides one free electron while ddping to a se)mig(,ll:du;}:/(;\rtcrystal and a0

acceptor impurity is trivalent or having three val: tr i . accep
g three valance electrons which provides one ~ which ac¢
i eledtic. ¥ es one hole w

«"5’\
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12/ 072 Set C Q.No. 2b) What e logfcﬁéaf' SOLIDS AND SEMICONDUCTORS / 247 .

) 1IC ©; 2 ) eS?G' : :
ThL I()glt gﬂt(.h are QI(\(‘[“"" . vea trutht V T PR -
: . . € Cirenss . able for 5

high or low but not ""L‘I'l)lo(“-" . hl(~|1 give h,}.,'(. find .‘tWO 'PpUt NOR gate. ' e [2]

NOR gf‘te: NOR gate is the ul(o:q o b aeasions. The output of such circuits is cither
Jow. It is the combinatioy of OR
gate. The truth table ang SVinbo)

ronje Circuj b )
and NOT '[”"t"f'.‘ h Bives the high output when all of the inputs are
of NOR BAC, The output of OR gate is connected to input of NOT

ALC 5 piven bolow:
Output of NOR gate
Y=Ausp

1

1
3. 072 Set D Q.No. 24 The output of two. - ' .
combination of gates. Write down itstrrlzt:\n?al:l: VRIR ik Wy A SO T v t{;

« Please refer to

+ 2072 Set E Q.No. 2 What is men : : '

1 conductor? S Meant by a charge carrier hole in a semi conductor? Can it be created in a2
[2]

» Please refer to 2075 SetA Q No 2
1 Supp Q.No. ini o s 5 . . -

. E:LPN7PP 26l When examining a circuit diagram, how is it possible to tell whether a transistor is PNP
ki [2]

s The arrow in the circuit symbol of the transistor can
be used to differentiate an N-P-N transistor from P-
N-P transistor. If the arrow in the emitter terminal
pointed in (pointed in means P-N-P) as shown in the
figure (b), the transistor is recognized as a P-N-P
transistor. If the arrow in the emitter terminal points

out (not pointed in means N-P-N) as shown in the L

2 ig. (b)

i a), the transistor is known as an N-P-N Ig. (a) SIS-80F
ﬁgur§ @ NPN transistor PNP transistor
transistor. ¥ o
. Bo7 ram for a p-n junction diode in forward bias. Sketch the voltage-
- 2]

1. MV Set C Q.No. 2 b Draw a circuit diag
current graph for the same.

» Please refer to 2074 Set B Q.NO;_ZHI : ) o
1‘7:7@71 SetC QrNo 2 d| What is truth table? Write down the truth table for a two-input NAND gate. 2]

» Please refer to [2074 Set A Q.No. 2d , _ - o
: , i en
n the band theory of solids, how would you distinguish be
8. 2070 Sup (Set A) Q.No. 2 ¢ Based 0 y
y [4]
conductors and semi conductors? ‘ T et ot L_—,( & Ar
3 “Accordiny to band theory of solids, there are three type: oo CB
band ﬁ ¢ valance band, conduction band and $ EB.=le\ B.
ands. wy are;, val . olate alance | /B VB,
forbidden ba)nd, The valance band is encrgy oAl d- . \;l”-:::l(] L= .
Ellld is energy rclﬂtcd - CRTCiIx Semiconductor Conductor

clectrons, conduction b
y gap between valance band and conduction band. For

electrons or ' i rg
idden band is ¢nerg o arly 1 eV
free clectrons and forbidden b between conduction band and valance band is small (nearly 1 eV)
» enery gﬂp
the &Y WO

' 0le bands are overlapped to cach other as shown is figure.
gap is zero 1.¢,

semiconductor, ,
_While for conductor, the & No_ 2] An n-type semiconductor has a large number of free electro[r;s;

19, Bo7o 5 No. 2 d| [2067 Sup
' pp. (Set B) Q. i electrically neutral. Why? LT
s said to be semiconductor with pentavalent impurty. As

at room temperature, yet it i . od by doping pure
is obtained 2 semiconductor, its four electrons take part

An n-type semiconductor Slbay ¢ the Gre
. 1wtion of the purc
n-tyr : . onter into the configurati Pl : L e ductor i niade up
bie HpULity aionia g lectron 18 left free. Since, an intrinsic semicc

: e the fifth e . ;. “or neutral pentavalent
In covalent bonding, whilc t.l i electrically neutral and in n-type semiconductor, neutral pe 1'1 ‘1 ‘r o
©f neutral atoms and hence | l’iconductor crystal. Due to this reason, the number of electrons
) sem 3

atoms are added to pure




: ' PHYSICS - XII . :
948 /| A COMPLETE NEB SOLUTION Tp s electrlfany neutral even jt hasla
and hence 1t 1 : T

protons are not changed in n-type semiconductor
number of free electrons.

o b csymbol and truth table E’W}‘
‘ifimlﬁ?o Set D Q.No. 2 ¢ [2067 Sup Q.No. 2¢ What isalo [zi
input AND gate. - o i iarlogic - A
w The logic gates are the electronic circuits vylnc 1 g, s High | ol
decisions. AND gate is an electronic circuit which gi lf . .
> 1 . are high. The symbol of 13 B
output when all of the inputs are hig ; D o s
inputs AND gate is given below which consists of tW , s Bl of AND gate
named A and B and one output say Y.

g gate? Give log

The truth table for two-inputs AND gate is given beW
Inputs _:_: Y=AB

A B 0

0 0 0

0 1 0

1 0 1

1 1 e dios
= - = A e e R ‘“— A . Ctor studies. >
21. 2069 Supp Set B Q.No. 2 d What is doping? Discuss its significance In semicondu t]

; : i {uctor crystal of silicon
e the e ‘1o impurity atoms to pure Semiconc : P
= Doping is the process of adding impurity atc atoms like phosphorus or trivalent atoms [

germanium. The impurity atoms are either pentavalent :

iluminium. When gentat\}:alent atoms are added to a pure sen.ucondulctor c_rystal, thg no. of fres
electrons increase in conduction band. While the addition of trivalent impurity aFoms Increases the
holes in valance band. Hence, the addition of impurity atoms to t'hG pure semiconductor crystal
increases the conductivity of semiconductor by increasing chags Cﬂl‘l‘levljS.*‘

22. 2069 (Set A) Q.No. 2b] A p-type semiconductor has a large number of holes but still it is electrically neutral,
Explain. [
= A p-type semiconductor is made by doping trivalent atom to a pure semiconductor crystal of silicon
or germanium. The three valance electron of trivalent atom form covalent 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 trivalent impurity atoms in neutral intrinsic

semiconductor. Hence, p-type semiconductor has equal number of electrons and protons as a whole
and it is electrically neutral even it has large number of holes. _ ‘

23. [2089 (Set B) No. 2d What is a logic gate? Draw the truth table for an AND gate. [
= Please refer to [2070 Set D Q.No. 2 d

24 os;a Q.No. 26 Would there be any advantage to adding n-type or p-type impurities to copper? Why or why
not?

w  No, there would be no any advantage to adding n-type or p-type impuritie
has already large number of free electrons in its conduction b

~the impurity atoms.

25. [2068 Can. Q.No. 2¢] How does the suitable impurity'increase'thé‘ conddéti\:ity ofa serhiconductor? T [2]

w. Ina pure semiconductor, there are no more free electrons in the conduction band and holes in valance
band and hence there is low conductivity of semiconductor. When pentavalent impurity atoms are
édded to tl?e pure semiconductor crystal, the number of free electrons in the ci(mduction pand
increased. Similarly, the number of free holes increases on adding the tl‘i\"(:l]ent impurity atoms to the

- (¢

pure se.nuconduclor crystal. l"lns' Increase in holes in valance band and free electrons in conductiot
band increases the conductivity of semiconductor Thus, pre e ps 0
semiconductor increases its conductivity. '+~ Dresence of impuity. ior

S to copper because copper
and and there is no meaning of adding

26. A student asserts that Si and Ge becam
good insulators at very low temperature. Do you agree?
w | agree with the statement that Si and Ge become
good insulators at very low temperature. At very low temper
band and there are no free electrons in the conduction b .
reason, the semiconductors become insulators. When t

l . it

good conductors at very high temperatures and

¢
ature, all the electrons lie in the vala™®
and and holes in valance band. Due 0

emperature increases and reaches t0 '
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rmal-energy
ction pand.

rature, some of the v SOLIDS AND SEMIC

ance elocy .
ms - )
TO0S jump to the conduction band by gaining the

K . creates holes in the vy il
and these electrons become free in the condu

i€ ance ba

W o the number of holes i , \ah

a ance bang hand increase ¢
il

the val

_asing temperature.  Hepee N and the electrons in the conduction i asi
nl\::‘mtﬁn‘ and become mndu‘c‘l’nrt:\t‘l ‘c;}“ductivit}' of semiconductor increases  On R
ol ——— " UCor at high temperature
| Howis p-type semiconductor formed £
: iIcondy plain, ) :
i ctor formed? Explain. ”

. Shen & trivalent impurity aton, (like
icon Of Germanium, P-type
P“"“ atoms torm covalent

. , aar crvstal of
Spresi boron, gallium ete) is added to pure semiconductor crystal t
z ~ v . : >
“iconductor is formed. The three valance electrons of trivalen

d the forth c“\'dlemb{:::dby ‘Shariu~g with three valence-electrons of pure semicond u;}:::

. oncy Of One electron in el of semiconductor atom has a deficiency of clm'lr.on- .
deficiency N I valance bang creates a hole. On dopping large number of impurity
A0S, more number of h‘oles IS Created. Due to this reason Ath are ‘“.t}\ :.". ,}: aumber of holes and small
qumber of free L'ltfytrxwr}s N conduction band in P-QPE gl\l,1{C()l:k1:,:~tl,r e '
" seiaNo. 1§ Give the circuit symbo gy ' e

please refer to 2074 SetA Q No 2
> — - = —

>

&l
m
atoms an

ol and trﬁthtaﬁeof ril—\ﬂﬁ_géte? a » o (2

, §E10Ne 18 Whatdo you mean by bssing s pansitory [

istor?
, proper application of dc v 5 i . . ; i
y The Pm“ ppiice o tdc voltage across the three terminals of transistor is called biasing of the
yransistor. The voltage is applied eithe

' Iin emitter-base junction or in collector-base junction in sucha
manner that the emitter-base junction is always forward-biased and the collector-base junction is
always reverse-biased. So, the resistance of the emitter-base junction is low while the resistance of the
collector-base junction is high. This is why, the forward bias voltage applied to the emitter-diode is
very small whereas reverse bias voltage applied to the collector-diode is larger.

M m When P and N type materials are interfaced, there exists a depletion layer at the interface.
Exgain ' 2]

y When a P-type of semiconductor is joined with a N-type of semiconductor, the free electron from the
N-type is diffused into the P-type. This is because the concentration of free electrons in the N-side of
material 1s greater than that in the P-side of material. Thus, there will be a layer of positive and
negative 1ons at the junction - called depletion layer. In the depletion layer, there is net positive
charge on the N-side and negative charge on the P-side. These collections of positive and negative
charges at the junction produce an electric field which opposes further diffusion. This region is called
barrier region and corresponding potential produced is called barrier potential.

1 What factors determine whether a material is a semiconductor or an insulator? [2]
A The solid substance which has small energy gap between the valence band and conduction band is
Wown as semiconductor. The energy gap in insulator is large. At lower temperature (0 K), the
semiconductor also acts like insulator because both have the empty conduction band and filled
valence band. But at room temperature, conduction band is partially filled for semiconductor but still
mpty for insulator. Thus, the factors like energy gap, temperature, conductivity and resistivity of the
Material determine whether the material is a semiconductor or an insulator.

. m A p-n dioaewéc;nducts electricity when forward biased and does not conduct when reserve
\ (22 Explain, | el e 2
hen o positive terminal of the source is connected with P-type dnd‘negatlvc terminal to N-type of a
™ junction diode, then it is said to be forward biased. In such biasing, electrons are repelled by
Tegative terminal of battery in the N-region m.ui holes are repelled by positive terminal of
“Hery in the P-region. So, the width of bgrrwr potential decreases and charges cross the
Mnction and conducts the flow of current (switch QN). .
k a positive terminal of the source 1S connocth with N-t._\'pcfm‘d negative terminal to P-type of P-N
“Uon diode, then it is said to be reverse biasing, !n this .bmsmg, h.ulcs are attracted by negative
. and electrons are attracted by positive terminal being opposite charges. Conscqucnuy, the
t""‘ier Potential of the P-N junction diode increas?s ‘and the ﬂm.\' of charges lhmugh the junction
¢ flows in reverse biasing, conduction of electricity also does not take

p::‘e impossible. As no charg

(Switch OFF).
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33. The base region of a transistor is made very thin as compared with emitter and collector

-

Ve v

LOf

8.
-

regions, why? [2)
A transistor is taken as good amplifier as it can deliver large collector current for very small base
current. The base and collector currents are related with emitter current as I = 1c + Ip. So, at cm\st'ant
emitter current (Iy), the base current (Iy) should be very small for large rnllvctor‘currvnt (Ic): "lhis
condition is satisficd onlv when very small number of majority charges S from emitter
recombines with the opposite charge carriers at the base The lmnn't‘e of ('umhin'dll(m in the base vyill
be less if the number of opposite charge carriers is very low there I'his ml’mlwr‘ls reduced by ma?kmg
the base thin and doping it lightlv Thus, the base region of a transistor is llhhl(" very thin as
compared with emitter and collector regions to increase the collector current. If base is made heavy,

large number of charges recombines and collector current decreases,

{2056 Q No_12 5 How the conductivity of a semiconductor chanqes with the presence of impurities? [2]
Please refer to 2068 Can Q No 2d ) '
2055 G No_12 4 How s it possible to rectify an AC? 2]

Rectification is the process of conversion of AC signal into DC signal by using a device which is
called rectitier. There are two types of rectifier: Half wave and full wave rectifier. In half wave
rectificr, only half cycle of AC is rectified because there is only one diode and it rectifies only in
forward bias. In full wave rectifier, there are two diodes which rectifies both (positive and negative)
half cvcle at once because these diodes are so adjusted that one diode become forward biased during
positive half cvcle and another during negative half cycle. Thus, AC can be rectified by uasing
semconductor diode.

When examining a circuit diagram, how is it possible to tell whether a transistor is 2 n-p-n or
p-np? @
Pleasc refer to 2071 Supp Q.No. 24

2054 0 No_12 d Why may the addition of small quantities of suitable impurities to an intrinsic semiconductor
result in 2 considerable decrease in its resistivity? 2
In a pure semiconductor crystal, there are equal number of free clectrons in conduction band and
holes in valance band. When small quantities of impurity atoms (either pentavalent atoms or trivalent
atoms) are added to the pure semiconductor crystal, there is excess of electrons in conduction band
by addition of pentavalent atoms and holes in valance band by addition of trivalent atoms. It means
the number of charge carriers increases and hence conductivity increases. The resistivity is the
reciprocal of conductivity (p = 1/0). Thus, on increasing impurity, the resistivity decreases. -

ng Answer Questions

207¢ Set B Q.No. 60 What is P-N junction diode? Discuss its applications as full wave rectifier. —(‘1
P-N Junction Diode: It is a semiconductor device in which P-type

semiconductor is in contact with a N-type semiconductor. It has two Y

termunals namely anode and cathode. The anode refers to the P-ty pe "

regaon and cathode refers to the N-type region, lts symbol is as shown in

figure.

Semiconductor Diode as Full wave rectifier

V\'Jtu-n'('urrum passes through the diode, it gains the unidirectional property e, the current moves in one

dm-ﬂum.;l his characteristic of the diode is used in rectification. The conversion of the alternating

(uf'f"fll (f'r V})lb’iﬂ(‘) to direct current (or voltage) is called rectification. The device which is used for
;'vclt[nfu'almn is called rectifier. There are two types of rectifiers: Half wave and Full wave rectifiers. The

wae rectifier rectifics 0'?')/ half cycle of ac into de while full wave rectifier converts both.half cycle

ngmw: half cycle and negative half cycle) of ac into de.
cOwtunfun diagram of the full wave rectifior is shown in the
n ullappvq secondary coil. Two diodes D, and D> are
secondary 2oil of the transformer respective
of the n-region of diodes are

figure. It consists of a transformer with
connected at the upper and lower ends of the
ly. The center tap of the transformer and a common point
connected to the load resistance from which output is taken.
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(a)
puring the positive half cycle
jower diode Ds is reverse-biased. Thyg the
puring the negative half cyele ;
lower diode D2 is forward biase
Figure shows the output voltage
. B .
through Ry for both half cycle of the
direction in both cases. Thus, the
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D

4

oF it onidee | (b) (¢) ‘
ary voltage, the upper diode Dy is forward biased and the
of seeuhitar (‘ul‘r.gnl flows thmugl.l the di(')dc D; and 'load resistor.
. Yy voltage, the upper diode Dy is reverse biased and the
d. Thus, current flows through D, and the load resistor R;.
Obt‘?i““d at the load resistor R in both half cycle. The current flows
Input voltage. The voltage through the resistor Ry is in the same

We can consider that a ful Output current thrbugh the load is said to be unidirectional current.
f';"‘r wori\'iﬂ 1 [cl (;- ull-wave rectifier is like two back to back half wave rectifiers with one
i g m the , I?Stv hﬂ“lf cycle and the other working in the alternate half cycle.

3. 076 Set C_Q-NO-H)I [@7_1 Set D Q.No. 6 d| Distinguish between intrinsic and extrinsic semiconductors. Explain
the formation of potential barrier and depletion region’in a PN junction. ' [4]
.\ lfl.trlnSlC Semlcond.uctor: An extremely pure semiconductor is called an intrinsic semiconductor. Pure
silicon and germanium are examples of intrinsic semiconductor.

Extrinsic semiconductor: A pure semiconductor doped with trivalent or pentavalent impurities is

called extrinsic semiconductor. Pure silicon or germanium doped with arsenic or indium is example

of extrinsic semiconductor.

The main differences between intrinsic and extrinsic semiconductor are:

Intrinsic Semiconductor

Extrinsic semiconductor

Itis pure semiconductor.

It is impure semiconductor.

The no. of holes in valance band and no. of
electrons in conduction band are equal.

The no. of electrons in: conduction band is
greater in N-type semiconductor and no. of
holes in valance band is greater in P-type
semiconductor.

Its electrical conductivity is less.

Its conductivity is high.

Its electrical conductivity is only function of

It electrical = conductivity is function of
temperature and quantity of impurity atoms.

temperatu re.

No impurity atoms are added.

Trivalent and pentavalent impurity atoms are
added.

Eg- pure silicon and germanium.

Eg. pure silicon and germanium with arsenic
and indium.

__Second part: Pleasc refer to [2062 Q.No.29

% m [2068 Can. Q.No. 6b] What is transistor? Discuss the input and output characteristics of a
E ' 0

transistor in common emitter configuration.
Y NPN transistor:

A NPN transistor is composed of two n-type

¢ , sy thin p-type section. Thus, in'a Emittery. Base ,Collecto
Semiconductors separated by a very thin y o il B and \ Base /L(lluur
NPN transistor, there are three different regions: Emitter, base al TS
Collector.Here, cmitter is a heavily doped region and it supphf.s

-Here, ¢ is a lightly doped and very thin  — N p N L

tharge to the base region. Bis
'egion situated in between cmi
Most of the charges injected form ¢
Cllector is a moderately doped sec
the other side of the base. It collects the
ase,

The input and output char
lagram of NPN transistor in

tter and collector region. It passes
mitter to the collector. And |
ction of a transistor, which lies on :
charge carriers from the

acteristics of the transistor in CE configuration: The electric circuit
CE configuration is as shown in’ figure below: "
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Fig, CF confignration .
- .‘ ‘ i Sae and emitle
In CE configuration, the mput is apphml botween the base ¢

~is the input current and ¢,
o : Fati Ylavn s current Iy 18 ) , e
between the collector and emitter terminals, Here, base sward bias on the inpy and(\:

current I¢ is the output current. Also, voltage souree Vg i used 10 8
is used to reverse bias on the output circuit. '

Input characteristic: i "
The variation of the base current Iy against the Cm‘respon.mng val(uti _
of the base-emitter voltage Ve for a constant collectm‘—emlt.tcr voltage
Ve is called input characteristics curve, which is as shown In gra.ph-
The following informations can be obtained from the input
characteristic.
a. Aslong as Vg is less than the knee voltage, the current I 15 small.
But, when Vg is increased to a value greater than knee voltage,

¢ terminals and outpuyt j "

the current Iy increased sharply. It is similar to the forward
characteristics of junction diode.

b. The slope of the characteristic curve at a given fixed point gives the value of the input resistanc; |

(Rin).

AV
ie, Rnp= -

Als (at constant Vcg)

Output characteristic:

The variation of the collectot current Ic against the corresponding I.(mA)
collector-emitter voltage Ve for a constant value of base current lgis 1

b= Ve i Saturation region
called output characteristics curve, which is as shown in graph.

The following informations can be obtained from the output
characteristics. ,
a. The collector current I increases rapidly when the Vce increased

from zero. After a certain value of Vcg lc remains almost
constant.

b.

Iy =40pA « regm

Iy =0pA

Ve (Vo
|

= A
L Active

Cut-off

region |

When the base current Ig = 0, a small collector current still flows
in the circuit, it is called leakage current.

c. The slope of this characteristic curve at a given fixed point gives the value of the output resistan® |

(Roul)~

. Vg '
ie., Rou Al (at constant Ip)

d. Output characteristic curves shows that there exist three operating regions as cut-off reglot |

saturation region and active region.

41. 2075 Set A GNo. éc] What is the difference between a zener diode and a common diode? Discuss the fu

of Zener diode as a voltage regulator.
w. The difference between zener diode and a ordinary diode are given as;

Ve (volt) |

\

|

{
|

nction
{

Ordinary diode

/

. Zener diode
Ordinary diode is a semiconductor device | 1.

made up of N-type and P-type
semiconductor with two terminals and
commonly doped.

sharp breakdown region.

It is diode with property of diode havinh

It words on forward biased,

.

Symbol :"‘—"D“—‘

2. It works on reversed biased. __—]

3. Symbol: —
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4. Characteristics curve: SOLIDS A :

| 4. Characteristics curve:

) : : ;

. p '
Reverse J
biased Reverse J

-V

—

_ biased
Forward
biased
L 2
mA
o " |A
Use of Zener Diode as VOltage Regulator , |
Voltage regulation is the "

variation of input voltage ‘;l:g?’o:(l; circ'uit to maintain constant output va?ltz.ﬁgc .irr'espcctii\(c 10,f':hi§
clear that if the current is illél'eqsed :rrsmtance. From ‘the reverse Ljharacterlshcs of /,ene.r s 10clc. 1l ]
the principle behind the action ‘()f " “‘? V'Ol.tage remains constant in the bre_akdpwn region which 15
‘ : zener diode as a voltage regulator. The circuit (or device) used to
regulate voltage is called voltage regulator. It is connected between filter and load resistor of a power
supply to obtain constant output voltage. .
The above figure shows the circuit diagram of zener diode as a voltage regulator. As the zener diode
is connected parallel to the load resistor, the regulator is also called zener diode shunt regulator.
A resistor Rg Conncctcd in series with the diode limits the current through the circuit and is called
series current limiting resistor. For the proper operation, the input voltage must be greater than the
zener voltage (Vin> V7z) which ensures that the zener diode operates in reverse breakdown region.
The total current in the circuit is given by
[=1_+1, R,
where I, is the load current and 17 is the zener current
Also Vin=Vr+Vz
and the current through the resistor Rq is given by
Vin-Vz
=R
Also, V.=V or Vg
If the input voltage (Vi) increased, then I also increases. ’S.ij.lce R|_. is kept constant which means I, will -
have to remain constant. So when L'is increased, the additional increased current passes through the
zener diode. Thus 1, increases. But the output voltage (Vo) remains consta'nt. In this way we sece that
increases, the voltage across load ( Vi = ILR}) remains constant. So a constant
1 the varying input source voltage.

Fig. Zener diode as voltage regulator

as the input voltage
voltage is obtained from the Varytiis = gl v o ORI il P S, P N
075 Set B Q.No. 6 What are avalanche effect and Zener effect? How can a Zener diode be used as a voltage
R e ‘No. 6b|

4
regulator? . . R (4
Zener Diode: A zener diode is a properly doped crystal diode having sharp breakdown voltage. It is
desi tloi l. ), rate in reverse breakdown region without damage. It words on reverse biased

Signated to opere

conditi . : :
Ze ( m;lf‘t; Zener Breakdown): If the diode is heavily doped and has narrow depletion layer, a
gmnflr LCF ( Ul\n ,e can set up very high electric field across the junction. If the electric field
3 o SVETeE WE e (108 V/m), it breaks down the covalent bonds producing large number of

becomes very height A . .
elect L‘l ll} o Hence current rises very sharply. This effect is called Zener effect or zener
lectron-hole  pairs.

breakdown

‘ ' : -Vr
Avalanche Effect (Avalanche Breakdown): Dot et e .
If the diode is lightly doped and the depletion layer is wide, wom
the 1-;,:;: eL]ecgic field unable to create zener breakdown,

However, the minority cl

harge carriers in the diode are

o . field. These highly energetic
22232:2:23 cg:regetsoco‘illigr:;jm the sem.iconduct)or atonl;s; andf
breakdown the covalent bonds creatnilgl large nlunl\ u' 9
electron-hole pairs. The newly ge.neratﬂie ectrons-ho esb %amf
“hergy and again accelerated, w!uch It)trxm uce large number 0f
electron-hole pairs by breaking the covalent bond o l(xA)

Avalanche
Breakdown
Zener
Breakdown
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; : o xrals f charge
semiconductor atoms. This leads to an dvalanchc; ( &
- iy sakdown.
carriers called avalanche effect or avalanche breakdc

Second part: Please refer to [2075 Set A Q.No. 64 'conducto.rs Explain the informét“ibn‘;f
g e T aan intrinsi insic semi .
43. 2074 Supp Q.No. 63 Distinguish between intrinsic and extrins "

potential barrier and depletion region in a p-n junctior.L : )
= Distinguish between intrinsic and extrinsic semiconductors:
Please refer to 2076 Set C Q No_6b]
Second Part: Please refer to 7 B - - ,[4]
4. i2074 Set A Q.No. 6a What is zener diode? Explain its use as a voltage reglll a (::1 :
w Zener diode: A zener diode is a properly doped .crystalndl(l‘d'(“ kh;:iwf;
sharp breakdown voltage. It is designed to operate mn ['(‘.\./'C.lht‘ led“ :wn
region without damage. It is exclusively used in reverse biased conc . | |
Use of Zener Diode as Voltage Regulator: _ Fig: Symbol of zener diode
Please refer to 2075 Set A Q.No. 6d Yo i e
a5, {20%4 Set B Q.No. sb]What is rectification? With the help of a circuit diagram, explain full wave rectification ;)4);
using junction diodes.
w  Please refer to [2076 Set B Q No. 6b) 7 ' .
s. [2073 ‘Supp Q.No. ébl EXpIaih the characteristic of a diode and discuss its application as a half wave regtlﬁer. [4]
= Half wave rectifier: The device which converts ac voltage or current to de V(’lti‘?’#f Grcuzrent ““‘L“.““’d
- rectifier. There are two types of rectifiers; half wave rectifier and h.nll wave rectifier. The half \? ('ne
rectifier rectifies only half cycle of the ac input into dc output while full wave converts both l.mlf cy cle
into dc output. A half wave rectifier is as shown in the figure which contains a ll'dl\SfDl‘ljﬂt‘l, a diode
and a load resistor. The diode is connected at the secondary coil through a load resistor Ri. An
alternating voltage is supplied to the transformer through the primary coil.
' D

m

* Vnul
\%

m

O t £
+

B <
Ilig. Half wave rectifier

During the positive half cyéle of secondary voltage, the diode is forward-biased. Therefore, the

current passes through the load resistor. During the negative half cycle of secondary voltage, the

diode is reverse-biased. Therefore, no current passes through the load resistor R, .

Thus, only during the positive half cycle of a.c., the diode conducts and voltage is developed in the

load resistor. The voltage developed across the load resistor is shown in the figure. This clearly shows

why the circuit shown in the figure is called half wave rectifier.

a7, [2073 Set C Q.No. 6b] How are intrinsic and extrinsic semiconductors conceptualized? Eiplain the biasing
characteristics of a junction diode. (4]

®  Intrinsic semiconductor: An extremely pure semiconductor is called an intrinsic semiconductor. Pure
silicon and germanium are examples of intrinsic semiconductor.
Extrinsic semiconductor: A pure semiconductor doped with trivalent or pentavalent impurities 15
called extrinsic semiconductor. Pure silicon or germanium doped with arsenic or indium is example
of extrinsic semiconductor.
When pentavalent atoms are added to the pure semiconductor, the impure semiconductor thus
formed is called N-type semiconductor. In N-type semiconductor, there are large numbers of free
electrons in conduction band than the number of holes in valance band. '
When trivalent atoms are added to the
is called P-type semiconductor. In P-ty
band than the number of free electrons

pure semiconductor, the impure semiconductor thus formed
pe semiconductor, there are large numbers of holes in valance
in conduction band.
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Characteristics of a p-n junction diode:

The proper supply of external voltage to a p-n junction diode to get it ready for operation is called the
biasing of a p-n diode. There are two types of biasing of diode; forward biasing and reversed biasing,
When positive terminal of a battery is connected 1o the P-region and negative terminal is connected to
the N-region then it is called forward biasing, of the diode. During, this biasing, diode properly works.
If positive terminal of a battery is connected to the N-region and negative terminal is connected to the
P-region then it is called reverse biasing of the diode. During this biasing, diode does not work.

When a junction diode is joined in forward biased, a
large amount of current flows through it. But, when

it 1s connected in the reverse biased, practically no m m
current flows. The variation of current through a

diode with the applied external voltage can be m u@

represented by drawing a graph. This graph is

[r (MA)
A

called characteristic curve. Such a graph is drawn Breakdown Forward
by taking voltage along the x-axis and the current vy voltage biased :

% 5 - ! H ) Ve I\
along the y-axis. In order to determine the V&(V) X Vi VHV)

characteristics of a semiconductor diode, a circuit , ke voliage

: Reversed
arrangement 1s made as shown in the figure. biased

ATl o , = : :

When the external voltage applied is zero, the

potential barrier at the junction does not permit the v
flow of current. Thus, the circuit current is zero as Ir(nA)

depicted by point O in the characteristic curves.

When the forward voltage is gradually increased in steps and corresponding milli-ammeter reading
shows that no current flows until the barrier voltage is overcome. Once the external voltage exceed
the barrier potential, the current increases rapidly. The forward voltage beyond which the diode
current increases rapidly is known as knee voltage Vi. Vi for Si diode is 0.7 K and 0.3 for Ge diode.
When the reverse biasing voltage is gradually increased in steps and corresponding micro-ammeter
reading shows that the small current flows over a long range, increasing slightly with increasing bias
voltage as shown in figure. If the reverse bias voltage is gradually increased, at one point the current
suddenly rises. This voltage where the reverse current suddenly increases sharply is called reverse .
break down voltage Vs.

. @73 SetD Q.No. écj What is a rectifier? Describe thé Vworr‘kiAhg pri>n><':iblle of a full wave rectifier. a [4]
s Please refer to 2076 Set B Q.No. 6b) v

49. 2072 Siupp a.No. éd Describe the common emitter configuration in a n-p-n transistor. Draw and éihlain input,
output and transfer characteristics. 4]
& Please refer to [2075 GIE Q.No. 63

50. lzirz Set coNo@lWhat |s an ve-xtrinsic semicoh-d'v'u'c"{;)Ar"'?' Explalnthe ﬂfréfr'n'ation‘of bdtential Abérrier andﬂ
depletion region in p-n junction. 4]
= First Part: Please refer to 2076 Set C Q.No. 6b]

Second Part: Please refer 1o |2062 Q.No. 2 g

51 [2072 Set D Q.No. 6b] Explalin the use of a p-n junctioh dibde as a féctifier. Draw the circuit diagram of a full»
wave rectifier using diodes and explain its working. [4]
% Please refer to [2076 Set B Q No. 6b]

52, @z Set :E' Q.No. 6a] What is rectification? How can you construct a full wave rectifier using two
semiconductor diodes? Explain their working. } 4]
™ Please refer to 2076 Set B Q.No. 6b]

T @ s,‘,]pp Q.NO-‘Q What is a semiconductor diode? Explain the working of a full wave recti
™ Please refer to 2076 Set B Q. No. 65| |

fier. [

84. 2071 sei“c"a‘.}{;; #d.AIMWhat is p-n junction? Describe forward biased ahd rev
junction.
® P-N Junction Dipde: It is a semiconductor device in which P-type

semiconductor is in contact with a N-type semiconductor, [t has. ‘b p ’n

erse biased condition of p1 -
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| #

59.

60.

61.

. 070 Set C QNo. 6 a What is Zener breakdown? Describe how a Zener

to the P-type

. . » s refers A
terminals namely anode and cathode. The anode ref as shown 1n

: . . g is
region and cathode refers to the N-type region. Its symbol

Charm o porsSaCane o
- Siwmiibeane. ik y 73 Set C Q.No. 20
Characteristics of a p-n junction diode: Please refer 10 2073 5

B . 8b 0660.No.8wh ;
, P YT “6b| [2067 Q.No atj
. [2070 Sup (Set A) Q.No & d 2070 Supp. (Set B) Q.No. 6 d] [2067 Su Q.No 8

a rectifier? Explain how two diodes can be qsed as a full wave rectifier. [
Please refer to [2076 Set B Q.No. 6b]

diode can be used as a voltage

regulator? L

Zener breakdown: Please refer to 2074 Set A Q.No. Ba
Second Part: Please refer to 2075 Set A Q.No. 6d

. [2070 Set D Q.No. 6 4 What is a p-n a junction diode? Explain the characteristics of it in the forwarg gp4

reversed biased condition. g
P-N Junction Diode: Please refer to 2071 Set C QNo 64 7
Characteristics of a p-n junction diode: Please refer to [2073 Set C Q.No.

3 Izoss Supp Set B Q.No. 6 | What is rectifier? Déscribé the working of a full wave rectifier. 4

Please refer to [2076 Set B Q.No. 6] A B e )
2069 (Set A) Q.No. 6b] Explain with neat diagram, the working mechanism of a full wave rectifier using
junction diodes. How the output changes when a filter circuit is used? 4
First Part: Please refer to 2076 Set B Q.No. 6] o .
The process of conversion of a.c. into d.c. is called rectification. The a.c. variation frlom t'he ranﬁgr
voltage can be filtered or smoothed out using a circuit called filter circuit. .Thus,.b_v using fﬂter Circu,
a constant d.c. voltage can be obtained. Figure shows a shunt capacitor filter circuit, the filter circus
contains a capacitor C parallel with the resistor R.. The pulsating direct voltage of the rectifier is

applied across the capacitor.

o T 1- Vou
XY 7 Rectifler R

output ¢ 3
RYAYA T
T

When the rectifier voltage increases, it charges the capacitor, as soon as the quarter cycle is completed
(i.e., point X is reached in figure), the capacitor is-charged to peak value of V;, of the rectifier voltage.
Now, as the peak point X crosses over, the rectifier voltage starts to decrease. During this time, the

capacitor discharges through the load R and voltage across it decreases slightly as shown by the line
AB in figure.

Immediately after it, another peak voltage Y comes and recharges the capacitor. This process 1

repeated again and again resulting in wave form of the output voltage as in the figure.
- - - - ” S—— - = — ‘_ < B

2069 (Set B) Q.No. 6b] What is a Zenor diode? "E)'(pla"in how it regtjlates the constant voltage in the electronié
circuit. 4

Please refer to 2075 Set A Q.No. 6d )
2068 Q.No. 6 B What are Logic gates? Describe, with truth tables, three basis gates: OR, AND and NOT. ~ [4]

Logic gates: The logic gate is the electronic circuit which gives the logic decisions.
OR Gate: OR gate is an electronic circuit which gives high (1) output when any or all inputs are high

(1). It has two or more inputs and single output. Logic symbol, Boolean expression and truth table of
two inputs OR gate are as follows: '

Inputs Output A
A B Y=A+B .
1 1 1 | i 3
) 1 0 1 .
0 1 1
0 0 0 Symbol of OR Gate
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AND Gate: The logic gates are Hit e DS

clectronic circuit which gives high o
AND gate is given below which con
The truth table f()l tWO-lnputg AND

le
Ltttm“lc circuits which give the luyi( decisions. AND gate is an
u .

Put when all of (he inputs are high. The symbol of two inputs
si

St.0f tWO mputs namvd A and B and one uulput say Y.

\4
A B (')u(‘pul i
— o0 | Y=AB )
0 R e S Y =AM
0 1 , B
0 13
1 0 .
/-—1———— 1 1 lig. Symbol of AND gate
e T
NOT Gate: NOT gate is an ¢

lectronie circuit w

(1) when input is low (0) and hich gives output which is not of input i.e. high output
and v

ice- -versa,

Input (A) Output (B
1 0
0 1

Fig. Symbol of NOT gate

82 Wo'd Can. Q.No. 82 What is a p- n junction diode? With the help of a circuit diagram, explain the working
of a junction diode as a full- wave rectifier. . [143]

» Please refer to LG SetB Q. No. El

8. F? Old Q.No. 9 OTQI What do you mean by rectifier? Describe the worklng of full wave rectifier usmg
semiconductor diodes. [1+3]

» Please refer to [2076 Set B Q. No. G—I

84. [2066 Subp Q.No. 7] What are N- type and P- type ‘semiconductors? Dlscuss how the semiconductor diodes
are used as a full-wave rectifier. - [242]

» FHirst Part: Please refer 2073 Set C Q.No. 6b]
Second Part: Please refer to |2076 SetB Q. Noﬂ

6. m 2065 Q.No. 8 2 What do you understand by zener diode? How can this be used as voltage regulator? [4]
Please refer to |2075 Set AQ. NoJ .

B, 2061 @.No. 3 What is a junction diode? Explain its working as a half wave rectifier. [143]
IUnchon Dlode Please refer to [2074 Set A Q.No. 63
Half Wave Rectlfler Please refer to 2 ﬁ3 Supp. Q.No. 6b]
2050 Q.No. 5 OR] How is a NPN transistor formed" Discuss the input and output characteristics of the
translstor in CE confguratlon ; [1+3]
& Please refer to [2075 GIE Q.No. 6 JI .
Ss-im What are N- type and P- type semiconductors? Describe with a neat dlagram the worklng
mechanism of a full wave rectifier for a junctlon diode. [143]

First Part: Please refer [2073 Set C Q.No. 6
Second Part: Please refer to [2076 Set B Q.No. 6b]

‘69- 2056 Q.No. 14 OR] Explain the action of a diode valve as a full wave rectifier. ' [4)

}_PIEML 10fer to {2076 Set B Q.No. 6b|

". 2055 Q.No. 13 OR) w Explam the characteristics of a diode and discuss its applicatlon as a full wave rectifier. [4]

2. Please refer to (2076 SetB O No 61)

i

7‘- = What is a junction diode? Explain full wave rectification produced by a filter circuit 4
A Please refer to Please refer to [2069 (Set A Q.No. 6} , |
I 'What isa ,unction diode? Discuss its applications as full wave rectifier. [4)

8 Please refer to [2076 Set B Q.No. 6b —



Chapter 33 Quantlzatlo

1. ﬁon Set B Q.No. zcl tzos4 QNo. 12 b] Wh|ch has more energ
ultraviolet? Given reasons.

y a photon in the infrared or photo“ N th

. : t
w  We know, energy of photon is given by | )
=hf= th | - |
where h is Planck's constant, ¢ is the velocity of light and 7 is the wavelength of radiation. |
or, Eoc% - (1) |

vele 1}'th
It means ener By of phutnn s n\vc]gdy plnpﬂlll(mdl to its wa ler

% wave
Ag‘““ we kl\(“\' V\’d\’d(‘l\},th of ll\fldled Photnn is {,lLdl(‘f than ¢

length of ultra-violet Phhtn
. a od ﬂmtun
Hence, acc ordmg to Eq. (i), encrgy of ultmvmlet photon is more tlmn mf1 red |

68 Old Can
2. [2076 Set C QNo. 2a) [2074 Set B Q.No. zJ ﬁs Supp Q. NOE 068 Can. Q.No. 2b| [20 m h

electron and a proton have the same kinetic energy. Which one of them has the longer wavelength? 1

: h '
w If E{ be the kinetic energy of a particle, then its wavelength A is given by, N = p’ where h is Plancks

constant.

l] . . S A rorselv o -t . \
or, A\ = — = This shows that the wavelength of a moving particle is inversely proportional to th (
\’ 2mE;

|
square root of its mass. .
Since, the mass of the electron is less than the mass of the proton, for same kinetic energy, the electroy
has greater wavdength than the pmton by /1840 .

3. [2075 Set A Q.No. 2b| A photon and an electron have got the same de-Broglie wavelength. Which one has

greater total energy? Explain. t]
) h
w  According to question, an electron and a photon has same de-Broglic wavelength, A =70 |
Energy of electron, E; = mc? x é(1) i
phe OV |
Energy of photon, E; =57= he =, i
or, E;=mcv - . )

Dividing (i) by (ii), we get

E; mc2 ¢

E mev v ‘

Since,c>v, E, > E;

Hence, energy of photon is greater than energy of electron for same de-Broglie wave lcngth

[2073 Set C Q.No. 29] The acceleratmg voltage of a proton is mcreased to twice. How will its de-Brogle
wavelength change? Explain.

= Let V be the accelerating potential of a partice, then its de Brogile wavelength is

h h h = planck's tant
s m— = planck's constant.
my \’21\10\/
When accelerating potential of proton increases twice, then new wavelength is
h 1 h A

2me2V \fi 2meV \/_2
The dc Bl‘Oblle wavdeng,th is reduced by \f?

* [073 Set C Q.No, 2d) Can X-ray diffraction experiment be performed by an ordinary grating? why'r T
« No, X-ray diffraction experiment cannot be performed by an ordinary grating. For diffraction the

h
1
grating element must be order of wavelength of light. The X-ray has wavelength of order of (ﬂ

of ordinary visible light. So, for diffraction of X-ray crystal grating is needed



G
.\

[2072 Supp Q.No. 24 If a proton énd a

7 SeLD ONe 2 Explain e 1
e differ
ence between stimulated and spontaneous emissions of radiation.  [2]

The process of emissjoy (f radiatj
excited atom during its l'(\ll||-|1l'd“(m by an
und state b s 3 . g by

%FO Quitlb]( by the Mduction ;»hn:lk h; —— i | . E;

the sultable  eneroy on o =k, L s R )

insioi. Thus 8Y 18 calleg St A ‘ e

CHISS . S, emitted Phﬂl'nn i8 al 1 B . v N\ shi
Y always iy F Fy

phase with the stimulags
} 1 the: stimulating Photon of & |
frequency and in same directio nl o
reque | , onas shownp j
first figure. This is the waork: e
orking principle of
LASER. S

The process of cmission of radiation
excited atom during its retuming | ) l;m ) e————ane |
. »y ) ‘l‘ ‘ ;
sround: state without anv o By :
& kioivar g & utany external influence b a2
IS KRNOWR Qs spontancous  epission Such 9 -
emission is non-coherent to the phntm;s f Spontaneous emission
light which are sent in directions with
random phase as shown in second figure
n electron have the same speed, which has the longer de-Broglie

wavelength? Explain. 2]
{e- yoli avele g . ¥ y

;‘hg de-Br¢ Dh;‘ \]\ av elullgth of a moving particle is given as \ = h/mv, where h is Planck’s constant, m

e the mass of the particle and v be its velocity. Since mass of proton is greater than mass of electron,

the \«'a\'ele11gtl1 of electron is longer than proton.

8. [2072 Set C Q.No. 2 Even if a hydrogen atom contains an electron, its spectrum consists of a large number of
2

*x

w |
. {

W

10.
&

".

N

n=4

lines. Explain how.
A hydrogen atom consists of one electron and one proton. A

single hydrogen atom has infinitely large number of
stationary orbits even it has a single eléctron. Even it has an l
electron; it can emit large no. of spectrums when electron
jumps from fhigher orbits to lower possible orbits. Suppose
an electron lies in fourth orbit (n = 4) then possible
transitions aren =4ton=3, n=4ton=2n=4ton=1,
n=3ton=2n=3ton=1andn=2to n = 1. All together : ‘ J J
there are six possible transitions and give six lines to -

y 2
n=o

~

=]
]

spectrum. UL S . -

072 Set D Q.No. 20 What is optical pumping in the production of laser? 2
which population inversion is carried out by light is called optical pumping. This is
photon of suitable frequency to the atoms of ground state. It is commonly used

The process by
done bv ing the .
in l];;ebr)pe;gg:itifn so as to achieve populqtinn Inyerson... :
B672 Set E G.No_2d Production of X-ray is the inverse phenomenon of photoelgctnc effgct. Justify it. 2
When fast moving electrons (particles) strike on a nu-l.ﬂ m'rgc.! having hlgh thmc mass, thtn -\'m_\?‘

) » nroduced. In photncleclrif effect, when rfulmlmnb (\'\'d.\'\'s') of s'unmAblc tfrequency mudef\t
(waves) are procl al, then photoelectrons (particles) are emitted from it. In other words, n
onL. the surfac(* (.){ ’mctal, » energy of photon transformed into Kinetic energy of electron where as in
Ph(’tOClL’Ct”F (),mssmﬂ’/ t?(k,-,wu‘c energy of electron is transtormed into the energy of photon. Also,
the pmductl’()" af e n.]y‘s,hard metals are used as target metal whereas soft metals are used in
f(l)r tP r(;dutql'onﬂz)c{t:( -Tr'(lll)';/t’ s why, the production of x-rays is the reverse or inverse phenomenon of
photoelectric effects. :

slectric effect.  thi
At e energy of an electron of an atom in an orbit is negative". What does tt;lzs;

072 Set E QNo. 1] "The total

negative energy indicate? ; i
Thge total enegr";y of an electron i an orbit is
13.6

T
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1 a
The -ve sign indicates that the total energy of an clectron in @ te it from the atomic Orb[

» to qt‘pdld
{ be done
 electron in bound to the nucleus and some work shoul¢ rough the same POtentlal which’ One h

thr
12. [2071 Supp @No. 2d An electron and proton are accelerated
higher de-Broglie's wavelength? Justify your answer.
= LetV be the potential tlnmq\vh which a charged parti
1S,

its de-Broglie w [2]
e Lecelerated, then its de-5I0g avelength
cle1s « S

h h

= =7 ; o= Planck's constant

mv - \[omev’ ‘

For same potential and different masses,
1
Ao —T=
\’m
. . A " C

Since, mass of electron is less than mass 0(' proton, wav
wavolu\gh of proton mu‘lomtmy in a same potcnlml

o iy i of’the two has great
13. [2071 Set C Q.No. 2 ¢] An electron and a proton have same kinetic energy, which greater de.

Broglie wavelength? Justify your answer. o
= Plcasc um to 2076 Set C Q.No 2a|

14, R071 Set D QNo. 25 A proton and an electron have same de-Broglie wavelengths, which of the two ha

length of electron is longer than the

greater kinetic energy? Justify your answer. u
= Let Ex be kinetic energy and A be the de-Borglie wavelength, then, we have
__h
N \f 2mEg
. h2
O, &%= >mEx
h2
or, Ex = 2mi2
According

g to question, wavelength of electron and proton has same. Since m. < m, than
Ex.> EM, Hence energy of proton is less than energy of electron for same de- melm wavelenbth

15. 2071 SetD Q. No. 2 Dlstmgmsh between stimulated emission and spontaneous emission. [2]
= Please refer to [2073 Set D Q.No. 2

16. t207o Sup (Set A) QNo. éj If a prdtoh and an electron have the same kinetic energy which has the |onger de-
Broglie wavelength?

2
= Please refer to [2076 Set C Q.No. 2a]

17. '[2070 Sup (Set A) Q.No. 2 c] Why is the gravntatlonal force not taken into consideration wh|le evaluating the
energy of an electron in an atom? 2

The gravitational force is not taken into consideration while evaluating the energy of an electron in an
atom because the mass of electron is 9.1 x 10 kg which very small, as a result i.c. the o
force is very small compared to thc atomic ener gy caused by electrmtahc forcc

18. [;o7o Supp (Set B) Q.No. 2 c] Can X- -rays be produced from gases" Explam

No, X-rays can not be produced from gases. The spectrum produce
visible and infrared range, but not in the X-ray region. X- -rays are
transition in the mctals of hl;)h atomic number and hlgh multmg like

=

grav itational

[2
d by gases lies in ultraviolet
produced only in the electron
tun;;.lon
19. [070 Set C Q.No. 2 b] A proton and an electron have the same speed. Which has longer wavelength? 2]
" Please rerer to [2072 Supp Q.No. 24

20, fzo7o SetD Q.No. Q] The wave nature of particles is not observable in daily life. Why?
-\ Accmdmg to de-Broglie wave theory, the wavelength associated w

2

l ith wave of moving particle of
\

i is given b Emr— e ’lanck's const: : >
mass m and velocity v is given ly, h="Thv Where his Planck's constant, Since, the value of Planck’
constant is 6.62 x 10-3Js i.e., very small and mass of the particles which are daily observable in our

. < C
eyes are very large, then de-Broglie wavelength becomes very small. So, matter has a wave naturé
a . . d
but not observable in our daily experiences. ot
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7 069 Supp Set B Q.No. 2 d Can Bra ° o

|} ——
am? Explain. 99'S law of x.ray diffraction be verified with yellow light of wavelength 600
pragg's law depends upon the 7
the wavelength of the ‘ Xperiments on crystals, For diffraction of any wave,
tomparable to the size of the width of the slit i.e. opening.’
b it by using metal crystal. The spacing between the atnms ‘iﬂ
narrower than the wavelength of yellow light 600nm (10-*m). So,

Supp Set B QN annot be verified by using yellow light of wavelength 600nm.
y {063 Supp Set No. 2 b Draw schematic dia nd
stimulated emissions of radiation, gram to show the difference between spontaneous a

i 2
« Please reter to 073 SetD Q.No. 24 ' | ;
7. 2069 (Set A) Q.No. 2

. X-ray diffraction ¢
o A wave should e
Bragg's diffraction eXperiment is Jope
crvstal is about 100 my whiely ve
Bragg's 1aw of X-ray diffraction ¢

- stone is dropped from the top of a building. How does its de-Broglie wavelength

change’ [2]

s The di-‘.Bnghe wavelength of a moving particle (dropping stone) is given as A = h/mv, where h is
Planck’s L‘OHStﬁ“-t, m be.the Mass ot the particle and v be its velocity. When a stone is dropped from
7thc top 7ot 7t1}e“biu>1417quj.1 g ‘1ts vglqc@ increases and hence its wavelength gradually decreases.

. 083 (Set B) Q.No. 2¢] Compare the wavéléﬁétﬁé ofan e]édtron with that of a proton if their' kmetn?énerg:és
are equal. Mass of a proton is nearly equal to 1840 times the mass of an electron. ~ [2]
x Pleasc refer to {2076 Set C Q.No. 23] j

= 2068 Q.No. 2 | When x-rays are produced only about 10% of the initial input energy appears as x-ray energy.
Explain what has happened to the other 90% of the energy. [2
x Xrays are produced when fast moving electrons ‘strikes a target of high atomic number like
platinum, tungsten, molybdenum, etc. When rapidly moving electrons strike the target metal, about
10% of the initial input energy appears of X-ray energy and remaining 90% of input energy is
converted into heat energy.

%. 2068 Can. Q.No. 2d| Define population inversion and optical pumping.
= Population Inversion
Let N; and N, be the number of atoms lying in the ground state E; and E; excited state respectively.
Under ordinary conditions of thermal equilibrium, the number of atoms in th.e rhigher energy state is
considerably smaller than the number of atoms in the lower energy state i.e. N> < Ny. In such a
situation, if a light of frequency f=Ez - Ei/h is incident on a large collection of such atoms, the atoms
are excitéd‘due to absorption of photons and rise to the excited state E,. So that there are more atoms
than in the lower energy state E; L.e, Na > Ny. This phenomenon of
he excited state by any means than in the ground state is called

21

in the higher énergy sate Ea
having more number of atoms In tl
Population inversion.

Optical Pumping; Please refer to 2072 SetD Q.No 2

. 2067 Q.No. 2d What are the differences between matter wave and electromagnetic wave? 2]
The differences between matter wave and electromagnetic wave are given below:
» ences e Electromagnetic waves
pmduced when material | 1. The electromagnetic waves are produced when
) charged particles move,

L. The matter waves are

ortain 11ass Moves.
L___body of certain mass ! g
2 The wace velocity dt’pt’ﬂd"’ upon y

. ich 15 less.
of the moving body whic his |

(N

The velocity of the electromagnetic wave does
not depend upon the motion of the charged
particles which is more.

———7 ith electric and | 3. They are associated with electric and magnetic
3. They are not associated” wit : &

field.

magnetic field. ; . T atter

\_4 o agl eUCI = Slectromagnelic radiations | 4. The matter waves have shorter wavelength
- the wavelength ¢ i Hve ol i
: » ralation given by de-Broglie equation
o siven by the relal ) | v |
are much large and én y ~_h
A= my

where f is frequOﬂ‘CY and ¢ be speed of who.rv mv is the momentum of the particle and h
\wtromagnetic wave. 11 planck's constant, ;
- RO7 ol G4 066 Supp No- 20 Wh is the production of x-rays called inverse of photoelectric effect? [2]

LN
Please refer to [072 Set E Q.No. 2d . , !

-~
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29, The—p-h;r;bmenon of x-raifs production js alsocC
= Pleasc refer to 2072 Set E Q.No. 2d| PR
0. If matter has a wave nature, why is this not 0bs€
= Please refer to 2070 Set D Q.No. 2 b] A

= e S 2

'31. [2062 Q.No. 2 | What do you mean by matter waves? o with a wave which controls the Par;

w  According to de-Broglie, every moving, particle is as'socmteL Vlv is called matter wave or de-y, lq‘(‘
in every respect. The wave associated with a moving par b el { be related to it's momentum i"ghe
wave. According to him, wavelength of a material particle WOU Lf - s o1 movig With speed N the
same way as for a photon (i.e, P = h/A). That is, for a parm':le of maé tL : v, de.
Broglie wave length is given by, = h/mv, where h is Planck’s fﬁ{‘stan) et

___ Broglie L on of photoelectric effect. Justify thig

32. 2061 Q.No. 1 g Production of X-rays is the reverse phenome

alled ;ﬁ—iﬁveéé o/fir;-)hotoelectric effect, Why‘; ;

rvable in our daily experiences? r o N

i

statement. : 1
= Please refer to 2072 Set E Q.No. 2d| e
33. [2060 Q.No. 2 { Distinguish between stimulated emission and spontaneous emission. [

= Please refer to [2073 Set D Q.No. 2 I ) s

34, Can aluminum be used as a target in X-ray tube? ‘ ' Q)

w No, Aluminum cannot be used as a target in X-ray tube. The anode of Coolidge tube is the targey
where the emitted electrons from the filament strikes and hence huge dmnunF of Iwa? is produce|
which can melt the anode. To prevent it from melting, the anode should have high xlnolllng point ang
a metal of high atomic number has high melting point. But, aluminum has low melting point and low
atomic number. So, it cannot be used as a target in X-ray tube.

35. [2056 Q.No. 12 d] Differentiate between stimulated and spontaneous emission of radiation. 2
w Please refer to [2073 Set D Q.No. 21

36. What do you meanwby uncertainty principle? o [2]

w According to Heisenberg uncertainty principle, it is impossible to measure the two canonically

\

conjugate variables simultaneously and exactly. There arises some errors which 1s of the order of 7

For example, it is impossible to measure simultaneously the exact position of an electron in an orbil

and its momentum accurately: If the position uncertainty is Ax and momentum (mass x velocity) |

uncertainty is Ap, then the Heisenberg's uncertainty principle can be mathematically defined as

h
(Ax) x (Ap) 257 where h is Planck's constant.

37. Point out the importance of a de-Broglie waves. o
w Importance of de-Broglie waves are as follows:
i. A matter particle will have a wavelength associated with it only if it is in motion. The greater is
the momentum, the shorter will be the wave-length.
ii. Two different velocities are associated with a material particle in motion - one refers to the
En;'chanical motion of the particle (v) and other refers to the propagation of the associated wave
u). |
iii. Itjustifies Bohr's quantum condition of hydrogen atom.
iv. It has broken down the barrier between the matter and wave and e
of the same thing. ’

38, 054N, 124 What do you meant by de-Broglie waves? m
w  Please refer to

39. 2053 QNo. 12 & An electron is in the third excited state. How manv differans —

: . any different . ngths ar¢

possible? photon-wave leng [2]

u Suppose E;, By, E; and E, are energy of an electron in ground state, first excited state, second excited

state and third excited state respectively. So, possible transitions of an t‘lt'ctr; ‘ 'Il ich is in thir
excited state are: on ‘which

¢
stablished them as two aspects

i
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‘E4 tO E2 ' : ‘ E‘
E3 to E2 . Hy
E3 t() E| ) ' / FI

and  EtoE,

Eur

Fig: Energy Level

Hence, there are six possibloa d:¢
b il lf‘ﬁSlblL different wave

0. [ 1 the ' lengths when the electron is in third excited state
4°-lnthepr0ductio' e, AR T 811 ited state. _
» Penetrating power of X-ray . Of.x'ray’ how will you control the penetrating power of X-rays? (2]
frequency and energy of (\\_ ,,W}"Ch Tepresents its quality, depends on its energy or frequency. The
~ 1 A7ray depends on applied potential difference across the target and the
filament (" hf = eV = = 12 e \ v
2 MV). So, as potential difference is increased, penetrating power of X-ray is

also increased and vice versy He .
applied mtcntf 1 diff t.VLlsa. Hence, penetrating power of X-ray can be controlled by controlling the
appiied potential ditference between the two electrodes in X-ray tube.
#. ‘_V;ml : : leow Paschen series in originated in Bdrogen s .
Nave leneth of lines in o :
308 2R P in hydrogen spectra can be calculated from Bohr's formula,

1 1 ;
T=R <—7 - l)
A ni= np” ,

where % is wave length of the lines.

Ris Rydberg's constant. n; is lower energy level and n, is higher every level.

The Paschen series is obtained when electrons jump from any outer orbits (n; =4, 5, 6, . . ) to third
orbit (n; = 3). This series lies in the infrared region.

a. Differentiate between excitation potential and ionization potential. [2]
uw The minimum energy required for electron to jump from ground state to any higher state is called
excitation energy and the corresponding potential is called excitation potential. :
First excitation energy = E; - E; ;

: E, - E; ! )
and first excitation potential = 2 volt, where e is electronic charge.
3 4 PR 2 . E3 ~ E|
Second excitation energy = Es - E; and second excitation potential = . volt
. En+1 - El
Hence, nt excitation potential == & :

The minimum energy requiréd for electron to knock out of the atom is called the ionization energy
and the corresponding potential is called ionization potential.
For just escape, electron jumps fromn=1ton=cc.

. Ex = E1
- E;, and ionization potential == volt.

So, ionization energy = E, :
greater than excitation potential. The excitation potential for the first

> jonizati otential is Lhe
g Ionkrgher B jonization potential is 13.6 V.

excited state of hydrogen atom is 10.2 V while

°ng Answer Questons

o inq the Bohr's postulates, deduce an expression for the total energy of an electron in
43' @5 Set A QNOE Slaﬂ 9 ) o [4]

nth orbi rogen atom. ‘ .
a B :r?ltlff hg::atg- According to Bohr's theory of atomic model, following are the postulates:
ohr's Pos 5

A An el iy an atom revolves in certain stable orbit without radiation of energy i.e. an atom has
b 2 n d o e ahme 5. 2
nte.Lctron ifi (energ}’ state and has definite total energy. These are called stationary states of the
certain specific )

atom.

h
orbits in which its angular momentum is integral multiple ofz,

o an move only in those

where T is the Planck's constant. If an electron of mass m is moving with a constant velocity v in a
ere h 1s th < ) ;
stable orbit of radius r, then its angular momentum, ,

An electron ¢
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C.

44, 2075 Set B Q.No. 6¢) Describe éoolidgeﬂt*ube for the productioanhX“-r;ﬁA How do you control (i) the intensity

a

h :
mvr =n27 Where no= 1,23, integers,
T »

. . » equation are knowry .
This is called Bohr's quantization condition. The orbits given by the St |1;2 "

stationary orbits.

An electron revolving in any stationary orbit doesn't radiate energy :
The clectron emits energy when it jumps from outer orbit to innef Ol.hlt'
Similarly, it absorbs radiation energy when it jumps from the inner orbit to
the outer orbit.

If Ey & E, are the energies associated with excited & graund state energy
levels, then the energy released is given by

bt =E, - E; ,where f is the frequency of radiation. )
Energy of Electron in the n' orbit: The total energy of the electron 1 L
Kinetic energy due to motion of the electron & potential energy due to the position of electron near
the nucleus. e ;

Kinetic energy (KE): Let v, be the velocity of electron in n' orbit and m be its mass then its KE, js
given by l

at all.

the nth orbit is the sum of

; 1. 9
KE,= Smv

~1 <__
2™\ 2 e.nh T “VnT 5 conh

____me? ]
SE:: nzh?2 0
Potential Energy (PE): The potential energy of an electron of charge -e is
1 ef(e) ~
PE,= ———
L e

B 47'[€0 In

1 e? . eon?h?
T T ine, [ en?h? [ ST me? :I
‘ ( b1 me2)
4
- -..(ii)

4e,n?h? 4
Total Energy (En): Total energy is the sum of KE and PE in n orbit,- »
E. =KE,+PE, . '

me? me? me?
= 73 =779 S )
8e,nzh? 4e,n2h? 8e, n2h?

This is required expression for energy of electron in n" orbit.
The negative sign shows that electron is bounded to the nucleus.

(i) the penetrating power of the emitted X-rays?
Production of X-rays by Coolidge Tube
When fast moving electrons strike on a very hard target of high atomic number, e.g., platinum,
tungsten, molybdenum etc., X-rays are produced. Dr. William Coolidge, in 1913, designed a tube for
the production of X-rays. This tube is known as Coolidge tube or modern x-ray tube,

The Coolidge tube consists of a glass tube G exhausted to nearly, perfect vacuum of about 10-5 mm of
mercury provided with cathode and the target T. The cathode consists of a tungsten filament (F)
‘heated by a low tension battery. The filament is placed inside a metal cu p C to focus the electrons o1
to the target. The target is made of a metal like tungsten or molybdenum having a high melting poinl
and high atomic weight held at an angle of 457 to the horizontal. The target T held by a copper rod 18
projected outside the X-rays tube. Water is continuously circulated around the copper rod outside
the tube."The anode (i.e., target) is connected to the positive and cathode to the negative terminal of @
high tension power supply.

4
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Hot water

£
3

Cold water

X-ray

Fig. Production of X-ravs in collidge tube
Working:
Thc filament F is heated by passing a suitable current through it. The electrons emitted from the
hlamm'u are focused at a point on the target with the help of a metal cup C. Due to the extremely high
potential difference between the cathode and the anode; the electrons arrive at the target (i.e., anode)
with high speed. The speed of the electrons can be further increased by increasing the accelerating
voltage. On striking the anode, the electrons are stopped. Nearly 98% of the energy of the incident
electrons is converted in to heat. The remaining energy appea}s in the form of x-rays. However,
intense heat is produced, which may melt the target. Therefore, the target is cooled by circulating
water in the copper tube continuously as shown in figure.
Intensity control: The intensity of X-ray's produced depends up on the number of clectrons striking
to the target. The more number of electrons can be generated by the heating of cathode by passage of
electric current. Hence, intensity of X-ray can be controlled by varying the tube current i.e. by varying
the rheostate (Rn) in the circuit.
Penetrating Power Control: Penetrating power of X-ray, which represents its quality, depends on its
energy or frequency. The frequency and energy of X-ray depends on applied potential difference

mv?). So, as potential difference is increased,

N | =

across the target and the filament ( hf = e\
polictr‘iting power of X-ray 1s also increased and vice versa. Hence, penetrating power of X-ray can’
be controlled by controlling the applied potential difference between the two electrodes in X-ray

IUbU. - - = — E—— N Oy & ey b - .
Ro7a setB d.No. 6¢] Stéte Bohr's postulates. Using these postulates obtain an expression for the total energy
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