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SOLUTIONS TO MODEL QUESTIONS
2068 (SET I) _

Time: 3 hrs Pass Marks: 3.
Candidates are required to give their answer in their own words as far as practicable. The figures in the margin indicate full
marks.

Attempt ALL questions of group A and group B or C.

Group A
1. a. Itis required to seat5 boys and 4 girls in a row so that the girls occupy the even places. How
many such arrangements are possible? 121
Solution]

Since the girls occupy only the even places, they can take 274, 4%, 6t and 8 seats. Hence, 4 girls in 4
places can be arranged in P(4,4) ways = 4! ways
G G G G

B B- B B B
And, 5 boys in remaining 5 seats can be arranged in P(5,5) ways = 5! ways.
Total number of arrangements = 4! x 5!
=4x3x2x1x5x4 x3x2x1=2880

b. Provelhat:1_3+ﬁ+37+5+...=2(1—ln2). 2]
ISolution]
Lhs ol,Ll, Ll 1
> T13%25%37 Tao”t
ofl,1, 11 AN, A1y, (1 Ly, (1D
T2\23 a6 et ) T2 (273 +(-1‘5 *(5'7)*(8‘9)*'
1,11.11.11.1
=2(1- 1—2+3—4+5—g+;-§+5+ ) =2[1-m(1+1)]=2(1-mn2)
c. Leta*b=3a+2bfora, b e Z. Verify that * is a commutative binary operation on Z. 21

Leta,be Z. Then3a,2b e Z.

Since sum of any two integers is again an integer, a*b=3a + 2b € Z.

Hence, foralla, b e Z,a* b=3a+2b e Z uniquely. So, * is a binary operation.
Again, take a=2,b =3 in Z. Then,

a*b=2*3=3x2+2x3=12

b*a=3*2=3x3+2x2=13

a*bzb*a

Hence, * is not commutative.

2. a. Find the equation of a hyperbola in standard position such that the length of transverse axis

is 6 and it passes through (4, 2). 21

Let the equation of hyperbola be
X2 y?
SGet )

By question, length of transverse axis = 6
ie 2a=6

a=3

Putting the value of a in (i), we get

¥y

9 !

If the hy perbola passes through the point (4, 2), then
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6 a_
9B
16 4
or, g -1=%:
¥
7
Putting the value of a and bin (i), we get
2 ¥ _,
9 736/7
2 Ty2
or, %—%=1
4x2-7y2=36
which is the required equation of hyperbola

SOLUTIONS TO MODEL QUESTIONS 3

b. Find the locus of points which are equidistant from the p

Let P(x, y, ) be any point on the locus.

By given, distance of (1, 2. 3) from P(x, y, 2) = distance of (3,2, -1) from P (x,y,z)
or, (x-1p2+ (y-202+ (@-3p=@-3)P+(-2P+ (z+1)?
or, x2-2x+1 *)'2-4y+4+11—62.*9=x2-6x+9+y2-4y+4 +22+2z+1

x-22=0

oints (1, 2, 3) and (3, 2, -1).

[2]

c. Find the cosines of the angle between the vectors:

3=(1-2-2),b=21-2).

Given, a =(1,-2-2), v=21-2
Then, a-b = (1,-2,-2)- (2 1,-2)=2-2+4=4
| =NF* 2 e (23

| =N+ T (2P=3

Cosine of the angle between the vectors 153 .

b
Ifebemeangiebemeent}\evectms;andg, then

[21

dx
b. Find the integral f T+2sinx

[2]

Z.\'
sec: 2

dx drx
Letl= fl +2sinv X X
costy+ sin23

= dx
XX x X X X
2%2:2sin5cos7 | cos?5+sin?5+2-2sin5cos sec?y

X
sec?5 dx

= X X

tan1'2'+ 4 tan7 + 1

X
Puttany =y
1 x
5sec2§¢r=dy

sec? % dx =2dy

x
X

-

_ 2dy dy _ dy_ 1 +2-
I fyz+4y+‘l 2f(y+2)z-3 ‘ZJ‘(Y*Z)L(\[S)zFZ'z\ﬁlOg@_i

tang+2-3

1
=—Flog|—— |+
\/5 tan§+2+\ﬁ

C

3)+c
+2+\[ﬁ-’,

3. a. Find the derivative of (In x)sinh =

Let y = (Inx)s
Taking 'In' on both sides, we get,
Iny = sinhx In (Inx)
Differentiating both sides with respect to 'x'

d
ad} (Iny) =gy [sinhx In (Inx)}

d dy  d
i (Iny) S = sinhx. = (I ()} + In (inx) f;, (sinhx)

or 1dy . dfn Inx)} d(inx)
©ydx

=sinhx. 4 (nv) © dx + In (Inx) . coshx

1d 11
or, ;EX =sinh1’,_n;';*’ coshx . In (Inx)

or, g-f =y {s;\ln;x + coshx. In (lm’)}

%_% = (Inx)sinh> {S;;:l:: + coshx. In (Im')}

121

dx
c. Find theintegral | ——— ——
= [

Put2-x=y?

or, -dx =2ydy
dx = -2ydy
Now,

-2ydy

=g
f(x+7) 2-x ©-y)y

o (L (x=3 -1
~2fy2_32—2~2_310g(y+3 +C =3log

121

=)

C

4. a. Solve the differential equaﬁon:% =erty+3nter.

Given equation is:

d
‘d'% =evty +3x%ey

d
or, Ey; = ey (er + 3x?)

or, ey dy = (e*+ 3x?) dx
On integration, we get

—ey=e + Ty +C

etey+x'+C=0

2]



4 Asmita’s NEB ion of Baslc
b. From the following data, calculate the expected value of Y when X = 25, ¢
X 125
Average 2 g 2
Standard deviation 3. 5
12]

and correlation coefficient r = 0.95.

Here, X =56, Y =125, o =32,0v=24,1=09

oy 24 _
bw = =095x33 =0.7125

The regression equation of Y on X is
Y-Y=bn(X-X)

or, Y-125=0.7125 (X - 5.6)

or, Y-125=0.7125X-3.99

or, Y=07125X+125-3.9
Y =0.7125X + 8.51
When X =25, Y =0.7125 x 25 + 851 = 26.3225
Required expected value of Y is 26.3225.

SOLUTIONS TO MODEL QUESTIONS 5

arrangement in a circle, there are n arrangements in a straight line. Thus, if P is the number of
arrangements in a circle, we have

nP =n!
nl _n(n-1)!
or, P=1r= n =(n-1)!

c. Theaverage p ge of in a certain is 40. What is the probability that out of
5 candidates, at least 3 will be passed in the examination? 2]
Solution]
Here, p = P(failure) =40% =04
q =P(not failure) =1-p=1-04=06
n=35
Therefore, the probability that at least 3 will be passed in the examination i.e. at most 2 will be failed
is given by
P(r<2) =P(0)+P(1)+P(2) =3Copig’+3Cip'g*+ 3C2 pig*
=1x (0.6)5+5 x (0.4) x (0.6) + 10 x (0.4)2 x (0.6)°
=0.07776 + 0.2592 + 0.3456 = 0.683

5. a. Show that the number of combinations of n different objects taken r at a time is given by C

(n«ﬂ=ﬁ.m,pmveﬂmC(n,n—r)=C(n,r), )

Consider any one of the C(n,r) combinations. This combination contains r objects. These r objects
among ﬂ?emselvs can be arranged in r! different ways. So, for each combination, there are r!
permutations. Hence, for the C(n,r) combinations, there are C(n,r) - r! different permutations. Sincé
these are all possible permutations of n objects taken r at a time. So, we have '
C(nr)-r! =P(nr)

n!
or, ?(mr)-r! oo

n!

Clor) g (m-n)tr!
Second Part
n! n!
Con-r) = (n-(-n)n-r) “(n-r)ie Clnr)
OR
State the multiplication principle of counting. Prove that t i
n different objects taken all at a time is (n -1)35 e nembcc chiyle pemlulﬂﬂlmﬁ[‘;:

Muitiplication Principle of Counting

(ij fof"i’ thing can be done independently in n different ways and if a second thing can be done in m
ifferent ways and if a third lh}ng can be done in ny ways and so on for any finite number of things

then the total number of ways in which all the things can be done in the give i A‘ ks

Next Past givenorderism-nz-my-....

Let xy, x2, ..., xn be the objects arranged in a circle, then the

X3XiX5 ... XnX1X2, ...

are not different. But if the ATANGEMENLS X1XaX5 ... X, XXX - XKl
’ il they are arranged in a row (straight line), to each

b. What is a group? If a binary operation * is defined on a set S = (a, b, ¢} by the following Caley's
table.

alslatd
N oo (8
s|o|o|e
| |ala

Show that (S, *) is a group. [4]

Group: Let G be a non empty set and * is an operation defined on G.
Then,
(G, *) is said to be a group if * satisfies the following axioms.
1. Closure axiom: G is closed under the operation *.
ie.a*beGforalla, be G
2. Associative axiom
a* (b*c) = (a*b)*cforalla, b,c, e G
3. Identity axiom: For all a € G there exists an element e< G such that
a*e=e*a=a
The element e is called the identity element.
4. Inverse axiom: Each element of G possesses inverse i.e. for all a € G, there exists b € G such thata*b
=b*a=e.
The element b is called the inverse of a. We write b =a".
Second Part
Here, S = {a, b, ¢}
Closure property: Since all the entries in the Cayley's table are element of S, S is closed under *.
ii. Associative property:
a* (b*c)=a*a=a
(a*b)*c=b*c=a
. a* (b*c) = (a*b)*c
This result is true for all elements of S.
Associativity is satisfied.
From table,
ata=a
b*a=a*b=b
& c*a =a'c=c
ais the identity element.
iv. a*ta=a
b*c=c'b=a
. a, b, care inverse element of a, c and b respectively.
From (i) - (iv) we conclude (S, *) is a group.

OR
Leta, b, c and x be elements of a group G. Solve for x if axb = c and x?b = xa?¢c. [41

Let,a, b,c,xeG.
Here, x?b = xa"'c
or, x' - (xx'b) = x1 - (xa''c)
or, (x'x) - (xb) = (x"x) a'c
or, exb=ea'lc
or, xb=alc
or, (xb): b= (a'c) b
or, x(bb')=a'cb!
or, x-¢=a'ch!

(by associativity)
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x=a-lcb!
Putting the value of x in axb = ¢, we get
a@'cb)b=c

or, (@a')c(brb)=c )
or, ece=¢ or, Ell+£—,y=—z3x— ...(i)
c=c (true) s dx T x2+1 x2+1
=g I
:vhiad: 'cusku:e required solution. Comparing (i) with ﬁ *+ Py =Q we get
S 2x _ 3%
x P='X1+-1VQ—X1+1
6. a. Find the integral fmdm [9] [
} LE= ell’-h=exnl—eh.,,(x‘u):xzq»]
1 Multiplying both mdes;f (i) by (x2 + 1), we agezt
dy —e e =X
e e T = D D) g Y T ) g
or, d{(x2+1) -y} =3x2dx
X _A  Bx+C ) Integrating both sides, we get
(x+1)(x2 x*l) x+1 x-x+1 y(x1+l)=l3x2dx+C
X A-x+1)+Bx+C) (x+1) x?
DX+ x+1)(@-x+1) ‘ yoa+1)=3.3+C
or,x=A(x1-x+1)+('Bx;C)(x+1) - y(x1+1)=x’}V
Putx=-1, then A= -3 7. a. Stzt)«ﬁe first mean value th of diffe ial calculus and interpret it geometrically.
1 i \ ing it to f(x) = sinx on [0, x], prove that sin x < x for x 2 0. 41
% Again, putx=0, thenC =7 i
3 \
1 Statement of mean value theorem
And,putx=1,then8=§ If a function f(x) is
Now, from (i) | (a) cc?fnfﬁnuo'us :n .Lhe closed i{\terva;l [a b[],
x 173 ﬁ X+ 1/3 1 1 51 (b) differentiable in the open interval (a, b) S
x+1)(-x+1) = X"l ¥-x+1 TT3(x+1) " 3(x2-x41) t.henthereexx’stsatleasmnece(a,b)sux:ht.hat("(«:)=£§)‘—le_a
dx f\ (x+1)dx Second part
f"‘ +1 (x+1) (x2-x+ 1) dx= fx +1 dx+3 fx’ “x+1 Geometrically, Lagrange's mean value theorem says that in a continuous curve, in which tangent
can be drawn at every point, there is at least one point where the tangent is parallel to the secant
fx 5 dx 11 z2:( +2 42 f Ox-1+1+2 joining the end points as shown in the figure.
X-x+1 x+1-dX+ f coxr1 X v
=3 f T dx+ S dx ,,, 3 |
x+1 6 xz -x+ 1 6 )x-xs1dx | -Zj
_dx_ A 21 1
N (B :
(X - 2) + ( 2 ) ‘ (:1 X 01 X o) X
?
| 1
[ =—llog(x¢1)olk, 2 11 "'E | Next Part
\ 3 6loB(-x+1)4s. — s ‘ . .
| 2 ﬂ £ +C ‘ Let x 2 0. For all x 2 0, f(x) = sin x is defined in [0, x]. So, f(x) = sin x is continuous in
2 2 [0, x]. Again, F(x) = cos x which exists for all x > 0. So, f(x) is differentiable in (0, x). Hence, all the
10 x+1 conditions of mean value theorem are satisfied. There exists ¢ € (0, x) such that
| 8 ( )’ 108("2"”])"'311' 21 +C f(x) - £(0)
\/. \/5 =f(c) =cosc
b. Wh -
at is a linear dif; sin x -
ear differential equation? Solve: (x2 + 1’ dy +2ymim or, %0“ =cosc
Lmear Differential Equation ' “ sin x
or, T=u\sc\1
A differential equation of the lorm or, WX

x * PY = Q where p and Q are

notof y is called a linear djf(eremlal cquanun

functions of x or constants but

SOLUTIONS TO MODEL QUESTIONS 7

Next Part:
d
Here, (x+ ])E% +2xy =3x2

sinx < x forall x 2 0.
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l b. An urn contains four white, eight black, six red and two 8me“i;!)‘ ;r:;‘::: ;h;:e:a::::;le drawn
at random, find the probability of getting (i) all white marbles es. g

Number of white marbles = 4

Number of black marbles = 8

Number of red marbles = 6

Number of green marbles = 2

Total number of marbles =4+ 8 + 6+ 2=20
Total number of possible cases (n) = Number

200 20x19x18
= C=Tm5= awax1 C 10
(i) All white marbles
Total number of possible cases (m) = Number

of selection of 3 marbles out of 20

of selection of 3 white marbles out of 4 white marb]eg

R
4 1
P(all white marble) = = = 1120~ 3=

(ii) 2 red and 1 green
Total number of possible cases (m) = Number of selection of 2 red out of 6 red marbles and 1 green

6 2
out of 2 green marbles = C; x 2Cy =75 X Tr77 = 30
30 1
H L P T
(2 red and 1 green marbles) = T"=T735=3g
a. What is a conic section? Find the eq of the to the parabola y? = 8x which is
parallel to the straight line 2x - 3y + 7 = 0. Also find its point of contact. 4]
Conic Section

Th_e 100{5 of a point which moves in a plane in such a way that the ratio of its distance from a fixed
point to its distance from a fixed straight line is constant is called conic section.

Second Part

The given equation of parabola is
y?=8x -(i)

Comparing (i) with y? = 4ax, we get
4a=8
a=2

The equation of tangent to the parabola (i) is
y=mx+ %

or, y = mx +£ .. (i)

m
If this tangent is parallel to 2x - 3, = i
. y +7 =0, their slopes must be equal,
m=7 '

i Substituting the value of m in (ii)
‘ 2,2
i Y=3**2/3

2
or, y=3x+3
2x-3y+9=0

2x2

20
) 3

o

Point of contact L =
m?’ m

)

wIN

SOLUTIONS TO MODEL QUESTIONS 9

b, Define linearly independent vectors. Show that the following vectors are linearly dependent.

2T+T -K,3T - 2T +K, T +47 -3K [4]
Linearly Independent Vectors
A set of vectors a,b,¢, ..., Vis said to be linearly independent if in the relation
Xa +yb+2C+. . +tv=0
all the scalars x, y, z, ... t are zero.
Next part:
Leta=2i+]-k=(21-1)
$=31-2] +k=(3-21)
C=T+47-3k=(1,4,-3)
Let x, y, z be the scalars such that
xa + y; +2¢=0
x@21,-1) + y(3,-2,1) +2(1,4,-3)=0
or, @x+3y+z,x-2y+4z,-x+y-32)=0
By equality of the vectors, we have
2x+3y+z=0
x-2y+4z=0
x+y-3z=0

2 3 1 X
- (13 4o
-1 1 -3
= AX=0
2 3 1 X
W'here,A=(1 -2 4),X=(§)
-1 1 -3
2 3 1
Y RN
-1 1 3
=2(6-4)-3(-3+4)+1(1-2)=4-3-1=0
Thus, X 20

X
ie.|y|#0

which shows that all the scalars are not zero. Hence, the vectors are linearly dependent.

=}
&

|A] =

1 2
A IR

OR
Prove that if 0 is the angle between the vectors 2 and B, then 3. B=ab cos 6. 4]

LetOA=a,OB= b and ZAOB = 6. Then
|OA| =a, |OB| =b.

| AB| =|OB-OA|
=|b-al

Applying cosines law to AOAB,
AB? = OA? + OB? - 2(0A) (OB) Cos &

|F—;|1=n“b2—2¢1bwsa

or, (b-a) (b-a)=a!+b-2abcos®

o, b b-b a-ab+aas=a+h-2abcosod
or, bt-2a-b +a?=al+b?-2abcos 0 (‘.';-§=§-;)

a-b =abcos0
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9. For any positive integer n, prove that:
rlysCn2)2

2 3¢
ntheﬂP‘nsionof(S-z" ’

n-2 a4 .+ C(n,n) X
(a+xpr=C(n0)a~+C(m1a

Find the term containing x*, if any, i

Solution|

Whenn=1,(a*x)‘=a*x=C(l,0)a‘*C(1-1)X'
This shows that theorem holds forn=1.
Assume that the theorem is true for n =k. Wk ()
Then, (a + x)* = C(k, 0) a* + C(k, 1) @' x * .. +(i(k'+)1
We wish to prove that the theorem is)rnxe blt“—k
Multiplying both sides of (i) by (a + x), we ge!

@+ xf:.).mi (a+x) [C(kO)a*+ C(k1)axx + ... +C(kK) ;k,

=C(k 0)a* + [C(k1) + C(k, 0)) atx + [C(k). 22 ‘* C(k, 1)}

C(kK) + C(k, k- 1)} axt + C(kK)x** )
= C(kﬂf é)a?: 3c(k(§'1,1) .-,)Lx + C(k+1,2) a2+ ... ¥ C(k+1, k) axk + C(k +1, k +1) xk#t
Using  C(k0)=1=C(k+1,0)
C(k k) =1=C(k+1, k1)

& C(k1)+Ck,r-1)=C(k+1,1) N ~
which sho“s(;'\a)l ﬂ\eoo:em is true forn = k + 1 whenever it is true forn=k.
Hence, by principle of mathematical induction, the theorem is true for all
neN.

Next Part

2x 3
Let t -1 be the general term in the expansion of (?'Z)

Then, te: = C(6,7) (z{) (';
o1 r 61 r
o) () b ()

For the coefficient of the term containing x2, we have

a1 X2+

6

2 =6-2r
or, 2r =4
or =2

t = 34 term contains x2.

62 2 4
) ~ 2 3\ 6! (2 -3\’ _6x5 16 9 20
Coefficient of 12 -qe,z)(g) (2) - 3) (?) 2s.s.D

SOLUTIONS TO MODEL QUESTIONS 1

m

3‘]1 +mi+n? 1
=3

{ e
or, =172 N2+ (v 2

16]

10. Find the direction cosines of two lines which are connected by the relations 21 + 2m - n = 0|

mn+nl+Ilm=0.

Given relations are:

21+2m-n=0 ()
mn+nl+lm=0 .. (id)
Eliminating n between (i) and (ii)
m(2l + 2m) + (2 + 2m)l + Im =0

or, 212+ 5lm + 2m?=0
or, (I1+2m)(2+m)=0

Eitherl + 2m =0 ... (i)

or2d+m=0 (i)

From (i) and (iii)

21+2m-n=0

I+2m+0n=0

By the rule of cross multiplication, we haye
1 m n

0+2° 710 3-2

161

{
|
|

2
1= % ,m= -%, n =3 which gives the d.c's of the first line.
Again, from (i) and (iv), we have
21+2m-n=0
21+m+0n=0
By the rule of cross multiplication, we have

Im_ n __NFemem 1
1 -27-2" 11;(_2)14.(_22)_3

12 2
l-s,m—-s‘,n—-3

which gives the d.c's of the second line.

OR

Prove that a plane through three points (x, yy, z1), (x2 y2 22) and (xs, y3, 23) is given by

x-x1 y-y1 z-Z1

Xr-xX1 yry1 ZrZ =0

XX YY1 ZrZa
Also, find the angle between planes 2x -y +z=6andx+y +2z=3. [61
First Part

The equation of plane through the point (x1, y1, z1) is
a(x-x)+bly-y)+c(z-z)=0 ... (i)

Since (i) passes through the points (x, y2, z2) and (x3, y3, 23) , so
a(xz-x) + b(y2-y1) + c(z2-21) =0 ...(ii)

& a(-x)+b(ys-y1)+c(za-2z1)=0 ... (iii)
Eliminating a, b and c from (i), (ii) and (iii), we have
X-x y-y1 z-z
X2-X y2-Y1 Z2-21 | =0is the required equation of plane.
X3-x1 yi=yr zZa-21
Second Part:
Given equations of plane are:
2v-y+z=6andx+y+2z=3
ai=2,bi=-1,a=1landaz=1,b2=1,c2=2
Let 0 be the angle between the planes. Then
— a2+ bi + cic2 o 2x1+(-1)x1+1x2 3.1 x
O ot b+ ciyaz+ bar o2 N2+ (e Liyls e 6 2 %3
I
0=3
11. Liveso}wﬂﬁdels of refrigerators turned in for new models in a recent survey are
No. of refrigerators
‘/ No. of years Model A Model B
0-2 5 2
2-4 16 7
4-6 13 12
6-8 7 19
8-10 5 9
10-12 4 1

What is the average life of each model of these refrigerators? Which model has more uniformity?[6]
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| Solution x Mofell or, Px2=Qx1
No. of year | Mid value Model o f i . Q=2p
0. of year 0 £ fx 5 2 2 2 Therefore, the force on the prop at C is double of than that of the other.

1 0-2 1 S 458 144 7 2(1) 63 ¢. A pump having a power of 392 W pumps water at the rate of 100 litres per minute. Find the
24 3 16 © 35 12 300 height to which the water is raised. (g = 9.8nys?, 1 litre of water = 1kg) 21
vy 5 13 < 7 19 133 By
68 7 7| T W05 9 81 729 Mass (m) = 100
810 9 5 o 18 1 11 121 Time (t) = = 1 minute = 60 secs

10-12 11 4 2721706 | N=50 | Zfx=308 | »ha=y Power (P) =392 W
N=50 | thx=256 | Zb=17 s g=98m/s?
For Model A | Height (h) = ?
ofx | We know that
x(A)=F =5 =512 | _mgh

) i
Tha — 1706 _ T26.2144 =+7.9056 = 2.81 ‘ t
—a [EXE T oA [222 (512 =4[3412-26.
"(A)"\’N 02 \/ 50 ~6 or, 302210098 xh

60
ofA) 281 = 9% |
cva) =B 100- 28 L 100-5188 392 x 60
W@ P50 or, h=Tpy59g=24m
For Mo‘d;: B Required height (h) = 24m.
< x (B) SN-50° 6.16

13. a. A body of weight w is suspended by strings of length 3 m and 4 m attached to two points in

| the same horizontal line whose distance apart is 5m. Find the tensions along the strings.  [4]
2146 R
0 - (6.16)2 =2.23 ‘

|
2B 00=-22 100= |
CV(B) “X® * 100 =575 x 100 = 36.20%
Average life of model A = 5.12 years, Average life of model B = 6.16 years
Since C.V(B) < C.V(A), model B has more uniformity.

Let CA and CB be the strings so that CA = 3m, CB = 4m and AB = 5m.

Since 32 + 42 =52, so ZACB = 90°.

Let the line of action of weight W be produced to meet AB at E. LetZACE = 6 so that ZCBE = 0, Let
Ti and T: be the tensions along the strings CA and CB respectively. Since the three forces T:, Tzand

W acting at C are in equilibrium, so by Lami's theorem,
Group B T T W
1 2
12 a. Three forces P, Q and R acting on a particle are in equilibrium, the angle between| sin BCD ~ sin ACD ~ sin ACB
the P and Q is 60° and that between Q and R is 150°. Find the ratios of the forces. ) T T, w ;
[Solution] % 'sin (90° + 0) ~ sin (180 -6) _ sin 90° ;
Given, angle between P and Q is 60° and angle between Q and R is 150°. Th T2 7
Angle between R and P = 360° - 60° - 150° = 150° | ON 050 “sme - §
Sm;e P,Q andQR are in el;]mhlmum, by Lami's theorem, we have ‘ T1=W cos 6 and T>= W sin 6 8
_——_ = | BC 4 AC 3 &
si;1150“£sin;50" sin 60° | Butcose=ﬁ=§ax\dsine=ﬁ =3 L.
—_— | 44w i
127127y, { Hence, Ti=Wxg =—2-N :
P QR 3 3w f
or, T=7 v T=Wxg =55~ f
P:Q:R=1:1 1‘\/3 | b. A body of mass 49 kg is falling freely under gravity at the rate of 20 m/s. What is the uniform é
| b. A uniform beam, 4m long, is supported in a horizontal position by tw hich are 3m‘ force that will stopit (1) in 2sec (#) in 50 cm? (g = 9.8 maf) g n
apart, so that the beam projects one meter b .7y two-props whid fl
| the props is double of that on the other, ¥ beyond one of the Props. Show that the force on ‘"‘e[‘;l‘ Here, m=49kg f
T el
i e centre of a uniform beam AB = 4 B A
by two props at A and C, Then, €M supported i t=2sec
\ 4 A B Let a be the retardation. Then
OA=5=2m,0C=0B-BC=2-1=1pp 2cm 1em [tem -v 20-0 10
a=s——="——=o .
1 W be the weight of the beam, P and O e voo2
: props at A and g‘ respectively, ndQbe the forces on he P w Q . Retardation (a) =10 m/s?
| 970.2
{h TI{‘Q“' Qo w Resistance force (F) = m(g + a) = 49(9.8 +10) = 49 x 19.8 = 970.2 N =5 5~ kg-wt = 99 kg-wt
CO~AC~AC

or, Px AO=QxCO

e
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ii. s=50cm=05m

We have,
v2=u?-2as
or, (2=202-2xax05
v ;40(;0:0-3 N 20,080.2 Ktwt
) =200802N="gg  Ktw
i forceF=m(@+g = 49(400 + 9.8) 2 9.8
Therefore, the resistance = 2049 kg wt
—
R 'y
g A bullet fired into a target losses half its velocity after penetrating 3cm. How much further wil
penetrate? [41
et tion and a be its retardation. Then,

Let u be the velocity of the bullet just before the penetra
u
u=uan/s,v=5cm/s,s=3an ‘

We have, |
vZ=u?-2as

2
u
or, (2 =u2-2a3

|
w=8a (0 ) . ‘
Let (3 + x) cms be the thickness penetrated just before coming to rest. Then, ‘
®=u?-2a(3+x) :
or, ¥=2a(3+x) |
or, 8a=2a(x+3) [using (i) |
nox=1
Required further penetration =1 an.

14. The resultant of two like parallel forces P and Q acting on rigid body is a force of magnitude P+
Q in the same direction as P and Q are. If A and B are any points on the lines of action of P and(
respectively, prove that the Il divides line segm AB internally in the inverse ratio of
the forces. 16

Let P and Q be two like parallel forces acting respectively at
the points A and B of a rigid body represented by the lines
AD and BE. Join AB. Let us introduce two equal and opposite
forces each equal to S along BA and AB respectively. These
two forces being equal and opposite have no effect upon the
system. Let these forces be represented by AH and BG.
Complete the parallelogram ADIH and BEFG. Also let the;
diagonals 1A and FB be produced to meet at 0. Through O
;::; ((:)C parallel to the given forces P and Q meeting AB at |
;“;‘I’i'c;:i;e;‘;{:“;‘:; t;‘:;‘;;‘;z rl: a;‘z_o 18 equivalent to the resultant of R; and Ry, But the P"mtd
B hich ace paralil o ek gi:a ] diorm llA to O and it can be resolved into two components 52
into two forces Q and S, ections. Similarly, R, may be taken to act at O and reso!
The two equal and opposite forces i
have ﬁme Jeft with ﬁ’:e force P andean:gnu:al‘gnsggg“g :‘ Fhe point O'balance each other and w
Now, the triangles OAC and AID are simila® whose resultant is P + Q.
oc_AD
AC™ DI
oc p
o AC™S
. §x0OC=Px AC (i)
Similarly, the triangles OBC and

BEF are similar,

or,

SOLUTIONS TO MODEL QUESTIONS 15

OC BE

CB " EF

oc_Q

CB S

sx0C=QxCB .. (i)

From (i) and (ii), we have

Px AC=QxCB

AC_Q

CB~ P

i.e. C divides AB internally in the inverse ratio of the forces.

OR

Define the moment of a force. Forces 1, 2, 4, 5 kg-wts. act along the sides of a square taken in
order. Prove that their 1 is parallel to a diagonal and find where it cuts the side along

which the first force acts. 6]

Moment of a force

The moment of a force about a given point is the product of the o
magnitude of the force and the perpendicular distance of the

point from the line of action of the force.

Thus if F be a force and p'be the perpendicular distance of the P B
point O from AB then the moment of F about Ois F x OM =F x p M F
Second Part s

Let the forces 1, 2, 4, 5 kg wts act along the sides AB, BC, CD and
DA respectively of a square ABCD.

Since 1 and 4 kg wts are horizontal parallel forces, so né
X=1-4=-3kgwts

Again, since 2 and 5 kg wts are vertical parallel forces, so
Y=2-5=-3kgwts

Let R be the resultant. Then
R =32+ Y2 =37 + (32 =18 = W2 kg wt

If R makes an angle of 8 with AB, then

(- X<0,Y<0)

0 =225°

Hence, the resultant is parallel to the diagonal CA.

Suppose that the resultant cuts BA produced at E and AE = x. Then the moment of the resultant
about E is zero. Hence

2(EA+ AB)+4x AD-5x EA=0

or, 2(x +a) + 4a - 5x = 0, where a is the length of the square ABCD.
or, 2x+2a+4a-5x=0
or, -5x =-8a
8
x=ga
15. A man travels from A to B in 45 mi: At C, here b A and B, it attains its

.maximum velocity of 45 m per hr. If he travels with uniform acceleration from A to C and

uniform retardation from C to B, find the distance between A and B, it being supposed that the
man starts from rest at A and comes to rest at B. [61

Solution|

Let a, s and t denote the acceleration, distance and time taken from A to C respectively. Also, let f, x
and T be the retardation, the distance and time taken from C to B respectively,
Then, t + T = 45 min = 45 x 60 = 2700s (i)



tics-ll
16 Asmita’s NEB Solution of Basic M
| NS 17
T SOLUTIONS TO MODEL QUESTIO!
A|_—(;'———\B ‘

‘ Group C
45 1 /s i
u=0,v=45m/hr=g5ygo™/5=30™

16. a. Detepriine graphically the solution set of the following system of inequalities:
y22,3x+2ys4,x20,y20 21
We have, |
v=u+at | he corresponding equations of boundary Y
| lines are:
1 | . L5
or, -0vat 2ty=2 ) s
x+2y=4 ..(i)
at= = ‘ x=0 . .(i.ii) 4
80 ‘ y=0 ...(iv)
Again, we have | From (i) 2x+y =2 )
_uelae \ x_lo |1 )
s=ut+3af | v 12 [0 l T
11 1 { \ Taking testing point (0, 0) inx +2y 22, X< ——— 75— S s
or, s=0+5xgaxt [_'at=%] | we get y=0 -1
N | 0+2x 022 (false) e2y=4
1 . \ From (ii) 3x + 2y =4 2
s=Te0t ..(i) 1 " l o l : © 4
|
FromBto C : | y l 2 | -1 -4 2x+y=2
1 ‘ - - . .
5 u=ggm/s,v=0m/s \ '5va:<1ng testing point (0, 0) in 3x + 2y <4, . s
get F»
We have, ; 3x0+2x0<4 (true) Y
—u-fT - 1 From (iii) x = 0 which is y-axis
veu- ’ 1 From (iv) y = 0 which is x-axis
or, 0 1 T x 2 0 represents the closed right half plane
! 80 and y > 0 represents the closed upper half plane.
1 4
=30 \ The shaded portion in the figure represents the required solution.
<
Again, we have | b. Write a short note on accuracy of a numerical method. 21
1
x=uT-5 P Everywhere we have to do measurements. Sometimes it becomes very hard or impossible to get the
1 11 exact value. In later case, we find some kind of result, that may not be exact but as close as possible
or, x=g5T-5%3g*T to the exact value. Such a result is called approximation. ‘
Such type of approximation can be done by using numerical method. The absolute error due to f
1 approximation is given by |exact value - approximate value|. The error may arise due to |
or, x=—T (iii) PP &t y PP! y
4 160 truncation or rounding off the numbers.
| From (ii) and (iii)

Every method of numerical computation produces results with some errors. The results we obtain
\ must have the degree of accuracy as required. In order to minimize the error, we should apply the
+ = + L ' suitable method according to the problem.
| s¥x =gt Te0T \

\
=1160(HT)

1 |
T60 % 2700 [using (i)}

4
c. Apply the Simpons's rule to approximate the value of f e‘Inxdx withn=3. 21

1
|
Here, f(x)=eInx,n=3
B L a=1,n=4
8 8 b-a 4-1
We have, =T=T=l
Therefore, the total distance from A to B ig 16% m

The four points to be considered are xo =1, x1 = 2, X2 =3, xa = 4. The values of the function at these
points are as follows :

X T [ 2 [ 3 | 4
Iy = f(x) = e Inx [0 | 51217 | 200662 | 756891 |
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3
Applying Simpson's g rule, we have

—- [0+3 (51217 + 220662) + 75.6891] = 58.9658

3

fe‘ Inx dx [y(.+3(y\ +y)+yl =

1 L ——————————

17. a. sing the simplex method, maximize p = 6x - 9y subject to
L3y<6,x+y<20,x20,y20.

Let r and s be the non-negative slack variables. Then
2x-3y+r=6
x+y+s=20
p=6x-9y

= 2x-3y+r+0s+0p =6
x+y+0r+s+0p=20
—-6x+9y+0r+0s+p=0

given LPP can be written as:

Simplex tableau
| x v r s P RHS
B 1 0 0 6
“ 13 0 1 0 20
1 .
-6 9 0 0 1 0
oy

6
Here, -6 is the most negative entry in the last row. So, first column is the pivot column. Since 27 3,

20
T =20and 3 <20, 502is the pivot element.
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OR
Tee thods for i g error. APr ,\Iﬁ by N, n rL 's hod with
acy 0.00001. [l

Let us select an error tolerance € > 0, we generate xi, xz, x3,

is met

i |Xn=Xna1| <€

Xn = Xn-1

[%n]
iii. |f(xn)| <€
Next part
Letx = ‘\/1_1
Then, x2 =11

or, x2-11=0
a=11

By Newton's-Raphson method, we have

1 a
Xn+1 = 5 (Xn + ;:)

id. <e

Error =

X4=X3
4

<0.00001

..., until one of the following 3 conditions

1
Applying Ri >3 Ry
hd y r s P RHS
1 372 1/2 0 0 3
1 1 0 1 0 20
- 9 0 0 1 0
Applying R+ R2 - Ri and Rs - Rs + 6R,
z Y r s RHS ~
1 -3/2 1/2 0 - g 3
0 5/2 -1/2 1 0 17
0 0 3 0 1 B

In the last row, there is no negative numbers,
maximum value of p =18 at (3, 0).

so this table gives the optimal solution. Hence: |

Use PBi

thod to find sol

intgfval [1,32]

t f(x) =x*-7x2+ 14x -6

f(1)=12-7x12+14x1-6=2
f(3.2)= (3.2 -7(32)+ 14 %32 -6= 0112
Since f(1) and f(3.2) have opposite signs,

——
to within 102 for 3 — 752 + 14x - 6 = 0 onthe |
Ml

- - - %b 50 there is a(::);)t between‘1 and 3.2
1 13 (b) f(m)
21 32 20112 1791
2.65 32 0112 05521
2925 32 0112 00858
2.925 3.0625 0112 )
Here, |f(m)| = |0.0063 | = 0.0063 < 10~ 0.0063

So, the required solution is 2.9937

So, 3.31662 is approximate value of \fl_l )

18. Find the ap imate solution of the following system of equation by matrix inversion method:
M+y —-2z=-9,x+2y+ z=9.

Writing the given equations in matrix form

2 -1 1 X -2
TR
1 2 1 z. 9
which is in the form of AX=B

= X=A"'B
Now, we agument A with xdenuty matrix |
1

(61

-

2 -1
(Al =[

-2

]

RieR

comoco o o= =NS=

'
L
-
cmoccoc=ocOR

_Loc~=o=o

Lo

—~oO0O~OC
=]

R R-2R
Ri»Ri-Ri

-2 1 0 1
-5/ 2/3 0 [Ra> (-g) R:
3 -1 1
s b O ]R\ SRi-Re
H/i\ /3 1 Ri»Ri-R
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0 3 ;

3 13 ] 3

- : 1/
‘ ~ :] (1) -;ﬁ .oa3 28 0‘4 R-14
] 00 1 : 1M 5/14 3/ 1
i 1 0 0 : 154 9/42 1/14 Ri—»Ri+3zh
o1 0 o2 342 /M in
001 114 -5/14 31 RoRe+3
15742 9/42 1/M
A"=|: 9/42 3/42 5/1
1/14 -5/14 3/

From (i)
1542 942 /U2
X =AB=| -9/42 3/42 5/14 -9
: 1/14 -5/14 3/14 L9
! X -30/42 - 81/42+ 9/14 -2
[y]:[ 18/42 - 27/42+45/14 |=( 3
z -2/14 +45/14+27/141 LS

x=-2y=3andz=5 ‘

. S
of a battery is a measure of [i dt, where i is the current,

i pezoi capacil
1. Derive fe & Sataele Ahe P f a battery whose current was measured om‘

Estimdte, using the Trapezium rule, the capacity o
an efght hour period with the results shown below.

[ Time/hours [0 [1 |2 |3
-
| Current/Amps | 252 | 29.0 | 318 | 365 | 337 312 | 29.6 | 27.3 | 28.6 1

;

Statement: If a function f is continuous on the closed interval [a, b],

4 |5 |6 |7 |8 ‘

b
then f f(x) dx =bj;‘—a [f(xo) + 2£(x1) + 26(x2) + .. + 2f(xn1) + f(xn) ] where [a, b] has been pa(ﬁﬁoned:

a

|

2 |
b- |

into n equal subintervals [xo, x1], [x1, x2], ..., [xn1, xn], each of length h = o |

Proof: Let f be defined on 2, b]. Consider the area bounded by the graph of f, the ordinates

x=a,x=b and the x-axis. This area is the geometrical representation of f f(x) dx.

0]
f - . . -2
Let us divide [2, b] into n sub-intervals [xq, x}, x,, x,, . [, 2] .. [xn, 2]; each of length h = bf

. The ordinates corresponding 1o the points of syb;

, £(x2) ... f(xia), £(x), ..., F(xn- = i

I :S;znegtz_‘)s, we(;e]l) n(:r‘lpa;i(;sﬁ?]/'}i(:g)umbé:fa‘;vs Join the consecutiye points on the graph by the

| area under the curve. We know that, 25 of these n trapezoids is an approximation 0

isione el
visions xo, x1, x,, .. xi, x, ..., o1, 2o ar€ f(X0) i
i

1
the area of a trapezium =7 (sum of paralje| sides) (dj
/ ) (distance "
_1 f(xo) + f(x1)] Ax 4 nee between them),
\ So, A =7 [f(xo) + f(x)] 20) + f(c) ax v +1§ (i + "
- Xn)|Ax
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- % (F(xt) + 26(x1) + ..+ 26(tn-1) + £(x)] b;“
b b-a
Herice, f £(x) dx =55 [f(x0) + 24(x1) + ... + 2A(xn1) +Yrs

a e
Next part:
a=0,b=8n=8
b-a 8-0
h="F"="g =1
Using Tapezoidal rule, we have
8
h
fidt ='2‘[io+2(i|+iz+ia+i«+is*itv*i7)+ia]

0
1
=5[252+2(29+31.8+365+ 33.7+31.2+29.6 + 27.3) + 28.6] = 246

OR
1
Compute an approximate value of f(l +x?)71 dx by using the composite trapezoid rule with

0
three points. Then compare with the actual value of the integral. Next, determine the error
formula and numerically verify an upper bound on it. [61

1
f (1+x)1dx

0
Here,a=0,b=1
For three points, n =2
Then, h =%=—2— =05
Now, 3 points to be considered are xo = 01, x1 = 0.5, x2= 1. The value of the function at these points are
X 0 0.5 1
1 08 05

1
y=fx)=1T7x

Using Trapezoidal rule, we have

1
h 05
f(1+x2)“dx='2‘(yo+2yl*y2) =7 [1+2%08+05]=025x31=0775

0
1 1 1 b
Actual value =f T dx = [tlanx]y = tan! (1) - tan!(0) =3 -0=0.785

0
Error in Trapezoidal rule = 0.785 - 0.775 = 0.01

1
Here, ) =13 %

-2
fi(x) = 1+ zz)z
23x2-1)
f'(x) = (T+x3)

The maximum value of | f'(x)| occurs atx =1,Itis 2.

M=2
-a)M o (1-00-2 1
Error bounds = Lllfl—;)nT—‘ =£ﬁ;}2—;" =% = 0.0417 (upper bound)
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SOLUTIONS TO MODEL QUESTIONS

Candidates are required to give their answer in t

of Baslc

Asmita's NEB

Full Marks: 100

2068 (SET II)

heir own words as far as practicable, The

figures in the margin indicate full marks.
Attempt ALL questions of group A and group B or C.

Group A
i didate has to 7 questi s. If
L a Inan aper 10q ac . ' 3
two questions are r:a:: compulsory, in how many ways can he choose 7 questions in all? 2]
If 2 questions ar; compulsory then the candidate has to select 7 - 2 = 5 questions from 10 - 2 = 8-
questions.
n=87t=5
8 8x7x6x5!_
Total number of selections = C(8, 5) = m=m =56
1 9
b. Find the middle term in the expansion of (Zx +§) 7]

‘1 9
The number of terms in the expansion of (Zx‘ + g) is 9 +1 =10, which is even. So, there are two
middle terms. They are ty-; and te1 ie bandts
2 2
We have, tr1 = C(n,r) a» x*

1\ o
e=nq=(:(9,4)(2x)w-(§) =5z 2%

@|=

Again,

(1N o 1
u=zs.1=<:(95)(2x)w»(§ w2

<
%

[
N
%

Let S = (-1, 1} and * denote the usual o

peration of multj lication. R i ley's table.
Show that * is 2 binary operationon S, P epresent it by Cayley's

12
Cayley's table
- -111
111 -1
1 -1]1
From above Cayley's table we see that product
So, * is a binary operation on S,

of any two elements of § jg unique and belongs to 5:

2. a. Find the eccentricity and the foci of the ellipse;
X4y —4x+ 28y + 24 =0, @
Solution)

Given equation is

X2+ 4y -4y + 24y +24=0

or, x2-4x+4y?+ 24y + 24 =0
or, X2-4x+4-4+4(y?+6y+9-9)+24=
or, (x-2)?+4(y+3)2=16

‘
|
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-2)2 +3)?
or, L2 G )
~ h)? ~kp
Comparing equation (i) wilh‘(%)' *%" =1,
We get
h=2 k=-3
at=16, br=4
= a=4, b=2
Since a > b, so major axis is along x -axis.
Centre =(h k) =(2-3)
We have,
Eccentricity(e)='\'1-§= 1-1;46= :—:=¥=%
Foci = (h+ae, k) = (214 3? -3) =(2123,-3)
b. Find the point where lhe\lw the points (1,2, 3) and (4, - 4, 9) meets the zx-plane. 21
Solution|
Let zx-plane divide the line joining the points (1,2,3) and (4, 4, 9) in the ratio mi: ma. At zx-plane,
we havey =0.
Now, by section formula, we have
_uyz + mays
mi + m2
m-(4)+mp-2
or, 0= m + me
or, -4m +2mz =0
or, 4m =2m,
m_1
o m T2
Again, by section formula, we have
mix2 + moxy miz; + moz;
TTmitm 2T Tmem
14+21 19+23
or, x="775° z="772
x=2,z=5

Required point is (2, 0, 5)

> >
Are the three points with position vectors 7 +2} +4K,27 +5] - ¥ and 3 7+ 87 -6%

collinear? Justify your answer. 21

Let O be the origin. Let A, B and C be the three points with position vectors
427 +4K,20+57 - anda T+ 87 6%, Then ’

S - T

OA =71 +2]j +4K

OB =27 +57-%

Ot =aT+87 -6%

) T T Y
Then, AB =OB-GA =27 +57 - % - (T +2] +40)= T +37 - 50
AL =OC-OA =3T+s7 o?-(7+z_i’+41’)=2?+a]’"-10?

This shows that AB and AC are parallel, But they start from the same point A. So, A, B and C are
collinear,
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. " o ' ,
W M:Ihp]ymg both sides of (i) by x, we get
fim g+ e - 20008, 1] ng +y=1

n?
3. a. Using L'Hospital's rule, evaluate ;0 sin’¥ or, d(y-x)=dx
Integrating, xy =x + ¢

m R A 0 b. If n =10, X = 60, ZY = 60, ZX? = 400, ZY? = 580 and EXY = 415, find the correlation coefficient
lim v+ — Jc05% [5 form between the two variables. f 21
x>0 sin? x
lim ex-e™ + 2sinx [%form] / Given, n=10 XIX=60
= x50 2sinxcosx Y =60 X2 =400
YY2=580 ZXY =415

lim e - + 2sinx

[be=]

10 2sin 2x
lim es+e + 2c0sx _1+1+2_,
= x50 2 cos 2x 2x1 ——
dx C [
. [ —= (B>0) ‘ ‘
b. Evaluate.f '—_——(x—a)(x— B
,
dx
Letl= | ——=.(8>0)
V- @) -8
Putx-a=y?
dx=2ydy

d dy
. o (—xdy J'__EY_ -2 ——V——=2f
B -fm 2| Freacs NP e N e
=2l0g(y+,’yz_(p_u)z)+c=2bg(\/x-a+\)1-u-ﬁ+u)+c
=2log Wfx-a+\x-B)+C.

- > . -
c If_a’=6?+3—|’—5_k’and_b’=?—4_))+2¥show(hataxbisperpendxcularto a. [11*

-
=6i +3
-2
1

Here,

o) m

-4

- >
axbh

i
i
6
1

N 3 5 i 6 -5 -
Tl4 2|t I 12 | 1+
=(6-20)7 - (12+5)7+(-24-3)K = -14T - 177-27%

Now, :
(axB)a = (147 -177-27K) - (6T +37 -5K) = -84 -51 4+ 135 = 0
This shows that (_:;KF) is perpendicular to a,

d
4. a. Solverxg  +y -1=0.

d
Here,:rﬁxx +y-1=0

1 .
or, %XZ+¥=; (i)

d
Comparing (i) Wi!ha‘f* Py =Q we get
11
P=7,Q=%

. 1
LE= P ejx“"‘= elogr =

Correlation coefficient (r) = ?

We have, correlation coefficient (r) = REXY. IXZY = 10 x 415 - 60 x 60
i \jnzxz-():xy\/nzw-(mz /10 x 400 - 6024/10 x 580 - 602
_4150-360 500 o
V40042200 202200
c. Two dice are rolled once. What is the probability of getting a total of 9 or 6 2]
If two dice are rolled once, then the possible cases of turning up are
(1), (1,2)...,(6,6))
There are 36 possible cases.
There are 4 cases having a total of 9, whose set is
{3, 6), (4,5), (5,4), (6,3)}
And, there are 5 cases having a total of 6. They are
{(1,5), (2.4), (3,3). 4,2), (5 1)}
5 9
P(a total of 9 or 6) = P(a total of 9) + P(a total of 6) =;_6+£ =£=%
5. a. Inhow ways can the letters of the word "COMPUTER" be arranged so that
i. all the vowels are always. together? R
ii. the vowels may occupy only odd positions? 41

There are 8 letters in the word 'COMPUTER'
(i) There are 3 vowels in the word 'COMPUTER'. Consider 3 vowels as one letter. Then 6 letters
namely C, M, P, T, R, (O, U, E) can be arranged in P(6, 6) ways
= 6! ways
Also, 3 vowels among themselves can be arranged in P(3, 3) ways
=3! ways
Total number of arrangements = 6! x 3!
=6x5x4x3x2x1x3x2x1=4320 ways
(ii) If the three vowels O, U, E occupy only in odd positions namely 1%, 3, 5th and 7t i.e. 4 positions,
then the total number of arrangements of 3 vowels in 4 places = P(4, 3)
Again, the ining 5 letters in ining 5 places can be arranged in P(5,5) ways = 5! ways

4!
Total number of arrangements = P(4, 3) x 5! =y 5l=4x 3x 2x 1 x 5 x 4 x 3 x 2 x 1 = 2880 ways

£ ol

b. Given the algebraic structure (G, ¥) with G = (1, ®, ®?) where o represents an imaginary cube root
of unity and * stands for the binary operation of multiplication, show that (G, *) is a group.  [4]
Here, G = (1, @, 03

i) Since the product of any two elements of G is also an element of G. So G is closed under *.

ii) 1*(*e)=1*e'=1*1=1

and(1*o)* =0 et=e'=1

1*(0*0)=(1*0)*e?
This result is true for all elements of G.
Associativity is satisfied.
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iii) Here, ~ 1*1=1
1*o=0*1=0
1*o2=*1=0?
So, 1 is the multiplicative identity-
iv) Here, ~ 1*1=1
1*er=0' =1
oo tively.
So, 1, » and @? are multiplicative inverse of 1, o and @ respectively
i) - (iv), (G, *) is a group. _ o
Hence, from (i) - (iv), ( ‘ :h hi njt > the parabola y? = dax at the point x1, y1). Express itin the |
6. a. Find the equation of the ;

1
slope form.
_
Let P(x, y1) be the point on the parabola y2=
which is very close to P. Then,

4ax. Let us take another point Q(x2 y2) on the parabojy

yi2=4an ()
& y2=dan @ QQxz,yz)
Subtracting, we have

y2 - yi2=4an - dan Px1,y1)

or, (yz-y1) (y2+y1) =4a (x2-x) X ‘
Yooy __4a . (i)
n-xn _ y2+y
The equation of PQis
R
o Y-V =Tiey (x-x1) [using (iii)]

By definition, PQ becomes the tangent at P when Q - P i.e. when x2  x1 and y2 = y1.
Hence, the equation of tangent at P is

4a
y-yi =E(r—n)
or, yyi-y?=2ax-2an o
or, yy: -4ax; =2ax - 2an [using (i)]
or, yyi=2a(x+ x1) which is the equation of tangent to the parabola y2 = 4ax at (xi, y1). ‘
The above equation can be written as

_2a_ 2an @ i
y_y|x+ Vi ..(i) ) |
2a 2a
Wit g-; =m, theny: =7~

2a\* |
Since yi2 = 4ax, s0 (',;") =4an.

= 1=

™
Then from (i)
a/m?
y=mx+2a 2a/m
a o K .
y= m+;whmhxsﬂneequahonoftangm!mslope(om
/
OR "
What is a conic section? Find the equati of the parabola in the standard form. ‘

Conic Section
Please see Model Set I, Q.No. 8a

SOLUTIONS TO MODEL QUESTIONS
Second Part
Let S be the focus and ZM be the directrix of the
parabola. Let SZ be drawn perpendicular to ZM. Let O
be the middle point of SZ i.e. SO = OZ. Then O is the
vertex of the parabola and SZ is the axis of the parabola,
Let OS = a. Then the coordinates of S, O and Z be
(a, 0), (0, 0) and (-a, 0) respectively.
Let P(x, y) be any point on the parabola. Join PS and
draw PM perpendicular to ZM. Then by definition of X"
parabola,
PS=PM
or, PS2=PM? M
or, (x-ap+(y-0)=(x+ap+(y-y)
or, x2-2ax+a?+y2=x2+2ax+ a?
" y?=4ax which is the required equation of parabola in standard form.

M-2y)

Ay

Z(-a, 0 O S(a, 0)

27

9x-7y+6z+48=0andx+y+z=0. [41
Equation of any plane through the point (2, 1, 4) is
a(x-2)+b(y-1)+c(z-4=0 ...(I)
Since (i) is perpendicular to the planes 9x - 7y + 6z + 48 = 0 and x + y + z =0, we have
9a-7b+6c=0 ....(if)
a+b+c=0 .. (iid)
Solving by the method of cross multiplication, we have
a c
7-6"6-9"9+7

a b
= jﬁ=_—3=ﬁ=k (say)
a=-13k, b=-3k,c =16k
Substituting these values in (i), we get
-13(x-2)-3(y - 1) + 16(z-4) =0
13x-26+3y-3-16z+64=0
13x+3y-16z+35=0

@>b>0).

dx
7. a Evaluate:fa T heosx

x
dx - dx 1 sec-z‘i
fa+bcosx - x J * x

= x X X
a(ms’z*sin%)W(cos’%‘siw’%) @+b)cos’s+a-b)siy  secty

X
=
SL‘C2

[4

[

D —— D)}
(a+b) +(a-b)tan?3

Put \]a -b tan§= y
1
E\]a -b scc*%d.\' =dy

Then the integral (i) becomes

2 (—dy (Y
d_bj(‘ﬂb)*yz''""'(\Ianh)+C

Find the equation of plane through the point (2, 1, 4) and perpendicular to each of the planes.
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—2 (=4
a-b f\](a+b)1+y’

i SOLUTIONS T0 MODEL QUESTIONS 29
‘ 1
| y‘\' = | —=dx
| 1-x f‘\ll -x2
yy1-22 =sintx+c
11 . 1:. 1 [4]

e (i) ,
ar /Ai 8. a. Find Karl Pearson's coefficient of s} from the

5

08
d | Marks [ Above20 | Above30 | Above40 | Above50 | Above60 |
b. SolvemgE +yi=3y. i [No-of s | 4 | % | =2 ] 8 |
s | Soluliml
vibn s i Calculation of Karl Pearson's Coefficient of Skewness
a [, Marks | Mid value f cf. d= x-a(45) fd' £d?
xz-d-); +yr=ay (x) h(10)
20-30 25 4 4 -2 -8 16
d -v2 o
or, =5 - 3040 35 16 |20 1 16 16
h us equation. So, puty = vx. Ther, 40-50 45 6 |26 0 0 ]
e T 5060 55 16 |42 1 16 16
-Y-— vexS & 60-70 65 8 |s0 2 16 32
Hm(;)bmm N =50 rfd'=8 | rfd?=80
vx—vix2 = fd' 8
"*’%:“x o | Mean (x) =a+7y xh=45+55x10=466
dv w N\ h
or, V4 X5 =vV- v2 ‘ Median = (7) item = (%) item = 25 jtem
or, x:_; - | Medianlies in (40 - 50) class interval.
. | . 1=40,f=6,cf=20,h=10
or, -vidv="_ N
‘ -Cf a2
On integration, we have | We have, Median (M) =!+——p —xh=40+T"F¢—x10=43833
=logx+c fd?  (zfd'\*
. 1 SD (o) =hx z ( d) =10 — (50) =10x/1.6-0.0256
or, T=logx+c
y~ %8 ‘ =10x \/15744 =1255
x=y (logx +<) We know, Karl Pearson's coefficient of skewness
OR

d
Solve: (1 - )G - xy=1

ds
Here,(l-r’)zxx=1+xy

d
or, (1-@g-my=1

a x 1
°r’Exz'1-x1y=1-xz )

d
Comparing equation (i) with -d-} +Py =Q, we get

1
P=1"g xz,Q -2

LF =e"’4‘=ef f ds Eezluz(l - _ lug(],‘;)llz —
Mulﬂplymg both sides of equation (i) (, b)’\ﬁ-ﬂ we gal

‘\h xzdx \/1 x’l x,y ‘I_
or, d (yAT-22)= m

Integrating, we have

sa’)i——l 446_6__1_041

1]

the chance that (i) the problem will be solved if they both try (ii) A solves but B cannot.

i.  The problem will be solved if A or B solve it.

| Probability of solving the problem by A, P(A) =7

Probability of solving the problem by B, P(B) =3

Probability of solving the problem, P(A or B) = P(AUB) = ?
We have,
P(AUB)  =P(A) + P(B) - P(ANB)
=P(A) + P(B) - P(A) - P(B)
1

1212 2
=1 S'E"S=Z*§'6
3¢8-2 9 3
=712 1271

2 1

ii. PB)=1-P@B)=1-3=3
The probability of solving by A but not by Bis
= = 1.1 1
P(AnB) = P(A) - P(B) -2 *3° 1

b. The chance that A can solve a certain problem is 4 and the chance that B can solve it is %3 Find
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[0} male. Suppose we select 5
) 5 that in certain city 60% of all the moxdﬁ bisths are biy
b uppose that in "
mcol:ds from population. What is the probability ¢

i exactly three of them are male?

l
ii. 4 ormore are male? |
60 3
Given, p=60% =757=5
3.2
q=1-p=1-3=3 |
n=5
@) PE)=?

' We have, P(r) = "G prqr-*

3 3 5x4 17_ _4__L6_
w () 5B
ii. P(4 or more are male) = P(rz&) . |

: =00 Q@

2.4 M
5"675 135X 1535 \

. 9. Show that 1: (”m -1 [
The n* term of the series is X X i L
n? n2-1+1 (@+1)(n-1) 1 n- _n 1
b SmrD - @ I - @A C@en o @Dl ol ()
1 1 1 ‘
“o-na ey |
1 1.1 111 111 ‘
R TR TS T TRt TAS TR b TR TN

Now by addition, the sum of given series « !

111 11 a 111 ‘

=(o!¢"4»2!+...)- 1!+2!+§+,,,)+(Z+§i+a+m)=e_(e_1)+(e_z) |
=e-e+l+e-2=e-1

| 10. Define scalar product of two vectors. Find the geometrical interpretation of scal dﬁ
) vectors. Prove vectorically that erpretation of scalar pro "1
\

| cos(A+B)=cos AcosB - sin AsinB

; ‘

| Scalar productnﬂwo vectors: Scalar product of two vectors a and b denoted by a. b is deﬁnl‘
bya b-|a! Iblcoso ab cos & where 6 is

| the
[ Geometrical Interpretation angle between the two vectors. |
- -
f Let OA = a and OB = b. Let ZAOB = . ;
i OB. AOB = . Draw BE perpendicular to OA and AD perpendxculaf'
{\ Now,
| A
| a.b =|a| |b|cosd
{ r | =ab cos 6 D
i = (OA) (OB) cos & B
= (OA) (OB cos 0) A
= (OA) (OE) [¢] T
/

o
= (magnitude of a) (projection of } o )

SOLUTIONS TO MODEL QUESTIONS 31
>0 < ¢ P - -
Similarly, a . b = (magnitude of b) (projection of a on b)

Next part
Let XOX' and YOY' be two mutually perpendicular straight
lines representing x-axis and y-axis respectively. Let £ XOP
= A and ZQOX' = B so that ZPOQ = - (A + B). Also, let OP
=1 and OQ = r2. Then the coordinates of P and Q are
(r1 cos A, risin A) and (r2 cos (r - B), r2 sin (x - B)) = (~r2cos B, r2 sin
B).
) -
So OP = (ricos A, risin A)
-
& 0Q
- o

Now, OP.OQ = (r1 cos A, r1 sin A). (-r2 cos B, r2 sin B)

=-r1r2c0s Acos B+ rir2sin Asin B

= -1 12 (cos A cos B - sin A sin B)
Sincen - (A + B)istheang,lebetween(;PandO_'Q,so

- -
OP.
cos [x- (A + B)] =__.ﬂi_
| OP| |OQ|
=rr2 (cos A cos B - sin A sin B)

or, —cos (A + B)
nra,
cos(A%osAcosB—sinAsinB

= (-r2 cos B, r2sin B)

=x(x-1)%in [0,1]
Also, find the point on the curve where the tangent is parallel to the x-axis. [61

\lijﬁolle‘s theorem. Interpret it geometrically. Verify Rolle's theorem for the function.
)

First Part

Statement of Rolle's theorem:

If a function f(x) is

(a) continuous in [a, b]

(b) differentiable in (a, b)

(©) f(a) = f(b)

then there exists at least one point c € (a, b) such that £(c) = 0.
Second Part

If all the conditions of Rolle's theorem are satisfied then there is at least one point ¢ «(a, b) where
the tangent is parallel to x-axis.

Y Y
i i‘v =% \

ll(a) I(b)t
l

o

1"

Last Part
Here, f(x) = x(x - 1)2=x3 - 2x2+ x
Since f(x) is a polynomial, it is continuous in [0, 1).
f(x) = 3x2 - 4x + 1 which exists for all x €(0, 1)
So, f(x) is differentiable in (0, 1)
Also, f(0) =0and f(1) =0
£(0) = (1)
All the conditions of Rolle's theorem are satisfied. So, there exists a number ¢ € (0, 1) such that
f(c)=0
or, 3ct-4c+1=0
or, (c=1)(Be-1)=0
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=11
c=1,3
Clwly,c%e ©1)butc=1¢ 0.1)
Hence, Rolle's theorem is verified: |
1 171 3_-4_ ’ |
)56 = |
! i el to x-axis. }
3:37) tis
At(;,ﬂ) e tangen parall \‘
|
OR ]
Fill'““”"ﬁ“"l’ﬁ"‘jlﬂetlle(lexivativeoflnt:os“x. , [5]}
| |
Let f(x) = In cos'x
Lim f(x+h)-f(]
We have, f(x) “ho0 T
d lim Incos? (x +h) - Incosx 0
. 4 (Incos'x) =h_’0____( h)
Putcosix=y a!‘dcoy‘l(x.‘,‘h):y*k g

then x = cosy andx+h=cos(y +K)
h=cos (y + k) - cosy

Also,ash—>0,k—>0 3
From (i) ! N Al
P CRNCTE
d im In(y+k-hy _ lm y J_ lim /1y >
G (ncos 0=y Lo h “ho0 h k>0 kK h
y 1
_ 1 tm K 1 lim K
“tyk-0 {cos(y+k)-cosy “yk-0 y+k+y y-y-k ]
Zsin( > )sin( 2 ) ) ’i
-1 tm 1 ) S | BRI L
yk-0 P % Y siny1 "~ cosix\[T-costy costxy1-2
Siﬂ(y*i).si.ni
2
Group B 3
ual to 7P, 5P i : T
12 a ::::‘I:'::lpmo“ ?"‘“’P acting on a particle are in equilibrium, Find the angle bel’W‘d

Let o be the angle between the forces 5P and gp.
so the resultant of 5P and 5P is equal and opposif
(7P)2 = (5P)? + (8P)* + 2-5P8P cos a

Since the forces 5P, 8P and 7P are in eq\‘ﬂibﬂum
te to the force 7p, So,

or, 49P2=25P2 + 64P? + 80P? cos a 5P |
or, -40P? =80P2cos a,
-40P2 1
or, cOSA="gapz = 2 =cos120° 7
a=120° 8p

b. A body is projected vertically upwards wigp, ad
a point 294m below the point of projection? (g 1‘9"3‘1.'3 37196 nys. How long will it také o
8 m/y

SOLUTIONS TO MODEL QUESTIONS 33

Initial velocity (u) =19.6 m/s

Weight (h) =294 m

Time (t) = ?

Taking upward direction as positive, we have,

1
-h=ut-3 gt?
1 .
or, -294=19.6t-3% 9.8 x 12
or, 4.92-19.6t-294=0
or, 2-4t-60=0
or, (t+6)(t-10)=0
Either t = -6 (not possible)
or t=10
o t=10sec
c. A body of mass 50kg falling from a certain height is brought to rest after striking the ground
with a speed of 5 mys. If the resistance force of the ground is 500N, find the duration of the
contract. . [ -
Mass (m) = 50kg
Initial velocity (1) =5m/s
Final velocity (v) =0
Resistance force (F) = -500 N
Duration of contact (t) = ?
We have,’
_m(-u
5 t
on, -500- 203
t=0.5sec
13. a. P and Q are two like parallel forces acting at A and B. Show that if they interchange

P -
positions, the point of application of the 1 is displaced by a di ﬁﬂ 4]

Let P and Q be two like parallel forces acting at the points A and B, so their resultant P + Q acts at
the point C as shown in the figure.

Since the forces are like parallel, so A 2 8
P_Q _FQ | |
BC ™ AC  AB
__Q . P Q
AC=F3"g AB () Fr0
If forces P and Q be interchanged in their positions, let its resultant act at point D as shown in the
figure below. Then, c
A - N D B
P _Q P:Q |
AD BD~ AB
P-AB g Q P
AD=P+Q (i) P+Q

From (i) and (ii)

P.AB Q-AB_(P-Q
AD-AC=F3G-PrQ " P,Q)AB

P-
Hence, the line of action of the resultant is displaced along AB througha dislance'}%AB where P> Q.
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OR e sides of an equilatera| ma“m
\

irecti rallel to th
Forces 1N, 2N and 3N act at a point in direction P¥ 3
taken in order. Find their resultant- e |
th N, 2N and 3N act along the sides AB/ pCand ChA:ef an equilateral triangle of siq, :
Let the forces 1N, 2N an a ! o era |
Now, resolving the forces along and perpendicular t0 5= . \

X =2-cos0° +3cos 120° + 1 cos 240°

-1

= 3.1 3N \
=2‘1+3.(?1)*(? =2-E-2'0

Y =2sin0°+3sin120°+ sin240° 5

=2x0+3x%+(—% =-\ﬁ

|
Let R be the resultant. Then, ‘

R=yF Y=o+ (37 =B

Let 6 be the angle made by the resultant with BC. Then,

2N c 1

v 5
tan@=y="g = ®=tan %"

8 =90° dinf
b. Prove that the sum of the kinetic and potential energies of a freely falling body remains constant
throughout the motion. 4

Suppose that a body of mass m is initially at the point A which is at a height h from the A
ground B. Let the body start falling from A and C be the position of the body at any 3 |
instant such that AC = x. Then BC=h-x

c
At the point A
KE.=0 h=x
PE.=mgh
K.E + PE=0+ mgh=mgh B

At the point C “
Let v be the initial velocity of the body at the point C. Then. vi2 = 2gx.
1 1

K.E.=2mv:2=§m-2p=mp |
P.E.=mg(h-x) |
KE. + P.E=mgx + mg(h - x) =mgh “
At the point B .

Let v be the velocity of the body when it reaches the ground. Then ‘
vz=2gh ,

1 1
K.E=§mv1=5m -2gh = mgh
PE=0 )
K.E+PE=mgh+0=mgh ‘
The sum of K.E and P.E of the freely falling bod; : )

(i.e. mgh) and hence it is constant, g body atany instant is same ‘

14.

The horizontal and the vertical component, e fl
respectively. If R be the horizontal range an: of the initia] velocity of a projectile are U and

M
4H _V R\ gH he greatest height attained, prove that 1
R ~U ii. (ﬁ) - f

Let u be the initial velocity of projectile and of the
Horizontal component (U) = u cos o e
Vertical component (V) = usina

Also, we have

i.

angle of Projection, Then,

SOLUTIONS To MODEL QUESTIONS - 35

u?sin? o
2

u? sin 20
&

uZsin?a

%

(a) LHS. R 4 wsin2a
4

Greatest height (H) = and ,

Horizontal range (R) =

2u15in1ax
T g u2x2sinacosa cosa

u? sin 200\?

R\2_(_&

U ) \ucosa
_(w-2sinacosa 1 “
B g ucosa
_ (2usina\’ _4wsina

g &
4u?sin2a

-—5 8
8 8 g

v_
ucosa ~ U~ RHS.

(b) LHS

=RHS.

OR

A cat seeing a mouse at a distance of 15m before it, starts from rest with an acceleration of 2 my/s?
and pursues it. If the mouse be moving uniformly with a velocity of 14 mys, find when and
where the cat will catch the mouse. [6]

Let t be the time taken by the cat to catch the mouse and let the mouse run x m in t sec. Then the
distance covered by the cat to catch the mouse =(15+ x) m.
Since the mouse runs with uniform velocity u = 14 m/s, using s = ut, we get

x =14t ...(i)

1
For cat, using s = ut + 7 at?, we get

1
15+x=0+§“2>‘t2

or, 2=15+x
From (i) and (i)
©2=15+ 14t
t2-14t-15=0
, (t+1)(t-15)=0
Either t = -1 (impossible)
or t=15sec
Now, from (i)
x=14x%15=210 m
So, the cat will catch the mouse in 15 sec after running a distance of 210 m.

(1)

Define the moment of a force about a point and t its g ical ing. Prove that the
algebraic sum of the ts of two i ting forces about any point in their plane is equal
to the moment of their resultant about the same point. [6]
Moment

The moment of a force about a given point is the product of the o
magnitude of the force and the perpendicular distance of the point

from the line of action of the force..

Thus if F be a force and p be the perpendicular distance of the

point O from AB then the moment of FaboutOisFx OM=Fx p A B
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Asmita’s NEB Solution of ¢
t o
omen dean d
fig (ii)

Geometric Meaning of the M i
Let a force F be represented in P08 Fyu oA
direction by AB and O be 8 POLT: ) AB
and OB, Let us draw OD perpends
B luced. is
;:\: n‘::l:\dent of the force F Bb"“‘AOO A;)
FXOD=AB"OD"2(“m0fmeF
numerically. Hence, the moment of the

. v by WO
about O is represented mlmﬂ"c"“b)ase );s the

i triangle whose base ] a0
;nmesret:;eam l:he force and vertex 1S the |
point about which moment is taken. . . |
Last Part OC parallel to P to meet the line of action of Q at i
Let O be a given point. Let us dmwmp pal't oy heie. Now, complete the Paraudow

represent Q in magnitude and AB
ABDC.
Then AD

c D C o0

“1
|
Q |

A P B
fig (i) :

Q.

Join OA and OB. .

The point O may lie outside the ZBAC in fig

(i) and inside ZBAC in fig (ii). The moment of

PaboutOisZAOABandisposiﬁveinboﬂl

fi 3

Thg:r:bmﬂlton about O is 2A0AC which is

positive in fig (i) and negative in fig (i)

In fig (i)

The sum of moments of P and Q about O
=2A0AB + 2A0AC

=2AADB + 2A0AC
=2A0AD
= moment of R about O

In fig (ii),

The moment of P and Q about O
=2A0AB - 2A0AC
=2AADB+2A0AC (. AOAB=AADB)
=2A0AD = moment of R about O. |

e |

(- AOAB = AADB) k|

16.

Group C

a. If 2 man rides his car at 25 knyhr, he has to spend Rs. 2 per km on petrol. If he ridesitd

faster speed of 40 kyhr, the petrol cost increases to Rs. 5 per km. He has Rs. 100 to spend
petrol and wishes to find the maximum distance he can travel within one hour. Form

the above problem as a linear Pprogramming problem, A

Let x km and y km be the distances .

distance covered = (x + y) ko ered & 25 km/hr and 40 km/hr respectively. ThE |
When the speed is 25 km/hr, expenditure o, =

Hence, for x km, expenditure on petro] = Rsnz::eh' ol 52 por k.

When the speed is 40 km/hr, expenditur -

Hence, for y km, expenditure on petro) :R(;nspeh-ol RS pet km

Therefore, total expenditure = Rs(2x + 5y)

But amount to spend on petro] = Rs 109

2x + 5y <100

Again, time taken for x km is‘zxg

Timetakenforykmis'4y(')

SOLUTIONS TO MODEL QUESTIONS
X
Total time =55 + "1%
RIS A
5+105!

or, 8x+ 5y <200.
Hence, the mathematical model of given problem is
maximize Z (x,y) = x + y subject to
2x + 5y <100
8x + 5y <200
x,y20
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b. Convert the decimal number 2011 into octal form.

Remainder

® ® ® ®

w
W N W w

201110 = 37338

2]

di 1v d

c. Is the following equati g ly
12x+3y-5z=1 x+5y+3z2=28

3x+7y+13z=12

Here, |12 > |3]+ |-5]| =8
and|5| > |1]| + |3]| =4
113] > 3]+ |7| =11
Hence, the given system of equations is diagonally dominant.

21

17. a. Using Gauss elimination method, solve the following system of equations:

x+3y-z=-2 3x+2y-2z=3 -6x-4y-2z=18
Solution|
x+3y-z=-2
3x+2y-z=3 ...(i1)
~6x-4y-2z=18 ...(iii)
Multiplying equation (i) by 3 and then subtracting from: (ii)
3x +2y -z =3
3x +9y -3z
_— +

..4)

=-6
+
-7y +2z =9 (iv)
Again, multiplying equation (i) by 6 and adding with equation (iii)
-6x -4y -2z =18
6x +18y -6z =-12
4y -8z =6 (V)
Multiplying equation (iv) by 2 and adding with equation (v)
4y -8z =6
-1dy +4z =18
-4z =2 )
Now, we have the following three equations
x +3y-2z =-2 (i)
-7y +2z2 =9 o (iv)
-4z =24 o (vi)
From equation (vi), we have z = -6.
Using z = -6, in equation (iv), we have
-7y +2x(-6)=9
=7y =21
y=-3
Again, using y = -3, and z = -6 in equation (i), we have
x+3(-3) - (-6)=-2

or,

4
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or, x=1

Solve the following equations using Gau

2 -x0=83m+n=-5

Solution|

Given equations are:
1
n=5@8+ x2)
1
x0=5(+3n)
1% iteration:

1
x:=5(8“0)=4

x2=‘7_1(5+3-4)=-7_429
2= jteration:

1
xn=5(8-2429)=278

-2 5+3x2780=-1908

x =%(s -1.908) =3.046

x2=%(5¢3x3.046)=-7.020
4% jteration:

1
x1 =75 (8 -2.020)=29%
xz=%(5+3xz990)=-1.996

5 iteration:

1
:n=5(8-1‘996)=3.002
x;=%(5+3:3.m2)=-z(m

o i -

1
n=§(8-7.w|)=3000
xz=-—71'(5+3131x10)=-2

7% jteration:

1
n=5(8-2=3

-1
0= (5+3%3)=-2

From 6 and 7% iterations,
n=3x=-2

sic Mathematics™!

the values of 1, and Y2are equal,

b.

Evaluate the foll

1

fl ?x’ taking 4 equal intervals (i.e. n = 4).

0

The required sol“ﬁ(‘i”/_—__\ |

x=1,y=-3,2=-6.
OR

Iy

it 4.

ing integral using Simpaonty paje e

i

Sotucion

1
Given, y=f(x) =752
a=0,b=1,n=4

SOLUTIONS TO MODEL QUESTIONS

The five points to be considered are x0= 0, 1= 0.25, x2= 0.5, x3 = 0.75, xs = 1.

The values of the function at these points are tabulated below:

Iﬁd point x0=0

0n=025

0n=05

6=075 =1

1

il
|y =f) =Tom

0.9412

08

0.64 0.5

1
Using Simpson's 3 rule, we have

1

0

1
h 025
f1+x1dx=§[yo+ dy1+2y2+4ys+ys] =3 [1+4x09412+2x08+4x 064+ 05]

025
=75~ (94254) = 07854
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18. Using Simplex method, maximize Z = 5x1 + 7x2 subject to: 2x1 + 3x2 <13, 31 + 2x2 < 12, x1, x2 2 0. [6]

Introducing the non-negative slack variables xs and x4, then given LPP can be written as

2x1+ 302+ x3=13

3xa+ 22+ x3=12

Z=5x1+7x2

2a+3x+x3+0- x4+0-Z=13
3xa+2e+0-x+x+0-Z2=12
S5x1-7x2+0-x3+0-x4+Z=0

Initial tableau
X1 X2 X3 X4 Y4 RHS
2 1 0 0 13
3 2 0 1 0 12
-5 -7 0 0 1 0
t

Here, -7 is the most negative entry in the last row, so second column is the pivot column.

13 12
Since e 433, 7= 6 and 4.33 < 6, 50 3 is the pivot element.

Applying R 4% R
X1 X2 X3 X4 z RHS
2/3 1 1/3 0 0 13/3
3 2 0 1 0 12
-5 -7 0 0 1 0
Again, applying R2 - Rz - 2Riand Ry - Ry + 7R
X1 X2 X1 X4 z ‘ R.HS
2/3 1 1/3 0 0 13/3
0 -2/3 1 0 l 10/3
-1/3 0 7/3 0 1 \ 91/3
)

This is not the optimal solution as the last row contains negative entry.

element

133 _10/3_

Again, first column is the pivot column. Since 23" 6.5, 5/3 =

2and 2 < 6.5, s0 5/3 is the pivot
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Applying R » 5 Re

2/3

of Basic Mathematic

RHS
13/3

W 91/3
73

-1/3 0

2 R41Rz
Applying Ry = R1—§&and Ri=» Rtz

xow X 0|

X3
0 1 3/5

0 0 73

This is the optimal solution as the Jast row contains

So, max. value of Z = 31 at x = 2and x:=3.

19. Show that the equation f(x)

the positive root correct to 3 places of
Solution|

Here, f(x) = x*-18

Since f(x) has one change in sign, 50 f(x) has

Given,a=2,b=3

f(2)=2'-18=-10

= x* - 18 = 0 has only one
s £ decimal in the interval (2 3).

z RHS
X4
0 3
0 2
3/5
/ 31

all non-negative entry.

i

only one positive root.

f(3)=3"-18=9 )
Sm)cv £(2) and (3) have opposite signs, so a root lies between 2 and 3.
s | b m=23 b f(a) £(b) f(m)
T 25 -10 9 22375
25 3 275 2375 9 279687
25 | 27 2625 2375 279687 0.08759
25 2625 25625 2375 0.08789 -1.17358
255 | 26 259375 117358 0.08789 -0.55045
250375 | 2625 260938 055045 0.08789 -0.23319
260938 ‘ 2625 261719 023319 0.08789 -0.07308
261719 2625 262110 -0.07308 0.08789 -0.00729
261719 ‘ 262110 261915 -0.07308 0.00729 -0.03287
261915 | 262110 262013 -0.03287 0.00729 -0.01270
262013 | 262110 262062 0.01270 0.00729 -0.00260
262002 | 262110 262086 -0.00260 0.00729 0.00244
262062 | 262086 -0.00260 00021

Since a and b have same value to three places of decimal, the required root is 2.620.

OR

Use Newton-Raphson method to find the
correct to three places of decimals,

Let, f(x) = x*+ 3x -5

f(x)=3x2+3
Let us make an imitial guess x, = 1
By Newton-Raphson's method, we have
SR (€53
X1 = 2n=Py

f(xo 9

f(xa) 0.1909
fr) = 118 -5 = 10545
Comparing the values of xy and X we fip,
Hence, required root is 1.154,

Xy =12-

positive root. Using bisection methog, fing

positive root of x3 + 3y — 5= lying between 1 3”1

n (W 1.944 1
P = 14 - g gg = 118!

X ()} 0.0023 _, 4542
= ) = 11515 - T 9086

d the digits on

’

re
first three places of decimal @

UNIT

PERMUTATION AND
COMBINATION

} A. PERMUTATION

2 MARKS QUESTIONS|

1. 2058 Q.No. 24

In a certain election, there are three candidates
for president, five for y and only two for
the treasurer. Find in how many ways the
election may turn out. 21

There are 3 choices for president, 5 for
secretary and 2 for treasurer.

Since they are all independent of one another,
the total number of ways in which the election
may turnout =3 x5 x 2=30

How many permutations are there of the letters
of the word 'math ' taken all together? [2]
There are 11 letters in the word
'‘MATHEMATICS' in which 'M' comes twice,
'A' comes twice, 'T' comes twice and the rest
are single. So
n=1l,p=2,q=2,r=2
Total number of arrangements
__n_ 1
Tplair " 21212 = 4989600

B._2060 Q.No. 2 q

Find the numbers of permutation of the letters
of the word'MATHEMATICS'. 2l

Please refer to 2059 Q.No. 1b

. 2063 Q.No. 2

How many numbers of three different digits less

than 500 can be formed from the integers 1, 2, 3,
4,5,6? [2]

Givenintegersare 1,2,3,4,5,6

Since the numbers should be made from three
different digits less than 500, the hundred's
place has either 1 or 2 or 3 or 4. So, there are 4
choices for hundred's ;'Jlace.

When the hundred's place has been filled up,
there will be 5 digits left. So, there are 5
choices for ten's place. In the same way, there
are 4 choices for unit's place.

By basic principle of counting, total number of
ways =4 x5x 4 =80

E- 2061 Q.No. Za

In how many ways can 6 different beads be
strung on a necklace? 21

Here, n=¢

The clockwise and anticlockwise arrangements
are same in the necklace.

" 1
S0, total number of arrangements =7 (n -1)!

1
’—'E(bq)!:%(sx.]xaxzx 1) =60

k. 2085QN024d

How many numbers are there between 100 and

1000 such that every digit is either 2 or 92 21
We know that the numbers between 100 and
1000 are 3 digit numbers. Since each digit is
either 2 or 9, so there are 2 choices for unit's, 2
choices for ten's and 2 choices for hundred's
place.
By basic principle of counting, total number of
arrangements =2 x 2x2=8§
Note: Formed numbers are 222, 229, 292, 299,
922, 929, 992, 999

F_zescano2q

How many four digits odd numbers can be
formed using the digits 0, 1, 2, 3, 4, 5 no digit
being repeated? 2]
Given digitsare 0,1,2,3,4,5
For odd numbers there are 3 choices for unit's
place either 1 or 3 or 5. Also for 4 digit
number starting digit cannot be 0. So, there
are 4 choices for thousand's place. And for
hundred's place there are 4 and for ten's place
there are 3 choices.
So, by basic principle of counting, total
number of ways =4 x4 x 3 x 3 =144
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No. 2! ¢ the word
In how many ways letters :o that all the
PRECARIOUS can be arranged 2
vowels are always together?
Given word is 'PRECARIOUS ther consider
Since the vowels are always t0ge letter. Then
l‘hevowelsE.A.LOruasam‘s.‘e e. + b mes
there will be 6 letters in which : 0
twice. So the number of arrangemen
=% =6x5x;x3"2! - 360
Also, the 5 vowels can be arranged among
themselves in 5! ways
—5x4x3x2x1=120ways
it ofar < =360% 120
4 v =43,200

E. mo.uo.g ‘3
Hi many license plates consisting o

different digits can be made out of given
integers 3,4,5, 6,77 @

Given integers are 3,4,5,6,7
o n=5
& r=3
Total number of license plates that can be
1 5x4x3xz_60

51
made=PG,3)=G_3; = 2

0. 2069 (Set A)Q.No. 1

In how many ways can four boys and three girls
be seated in a row containing seven seats if they
may sit any where? [2]
SOLUTION

Number of boys = 4

Number of girls =3

If they may sit anywhere, then there is no

difference between the position of girls and

boys

n=4+3=7r1=7

Total number of arrangements =P(7,7) ways
=7! ways
=7x6x5x4x3x2x1=5040 ways

1. 2070 Set D Q.No. 1

In how many ways can the letters of the word

"ELEMENT" be arranged? 2]

There are 7 letters in the word 'ELEMENT'

Also there are 3 E's and the rest are single,
n=7p=3

n o7

Total number of arrangements = ;,T YA

3!
4 x 3!
=Z_"£‘%‘__=m

umbers of three differem .
How many ™ d from the integq B
than 500 can be formed from the intege," 1,;\

67
4,5 i

Given integers are 1,23,4,5,6,7.

since the formed numbers should pe leg
500, so for hundred's place there may ]
or 3 or 4. So there are 4 choices for %
place. To fill up the ten's place ﬂ\ere%
choices and for unit's place there are 5 chy |
Then by basic principle of counting, tbhl%
number of three different digit NUnbery
that 500 that can be formed=4 x ¢ x 5”211

5. 2070 Supp. Q-No. 1

six children are to be seated on a benc,
many arrangements are possible if the ym"’ﬂ
child sits at the left end of the bench.

Fix youngest child at the left end of the b
then remaining 5 children can be arrangy|
P(5, 5) ways

= 5!ways

= 5x4x3x2x1=120 ways

ha. 2071 Old Q.No. 2 d

How many permutations are there of the leff

of the word "SAARC". |
There are 5 letters in the word SAARC A
there are two A's and the rest are single.
n=5p=2

n 8
Total number of arrangements = i," =7

5x4x3x2
= =60

(15. 2071 Supp. Q.No. 1g]

heads be made into a bracelet?
Here, number of beads = 8 il
8 beads can be arranged on 2 <
(8-1)!=71 ways
In this case, clockwise and

arrangements are same.
A
Total number of arrangements =72

=7‘6!5x4x3)(2!]
2

1€. 2072 Set C Q.No, 13

In how many ways can 7 students be
circle?

=2520

ged!

In how many ways can eight different C"l"“'l

1

anu'dodi

I
u‘l
|

[soLuTioN
Here,n=7
The required number of ways 7 students can
be seated in a circle
=(mn-1) =(7-1)!=6l=6x5x4x3x2x1
=720 ways

17. 2072 Set D Q.No: 14
In how many ways the letters of the word
ELEMENT can be arranged so that vowels are
always together? 2]
The word 'ELEMENT consists of 3 vowels E,
E, E. Consider these 3 vowels as a single letter.
Then we have to arrange 5 different letters
LM, N, T, (EEE).
Required number of ways in which all the
vowels are always together
=50 =5x4x3x2x1=120

PERMUTATION AND COMBINATION Unit1 43

Eo- 2073 Set C Q.No. 13

How many different numbers of five digits can
be formed with the digits 0,1,2,3,4? 21

The number of 5 digits numbers formed from
given digits = P(5,5) = 5!=5x4 x 3x 2x 1 =120
But, some of these numbers have 0 in the first
Place, which are not 5-digit significant
numbers. So, we fix 0 in first place, then
Temaining 4 digits in 4 places can be arranged
in P(4,4) ways =41 = 4 x 3 x 2x 1 =24 ways
These are the numbers with 0 in first place.
Hence, the required number of 5-digit
significant numbers = 120 - 24 = 9.

B 2nsmortd

In how many ways the letters of the word
HEXAGON can be arranged so that vowels are

8. 2072 Set E Q.No. 1

Find the number of ways in which 4 men and 3
women can be seated in a row having seven
seats so that the men and the women must
alternate. 2]

[SoLUTION]

Here, number of men =4
Number of women =3
Seats
1.2 3 45 6 7
1

MWMWMWM
If men and women sit alternatively, then men
should be in odd places (i.e. 1%, 3, 5t and )
and women should be in even place (i.e. 2,
4thand 6),
4 men in 4 seats can be arranged in P(4,4)
ways
3 women in 3 seats can be arranged in P(3,3)
ways
Total number of arrangements
=P(44) x P(3,3)

=4!x 3 (. P(n,n) =n!)
=4x3x2x1x3x2x1=144

19. 2072 Supp Q.No. 13

How many numbers between 3000 and 4000 can
be formed with the digits 2, 3,4, 5,6, 7? 121

Given digits are 2, 3, 4, 5, 6 and 7. Since the
numbers lie between 3000 and 4000, there
must be 3 at first place (thousand's place) and
remaining 3 places can be filled by the
remaining 5 digits 2, 4, 5, 6 and 7. So, fix 3 in
the thousand's place, then the number of
arrangements of 5 digits in 3 places can be
done in P(5, 3) ways

o9 5x4x3x2

G T T

always together? 2]
Since the vowels are always together, so
consider (E,A,O) as a single letter. Then, there
will be 5 letters namely (E,A,0), H, X, G, N.
These letters can be arranged in 5! ways.
Again, 3 vowels among themselves can be
arranged in 3! ways.

. _Total no. of arrangements = 5! x 3!
= 5x4x3x2x1x3x2x2x1=720

E. 2074 Set B Q.No. 13

In how many ways the letters of the word

COMPLETE can be ged so that the repeated
letters are always together? 21

There are 8 letters in the word COMPLETE in
which E repeats 2 times. So. consider 2E's as a
single letter, then there are 7 letters C, O, M, P,
L, T (E, E). The total no. of arrangement in
which 2 E's always come together

. =P7,7)=7" =7x6x5x4x3x2x1=5040

. 2075 SetAQNo. 14
In how many ways can eight people be seated in
a row of eight seats so that two particular
persons are always together? 21
SDL UTION]
Suppose two particular persons who are
always together as one and their two seats as
one seat. Then there are 7 persons and 7 seats.
Now, 7 persons in 7 seats can be arranged in
P(7,7) ways.
=7! ways.
Also, 2 persons who are always together can
be arranged among themselves in 2! ways.
Hence,
Total No. of arrangements = 7 | x 2!
=7x 6% 5 x4 x3x2x1 x 2x1=10080
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e. 2057QNo. 7H
In how many ways can the letters :v R come
ARRANGE be arranged so that no- "
together.

Given word is 'ARRANGE'

Total number of letters () = 7

Number of A's (p) =2

Number of R's (@) =2

And the rest are single-

w2
Total number of arrangements = pt gt N2
_7xex5x4x3xA_ o
20x2x1 @
To find the number of arrangements if Whlm
no two 'R' come together, we first find Ie
number of arrangements in which N{O R's
come together. For this, consider two Rs.as a
single letter, then the number of letters will be
6.
Total number of arrangements in which two
R's come together
6 6x5x4x3x2
T T 360
Required ber of ar
no two 'R' come together
= 1260 - 360 = 900
. 20569 Q.No.7
Prove that the total number of permutations ofa
setofnob]ectstakmrala;imeiggvﬂby

ents in which

1
P, =Gy i

TION
The number of permutations of a set of n
objects taken r at a time is equivalent to the
number of ways in which r places can be filled
up by n objects. Now, there are n choices to
fill up the first place. When first place has
been filled up, there will be leftn -1 objects to
fill up the second place. So, there are (n -1)
choices to fill up the second place, Similarly,
there are (n -2) choices 1o fill up the third
place and so on. Finally, to fil) up the ph place,
there are n - (r -1) = n - r + 1 choices,

Then by basic principle of counting, tota)
number of ways =n(n-1).(n-2) .. (n-y+ 1)
Pr) =n(n-1)@n-2)..(n-r+1)

how Mm%
\MONDAY'
arrange
pegin Wi

Total number

o N

ways can the letters of the

pe arranged? How many . Yoy

ments do not begin with M? g, e,

;th M and don't end with Y? “‘i‘r?‘

of letters in the word 'MONDAy,
ments = 6! bl

Number of arrange! >

- 6,(5,(4x3x2><l—720

To find the number of arrangements

b with M sty e find b

of arrangements that begin with "M, Forf)

fix M at first place, then remaining § l%

can bearranged in P (5, 5) ways

o 5,4x3x2x1=120ways

Required number of arrangements that doyy

pegin with 'M' =720 - 120 = 600

Again, fix ‘M at first place and 'Y at last,

remaining 4 letters can be arranged

p(4,4)ways =4x%x3x2x1=24 ‘

Required number of arrangements that bey

with'M' and do not end with "Y' =120 244

that )

up by n objeéls. Now, there are n choices to
fill up the first place. When first place has
been filled up, there will be left n - 1 objects to
fill up the second place. So, there are (n -1)
choices to fill up the second place. Similarly,
there are (n -2) choices to fill up the third
place and so on. Finally, to fill up the r*» place,
there are n - (r -1) = n - r + 1 choices.
Then by basic principle of counting, total
number of ways=n (n-1). (n-2)... (n-r+1)
. Pmr)=n@n-1)(n-2)..(n-r+ 1)

Eo. 2069 (Set A) Q.No. .53
In how many ways can the letters of the world
"ARRANGE" be arranged so that no two R is
come together? [4]
= Please refer to 2057 Q.No 7b

[31. 2069 (Set A) Old Q.No. 7h

In how many ways can the letters of the word
"MONDAY" be arranged? How many of these

N |

|

In how many ways can 4 Art students ang

Science students be arranged alternately at

round table?

jsoLuTioN

4 Art students at a round table cant

arranged in (4 - 1)! = 3! ways = 3x2x1|
=6 ways

Since Art and Science students must |
arranged alternatively, so 4 Science

Students in 4 seats can be arranged in Pk
ways =4l ways =4 x 3x 2% 1 =24Wﬂ)'im
Total number of arrmge&enﬁi’:%/‘

. (]
Show that the number of ways in wh“h,dl
letters of the word "arrange" can be armanf “

that two r's do not come together is 900.
= Please refer to 2057 Q.No. 7b

29. 2066 Q.No 7 b

Prove that the total no. of Pemu'aﬁonﬂv MA
of n objects taken r at a time is giver Y
Mn-1)(n-2).. (n-r+1),nzr

o]

gl
a o

The number of permutations of ‘:d“w'

Objects taken r at a time is equiv® bew

s cal
number of ways in which ¢ places ¢

arrang ts do not begin with M? How many
begins with M and does net end with Y? 41
= Please refer to 2061 Q.No. 7b

EZ. 2069 (Set B) Q.No. Sd

In how many ways can the letters of the word
"MONDAY" be arranged? How many of these
arrangements do not begin with M? How many
begin with M and do not end with N? 4]

= Please refer to 2061 Q.No 7b

PERMUTATION AND COMBINATION Unit1 45

First we find the arrangements which contain
2 C's together. For, consider 2 C's as one. Now
there are 7 letters in which there are 2 U's and
2L's.
The number of arrangements in which 2 C's
7!

are always together 2= 1260
Required number of arrangements in which 2
C's do not come together
= 5040 -1260 = 3780

85. 2070 (Old) Q.No. 7 a

In how many ways can the letter of the word

‘Sunday’ be arranged? How many of these
arrangements do not begin with S? How many

begin with S and do not end with a? [4]
There are 6 letters in the word 'Sunday'. Total
number of arrangements

= P(6, 6) ways = 6! ways

=6x5x4x3x2x1]

=720 ways

To find the number of arrangements which do
not begin with 'S', we first find the number of
arrangements that begin with 'S'. For, fix 'S' at
first place, then remaining 5 letters can be
arranged in

=P(5,5) ways =5! ways=5x4x3x2x1
=120 ways

‘} EA. 2070 Set C Q.No. & Q

[33. 2069 Oid (Set B) Q.No. 78

In how many ways can ten people be seated in a

round table if two people insists on sitting next
to each other? 4

Consider two people who insist on sitting
next to each other as one, then there will be 9
people. Then, 9 people in a round table can be
arranged in (9 - 1)! ways = 8! ways

Also two people sitting next to each other
among themselves can be arranged in P(2, 2)
ways = 2! ways

Total number of arrangements
=8Ix2A=8x7x6x5x4x3x2x1x2x1

= 80640

"“ how many ways can the letters of the word,
CALCULUS' be arranged so that the two L's do
not come together? [4]

There are 8 letters in the word 'CALCULUS'.
Also there are 2 C's, 2 U's and 2 L's and the
restare different.

The ber of ar
begin with 'S'
=720-120=600
Again, fix 'S' at first place and 'a' at last, then
remaining 4 letters can be arranged in
P(4,4) ways = 4! ways =4 x 3 x 2x 1 =24 ways
Total number of arrangements that begin with
S and do not end witha =120 -24 =9

In how many ways can the letters of the word
*“TUESDAY" be arranged? How many of these
arrangements do not begin with T? How many
begin with T and do not end with Y? 4]
There are 7 letters in the word 'TUESDAY".
So total no. of arrangements = P(7,7) = 7!
=7x6 x5x4x3x2x1=5040
To find the arrangements that do not begin
with 'T', we find the arrangements that begin
with 'T'. For, fix 'T" at first place.
Then, remaining 6 letters can be arranged in
P(6, 6) ways =6/ =6x5x 4x3x2x1=720
Number of arrangements that do not begin
with 'T' = 5040 - 720 = 4320

that do not

. 8!
Total number of arrangements = 3751751 = 5040



watnematics™!

c of 4 different digits y, PERMUTATION AND COMBINATION  Unit1 47
| . Asmita’s NEB Solution of Basl The number b1 & Uy
‘ " at last plac: can be forme N 120 12x11x10
N . Jace and Y'2 in ‘ 51 _5xd4x3x2xq 7 R 7 L B
Again, fix T at st Pacee H=G-a - 1 syl C12,3) ways =9r3] = 3x2x1 Here, n=10,r=7
Then remaining 5 letters ¢ 1= 120 Ways =PG4 = (5-4) ) : b} lection of women ’ ’ .
5 =5x4x3%x2 Gy bers which are divisiy, Selectio . Required number of selections
P(5, 5) ways 5f ments begin For the mﬂg o unit's place. So ﬁxle bysw‘ 2 women out of 8 can be selected in 100 10x9x8
The number of arrang =600 t have il Sin. 8 8x7 =C@ e N
e 70 -120 mus - Y ! 0, 120
and do not end with 'Y' =720 place, then ’ef““‘é““gspé?ze;by'e i C® 2 ways=g1=2x1 -2 ML RELFLS
7. 2071 SetDQ.No. 5 ¢ the word digits can be :lle “f N g x2x 1ways - Total number of committees = 220 x 28 = 6160 | £ 2089 (Set B) Q.No. 1
In how many ways ““g::esl:e‘::: ;; all vowels g =
"COMPUTER" be arran|

@3- 1 =% | s_2062Q.No.2d

N itions of . .
are always together? ii) the relative Pn;ed . The number of 4 digit numbers which al

From 10 persons, in how many ways can a
ot chan
the vowels and consonants are i

A selection of 4 be made if two particular persons
From 10 persons, in how many ways can a

ittee of 4 be made wh articular | o y® Sxcluded. 2l
divisible by 5=24- commlf.feelﬂ .:d?:e:.[ en one p 2' ~ _Please refer to 2066 Q.No. 2a
R the number of 4 different digits n person is always 1 12 2563 Ol
There are 8 letters in the word 'COMPUTER | He'.‘(f;’m not divisible by 5 ey . Set B) Q.No. 1
(i) There are 3 vowels in the word 'COMPUTER- whl_ total numbers - numbers which age Total number of players = 10 How many different sums of money can be
Consider 3 vowels as one letter. Then 6 letters = divisible by 5 Number of players to be selected = 4 made from 4 coins of different denominations?
namely C, M, P, T, R O U, E) can be - 120-24=9% : When one particular player is always 2]
arranged in P(6, 6) ways = 6! ways _ - included, then we have to select4 -1=3
Also, 3 vowels among themselves can be | iz 2074 Supp QNo: § playersoutof 10-1=9 Required number of different sums that can
arranged in P(3, 3) ways = 3! ways In how many ways can the letters of the y, Total number of selections be made
Total number of arrangements = 6! X 3! "ARRANGE" be arranged so that no two} 0, 3) mm S 2X8x7 ” =C4 1)+ C4,2)+C(4,3) + C(4,4)
—6x5x4x3x2x1x3x2x1=430WayS | (;me together? =CO3) =531 “3x2x1 " . =3?_!1'+;—!2+%+;i,=4~6+4+1=15
\ (ii) There are 3 vowels and 5 consonants in the | please refer to 2057 Q.N. 7b 6. 2064 Q.N0. 29 ! 317 0rg
' word 'COMPUTER'. ) aNo.5 N |
The 3 vowels in 3 places can be arranged in s 2075 SetB aNo. 54 ‘

1. 207 L.No.
A person has got 12 acquaintances of whom 8 are 0Set € Q.No. 1

relatives. In how many ways can he invite 7
P(3,3) ways =3!

How many words can be formed from the lef

From 10 persons, in how many ways can a
4 ts so that 5 of them may be relatives? ~ [2] | Selection of 4 be made when two particular
. arran, d 'ENGLISH'? How many of the| 84S y .
And 5 comsomemts {n 5 plaoes cinbe el ‘l’\fo:hle)e:i:\r with E? How many ofythese Pesanedoe; alvesys included? 2
in PGS) ways =5 | with E and do not end with H? & | Total number of acquaintances = 12 )
Total number of arrangements = 3! x 5! TN Number of relatives = 8 When two particular persons are always
=3x2x1x3x4=38201 " PO There are 7 letters in the work ENGLISH Number of non-relatives =12 -8 = 4 p— tthe?u:’ezha;e moakctd-2=2
| - - - persons out of 10 -2=8.
Mﬂ,ﬂm So, the letters can be arranged in 7! ways | @hh;es 8) % Non-;e-lsa:";s ) I[ C(;?;i"g(‘; ZH Required number of selections = C(8, 2)
n! - | | 2 4 ]
Prove that P(n, 1) = oy where the symbols o ;(’)‘43 x5 x 4% 3x2x1 Total number of selections =% = g: Z =28
i eanin; = i =C(8,5)x C(4,2 :
have their “‘f“‘““ N 5‘; ™ u Next, fix E at first place, then remainif 8 4 gx 7x6 4x3 k2. 2070 SetDQ.No. 59
§ s ettt 25 O e, letters can be arranged in 6! ways | T3S Y22 T3xax] XXl 96%6 From 6 gentlemen and 4 ladies, a committee of 5
i . 2073 Set D Q.No. =6x5x4x3x2x] | =336 is to be formed. In how many ways can this be
| In how many ways can the letters of the word =720 7. 2066 Q.No. 3 done so as to include at least two gentlemen? [2]
"COMPUTER" be arranged so that (i) all the Hence, the no. of arrangements that @ H F——
vowels are always together (ii) the vowels may in with E = - =4320 ™ 10 persons in how many ways can a The selection of the members in th
occupy only odd positions. 4 beglf‘ Wlf:*‘ E 5940 720 tlast] Selection of 4 be made if two particular persons commi ; n e
- P fer to Modl S O Again, fix E at first place and H a. " are always excluded? P committee can be made as follow
i fao ea:es: ir Q.No. ge — ining 5 letters can be arranged m”ﬂ SoLuTIoN Centlemen (6) | Ladies (4) Selection
! 2 - =5x4x3x2x1=120 b Total number of players =10 2 . cexcw.y
i Prove that the number of permutations of Hence, the no. of arrangements (2 Number of p] ] 3 2 C(6,3) x C(4,2)
‘ distinct objects taken r at a time is given by: ith iy =l players to be selected = 4 4 1 C(6,4) x C(4, 1)
| ol given by: With E and do not end with P h‘e‘i\ two particular players are excluded, then 5 0 C(6,5) x C@4, 0)
n,1)=T—.(n ] = we have to select 4 players out of 10-2 = 8 — i
pln, 1) =G ) 14 Required numbor l;f :elech‘ons Required number of committees
= Please refer to 2059 Q.No. 7b B. COMBINATION |

1. 2074 Set A Q.No. 52 OR —

How many numbers of 4 different d;,

_ 8! 8x7x6x5 = C(6,2)xC(4,3)+C(6,3)xC@4,2) +
C(8,4)=—4|4I =——4x1x7x1=7o

C(64) x C4, 1) + C(6, 5) x C(4, 0)
6! 4! 6! 4 6! 4!
sian b | U8. 2069 (Set A) OId Q.No, 2 S oA uataa *aa g A t
it formed from the digits 4,5, 6,7, 8? How i 2‘ - 2087 Q.No, 2 d In an
these numbers are divisible by 57 Ho Yo

examination paper containing 10
'W many of

n
A commitee n from 1270y
these numbers are not divisible by 57 e 8o be chose p

6! 4!
1l g:lesm‘ms, a candidate has to answer 7 questions s o
women and i ist of 3 men an Y. in how many ways can he choose the | _ o -
14 nd is to consist o of! y \ 60 +120+ 60+ 6 =246
H| How many such committee can be { uestiong?
Given digits are 4,5, 6,7, 8

12]

So,n=5r=4 Selection of men
| 3 men out of 12 can be selected it
et |
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53. 2071 Set C Q.No. 1
ch 5 courses out

i £ ways in whi

fx‘fnds th:a: ml:‘ebe;:lectec)l' when 3 courses ?;]‘

compulsory.

SOLUT ION] =
When 3 courses are compulsory, then 5 ;; :,
cou.rsesoutof&-3=5cnnbese’ec

51 5x4x3! _
C(5,2) ways =321~ 3rx2x1

54. 2071 Set D Q.No. 1

AmmhasSﬁiends[nhowma_ny
invite one or more of them to a dinner?

10

ways can he
]

Total number of friends =5
Required number of ways
=C(5,1)*C(5,2)+C(5,3)*C(5,4)*C(5,4)
5 5 5 5 5
R ETRETE A RS T MCE
=5+10+10+5+1=31

[s5. 2073 Set D Q.No. 1!

From 10 persons, in how many ways can 2
selection of 4 be made when two particular
P are always excluded? ]
= Please refer to 2058 Q.No. 7b

+C(5.5)

. 2074 Set A Q.No. 1
If there are 10 persons in a party and each two of
them shakes hands with each other, how many
hand shakes happen in the party? 2

Here,n=10,r=2

Total number of hand shakes = C(n,r)

10! 10x9x8!

=CO0,2) =522 “Brx2x1 -

. 2074 Supp Q.No. 1

In an examination, a candidate has to pass in
each of the four subjects. In how many ways can
the candidate fail? 12]

A candidate can fail in an examination if he

fails either in 1 or 2 or 3 or 4 subjects.

. Total no. of ways by which he can fail

= C(4,1)+C(4,2)+C(4,3)+C(4,4)

4! 4! 4! 4!
= a2t et ora
= 4+6+4+1=15

EB. 2075 Set B Q.No. 13

Find the value of r if ¥Ca, = 9Cy,.;, 2
Given,
9Cz2r = *Car
We know that if "Cy, = oC,,

thenri=norn+n=n

Letn =T
Then,
2rs3r—1
or, 1s3|'-2-r
r=1
Again, let n+n=n
1:&2|-+(3r—1)=9
or, sr=9+1
or, 1=2

Lor=12

ls9. 2075 SetC Q.No. 13 .

. examination, an .examin'ee has to seq
In each of the five subjects. In hoqu
the examinee fail to secure A+ ;:;”

4

grade in
ways can

The candidate fails to secure A+ grade i
of the five subject if he can not secure A
eitherin 1 or 2 or 3 or 4 or 5 subjects.
Total no. of ways by which the candidate
to secure A + grade 1
= C(5,1)+C62)+C63)+ C(5,4)+C(5,5) |
51 5! 5! 5! 5! :

= szttt o ‘
= 5+10+10+5+1=31

. 2058 Q.No. 7 J

From 10 football players in how many wayst
a selection of a 4 be made (i) when one particul
player is always included (ii) when 1
particular players are always excluded?
Total number of players = 10
Number of players to be selected = 4
When one particular player is always
included, then we have to select 4 -1=3
players out 0f 10 -1 =9
Total number of selections
9! 9x8x7
613 “3x2x1
When two particular players are
we have to select 4 players out of 10-2%
Required number of selections ‘
- 8 8x7x6%5 _p
CBA) =g =a3xaxl

From 6 gentlemen and 4 ladies a €©"
18 10 be formed. In how many Way® 7
done 50 as to include at least one 134y’

=84

=S

=C(9,3)=
excluded!

o |
amitteé |
can 'WI‘

u‘
. s
The selections of the memb”

committee can be made as folloW?®

entlemen (6) Ladies (4) Selection
< "]”L)_ 1 C(6,4) x C(4,1)
3 2 C(6,3) x C(4,2)
2 3 C(6,2) * C(4,3)
1 4 C(6,1) x C(4,4)

The required number of committees
= C(6, 4) x €4, 1) + C(6,3) x C(4, 2) + C(6, 2) *
C(4,3) + C(6,1) x C(4,4)
o TR I B
214!
=60+120+60 + 6 =246

Ez. 2063 Q.No. 7 b

A candidate is required to answer 6 out of 10
questions which are divided into two groups
each containing 5 questions and he is not
permitted to attempt more than 4 from any

PERMUTATION AND COMBINATION

Required number of selections
= C(61)xC(54) +C(6,2 xC6,3)+
C(6,3) x C(5,2) + C(6,4) x C(5.1)
6 5 6 5 6 5 6!
= SrTarta 223 tae 32 T2 e
6x5+15x10+20x10+15%5
30+ 150 + 200 +75 = 455

5!

Unit 1 49

Es, 2068 Q.No. 78]

. A person has got 12 acquaintances of whom 8 are
relatives. In how many ways can he invite 7

guests so that 5 of them may be relatives?  [4]
= Please refer to 2064 Q.No. 2a

7. 2069 (Set B Q0. 52 Of

From 6 gentlemen and 4 ladies, a committee of 5
is to be formed. In how many ways can this be

group. In how many different ways can he make done so as to include at least 2 ladies? [4]
up his choice? [4]
The selection of questions can be made as The -selection of the members in the
follows committee can be made as follows
1st group (5) | 2™ group (5) Selection Gents (6) Ladies (4) Selection
4 2 C(5,4)xC(5,2) 3 2 C(63) x C(4,2)
3 3 C(5,3) xC(5,3) 2 3 C(6,2) x C(4,3)
2 4 C(5,2) x C(5,4) 1 4 C(6,1) x C(d, 4)

Total number of selections

=C(5, 4)x C(5,2) + C(5,3) x C(5,3) + C(5,2) x C(5, 4)
5! 5! 5! St 5! 5!

STra 3020 2030 * 230t ey

=5x10+10x 10+ 10 x5=200

The required number of committees
=C(6,3) x C4,2) + C(6,2) x C(4,3) + C(6, 1) x C(4, 4)
6 4 6 4 !
B R TP T TRk TETIMET
=20x6+15x4+6x1 =120+60+6 =186

+

|§3. 2066 Q.No. 7 g

A person has got 12 acquaintances of whom 8 are
relatives. In how many ways can he invite seven
guests so that 5 of them may be relatives? 4]

= Please refer to 2064 Q.No. 2a

|§4. 2066 CQ.No. 7 g

From 10 players in how many ways can a
icul

E. 2070 Supp. Q.No. 54

A committee of 5 is to be formed out of 6 gents
and 4 ladies. In how many ways can this be done
when at least two ladies are to be included? [4]

= Please refer to 2069 (Set B) Q.No. 5a OR

In how many ways a committee of 8 members be

selection of 4 be made, when one p

lected from 8 gentl and 6 ladies, if the

player is always included, when two p

is to include not more than three

players are excluded? 41
= Please refer to 2058 Q.No. 7b

|§5. 2067Q.No. 7g

d from six

ladies. [
The selection of the members in the
committee can be made as follows

A committee of five is to be i

boys and five girls. In how many ways can this Gentl (8) Ladies (6) Sflecnon
be done s0 as to include at least one boy and one 5 3 C(8,5) x C(6,3)
girl? M 6 2 C(8,6) x C(6,2)
7 1 C(8,7) x C(6, 1)
. C(8, 8) x C(6,
The selection of the members in the p— 8 s - 9 = 't(tees) xC6.0
X ittee c. > > ag fi < e required number Of comuu!
committee can be made as follows = @ 5) C6,3) + C® 6) x C6,2) + C, 7) x
~Boys(e) | Gils@) | Selection _ 11 ¢, 1)+ C(8,8) x C(6,0)
! 4 C6, 1) x C(,4) 8 6 8 6 8 6 8 6
2 3 C6,2)xCE) || = 35331 * 26 * 32 T 17 50T 08! " 6108
3 2 C63)*xCG:D || = 11204420 +48+1=1589
4 1 C(6,4) x C(5, 1)

e —
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0. 2071 Supp. Q.No. § .
. estion

An examination paper consists of 1: fo‘:l 7
divided into two parts A and B- P:I::ls questions.

questions, part B contains remat % Questions

A candidate is required 0 3R Lo pany

ing at least 3 from each part 0 i
?Ne:eycshc:fx :heecandidates select the queshons7 4l
Total number of questions = 12
Number of questions in part A=7 ;
NumbaofqusﬁmsmpanB=12—7- ,
The selection of 8 questions se}lmng at leas!
fr(\meachpartcanbemadem&te
ways.
Part A (

following

C(,3) * C6:5)
c@,4)xCEA
(7,5 * C(5,3

Required number of ways
=C(73) x CB3) + C7.4) x CEA) + C7H) X CBA)

n s 5 75

=IO 3a T4 2523

=072 Set E QN0 8

of 10 students, 6 are bg 5
Ina sro\lPs can 4 students be Beletlnl‘

oy
2e2 te
many W) etition so as d
mathematical <omP to innluiz

irls?
atmost two 817 Iy

Here, total number of students =19
Number of boys = 6
Numberofgirls= 10-6=4

L

Required number of selections

A

6l
C(6,4)xC42) =331* 212

6x5x4l 4x3x2

= Wwax1X2Axax1 "15%6=9%

PERMUTATION AND COMBINATION Unit 1 51

5% 202 *331 704

=36+60+20=116

fre. 2073 Supp Q.No. 52|

In how many ways a committee of three can be
formed out of 5 men and 2 women so that it

The selecion of the members in the

Now, the selection of the membey q always consists at least one women? 4]
mathematical competition can be p, de
follows

committees can be made as follows:

Women (2)

Selection |

Men (5)
2

1 CG,
1 2 CG,

2)xC(2,1)
1)xC(2,2)

B TherequirednumberofselecuOns ‘

=2 x C(62) + C41) * C(63) + C(4,0) x
g 6 4 6 4 6l

= T2 I 33T 40 20

4x3 6x5 4 6x5x4 6x5

=3x1%2x17173%x2x1
=90+80+15=185

7x6x5 7'6“5,2.»7‘6;(5‘4
=3x2x1 1 3x2x17172x172x1

=35+175+210=420

Et 2072 Set CQ.No. 54
A i of five p is to be
from 5 men and 4 ladies. In how many ways can
this be done so that at least two ladies are
always included? 4]
SOLUTION
The selection of the members in the
commuttee can be made as follows

1 q

Ladies (4) Men (5) Selection
2 3 C(4,2)x C(5,3)
3 2 C(4,3)xC(5,2)
4 1 Cl4,4) % C5,1)

The required number of committees
=C(4,2) x C(5,3) + C(43) » C(5,2) + C(4A) x C(5,1)
4! 5! 4! 5! 4! 5!

4x3 5x4 4 554
Sax1%2x17172x17 175

=60+40+5=105

[r2. 2072 Set D Q.No. 54
A person has got 12 acquaintances of whor, g are
relatives. In how many ways can he invite 7
guests so that 5 of them may be relatives? 14
= Please refer to 2064 Q.No. 2a

Ea. 2072 Supp Q.No. §a oﬂ

The required no. of committees
=C(5,2)xC2. 1)+ C(5,1) x C(2,2)
5 2

5!
=32

Sx4

=__3!x2x1x2x1+

4 x1=

2x1 ‘ E7. 2074 Set B Q.No. 55

| From 3 men and 7 women a committee of 5 is to
be formed. In how many ways can this be done

_ n! 1 1
“-ni-1) [r*n-r+1]

PTRPTETATETR e
=105+105 + 21 =231

| 50 as to include at least one man? 41
Prove that C(n, r) + C(n, r- 1) = C(n + 1,r), whei SNV
C(n, 1) is the combination of n things takenral| The selection of the members in the
time. ll committee can be made as
|_Men(3) | Women (7) Selection
LHS=Cnr)+C(n, r-1) 1 4 C(3,1)x C(7,4)
n! n! 2 3 C
_ R (3,2) x C(7.,3)
-t T -re - | 2 CB33) xC(7,2)
n! N — . Therequi i :
_ + ——e equired no. of committees
-0t (-1 (-r+1)- (-0l I - CB, 1) xC(7,4) + C(3,2) x C(7,3) + C(3,3)x C(7, 2)
3 7 3 3

) (n+1)-n! An

(M-r+1)-(n-r)!-r(r-1)
n+1)!

e i s

75. 2073 Set C Q.No. 53
ok o

There are ten electric bulbs in the 5%
shop out of which four are defective®: "l
™Many ways can a selection of 6 bulbs P¢ ™"
that 4 of them may be good bulbs?

Here, number of bulbs =10

number of defective bulb$ =% _¢
o number of good bulbs = 10- o)
Ihe selection of bulbs can be made Y

Lood bulbs (6)
)

Defective bulbs 4)

\Group A contains 6
Wways can an i

n 7 ol
" —selecting at least two questions from each group.

n! n-r+l+r
_(n-r)!(r-l)![r(n—r+l)] . 2076 St A Q.No. 59

aper

[ i p: isting of 10
questions, is divided into two groups A and B.

questions. In how many

14
Total no, of questions = 10
No. of questions in group A=6
No. of questions in groupB=10-6=4

The se
canbe made as follows:

lection of questions from two groups

Group A 6) | Group B@) |
5 2 I
4 3
3 4

Selection |
°Cs x 1Ca
oCy X 4Gy
5Cy x 1Cy

[79. 2075 Set C Q.No. [Z]

IfC(n,r-1)=36,Cn,r)=84and C(n, r +1) =
126, find the value of r and n. [4

or,

-+ 1) (-1)
m-r+Dir-1)
or, (n-n'r!
n-r+1). (n-n!(r-1)!
(m-ntr (-1 -
n-r+1 7
or, T =3
or, 3n-3r+3=7r
or, 3n-10r=-3 ... (iv)
Again, dividing equation (iii) by (ii)
Cnr+1) 126
Cln,r) ~ 84
n!
ooy
n!
(n-n)'r!
(n-ntr!
(m-r-1)! (r+1)
m-n.(m-r-Niv!
(m-r-1i@E+1).1
n-r 3
on T¥1T2
or, 2n-2r=3r+3
or, 2n-5r=3 —.(v)
Multiplying (v) by 2 and subtracting from (iv)
3n-10r=-3
'4n; 10r = _6

L
Ew\l

N
3

or, =

3
2

3
2

or,

3
2

-n=-9
n=9
Putting the value of n in equation (v), we get,
2x9-5r=3
or, 18-3=5r
or, r=3
or=3,n=9

5



UNIT

pinoMIAL THEOREy,

A. BINOMIAL THEOREM

2 MARKS QUESTIONS]

. _2057QNo.1h of
Write the middle terms in the expansio o
(a+x)=whennisodd.

SOLUTION

When n is odd, ﬂxenumber(?fgrmsaﬁ;
expansion of (a + x)nisn+1 which is even-
there will be two middle terms namely
'n_;_l and &_;_1+ i

o+l =E'1+1
2 2

. 2058 Q.No. 1
Find the seventh term of (2x + y)2. 2]
Seventh term = t7 = ten = C(12, 6) (2x)126 y6

12
=oig 2 Xy =59136x6ys

p._2080QNo.1H
1\’ :
Find the coefficient of ¥5in (x + '2;) . 12

The general term in the expansion of

1y,
(X+21’) 15
1

trer =C(7, 1) 27 (Zx)

r

1 1 C(,
=C7,ny. .5 ='—(27—r),,7-z,

the coefficient of x5, we have

For
5=7-2,
= ) 7
1
- 24 _ L1
Coefﬁdentofxé— > _6!1!“5%

Find the ter::l independent of x in the e"l’amiq,

1 |
o(243) J
soLuTIoN] )

. Let tw1 be the term independent of x,
Then, |

1
1 -C(12,1) (@ (%

For the term independent of x, we have
24-3r=0
r=8
to is the term independent of x.
And, t =ts +1=C(12,8)
120 12x11x10x9x 8!

K 8!x4x3x2x1

=C(12, 1) xix

4!

E. 2062 Q.No. 1 H
If Co, Cy, Cy ..., Cn are the binomial coefficied
in the expansion of (1 + x)", show that:

|
Co+ Cp# Cy# ..o =201 li

We have, -
(1+x)0=Co+ Crx + Cax2 + ...+ Cax.fl) ‘
Putting x = -1 in (i), we get
(1-1)"=Co-Ci+Co-Cs+ Ca-Cst oo
or, 0=(C0+C2+C4+,‘,)-(C1+C3+C5+..-)
Co+ G+ Cy+...=Cr+ Cs+Cs e
Again putting x = 1 in (i), we get
C"’CNCHCMC«er.,.=(1+1Z"’ll

2.4

Co+Co+ Cyt .. =Crt G+ Cs+ .72
j/

. 2063 Q.No. 1

. il
Find the term independent of x in the expi®

of (ﬂ + l) "
x

foLuTo]

Please refer to 2061 Q.No. 1b

— 2064 Q.No. 1 b

Find the middle term in the expansion of

1 18
o+ ,) : 2]

—~

Here, the numbers of terms in the expansion
18
of (“%) is 18 + 1= 19 which is odd. So

there is only one middle term. The middle
term is given by tlzti‘1

18!

1 5
=ty+1=C(18,9) x12 (;) =3ror

BINOMIAL THEOREM  Unit2 53
Let t+1 be the term free from x in the

1\15
expansion of (x’ +;)
Then,

"~
ter =C(151) ()" () =

1
C(15, 1) 07 2
=C(15, r) x30-3r
For the term free from x, we have
30-3r=0
r=10
ti is the term free from x.

15!
And, th= tion = C(15, 10) =310 = 3003

E. 2065 Q.No 1 H

Find the term free from x in the expansion of
32 1\’
(5+3) g

Let tr be the general term.
Then,

32\ " £ 1\"
ta=C(9, 1) (—2‘) (5)

39-2r
=C(9, 1) 55 18

For the term free from x, we have
18-3r=0

r=6

t7 is the term free from x.

31z 9 1 7
and t7 = tesn = C(9, 6) 5% =361

“36l 6 T 18

[o._2066 C Q.No. 1 g

Find the middle term in the expansion of

("*%) ) 2

= Please refer to 2064 Q.No. 1b

10. 2067 Q.No. 1E

Find the middle term in the expansion of

118
(1+;) . 21

= _Please refer to 2064 Q.No. 1b

11. 2068 Q.No. 1g

Find the coefficient of x5 in the expansion of

(] ol

= Please refer to 2060 Q.No. 1b

(12. 2069 (Set A) Q.No. 14

Which term is free from x in the expansion of

1\
24 -
(x +,.) ? 2

(13. 2069 (Set A) Old Q.No. 1g

Find the coefficient of x5 in the expansion of

(’*%)7' 2]

= Please refer to 2060 Q.No. 1b

EA‘ 2070 (Old) Q.No. 24

Find the term independent of x in the expansion
1 2

of (xl + ;) 2]

= Please refer to 2061 Q.No. 1b

Es. 2071 SetC Q.No. 15

Find the term independent of x in the expansion

1 2
of (x2 - sz‘) s 2]
Let t be the term independent of x.

Themtw =C(12, 1) ()" ('ﬁ)
1

1

REUIS L Eanielie
-y L2

For the term independent of x, we have
24-4r=0,r=6
tr is the term independent of x

<C(126) 120 1 308
3 66 ‘3 283

16. 2071 Set D Q.No. 1 g

Find the coefficient of x in the expahsion of

(xz H;) @

and t7 = (-1)

We have the general term of (a + x)" is
tm =C,na""x

a?\*
The general term of (xI + ?) is

S o ot T T

|
|
|
|



thema
54 Asmita's NEB Solution of Besic MY

o (2
ter = C(5, 1) (%) (\:)

ar > v
=CE N =C(5,r)a" ¥

h
Suppose the coefficient of x occurs it e+

term. Then,

10-3r=1

r=3

t will contain the coefficient of X

5! 3
Coefficient of  =C(5, 3) =3, z12" =102
7. 2071 OlkdQ.No. 1 b

Find middle term or terms in the expansion

u,_) _ el

Hem,tbenumbeiofmsmthee’q)mmd
(ax*;) is 16 + 1 = 17 which is odd. So
there is only one middle term.

M\ddlelerm=n_!>‘1 =tsa
2

of

1\* 16
=16, 8) (ax)es (;) 28

8. 2072 Set C QMo
Find the coefficient of the term containing x? in
3 L]
the expansion of (%-Z) ) [2]
= Please refer to Model Set I, Q.No. 9

S. 2072 Q.No. 1
Find the middle term in the expansion of

1\
(3"
SEEGETY
Here, the number of terms in the expansion of

!
(=
middle term. It is given by ty Jie o

We have,
tre1 = C(n,r) amr xr

9
t0= boe 1 = C(18,9) x4 (—12;) 1 4

is 18 + 1 =195, there is only one

"
N9
= o

N
N

1
20. 2073 Set C Q.No. 1b y

Find middle term in the expansion  of

1\u
("' Jx’) ' 12

tics-H

Here, the 'y mber G SFens i the “Xpang
1 : = . 1
—) is 12+ 1 = 13 whic}, I8 o4

X= 1!‘)
there is only one middle term, The §
tem\lSZ“’e“b)’*llnle t. Mgy

We have,
tm =Clvnarx

'l 6
bt =ten =C(12, 6) x12:¢ ( 3

a2 (N L s
66\ 73) X2 "3

T 2074 Set B Q.No. 1

R
Find the coefficient of x¢ in the exPaHSlun

Let t- +1 be the general term in the exp

]
1y 1

3+=
of (¥+3

Then, tre1=C(n, 1) an-r .x*

=C(10, r) x30-3r, x-r

|
|
tr+1= C (10, 1) (x3)10-r (1;)r |
=C(10, r) x30-4r \

2n!
=t = C(2n, ) (1) 7 xm = T8 an
2n(2n—|)(2n -2)...6:54.3.2 ]
n'n' o
6-4-2){(2n-1).
n!'n!
32 (@n-1)..5-3 1) xn
nin!
.53 - 1)2" xn
n!n‘

——-‘——13 2o 200) (0

{2n (2n -2) . .53 1)

2. (n-1)

n(2n-1).

E‘. 2069 Q.No. 8 g

1If Co, Ci, Cz ..., Ca are the binomial coefficients
in the expansion of (1 + x)» then prove that:

2n!
CoCn+ C1Cra#.. +C“C°_nl nl 14
Here,
(1+x)=Co+ Cix+ Cax+ ...+ Coax™ + Coxn ... (i)
Also,
(1+x)n=Caxn+ Crax™1 + .+ Cix + G - (id)
Multiplying (i) and (ii),

1+ 220 =(CCn+ C1Cra + ... CiCo) xn + ... ... (i)
Since (iii) is an identity, the coefficient of any
power of x of the LHS should be equal to the
coefficient of the same power of x of the RH.S.
The coefficient of x" in the L.H.S of (i)

BINOMIAL THEOREM Unit 2

n-r+1

or, ' =2
o, n-r+1=2r
or 3r=n+1 . (iv)
Again dividing (iii) by (ii)

Cnr+ l).

C(n, 1) 330

n!

) ary 7
op, BorD rr )7

‘ n! 35

n-n'r!

(n-n'r 7
o o) 1) "5
in-r)‘n-r-ll'r! 7
(-r-1)@c+1)-1 5
n-r 7
o T+1T5
or, 5n-5r=7r+7
or, 5n-12r=7
or, 5n-4(3r)=7
or, Sn-4(n+1)=7 [using (iv)]

n=11

55

[s. 2066 Q.No. 8 g

If three consecutive coefficients in the expansion
of (1 + x)= be 165, 330 and 462, find n. 4]
= Please refer to 2061 Q.No. 8b

[27. 2065 01d (Set B) Q.No. lg

If: (1 + x)» = Co + Cax + Cax? + ... + Cox~. Prove that
CivCirCas . vCa =il o
(1+x)r=Co+ Cix+ Cax?+ ... + Car -..(i)

(x+1)r=Coxn + Cix™' + Cax™2+ .+ Gy ...(i1)

For the coefficient of x, we have | =C@n,n)=7T4 n'
6=30-4r Again, the coefficient of x» in the RH.S of (iii)
or, : gg 6 Cocn+ C1Cpa +...Ca Gy
or, !
r=6 | CoCri+ CiCaa + .. +C“Cn-n2,“n,
t7 contains the coefficient of x5. 25. 2061 Q.No 83
And, the coefficient of x6 — . . .
100 10 % 9 x 8 x 7x 6l If the three consecutive coefficients in the
=C(10,6) = - = 1 P of (1 + x)» be 165 330, 462,
(10.6) =G5 -6)761 = ax3x2x1%6 i I
=210

E- 2076 Set A Q.No. 10| J

Find the coefficient of x in the expansion

-4 5, i
(=+5)

= Please refer to 2071 Set D Q. No. 1b

Fmd the middle term in the E"Pa“'ml:‘l
(14 x1, where n js positive integer.

wd
Here the number of terms in the expat®’
a+ )™ is 2n + 1 which is odd. 5
only one middle term. It is given by nT""

Let C(n, r -1), C(n, 1) and C(n, r + 1) be three
consecutive coefficients in the expansion of
(1 + x)n. By given,

Cn,r-1)=165 ()
C(n, r) =330 L.(id)
Cln, r+1) =462 <. (i)
Dlvidmg (ii) by (i)

C(n, r) \"AU
Clnr-1) 165

n!
- )=y
or, Qo D e-
(-t
. m-r+y n-n! (- 1)
m=-n)le(r-1y

=2

=2

=2

Multiplying (i) and (ii),

1+ =(CR+C2+C2+ . .CHx+ .. .. (iid)
Since (iii) is an identity, the coefficient of any
power of x of the LHS should be equal to the
coefficient of the same power of x of the RHS.
The coefficient of x» in the LHS of (iii)

n!  2n!
=C@ ) =3 =y
And, the coefficient of x* in the RHS of (iii)
C+CR+CA+ .+ Ca
2n!

Co+ C+ Ca+ . oy

A Ca=Ts

[28. 2070 Supp. Q.No. § y

If the coefficient of x in the expansion of
5
(x“'%) is 270, find k. 41

The general term in the expansion of

(.\'2 + %) is
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56 Asmita's NEB Solution of Basic

AT A0
ta = C6, 1) (6 3) -cee
For the coefficient of X/

10-3r=1
r=3 B
Coefficient of x = C(5.3) K
By question, coefficient of ¥ = 270
C(,3) k' =270

we must have

5 o0
or, K'5rg =

or, K¥=27
~ k=3
Define the general
expansion of (x * a)
(1 + x)= prove that the sum
evmtemsisequalmﬂnesnmoftheco
ofoddtexmsandeachisequaltoZ"'-
Genexaltetm:The(r*»l)"'termiﬂﬁ‘e
expansion of (a + x)nis called the general term.
Itis denoted by t1. itis given by
ti=C(m 1)~ 1"
Next part
Please refer to 2062 Q.No. 1b

EO. 2071 Supp. Q.No. SH
If the three successive coefficient in the expansion
of (1+x)= are 28, 56 and 70, find n. 4
SOLUTION] .
If tren, tezand trs be three consecutive terms in
the expansion of (1 + x)", then their respective
coefficients are C(nr), C(nr+l), c(n, 1+2)
respectively. By given,
C(nr)=28 ]
Cnr+1)=5  ..(i)
Clnr+2)=70  ...(ii)
Dividing (ii) by (i), we have
Cnr+ 1) 56
C(nr) 28
P R
m-r-1)!(r+1)
or n! =2
(n-n)tr!
n-r1)'r
oL -1y (e 1) 2
m-r)-(n-r-1)!r!
O (n-r-1)(r+1)- o
n-r
or, Ty1° 2

term of the binomial
In the expansion of
of the coeficients of
efficients

2

o, n-r=2r+2
or, n-3r=2 -(iv)

Again, dividing (iif) by (ii), we get
" Cnr+2) 70

Clnr+1) 56

or, 4n-
oA o subtracting |
Multiplying (iv) by sublracting fomyy

Show that the mi
3.
(a+x=is n!

soLuTioN

n!

G2 5
—-2)1+2! 5
K“/ul!‘g"’_ 4

/

i 1)1(r+1)l
-t !5
2! 4

n
Oh(n

n-f-

“r-2)!
n-r-1 m-r=2! (r+1)!

_ 5
-2+ 2+ =1

n-r-1.2

Tr2 4
4r-4=5r+10

74 SetAQNo. b

c-(2n-1
5 20 xn,

ddle term in the expang

unq!

§

Here, the number of terms in the expansioy
(1+x>is 2n + 1, which is odd. So, ther

only one middle term, which is givenby |

—tz"-+1i.e.=tnn.

2
Middle term = tn+1= C(2n,n)x"
2n!
“(2n-n)'n! x
~{1.2:3-4---(2n-2) (2n-1).20}x"
= n!n!

n!'n!

=u.345 w(n-1)}27{1-2-3 gn-I).an‘

n!n!
[13.5--@n-1)}.20-n! x
- nin!

_1:3-5-(2n-1)
" n!

2nxn

EZ. 2076 Set B Q.No. Sg

If Cy, G, Cz ..., Cq are binomial ¢
the expansion of (1 + x)», prove that
7C2410Cs 4 ... + (3n +1)Ca = (3n + 227

|
135 (2n-1)}{2-4-6-(2n-2).2)

oefficient! .

nf n n n!
=243 {(—"_T,m’l‘(n_z)l 23 3y 3l et Moyl m}

(n-1) In(n-1)(n-2)
TR 31 + ~~""}

+ ,“+l}

2:\'+ 3n(1Co+ " 1Ci+ " 1Ca .+ 7-1Cq-1)
+3n(1+ 1)n-?

2n + 3n.2™

2.2n-143n.2™

(3n+2) on-1=RHS.

3. 2069 (Set B) Q.No. 9|

@A+ = Co+ Cix + Cax? + ... = Cox®, prove

= 2n+3{n*2n-

n-1 (n-1)(n-2)

2"+3n{1+_1'g_" 2

nonouonn

that: CoCa + CiCa-t+ v+ CaCom e P

= Please refer to 2059 Q.No. 8b

Show that the middle term in the expansion of
1\*, 135 2n-1

(x - ;) is ol (-2 6

Here, the number of terms in the expansion of

1 2n
x-3 is 2n + 1 which is odd. So there is

only one middle term. The middle term is
given by,
tn

+1

2

=t = C(2n, n) (x)2-n (%)n
!

= Iy CEn ) = (P
=(_1)n2n-(2n-1)-(2n-2) ...... 6-5-4-3-2-1
n!n!

_E){en(@n-2) . 642} {2n-1)..5-3- 1)}
n!n!

_Er2n - (n-1)..3-2-1}{(2n-1)..5-3:1
nin! 3
_()r2ent@n-1)...5-3-1}

n!'n!
_1.3.5.@n-1)

(120

t _1:3.5..@2n-1)
n! (R

BINOMIAL THEOREM Unit 2 57
B6. 2072 Set D Q.No. 9
State Binomial th In the expansion of

(1 + %) prove that the sum of the coefficients of
the odd terms is equal to the sum of coefficients
of the even terms and each equals to 2" [6]
Bionomical Theorem
For any positive integer n,
(a+ x)p = C(n0)a~ + C(n,1) a~'x + C(n, 2) a™?
2+ .. Cnr)a~ x+..+C(nn)x
Next part: Please refer to 2062 Q.No. 1b

E7. 2072 Set E Q.No. g

If(1+xp=Co+ Cux +Cya2+ ...+ Cax prove
!
that: Co Ca+ €1 o + C2 a2+ . + Ca Co= iy
[6]

= Please refer to 2059 Q.No 8b
8. 2073 Set D Q.No.
If (1+x)p = Co + Cix + Co22 ... + Cax®, prove that:

2n!
CoCat+ C1Car#+ ... + CaCo =am! [61

= Please refer to 2059 Q.No. 8b

9. 2073 Supp Q.No.
Prove that C1-2C + 3C3- 4Cs + ...+ n(-1)~1Ca =0,
where Cy, Ci, ..., Cao are the binomial
coefficients. 61

LHS =C1-2C+3G- ...

.t (<1)»-1.nCa
o n n! n!
oy -2t 3mogya et

!
(S _::‘)! ™

_nm-! nn-1).(n-2)!

ST " F @e22r

3 nn-1) -2(n-3)!
. (n-3)L.3.2t

nn-1 nn-1)(n-2)
=n-—(Tl+ 2 -+ (-1)'n

-t ((1)n

= n{1 -1"1;!11+£“—'1)2-}“;21- ot (-1)-4}

= nC- 10)-Cn- L) +Ca- 1) - + (-1 Cn- Ln -1}
= “(1 - 1):\-!

[ nisreplaced byn-1&x=-1in (1 +x)")]
=nx0=0=RH.S proved.

35. 2070 Set D Q.No. ﬂ

I (1 + )0 = Cp+ Cix + Caa? + ... + Cax®, prove

|
! lhal:CoC..+C1C..-|+...+C.,Cu=‘2£l‘ [6
(n!)?

M 6C“ = Please refer to 2059 Q.No. 8b

LHS

Co+4Ci+7C, +10Cs + ... + (3“4,1)0'*'
Cot (C143Cy) + (Ca+ 6C2) * (O +956)
(3nC..+C")

(Co+CraCytCys .., +Co* 0O
9Cs+ ... +3nC,)

24 3(Cy + 2C, + 3C3 + ... + nCo)
[ Co+Crt Gt

1
;04

0. 2074 Supp Q.No.

If (1 + x)n = Co+ Cix + C2x¢ + ... + Cox", prove that

Q26 3G, nG_n@mt)
Grtartatten s 2 6]
SOLUTION

LHS.

G20 3G, ,nG
Totata M



58 Asmita’s NEB ion of Basic M: tics-|l
n! n! n!
-1 n-2'2 (n-3)3

= & ;).1 *2. n!) 3.7

@-) (@-2r2
n!
n-n)!n!
*n. n!
m-n+1)!@-1)
_n ‘n 1[' (n- 2)’ n!n 1)!
G AR RO

-1 * @-2! (n-3)!
n+m-1)+@n-2)+...+1
sum of 1% n natural numbers

nm-1)! (n-1)n- z)gLn_l)J“_ﬂl __}“_!

Adding, we get
1 .2_+—+
e+q =2+2|_ 4

=2(1+1 I )

1 1 1.1 1
5(94,;)—_-‘1+2! 31 e + ...

= E%E RHS.
B. EXPONENTIAL AND LOGARITHMIC
SERIES
1 1
vaethal:log.z=12 34*56* 2]
Wehave
3 X ox
loge (1+x)= -3 ;-4 M I I
Puttingx=1, wehave
111,11
loge(1+1) =1- 2*3-3%5-5"*
1),/ 1
log2 373 +(5'6 * ...

1 1
1.2 34*56*

= Please refer to 2059 Q.No. 3a

Prove that log. 2=

12]

faa. mgsusmuo. )

Prove that log.2 =—— 1

1
12 *34 ‘56t
= Please refer to 2059 Q.No. 3a

12]

la4. 2089 OId (Set B) Q.No. Sa

Find the value of % (e +e).

x
Wehaveer =1+

+

Putting x =1 and -1 we have
1 1 L1
3I tat

I
ande? =1-37+3/-37 +31-

e —1+

X
1 AT 3' at

12}

2070 Set C Q.No. 1

1/ .1 1,11
Shnwthati(e*‘;) =l+ityte *

x 20 £+
Wehaveer=1+J7+51+31 * 1

Putting x =1and —1 we have

12

== *7a +E
1 1.3 1.5 1
=ﬁ*i’!*3!*3!“5g*5.+.
1 1 1
=1+77+ 2l 5, ... =e=RHS,
0. 2072 SetEQ.No.1
' 2 4.6,
how that: [T +3{* 5+ too=e. .
« Please refer to 2072 Set D Q.No. 1b
1. 2073 Set D Q.No. 1b
4 6
Show that Ty + 37+ 51+ e tow=e 2l

« Please refer to 2072 Set D Q.No. 1b

Ez_ 2073 Supp Q.No. 1§
2

BINOMIAL THEOREM iy,

111,11
& el=l-Tit -3t a5t

Subtracting (i) from (i)

i=ofi, 1,1
MR CTAETASTASEE

1(,1\_,,1,1
01',2 e—e)=1+3!+§+,_‘

. (i)

59

5. 2075 Set B Q.No. 18

x x2 x3 x4
y=1-2 +35 + %
2
showlhalx=y+y2~+§-’+{—‘+

Given,
X ¥ X
Yer-ata-gt
X, 8 3 x
T TR TR TR
Addingltobothsid&s,
xz x x‘
ta-art

or, -y=

1-y= 1-
or,1-y=ex
or, -x = loge (1 y)
3
or,-x=-y- %
Y_ L2
"3

Xy* +

r_
4
¥,
4"

x2 x3 2 3
1 1 1 fy=x-2+3 - showthatx=y+L*L+2! 3t 2]
¢ 1 RoruToN
1 1 1 1 - - 24=
ande =1-37+5-3 *37- Here,y-x—231+3xl—‘..
Adding, we get or, y =loge(l1+x)
1 2, 2(1+1 rE ) o T -
+= —2+ ho) = T
ete 2! 20 4! or, 1+x=1+%+%+§+
1 1 1.1 .1 X=y+o+a+
Sle+g) =14ttt EYrata
2070 Set D Q.No. 18 3. 2074 Set A Q.No. 1§ zo14s.mor::-> 1
1. 1 Ify1+ +73 ++..., show that:
Showthatlog.z-lz 3456t 2l 374
2 3
= Please refer to 2059 Q.No. 3a "=Y'Y2‘-+yﬁ'i‘:" 2
E1. 2070 Supp. Q.No. 1 g
1 1 1 1
Prove that T3+ 5=+ 37 v29-=2(1-In2) [2] Here, y = x+ 523+x€3+x;*+
= Please refer to Model Set I, Q.No. 1b K x x!
f48._2071 Supp. Q.No. 19 o Y= -x-F-F -7
2 3 or, -y = log. (1 - x)
x=y-% +5 - Ee L chow that o 0B
x2 x3 x Ly vy
VAL AETRETRbTRY 2 or, 1~x—]-‘1 +)2—!_y§+§-“,
o x= L L0
2 3 ye 2‘_3'+4!_'“
Given, x = y- yz—+%—%+... _ Yy ¥
‘ B ‘)’-'2‘."3.-4,*'..
or, x=log.(1+ y) > : !
on l+y=e 4. 2074 Supp Q.No. 1
xz r‘ x
1+
or, y= l+ ACTRETR TR vaethat:%(e_%) =1+-31—'+%+ [2]
x? A‘ )H
MR TRETIRSTE LoLuion|
k. 2072 SetDQNo 13 . We have
2, =1+3, 2.8 £ 2
Prove that 3 + 5, we 12l MRS TR TR e
Pulting y= 1 & x = —l, we get
2 4 6 es1yl, l LI S (i)
. 3 | TRRE
LHS = “13!05!+. u 317 415!

Es. 2075 Set C Q.No. 1§

1 1 1 1
Provethat: 33+ 72 +3 5+ 75 +..22(1- n2). [2]

= Please refer to Model Set I Q.No. 1b

4 MARKS QUESTIONS

7. 2057 Q.No. 8
Show that:

We have
EN ¥ FE X
Puttingx=1 and -1, we get
1 1 1 1 1 1
Aty tatet
1,111 1.1
andet =1-3+57-3* g -5t et

e =1+3}

Now,
2.2 2
e+e! = 2+i+'4—!+6!+
111
=2(1+i+ﬁ*a+...
+e! 1.1 1
S o= tptutEt

[l
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1 1, 1
- [ﬁ*m*“a-m*«-m“ ]

! -]
[(1 mre- 1)' [ 1)‘ *e- 1)‘

—[rl—),—‘-— ][ml‘lS' ]
1.1

=(1+%+%+,“)+(1+‘ﬁ+'2’!+..»)
]

5. 2075 Set AQ.No. 9

Sum to infinity the series: 1+ 37+ +31 te 6]

W term of given series
e -2+l =2 1 _
s =T = - 1) (- 1)
tn -1 (- 1N (-
2(n-1 1
“w-D- 2)I @-1f
_2
(n-2)! - 1)!
Putting n=1,2,3 ..., we get,

L
b=0+7f
1

[ =
=e+te=2e
@
Show that: z(n+1)‘ e-1 61
n=1
= Please refer to Model Set I, Q.No. 9
2073 Set C Q.No. S
l"lle
2l "4 "6 " e-1
Provetfnt.‘ 1 =e+1" [6)

1
ITRETRE TR
~= Please refer to 2057 Q.No. 8a

[r4. 2074 SetBQ.No. 9
6]

Let t~ be the n* term of given series.

n? n?
The“‘t"='1;=n.(ﬂ—l)!
n n-1+1 n-1 1
ool @-1 . @-1) T @-1)
n-1 1
e -2 @-1)
A1
“wm-2 -1y
Puttingn=1,2,3,4, ............. , we get,
1 1
t=0+30 [(—_1)'=0]
1 1
!z=a +i
1 1
ERETAST]
1 1
b=t
Adding all the terms, we get,

111 1111
(O+ ASTAETREURS )#(o TR T )

(edede ) (ohbd )

=e+e =2

2 1
AT
2 1
U=ty

Adciing"all the terms, we get,

2 2.2 1111
(ﬁ*i*i*'")* (ﬁ*l!*z! METRIRE
1 1 ‘ 1 1 1
2(1+ﬁ+z+.,.)+(l+ﬁ+ﬁ+§+...

2e+te
3e

EG. 2075 Set C Q.No. g

Write e~ in the series form. Using it show that
1.1.1

E!‘+E+a+... 1-et

T 1 i iél

.
5!
SOLUTION|

For all values of x, the series form of ex is
x2 x2
e=145] +57 +37+
Putting x =1 and -1, we get
1 '1 1 1 1 1

e =1+ 2, +—+5’
and
I U U U U U O
M TR TR TR TRl R T
Now,
2
e+e’ =2+5+%+-62-!+
1 1 1
=2(1+2'+4'+6' )
e+ el 1 1
2 =1+E+:ﬁ+a+
Also,

e-el 9'2-1»—
1

L l+l+
=2(l!+3, it

1.1
tatet

BINOMIAL THEOREM

_&_¢ [Dividing numerator
and denominator by e

]
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Ule
ELEMENTAR
GROUP TH

T Cayley's table

x |-1]0]1
R
1. 2069 (SetA) Q.No. 16 . 0o |0 O[O
LetS = (-1, 1) and * denote the us“é‘a;lgs‘“;"‘,:: 1 [1[0]0 |
multiplication. ‘:f?'?':o::i:z binary operation | From above Cayley's table, we see
S:osw that the multiplica ¥i] product of any two elements of S is
01 3

Please refer to Model Set 11, Q.No. 1¢
R. 2089 (Set B) QNo. 1 comal
If the binary operation * on Q, the set of rati
numbetsisdeﬁnedbya‘b=a+b+ahfm‘evety
a,b e Q show that * satisfies associative property-

2
Here,a‘b=a+b+abforeverya,b eQ
Leta, b,ceQ.
Now,

a*(b*c) =a'(b¢c¢bc)=a*(b+c+bc)+a(b+c+bc)
=a+b+c+bc+ab+ca+abe

And,

(a*b)*c =(a*b*a.b)“c=(a*b*ab)*c+(a+b+ab)c
=a+b+ab+c+ac+bc+abc
=a+b+c+ab+bc+ca+abe

a*(b*c) = (a*b)*cforalla, b,ce Q
This shows that * satisfies associative

onZ.

Now, 1*2= ‘\ﬁ [3

z

We have, m*n = \]mn formnez |
We have to show * is not a binary ope

For, takem=1,n=2.Clearly1,2¢Z

So, * is not a binary operation on Z.

EOR
R

exactly once in each column?
wiq FEATERTD

belong to S.So, x is a binary operation ong |
5. 2070 Supp. Q.No. 1c

Let m*n = mnfor m, n € Z. Verify o
OEeraﬁon * is not a binary operation onz,

= 1x7x=0
= =06

9. 2072 Set C Q.No. 1]

[fa*b=3a+2b for a, b e Z, the set of integers,
show that * is a binary operation on Z, 2]

If a and b are any two integers then 3a and 2b
are also integers and their sum 3a + 2b is
again an integer.

Thus, for all a, b € Z, a*b =3a + 2b € Z
uniquely.

Hence * is a binary operation on Z.

' Tho. 2072 Set D Q.No. 1¢|
In a Caley's table for a finite group, why does
each element occur exactly once in each row and

2]

Let ai, az, ..., an be the distinct element of a
finite group (G). If possible,

let a;* ajand a; * ax be the same in the Cayley's
table, then ai*aj= ai * ax

By left cancellation law, we have

a;= ax which is a contradiction as a; # ax.
Hence, in a Cayley's table for a finite group,
each element occurs exactly once in each row
and exactly once in each column.
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From table,
% (-1)=1
1x1=1
-1 and 1 are the inverses of -1 and 1
respectively.
hA. 2073 Set D Q.No. 1g
Let G = {0, 1, 2). Form a composition table for G
under addition modulo 3. Find the inverse
element of 2. 121

h5, 2073 Supp Q.No. 1d

Show that the set G = {-1, 1, -i, i}, the fourth roots
of unity satisfies the binary operation of
multiplication. [2]

Here, G=1{-1,1, -, 1}

Cayle's table

x [ a1 [ 1 i i

-1 | 1 | 4 i i

1 -1 [ i i

-i i | - -1 1
F -1

i

From above Cayley's table, we see that the
product of any two elements of G is unique
and belongs to G. So, x is a binary operation
on G.

11. 2072 Set E Q.No. 1
Test the commutative property for the operation *
definedbym*n=n,m,neZ 2]

E. 2071 Set C Q.No. 1 _c_l
Let G = {0, 1, 2}. Form a composition tablel
under the multiplication modulo 3. Find‘

idenﬁE element of 2.

Composition table

property. modulo 3
B. 2070 SetC Q.No.1¢] x3{0|1}]2
Let G = {0, 1, 2}. Form a composition table for G 0 Jojofo
under addition modulo 3. Find the identity 1 J0f1]2
element of 1. 2 2 1ol 21

Here, G=1{0,1,2}
Composition table for G under addition

modulo 3
+ | 0[1]2
0 Jo0j1(2
1 11210
2 §210]1

From above table, 1 +50=0+,1=1

0is the identity element of 1.
4. 2070 Set D Q.No.1¢
Show that the multiplication is a binaj :
on the set S=(-1,0,1) Y Operation
12)
Given, S={-1,0,1)

A +1=6inZy
2 2xx44)=6

= 2x%x=5

= @x2) =6

= 4% (2% x) =4 %5

Here,2x31=1%x32=2
. Vistheidentity elementof2__— [0 [0 010
Show that the multiplication
on the set S = (-1,0,1}

soLUTION] - 1c
Please refer to 2070 Set D QN
8. 2071 Supp. Q.No. 1¢]

If Eossible, solve 2x +1=6inZ7

Given,2x+1=6

is a binary

= 2xXpx4gl+6=6+70

op!

| Foranym,neZ

m*n=n

n*m=m

So,m*n#n*m

Hence, * is not commutative.

for G under m“lﬁpl“" 22072 Supp Q.No. 19

Let G = {0, 1, 2). Form a composition table for G
| under multiplication modulo 3. Find the inverse
element of 2. 2]

Here, G=(0,1, 2}
Composition table for G under x3
x3 0 1 2|

1 0 1 2

2 o 2 1
From above Cayley's table, 1 is the identity
element.
Here, 2x2=1

S0, 2 is the inverse element of 2.
13. 2073 Set C Q.No. 1¢|
Find the inverses of the elements of G = -L1]
under multiplications, if exist. 121

Cayley's table

| ]

Clearly, 1 is the identity element.

[16. 2074 Set A Q.No. 1d

Let asb = a - b on Z. Show that "+" is not an
iative binary i 2]

} :

Here,
atb=a-beZforalla beZ
So, * is a binary operation on Z.
Again, leta,b,c e Z.
Thena*(b*c) =a* (b-c)=a-(b-c)=a-b+c
And, (a*b)* c = (a*b) -c=(a-b)-c=a-b-c
ax(bxc) # (avb)sc for somea, b, c € Z.
i.e. *is notassociative
Hence, * is not an associative binary operation.
Prepare Cayley's table for the set S ={0,, 2} under
the operation multiplication modulo 3. 121

Here, G=1{0,1, 2]
Composition table for G under X3

x 0 1 2
0 0 0 0
1 0 1 2
2 0 2 1

[18. 2074 Supp Q.No. 1d

If the binary operation * on Z, the set of integers is
defined bym‘n=m+n+1forevexym,nez,
show that * satisfies associative property. 21
Given, m* n=
Letm,n,peZ
m*(n*p) =m*mEp 1)
=m+@ntprl)+l
sm+n+pt+2

m+n+1forallmneZ
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Asmita's NEB Solution of

1)'P
& (m* ) * =(m+nt
(m*n) E(m«»(n*l)‘i‘*
=m+n+pt npe
m‘(n‘p)‘(“"“)'uf':“:,u»:“r‘;\' onZ.
* satisfies the associativ
lfaandbaretheelﬂme'“so“gwp
p=at

a*b=e¢, prove that , 6a (ii
- Pleass refer to 2070 SUpp: Qao
20. 2075 Set B QNo. 16 @

Solve 3x + 6=5,inZ

G, ") and if
C

Here,
3x+6=5inZ-
= 3x-x+:6=5
= 3xex+-641=5+1
= 3x:x=6
= 5x;@3xx)=5x6
= (Bx:3)xx=2
= 1x:x=2
= x=2

21 2075 Set CQ.No. id

Prove that maltiplicaion on the set Z ey
o - . 3 jon .
negative integers is not a binary opera @

UTION
Let Z- be the set of all negative integers.
Consider -1, -2 € Z-
Then, (-1). (-2)=2€ Z-
So, m(u.lt)lp(hcauon on Z- is not a binary
operation on Z-.
Define group. Let G = (1, -1, i, - i} where i is an
imaginary unit and * stands for the binary
peration of multipli Show that (G, %)
i ™ Z

Group: Let G be a non empty set and * is an
operation defined on G. Then, (G, *) is said to
be a group if * satisfies the following axioms.
1. Closure axiom: G is closed under the
operation *.
ie.a*beGforalla,be G
2. Associative axiom
a” (b"c) = (a*b)*cforalla, b,c, e G
3. Identity axiom: For all a € G there exists an
element ee G such that
a’e=e*a=a
The element e is called the identity elemeny
4. Inverse axiom: Each element of G

1_(_1»1) -l'(‘i)-'i

b ) rim=-1ri=—i

is result is true for every elemey,
. I};sodauvity is satisfied. ofg
c) Here,
nr1=1" (-1)=-1
jr1=1ti=i
Lit1=1* ()=
. 1is the identity element.
g 101=1 |

C, RER N n

1o1=1 iv.

Identity axiom
Here, (-1)x1=1x(-1)=-1
1x1=1
1 is the identity element,
Inverse axiom:
(1) x (1) =1
and1x1=1
So, -1 and 1 are the inverse elements of -1 and
1 respectively.
From (i) - (iv), we conclude that T is a group
under multiplication.
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So every element of Z possesses an inverse.
From (i) - (iv), Zis a group under addition.

28. 2070 Set D Q.No. 5 b O
1f a and b are the elements of a group (G, 0) prove

that the equation a 0 x = b has a unique solution
in (G, 0). [

Since a belongs to group G, so a' € G such
thataga’ = a-la = ¢
Now, ax = b

)t (D=1

L s
& ([)ri=-ir=1 ) i
. 1,-1,-iand iare the inverse elemeng 0[‘\ i

i and i respectively.

3. 2069 (Set A) Q.No. b o|

If aand b are the elements of a group G h‘
that (ao b)1=bloa?

Hence blpa-1 is the inverse of ab.
(aab)-l = b~'loa4

LetGbeagroupanda,be (G,0). | or,
Now, (asb)o (b"0a”") ‘
=(@@b)aboa - (by associativity) | or
- (@@bhat  (by associativity)

= (ase)oa! (as bob-1 =¢) |
=aa?  (aseis the identity element) i

=e

Similarly, (b-%a-") o (acb) = e or,
(asb) o (b0 ) = (b-'oa")o(ach) = e or,

g& 2070 Set C Q.No. 6 b Of

a, b, c are the elements of a group (G,0)

ifaob=aocprovethatb=c.
ifboa=coaprovethatb=c 14

Sine a € G, has the inverse a-! such that
aoa'=aloa=e

Wehave, aob=aoc -..(0)
Operating both sides of (i) by a7 on the left,
we have

alo(aob)=alo(aoq)

(a'oa)ob=(aloa)oc (by
associativity)
eob=eoc (asaloa=¢)

b=c (as e is the identity element.)
Again, wehaveboa=coa -..(id)
Operating both sides of (ii) by a! on the right,
we have

(boa)oa'=(coa)oa’
bo(@oal)=co(aoal)(by assodiativity)
boe=coe (asaoal=e)

b=c as e is the identity element

E7. 2070 Set D Q.No. 5 b

f24. 2069 (Set B) Q.No. 5]
Given the algebraic structure (G, ')2
G = {1, 0, ®? where @ represents the imj
cube root of unity and * stands for the
peration of multiplication, show that (/] i.
up. . ‘

Please refer to Model Set I, QNo.5b__ ii.
25. 2070 Set C Q.No. 5 b d
Show that the set T = (-1, 1) forms a groW}
multiilication operation.

Here, T = {-1,1}
Closure axiom;
(Dx(-1)=1eT
(N)x1=-1eT
Ix(-l)y=a1eT iv
Ixl=1eT -
Hence T is closed under multiplicat’
Associative axiom:
Here, -1,1,1eT

“1x(1x1) = -1x1 = -1
and(-1x1) x] = -1x1 = -1
S =% (Ix) = (<1x1) X1 ;
This result i(s tru)e f(()r all t):leme“” off

ii.

. : Possesses
inverse ie. for all a € G, there exists b ¢ G
such thata*b = b*a=e,

The element b is called the inverse of 5, We
write b=a-1,

Next part:

Here, G = (1, -1,i, - i)

a) Since the product of any two elements of i
also an element of G, so G is closed under x 5

Associativity is satisfied.

or,

Le,

Show that the set of integers Z forms a group
under the operation of addition.

4
N

We know,
Z={... ,=3,-2,-1,0,1,2,3, ... }
Closure axiom: Since the addition of two
integers is again an integer, so Z is closed
under addition.
Associative axiom
Leta,b,cez
Now,a+ (b+c)=a+b+c
and(@a+b)+c=a+b+c
at(b+c)=(a+b)+cforallabceZ
Hence, associativity is satisfied.
Identity axiom: Let a e Z. Also let e be the
identity element of a, Then,
ate=a
= e=0e2Z
Uis the identity element.
Inverse axiom: Let a e Z. Also let b be the
inverse element of a.
Then,
atbs=e
atb=0 (. e=0)
b=_a

~ais the inverse element of a.

Operating both sides by a1 on the left
ay (agx) = alob

(a0 a)ox = aTyb (by assodavity)

eox = alyb (asa'a=e)

x=ahb (aseisthe identity element)

This is the required solution.

To show the uniqueness of the solution,

let x1 and x; be the solutions, then

a1 =band aur;=b

aoX1 = aox2

a0 (aox1) = a o (anxz)

(@ 0a) o1 = (a pa) oxz (by assodiativity)

ea=emz(asaloa=e)

xn=x (as e is the identity element)

So, the solution is unique.

[IaRT)

syl

Ifamdbmtheelemmhofayvnp(c,‘)such
that
L a*b=b,provethata=e
i athe —a
e,pmvethztb a [4]
i SincebisingroupG, bt eG.

We have,

a*b=b

= (a*b)* b1 =b*bt

= a* (b*b)) = b*b-!(by assodiativity)

= a%e=e (asb*bi=¢)

=

a=e (aseis theidentity element)
ii. Since a belongs to group G, a! € G.

We have,

a‘b=e

= a'™(@b)=a'e

= (a™a)*b = a"e(by associativity)

= e'b=al'e (asaa=e)

= b=a! (aseis the identity element)
Let G=1{0,1,2 3,4} Construct cayley's table for G
under the multiplication modulo 5. Find the
inverse of each element of G. [4]

We have, G={0,1,2,3,4).

Cayley's table for G under x5

X |0 [1]2[3]4
0O jJojojojojo
1 Joj1]2(3 ][4
2 J0j2]4(1]3
3103142
4 10]4(3]2]1




< Mathematics

dentity

68 Asmita’s NEB Solution of Basl

From above table, we sce that 1is the |
element.
The inverse of 0 does not exist.
From table,
1x51=1
2x53=1
3x32=1
4x54=1
1,3, 2 and 4 are inverse elements
4 respectively.
v
Given the algebraic structure G “:‘:‘;
G = (1, 0, 0% where © IEpresebnts lheoc:be ro0!
unity and * stands for the binary
Ordglary multiplication of complex numbe[l:i
show that (G,”) is a group.
SOLUTION]
refer to Model Set I, Q.No. 5b

[32. 2071 SetCQ.No. 5 b O!

If a, b, ¢, are the elements of a group (G, "), prove
that
a*b=a*cmb=candb*a=c*a=b=c [
ea € G, has the inverse a-1 such that a*a’=a%*a=e
Wehave, a*b=a"c...[)
Operating both sides of (i) by a? on the left,
we have
27 *(a*b)=a'*(a"¢)
or, (a7*a)* b= (a7 "a)"c (by associativity)
or, eb=e’c (asa™a=¢e)
b=c (as e is the identity element)
Again, we have b%a = c*a ..(i)
Operating both sides of (ii) by a-! on the right,
we have
(b*a)*a’ =(c'a)*a’
or, b* (a*al) =c* (a*2)
or, b'e=c*e (asa*a’=¢)
~._b=c(as eis the identity element)
pp3. 2071 SetDQ.No. 6 |

A binary operation * defined on the set § = {a, b, ¢}

ofl,23m‘d

(by associativity)

isp d in the following Cayley's table.
*la|blc
ajla|b|c
b(blcla
cleclalb
Show that: (S, ¥) forms a group, 1
SOLUTION|

Please refer to Model Set I, Q.No, 5b

Let a, b, ¢ be the elements of a group (G, ¥)
i. Ifa*b=b,provethata=e
ii. If a*b =e, prove that: b =a-

14)
Please refer to 2070 Supp Q).No, 6a
5. 2071 Supp. Q.No, 62
Define group. Verify that (2= :

meZis
with respect to multiplication, Jisa Broup

14]

rt
;I:txél?&"‘ ime z[), e
erty: Let2m, 20 e G,

B Cl‘os;:l: g.:?'? eﬂGyfor almnez Then
?—'l‘c;\ce, G is closed under mu]ﬁp‘kaﬁm ‘

i+ Associative property: Let2m, 2n, o0 q 1

* Then, 2°* (- 20) = 2m 2mp = Qmnep |

and (2™ 20) - 2P =gmén QP = Qmimip

2""'(2"'2r)=(2""2“): 2? for all m,

S0, associativity is sa tisfied,

Existence of identity: Let 2m ¢ G,

isOe Z such that2° € G.

Now, 2m - 20=2m0= 2m

and 20+ 2m =20m =2"

20is the identity elementin G.

iv. Existence of inverse: Let 2meG, Simemq
_m e Z such that 2-meZ.
Now,2n-2m=27m =2 (identity cleyy
Hence, 2™ is the inverse of 2m,
From (i) - (iv) we conclude that G is 5
under multiplication.

Npgy

=

Then Iy

&

First Part: Please refer to 2069 Sey QNo, 5p

EG. 2072 Set C Q.No. Sg i

Show that the set of all vectors in space u
addition is a group.
Let V be the set of all vectors in space. Also,
operation of addition of vectors be denotedbyw

(i) Closure property: Let U = (u, uz, us)and
¥ = (v1, v2, v3) be any two vectors in V.
Now, U+ V = (wm+ vy, uz+ vz, us+v) el

U+veVforallu,vev

Hence V is closed under addition.
(ii) Associative property: Let u= (w, wy ),
V=(vi, v v3) and w = (w1, wa, w3) be any three Vel

inV.
Now,
u+ (;';) (wn, ug, wa)+ ((va, va, va) + (Wi, W2 wi)
(u1, uz, wa)+ (Vi +wr, v2+ Wy Vot W
(W +vi+wn, uz+ V2 + W, WA ”‘”),l
(1 + vi) + wn, (ua + va) + wa, (8 9
wo W

+ + +v3) + (W
(W1 + vi, uz + v, us + v3) + ( it |

(1, uz, u3) + (v1, v, va)) + ({43

S(U+V)+w il
U A O
UH(Vew)=(u+v)+wlorallu V¥
Hence, associativity is satisfied.

wonowowonon

- - v
(iii) Existence of element: Let U = (uw, Uz w) €

i Nl — g
Is:a vector 0= (0, 0, 0) in V such that ¥ +0

) +(0,0,0) = (u, uz us) = u

Similarly, 0 + § = 4

(iv) Thus, G € V is the identity element.

B U
let ¥ = inverse ?

Uiz us) e V, Let v be the
U*;wo

O (W, w2, w3) 4 F= (0, 0, 0)

v =-(u,uyuw) =-ueViorallu eV,
S0, each elements of v possesses an inverse,
Hence (V, +) Is a group.

37. 2072 8ot C Q.No. 5b OR}

If a, b € (G, 0) where G is a group, prove
i) (aob) = bloat (i) @7)'=a @

Let G bea groupand a, b e (G, 0)

i, (aob)o (b-Yoat) = ((aob)ob-")o a-t (by associativity)
= (a0 (bob")oa!  (by associativity)
= (ave)oa-! (as bob-1 =€)
=aca’!

(as e is the identity element)
=e
Similarly, (b-0a") 0 (20b) = e
(aob) o (b-"a"") = (b-'oa-")o(acb) = e
Hence b-lpa-! is the inverse of agb.
s (aob)1=Dbea?!
ii. Wehave,aloa=e
Operating both sides on left by (a-")-1, we get
@hto(@loa)=(a")"oe
or ((a?)t'oa)oa= (@)’
or, ega=(a’l)?
oo a=(a)?

2

(by associative law)

Existence of inverse element: 41

Ea. 2072 Set D Q.No. 53

. Let (G, *) be a group. If a, b € G, then prove that
. (i) @*b)* = b *aland (ii) (@)1 =a 0]

= Please refer to 2072 'C' Q.No. 5b
39. 2072 Set D Q.No. 5a OR]

Define a group. Let a, b, ¢ and x be elements of a
group G. Solve the following for x: x2 = a2and
B=e 7]
First Part: Please refer to 2069 Set A Q.No. 5b
Next Part
Given equations are:
x2=a? ()
and ¥’ =e ... (i)
Let " be the binary operation on G. From (i),
X¥=e
or, x:(x?-x2)=e
or, x-(a2-a)=e [using (i)]
or, x-al=e .. (i)
Sinceae G,a-a-a-a=a'e G.SinceGisa
group, each element possesses an inverse, so
()" € G such that (a‘) - (a)! = e. Operating
both sides of (iii) by (a')! on right.
(x-al) @)r=c @)
or, x- (a* . (al)-l) = (m)-l
or, x.-e=a+4
L X=a+

(by associativity law)

ELEMENTARY GROUP THEORY Unit3 69

We know that an element a in a group (G, 0)
has an inverse a-? such thataoa' =a'oa=e
where e is the identity of element of G.
If possible, let a' be another inverse of a.
Then,apa'=asa=e
Now,
a' =a'ge (aseis the identity element)

=a'y (aoa’l) (ase=anal)

=(a'0a)oa’ (by associativity)
=eoa'l (asa’'va=e)
=a' (aseis the identity element)
a =al
This shows that the inverse elements is
unique.
2. 2072 Supp Q.No.

Given that the algebraic structures (G, *) with
G = {1, o, ©*) where o represents an imaginary
cube root of unity and * stands for the binary
operation of multiplication, show that (G, *) is a
group. [
~_Please refer to Model Set 11, Q.No. 5b
Define Abelian group. Prove that a group G is
Abelian if and only if (a 0 by! = a o0 b for all a,
beG. 41
Abelian Group: A group (G, 0) is said to be
an abelian group if apb = bea foralla, b € G.
Second part:
Suppose (G, 0) is abelian.
Then, asb = boa, forall a, b « G.
Now, (asb)? = (bea) (" ab = bea)
=algb! [ (wy)? = ylox? for
all x, y in a group G]
(aob)! = a-lob-?
Conversely, suppose that (aob) = a-lob-!
or, bla!=ab!
or, bo(b-la) ob = bu (atob-1)ob
or, (bob-!) o (a-eb) = (bea-)o(blob) (Associativity)
or, eo(alb) = (bva-'e  (Existence of inverse)
or, a~ob = bva! (Existence of identity)
or, ap (a'ob)ea = ao(boa-')ea
or, (aca)o(bea) = (aub)e (ava) (Associativity)
or, ev(bva) = (acb)oe (Existence of inverse)
or, boa = aeb for all a, b € G(Existence of identity)
> Gis abelian.

l44. 2073 Set € Q.No. 5b OR

(as e is the identity el t)

EO. 2072 Set E Q.No. 59
Show that the set T = |-1, 1} forms a group under
multiplication operation. 1l
= Please refer to 2070 Set C Q.No. 5b

{1. 2072 Set E Q.No. 6b OR|

Prove that every element in a group (G, ©) has
unique inverse. “

Show that the set of all positive rational numbers
b

under the composition defined by asb = %‘ forms

a group. 4

Let Q* denote the set of all positive rational
numbers, Here, the operation * on Q* is

' ipa
definedbya*b="7



70

i Closure property: Since a, b €

Asmita's NEB Solution of

% € Q". Hence, Q" is closed under *

ii. Associativity: Supposea, b € € Q-

Thena* (b*o)=a*F =

ab

and (@*b)*c =73 "

]

a‘(b‘c\=(a‘b\'cmralla bceld
assoqiativity is satisfied.
iii. ldentity element: Let ¢

element If e € Q°, then

a‘e=a

=
or, 3 =

= e=5

5 is the identity element.

iv.
ofa.lfa e Q"
thena*a =e=

25
>y is the inverse element of a.

Inverse element: Let a' be an inverse

5

Hence, from (i) - (v), (Q°, *) is a group.
- Here, G=1{0,1,2}
Composition table for G under +3

+3 0 1 | 2
0 0 1 2
1 1 2 0
2 2 0 | 1

Basic "“MMI

Q' s0at

deel

b=

Q*. So,

be an identity

element

From above table, 0 1s the 1dentity element.
Here,2+:1=1+:2=0
1 1s the inverse element of 2.

EA 2073 Set DO.No.E

Given the algebraic structure

G

with

Gf‘l, ©, 0% where © represents the cube roots of
unity and * stand for the binary operation of
di iplication of pl "

4 P
show that (G, *)is a

(aobjo(bloal) = ((aob) ob) oa-i(by associative
(ao(bob-1)) 0a! (by associative
(aoe) oa \(as bob =€)

= aoa’ (¢ is the identity element)

=e
Also,
(b'0a7) o (aob)

group.
= Please refer to Model Set 11, Q.No. 5b

6. 2073 Set D Q.No. 5b OR
lfa,beiG,o),ptwelhal(aohr‘=tr‘or‘.

(bloa-) oa) ob

=
=(b70(a0a)) ob
=

b oe)ob=biph =,

3

14

14)

law)
law)

poah) * ®roaHo (0ob) = o
(m‘l‘] ?i(-; the nverse of aob
N o 100 \,

1=b ————
L (aob) —
oy Supp QNo. 8 .
L abelian grouP: 16(G, ") is an

Defi

R by,
that @D)=a"? LY & b e
|:!’l- :L‘:‘;ﬁ\r to 2073 Set C Q.No. 5b l
- ca
=078 Su Q.No. 8b o

m: m € Z| is an abelian gy,

ify that s oatt
r‘::?'ﬁ to multiplication, where Z jg o "y

integers. |q
a group-
ll':’?zases::fcr to 2071 Supp Q.No. 6a
For abelian group,
Let2m, 2 G. Then
omn= mén
and2n2m =20 = 2men
Hence, 27 2" = nomforallm, neZ

Hence Gisan abelian group under mult ﬁcaﬁm

1f2 and b are the elements of group (G,*), ang

i Ifa*b =e provethatb=a"

i ifa*b=b, prove thata=e. §
= Please refer to 2070 Supp Q.No. 6a

0. 2074 Set B Q.No. 5b

Show that {2~ neZ} is an Abelian group wij

respect to multiplication. §
= Please refer to 2071 Supp Q.No. 6a

|
Ifa,b € (G, o) where G is a group. Prove that: ||
i (aob)j'=bloa?

i (@l)y=a

= Please refer to 2072 Set C Q.No. 5b OR

Let G = {1, -1, i, —i}. Show that G forms a gy
under the operation of multiplication.

= _Please refer to 2069 Set A Q.N. 5b

Let G be a group. If a, be(G,#), prove ¥
(asb)1= b1 sa1, t
= _Please refer to 2069 Set A Q.N.5bOR _

Show that the set of integers Z forms 2 o
under the operation of addition. #
Ifaand b are the elements of a group G") ylﬂ"l‘

':‘“ 2"x =b has a unique solution in (G, %

Please refer 1o 2070 Set > Q.No. 5b OR
6. 2076 Set B Q.No, 6a

b cponil
Let * be defined on Q' byasb= 92' oot
Q%) is an Abelian group.

Let Q' denote the set of all positive rational L
numbers. Here, the operation * on Q* s

defined by a* b ="

{. Closure property: Sincea,be Q*, 50a* b =

%b- e Q*. Hence, Q* is closed under *,

{i. Associativity: Suppose a, b, c e Q*.

ﬂ
be 2
Then,a* (b*c)=a*7 =——5
ab’
ab (2)
and (a*b)*c =7'c = >

-abe
"7

abe
4

a*(b'c)=(a'b)"cforalla,b,csQ‘A

So, associativity is satisfied.

ili. Identity element: Let e be an identity

element. If e € Q*, then
a*e=a

ab
or, %e =a (‘.'a‘b=7)

= e=2
2is the identity element.

iv. Inverse element: Let a' be an inverse element

ofa.lfa' € Q,
thena*a'=e=2
aa'

2 =2

4

or, a -a

or,

3 is the inverse element of a.

Hence, from (i) - (iv), (Q*, *) isa group.
Also, for commutative property,

Leta"’b=a?b

vaoba_ab
andb*a= 2 =2
a‘b=b‘aforalla,beQ'<
Hence, (Q*, *) is an abelian group.

B7. 2075 Set C Q.No. 5b

D.efine A group. Prove that the set of all three
dimensional vectors form an infinite Abelian
up under vector addition. [4]

First Part: Please refer to 2069 Set A Q.No. 5b
Next Part: Let V be the set of
Also, let the

denoted by +.

all vectors in space.
operation of addition of vectors be

ELEMENTARY GROUP THEORY Unit 3 7
Closure property: Let u = (u, uz, us) and

V = (v1, va, v3) be any two vectors in V.
Now,u+v = (nm+vym+v, m+vy)eV
u+veViorallu,v eV

Hence V is closed under addition.

il. Associative property: Let u = (u1, ug, us),
Vo= (vi, v vs) and w = (w1, wy, w) be any three
vectors in V.
Now,

Ut (VW) =, m, uy* ((v3, v, v3) * (Wi, W, w))
= (th, Uz, t* (vi + Wy, 2+ w2, Vi + i)
= (W Svit w, uz s vz + W, Uy 4V + W)
=((un + 1) # Wy, (uz + v2) + wa, (W # v3) + wy)
=(m * vy, Uz # vy, mn + V) + (w1, Wz, W)
= ((w, g, ws) + (v3, v, v3)) + (w1, w2, W)
=(u+v)+w
U+(Vew=(a+7)+wioralla, v, w e
Hence, associativity is satisfied.
ifi. Existence of element: Let 1 = (w), uz w) € V. There
is a vector 0=(0,0,0) in V such that
U+ 0= (w, uw)+(0,0,0)= (us, a2 w) = &
Similarly, 0 + u = u
Thus,_o‘evbﬂwlﬁnnty' ity element.
iv. Existence of inverse element

v

Let U = (u1, uz w) € V. Let 7 be the inverse of 5.
Then, u+ v =0
or, (w, uz w)+ v=(0,0,0)
V =—(muww) =-ucViralaeV.
So, each elements of v possesses an inverse.
v. Commutative property:
Let u = (u, uz w)and
7=(v;,v;.v;)beanytwovenorsm\f~
Now,;+7=(u|‘\n,n:*v;m6v:)
V+U =(nitwm, vatuvitw)

=W+ v, w+ vy wm+ v
U+v=v+uforallu,veV
Hence, ivity p =
V is infinite set. Hence,
roup.
{58. 2075 Set C Q.No. 5b OR
If a and b are the elements of group (G, +) such
that
i. a*b=bprovethata=e.
ii. a*b=e¢, provethatb=a1
= Please refer to 2070 Supp. Q.No. 6a

L y s b4
(V. +) is an infinite Abelian




A. PARABOLA

2 MARKS QUESTIONS)

AOIHIESEE

[_2057QNo. 2
Find the
2-4y-8

fogas and directrix of the "‘“b?g

Given parabola is
y2_4y_8x-20=0

or, y2-4y+4=8x+20+4
or, (y-2)=8x+24
or, b,_z)l:g(x+3)

or,

Comparing this equation with
(y-kP =4a(x-h),

wehave, h=-3, k=2 42=8

a=2
Focus=(h+a,k)=(-3+22)=(-12)
Equation of directrix is

x=h-a

x=-3-2
x+5=0

Find the eq
y?=16xat

2058 Q.No. 2
ion of the
int (4, 8).

hol

2

gent to the p

fmparing the equation of parabola y? = 16x
with y2 = 4ax, we have

4a=16

a=4

The equation of tangent to the parabola at
(x1.y1) = (4,8)is

UNIT

MECTIONS

—J

Find the equation
y, =5x Perptl\dl

of the normal to the ar:
ar to the line x + 2y 2 7_“’“

]

ingy?= 5x with y2 = 4ax, we have

. . L i
Slope of the line x + 2y =7 is (mu) %
Since the normal is per_};endmular to the it
line, so its slope (m) = e 2

Now, the equation of normal is
y=mx- 2am - am®

5.5
or, y=?~x'2-74-2'4'23

a=-3
Focus of the parabola = (h + a, k)

649G

9
Vertex of the parabola= (h, k) = (.i , 3)

E. 2064 Q.No. 6 ¢

Find the equation of the parabola in which the
the latus rectum have the coordinates
(-1/5) and (-1, -11) and the vertex is (- 5, - 3).[2]

ends

Since the end points of latus rectum are (-1,

and (-1, -11), so the equation of latus rectum

is x = -1. So it is parallel to x-axis.

Here, vertex (h, k) = (-5, -3)

We know that the equation of parabola is
(y - k)2=4a(x - h)

(y +3)2=4a(x +5) )
If (i) passes through the point (-1, 5), then
(5+3)2=4a(-1+5)

64 = 16a

a=4

Putting the value of a in (i), we get
(y+3P=4x4(x+5)

5)

or, y-2at = a(- t) (2 + 1) (x -ah?)
or, (y-2at) (t+t) =2 (x - ati?)

or, (ti+ t2) y - 2atit, - 2at2 = 2x - 2at?
S 2-(h+b)y+2attz=0

?ete ine the equation of the chord joiningth
0!

t1and t2 on the parabola y? = 4ax. i}

The equation of chord joining the point tial
tie. (at2, 2ah) and (atz2, 2atz) of the parabal
y2=daxis

2at; - 2aty
{
Gyl

y-2ah = (- at?)

2a(t -t

yy1 = 2a(x + x1)
y-8=2-4(x+4)
y=x+4 k._2063QNo.5q

or,

2059 ZNo. 2
e focus and directrix of the parabola
‘ 12)
Comparing »? = 12y with x? = 4ay, we haye
4a=12

a=3

Focus = (0, a) = (0, 3)

The equation of directrix is

y=-a
y=-3
y+3=0

Find the coordinates of the vertex and the 0
of the parabola whose equation is i
y2 =6y - 12x + 45,

iven equation of parabola is
Y2=6y ~12x + 45

OF, y2-6y+9=_12x+45+9
or, (Y‘3V=-121+54

or, (y-3)2=_12 x—2 ,,‘(i)

2
Compaﬁng (i) with (y - k)2 = 42 (x
h=3 k=3
da=-12

_h) ‘MJ

s
S

(
‘or, y2+ 6y +9=16x+ 80 L/
or, y=2x-5-10 . yr+6y-16x-71=0
L y=w-15 2066 Q.No.5d
k2062 QNo.5d Find the e

point (= to the parabola y? = 24x.

Comparing y2 = 24x ... (i) with y2 = 4ax, we get
4a=24

az6

A/

. .

)

The equation of line through the point (-6,9) is
Y-9=m(x+6)

Or,y =mx+ 6m+9 ]
"(H)\c line (i) will be tangent to the parabola
i) if

6m+9=£ ~-C=3-

m m

 om2+ 9m =6

2m2+3m-2=0

2md+d4m-m-2=0

or, 2m (m+2) -1 (m+2) =0
(m+2)2m-1)=0

fons of the tangeﬁ from the

2]

U

CONIC SECTIONS  Unit 4 zé
1 \nd%&”“n
m=-27 )
. ) .. &
Putting m = -2 in (i), 133
y=-2r-12+9 K&? s
or, 2x+ y+3=0 o 0'00’

1
Again, putting m =7 in (i)
1 1
y=§x+6x§+9
or, 2y=x+24
or, x-2y+24=0

of tangents are 2x +y +3 =0

an& x-2y+'24=0,

Given parabola is y2 = 4ax

Equat:ionofgivenlineislx+my+n=0‘{ 27 1d
or, my=Ix-n /F)"ﬁ?
or, y=;x-§ ¢~ 3

ixZek
We know that the line y = mx + ¢ will be a

tangent to the parabola y2 = 4ax if ¢ =%
So, the given line will be a tangent to the
given parabola if
-n__a
m  -l/m
n
m?
In=am?

0. 2069 (Set A) Old Q.No.

ifid the equation of the normal to the parabola

y? = 4ax at the point (xy, y1). 121

The equation of tangent to the parabola y? = 4ax >
at (x, y1) is yyr = 2a(x + x1)

or, =a

2a
So, slope of the tangent = ;
-1 =

The slope of the normal = m = '212
Hence the equation of the normal is
-
y-y1=7, (¥-x)
[11. 2069 Old (Set B) Q.No. 2¢
Find the equation of the to the parabol
y? = 16x at the point (4, 8). [2]
= Please refer to 2058Q.No. 2¢
qt of the tangent to the parabol
9x at (4, -6). 2

SOLUTION

Given equation of parabola is y2 = 9x

ey "% tsy B



tics-!l

L Asmita’s NEB Solution of Basic Mathem®
Comparing it with y2= 4ax, we have
4a=9

9
a= Z
The equation of tangent to the given P
at (x1, y1) = (4, -6) is
y.y1=2a(x+x)

rabola

9
y(.6)=2xz(1-+4)
9
or, -6y =3 (x+4)

3
or, 2y=5(x+49)

or, 4y =3x+12
o 3x+4y+12 =0
El. misﬂ'ﬂ.lug
Determine the equation of
poin-hmdbonﬂlepmbohyhkx.
= Please refer to 2062 Q.No. 5
J4 MARKS QU e T O S
4 2057QNo.Sb .-
Find the equation of the parabola in :
standard form y?= 4ax. 141
= Please refer t6 Model Set I, Q.No. 6a oL,

I4]\

rhechadiﬂinm&*[';

t the normal to the parabola y2=8x at
eets the parabola again in (18, - 12).

The equation of tangent to the parabola
y=8x  ..() at(24)is
y4=4(x+2)
y=x+2
Slope of tangent = 1

-1
Slope of normal = 1o et =
The equation of normal at (2, 4) is
y-4=-1(x-2)
y-4=-x +2
x+y=6
Solving (i) and (ii), we get
y*=8(6-y)
y?+8y-48=0
(y+12)(y-4)=0
y=4,-12
Wheny=4,x=6-y=6-4=2
Wheny=-12,x=6-y =6-(-12)=18
The two points of intersection of the normal
and parabola are (2, 4) and (18, -22). Hence, if
the normal is drawn at (2, 4), it again meets
the patabola (i) at (18, -12).

1
4=

(1)

Lety =mx + c ..(i)bea straight line ang
y2 = 4ax .. .(ii) be a parabola.
From (i) and (i1)

v+ <)’ Th:‘Za)x +c2=0
mhj ::Sg;u line will be a tangen, )
ﬂ‘;at;ola if the two values of x obtainey’ Ut
::uam’“ (iii) are equal. This will b, ;ﬁm
discriminam of (iii) ? 0 ) i
2)-4.m.c =0

-4m2c2=0

mi2=0

or,

ie (2(mc-
. 4(‘“':—23)1 2
mic? - damc + 4a% -
dame = 4°

a

or,

or, A

L=
ey~
Deduce the equation of the tangent to

bola y?= 4ax at (x1, y1) on the parabol,,
D Please refer to Model Set II, Q.No. 6a

that the latus rectum of a parabola p;
r]::‘;en gle between the tangent and the numm

q
i

either extremity of the latus rectum. i
jsoLuTION] :
Let the tion of parabola be y2 = 4ay, Tha

its end/points of the latus rectum PQ 4
P(a, 24) and Q(a, -2a).
/

/

P(a, 2a)tangent

A
Q(a, -2a)
-2a-2a -4a
Slopeof Q=35 = =

So,'PQ is perpendicular to the axis of I

parabolaie. ZPSR = £ PSA=90°.

Again, the equation of tangent at P(a, 2218

y-2a=2a(x + a)

or, y=x+a

Slope of tangent at P(a, 2a) is 1.

ie. tan ZPAR =1 = tan 45°

ZPAR = 45° .

Then, from AAPS, ZAPS =180° - %" =% |
=45° . agd

Since tangent and normal are at right )

50 ZRPS = 907 - 45 = 45°. el

Latus rectum PQ bisects the angle Ginil

the tangent AP and normal PR at P.

result holds at another end Q.

(9. 2062 Q.No. 9 b

Find the equation of the normal to the
¥ = 4ax in the slope form.

plﬂbf“

: tay* ¥
The equation of tangent to the parabold

at(n, y1)is YY1=2a(x + x1)

T SR

S P )

2a
So, slope of the tangent = ;

i)

The slope of the normal = B

-1
slope of tangent ~
Hence the equation of the normal is

y-y1 =55 (x-x) .0

If m be the slope of the normal, then

1N

T2a

y1=-2am

Since (x1, y1) lies in y2 = 4ax,

50, y12 =4ax

Putting y1 = -2am in y\2 = 4ax;, we get

(-2am)2 = dax;

x1 =am?

Putting the values of x1 and yi in (i), we get

y +2am = m (x - am?)

y = mx -2am - am® which is the required
equation of the normal to the parabola
y2 = 4ax in slope form.

Prove that theline Ix + my + n = 0 touches the
= 4ax if In = am? [4]

m

Given parabola is y2 = 4ax

Equation of given line is Ix + my + n=0
or, my=lx-n

n

-1
or, y=Trx-To
We know that the line y = mx + ¢ will be a

tangent to the parabola y2 4ax if

“m

So, the given line will be a tangent to the
given parabola if

-n a

™ = Tm

In @\
or, S =a

In=am2

kt 2064 Q.No. 9 g
Deduce the equation of the parabola in the
standard form y? = 4ax. 14
“  Please r_cn-.- to Model Set 11, Q.No. 6a or

Find the equation of the tangent to the parabola
); =4axata point (v, yi) on the parabola. 141
&Sl}:fgjy Model Set I, Q.No. 6a

Find the equation

of the parabola in the
Standard form y? = gax

14l

ea

er to Model Set M, Q.No. 6a or
o

the p/ai:/1/langenta from the point
abula

(-2, 3) 1o llw.u YW at right angle.[4]

4. 2067 Q.
Show that

CONIC SECTIONS Unit4 75

soLuTion]

Comparing the given parabola y? = 8x with
y? = 4ax, we have

da=8

a=2

The equation of the tangent to the parabola is
a
y=mx+n

—
y=mx+

or

The tangent (i) passes through the point
(-2,3), 50
2
3—-2m+;
3m=-2m2+2
2m?+3m-2=0
2m?+4m-m-2=0
2m (m+2) -1 (m+2)=0
(m+2) (2m-1)=0

!
m=-23

Product of the slopes = (-2) x % =-1
Hence the tangents are at right angle.

._2068 Q.No. 9b
Find the coordinates of the focus, the vertex, the
eguation of the directrix and the length of the
ahlsrectumofthepmbphy2=6y-12x+6.[4]

Given equation of parabola is
yi=6y-12x+45

or, y2 -6y +9=-12x+45+9

or, (y-3)2=-12x+54

2

or, (y-3)2=-12 (1 -%) )

Comparing (i) with (y - k)? = 4a (x - h), we get
9

3.k=3

4a=-12

a=-3

Focus of the parabola = (h + a, k)

)6

Q
Vertex of the parabola = (h, k) = (:, 3)

Equation of directixisx=h -a
9
3 +3

or v

D-15=0
Length of latus rectum = |4a| =

hs 2069 (Set A) Q.No. Gd

Find the equation of the normal to the parabola
y* = 4ax at the point (xy, y1) and express this in
slope form. 4]

= Please refer to 2002 Q.No. 9b

P~ P
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From U] and (i), (- 1Y°2) =% . S—
7. 2069 (Set A) Old Q.No. 8b . 2071 Supp. Q.No. 6 -1541
2mgy-120+45: : (my) === =
Given an equation of the parabola )mydiredﬁ" Find the area of the trlangle formed by the lines )= "2

find the focus, vertex, equation of 141

3. ; z=9x
or, 2(;"+2

joining the vertex of the parabola y? = 12x to the

Here, 0 = 45°

and the length of the latus rectum. 2 ends of Its latus rectum. [4] W mi= 2
= Please refer to 2068 Q.No. & 2!9(#) =9x ehavet;mﬂ-1]4m‘m1
[2s._2069 (Set B) Q.No. n the line or Comparing the equation of parabola y2 = 12x | or, tan 450 = s 1= 1/2
Find the condition under which (0 18 s are d) =% with y? = 4ax, we have T+m1/2
% c is tangent to the parabola ¥ = (i or, TG 4a=12 or, 1= 2m=1
e equation of tangent in slope : [4]’ or, X+ ax+4=8x a=3 A 2+ m
the point of contact. a-ax+4=0 So the end points of latus rectum are (a, 2a) Taking +ve sign
‘ o (x-2¢=0 and (a, -2a) i.e. (3, 6) and (3, -6). 2+m=2m-1
e Vertex of the parabola is (0, 0) m=3
First Part =22 Apain, taki )
Please refer to 2059 Q.No. % Since the line touches the paraboly a ) § o tahnzmg -ve sign
f o 4 = 2m+
Last Part bola in the coincident pop\ts, so f‘ is a tangent g " 1
Theequahmofmngemmﬂ"epa"a Parabola.l’\lmngx'—‘z“‘(‘) m=—
slope form is 3 3
e a i y=-z"2‘5=‘3 When m = 3, the equation of tangent is
s =my+ A . 3
VIR m arabola Point of contact is (2, -3) y=3x+3

Again, the equation of tangent to the p:
y2 = 4ax at the point (x1, vi)is

2070 (01d) GNo. 9. B

or, 3x-y+1=0

A i int P(at? 2at) 1
ywi=2a(@+x) () If the normal at any poin ong When m =", the equation of i
Eauati . i i resent 2 = ts th . 3 - the equation of tangent is
Equation () and equation (if) will rep parabola Y dax mee 52 € curve agi) Now, the area of triangle with vertices 1 3
'{'f same ‘“‘:‘ Qlat, 2ats), prove that i+ 1+ =0, | (1, y1) = (0,0), (x2 y2) = (3, -6) and A=
i o N (3, y3) = (3, 6) is or, 3y =
1 2a  2an , 3y =-x-27
;:romﬁrstmoranos .on of the tangent at P(ati? 2at); 1 ;' n 1 or, x+3y+27=0
1 m The equation o ez gent at Plate 2ajs 2 xi yj 1 Hence the required equations of tangents are
=% y'2at;=2a(x+ah) 0 ())' 3x-y+1=0andx+3y+27=0
v = or, yti=x+at? 1 ‘ 3 1 . We know that the point of contact of tangent
== 1 =3 N
Y'%m Slope of the tangent = 3 6 1 is (& 2
From last two ratios 1 1 L 3 6 ) m¥ m
m _a/m Slope of the normal =m:-x 2 | 3 6 | [Expanding along Ri] When m = 3the point of contact is
= i 1 at Pati 2 1 '3 2x3 1
a The equation of the normal a (at? = 5(36)=18 5q. units. S 5 =(52
=1 y -2at = -t (x - at?) ) | \
Since it passes through the point Qats, [7._2072'Set C Q.No. 64 When m = -? the point of contact is

a 22
The pont of contact is (x1, y1) = (;n_l' ;)

[zs. 2069 Oid (Set B) Q.No. Sbj
Find the of the parabola in standard
form. 4]

SO
or, 2a(t2- ) = - at (t2 - b) (t2* 1)
or, 2=-ti (2 + t)

2
or, ¢ =- (t2+ 1)

Show that the pair of tangents from the point
(-2, 3) to the parabola y? = 8 are at right angle.

[

41
Please refer to 2067 Q.No. 9b

lgm 2072 Set D Q.No. Ga

3 2x3
—_— =\ _
((-1/3)~*' -1/3) = @8
Note: The point of contact also can be obtained by
solving the equation of tangent and equation of

- Please refer to Model Set 11, Q.No. 6a or 2 If the tangent to the parabola y? = 12x makes an parabola.
fo_20705etCQNo.64 =0 - angle 45° with the straight line x - 2y + 3 = 0, | B3 2072SetE QNo. 55

find its equation and the point of contact.  [4] | Find the condition under which the line

Find the equation of the tangent to the parabola y = mx + ¢ is tangent to the parabola y* = 4ax. Find
= = . P

[3._2071 Set C Q.No. 6 8 anl
he P

y? = 4ax at the point (x1,y1) 14 " - ™ ;
= _Please refer to Model Set I, Q No. 6a ;;':d&ei:‘z::‘s‘r:p:ff::; norma Comparing the equation of parabola y? = 12v eon of the tangent in slope form. 1l
EL 2070 Set D Q.No. Gj . with y? = dax, we have [soLuTiON]
Prove that the line 3x + 4y + 6 = 0 is tangent ¢ = _Please refer 10 2062 Q No- 9 da=12 ¢ Lety = mx + ¢ (1) be a straight line and

ent to - 1=
the parabola 2y? = 9x. Find its point of cnn%act‘[q 4. 2071 Set D Q.No. 6 a a=3 y?=dax  (u) be a parabola.

l’ p
Find the equation of the parlb"" The equation of tangent to the parabola is From (i) and (ii)

SOLUTION] (+ )=
; standard form y? = 4ax _ a (o + ) = dax ‘ B
Equation of line is - Ple; y - 11, QNo. 620! y=ma+ e or, mix? +2(me - 22+ =0 (ui)
3x+4y+6=0 = _Please refer to Model Set Il 3 The straight line will be a tangent to the
-3 3 5. 2071 Old Q.N oo y=mae— (1) harabola if the two values of v obtained from
Q.No. 9 m P

or, y=3x-3 Pa,,bal‘ equation (ii1) are equal. This will be so if
discriminant of (iii) = 0

e (2(mc-2a)P-4. m. c2=0

‘ Deduce the equation of the
) standard from y? = 4ax. 6a o
And equation of parabola is 2y? = 9x (ii) = Please refer to Model Set 11, QNe:

Slope of tangent (mi) = m
Slope of the line x -2y +3=01s
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or, 4 (mc- 2a)?-4m2c2=0
or, m - 4amc + 4a? - mx3=0
or, 4amc = 4a?
or, c=2
T, C="—
ey .
Thus the line y = mx + ¢ Will pe a tangent
P
‘*\epardbcslay:=4axilc=m.
So the equation of tangent to the
a

pambola in

o_2072 Supp QNo. % on of the
Define conic section. Find the equation [
parabola in its standard form.

= Conic Section:
Please refer to Model Question Set1Q. No. 82
Next Part:

Please refer to Model Set I, Q.No. 6a or
EL mscwg
If a tangent to the panbohy‘=12xma.kes_a;l
angks‘wiﬂlthesu:igh(linzx-Zy*f!- )
find the equation of the tangent. [l

Comparing the equation of parabola y? = 12¢
with y? =4ax, we have

-1 .
when m =73 + the equation of tang, i

a3
y=3 ¥ /3
o, 3)"""_27

or, x+3y+27=0 ) -
’ Hence the required equations of tang,
3;-y+1=()andx+3y+27=0 e"h.
- g073set D Q.No. 6a
i he tangent t
d the equation of t gent to the
Fin. 4ax at the point (x1, y1). Dy
« Please refer to Model Set I, Q.No, g4 '
2073 Supp Q:No. 62
Find the condition that a line y =
tangent to the parabola y? = 4ax.
« Please refer 2072 Set E Q.No. 6b |

Find the condition under which |
y=mx+¢ is tangent to the parabola Yuy
Also find the equation of the tangent j, )
slope form. |
w Please refer to 2072 Set E Q.No. 6b

“'ﬂ

E 2074 Set B Q.No. Sd

Show that the pair of tangents from the g
(-2, 3) to the parabola y? = 8x are at right ay

|
« Pleaser refer to 2067 Q.No. 9b

42=12
a=3
The equation of tangent to the parabola is
a
y=mr+o
3
or, y=mx+7+ -.()

Slope of tangent (m1) = m
Slope of the line x -2y + 3=0is

S S
("\2)_(_2) =2

Here, 6 = 45°
We have tan 6 = t]u:‘;\::u
m-1/2
or, tan45"=:‘:m1£'/‘2
2m-1
or, 1=1m
Taking +ve sign
2+m=2m-1
m=3
Again, taking -ve sign
2+m=-2m+1
a
m=3

When m = 3, the equation of tangent ig
3
y=3x+ 3
or, 3x-y+1=0

Find the equation of the tangent to the panl(
y? = 4ax in the slope form. Also find the poit
contact. |
= First Part: Please refer to 2059 Q.No. %
Second Part: Please refer to 2069 SetBQN

E7. 2075 Set A Q.No. 63

Find the equation of the tangent to the pand
y? = 4ax at the point (x1, y1)- |
“ Please refer to 2060 Q.No. 9b

@. 2075 Set B Q.No. Gg

Prove that the lines joining the ends thl:
rectum of the parabola y? = 4ax to the po
intersection of the directrix and the axis ‘"‘

right angles,
soLuTion}

Let L(a, 2a) and L(a, ~2a) be the ends lz""’“:
the latus rectum of the parabold ¥ ol
Also, let Z (-a, 0) be the point of int®
of directrix and axis of the pambOl’»

. 0-22
Now, Slope of LZ(m)) = —'d—: =1

0+2a
Slope of LZ(m)=3"5 =~ 1
Since, m . mz=1x (-1) = -1, LZ and L'Z are
perpendiculnr to each other,
Hence, ZLZL'=90°. Proved

9. 2076 Set C Q.No. 6i
Find the condition of tangency of a straight line
y=mx+c to a parabola y? = 4ax. 4]
= Please refer 2059 Q.No. 9b

6 MARKS QUESTIONS

0. 2070 Supp. Q.No..
Prove that the tangent to a parabola y? = 4ax at a
point (xo, yo) on the parabola is given by the

CONIC SECTIONS Unit4 79

Since yo? = 4axq, so

= x0=
ﬂmz

a
y = mx + - which is the equation of tangent
in slope form.

equation yyo = 2a (x + xo). Red the equation in
slope form. 61

Let P(xo, yo) be the point on the parabola y2 =
4ax. Let us take another point Q(x1, y1) on the
parabola which is very close to P. Then,

yo& = daxo ...
& yi=dan (i)
Subtracting, we have
y1? - yo = 4ax: - 4axo

or, (y1-yo) (y1+yo) =4a (x1 - xo)

Yi-yo__4a
x1-Xo _Y1+yu - (i)

Q(x1,y1)

The equation of PQ is
Yi-Yo

Y‘)’o=n:x:(x-.>m)

4a
or, y -yo =’—y‘ *ye (x - x0) [using (iii)]
By definition, PQ becomes the tangent at P

when Q - P i.e. when x1 - xoand y1-> yo.
Hence, the equation of tangent at P is
4a
Y-)'n=m(x—xu)
Yyo - yo? = 2ax - 2axo
YYo - 4axo = 2ax - 2axp [using (i)]
OF, yyo = 2a(x + xo) which is the equation of
tangent to the parabola y? = d4av at
(xo, yo).
The above equation can be written as

2
&

or,

2 2w )
TR -0

Lo 2a 2a
Writing W =mthenyo= 37

1. mgugamg

Find the eccentricity and the foci of the ellipse
(x+2? (y-5¢
6 * 9 -1 2
. (2P (y-5p
Comparing 6 9 -1

with fe=hp ;zh a + u;zk

h=-2k=5
a?=16, b2=9
= a=4, b=3
Since a > b, the major axis is along x-axis
We have,

=1, we have

Fodi = (h + ae, k)=(-2:4.34ﬁ, 5)=(-2t\f7,5)
k2_2070SetCQ.No.24

Find the eccentricity and the foci of the ellipse:
2r_
9%16 " 2
@ oy 2 2
Comparing,‘;‘*'ﬁ =1 with% +% =1, we
have
at=9, b2=16
= a=3, b=4
Since b > a, so major axis is along y-axis.
We have

, : / 9 /7
Eccentricity (e) =4\ /1 -%_: =1/1 _R‘/‘:i[

Fm=(u,ibe)=(o,14%—z) =0 t7)
070 Set D Q.No. 2

Find the eccentricity and the foci of the ellipse
3a3 + 4y? = 36. 2]
[soLuTion]

Equation of ellipse is

3a2+ 4y =36
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2y .
o, ;%79 =1 )
2oy
Comparing (i) with 35 +37 =1, we have
a2=12, bl 9

> a=23,

Sincea>b, the major axis is along x-axis.

We have,
b S
Eccentridity (¢) =\[1-3=\(1-12
3.
=\[33"

5. 2070 {Oid) Q.No. 2 b

Find the equation of the ellipse in the standard
form whose focus is at (-2,0) and vertex at (5,0).

=(5,0)
(@)

Focus (-ae, 0) = (-2, 0)
ae=2
S.e=2 [using (i)]

2
€=5
We have

b =a1(1-e2)=52(1-b) =2

Required equation of ellipse i 15 é =1

x2 y?
AT

2

56, 2072 Set E Q.No. 2

Find the eccentricity and the foci of the ellipy,
2 2
Ly i)

SOLUTION|

P ) ll]
a2 y? NG

Comparing g + '%5‘= 1 with 2 + yb-, =1, W

have

a2=9, b2=25

a=3, b=5

Since b > a, so the major axis is along the W

4
Foci = (0, + be) = o,ts.g) = (0,£4)

E7' 2072 Supp Q.No. Zd

Find the eccentricity and the coordinates of th,
X2 y?

foci of the ellipse g’ + % =1 n

= Please refer to 2070 Set C Q.No. 2a

EA 2071 SetCQ.No. 24

Find the eccentricity and the foci of the ellipse

25x2 + 4&7 =100.
Given equation of ellipse is
25x2 + 4y2 =100
25x 4y?
°% 700 * 100 ~
xr 2
or, 7+ 55 =1 ()
; X x2 2
Comparing (i) with poi '& =1, we get
a?=4, b?=125
= a=2, b=5
Since b > a, s the major axis is along y-axis
We have,
a?
Eccentricity (e) =2\ [1 - s

[2]

Es. 2074 Supp Q.No. g

2
Find the foci of the ellipse g+

(y-2)p

o =1 0

2 -2)2
Comparing% +i}’_2)_ =1

12

(x-hy2 (y-kp
th 2 T ;
h=0,

k=2
a2=8,

b2=12
a=2\2, b=2\3

Since b > a, so the major axis is parallel toy-
axis.

=1, we have

1_

Foci=(h,ktbe)=(o,2t2\[§,$) /

= (0,242) = (0,0) and (0, 4)

59. 2075 Set C Q.No. 23

- 2
Find the foci of the ellipse (LSS +L=1 M

25 16

)2 v? '

Given equation of ellipse is ‘%;‘)“*{E =10
(y - k)

Comparing (i) wllhg_)' bzk =

weget,h=1k=0

a?=25b=16

" gince

a=5b=4 ——
a > b, the major axis is along x - axis,

we have,

B _. [ %

e = 1'a2— -25
25-16 _ [2_3

= 25  \25 5

Foci (hi:ae, k)

=(1t5. 5,0)

=(1£3,0)
= (4,0) and (-2, 0).

4\

s MARKS QUESTIONS

Find the eccentricity, length of the latus rectum
and coordinates of the foci of the ellipse

-1-6'4» ik B 4]

=> a=4,

—7067Q.No.9b O

Yo

) x2 2 oox?
Comparing J¢ + YZ =1 with =t
have
a2=16, b*=4
b=2

Since a > b, the major axis is parallel to x-axis.

Eccentricity (e) = ‘\'1— ‘\fl-m—

Length of latus rectum = -& Lt 21

=(tae,0)=(¢4.32@, o) =@23,0)

2
%=l,we

b1 2053Q.No. Sbog

Find the eccentricity and the foci of the ellipse.

M (x-S)

= a=4‘

4

With (x-h)2 R (y - k2
a2 b2

h=2 k=5
=16 =
b=3
, the major axis is along x-axis

=1, we have

Sincea >
We have,

Ecee ' / \7
untnclty (e)= 1'16 B

ngu

Sta '\dar

the equation of the ellipse in the
Position if a focus is at (0, -5) and
cel\lricity is % [4]

CONIC SECTIONS Unit4

SoLuTIon]
F0cus
be=

Ande=

(0, -be) = (0 -5)
(i)

@i=

Pultting the value of e in (i)
b.3=5

b=15

Again, we have

2
ez =1_%

a2 =200

The equation of ellipse is
x2 ik

§+b1 =1

x 2

20025 =

E 2060 Q.No.9 b OR

£ -2
87 12

SOLUTION|

=1 [4]

.2 (z-Zﬁ
Comparmggi- oo =1
h=0,
a’=8§, =12
= a=2\r2, b=‘_’\f3
Since b > a, so the major axis is parallel to y-
axis.
We have,

=1, we have
k=2

Jla"

1

Eccentricity (¢) =%\ /1 -

Foci = (b k£ be) = (o 2% 3$)
=(0,2£2)=(0,0)and (0.4)

E 2061 Q.No. 5

Find the equation of the ellipse in the standard

posmon with a focus at (0, -5) and eccentnuty 3
[
w Please refer to 2059 Q.No. 9b OR

6s. 2062 Q.No. 9 b OR

Find the eccentricity and the coordinates of the

2o (y=28 _
foci of the ellipse: g+ 12 =1 4

«  Please refer to 2060 Q.No.9b OR

Flnd the eccentﬂﬂty an
gy +5y2-30y =0

d the foci of the ellipse:
]

Find the eccentricity and the foci of the ellipse:

81
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=(0,3-3)and (0,3+3)
=(0,0)and (0,6)

3 1
o it =1

Unit4 83
| ‘ T e CONIC SECTIONS
! 82 Asmita’s NEB Solu go. 208 “tion of the ellipse in the ——
| Find the €4UAtICEL o rectum Is equa) ‘:hn T 2068 Q.No. 9b O r2._2069 (et A) OId @:No. 9b OR)
. osition whos! which passes throy hy Find the coordinates of the vertices, the | Show that 9x2 + 5y? - 30y = 0 represents the
‘ cis P and Bh th , § dinates of the foci of the
Given equation of ellipse I major axis 3 eccentricity and the coordinates of the fo equation of an ellipse. Find the eccentricity, the
! 9x3+ 5y? 30y =0 1) cllipse 25x1 + 4y? =100. [4] | coordinates of the centre and the foci. [4]
3 or, 9 +502-6)=0 () §
or, 92+ 5(y2-6y+9-9)" tion of ellipse in stang, | tion of ellipse is Gi i ipse i
N 4 . " | Given equa P! iven equation of ellipse is
or, 9xt+ 5y -3 -45=0 Let the equa Ty et ay1=100 922+ 5y1-30y =0
or, 9x2+5(y -3)1=45 2 }:.1 () 2 4y2 o, 92+ 5(y2- 6y) = 0
2 (-3 @ 2V 2—5’t—+—y—=1 ! 2
or, 5 +og =1 a um 1 or, 700 © 100 or, 9x2+5(y2-6y +9-9)=0
| s - kP tion, latus rectum =7 major gy a2y . or, 92+ 5(y-32-45=0
(-h _(},.J—:\, By ques! X, L= ... (i) =
E PR — 4 ) or, or, 2+ 5(y-32=45
| \ Comparing (i) with™ 53 B b 1 2a) 475 2y 7 m(’_, 313)’
{ | we have . ry =3 ( Comparing (i) with 3+ 7 =1, we get or, g+ g =1 ]
i | h=0, k=3 =22 =
! | i From 0 T bes Since equation () is in the form of £ 4 (L2 _
- = a=2 - .
- - ;:\ct\ﬁl\ > a,bs:\ i\a)m‘ axis is along y-axis: We _X_z_‘_ﬁ =1 ...(id) Since b > a, so the major axis is along y-axis it represents an equation of ellipse.
22 b We have, . _ a2 _ 5 2
have, = 5 2 Since it passes through the point (\[?,,1),” - iz Eccentricity (e) =\ [1-37 =1\ [1-5 =3
ricity (@ =\[1-2= =\[1-5 =3 s 1 Eccentricity (e) = > Coordinates of centre = (h, k) = (0, 3)
f Coordinates of vertices = (b k£b) = (0,3%3) w e

%

Fod=(hk :be)=(0,3_+3.§) =032

= (01) and (@5)

k7. 2065QNoShH

Show that 9z + &y — 18x — 16y - 11 = 0

represents the equation of an ellipse. Find its
vertex and focus. 4

9x3+4y?-18x-16y-11=0

or, 9(x2-2x + 1)+ 4(y? - 4y + 4)= 36
-1p -2y

or, EHELE )

Sinceequar;uwn(i)isofﬁ\eformsx-TzhZ *L%t =1,

it represents an equation of ellipse.
Here,
=1, k=2
at=4, =9
= a=2, b=3
Sinceb>a,somemajora)d.sispara1lelm
y-axis

Centre = (h, k) =(1,2)
Vertex = (h, k + b)

=(1,2+3) =(1.2-3)and (1,2+3
=(1,-1)and (1,5)

i =.,[_a_2= 4 45
Eccentricity (e) 1 b 1_9=%

Focus=(h,kibe)=(l,2t3§) =(1,2i\[§)

Find the eccentricity and the foci
9x2+ 5y2_ 30y = 0 O the ellipse;

= Please refer to 2064 Q.No. 9 OR 4]

b=4

Putting the value of b2 in (ii), we get

22 2

EX_‘i+% =1
.ox2+2y?
Show that x2 + 4y? - 4x + 24y + 24 = 0 represel
the equation of an ellipse. Find centre, vert
and focus. [

Given equation is

+4yl-4x+24y +24=0
or, x2-4x+4y2+ 24y +24=0
or, X2-4x+4-4+4(y2+ 6y +9-9)+24=0
or, (x-2)2+4(y +3)2=16

(x - 2)2 +3)2
or, %L*"YT)' =1 ...(i)

) - -hpe (oK
Since equation (i) is of the fom\'(x_a'z‘)‘ A !

it represents an equation of ellipse.
Here,

h=2, k=-3

a=16, =4
= a=¢4g, b=2

gi;\ce a>b, so major axis is along axié

ntre =(h, k) = (2, -3
We have, )= ) i
1
Eccentricity (e) ==\ '1 _b—: ;\/1—:% s'\/j:é
a
4 T2 4

Vertex = (1 4 aK) = (244, -3) = (6,-9) and (¥

4
F°°i=(htau,k)=(zu.3§,-3) s(“zﬁ'

|

2 (-3
o, 5+ 5 =g )
X —h) - k)2
| Comparing (i) with‘%)- + '(%k)‘ =1, we have
h=o, k=3
at=5  be=9
= a=\5 p=3
Since b > a, so major axis is along y-axis. We
have,
Eccentrici - _a 5_2
entricity (e) 1-% 1-3=3
Coordinates of vertices = (h, k + b)
=(0,3+3)
=(0,3-3)and (0,3 +3)

Foci=(0,1be)=(0,5.3lszj) = (0, +4/21)

Ez 2089(30! A) Q.No. 6a of
Find the eccentricity, the coordinates of the
vertices and the foci of ellipse 9x2 + 5y2 - 30y = 0.

[4]
Given equation of ellipse is
9x2+ 5y2 - 30y = 0

or, 9x2+ 5(y2 - 6y) =0

or, 9x2+5(y2-6y +9-9)=0

or, 9x2+5(y -3)2-45=0

or, 9x2+5(y -3)2=45

(0, 0) and (0, 6)
Foci = (h, k tbe) = ((1,3:3.% =(0.3+2)

=(0,1) and (0, 5)

Foci=(h,ktbe) = (0,3:3.%) =032
=(0,1) and (0, 5)

4._2069 Old (Set B) Q.No. Sb OR]

Find the equation of the ellipse wh;lse latus

rednmis“!andeccentn‘dtyis%. o M1

Latus rectum =3

2p2
or, /&~ =

3
b= )
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5. 2071 Set D Q.No. 6 aOR

whose distance

Find the equation of the ellipse W' m
between two foci is 8 and the semi- 14
is 6.

Distance between two foci

2ae=8

ae=4 ()

Semi-latus rectum =6

1 _
203 ) °°
22 6a

We have,

[using (i) and (]

or, a2-6a-16=0

or, a2-8a+2a-16=0

or, a(a-8)+2(a-8)=0

or, a=8,a=-2(rejected)

- When a =8, from (ii) b?=6x8=48
The equation of ellipse is

xl
PERSS
xl vl .
&s

{re._2071 Supp. Q.No. 6b oR

Find the vertices, eccentricities, foci and length

=1
2R

£1

of major axes of the ellipse

2
Comparing m m—)"]wmhi—)‘

= a=3,
Since a > b, 50 the major axis is along x -axis,
Verﬁcas=(h:‘a,k)=(—513,1)=(-&1)and

(-21)
]—5 =1 ’1_% =.\/§ =§

Foci=(hiae,k)-(—5+3£ ):(5+\l§

Length of major axis =2a =2x3=¢

7. 2072 Set D Q.No. 6a OR]

Eccentricity (e) =

Find the eccentricity and coordinates of the foci
of the curve ‘(—)- ‘Y—
4 14)
SOLUTION]
+6)2
Given equation of ellipse is‘Lfl + -& 1.

Comparing equation () w“'h + LL
0
ve, h=-6k= =0
wey v-% |
-3 b=6
" ginceb> a0 the major axis is alo“l;y'ax'
We have,
a!
Bocentricity (©) = \/ BT \[Ts \/\

A[z)
Fod=(h,kibe)=(-6'0j:6' 3 =(-6'mﬁ]‘
=073 Set C Q.No. 6a O I |

Find the equation of the ellipse whoge
axis is twice its minor axis and passeg lh::h

the point (0,1)- l‘l

g

Let the equation of ellipse with a>bbe
2 2 .
i1 ()
By given, major axis = 2 (minor axis)
ie. 2a=2(2b)
. a=2b .. (i)

Also, if equation (i) passes through thepm
(0,1), then

1
271 ;
or, b2=1
. b=1
Then from (ii),a=2x1=2
Putting the values of a and b in (i), wegek
PSP
g1l

x2+ 4y2 = 4, which is the requlred equation
ellipse.

rs._2073'Set D Q.No. 6a OR]

ellipse 9x2 + 5y2 - 30y = 0

Given equation of ellipse is
9x2 +5y2 - 30y = 0
or, 9x2 + 5(y2 - 6y)=0
or, 91“5()/7~6y+9-9)=0
or x4 5(y -3)2-45=0
or, 9x2+ 5(y - 3 =45

or, % AL;E -

=1

G - h u)
Omparing equation (i) wnth

we get

@=5bl=9 h=0and k=3
=03

Coordinates of centre = (h, k)

A ’ A ' 2
Eccentricity (¢) =\ [1 .--— = 5-5

-(05+2)
=(0,3+ 2)=(01)and (0,5)

Foci = (h, k £ be)

0. 2073 Supp Q.No. 6a o
Find the vertices, eccentricity and foci of the
ellipse 5x* + 9y? = 45. 141

Given equation of ellipse is

5x2+ 9y2=45

e 9y _45
or 35 +45 " 45

. L Xy
Comparing this equation with 75 +37=1, we get

az=9,b2=5

a=3,b= \ﬁ
Since a > b, major axis is along x - axis.
Vertices = (+a, 0) = (j: 3,0

Eccentricity (e) = ’\’ ‘\' —-\/:——

Foc =(tae 0)= (iSX‘,O)
=(+2,0)

Find the centre, eccentricity and fod ot .

[p1._2074 Set A Q.No. 6b OE

Find the vertices, eccentricties, foci and length of

2 2
major axis of the ellipsex? + _(y'rTZ)_ =1 [4]
8 . 2 2)2
Given equation of ellipse is x? + ‘%L =1...()

-h)? - k)2
Comparing equation (i) with‘%)- + _(y?k)_ =1
wegeth=0,k=-2,a2=5,b2=3

a=\5,b=13
Since a > b, the major axis is along x-axis

Vertices = (h+ a, k) = (0+4/5, - 2) = (¢V/5, -2)

i b2 3 2
ECCentnc\ty (e) ="\ ’1_§ = ’1_-5 =,\/:5.
Foci = (b - 2

(htae, k) =(©£45(5,-2)

—(t\f’ -2
Length of major axis = 2a = 2 x /5= 2\[5

K’ 2074 Set B Q.No. 6a og]

‘i“d the eccentricity and the coordinates of the

L0ci 0f the ellipse: x? + 4yt - dx +24y +24=0 4]
Pleaser refer to 2067 Q. No. 9b OR

CONIC SECTIONS Unit4 85

EJ 2075 Set A Q.No. 6a Oﬂ

Find the equation of the ellipse in the standard
form with a vertex at (0, 8) and passing through

(9

soLuron]
lft the equation of ellipse in standard form be
X 2
ZrE=1..0)

Given, vertex = (0, 8)
i.e.(0,b)=(0,8)
b=8
Putting the value of b in (1), we get,
X oy
2 te-l
x2 2
o Gt =1..0
If equation (2) passes through the points

32
(3, 5) then

or,

or,

Substituting the value of a* in (2), we get,
_Y__ 1 which is the required equation of

elhpse.

2075 Set B Q.No. 6b OR
Find the vertices, eccentricities, foci and length

[x + 2]
of major axis of the el.l.ipse‘(—ZE +y*=5.

x +2)

Given, equation of ellipse is™——5—— +y?=5

Dividing both sides by 5, we get,
x+22 y?

0 *t5 -! .. ()

Comparing (1) wnhi—)‘ L—“t—l, we
get,

h=-2,k=0

a?=10,b*=5.

d=\/7)b\/3

Since a > b, the major axis is along x - axis.
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Vertices =(hta,k)

= (-2£4/10,0)

b \/1, 2

Eccentricity (¢) =-\/1—-;= 10
1 1_L
= \'1‘? 2742

Fod =(h+aek)

1
=(-21\/ﬁ\—l—;,0)
=(22+5.0) ~

bengﬂ\nfmaioraxis=2a=2‘\/1_o"2\[ﬁ'
C. HYPERBOLA

2 MARKS QUESTIONS

: > bola
Find the eccentricity and foci of the hyper ‘[,2]

3x2— dy?=36.

Given equation of the hyperbola is
3x2-4y2=36
2 v .

or, 12-9 < 1 . (@)

v2

{ . 2
Comparing (i) with% -3z =1 wehave

Foci = (ae, 0) = (:2\/332&0) =@21,0)

fbs. 2066 C Q.No.5d
Find the equation to the hyperbola in the
standard form with a focus at (-7, 0) and

7
eccentricity 4- . 2]
Focus (-ae, 0) = (-7, 0)
= ae=7 (i)

Eccentricity (e) = %

7
Then from (i)a.z =7

a=4
Again, we have
2
e =1+ Pl
o_ B
16116
bz =33
The equation of hyperbola is
.
-p=1

at

DY

gr. 208 tion of hyperbola in

Find the 0450 Tat (0, 5 Sy
fom with @ foct ( )andav%a.,‘

0,-3). \
Vertex (0, b) = (0. -3)
b =3
Focus (0, be) = ©5)
be =5

3e =5
S =5/3

We have,
2

(-b=3)

=
=1+
5\’ _ .,
o (3) = 1+3;
or, 5=9+a 1
az=16 ;
The required equation of hyperbola is 1
2
2 Y_ 4
a? " b?
2Y__
679 =1
. 2069 (Set A) Q.No. 2
Find the eccentricity and the foci of
hyperbola 3x2 - 4y? = 36. I
« Please refer to 2065 Q.No. 5¢

Es. 2070 Supp. Q.No. 2 g

Find the eccentricity of hyperbola x2 - 4y2- 1%

—

W
Given equation of hyperbola ‘

2-4y2-12=0
or, ¥2-4y?=12
2y y
or, E'YS-=1 (i) (
. N < Lz t k
Comparing (i) with 37 -17 =1 weget
a=12, b2=3 i

b? R |
Eccentricity (e) =\ [1+52 ="\ 1" 12

0._2071 Set D Q.No, 2 E|

- :of
Find the eccentricity and the foci of

2 2
hyperbola % - 11% =1

2 2 2 Lo
Comparing - - ¥ = 1 with 55 - 1}

16
have

Foci = (tae, 0) = (tg % ()) =50

al=9, b2=16
= a=3, b=4
Wi
e have, % ‘2
. b? 1494
Eccentrlcity @=\[1+5~ F

f._20710ld Q.No. 2|
Find the coordinates of vertices and eccentricity

X2 2
of the hyperl:ola'l—6 - ‘%‘ =1, 2]
fsoLuTion]
x? 2 x2 oy
Comparing g - y; =1 wn’th;—‘vb—z= 1,
we have
a?=16, b2=4

= a=4, b=2
Vertices = (ta, 0) = (14, 0)

b2._ 2072 Set C Q.No. 2a

Find eccentricity and foci of the hyperbola

2y

3% e =1 C

X 2 ox 2

Comparing 3¢ (-‘6L4 =1with 5 -yg =1, we
have
a2=36,

= a=6, b=4

Foci = (+ ae, 0) = (iﬁ.g, 0) =(¥10,0)

EJ. 2072 SetD Q.No. 24|

Find the equation of the hyperbola with vertex

(8,0) and passing through the point (8\/5 ,4). [2]
Let the equation of hyperbola be

a2 2
ey -% =1 . (@)
Vertex (a, 0) = (8, 0)

La =8
Then equation (i) becomes
x oy i
64 "t =1 ... (i)

Also, equation (ii) passes through the point

V2, 4)

3213[2!2 4
o e g =1
16
2 v 1
b2=16
Putting the value of b2 in (ii)

2oy S
64 ~1g = ! which is the required equation of
hyperbola,

ke 2073 Set C Q.No. 23

ind the foci and vertices of the hyperbola
Ix2 ~16y? = 144, 2]

L

CONIC SECTIONS Unit4 87

Given hyperbola is
- 16y2 =144
X2 y2
167 9=1
. 2 2
Comparing this equation M&li-%=1,
we get
a?=16,2=9
a=4,b=3

’ b2 ’ 9 5

Wi = —_a 2

ehave,e 1+ 1+16_4
3

Coordinate of vertices = (+ a, 0)
Find the equation of a hyperbola with a focus at
(-7, 0) and :ccentricity% . 2]
= _Please refer to 2066 C Q.No. 5¢
Determine the equation of the hyperbola with a
focus at (-5, 0) and a vertex at G0y - 21

Vertex = (3, 0)
(@,0)=(3,0)
a=3 (@)
Focus = (-5, 0)
(-ae, 0) = (-5, 0)
or, ae=5
or, 3xe=5

[Using @)

b7. 2074 Set A Q.No. 29
Find the equation of a hyp in
position such that its transverse and conjugate
axes are respectively 4 and 5. 2]
Given, length of transverse axis (2a) =4

Loa=2
And, length of conjugate axis (2b) =5

5

bol dard

b=3
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jtion is
\ The equation of hyperbola in standard post
2

Xy

X Y
or, 4 (b/4) X f
"\3- % 1 pich is the required equation ®
-5 T
| hyperbola.
| bs. 2074 Set B Q.No. 21

Find the equation of h

yperbola with 2 foce 7
0) and a vertexat (5, 0)-

{ Given, vertex = (5, 0)
or, (20)=G0
Sooa=d
Also, focus = (7. 0)
or, (ae,0)=(7.0)

35 25+b2

or, 35 25

or, 25+b2=35

b2=10

x2 y?

The equation of hyperbola is 2z -7 =1

B v _

25 710
fps. 2075 Set AQ.No. 24

2y

Find the foci of the hyperbola'g -3¢ =1. [2]
= Please refer to 2071 Set D Q.No. 2a
100. 2061 Q.No. S b

Find the eccentricity and the foci of the

héﬁerboh: 3x2- 4y?=36 14]

Given equation of the hyperbola is

1

3x2-4y2=136
2oy .
or, 5-g =1 (i)

2oy
| Comparing (i) with 5 -37 =1, we have
az=12, b2=9

= a=2/3 b=3
- A , e / 9 7
Eccentricity (e) =2\ [1+ 2 =\/1 T S)ZL

7
1 Foci = (tae, 0) = (ﬂ\ﬁ )2£ 0) =#21,0)

No. 9 b OR .
01,2063 Q centricity and the coordinate, of
Find t 2 y2 thy

S
laTc-g =1
foci of the hyperb@l 16~ 4 [

We have, ]
2 - 16

R,d.(tae,OF(ﬂ')zE' 0) = E25)

r
Q.No. 9 b OR}
102. 2066 the equation of the hyperboly inhy

termine .
qandard position with focus 3t (-7, g) 3y
eccentricity 7 - )

= Please refer to 2066 C Q.No. 5¢

O
2069 (Set B) Q.No. 62 .
;:::d the equation of the hyperbola with foes,

5, 0) and vertex at 20). M
Vertex (a, 0) = (2. 0)
a=2
Focus (-ae, 0) = (-5,0)
= ae=5
=2e=5 (ra=2)
= e=3
We have,
b2
e2=1+ =
5\’ b2
2) 17 |
or, (2) =1+ 1 q
25 _4+b2
o, T="7
p2=21 |
Hence, the required equation of hyperbolﬂﬁ‘
x2 y?
# 1

X oy
R TR

L2132 -4y2=84

104.2070 Set C Q.No. 6 a o

Find the coordinates of the V¢
eccentricity and the coordinates of the
hyperbola 52 - 20y2 - 20x = 0.

(|
rticed
foel of ﬂ

Given equation of hyperbola is
522 -20y2 -20x = 0

or, 5x2- 20y - 20y? =0

or, 5(x2 - 41) - Z()y‘ =0

or, 5(x2-4x+ 4 - 4) - 20)'1 =0

A

Or 5 (x-2)2-20 - 20y2= 0

or, 5(x - 2)? - 20y? =20

a2y, 0

of, 4
(x-h? (y-ky
Comparing ) with a2 - b - 1,

We have,h=2,k=0
ar=4, b2=
- a=2, b=1

Vertices= (h £ a, k) =(2+2,0)=(0,0)and (4, 0)

b2 1 5
Eccentricity (€) ="\ [1+37=1/1+7 =32£

Foci = (h £ ae, k)=(2tz-325, 0) =@2%+5,0)

fros. 2070 Set D Q.No. 6 a O
Deduce the equation of a hyperbola with a focus
at (6, 0) and a vertex at (4, 0). 4]

Vertex (a, 0) = (4, 0)

= a =4

Focus (ae, 0) = (6, 0)
= ae=6
= 4.e=6 (-a=4)

_3

= e= 2

We have

bl

e =1+ Y

9 _.E

4 16
= b =20

The equation of hyperbola is

x2 2

2 -1

x2 2

16 ~20 =1
[106. 2070 (Old) Q.No. 9 b Oﬂ
Find the ion to the hyperbola in standard form
whose focus is at (0, 5) and vertex at (0, -3). [4]

= _Please refer to 2067 Q.No. 5¢

107. 2071 Set C Q.No. 6 a Oﬂ

Find the equation of the hyperbola with a focus
at (0,5) and a vertex at (0,-3). [41
= Please refer to 2067 Q.No. 5¢

(108. 2072 Set E Q.No. 6b Oﬂ

Find the equation of the hyperbola with vertex
at (0, 8) and passing through the point (4, 82 ).
4]

SoLuTiont

Vertex (0, b)
wb

=(0.8)
AN =8
The equation of hyperbola is
X 2

al =l

N

CONIC SECTIONS Unit 4 89
2y )
or, G -e =-1 - (i)

If equation (i) passes through the point
(4,8\2) then

2 (82
2”64 1
or, a2 =16
Putting the value of a? in equation (i), we get

2y
16~ 64 = -1 which is the required equation of
hyperbola.

hoo, 2072 Supp Q.No. 62 05

Find the eccentricity, coordinates of the vertices
and the foci of the hyperbola 5x? - 20y? - 20x = 0.

141

= _Please refer to 2070 Set C Q.No. 6a OR
Obtain the equation to the hyperbola in the
standard form with a focus at (-7,0) and
eccentxicity%. [4]
~ Please refer to 2066 Q.N. 9b OR

Find the vertices, centre, etceﬂ!rfn‘tg and foci of
the hyperbola 9(x - 1) - 16(y + 22 =144, %

Given hyperbola is

9(x -1 -16(y + 22 =14

Dividing both sides by 144 we get,

Ix-12 16(y+2R 14

4 T 14 1M

(x-132 (v+22? .

o, g -~ 9 =1 - (A
Comparing (1) with

(x-hP (v-k?
a2 T op 1

2)and (-3,-2)

Centre K =(1,-2
Eccentricity () =\ [1+ 3
- 2 _exd 355
Y ARE AV ATV ST

Foci = (htae k)

-:,— b4
(1£4.5,-2

=(1£5,-2)
=(1+5,-2)and (1-5,-2)
= (6,-2) and (-4, -2
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UNIT - a=1,b=2¢c=2
Given relations are 2
[+m+n =0 ) lfl,m,nbe;hed.c'sohhellw,thm
1

NATES IN SPaq “Enidimomslon. | e mm
aZ+ b2+ c2 s/]uzuzz

C0-0E‘_)J________, T ov Zme2-2mtimimiag
=3 or, 22-Ilm-m2=0 c 2
=\ird+d =3 or, (I-m) 2+ m)=0 " Ebea YirziaT

!C‘
"

@RUIN @RI

A. CO-ORDINATE IN SPACE l“,,,.,nbetheg.fslof AlB, then Either, /-m=0 .. (iid) 1 221 2
7 S = or, 2l+m=0 ...(iv) Hmﬂ:mermmddc’sare—,- 3.
e TS Solving () and (i) by cross maltplicaon B 33
thepoints (1,290 [ m ="Ag =73 73 T0-1-(1) "T-1-1-0 “1-(C)-1.1 the points (- 4, 9, 6), (0, 7, 10) and
\/‘z‘; 7) is parallel to the line joining the P"“E n-zn _3-5_-2 or, 12D rﬁl L celésm the vertices of a right angled
(4,3,6)and (29, 2)- : TooAR ’ 1 23 2 ; 11 B 1 PHZ; (27 +f6 . 2
SOLUTION . , = £.z= Y P S S} \
The direction ratios of the line joining the | . Required dcsare73", 3, 73" SRR A A Lff“‘"‘t"'“’3(0'7"0)"'dc(-1,6'6)bethe
ints (1,2.3) and (4,5, 7) are which are the d.c's of first line e P ow,
points (1, 2059 Q.No. 5! - " g AB = 2
- . N 0+4p2+ (7 -9z« =
4-1=3 Again, from (i) and (iv) we h, 7-97+(10-6p
;:;5:2=3' Find , the angle between the lines Wy I+m+n=0 £have =\16+4+16=56
a=7-3=4 . igpétion cosines are proportional to 1,3 4, 2+m+0-n=0 BC =10y +6-77+ (6-10F -3
The direction ratios of the line joining N -9, 5. \ By the rule of cross multiplication, we have AC=v(-1+4P+ (692 + (6-5) =
i and (2,9, 2) are fsoLuTion} I . P+ (6-6F =18
points (4,3, 6) and (2.9, 2) PN . ~ o __n Since BC = AC, so AABC s an isosceles
a=2+4=6 b=9-3=6 «= Given, a=1, b1 =2, a=4 1-0-1-1 1-2-0-1 1-1-1.2 triangle.
Here, andaz = -2, b2=-9, =5 or 1l _m_n Also,BC2+AC2=1s+1s=3(,=(6)1,‘AB)2
a 31 1£ 6 be the angle between the lines, then -1 2 -1 L LC=90° o
a2 6 2 aia; + bib2 + cic I_m n 1 1 Hence, AABC is a right isoscel
= or, T =5 =T = e _ — o angled les
b =§ =l cos® -@ b2+ cﬁ\lmz + b2+ ¢c? 1 -2 V12+ (-2)2+ 12 \/3 frangle.
A : 1.(2)+2-(-9+4-5 T S S (0. 2065Q. No. 54
e 572 T\ e 2 e2f(2 + (9)2+ B2 Vo A6 " e Show that the points A (1, 2, 3), B (4, 0, 4) and
218+ 20 I£© be the angle between two lines, then € (-2, 4,2) are collinear. 21
g=%=g =ﬂ=o=cos%° €058 = hl,+ mimz + nuna
a2 a
Hence, the given lines are parallel. - §=90° =lAi+L. =2 NEAES Please refer to 2062 Q.No. 5b
- Vo 6 "o \\& Ne) 6 1. 2066 Q.No.
What are d.ir.edion cosi of a line? Pro - Lo oo 5 i i dié =22 -2 c 0° Find the Zatio in which the line joining the
il oribpygssshe ines of a line? Prove: e co-ordinates of the point which | . 6 2 points“(2, 4, 5) and (3, 54) is divided by
sin? a + sin? B - sin’y = 2 [2[\ line joining (2, -4, 3) and (5, 5, -6)inthel . 8=120° E ane. . l';l
21, 2062 Q)15 58 SoLution] B
b mle:nadngle @, B and 1 with positive - ShOW ha(P (1,2,3), Q4,0,4) and R(-2, 4,2 are | T (y12)=245)
-axis, y-axis z-axis respectively then cos Here, (x,y1,z1)= (2, -4,3) ORin€ar, 2] (X2 y2 22) = (3,5, 4)
 cos B and cos y are called the d.c's of the (x2, y2, 22) = (5,5, -6) SoLuTioN] In xy-plane, we have 2 =0.
Nm;” momy=2:1 Given points are A(1,2,3), B@,0, 4) and C(-2,4,2). e, :::,,s:\?:n formula, we have
sint .+ s+ sy (y.z)=? AB =17 02 @3 - P Cmvm
=1-cos'a+1-costf+ 1 - costy From section formula, we have g BC = (-2-4)7+ (@-0p+ 2-9) ;\/gg m ) e §)
=3 - (cos?a + cos? b + cosy) oy 7)=(m1xz¢ mox w% =2/14 o, 0 = m + mo
=3-1  (“cos'a+ costh+costy =1 mi+mz ¢yt i AC =Ty =yl | O s Sme
=2 - 2!5\*1:22x5+1x(»41yi’{1/ ) ;{°TQAVU+AC=\II_-H\[1_4 =214 =BC : n—‘:=%
B. 2088 Q.No. 60 - —— 2+1 ¢ 2+ 1 ’ 2 ~_The points A, B and C are collinear, [ fR quired ratio is 5 4
equired raho s N
Find direction cosines of a line joinj 126 -9 N
points (-1, 2, 5) and (-2, 4, 3) Joining the | = (T ¥ —3—) =@,2,-3) rection cosines of a line whose 12. 2067 .Q'NO‘ 5 .
2| \ ¥ 3 / Atios are 1,2, 2, @2l The sect!on of two points P2, -4, 3) and
i 4 _ _— Q(x,y,z) in the ratio 2: 1 is (- 2, 2 -3). Find
Given points are A(-1, 2, 5) and B(-2, 4 3 2061 Q.No. 6| 4 3! p 2
AB=ZF P T A % /4, 4 the section of two points I "Llhc’ﬂ‘ sven direction ratios are Please refer to 2061 Q.No. 5b
\ YRy, z) in the ratio 21is (- 227 Y ) N (é\ N
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( Lo
0, 1) >y
Show that the ?olnts (i, o n“elosr n

;nd(ﬂl 2)are the

1
,md D(O' 4
{et AG, 0, 1), BR 2 2), C(-1 3,3)
2) be given pom 1AC

Mid point of diagona’
3.10:3123 ( 2,2)
= 2 2 2
BD
Mid p(\:‘(‘s of d;‘g"m] 82.2.2)

pO.12) c-133

2 +02+1 2 +2
=\ -, B
Since the coordinates of the midpoints of ﬂs\‘e)
diagonals AC and BD are the ﬁs::\l!IE,
d:agonals AC and BD bisects each other.

ABCDiS2 paralle]oa-ram.

4. 20“ QNo. 2 - '
Find the dipection cosines of a line which
equally inclined to the axes.

3
()

are
2]

Givm&att.helineisequa!lyinclinedmthe
axes. Soa = B =1. Hence, the d.c's are
l=cosa,m=cosaandn=cosa
We have,
[+mi+m=1

or, cos?o+ costa+cosfa =1

or, 3cos?a=1
1
msa::\ﬁ
Requ.‘u'ed(ic'sareil tl t‘l‘.
R R 6
[15.2070 Set C Q.No. 21§
Show that the direction cosines of a line equally

o 1.1 1
inclined to the axes are: + == +—= +— [2
V37373

Please refer to 2069 (Set B) Q.No. 2b

6. 2070 Supp. Q.No. 2 b
Find the locus of a point which js . uidis!
from the points (1, 2, 3) and (3,2, -1). 4 ta[;i
Please see Model Set 1, Q. No, 2

7. 2071 Set DQ.No. 2 b

Find the direction cosines of line
through the points M(-2, 4, 3) and N( ; Jesoing

125 |2

| direction ratios are 2, 3,4 3"

Giw“ points are M(-2, 4, 3) ang N

,r T+2)+ (2-4y

N‘ (- )"’

bf, m, n be the direction msma) ;3
O

|
|

then st 42 1 ty

| =MN 3 °3 \
p-y1_2-4 2 1

m=MN 3 "3 \
z-z _5-3 2

n "MN 3 3

ingé (—2, 4, 7) and Q(3, -5, -1) i d“"b
plane.

Given points are (x1, y1, 21) = (2,4, )
and (x2, y2 22) = (3, -5, )
The x-coordinate of any point m&m
is 0. Now, from section formula, wehay
mixz + maxi

X T T m+m
m1.3+mz.1—2[ ‘
or, 0 = mi + m2
or, 3m; =2mz
m _2
Or’lnz—3
m:me=2:3

ES 2072 Set D Q.No. 25

If P and Q denote the coordinates (7.6,1
4,5,0) respectively, find the direction o
the li

2.1+43.(-2)+4.1
=0= cm
W\/IH(—Z)HIZ

0"5

1. 2072 8Su Q No. 2!
Find th i of alinep
chrough the polnts P(2,3,4) and Qa, 4, 6). [2]

Here, x1=2,y1=3,21=4
x2=1,y2=4,22=6

-\/(Xz —x1)2+ (y2-y1)2 + (z2- z1)?
=\[(1-22+ (@-37+ (6-4)2=+/6

Direction cosines of PQ are

xz-X| xz—Zi -7
“PQ © PQ PQ
1-2 4 4-3 6-4

kot

e TR
EZ 2073 Set C Q.No. Zg

If O is the origin, P(2, 3, 4) and Q(1, -2, 1) be any

| two points, show that OP is perpendjcular to
| 0Q. 2]

Direction ratios of OP are

a=x2-x1=2-0=2,bi=y2-y1=3-0=3

a=z-zu=4-0=4

and direction of ratios of OQ are

2=x2-x1=1-0=1b=y,-y1=-2-0=-2,

=Z2-z1=1-0=1

Now,

@@+ biby+cicz=2x1+3x (-2)+4x1
=2-6+4=0

Hence, OP is perpendicular to OQ.

Given points are P(2, 6, 2) and 0(4‘5%
PQ=@-27+ G- 67+ 02~ }
I¢1, m, n be the direction of PQ 1"

PR L 4-2

[20. 2072 Set E Q.No. 2b

thl
Find the angle between ndl, .1,1

Here a;
and a=1,

1£0 be the angle betwe
bmm + b2t > r"d
cos 0 = 7+ b
Variz + b + cf VY

=2, b =% a’y

[23.2073 set D Q.No. ZH

@, B and y are the direction cosines of a line,

prove that cos2o + cos2B+cos2y+1=| 21
lsoLuTion
'LHS. =cos2a + cos: cos2y +1

:’?I 5?16 3‘1 =2c0s2a -1+ 2cos?P -1+ 2cosy-1+1
o = Y?QL === 3 = 2(cos2a + cos?P + cos?y) - 2
-z 0-2 =;2_ =2x1-2 [.cost+cosP +costy=1]
n = PQ =73 3 24 =0=RH.S.
ar 3’1 Q.No. 2

Yind the direction cosines of a line joining the
points (1,2,3) and (4,5,7).

Let given points (1, 2, 3) and (4, 5, 7) be
denoted hy A and B respectively. Then,

AB (-1 +(B-2)2+(7-9)
=\/9»9+ 16 =3

It1, m, n be the d.¢'s of AB then

CO-ORDINATES IN SPACE Units 93

|= xz—x; 4-1
«I‘ \/_
metizyr _5-20 3.
AB ~\31 34
nafzm 7-3 4
AB "\ 3

v 3 34
quuuedd.dsofABare@,@and@A

. 2074, B Q.No. 2!

Fi e direction cosines of the line PQ passing
ough P(2, 3,4) and Q(5, 9, 13) 2]
Given points are

(1, y1,21)=(2,3,4)

& (x2, y2,22) = (5,9,13)

PQ=\(: - X\ + (- yiP + (22— z)
=\[G-22+(9-3p+ 13-4y
=J9+36+81=4[126 =1[12

IftheduectioncosinesofPQbel m, n then
xx-x1_5-2
PQ "o 3\/—4 ﬁ

v 9- 3

n=Zz—Zx_13—-l_ 9 _
O i vl ﬁ
[26. 2074 Supp Q.No. 2y

Find the direction cosines of a line which is
equally inclined to the axes. 21
= Please refer to 2069 Set B Q.N. 2b
[27. 2075 Set C Q.No. 2
Find the direction cosines of the line
through the points A(-1, 2, 5) and B(-2, 4,3). [2]
Given points A and B are
(xu,yLz1)=(-1,25)
and (x2 y2, z2) = (-2, 4, 3)
AB = -x) + (y2- i) + (22 - 20
(-2+ 1)+ (#-22+(3-5)°

The direction cosines of AB are

[4 MARKS QUESTIONS

Ea. 2056 Q.No. 1ﬁ

Find the direction cosines of the line which is
perpendicular to the lines with direction cosines
proportional to 3,-1,1and -3, 2, 4. 4]




them®
sic Ma!
94  Asmita's NEB Sowtio” of Ba
hich 1§
be the des of ¢ ine &g
Let I, ‘:;c’\:lar o the line$ 4, Thenv
Peml rtional to 3, -1, 1 and dxc\llﬂ" we have
&mp:ﬂ\e condition of perpen
3l-m+n=0 .
=0 ; hav
e ;\ezmm;eﬁ ~ross multiplication ™
y
o __m B
32 3-12 6-7
([ _m I
or, I =153 1
| m _’L’_ s'_;
or,§='5'=-1= 2:¢5:+(-1)1 E
> s .t
1 =ﬁ, m= 20 4 \[3?

Lane divides the
muchrhesz A]soﬁndﬂ‘e

» “ 7) and (1, 2 5)
. :fugpomtonthey'l}’m Gl

Here, (% Y1 21) = 4.6.7)
(x,,v“zz)—(12.5)
m me="?

In yz-plane, we have x = 0

any point in yz-plane is of the form (0,7, 2).

e
From section formula, we have
muixz + mex:
T T meme
m !—1 +mz-4
or, 0 = m; + me
or, m =4m
m_4
o m 71
mi:me=4:1 5
Again from section formula, we have
myy:+ 1 mMizz + Mgz
v (o "min mem)

42+1-6+ 45+1

g 14
4+1 7 4+1 7)=(0

)

= (0, %)
R A ! 4
equired point in yz-plane is (o, 3 %) )
{30. 2057 Q.No. 143

Show that the an,
. 1 gle between two diagonals of a
cube is cos-? 3

Let us suppose that one vertex of 3 cul
'a’ be at origin O(0,0,0). Consides M:e:lilm gth
OP and AD where the coordinates of O, p

D be (0, 0, 0), (a, a, a), (a, 0, 0) and 6A and
respectively as shown in the fi figure, O, a, a)

14]

NoW dcsofOP are
-0 a-0

R

=hl+ mm\z + nmz

%(f) NV

C(0,0a
pead(1 — .Pada)
XS
."' [ ng
0 A(.‘o‘o)x
B(0.5.0) E@oa)

op=~f<a OF+ (a-0F+ @~y
\](0 a2+ (@-0)2+(a-0 &

be the angle between OP and AD thg
[}

1 1

N

are (11,

SOLUTION

(x2 2, 22) respectively. Then,
X2-x
=2-n z
h ="%8
x2-x1=ABh
Similarly,
y2=y1= ABm;
Z2-2=ABn
The projection of
AB on CD is given
by
ABcos @ = (a-x) 2+ (y2- yrymz
or, ABcos @ = AB I/, + AB mim2
- CosQ= hl; + myma+ min2

A(x

Finy the angles between the two lines¥

my, m)\

Let 6 be the angle between two lines AB and
whose d.c's are I3, mi, m and I, mz, 21
Let the coordinates of A and B be (1 Y )

Blel

‘yy',h)

¥ Aﬂmﬂl

+ (B ot

CO-ORDINATES IN SPACE Unit 5 95

B2 zosaoNo 14
Find the angle between the lines whose
dmcﬂun cosines are given by (i, mi, m) and

I, ma, n2)-
(: Please refer to 2057 Q.No. 14a

33, 2068 Q.No. 14a OR

Show that the angle between two diagonals of a

[4]

1
cube is cos™ (‘5)
= Please refer to 2057 Q.No. 14a

§4 2059 Q.No. 14a

Find the angle between the lines whose
direction cosines are (h, mi, m) and

(I, ma, 1 n2) [4]
= Please refer to 2057 Q.No. 14a OR

Given three collinear poims A(3,2, 4),B(5,4,-6)
and C(9, 8, -10). Find the ratio in which B divides
AC. 41
[soLuTioN]
Let (x, y, z) = (5, 4, -6) divide the line joining
the points (v, y», z1) = (3, 2, 4) and
(x2, y2 z2) = (9, 8, -10) in the ratio mi : m2.
Then, by section formula, we have
B(5,4,-6)

A(3,2,4)

_ Imx2 + max
mp + me
_mi-9+mp-3

m + mz

C(9,8,-10)

or, 5

5mi+5me=9m +3m2 !
4m =2m;

© 4

Let [, m, n be the d.c's of a line and r be its length.
Then,

2
Ty
Ir=6, mr=2andnr=3
Squaring and adding,
P+ mi+n)=36+4+9=49
or, =49

6
l=,,m=

SR+m2enz=1)

Lor=7
So, the length of the line =
Now, e 2 3

I= 7om=z andn=7

Hence, d f the line are : i
e, d.c's of the um.7 7.u\\7.

E7. 2060 Q.No. 14a 05

Find the direction cosines of the line which is
perpendicular to the lines with direction cosines
propomoml to (1,-2,-2) and (0,2, 1). [41
Letl m , n be the d.c's of a line which is
perpendicular to the lines with d.c's
proportional to 1, —2.-2and0 2, 1. Then, by

the condition of ity, we have,
[-1+m.(-2)+n.(-2)=0
or, 2m-2n=0 0
and/,0+m.2+n.1=0
o@r2zm+n=0 - (i)

By the rule of cross muluPhc.auon. we have

n
(2).1-(-2).2 =22 0-1 1°1.2-(2.0
] m n
o %372
Il m n___ 1 1
M 2TAT2 [z (ape2 3
2 -1 2 ’

=3m=3.n"3
. , ; 212
Required d.c's of the lineare 3,37, 5.
(8. 2061 Q.No. 143
Prove that the lines whose direction cosines are

given by the relation al + bm + cn = 0 and
fmn + gnl + him = 0 are perpendicular if

Lel, o
Given relations are

al+bm+m=0 ()
and fmn+gnl+him=0 . (i)

Eliminating n between (i) and (ii), wé have

4l + b —4l + by
f‘m(—cm‘)*'gl(—c‘g)*hhn:()

or, ag 2+ (af + bg - ch) Im + vfm* =0

N2
or, ag (-u:) + (ch - af + bg) (é) +bf=0
1

which is quadratic in 7

i L
Let the two rootsbe—‘ and —

m
Then.':\_“‘i—i_ ag [Prodununhemob~%
L  muma
e
hly  nume
or, i/a g/b .. (i)

Similarly, if we eliminate | between (i) (m\w
we have

e e )
g/b “hjc @) (-~
From (iii) and (iv), 4 \

4
%
%

~

\
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1
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% Asmita’s NEB Solution of B¥ wsh = NG (1+m+n)
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f/a” g/b " h/c

Lg-m+n
cos Y ’\ﬁ(l m+ n)

o 1, 2062 Q.No, 44a OR] 1 (=2 2
kf kg . 1 Find theAatlo In which the line joining the ( ) ( )
b=, muma =7 TS Ciculat st = rm-m -2 4, 7) and (3, 5, -8) is dieided ;ﬁ’ 2\[5’ Vo \V6) " \W6) V6
Or (WAL - -
The two lines will l\: perpene 20 + cOSHP + COSY + cost (4] 6 "~ =c0s120°
if Il + myma + une =0 No“’r b 0=120°
o _+§g 4_&?1:0 . (,+m+n)“o,(-’+m+“)’++~(l Here, (x1,y1,21)=(-2,4,7)
T ¢ (xu y2 ) = (3, -5, -8) fio in which the li
ﬁ 8, L im-n) We have, in xy-plane, z =0 dtio in which the line joining the
atvt 3 ¢ 4 Now, from section formula, we have (‘ pn; 3; ind SL::'?h(s -6 :1) is divided by the
_4 al e coordinates of th
s . 1 @n+ 4me2 + 4n?) = 3 (2+m2+ 1) ! : . m_IZZ_:ﬂﬂ of mtersechnn of the line with lhee;l:ce ’ pox[:;
pm m.nu.e wm? maesies 3 . ; Sl
als of 3 B ! m-(-8)+m- (7)
with four diagonals 4 [l //T—_A% or, 0 = ——= Here, (1, y1,z3) = (-3, 4, -8)
coslx+cos’y*fﬂs’l*‘°sz“3' 0. 2062 Q.No. L or, 8m1=7m: (x2y2 22) = (5,6, 4)
4 the direction cosines I, m, n of tw ’ In xy-plane, we have z =0
ey nected by the pold m 7 i int i
—— the vertex of the cube of | which are con Y the l‘liﬂ o ' ~ 8 Le. any point in xy-plane is of the form (x, y,
S“‘g:f matm‘e(g(ﬂgt‘))andOAOBandOC 4l+3m-2n=0and Im-mn+nl=q, ‘m=7:8 2 o
length a is at origin g the ) . . ‘ ow, from section formula, we have
are along the coordinate esd P ::e('(‘) 0,0) Given relations are ) Ez; 2034 Q.No. 14 d _muz:+ moz
coordinates of O, A, B,C, D, E, Fan 0.2) (5. 0 4+3m-2n=0 ... (1) Find the direction cosines 1, m, n of two lines 2 T mrm
(20,0), (0,2 0),(0,0,2), 0 a A), (arﬁ A andlm -mn+n/=0 . (i) which are connected by the relations: _m.4+me(-8)
and (a, a, a) respectively as shown in figur Eliminating 0 from (1) and (ii), we have l+m+n=0andmn-2nl-2lm=0 @l % " mrm
Y
T ! 0 4] + 3m’ 41+ 3m soLuTioN] or, 4m =8m;
8020 Faal) Im-m ( -1=0 “ Given relations are or, M _2
[+m+n =0 () fme 1
o _3m? 2
o or, 21121:-14ml3§§‘_54[ +3lm=0 and2lm + 2In - mn = 0... (ii) Lomiime=2:1
o 220 Eliminating n from (i) and (i), we have The required point is
NaOO))( or, 42+ 4lm - 3lm -3m? = | 2im + 2/(-I - m) -m (-/ -m) =0 M+ Mot muy: + mo
- or, 41 (/+m)-3m (I +m)=0 or, 2lm-2/2- +Im+m2= xy, 0= (—F"FT7— 1 Ouy:® moy:
| , 2/2-2lm+Im+ m2=0 y m+m: ey
c(00a) E(@0a) or, (I+m) (4l-3m)=0 or, 22-Ilm-m2=0 e me
H Eiter [+m=0 o (i) - or, (I-m)(2+m)=0 2:5+1-(3) _(_)_45*1
The four diagonals of cube are OP, AD, BE and CF. and4/-3m =0 (V) Either, I-m=0 (i) ( 2+1 . ) ( )
Now, From (i) and (iii or, 20+ B
The direction ratios of OP area-0,a-0,a-0 4“32_2“(:3 m=0 - (iv) “

Solvmg (i) and (iii) by cross mulhphcahon

ie.aaa |+m+0.n=0 Fmdt dmuon cosines of the line which is
The direction ratios of AD are 0 -a,a-0,a-0 By th £ ultiplication, we haw 1. _1 to the lines with direction cosines
it y elruleo cross mm p! . PR (:) 11 } 0° (-1) 11 ,{’;amom t03,-1,1and -3, 2, 4. P
The direction ratios of BEarea -0,0-a,a-0 30-() 1 =(_2)_1_0,4=—"4A1_3.1‘ ony=T =5 =m
o iea-aa o ! ) . T+12+ (-2) \/3 Please refer to 2056 Q.No. 14a
ThedxrechonrauosofCIareai—eO;a-O,U—a or, 3 3:-1- m:g 1= %,m=\l€,n \IZ ES.ZOGSQ.NO.M:Oﬂ
€232 -a \J - T s .
So, the d.c's of OP are oy 2 -2 1 4os ot which are the d.c's of first line. :::;P::l«i::;:f:f hul:: ;?,em:n:n?tsm"s' t 3.
a a a - l=3,m=73,n=3 whichare thed< lAgﬂin, from (i) and (iv) we have cosines. F;;
Nar+atvaraivai+ 2 it air g Again, from (i) and (iv *m+n=0 SOLU
_ 11 v Vaivaiva 4,%3“1_2“(:)0 () 2A+m+0.n=0
ie. ﬁ ' ﬁv—g 41 -3m+0n=0 o By the rule of cross multiplication, we have Please refer to 2000 Q. No. 14a
licati ! [46. 2066 Q.No. 14 4
imi ) By the rule of cross multiplications W —_— _n
S‘Tﬂal"y']“’e d]'“ 1‘" ]AD/ BE and CF are d ) ‘ P " | 1.0-1.1 712201 1.1-1-2 Prove that the straight lines whose dc's are given
00 SR I Y 0 T T B 11 \_-———— ) I m by ul + vin + wn = 0 and fmn + gnl + him =0
= N\ T and (== % ~ 4 ( %, — =2 _n y uld v wn = Dan gn L
GEv Erp=Geg) | T @ v 7of - e LafoRog
respectively. or, 3 - or 1 _m n 1 1 perpendicular if 1+ 7+ 0= [4]
h -8 -2 1 “1 -2'l=m=\ﬁ
or, 3= m 1 - N S ﬁ e 1 -2 1 Given relations are
Let/, m, n be the d.c's of the line ma oA 2T e g2 IR REemMETE T ul+vm+wn=0 (D)
king angles ¢, 6 \/;' \ﬁ' N
p,yandt Wllh OP, AD, BE and CF I'hen I= 3 i 12 Which are the d.¢'s of second line andfmn + gol + him =0 oo ()
13 M=73,n=73 I ) . Eliminating n between (i) and (ii), we have
cosa=1 ,'—' +m .—" +n _~— =~(I N £ . { 0 be the angle between two lines, then
\ﬁ \ﬁ \3 \ﬁ m + n) which are the d.c's of second lin¢: . l}‘ oSO =L+ muma + _ f-4l+vm (2w _
Similarly, 5 2 1\ (70" fm c tel c *+him=0
Hence, the required d.¢'s are (') T )d“
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ic Mathem® Q.No 142
o8 Asmita's NEB Solution of 84 9, 2067 ine which makes angle,

i =0
or, ug R+ (uf+vg- wh) Im+V fv

2 LY ev=0
or, ug (ﬁ) +(wh-uf+ vg) (m) )
[ . it has two roof
L t has
Y which is quadratic in p;, - Sot

I _12_
Let the two roots be 0 and o0
L &
| o T e T ug
ﬁ _ oume
O vf T ug
hix o o (i)
O /u T g/v veen (i
Similarly, if we eliminate ! betw
we have
oume e
g/v h/w
From (iii) and (iv),
Ll mume _ mre )
f/u T g/v h/w k (suppose

) and (i),

(i)

K K —
1‘1;=';,|mm.=%,mm—w ‘ y
The two lines will be perpendicular
hiz+ mume + mne =0
L Eg*%=0

A(23,-1),B(523),C43-5 D21 -3) are
four points in space. Find the projection of AB
on CD. 14

points are A (2, 3,-1), B(5,23), C (43, -5)
D(-2,1,-3).
Now,
CD =4/(-2-4P2+(1-3)2+ (-3+5)

-\357 374 =i =2\TI

11
If the d.c's of CD are I, m, n then

N _1’2—11=—2-4= 6 =-_3
SN T RN TR i
_ye-wi _1-3 -2 -1

M TTCD T Am Vi

Z2-21 —3*5__2_ 1

Now, the projection of AB on CD is
(z-x) !+ (y2-y)m+ (z2-z)n

3 -
S R
. =2, 1L .,4 4
N R TR

nd the angle between the lines
direction cosines are given by 1 + m + , =
A 2im+2in-mn=0

= Please refer to 2064 Q.No. 14a

whose
0 and
14]

ve that i
a‘“‘a 4
’y +Cos’z+ Cos’s =3.

' Xy, %4
four dial
COSlx + Cos

§
sose that one of the vertex of |
fe‘:\}gﬂ\ ais at origin O(0, 0, 0) and OAE, “‘Bb&v
oC are along the coordinate axeg,
coordinates of O, A, B, C, D, E, F gp :1\
0, 0, @ 0 0 O a 0, 0'!
© a A @0 3 (@2 0 gt
ely as shown in figure. L)

respectiV! i
B(0,a,0) F(aa,0)
0,8,
DOAR Pala,
(0.0.0 A@od
C(0,0,a) E(a0,a)

z i
The four diagonals of cube are Op, AD,
and CF. i
Now, the direction ratios of OP are aA- 0,2-0,a-(
le.aa,a |
The direction ratios of AD are 0 - a,a- ()3
ie -a,aa
The direction ratios of BE are a -0, 0 -,/
ie.a -aa
The direction ratios of CF are a -0, a-0,04
ie.aa-a
So, the d.c's of OP are
a a a

-\/a2+al+al'\];2+32+a2'\]a“—a2+a1
111
VARV

Similarly, the d.c's of AD, BE and CFf

g E il
() G Gl

respectively.

" |
Letf, m ' be the d.c's of the line making 8

B,vand 5 with OP, AD, BE and CE. T
1

1 1
cosu=l.7.3- +m,7_3- +n.\ﬁ

N 1
Similarly, cos p === (-1 + m + n)
N
1
cosy =$(l -m+n)

1
cos § =$(l+m-n)

Now,

COs% + COs?f} + cosyy + cos%d

1 1 1
i(um+n)’+3(—l+m<tn)7++§(l-m+n)z
+7:(I+m—n)‘

Losa 2+4n1)-i(l“mi+ -4
= 5(4/* m 3 )=z

(‘.‘11+m14nz=1)

(60,2068 Q.No. 143

Find the angle between the two straight lines
whose direction cosines are l;, mi, n1 and 1, m,,
nz. Also, find the condition for the two lines to
be perpendicular to each other. 41

First part:

Please refer to 2057 Q.No. 14a OR

Second part:

Two line will be perpendicular to each other if
0=90°

i.e.cos90° =il + mimz + nin2

Llz + mimz + nz = 0

, —3) is parallel to the line joining the
points (2, 3, 4) and (5, 9, 13). [4]
Let the given points be A(1, 2, 3), B(-1, -2, -3),
C(2, 3, 4), D(5, 9, 13). We have to show that
AB is parallel to CD.
For AB:
If a1, by, c1 are the direction ratios of AB then
a =xn-n=-1-1=-2
b =y-y1=-2-2=4
a =n-z1=-3-3=-6
For CD:
If az, by, c; are the direction cosines of CD,
then

a =5-2=3
b, =9-3=¢
¢ =13-4=9
Here,
a2

a "3

b 4 -2
b, T =3
a _-6 -2
C2 =3=~—
a bo_a

"

S
1

2
Hence, AB and CD are parallel lines.

& Aband CD are parallel lines.
| 162. 2069 (Set A) Q.No. 6b

Find the angle between the two lines whose
d}lecﬂon ratigs-dre a,, by, ¢1 and az, by, ¢ Also,
find the condition under which the two lines are
Perpengitular. 4

CO-ORDINATES IN SPACE

oLy ron]
Let a), by, ¢ and az, by, c; be the direction
ratios of two lines whose corresponding d.c's
are Iy, my, m and Iy, my, ny. Then,

ar

he—=2l___
Va:“ bi2 + 2

-t

Vari+ bz + o

C1

me=—
*Jau“b;“c-?
lz=¢,
Vaz v b+ cz
= 73
m = fF—
“Jazz* b2+ c2

npe—=__
Vaz+ b2+ cz

If © be the angle between two lines, then

cos 0= hl; + mime + mm,

_ izt b+ cic

Vat+ b2+ o2 a2+ b2+ c2

’I'hetwoliswil]beperpendm]ax' if 8.=90°.
ie. cos90° = i+ b+ cicr
Vaz+ b+ a2+ b2+ 2
or, 0 = i+ bbb+ ac

aaz + bz + cic2 = 0.

2070 Set D Q.No. 6
Enddleanglebdmhmstmig‘nlinswlmse
direction cosiness are b, my, m and L, m;, . 4]

Please refer to 2057 Q.No. 14a OR
54. 2071 Set C Q.No. 6 b
Show that the line AB is perpendicular to CD if
A, B, C, D are the points (2, 3, 4),

Units5 99

(5,4,-1), (3, 6,2) and (1, 2, 0) respectively. 4]
For AB:
If ay, by, 1 be the direction ratios of AB, then
a=5-2=3 bh=4-3=1, a=-1-4=3
For CD:
Again, if a, by, cbe the direction cosines of
CD, then
2=1-3=-2, bh=2-6=4 @=0-2=-2
Now,

aa bbbt aa=3(-2) + () + (-5 (-2)=0
Hence AB is perpendicular to CD.

E& 2075 Set A Q.No. 6!

Show that the angle between the two diagonals

1
of a cube is cos™ 3

= Please refer to 2057 Q.No. 14a

4]
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6 MARKS QUESTION

56 oD 9 . o
Show that the straight \mc:o\;‘ by
cosines are given by the equations .
and ul*vmitwn: = 0 a:: o
ayv+w) + bYutw) + cHutv

Asmita’s NEB Solution

Given relabons are
al+bm+en =0 ; @

2- 2= -\ ' !
¢ gm;:: 1 between (i) and (1), we have

—al - bm 2:0
w2+ ym2 + w( <

1)

272

2ablm b
or, wrevmi+w{TT+ T a I ,
or. Wi + vini + afitw + 22blmw + DmMEW L
0; (Cu + 23w) 12+ (2abw) Im + (@v+bw)m 0
1\’ 1
or, (Cu+ aiw) (—;) + 2abw (m) +
v+ bw)=0 (i)
i 1 vo Toots be
. which is quadratic in 7. Let the two
kL L
™
C
Now, product of the roots =7
L I cv+bw
O i mz T Cu v atw
Lk mime
O Gv+biw  cu+aiw
(v)
Similarly, if we eliminate | between (i) and (ii),
we have
mym; mnz
cCu+atw  atv + b
(v)
From (iv) and (v)
Lt mum: nng
v v bw  Clu+atw atv + bln - k (suppose)
hiz=k (cv + bw)
mumz = k (clu + atw)
nyng = k(a?v + btu)
The two lines will be perpendicular if
hilz+ mimg + nyng = 0
or, ¢V + bw + chu + atw +aly + by = ()
al(v + w)+ b’(“‘W)*Cl(\Hv):()
Again, the lines are paralle] if
hom _m
L m n
Taking first two ratios, we haye
h_mu
L™ m
b b
ie T =10

; that the quadratic gy,
We ‘:1\0::6“1,.00\5 ifits discrimn\:::(\h:m fy,
lu\’lt :‘;l Za(u+ aw) (@ + bzw) :0 '
a.;h\' + bctuw +akivw =0 Y
ﬁzulv +buy +avw =0

\D\ividi“?‘ both sides by uvw, we get

v d =0

Vhw

\
1.
or,
or,
or,

:

i hose directj
hat the lines wi e
h:'):: ‘by the relations al + bm 4 . "l

g +gal * him = 0 are Peme“d;“n
fmn o

Please refer to 2066 Q.No. 14a
[Pu(u=a,v=b,w=cl

EamssatBaNo.g

Prove that the straight lines whoge 4

cosines are given by the relations al + b,

and fmn + gnl + hlm = 0 are Perpendioy,

£ 845 0 and parallel if \at £ g,

ath

First Part: Please refer to 2061 Q.No. 14
Second Part:
. h m
The lines are parallel 1f1-1 "M
Taking first two ratios, we have
L m
L me
b b
Le. m - mz .
We know that the quadratic eqylaflon(‘!‘
have two equal roots if the discrimirated
ie. (af + bg-ch)-4agbf=0[. B ~4ACH
2
or, (af + bg - chy = (+ 2\Jag.bf)
or, af +bg - ch =+ 2+/agbf
or, af +bg +24/ag.bf = ch
2
o, (a2 = (=)
or, faf £ \bg=+ \ch
or, \faf £yfbg £4Jch=0

Hence the given lines are parallelif

59. 2069 (Set A) Q.No. 2b wl

Find the equation of the plane thioséh o

-yt
(3,-4,5) and parallel to the l)ll"‘:‘I Y

x+y+2z=9is the required S uation of plane.

plane.
Nt £/ £\ - 0 %
:

or 210~k =0

%"

I'he equation of plane through the point (3, -4, 5) is
a(x-3)+bly+d) +c(z-5=0 Q)

If equation (i) is parallel to 3x 4y + 57 = 7,

then % =:bz =§ =k (Suppose)

a=3k, b=-4k,c=5k

Putting the values of a, b, ¢ in (i), we have
3k(x -3) -4K(y +4) + 5k(z -5) = 0

or, 3x-9-4y-16+52-25=0

3x -4y + 52 = 50 is the required equation of

plane.

EO. 2070 Set D Q.No. 2 B

ation of the plane which makes

12]
The equation of plane in intercept form is
X z

Thee

Since the plane makes equal intercepts on the
axes, s0 a = b = c. So the equation of plane
becomes

x z
Fiar -t
x+ty+tz=a .. (i)
Since equation (i) passes through the point
(2,3,4),s0

2+3+4=a

a=9

Substituting the value of a in equation (i),
we have

61. 2071 Set C Q.No. 2 b
Find the equation of the plane through (1, 2, 3)
and Earallel to the plane 3x 4y +5z =0. 2]

The equation of plane through the point (1, 2, 3) is
ax-1) +b(y-2) + ¢ (z-3)=0 -0
Since, plane (i) is parallel to the plane 3x - 4y + 5z =0, so
b ¢
3 =% =5 =k (suppose)
a=3k, b=-4k,c=5k
Substituting the value of a, b and c in (i)
3k(x-l)-4k(y-2)+5k(z-3)=0
or, 3x-3-4y +8+52-15=0

3X - 4y + 52 = 10 is the required equation of

k 30 that the planes x - 2y + k2= 0 and
5y - 2 =0 are at right angles. 12

Two planes x - 2y + kz =0and 2x+ 5y - 2= 0
are at right angles to each other i

1:24(=2) 5=k (-1)=0 [ aa+ b2 + cic2 = 0)
k=.8

DO\ O
CO-ORDINATES IN SPACE Unit §

101

$63. 2074 Set A Q.No. Zg
on the axes are 2, 3 and 4 respectively.

Given,a=2,b=3,c=14

The equation of plane in intercept form is
Y z

pre
Y z
3+3=1

ox+ 4y +32
. 12

6x + 4y + 3z =
equation of plane.

=1

12 which is the required

Find the equation of the plane whose intercepts

2

E. 2075 Set A Q.No. 29

Find the equation of the plane which makes

equal intercepts on the axes and passes through
the point12, 3, 4). 2]

= P¥ase refer to 2070 Set D Q No. 2b

E§ 2075 Set B Q.No. ZE

Find the intercepts made by the plane 2x + 3y +
4z = 24 on the coordinate axes.

SoLuToN

Given, equation of plane 1s

2A(+3y+42=24 (i)

Dividing both sides of (i) by 24, we get,

x 3 4z u

24%24 717
XV z .

or, T3+g +5=1 .. (1)

X X X V z
Comparing (ii) thh; % ¢:=1, we get,
X - intercept (a) = 12
y - intercept (b) = 8
Z - intercept () = 6

4 MARKS QUESTION:

6. Set B) Q.No. 6
the equation of the plane through the
ints (1,1,0) (-2, 2 -1) and (1, 2,1).

or, 3a+b-c=0
anda(l-1)+b2-1)+c(1-0)=0
or, 0-a+b+c=0

14l

The equation of plane through the point (1, 1, 0)is
a(x-1)+b(y-1)+c(z-0)=0 ()
If equation (i) passes through the points
(-2.2 -1) and (1, 2, 1), then
a(-2-1) +bR-1) +¢(-1-0)=0
(i)

... (i)
Solving (i1) and (iii) by the method of cross

multiplication, we have
-3

a

Sk

; | >G>
b C

<z ¥
Er @

L1-(-) 1 () 0-(31 (3).1-01



—_—

\ \ 02 A-msqummwm--ﬂ \
' a_b R
\‘ o 3=3"% = K (suppose) (,,1)2_20 0-1-2:2 2 ZT(-T’
‘ a=2 b=k o= Y X 'L
Substituting the value of a band ¢ (), we - or, 121270 cooletine
have a t_’ ‘_C_ -k fe 0=0(true) IN SPACE Units 103
-1 (-1 W @-0=0 o327 (suppose) Fence, the planes (i) and (ii — b
or, -2+ 3y -3 | =575 81 E O No ba ii) are perpendi 2422 T i
% “.\-. 3y =0 a=2|\.b=2k\"-—3k ‘ 1, 2072 No. 6 perpen :ul,n i . 222 22 -3
v 3z = 5 it the required equation of Gubstituting the value of a " Find the equation of the pla -
ation (i), we have o boagg o the pointa (1,1,0), (-2,2 ‘_’”';' :zulngmrw” 27875
— s )+ KON - (@-1) =g ‘ ndi2 | o 3o
;‘, the equation of the plane through the or, 1‘+272)’:’3-;27J.3=0 Please refer to 2069 (Set B) - 737 k (Suppose)
L/ ) ‘““:‘zl‘mﬂ.!.ﬁlmd Itothe | 2§42y-\7. .-l)\sumn\quiwd“q d =7012 Supp AN, 8 J.No.6b a=2k b= -9k =5k
/plane +62=9. ane. u 2. 2072 Supp A.No. Ll P -
s : 14 P " Find the equation of th, utting the value of a, b, ¢ in (i)
— 2072 Set C Q.No. 6 points (2 2, 1) and (9, 3 ‘6 plane through the Te(xs2)-Fly-3) -5k H
eq\liumotphnrthmugh(lz‘l)ls Find the equation of the plane Plan¢1x+oy+61,9" , 6) and normal to the of, B+ d-By s W3- z-4)=0
ax-2)+by -2+ ce-1=0 i) intersection of the planes 2x L 2By s -0
Ilm(l\mmm:‘ " Z:Jy*h‘land . ‘_’3)'*‘101. [4] By+352+8=0
19.3,6), then ) PO 32y +42=5. perpendicular to gy, 5 Please refer to 2070 Set C I No. 6b lh;d”:eu.
a©-2)+bE -2+ ce-1)=0 oLuToN . 2073 Set C Q.No. 6 equation of
2 -1)= e i . the
or Tasbe5=0 ) ) Find the equation of of the plane through the
' Since equation (i) 18 . ﬂ\ (i) Efeq“mmn of plane through the interse; (2,-3,1) and Pl’l’Pe:di‘:l:lfl‘ne through the point Aty 4z ss .'h"” ~?‘ +y+z=6band
i : 26y 6z=9, 80 e plane b’*P;lnzgx+83y+loz=8and2x_,‘yf‘~':ﬂl\i two points (3,4, -1) and (2‘:';';!; line joining the plane dx + 5y - %z =3. perpendicular to the
2 av6 be .ol ™ AL G A, e w  EENIED - i )
Solvang (i) and (i), i) or, @+ 2K+ (3-2 K)y+(10+7K)z-8-2k = Direction ratios of the | The equation of the
s Since (i) i . = s e line
4 L 5 . » (i) is perpendicular to 3x -2y + 47+ 3.4,-1)and 2, -1, 5 ine joming the pomts intersection of the plane the
2 © o 2 s (2+2k)'3*(3-3k)-(_2)+(10+7k4z=5, a=2-3 =-1, 'b:’-)la;e 2""‘Y‘4z~5=0p5h"’“y‘l-aw
s 2L 4 ¢ . or, 6+6k=-6+6k+40+28k=0 )-4=0 Now, the equation of 1__5' c=5-(-1)=6 X+y+z-6+k(2x+3y+d4z+
T 6-56 52-67 76-12 o AR+ @ -3, 1)is, plane through the point or, (1+ 2kx + 1+ 3kyy + 1 =0 .4
or T = b < el a(x = 2) + by +3) + c(z lfmpmﬁperpﬂmnﬂ“:)z‘*"”’\)
6% "0-& @2 Putting th ; o A WA 4x+ 3y -3 t© the plane
-8 492-2 g the value of k in equation (i ince equation (i) is - (1) Y ~ 3z = 8 then,
JIE TONE T 20 +3y +10z -8 -1 (2x - on (i), wehay joining the points perpendicular to the li A1r2) 50
s = 1 (2 e p e - .
) . (x -3y +72-2)= g the points (3, 4 line | o 3k« (-3)0
%" 2" or, 2x+ 3y +10z2 -8 - 2x + 3y -7 )=0 a b ¢ ,4,-1)and (2, -1, 5), so0 r 4+8k+3+15k-3-12k nN+4k)=0
U or, by +32-6=0 Sy Tas2al T ¢ ksay) or, 6+11k=0 =0
374 _5=k(s.w) y+z=2 a= -k b=-5k c=6k ks‘lé—l
2=3k b=4kandc= _whichis the required equation of plane__ Putt .
=5k e required e ; R ing the value: )
Sabenis tonofp] K5 5Ky + o) Subssuing he
we....,e""““'“““da, b, cin (i) s,,;,mzs"DQNo.s = o -(:X 2)2’ f()k(y +3) + k(2 - 1)(2':': = x * 6vm°‘k’"“’
3k (x-2)+ w that the pla ) (-2 Sy + 3 ve(z-1)= vyrz-6-T7(x+dy iz~
o 3’.(; 2)+ 4k (v-2)-5h (z-1)=0 the plane 10‘; !+\E?.»:-o-3y-4z=3ls or, -xvz_sy_B*éZ(_( ‘I) 0 - n&*yraz+3 =0
’ +4y-E-52+5= p . 15y - 20z = 12 d . X+ 5y - 6=0 o Mx+1ly + 11z -06 -
0 erpendicular t y -6z + 19 = or, - x-— 12x - 18y -4z -
32+ 4y 5z = : 0 the plane 3x + 0 L —x-7y-132-9%= v -242 -39 =0
Y -52 = 9 15 the o 2y 4325, Y %=0
plane equired equati - et D Q.No. 6 x+7y+13z+%=
on of ; Find th L ¢ 9 =0 which is
Given planes are B he equation of the pl equation of plane required
v 243y dg= i € points (1,1,0), (- plane passing throu, 77 2074 Supp O 3
the equation of y-4z=3 @) | S ) (-2.2-1) and (1,2, 1) - 0p Q.No. 83
PRy r i s, W lsy-20,=12  Gi) o 1 | Show that the plane 2
poos Y (1, -1, 1) and h the Bredy+3z=5 -..(ii) Please refer to 2069 (Se the plane 10x + +3y-4z=3is o
il b bt Perpendicular | We ki ) ! T T E— iy Depmaat
The 14) and ow that two planes aix + by * Find m° Supp Q.No. 6 = Please w?:‘ +2y+3z=5.
uation ax + i € e { N o 2072 S
‘? e rame thamgh the w b Gy ] 304 perpendicular o the pians B+ oy » M&.DQN =
b (x+ 1)+ bly -1) + c(z1) point (1.1, 1 m=K=ﬂ g Rrpendicular to the phnﬁh%h‘-’-*l oy CQNe.
Since equaty - AN i 2y + 2235, y +d4z =06 e equation
i (1,-1,:‘;‘0:?'('; l:aw:b through '-lwh ) So, pl“‘“(lz)and - { Fm 14l MW::’:P“"W‘_L&“
i or, 22-2b+ 0c=0 ) b"]")'cu-])f"“" 2 3 4 (ii) are parallel if quation of plane th ““"‘dh'lyou_ﬁ,&mk'zy’h-g
Since eguation ' 0 10 :]_5 =750 ax - x,) + b(y - rough the point (-2, 3, 4) 1s = Please reter to 2073 Sy
(i) s () 20 ¢ (- yi) + pp Q.No. 6b
planex+2y+ 2z = perpendicu), 1 | Oh a2y ) ree-a)=0 6 1 . S
al+b 2y 2=5,50 ar 1o the l.e.g=l-1( | Mplane ( ) by =) Fe(z-4)=0. @) MARKS QUESTIONS
+¢-2=0 5% % (true, 1) s perpe S - @ -
Solving (ii) and (i), we ha Hence the ) 4 By 3 gy g Toicuiar 10 06 plkies 2070
2 22 )V(Te fatie i Again the planes (1) and (ii) allel % Oand 3x + 2y + 22 = 8, then Prove thai o
1 7 ~ 72 , we kn ii) are par b4 <0 h ther t a plane
‘ 2 >< 2/’<] >(v,2 a"’bly‘:‘:’ that two planes 5 :;dz,d' s ‘.’x-l)l aaz+bibrac=u) (x "‘“““Hawand(_:m,,,nmmf" points
{ ~2 Perpendic ul?t < dyand ax + by * Iving these e ftmo ¥y 2ok given by
50, planes ,““ aaz + it ! § method quations by cross multiphication R-n p=p Rk (20
(1) and (ii1) are p«-rprl\d“ M-u yi-p n-a&

2343 2+ (4)3=0
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Also, find the equation of the g;ane pa i
A gh 2,1, B, 4,9 and 7. 0.6

104 Asmita

e point
The equation of plane through the

(x,yv21)is -

)by -y reE-2 =8
;gxcel(?)*pas(;es "t;lmugh the points ( Y¥ z)
and (xs ¥ 29,50 2)=0 (i)

.':»x)+b(v:-,\‘l)*c(z~" - i
i ‘) B U (:l‘ )(iii),

N aElumna("n i hting a band c from (i), (ii) an
we have ,
| x-xm y-yi Z-& )
n-n y:-yi &4 = 0 is the
n-n y-yi »n-n
required equation of plane.

The equation of plane thrq,

(@ yv 21) = (22 -1), (x ¥a 2) u\uh
0
gl

and (vy y» 23) = (7,0, 6) is
2 z+1

x-2 y-

3-2 4-2 2+1 |

7-2 0-2 6+1

y-2 y-2 z+1

1 2 3 =0
or,' 5 -2 7

wed | 27 [-v-2 ]

@+ l ; -22 , =0

or, (x-2)(14+6) - (-2 (7-19) + (247, |

or, 20x-40+8y-16-122-12=¢
or, 20x +sy-12z—68=0

5x+2y -3z =17 is the reqmede%'.

plane.

<

UNIT \,)

VECTORS AND ITS
APPLICATIONS

A. ELEMENTS OF VECTORS AND ITS
APPLICATIONS

(. 2057 Q.No. 4 d

-
ABCDEF is a regular hexagon. Express AC and

- g -
AD in terms of AB and BC. 21
Let ABCDEF be a regular hexagon.

> 2 = g D
From AABC, AC = AB + BC
5> o
Also, AD = 2BC
¥
A - B

b_2058Q:No.44
- P
Ifa=(3,-1,-4), b =(-24,-3)and
= -> o o
¢ =(-57-1)find|a-2b+c|. - 2l
- T
- - -
Here, a =(3,-1,4), b =(-2,4,-3)and ¢ =(-5,%-1)
25
a-2b+c =(3,-1,-4)-2(-24,-3)+(-57-1)
=(3+4-5-1-8+7,-4+6-1)
=2-21)
2> > 5 .
[a-2b+ c|=\22+(-22+1 =9 =3
. 2069 Q.No, 3

iy - - )
a+be=(s56anda-b=2,findaandb. 2]
N ‘

-
+

2+D=(56) )
a-5=02 (i)
Adding (i) and i)

- \

Here,

Putting the value of a in (i)
449+ =606
5
or, b=(5,6-44=(1,2
N
b=(12

2060 QNo.44

- -
Ifa=(2-3) and b= (4 - 2). Find the unit

> >
vectoralong4a -3b. 2]
- -

Here, a = (2, -3)and b = 4, -2)

> -

42 -3b =4(2-3)-3(4,-2)
=(8,-12) - (12 -6)
= (8-12,-12+6) = (~4,-6)

142 -3b | =@+ (F =16+ 3%

-> - 4
Unit vector along4a -3b is

!
37 9=
b_2062Q.No.44

> > > o - > > o
‘IfOP=i +3j -7k andOQ=51i +2j - 4k

LI Y
@ |w
o

2
2

-
find PQ and determine its direction cosines. [2]
— - - > —

Here, OP =i +3j -7k and OQ
5> 9 =
=5i -2j +4k
S =
PQ =0Q-OP
T T e T
#(51 -2j +4k)-(i +3j -7k)
=4i -5] +11K

seay | IR =\ I -
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i of PQE
Unit vector along the direction of
Gospenk 40 S Ly
siosjenk 47 5 5
TN A

t vector
Ifa=@ -3 and

2

T = @ -2 find uni

2 -3b.
4a -3b.
a_lml\xg1 case refer to 2060 Q.No. 4a

__2064QNo.4 R 2
u_a'=(3,4)and3§'+zb =(5,6) find b-

Here,

2=69 ~@

32 +2b =(,6) ()

From (i) and (i)

35,4 +25 =5.6)
of, 26 =(5.6)- (9,12
or, 20 =(5-9,6-12)
or, b =]§(-4,-6)

b =(2-3)

2065QNo 3
If 37*}.—Eand AT- 4T+ 4Xare collinear
vector. Find A 2

Sinoetheveciorsﬁ*?—i and?.T—47+4E
are collinear, so
AQT +7-Kk) =71 - 47 + 4K for some scalar A.

or 3AT+AT-Ak =27-4f+4k
E‘quaﬁngﬁleooefﬁcientoffﬁandl:,weget
no=3A )
A =4 )

From (i) and (ii)

7 =3x(4)=-12
Prove that the points A, B, C are collinear, if
OA=T+2] +48,08 =27+ 57 -% and
ot =37 +8.)’—6; 12)

Let A, B and C be three points with position

vectors § + 2] + 4k, 27 4 57 - % and
31+ Bf— 6Krespecﬁvel LetO i
Then y. be the origin,

OA =7+2] +4k
OB =2 +5] -

o =31 +8] -6k

Ab =OB-OA =i+3] o

Ac =OC-CA =2 6j .,
=2(i+3] -5k) =24}

This shows that AB and Ac

they start from the same pojp, A g:la]h

C are collinear. M

o, 2086 C Q.No. 3 b

" i llel to

Find a unit vector para the

vectorsﬁ* I;Y_Si:’and-i’ + il""ﬁ b

0

Leta=21+47 -5k, b=14

Now,

2+b  =31+6] -4k i

la+bl =3+ 6T (@ =G

A unit vector parallel to the sum
S5 -

a+b

ey
|a+b]|

k|

o
Ofa.

S o o
_3it 6 -4k =’§‘T+L‘j’-ii‘
Ve fel 61 ) "\
112067 Q.No. 44 o
Determine the unit vector of 23 - 30
2=4T7+37and b =-27-37.
-
Here,;=4T+BTandg =-2T—3’f
- - 5
2a -3b =247 +37 )-3(-21-3])
=87 +67 +61 +9] =141
|22 -3B | =142+ 152 =+[421

o
Unit vector in the direction of 22 -3b1

24-38 14 o 15 3
123 -3B| 421 a2t
fz_2068 Q.No. 49

% i
ABCD is 2 parallelogram. G is (e
intersection of its diagonals and i

‘bll
point, show that: O + OB + OC+0

soLuTioN
Given, ABCD is a
parallelogram. Also G
is the point of
intersection  of ils
diagonals and O is any g
point,

Now,

OA+ OB + OC + OD

iy

= (6{3+6/\) + (66-*66) + (6'G+(?C) +
(OG+GD)

= 4o—z;+(G_/.\+(Té)+(G—I‘)+(TB)

=40G+(GA-GA) + GD - GD)

(" The diagonals of parallelogram
bisects each other)

-40G
. 2069 (Set A) OId Q.No. 43

12 =(3,4)and3a +2b = (5,6 find5. [z
= Please refer to 2064 Q.No. 4a

1a._2069 (Set B) Q.No. 2d

N
1OP =7 +37 -7K andOQ =57 - 27 + 4,

>
find PQ and a unit vector along the direction of
—
PQ.
w Please refer to 2062 Q.No. 4a
5. 2069 (Set A) Q.No. 2]
Show that the three points with Pposition vectors
-t T > o
i+2j +4k,2i +5j-k and 3i + 8j - 6k are
collinear. 21
= _Please refer to 2066 Q.No. 4a
16._2070 (Old) Q.No. 3 b

Find the direction cosines of the vector

121

I\Z‘N where position vectors of M is : + E). + ;l.(
and Niis 4i + 9} + 6k . 2
Let M and N be two points with Pposition
vectors -i +gj.+6_1.( and Ii+3,’+§
respectively. Let O be the origin. Then,
OM= : + Z,' + 6?( 4
o= =
ON= 4i + 9j + 6k
- o 5 =
MN  =ON-OM=-3i+ 3

IMN| =\3Fe 3 =33

-
Unit vector in the direction of MN is

-

=
| MN|
—3T + 3—" 1 - 1
IEX
32 27 2
. = 1 1
Required d.c's of the vector MN are -ﬁ ’ ﬁ, 0

(7._2070 Set C Q.No. 2 a
Al

BCD s a parallelogram. G is the point of
intersection of its diagonals and if O is any point

show that: 6:\ + (_);! *(S‘C #(—)-[.) =40G. 21
= Please refer to 2068 Q.No. 4a

W

A /
AU
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El. 2070 Set D Q.No. 23

The vertices A, B, C of a triangle are (2, -1, -3),
(4,2, 3) and (6, 3, 4) respectively. Show that

AB=(2,3,6)and AC=9. [2]

UTION!

Let A (2, -1, -3), B(4, 2, 3) and C(6, 3, 4) be the
given vertices of AABC. Let O be the origin.
Then,

OA=(2,-1,-3)
OB =4,2,3)
OC=(6,3,4)
Now,
AB=0B-OA=(4,2,3)- (2 -1,-3)
=(422+1,3+3) =(2,3,6)
AC=0C-CA=(6,3,4)- @2,-1,-3)
=4,4,7)
AC=|AC| =\EZ 8+ 7 =i =9
5. 207101d QNo. 36
IfDisthemiddlepointnfBCofthelri;ngle
ABC show that AB + AC =2AD. 21

LetDbethemiddlepo'mtofBCof&\eu-iangle
ABC.

From AABD, AB + BD = AD ()
From AACD, AC + CD = AD )
Adding (i) and (ii)
AB+AC+BD+ CD=24D
or AB+AC+BD-BD=24D
(- D is the midpoint of BC)
- AB+AC=2AD
ko_2071 Setc aNo.2g
If 3T+ § -k and AT - 47 + 4K are collinear
vectors. Find the value of A. 2]
= Please refer to 2065 Q.No. 3b

P21 2071 Set D Q.No. 2qd

Show that the three points whaose position
vectorsare 7] +10k, - T+ 6] + 6k and

- 47 +97 +6k form an isosceles triangle.  [2]
LetA,BandCbeu\ethmepoimswi!hposiﬁon
vectors 77 + 10k, -1 + 67 +6k and 4T +97 + 6k
respectively. Let O be the origin. Then,

OA=7] +10k A
OB=-T+ 67 + 6k
OC=-47+ 97 + 6k

o

e

y .y, BB

!
|
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Now, .
KB 58 OA=-T-7-4k

BC = oc- OB=-3T+37
AC=0C- OA"“*Z"“
AB = 1ABI—W=
—IBCI JerE =i
- |AC| =B (=6 .

Hene AB=BC sosceles triangle-

So, A,BandCamw_rucesotanl

hon
e value of A if the pamls with poSI

Find th u(
vedusi+2)+k 21-,+3k andS‘-w)*“
are collinear.

n
Let nu.BandCbethzeepmmswnhpcsmo
\recmrs1+2)+k 21-]+3Land51—10]+)\k
respectively. Let O be the origin. Then,

- 3+ 3 4
OA=i+2j+k
— 5 4 -
OB =2i-j+3k
- 4 4 9
OC=5i-10j +2k
AB=O0B-OA
4 4 9
=i-3j+2k
- — — - + +
AC=0C-0A=4i-12j + (A-1)k
Since A, B and C are collinear, m;Bis
paral.lel;C.Then
4 4 4 - 5 4
o (i-3j +2k)=4i - 12j +(2-1)k for some scalar ¢,
-+ 5 5 9 5 -
or ai-3aj +2uk =4i -12j +(A-1) k
Equating,
o =4 (i)
& 20 =)-1 . (ii)
From (i) and (ii)
2x4=)-1
rA=9

k: 2072 Set C Q.No. Za

Prove thatthevectom 1 -2| ¢3k Zn ¢3, -

%
and - 7 ) ¥ 10k are collinear.

&
Let A, B and C be three pum!.s with Position

vectors 1 —2) +3k 20 + 3, ™

yngln Then,
OA’ i _2| +”'k
OB 21 + %l _4k
OC"” + 10k
Now,s AB’OB OA

andAC OC OA

collinear.

7l + 10k respectively, Lel

=i *51 ~7k

“*51+7k

=‘(‘*5|~7k)

-AB
* Since AC and AB are parallel anq
from the same point A; so A, B ang

along I 2b

-

Here,
-
I
a-2b
=G -1

. zonsewquo 2

I l = (3, -1 -4), = (-2 4, -3) find lumm

G

‘N

\

a=(3-1-4)
b=(-24-3)
= (3,1, -4) - 2(-2,4,3)

4)-

8,-4+6) =(7,-9,2)

(-4.8,

)=+

|

e 2072 Supp Q.No. 2

1f ’H + |- k and Al - 4] + 4k are collinear
vectors, find the value of A. @2l
« Please refer to 2065 Q.No. 3b

27. 2073 Set C Q.No. 2d|

—- - - - - - - -
lfa=21-3i4>4k andb=-i +2j -2k, find a

- -
unit vector along the direction of 2a +3b . 2]
- - - o
Here, a =2i-3j +4k
- - -
b =-i+2j-2k

27 43D =221 -3] +4K)+3(-1 +2] -2K)
=41-6] +8K +-31 +6] -6k
=7 +2K

|22 +3b | =T+ 2 =5

Unit vector along the direction of 2; + 3; is

2a+3b _i+2K 17,27
|23 +3D | VR CRRE

fis._2073 Set D Q.No. 2d

ABCD is a parallelogram. G is the point of

- g =7 (o 2 intersection of its diagonals and if O is any point

|a-2b]| = | > b = e
=4/134 show that: OA + OB + OC + OD = 40G 21

PR ‘ = Please refer to 2068 Q.No. 4a
- . _a-3 [ 2073 Supp Q.No.2q
Unit vector along a - 2b is™— e o o e
|a - 2bl Show that the vectorsi +2j +4k,2i +5) - k
d37 +87 + 6K are collinear. 21
= 7,-9,2 Nic] :ﬁj o y
\' ( )= (\1134 134 = Please refer 2066 Q.No. 4a

SOLUTION]

Required d.c's are

2072 Set E Q.No. 2
-
fOP=1+ 3} - 7k and 0Q = 5i - 2] ‘

yd .
find PQ and its direction cosines.

Here,OP—1+3, —7kandOQ 5"2Iﬂ
PQ =0Q - OP—(51—2]+41<) i+
_41_5,+11k

IR e

Unit vector in the direction of PQ is | I’Q|

"fﬂk

a5t

o

—_—

i

5 ﬁ

1

i

hn. 2074 Set B Q.No. ZQ
Ifd=(3,-1,-4), B = (-2,4,-3)and T = (-5,7.-1),
find the unit vector along@-2F + 7. [2]

ol
+
nl

|
~

(B,~1,4)-2(-2,4,-3) + (-5,7,-1)
(3, -1, ~4) ~(~4, 8,-6) + (-5,7, 1)
(3+4-5-1-8+7,~4+6-1)
(2 -2,1)

- >
I2-28+ 2| - W"
Unit vector along a —2b + :)

2> o o
a-2b+ ¢
s—=_-<ed ¢

S
la-2b+c|

| 812074 Supp Q.No. 2

OB and OC are two straight lines and D is a
Point on BC such that BD : DC = m : n, show that
oF 0B + mOC

00 =S5t 2
m+n

VECTORS AND ITS APPLICATIONS

Suppose OB and OC are two straight lines and D
is a point on BC such that BD:DC=m: n.

Unit6 109

or, nBD = ml;C o D
or, n (OD OB) m(OC OD)
or, nOD nOB mOC mOD
or, nOD + mOD = nOB + mOC ¢

e n(;B + mSC

op=— T
Express T = (4,7) as the linear combination of
a=(5,4)andb=(-2,5). [2]

Let,

T=xa+yb . (1) where x and y are

scalars to be determined.
or, (4,7)=x(5, <)+ y(-2,5)
or, (4,7)=(5x -2y, - 4x + 5y)

Then,

5x-2y=4 .. ()

and,

-4x+ S5y=7 R E)]

Solving (2) and (3), we get,

x=2,y=3

Substituting the values of x and y in (1), we

get,

=23 +3%

E. 2075 Set B Q.No. 2d

Show that the points 20+ ? - ?, 3i- 2? +Xand

?«f 4—j> - 32 are collinear. [21
Let O be the origin. Let A, B and C be there

oL P
points with position vectors 2i + j - k, 3i-
2?+1"and T 4_j>—3_k), respectively. Then,

- e
OA=21+7-X
e I T
OB=31-2] + X
=
OC=T+47 -3k
Now,
- — —
AB = O0B-OA
N
=@T-27+0-@T+T-1)
=T-37 ek
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And, N
T\‘t = S}C -0A .
‘ 2 apo@it TN
a4y -3-@i+I
el
= —?+ ‘%‘; -2k
N
-3+
]
o —
! —
AB are
:E = -:E\\'hid\ shows that AC and

int A.
parallel. But they start from the same PO
So, A, B & C are collinear.

4 MARKS QUESTIONS)

If the position vector of Mand N are

5> > 2 wely,
3?+7-31’md4i-z, + K respectively,
find L?I\ and determine its direction cosines. [4]

Let M and N be two points with position
5 o - - —_>+1)

vectors 31 + -3kand 4i -2j

respectively. Let O be the origin. Then,

el
OM=31+ ] -3K

- -
ON=41-2j + K

e R -
MN  =ON-OM=1-3] +4K

IMN| =TTr (B~ 2 =26
>
Unit vector in the direction of MN is

— - = -
MN  i-3§ +4k

:l‘Z\W \/Z

Required d.c's are

_—_— e
Bs._2058 Q.No. 10

Show that the points A, B and C with position

> 5 5

vectors i -2j +3k, 2; *3—]’-4?,-7—]’410:
respectively are collinear, [4)

Let A, BﬁandﬂC be three points wigp position
vectors i -2j *3k,27+ 37-4;

and - 77* ]0? respecti

origin. Then, pectively. Let 0 be the
OA=T-2]+3%

- - -
OB =2i + 3j -4k

- - -
OC=-7j + 10k

Now, AB=OBZOR =i +57

andAc=O(_—OA =_ _s‘i“?c
=_ ~

(*Hs,\r

[]

'
>
&

since AC and AB are parallg|
from the same point A; 5o A,“g b%l
collinear. g

be._2059 Q-No. 10 q \
- 5
Prove that the vectors -a +4p ‘31:;2?. 3

- |
and 2_: +7b -3¢ are coplanars, “'“ere? 3
are any vectors. "‘.\

Let, T=-a+4b+3C
R
rn=2a-3b-5c¢
m=2a+7b -3¢
If three vectors are coplanar thy, o
can be written as the sum of the
multiple of other two say |

> o> o ) ‘
n=xn+tyn -.(i)

> - o - o5 5 59
2a+7b-3c=x(—a+4b+3c)+y(2a.m

-5 o o - S
or, 2a+7b-3c =(-x+2y) a +(4x-3y) b+

i
Equating, we get, |

x+2y=2 .. (i)
4x-3y=7 .. (i)
3x-5y=-3 ... (iv)

Solving (ii) and (iii), x=4,y =3
Putting the values of x and y in (iv), w
3x4-5x3=-3 (true)
e
From (i), 13 =4n +3r;
Hence the given vectors are coplanat
fr._2060 Q.No. 104

Show that the three points whose 1]

> > > o 2
vectorsare 7§ + 10k, - 1 +6 +6Kkall
>
9j +6k form an isosceles right angled ¥

. ith

Let A, B and C be three points W |

N - - 7.4
Vectors7j+1ok,_i+6]

> 5> 5 el
“41 +9j +6k respectively. LetObe
Then,

. — —
OA =7 +10k

- —

OB =-?+6T+6k

. ) N

OC =47 +9] +6k 4
- - - - T4k
AB =OB-OA =-i-1

- >
B"C =0C-OB = -3{ +3j
e d
Ch =OA-OC =471 -2] +4%
AB = 1AB| =CDi+ i+ (4
=18 =32

Bc = BC| =(Bp+3=18=2%f3
CA =ICAl =\E+ (i 2 =6

A
c

B

Here, AB=BC

Also,
AB2+BC? = (32)1+ (327 =18+ 18 =36 =62 = (CAR
- ZB=90°

Hence, A, B and C are vertices of isosceles

right angled triangle.
fs. 2061Q.No. 104

Prove that the following vectors are coplanar;

> > > > 5 5
2-3b+5¢,a-2b +3¢c,-2a +3b -4¢ [4

> 5> o5 o

Let, n=a-3b+5c
- > S
rn=a-2b+3c¢c
- —

- -
n=-2a+3b-4c
If three vectors are coplanar then one vector
can be written as the sum of the scalars
multiples of other two say
-> o5 o
n=xn+yr (i)
where x and y are scalars.

> > 5 > 5 5 - oS> o
0P.-23+3b-4c=x(a—3b#5€)* y(a-2b +3c¢)

e S - - -
or-2a +3b -4¢ =(x+y)a +(3x-2y)b +(Sx+3y) ¢
Equating, we have
xry=-2 (i)
By-2y=3 (i)
Sx+3y=-4 . (iv)
Solving (ii) and (iii), x = 1, y=-3
Putting the values of x and y in (iv), we get
5% 1+3x (-3) = -4 (true)
Hence from (i) ;: = ;: - 3;:
So, the given vectors are coplanar.
T BlVenvectors are coplanar.
OB and OC

are two straight lines and D is a
Ppoi

Nt on BC such that BD:DC = m:n, show that
Y

-

6b « 808 + mGE “

m+n

b o

VECTORS AND ITS APPLICATIONS ~ Unit6 111

Suppose OB and OC are two straight lines and D
is a point on BC such that BD:DC =m: n.

s0. 58 =% B
B m
’ [-k n m
or, nﬁi):mé'c e 0
or, n(_(.)D-ClB)=m(_?C-OE) ’n
or, nOD - nOB = mOC - mOD |
or, nOA.D*m(;D=nO_.B*mC;’C ¢
6'D=“OI;++";‘OC
fo. 2063 Q.No. 104

ABCD is a parallelogram G is the point of
ints ion of the di Is and if O is any

> > o5 —
point, show that: OA + OB + OC + OD = 40G[4]
Given, ABCD is a
parallelogram. Also G
intersection  of its .
diagonals and O is any B c
. T
point.

D
is the point of v
Now, °

OA+ 0B +OC + 0D
= (OG+GA) + (OG+GB) + (OG +GC)
(OG +CD)
= 40_(-3+((3_r.\+G_(‘:)+(G—[’)+Ef3)
=40G+(GA-GA) + (GD-GD)
(" The diagonals of parallelogram
bisects each other)
=40G

Ev. 2064 Q.No. 10 a

Show that the three points whose position

— > > 5> —
vectorsare 7j +10k,- i +6j +6k and-41i
- -
*+ 9 + 6k form an isosceles right angled
triangle. [4]
~ Please refer to 2060 Q.No. 10a
2. 2065 Q.No 10

Show that the following vectors are linearly
dependent:

5T +6] +7K, 77 - 87 + 9K and 37 + 207 + 5% [q]

Given vectors are 51 + 6] + 7K, 71 - 87 + ok

and 37 + 20§ + 5K
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Now,

7 -8

| 79 +7 | 320
-1 35

205 | ) N +24)

5\-&1-1&1)—0(3537’“(“0

1100—”‘“48:0

So the give

= 5

ndent.

B+ 9c

W a2 o2_8b

Pro ﬂ\atme\'ecmn53+6b¢7c,7a "
ve

and 33+ 206 +5¢ are coplanar.

en one vector

th
1 three vectors are coplanar the scalar

can be written as the sum of
multiplies of other two-

s - )
Let n=xn*+ VN2 . (l_.
(52 +6b ~7c)+yFa -8b+9¢)

r 32-20b+5c=(17¥)a L(@-8) b TATMC

Equating, we have
5x+7y=3
6x - 8y =20 (1)
7x+9y=5 ... (iv)

Solving (u1) and (iii), we get x = 2,y=-1

Putting the values of x & y in (iv)
7%2+9x(-1)=3 (true)

. (i)

From (i) : = 2;; -1

Hence given vectors are coplanar.
4. 2066 C Q.No. 10
Show that the points A, B and C with position
vectors T - 2] + 3k, 27+ 3]’ -4k,
-7y +10K respectively are collinear. [4]
= Please refer to 2058 Q.No. 10a

._2067 Q.No. 1

Show that the three points whose position vectors
are 27-T+%,7-37 - 5K and 37 - 47 - 4k
form the sides of  right angled triangle, (4]

Let A, Band C be three pomnts with position

vectors 27 -T +X.,7 -3 -5K and 37 -
respectively. Let O be the origin. Then,
OA =2T7-T+%

47 -4%

OB =7-3j 5%
ocC =3T-4T_4R‘

- o

AB =OB-OA=-T_77_¢}
BC =0C-OB=27-7.§
CA =OA-0C=-T+37 45

alhcmlm""

—

- 1AB] =NVEF s

AB = |Al )
A

BC =|BC|=m_\rﬁ

ca = ICAl =D v aTs )

Here, Vi
pC+ CAL= W6+ (35 = 41 - N, |
. /C= 90° n(
Hence A, B and C are the ver

angled triangle. ticey of

Prove that the three vectorg e -
— — "
22 +3b-4cand-b +27¢ are ¢

SoLunc]

Let

Plang, ‘

r|=;—2b +3 ¢

n-2a+3bdc

;; =-b +2c

If three vectors are coplanar thep ]
can be written as the sum of the
multiples of other two vectors. So, Jg
= RN
rn =xntyn ... (i) ‘
where x and y are scalars

R > - -
_p+2c=x(a-2b+3c) +y(_2—a',,3§_‘a
_b+2c=(x-2y)a + (-2x+ 3y)b + (3,,_43};
Equating, we have

or,

... (i)

x-2y=0
2¢+3y=-1 .. (idi)
3x-4y=2 . (iv)

Solving (ii) and (iii), we getx=2,y=1
Substituting the value of x and y in (i)
3x2-4x1=2(true)

From (i)
- - o
rn=2n+r

Hence the given vectors are coplanar

k7. 2069 (Set A) Old Q.No. 103
OB and OC are two straight lines and D/
point on BC such that BD:DC = m:n, s

-

OB + mOC !
Ob -ROB + mOC

m+n
= _Please refer to 2062 Q.No. 10a__~
b. 2070 (Old) Q.No. 10 d

Prove that the vectors a -2b +3¢/

_z: H

and-b +2 ¢ are coplanar.
= Please refer to 2068 Q.No. 10a

B

PRODUCT OF VECTORS

—/ARKS QUESTIONS

b d e d -
Ghow that the vectors 21 +3j -8k and

-
21

|

-

* 4T + 2k are orthogonal. 12
— — g —

Let a=2i +3j -8k
- > -> o
b=2i +4j +2k

Now,

- - - - —> —> - -

a.b =(2i +3j -8k).(2i +4j +2k)

=4+12-16=0

This shows that : and IJ' are ort.hogonal,
s0. 2068 Q.No. 3 b

Show that the area of the parallelogram

- > > > 5 o
determined by i + j -3k and- i -2j -3k is

118 sq. units 2]
- > > o
Let a=1i+j -3k
B
b=-1i-2j -3k
Now,
- - -
. i j ok
axb =1 1 -3
-1 -2 -3
I - I e O - 11|z
‘|_2-3 - -1-3|1+ -1-2"‘
- o o
=9i+6j -k
Area of the parallelogram determined by aand b
is|laxb|
=Y (=9)2+ 62+ (-1)2 =+/198 sq. units.

61._2069 Q.No. 4

Find the angle between two vectors:

-

-
Here, a =

a“_i’*'—'} 2? d? 2—’ T Kk
d ] - an =2i - j - k.
soLuTIoN]

-

[2]
2> > o

i+ j -2k

- 5

b=2i-,’)_?

la| =\]12*12+(_2z =.\F,

Ib| =V EIEe iy =ve

- ot S - 5 o

ab=(Te 2. @-T -0
=2-1+2=3

- N
1£60 be the angle between a and b, then

Cos 0 =

- T ST =T =T = cos 60°
lallb] Gowes © 2%

0 = 60°

VECTORS AND ITS APPLICATIONS unitée 113

2. 2060 Q.No. 3

Find the cosine of the angle between the vectors
> > > >
2!4)+?and4i+3i05k. 2]

Let

Now,
-

Jal

b

NFTTE 6

=Er3r2 =72

- — - - — — - -
a.b =i+ j+k).(41+3) +5k)

=8+3+5-16
I£ 0 be the angle between a and b, then
ab 16

8

L N A -
o 1215 Vo2 33
Ea. 2061Q,No.3§

- > o
Find a unit vector perpendicularto 2i +3j - k

-> > -
and i + j -2k.

2]
- — - —
Leta=2i +3j - k
- 5 o —
b=1+j -2k
Now,
O
axb =| 2 3
11 -2
31 = 2 -1 23 ) -
1212 1*'11,“
=-5_i’+3—j.-i.
laxb|=\(B)R+3+((1)}=y3
_ -~ ~ axb
Unit vector perpendicular to a and b is——=——
| axb
T R T RO B T
=——= (-5 LK) r = = -—
/35 ! Vs ! Ty

E. 2061 Q.No. 4 j

- -
If a and b are two vectors of unit length and 6
is the angle between them. Show that

1 e )
Ela-b|=sm§ 21
|3-B|3=(a - by
=d-'-2r\. 5*[\-‘
“1-2a b1 lal=|
=2-2a| |b] coso

(-ab=]al |b]|cos6)



e W/ /'—_“ -
_—

matics!
1a Asmlta‘sNEB50|uuonof5.l|°m‘m.:0/2) |;>(§l =0+ 0241 =41 VECTORS
_ -2 @sin . - AND ITS APPLICATIONS ~ Unit6 115
—2-2c0s0 =2(1-c0s®) Arcaofmmgledetemunedeaand —568 GNo. 3t s n
= - - 2) _ 3 Id (Set B! J:
or, |a-6|2 (2smee/) I,'=llﬂ x b| 205 5q. units Find the area of the triangle determined by the | Find the area of ‘heo‘:;n d .
or, |a-b| =2siny //—\ vectors3 3T +47 and-5T +77. @ S0 S'z“ﬂmlnebythe
. 0 7065 Q.No 4 vee Pleasc refer to 2064 Q.No. 3b vectors:37 +4] +K and =51 +7. 2
— .8 [soLuTion]
3|3-bl=sing Find the value of rif the vectors 3T -7 _ - 2069 (St A) O1d Q.No. 3y —
s 5 - Let =27 S
_2062Q.No. 3 getermined | 2 27 -2§ 7 + £k are orthogonal. )| 13 +bl=la-Pb I, prove that  is perpendicular it } l:‘“ Tk
Find the area of “the parallelogram 2 @m { b=-5i +7
bythevedors [ tob . 2l - -
2 Lot =3t -2 I - o | bk
“'21 +3kand—3l —2]* P - A 14 Here, axb=|3 4 1
Socuon b=2i-2j * K P 57 0
m?=?+27+34 Theve‘w"“"‘“dbw‘lweom“’g"“ama A la+p =12 I - | ;(1) l?- | 351 I i+ ‘ 57 li
S L 2= |a- 50 -5
Bo3i-2j+k ie. (3,-]—21() (21- j+r1k) =0 or, |:+_l:| _.a"b|2 I 57
- 237 or, 6+2-2=0 or, (a+b)=(a-by =-7i +5j+41k
- - 1 - -
Zxb=| 1 ._l 3 _’_r_‘!__,T—-———\ or, a1+2a b+br=at- 2a-b+b? |axb| =y(77p+52+ 412 =\[1755
321 —. 2066 C Q.No. i 425 =0 Area of triangle determined g .
) | - or, byaand b is
2|7 ‘ 13|?+‘ 1 lk Ifa,‘+2]+3kmdb_2”3”ﬂ or, 250 11';,'1;‘_1 175
B | 21 ‘ i-]a 1722 the ojection of 3 on b . 4 "5 e o E 2 2V1755 =20.95 5q. units.
@ | . aisperpen ar to b. [7._2069 (Set A) 3d
—81-101+4k S=7+27 +3k +_2069 (Set B) Q.No. 3] Find th St aum“
_7 42+ | s .No. in .
Area of ﬂ\epmﬂek’gf‘“‘ determined by dandb = ' ] % | €7 =T +7 -2K andb =27 -] -k by the veecta:.: of the elogram determined
b=21+3]+4 2=1+] -2Kandb =2i -j -k = .
is 1a ibl \}8“(—10)“42-6\/?’5‘1 units o - I a3 two vectors, find the cosine of the a’ngle b:rt:v::z i+2) +3kand -31 -2j +k. 21
T onamed 2% =(1 +2] +3K). (@1 +3j+4k)  the two vectors. o] [oamieseitete: 10,2062 0 bo. i
2630 —2+6+12=20 fs._2070SetCQNo.3d
> : it 5
lf:,),kttﬁueemmaﬂyperpe:dmﬂ:“ﬁ e _._,’2“.324.41:\]2—9 Here, |_ -
"mﬂnda= -2j+k, v=2i-3j-k ) a =7+T_2E I£]a+b I |a-b vaethata
find the cosine of the angle between the two Projection of a on b ===~ =—=. > S s o :
vectars. 2l TR b =20 -7 -K is pespendicular to b.
SOLUTION 2066 G No. ) |al  =Ts1ir (2r =6 ease refer to 2069 Set A (Old) Q.No. 3b
He 7= 2_')+f For what value of m are the v ctoﬁl 21‘“ |§| =422+ (-1)2 4+ ( \/' . 2070 SotD a:No. 3o
ere, a=i-2]j value of m e ve - = -1)2+ (-1)2 =4/6 Find the si
- > 7 7P 27+77 +mkK orth 1? | 2.8 (14798 @ -T-% vmomesme of the angle between the two
b=2i-3j-k mm orthogona : (i+j-2k).@i-j-k) 2
lal Tr (2p+ 12 =6 - 2-1r2=3 27-7+K and3i +4j - K
a ~2)2+ 12 =4/6 ¥4 i - - -
Ty \f_zz (3;‘2 ( -J' Let a=i-2j +4k I£6 be the angle between a and b, then :
+ (-3)2+ (-1)2=4/14 - i
- - b= 2‘+71 + mk 2 cosg:i"b 3 1 Let 2=2T T*r
d = == -
ab S(i-2 ;_+7k) @5 -37-%) Thevecmaandbwmbemhogonam-" lalb] V66 2 o o o
1 6 be th - - or, (- 2] +4k). @1 +7] +mk)=0 Fs' 2069 Old (Set B) Q.No. 3 - b=31+4] -k
ejnglebeMemamdbmen or, 2-14+4m=0 ‘i:“’halvalueofxisthepairofvedom Iil VDT =6
cos 0= 7 o _m=3 _4,/”'274-41' and2~i’*7_]’+z rth Ibl = 32’42*(_»:\[:
[T T 1. 2067 Q.No. 3 o O T FO
- ; -
72084 Q.N0.3 5 Givend = (3, 1,2) andB= - 247 axb=1 2 a1
Find the area of the triangle determi rojection of 2 on B . Let 2 =x7 -27 +4F 3 4 -1
e _’51 -:ermmedby“‘e &mﬂ xi-2 +4K . | 111~ 21 1 - 24 =
vectors3i +4j and-5i +7j. Here - . b 2| *71 *k 4 -1 1- 3 41 i+ 34 | k
SoLuriol] 12 -ty Thevecto =T
il —[;=(2 2.4 e, raaandbmllluurlhug,onallfa.b=0 =-3i +5j +11k
Leta=3i+4] b=51+77 Lo T VO
iedi brsiery Now, a.b=(31,2) (2,-2,4)=6'2' or, 2 .\-14+'413H al o7 +iy- ° @ x 1= Ve ST =15
- ik - A Lox=5
axb =| 3 ‘: b [b| =22+ (22 + 42 =\I§ “(’)beumanglebetweena and b, then
570 NS 1z sin0 = M A% _ (lss
- Projection of aon b = — = % |a||b| R

_0|+0)+41L |b|
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4b
22070 (O\d) Q.No. —

d Find the unit vector P“?

~ ¥
4\-21 +1k mdS\*l 4

3| -

A

T*Hk

bl =VF* (=31 y+14 = d“sz

Unit vector perpendicular t
a x b

-

a and b IS

Ea'bl e .. ¥
. 51 -31] +14K
\ P
e @i -3~ ¥R e

If § is the angle between twounitve;tms.
1- & P4
;andF,showﬂutila—b|=sm2. 2

= Please refer to 2061 Q.No. 42

-
i ]k
Mere, & t LI
2 -2 4
- 32
1 -2 i-‘ l]+l
="24| e 21\1
_3’.-81\

=‘-L“

xb| —«Jsz+(8)“(-8)’ =83

Unit vector perpendicular o 3 ol
b

| axbl

ﬁ(s\ _8] -8K) = \1'3(‘ -T~i)

4
Find the vector perpendxcular to ead

vectors (1, 3= 4) and (2,1, -1).

Let a=(L3-9)
b=@1-)
Now,

1 3><v-4 1 3
2 1 -1><Y2><1
Txb=(3+4-8+11-6)=(, 73

The vector perpendicular to a and_ﬁis;,
=(1,-7,-5)

2071 Set CQ.No. 3
For what value of m is the pair of vectors

T-27+4k and 27 +7] +mk orthogonal? 12|

ﬂle\'ecwﬁ;md;“'mbeord\ogonal
ifa.b=0
ie (T-27+4Kk).(2T+7] +mk)=0
or, 2-14+4m=0

Es. 2072 Set C Q.No. 39]

- 4
Find the angle between the vectors 2i-ji

- nd - |
and i -3j -5k. |

Eoturon]
leta=2i-j+k
b=1-3] -5k
[l =NZr e -\
e «h—TTS')‘f
3 =@i-]+K. (i -3

=2+3-5=0

B ;1_1_;04:.»40.33 A heaggiebenven) b
5:20;: unit vector perpendicular to each of the cos § = ___I :l |bb l __\jw_a—s =0= =l
37+ +2k and 27 - 2] + 4k @ | 6=9%r
e ;
Let i:g}wl’*zi "a+b (a-b) opmvethallﬂil
| b =27 - 2] + 4k
} Unit vector perpendicular fo 3 and [; is Hem (a: l_”) (_‘.‘ 'ﬂb) 0, -0
‘ PO oL a.a-a. b+b.d—bl'
LI b TIPS S L
{ ((a.b=b.a)

VECTORS AND ITS APPLICATIONS ~ Unité 117
|n|1.|h|z or, a+b+c =0 -G
[al= Ty ifom(i)
1201280!EQN03 axat+axbtaxc=0
Find the area of the Mangle delermined by the or, 042 x ; - _; . z (.': . ; =0)
m,,g|+4}and-51+7j [2] - i -
:ec Please refer to 2064 Q.No. 3b o ':t vb hc *a ()
gain, from
5. 2072 Supp Q.No. 3 - o o “ - o
_._,| I_. i,.I nat 2 a*xb+bxb+cxb=0
+b = - ove that a i - - - -
It I. - P ® Or,a!b’*()——c*b
endicularto b . - - -
:rpl’lease refer to 2069 (Set A) Old Q.No. 3b or, axb=bxc .- (iid)
—2073 Set C Q.No. 3 From @) and (),
- - axb=bxc=cxa
that vector product a x b is perpendicular to
Show <t lﬂ_. perpe 2073 NG,
both vectors a andb . 2 - > - - - - -
lfa=i+2j-kandb=i-i+ find the
Let;=(a1, az, a3) and_l;=(bx,bz,bs) pm]emonof aonb. 2
Then, .
ai az as ai az
b 5250t % 3=1+27-%
xg=(azb3—a,\bz,asbl-mb;,a]bz—asz) E=-i‘—-j.*I
Now,(zxg)~; Now,;.g=(T+27--lZ).(.i'--].#-1z)
= (azhs - asbz, asbr - anbs, anbz - asbn) - (an, @2, a3) =1-2-1
= ai(azbs - asb2) + az(asbr - abs) + as(arbz - axbn) .
=g|azb3—a|bzas*blazas—alazba*aﬂnas-blazls |;l =\‘12+ (_1)2+12 =\13
axbis perpendicular to a. Projection of aon b_ ‘ﬁ
- - o o
(azsl;mﬂar;y/(i x bg- bh N k22074 SetAQ.No. zg
= - asbz, asbr - arbs, aibz - azby) - (b, bz, by) -
(o B2 ) Prove that (7 - B) x (3 + B) =23 =B 2l

=bi(azbs - a'«bz) + ba(asbn - aibs) + by(aibz - azbr)
=0

L axbis perpendicular to b.
o. 2073 Set D Q.No. 3q

- = =
Ifa+b+c=0,prove that:

;"3 gx?—?!; 2
SoLuTION|
InAABC, let BC = a, CA=b, and AB= ¢

By definition of vector addition,
AB=AC+CB

- -

o, c=_p g

ISOLUTION|

LHS = ‘a‘-i;)x(;’q;)
=axa+axb-Bxa-bxb
=0+axbB-Bxa-T

[axa=0&bxb=T]
=axB+axb [.axb=-(bxa)
=2a xb =RHS.

B3, 2074 Set B Q.No. 3¢

Find the area of the parallelogram determined
by the vectors T+ 27 +3K and 37- 2? +K 2]
= Please refer to 2069 Set A Q. No. 3¢

E. 2074 Supp Q.No. 3g
> > o> o > > 5> S
Ifa=6i +3j-Skandb=1i-4j +2k,

- > -
show that a xb is perpendicularto a . 21
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118 Asmita’s NEB Solution of Basic Mat And,
Sotution (B =@ 1=
N 5 VEC
Here, ) o 2 TORS AND T8 APPLICATIONS ~ Unit6 119
3¢ +37 -5k Projection © aonb=—"—.__1
a=61 ) | g $ Now,
N Py ‘ 10 rcos b
b=T-47 2k UESTIONS o ramn D o S el
r
Now, 4 MARKS Q (')%’A :'lnA l)>< ricos A ><h sin A
- * )
2xb — 067 Q.No. 11 |c?£-(0'*0"’ 125in A c05B - 11 12 cos A sin B)
IR by vector method: * OP|=r11z (sin A ;
D X Prove by . ; : €05 B - cos A sin
_ 6 13 ) cos(A-B)“‘“A‘”B“s“\AsinB Smce(A-B)mmea:glel:e&wemonOP,B)so
1 4 2 | Also, let OP =ri1and OQ =r,, sin (A -B)= OQ x OP
RN B | .2| L xox and YOY be y, | Mhenhecoordinates of Pand Qare (n cos A, 1 0Q) 0P|
= Tl 402 L erpendicular straight lin my, nsin A) :
P . S reprego,, A and (r2 cos (n - B), r2 si _Iifz(sin A cos B - cos Asin B)
6 3 axis and y-axis respectively, [ SEHﬁngi o B)I ) 125in (n - B) = (-r;cos B, r —
‘ 1:4 | andAXOI-”=Asotl'\.’:\t4Q0p=A‘< OQ.‘ - = sin A cos B - cos A sin B
. let OP = 11 and OQ = 2. Then th ooy 5 OF - (1 <08 A msin &) 2061 QNo. 11
= ';’((,-zo)-‘j’(ur)« k (-24-3) of P and Q are (ri cos A, :i?'dim . =(ricos A, 1 sin A, 0) Prove, in any triangle, by vector method
- o ?_17?_271y (r2 cos B, r2sin B) respecti;;ely. So, Ny & gg; (-r2c08 B, r28in B) = (-r2cos B, r2in B, 0) ““TA=“DTB=sinC !h[at:
, < 4
- - .
To show 2 X b is dicular tod , We ncosA nsinA 0 nicos A s st h
havetopmve_a’!b.a=0- n OP x OQ=(0,0, r1 r2cos Asin B + r; ry sin A cos 1“AAB_C‘,¥etBC=a'CA=b’mXB=:
Now, ‘ f - — B) By definition of vector additi
2 |OP x OQ| =1 ryfsi ecion,
S 13 ¢ 11 12(sin A cos B + cos A sin B)
@x1b).3 = - xl——_o A X f)uéfen-(A+B)lsmeanglebefWeenoPand
- (1T-17T7-2X).6T+37-5K) . o .
=-84-51+135=0 sin [n- (A + B =122 0OQL
ﬂ\isshows&\at?!?isperpmdicularto?. . X | OP| |OQ| x-C
s. 2075 Set AQ.No.3d - o smAcoiBr+ 2eAsing L
= . 1 - - —
Find the cosine of the angle between the two OP = (ricos A, risin A) 2. sin (A +B) =sin Azcos B + cos A sin B g4
- sin g - =
vetors 7 =7~ 27+ W and B=T437= 28, | OQ~ (rcosBnsin) fo_2060Q.No. 114 o5 €="b-a
2 Ngw, Prove by vector method: o, a+b+c =0 )
OP.0Q = (11 cos A, r1 sin A) . (rz cos B, sl )=’i“A°°‘B‘°°“Asi“B 4l From i
T =To27 o =r112008 A cos B + 11 12 sin AsinB XOX axa+taxb+axc=0
=r1112 (cOS A cos B + sin AsinB) ' and YOY' be Axbe=-axe -
P = T+3T+2Y . - )-) perpendicular straight lines wo m\fhlal]y il 9.* a_:( b=-axc (faxa=0)
. Since (A - B) is the angle between OQand(? axi ; lines representing x- | or 3 xb=cxa
| 7| =412 2 & s and y-axis respectivel , axb=cxa -
| =N1+ (2 +3=14 - and LXOm o woopectively. Let ZXOQ = B | - Again, from (i @
¥|= —0Q-OP = A 5o that ZQOP = A - B. Agai m ()
[B| =T33 =Td cos(A-B) =—=—— let OP = 1, and OQ = 1. Then the coordicates | 3 *B+bxB+cxb
TE =(T-27 +3%). (T +37+ 27 1 0Q| |OP| of P and Qare - Then the coondinates | *2°bxb e cxb =0
=1-6+6=1 ) ) =hrzgcosAcosB+sinAsinB) r,:‘£*2=-ij
) b=bx
1£ 6 be the angle between 3 nr P o, axb=bxc ..(iid)
o §1’ een @ and B then, =cos A cos B + sin AsinB Q imul(“)ﬂ"d (i),
cosf= _?‘b —t 1 8. 2068 Q.No. 11 ¢ nkh-8 a!.b=b‘c=c)‘:
e Va1 14 Prove by vector method. | N Tikmimu-l.“s‘il.\ead\ side, we have
2076 Set C Q.No, 2 c0s(A - B) = cosA cosB + sin A sin B X A laxbl=|bxc|=|cxal
e = _Please refer to 2057 Q.No. 11a B or, absin (x - C) = be sin (x - A) = ca sin (x - B)
3= (1,2)and B = (3, 1), find the project; s e SIERES RS = e D
Zonk. Projection of | E% 2059 Q.No. 11 or, SRA _sinB sinC
2] Prove by vector method: | toa b
Given ”n(A"B)‘sinAcosB+cosAsinB (" cos g R S, b __c
> g . m v ‘r\:: A, o sin A) and (r2 cos B, 12 sin B) SinA_sinB_sinC
New (1,2), b= (-3,1) Let XOX and YOY' be MO Ty SLWMIY' = 2 a2 1d
ow, perpendicular  straight lin®s y o P = (r1cos A, risin A) = (ricos A, nisin A, 0) m‘;‘ive;‘;“ﬂ“ui'h"’
>3 X-axis g i givelys VL - oo . ¢0s (A - B) = cos A cos B +sin A sin B
a.b=(1,2).(-3,1)=-3+2= and /_ng).’ :);::L;\’:\(l‘,‘/l;”:;y() ol XL OQ = (12 cos B, r2 sin B) = (12 cos B, r2sin B, 0) = Please refer to 2057 Q.No. 11a W
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120 Asmita’s NEB Solution of Basic Ma
& _2083QMNo. 114 e that:
; in any trian8 M)

Using vector method, prove
a=bcosC+ccosB .
— - -‘* -» }\B e ¢

In AABC, let BC = a, CA = b and

. ave
By definition of vector addition, we h
BC =BA+ AC
or, a =-c-b
o

B8 3 .
ve have
Multiplying both sides scalarly by a, weha
;,;=-;.c-a.h
or, a:=—accos(x-B)-abcos(x—C)
or, ai=accosB+abcosC

_ a=ccosB+bcosC
<. 2064 Q.No. 11 ) . .
Using vector method, prove in any triangle, )
b2=c2+ai-2accos B

w
A
/\;
cy xb
/ \

\
E/r8 2 C \

J— - -
In AABC, letBC=a,CA=band AB= ¢
By definition of vector addition, we have

CA=CB+BA

prove by s AcosB-sinAsinp,

= 0!
cos (pAle::».)re for to Model Set 1L QNo 1 |y

aNo. 11
d, prove that:
:.:s:l\‘su p? - 2abcos C

ly
[nAABC,letBC= a, CA=b and&'a.?

2 B
x-C
B 3 ©

By definition of vector addition,
AB=AC+CB
- =

-

or, ¢ =-b-2a
- -'z

or, ¢ =(:.b’_f‘)
=(a+b)z

—a+2a b4b2
= a2+ b2+ 2ab cos (1 - C)
@ =ar+b2-2abcosC
20,2069 (Set A) Old Q.No. 11
Prove by vector method that: )
sin (A - B) = sinA cosB - cosA sinB. {
w Please refer to 2060 Q.No. 11a
101.2069 Old (Set B) Q.No. 9

Prove, analytically that the angle ina semi-dr:
is aright angle. |

= Bcn 2
- Let ACB be an C
or bi=(-a-cp=(ascy angle in the semi-
=a’+2a.c + circle. Let O be
=a’+c?+ 2ac cos (n - B) the origin.
.. b2 =al+c?-2accos B LetOA = 2.Then l
s, 2065 Q.No 11 | e 5 4 B )
By using vectors, prove that in any AABC, OB = -OA=-a
sinA sinB sinC l£16C=z
2 b ¢ 14
a ¢ Then, 4
= Please refer to 2061 Q.No. 11a - % 5 - o —; »
= =_-c+a~=
ps_2066CQNo. 114 EA C_?‘PCLA e
Prove by vector method: and CB=CO+OB=-c-a
cos (A-B)=cos AcosB +sinAsinB 14] Now,
= Please refer to 2057 Q.No. 11a (“:A. (:.B RN - ::) —a-¢
AL =(a-c).(-a-
fr.__2066Q.No.114d (a-c).(
Use vector method to prove that, in any triangle ) =0 (. 0A=00)
ABC,a=bcos C+ccosB. ZACB = 9)°

4
= Please refer to 2063 Q.No. 11a 4

02,2089 O1d (Set B A.No. 1

t the three points whose position
Show i 5 4 - - p—o
v“wﬂ‘m:zl-j4k,l-3]-5k and

7 - 4"' - 4K form the sides of a right angled
?d.ngle. Also, find the remaining two angles, [4]

In AABC, let the position vectors of A, B and C be

2]’_]’+:,]’-31’—52§nd37-4f-4}'
respectively. I.’M (2 be Eh’e origin. Then,
OA =2i -] +k
oB =1-3] -5k
oC =31 -4] -4k

Now,
- — — 2> - -
AB =OB-OA=-i-2j -6
- — — > > >
BC =0C-OB=2i-j +k
AC =0C-OA=T-37 -5k
-

AB = |AB| =(-1)2+ (-2)2 + (-6)2 =\f4—1
BC = |BC| =2+ (17 I =6
AC = IKCI =412+ (-3)2+ (-5 =\I3—5

Here, BC2+ AC? =6+35 =41= (Ja1)
= AB2

£LC=9%0°
Hence, ABC is a right angled triangle.
Now,
AB-AC -1+6+30 35
CosA =

| AB||AC| V41435 41

-
-BA 2-2+6 6
CosB =——F——— = =\Va
IBC|BA| Veal N4
B = cos-1 %
Hence, the remaining two angle are cos! T
6
and cos-! \/_; .
193. 2089 Old (Set B) Q.No. 13
Prove vectorically that in any triangle. [l

2 b e
sinA “§inp = sin C
= Please refer to 2061 Q.No. 11a

VECTORS AND TS APPLICATIONS

Unité 121

[108. 2071 Old @.No. 10 C]

vertices are P(1, 2, 3),

vertices of APQR. Let O be the origin. Then,

P(1,23
QG345 R(1.4,7
OP =(1,23
0Q =045
OR =(1,47)
PQ =0Q-OP=(222)
PR =OR-OP=(0,24)
Now,
2 2 2 2 2
0 05

PQxPR =(8-40-84-0)
=4,-84)

IPQx PR| =yF+ (87 # =56 =
1 — —
Area of APQR =5 |PQXPR{=%(~I\]E)
= 2Y/6 sq. units.

Show that the area of the triangle PQR whose
QB, 4, 5 and
R (1,4,7) is 2/6 sq. units. [4]

Let P(1,2,3),Q (3,4, 5) and R(1,4, 7) be three

106. 2071 Oid Q.No. 11 a

Prove by vector method:

cos (A + B) = cosA cosB - sinA sinB ]
= Please refer to Model Set II, Q.No. 10

hn’l. 2075 Set B Q.No. 78

State and prove the sine law by the vector

method. [41
Statement: [n any triangle ABC, the sine law
sinB  sinC
states that——= o - o
Proof: Please refer to 2061 Q.No. 11a
(108. 2075 Set B Q.No. 7a Og

Prove that if @ is the angle between the vectors

-
a and ? then _:? = ab cos@.
= Please refer to Model Set | Q.No 8b OR

6 MARKS QUESTIONS;

104. 2070 ‘Old! Q.No. 11 ﬂ

Prove by vector method:

:‘:’S()A+B)=cosAcosB-sinAslnB 14l
Please refer to Model Set 11, Q.No. 10

(109. 2069 (Set B) Q.No. 19]

Define vector product of two vectors. Interpret
the vector product of two vectors geometrically.
Prove by vector methed that:

a b ¢ el
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soLuTio 19.2072 Set D GNo,
h Vector product of two vectors: The vector [Lw

. _, | Define Vector product of two Vectors. Prove by
. ) (cross) product of two vectors a and b, | Vector method that in any triangle ABC,
v " t part - o i - -
(cross) product of two o defined B | ™ DL fer o Model Set I QNo, 1 denoted by a x b is defined by a x b = 3| | raBo L £ L
. x b, 0 g A >
Cleno_‘fd _t:) a o where 0is the angle Second P‘::rm 2057 Q.No. 11a | b| sin 0 n where 0 is the angle between a | = Please refer to 2069 (Set B) Q.No. 10
axb=lal|blsnonw the unit vector Ploacs = Q.No. 11 and b and i the unit vector perpendicular | 120.2072 St E G No. 12
- d n is oo = .
between a and b an o g M"‘ tWo vectors to the plane of a and b. D':::h:::lh; product o0 f twfo vectors. Give the
i to the plane of a and b- Define scalar P t ) P'“vlh Second part L pretation of the scalar product
perpendicular he pane e, - £ method tha . " ! , of two vectors. In any triangle prove vectoricall
N dAB=¢ | vecto XOX' and YOY' be two mutuall 4
BC,letBC=a, CA= b, an +B) = cos A cos B - sin Asin B, Let g ot ) | thatat=bi+ ¢ - 2be cos A 16l
o ition of vector addition, cos(A refer to Model Set I, QNo, 19~ | perpendicular straight lines representing x- ot
By definition axis and y-axis respectively. Let £ XOP = A ’
“207030-0"“'1 ] anszOX'=Bsolha!£POQ=n-(A+B), Scahrprodudnftwovedors:scalarproduct
Define a vector product. Find a unit v Q Y

P

of two vedms—a.and;, denoted by:.g, is
definedby a.b = |a| | b cos 6 = ab cos 6

perpendicular to the plane of a3 =7 "\i-zj

b =i- Z‘j. +Kk. Also compute the sipe n“\‘

where 0 is the angle between the two vectors,
Geomehicallnha‘pmhﬁ
B angle between them. § x X - = - T
A l£t,0A=aaI|dOB=b.L£!éAOB=&
AB= _A'C: Vector product of two vectors: The & Draw BE perpendicular to OA and AD
ot c=-b-a ‘ tw ors = o v perpendicular to OB.
- ;+" =0 @ (cross) pm‘i:‘“:t_,o S YeE riajn‘“ Also, letOP =11 and OQ =r,. Now,
o ath e denoted by a x b, is defined by a x b=‘; Then the coordinates of Pand Qare (r: cos A, nisin A)
From (i) PN N A h 0 is th gl bt and (r2 cos (m - B), r2sin (n - B)) = (-r2 cos B, r2 sin B).
RGN -0 ; ere 0 is the angle bety -
axa+axbeaxc - Ib| sin6nw . M S0, OP = (n cos A, 11 sin A) B
or,0+axb=-axc (raxa=0) and b and nis the unit vector perpendiy = (rcos A, 11 sin A, 0)
- - - - - -
or, axb=cxa (ii) to the plane of a and b. & OQ=(-r2cos B, r25in B) = (-r2cos B, r2sin B, 0) . Kt E A
Again, from (i) "=‘.'+7_2i Now, - = -
= . e = Here, a=1+] ncosA rsin A 0. ncos A risin A a.b =]a| |b| cos®
axb+bxb+cxb=0 B=i-2j+k -nicos B rsinB ><0><-‘rzcosB><r:sinB =abcosd
o, axb+0=-cxb 2 = OPx OQ=(0,0, i r2cos Asin B+ ri r2sin A cos B) =§8§;(83)C°59
- — = = , i - - 0s 0
or, axb=bxc (i) axb=l1 1 =2 |OP x OQ| = r ry(sin A cos B + cos A sin B) =(OA)§oE) )
From (ii) and_(:.u),“ . 1 21 Since 1t - (A + B) is the angle between OP and . - - -
;x;=§‘c=cxa 12 121 = 11|+ 0Q, so =(l!\agmtud80fa)(projecti0nofbona)
TMgmdulusTead\jide;wehave - | 01 l ‘i'_l 11 l j+ ‘ ]-Z‘k A O_.Pxo_b Similarly, a . § = (magnitude of b )
|axb|=lbxc|=|cxal o o i sinfe - 4.+ B = 1272 0QL Bl et
. ~ A | OP| |OQ| (projection of a on b)
ab sin (x - C) = b sin (1 - A) = casin (z - B) =-3i -3j -3k ) N
or, : I 12 (sin A cos B + cos A sin B) ext part,
or,absinc=b;smAzcasmB |:,g|= (_3)14,(_3)24-(-3)2:3\[3 3 - — :
in A sin Sin
o 55

2 In AABC, let BC= 2, CA= b and AB= ¢
Unit vector perpendicular to the plane ofa Sin (A + B) = sin A cos B + cos A sin B

By definition of vector addition,
B is (16.2071 Set D Q.No. 19 A
sinA sinB sinC

axb  3i- 37 3K 1 (-—i' i ‘l’)giol;e I:c;:a:j ;:;o:luct of two vectors. Prove l;y n-A
E ‘ 2 g -y - - etho - —
= “m.:;‘ s |ax i;l ’*\f; \F) €08 (A +B) = cos:cusB - sinAsinB i y b
Define product of two vectors. Prove by “ Please /
the method of vectors that: Also, ease refer to Model Set 11, Q.No. 10 )
cos (A - B) = cosA cosB + sinA sinB. 6 a| =a12+12+ (-2 =\F> 117. 2071 Supp. Q.No. 1 8 a O\
(A-B) 16] | Defi .
- f(l;“ Part: Please refer to Model Set || Q.No, H)" r——_p T2 ='\f6 h;fv‘::“:rhe s::l.\‘;- product of two vectors. Prove B = BA+ AC
- T then method: - - =
Second Part: Please refer to 2057 QNo. 115 1£6 be the angle between a and b th Cos (A+B) = CosA CosB - SinA SinB 6o a =-c-b
[111.2070 Set C Q.No. 10 ‘ T L' ﬂ = Please refer to Model Set 11, Q.No. 10 7 = (-_c. _E):
Define vector product of two vectors, Jgip sin@ = =

= - 118.2 - = - -
" - = \l?)\jg 2 D,A072351cQ.N0-1 =(c+b2=br+2b. c +a
h SinA sinB sinc lallb] | efine Vector product of two Vectors. Prove by =bl+
vector method, prove that: == oS5 28 | T BTEE S QN 10 pofl s"i“f"or methad sin(A + B) = sinA cosB + cosA
= Please refer to 2069 Set B Q.No. 10 Define vector product of two vectors: nB 161

vector method that | = Please refer to 2071 Set € Q.No. 10
al
Sin(A + B) = sin A cosB + cosA sinb:

[
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121. 2072 Supp Q.No. 10
Define vector product of
vector method prove that .
sin (A-B)=si.nAcosB-cosAsmB-
Vector product of two vectors: The vector (C_.wﬁ)
product of two vedoxs: andb, deno:ed byaxb.
is defined by axb =|a| B sin@nwhered™
the angle between
vector perpendicular to the plane of
Second part
Let XOX and YOY' be two mu_mall{
perpendicular straight lines repmeﬂhns_ )B
axis and y-axis respectively. Let £ZX0Q =
al\dLXOP=Asoﬂ\aléQOP=A—B. Aga::
letOP=nandOQ=rz.Thenﬂlecooxdu\a
of P and Q are

two vectors. Using
(6]

A .
= and b and nis “‘e_.“mt
aandb.

y p
1
)

/

(r1 cos A,nsinA)and(rzcosB,rzsinB)
respectively. 5o,
OP = (ricos A i sinA) = (ricos A, i sin A,0)
Q= (r2 cos B, 12 5in B) = (t2cos B, r:sin B, 0)
Now, .
rzcos B r2sinB 0 12005
ncos A r.sinA><'0><nmA

08 % OP=(0, 0, r: 125in A cos B~ 1112005 A sin B)

r5in B
n sin A

|OQ x OP =11 12 (sin A cos B - cos A sin B)
Since(A-B)istheanglebetweenOQandOP,so
00 x OP
| OQJ |OP|
nr(sin AcosB-cos AsinB)
nn
= sin A cos B - cos A sin B

]122. 2073 Set C Q.No. 1g

Define scalar product of two vectors, Prove
vectorically that cos(A-B) = cos A cos B # sin A
sin B. [6]

sin(A-B)=

Scalar product of two vectars: Scalar (dot)
— - -
product of two vectors a and b denoted by &

oo
.Eisdeﬁnedbya.b=|a| | b cos6 = ap
cosOwhereOistheangle between the two

P
Q
A-B
n
[
Y— Aﬁ Ay
xt
}rjl:asepf:fer to 2057 Q.No. 11a
.20735et D Q.No. 10
Define scalar product of two vectors. Giyg |
metrical interpretation of the scalar pr, &
of two vectors. Prove vectorically that,
b’=c1+a’—2cacosB .
w First and Second Part:

Please refer to Model Set II Q.No. 10

Last Part:

Please refer to 2064 Q.No. 11a

26,2073 Supp Q.No. 1

Define vector product of two vectors, provely

vector method )
sin (A- B) =sin A cos B - cos A sin B, 1

« Please refer to 2072 Supp Q.No. 10

Eu. 2074 Set A Q.No. 1g

Using vectors prove that i
i b2=c2+a’-2cacosB
ii. c=acosB+Db cos A forany triangle ABC

[ - 0
i lnAABC,letBC=a,CA=bandAB=c

By definition of vector addition, W€ have

CA=CB+BA
or, b=-;-?
or, b? =(-;|..:;’)2=(a+c)2
=a“2:.c +c?
= a2+ ¢2 + 2ac cos (n - B)
b2 =a2+c2-2accos B e
b

e id B
i InAABC let Be =2, CA= b andA

By the definition of vector addition:
> 5 o
AB= AC + BC

- -
or, AB=-CA -BC
R 2
or, ¢c=-b -
¢ o etV

Multiplying each term scalarly bY €/

vectors.

- = - = =
c.c==b.c-a.c

2= = becos (n - A) - ac cos (n - B)

2= -bc (~cos A) - ac (~cosB)

¢2=bc cosA + ac cosB

. c=bcosA +acosB.

126.2074 Set B Q.No. 1

Define Scalar product of two vectors, Prove
vectorically

Cos(A + B) = CosA. CosB - SinA. SinB. [6]
w Please refer to Model Set 11, Q.No. 10

127, 2074 Supp Q.No. 10

Define scalar product of two vectors. Prov.

vector method that cos(A - B) = cosA. co:Bbi’

sinA.sinB. ’

« First Part: Please refer to Model Set 11 Q.No.
10 o
Second Part: Please refer to 2057 Q.No. 11a

128. 2075 Set A Q.No. 10

Define vector product of two vectors.
Interpret the vector product of two vecfors.
geometrically.. Prove, in any triangle, by vector
method that sin A _ sin B _sin C

a b [ 6]

= Please refer to 2069 Set B Q.No. 10

129. 2075 Set C Q.No. @

Define a dot product. Interpret it
geometrically. Let A(1, 0, -1), B(-1, 2, 0)
C(2, 0, -3) and D(3, -2, -1) are four points. Show;
that the projection of AB on CD is equal to
projection of CD on AB. Also, show that their

R -4
inclination is cos-! (—9') i [6]
JsoLuTioN

First and second part:

Please refer to 2072 Set E Q.No. 10

Next part:

Given points are A(1, 0, -1), B(-1,2,0)

C(.Z', 0, -3) and D (3, -2, -1). Let O be the
origin, Then,

L w—

VECTORS AND ITS APPLICATIONS Unité 125

OA=(1,0,-1)
OB =(1,2,0
o= (2,0,-3)
0b=0,-2,-1)
N

ow,

AB=0B-GA=(1,2,0-1,0,-1)
=(-1-1,2-0,0+1)
=(-2,21)

An

a

- C_>6~6c’=(3,-2,_1)_(20,_3)
=(3-2,-2-0,-1+3)

=-22) [61
AB.CD =(-2,21).(1,-2,2)
=-2-4+2=_4

AB= |AB| =27+ 7+ T=5=3
CD=IC_15|=\112+(-2)2+22=\/§ =3

B 4
i 2

Projection of aB onCD =

Again,
- —>
Projection of CD on AB -SD.AB_ 4
—>
| AB|
L - > —>
Projection of AB on CD = Projection of CD on
—>
AB.

Ibeetheangleberween:\_!)iandEﬁthen.

KE —>
w0 T
a8 (3B OO

e

——
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DERIVATIVE ARD Iy

APPLICATI(,

A. DERIVATIVES

R
|. DERIVATIVE BY FIRST PRINCIPLE O
DEFINITION

E 2058 Q.No. 10 !

Find from first principles, the derivatives of €% 4]
Let f(:)
f(x+

= eum
= eanG+h)

lim etanis+h) - glans .
lehave, P =y o f - @
Puttanr=y & tan (x+h) =y + k
so that k ='tan (x + h) - tanx
Ash—0,k—>0
Now', from (i)
d lim e*k-er
&@®) “hs0 h

lim e (et-1)
“h-0 h

lim e-1 lm k
=e’k—>oT~h—>0h
lim (x+h

-0
sm‘x+h} smr}

lim 4 cos (x+h)” cosx
h—»Ol h

_ lim (sin(x+h)cosx-cos (x+h).sinx
_eyh—>0 h cos (x + h) cosx }

—erlh

{Ln(x+h %)
“h-0

_1

* €os (x + h) cos x}
1

* COSX. COSX

Z. 2059 Q.No. 10 g

Find, from definition, the derivative of elanx [4]
= Please refer to 2058 Q.No. 10b

=er.1 = elanx gec2y

141

f(x + h)

= @inx + h)

Lm f(x+ h) - f(x)

Wehave, f(¥) = 50 h
3 lim  esint + ) _ esing
: —-(ew) “ho0 h ()
Putsiny=y and sin (x +h) =y +
Then, k= sin (x + h) -sin x
Ash—0, k-0
Then,from(i)
lim eytk-er
dx(é““) h-0 h

e (ek- Qk}
k—)O k
lim sm§x+h)—smx
=l 40
{chs!1+g+x!.sin!L2-x!]
="’1\h-r:\0 h
lim siny
=550 2cos(x+‘2')h—
22

=ey.cosx. 1=esi™v, cosx

E. 2061 Q.No. 10 ﬂ

Find from first l

Mciples, the derivative of eM
letf) =o"
f (X + h) =¢ x+h

lim f (x +h) - f(x
We have, f(x) = hlm foarty -

h

) W
4 (v lim """ ¢ N
dx (e ) “h>0  h &

Putqfx =yandyx+h =y+k
50 that k =\}x+h~\j}

Ash—0,k -0
Aoy lim @S
Then from (1),'&((: )=h S0 h
_ lim QY!ek l k
k~>0{
—_— lim 31,1‘”1—)‘1'
h-0 h

=er h—»O{ “:- i oAby
\jx+h+\j§
;. lim —Xxth-x =
“¥.h50 h(ﬂ(x'fhnf}
_eyh_’o f_—x'rhﬂﬁ ‘\I;*‘\I;’
nz_fx'e
. 2062 Q.No. 10
Find from first principles, the derivative of
tan-ix. H/ [4]
Let f(x)= tan-1x

f(x +h) = tan-" (x +h)

x +h) - f
Wehave, f(x) =y o J_)_(Il

Lim 'an‘]x#h[ tan-1x
E(tan-‘x)=h 0

h ()
Put = tan'x=y & tan (x + h) = y+k
Then, x=tany & (x+h)= tan (y + k)
h=tan (y + k) - tany
Also,ash—>0,k—0

Now,from(i)
Lm y+k-y
(‘a""‘) h>0 h
_ lim k
“h->0h
lim k

"k 0tan(y+K)-tany
lim k
=k—>0{sin!x+k) _sm}
cos (y + k) " cosy
lim
=k—>0{sin + k) cosy - cos +ksmvj
cos (y + k) cosy

_ k cos (y + k) cosy’
“ko0) sin(y+k-y) }

_ lim  (cos(y+k) cosy’
“k-0

=

siny
k
1 1

= Cos?y =—— = =
O5Y " Secty =T+ tanyy

DERIVATIVE AND ITS APPLICATION  Unit7 127

lim log (y + ) - logy

d.x & logtany) = h

~ cos

h

_1 lim [sin (x + h) cosx - cos (x + h) sinx
hcos (x + h) cosx

_1 lim sin(x+h-x)

~yh—0hcos (x+ h) cosx

_1 lim (sinh 1
“yh-o { h cos(x+h)cosx}

B.__2063 Q.No. 10 g

Find from first principles, the derivative of
log tan x, [4]

Let f(x) = log (tanx)
f(x + h) = log tan (x + h)
i fev i) )
h
K x -
 (log tanx) = hl\_r:\u IogI tan (n *}t\\! log tanx i)

Put tany = y andtan (x+h) =y +k
50 that k = tan (x + h) - tanx
Ash—0,k—0

Now, from (i)

We have, f'(x) =

1 1 1 _1 1 _ 1

Ty cosx.cosy  tant’ cos’t . sinrcosx

~ T cony = 2COseCxr
7. 2064 Q.No. 10 g

Find from first principles, the derivative of

log sin x. [4]

Let f(x) =log sin x

f(x + h) = log sin (x + h)

+h) -

We have, P(x) = h_)(]‘L)—M

d lim Iggsm!x*-h)—lggsin.(
- (log sin x) = h—0 B

Putsinx=yandsin (x+h) =y +k,
so that k = sin (x + h) - sinx
Ash—>0,k—>0

Then from (i)

)

d . lim log(y+K-logy
L log (inx)]=p 1 h
o (\Lk)

_ lim Sy
“h-o0 h
K\
log(1+3 k
_ lim Y]y
“ko0 kK 'h
y
- 1 lim k
yh—bOh
_1 lim sin(x+h)-sinx
“yhoo h
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 A) Old Q.No, 1 lim In(y+k)-my
2. 2069 (8ot A) Old Q.No. 10b] dx i Y) g, h
\ lim k Find from flrst principle, the derivative of z':'l.
1 lim <
| Voo "y meo i el oo l =
\ ’ sin?l Him E’_SETJ-—OEE Letf(x) =eo lim y
2 o -
\ 1um ) (‘+‘: “'\’;l =cosy h >0 ; . f(x+h) =cmurh h—0 h
| Yhoo |~ x x+h v hm f‘x+h]-f(x) K
\ lo ! ! , f(x) = log {1+73
1 1 cotx lim AN eave £6) li 2o o " fim i 7
o — X = O im  e©ostx+h) _ posx = -
B T mena0 N i e =h—>0+ 0 el
vative of 2* 4] 142 Putcosx =yandcos (x+ h) =y + k ;
Find from first principles, the dert ative im log x s0 that k = cos(x + h) - cosx =1 % hh—T 0%
=cosy-h >0 h . Ash—>0,k—>0
Let f(x) = @ = o = e X

Then, from (i)

x+h X
" -sin7
d lim ertk—ey lim s a
4 h) = et o = (o) = —_
~ S 1 L os og ) @™ “ho
=cosy-1% Tx

We have, f(1)= 50 h
i eorhimoekE o

—(a’) _h%n h

Putxloga=yand (@ + h)loga=

1
yh->o0 h
ek k
= o (e
T 2067 Q.No. 10D k—»O k
k 50 | Find from first principles, the denvativ, o
) +

_ 1. lim cos gx + h) - cosx R
) sin1x. Iy A N} yh—o0 h .
thatk= (x+ h)loga-xloga ISoLuToN x+h+x) (x—x-h) . sin5~
. ! 1 lim x h 2a
fsh gk 50 Let f(y) = sin'x co M 2 “Yhoo | %o (Q‘Z)'h_
Now, from (i) f+h) =sin? (x+ ) ®hoo0 =— . 2a
! 4 _lm er-e = lim !;\+h)—f!x) h h 2a
&@ “hoo h Wehave, f(X) =} _, 0 i | 2R (5+7) sin Ty SLoo(®) 1 L
{e‘ (E‘——1 k} Lim  sin? (x + h) -sinlx =L o ¥ (a e
h—+0 —'(slx\" x)= h—0 h -f) % (-2 _1 x 1 _lc ll
g__hmwﬂé — i = sin- ST x 833 T3
e 1hh-mo1+ Puty=sin?xandy +k =sin" (x+ h) = e . sinx. (-1) = —ecos i smi B
” log a so that x = siny and x + h = sin (y + k) : : S SinX
Lim LL*\‘)_"E_ Then, h =sin (y + K) - siny. As h - 0,k-0 [14. 2069 (Set B) Q.No. 11 04 fic._2070Supp. aNo.6 5
©pao " : . " — N . n — -
S lo_g'a exloga, log a=aloga Then from (i) - ko Find from first principle, the derivative of e’[:’i :::3 from first principles, the derivative [:]f

B. 2066 CQNo. 108 L6 =y 07k = Please refer to 2060 Q.No. 10b

Find from first principle, the derivative &(]” Jim K 6. 2069 Old (Set B) Q.No. 10b Let f(x) = sinx?

log tan x: = by e r— . P >

2 Plense refer t0.2063 QNo. 10 k>0 {sm y+k- SmY} Find, from definition the derivative of log (siny). [ ~ f**0) = s‘l‘j‘n(‘“ h h)l o

i _ (x ) - f(x)
0._2066 Q.No. 10 _ lim k [4] | Wehave, f(x) =,

Find the derivative of Sin (log x) from first k-0 y+k+y\ . fyrk-y) [soLuTion] d lim  sin (x + h)? - sine?

principles. [4] 08 2 sin 2 . . S gy (sined) “ho0 —;

T t f :

SOLUTION lim " () log (5 ) Grhr+R)  f+hp-g
Letf(x) = sin (logx) k-0 X x+h K Zos 2 sy { 2 }
fx+h) =sinlog(x+h) 2cos()’+§)'sin§ oo ferh) = logsin— “hoo )

hm -
We have, £(x) = —‘M _ _— lm £ (x+h) - fx) .
lim e have, f'(x) = h . h?

lim = h—->0 g 3 2cos (v+hv+5 ) sin { o+ =
d _ smlog I*h)»smlogx ) k-0 Lim B 2
d:( (sin logx)-h_’u n (i) sin% 2 “hoo h
Putlogx=yandlog (x+h)=y+k
so that k = log (x + h) - log x.

Ash—-0,k—0.
Then, from (i)

log sin (22
K N 0g =R g
2cos (y + ) T\.(lng sin §)= h“:‘[)

S S}

1 sinh { x b

im ! !

- 1 - Put sin= —y&-m\( +h) =y+k “h >0 _L\\(\~ohn— .(‘ h)
cosy 1- smly \j] -x?

sin (y + k) - sin

d . I
I (sinlog x) = h—0 h

50 th = i xth
. 10 0 that k = sin r~

X

" -siny =2cosx?. 1. x = 2x cosx?
0

l 2eos (L lzu Y o (12 )2( - Find from first principle, the derivativé ™y Also,ash - 0, k - 0

\ im

| | "h-o0 h

Now, from (i
= Please refer to 2060 Q. No. 10b @




7. 20710ld Q.No.9b

Find the derivative of eur from first principll:sl-

w Please refer to 2058 Q.No. 10b

3. 2069 (SetA) Q.No. 110

Find from first principle, the derivative [;]f
i sin(log x)
i = Please refer to 2066 Q.No. 10b
9. 2070 (Old) Q.No. 10 b
Find the derivative of log (tan x) by ﬁ[l;s]l
[ principle.
= Please refer to 2063 Q.No. 10b
] B 0. 2070 SetC Q.No. 110 .
1 Find from first principles, the derivative [:]f
log (tanx).
- Pleasereferto20630.No.10b

1. 2070 SetD Q.No. 110

Find from first principles, the derivative of x~

[61

' SOLUTION
Let f(x) =x° = e = o
f(x + h) = et~ Wiogs <0
lim f(x+h)-f(x)
We have, f(x) =y ¢ h
d lim etr+wiogt+h _ exlogx .
e R N e
Puty = xlogr and (x + h) log (x + h) =y + k so
thatk = (x + h) log (r + h) - x logx
Ash->0,k->0
Now from (i)
d lim et-ev
&@® “hs07 h

lim {ey(ex-uxg}
k  “h

k-0

o lim (x+h)log(x+h)-xlog
=10 h

lim {xlﬂix*h)«vmog(x*h)—xlogx}
h

“ho0

. x+h

xlo,

lim E\n h log (x + h)
h>0 h * h

b
log {1+7

=ey

_ lim
““hoo0 h

X
=e (1 +logx) = x* (1 + logx)

+log (x+ h)

[2. 2071 Set C Q.No. 11 OR]

] Find from first principle, the derivative of tan-lx.

161

= Please refer to 2062 Q.No. 10b

- Xl
130  Asmita's NEB Solution of Basic Mathematics- X! o
-

No. 11 O
3. 20715etDQ.
3 from first principle, the derivatiye of

Fin
X
In( sin ';) . I
= Please refer to 2069 (Old) Set B Q.No. 10
2 2071 Supp. Q.No. 11
Find, from first principles, the derivative of
In (cos \[;() i
[soLuTioN
Let f(x) = In (cos \I})
f(x+h) = ll\cos‘\/x+ h
lim f(x +h) - f(x
We have, f(x) “ho0 __(_h)_(_)_
lim In coij + h - In cosy E" )
‘i_‘(lncoalx)=h_)o M )

Put cosyx =y &cosyx+h=y+k
Then, k=cos x+h-COS\Ft
As h->0,k—>0

Then, from (i)
d lim In(y+k) -y
Tmeon® =y o h
y+ K
h
lim b 4
“h-0 h
K\ k
mf1+3) =
m (2(5) §
k>0 k h
y
_, ltm k
“"'yho0h
~1 lim cosyx+h-cosyx
“yho0
(fith+z\ . (Ax-yr*h
2sin 2 .sin 2
21 lim
“yh-0 h
sn jx-inh
L im h(i;*h*ix) 2 Afx-ofF+h
yh-o0 2 "([x_cx*h)‘ %
2
dn Jx%x‘h
Atm g ix*hdx afith yfiyfxth
yh-0) S 2 (M) b fanfh
2

% lim (3&}1\0{5) m(%ﬂ! (-x-h)

ho | (ﬂgzb?_") Tefi 5 h

=-;-,sin\l} .1.% =C—U:7-; - simfx (;2};)
=.—$\an\l}

@ 2072 ot C Q.No. 11 OR

find, from first principles, the derivative of xInx.
l6]

Letf(x)= xinx
we have f'(x)

Lim  f(x+ h) - f(x)

“h-0 h

lim  (x+h) In(x + h) - xinx
h

d -
E(XIM) “h-o0

lim hln(x+h)+xln(x+h)_xlm
h

x>0

lim x{in (x+h) - Inx} . hin(x+ h)
h h ]

“h-0
lim Jx (x+h
=ho0 Rn{Tx )*in(@x+h)
h
mn{1+3

“h-0 I +In(x+h)
x

=1+Inx

DERIVATIVE AND ITS APPLICATION unit7 131

1 1
1 lim \0s(x+h)” cosx
“Yh>o h
1 lim cosx-cos(x+h)

“Yhoo h cos (x + h) cos x

2si x+x+h\ . f/x+h-x
sin sin{ 75
lim ( 2 ) ( P

1
“yh-o h cos (x + h) cos x
h h
2sin [ x+75 ins
_1 lim 2) sing
“yh—>0|cos(x+h)cosx” h
5~2
1 sin x 1 sin x
== ———_1=——.————— =fanx
Y cosx-cosx SeC X (oS X - COS X

B0._2073 Set D Q.No. 11 OR
Find from first principles, the derivative of

EG. 2072 Set D Q.No. 11 OE

Find from first principles the derivative of

In cos™ x. 0]
= Please see Model Set 1., Q.No. 11 or

—_— e

7. 2072 Set E Q.No. 11 OR)

Find from first principles, the derivative of sinx2.
= Please refer to 2070 Supp. Q.No. 6b

28. 2072 Supp Q.No. 11 OR

Find from first principles, the derivative of

log (tanx). 61
= Please refer to 2063 Q.No. 10b

E. 112073 Set C Q.No. 11]

Find the first principles the derivative of
log(sec x (6]

Let f(x) =log sec x

Then f(x + h) = log sec (x + h)

We have,

Pix) = lim  f(x +h) - f(x)

h-o0 h

d lim logsec (x +h) - logsecx
or, §x (log sec x) “hos0 RS h ()

Puty = sec xand y + k = sec (x + h)

such thatash — 0,k - 0

Then from (i),

4 im [log(y+K)-logy k
& (log sec x)= lim {lo +ll: loj F}

h-0
: log Yk
_ lim y Kk
hso k h
lop {1+ X
lim )8 Y lim  fsec (x +h)-Secx
k=0 k h-0 { h
y y

sin (logx). [6]

= Please refer to 2066 Q.No. 10b

B1. 2074 Set A Q.No. 11]

Find, from first principles, the derivative of
X

In(cos 7). [6]

Let f(x) = In(cos x/a)
f(x + h) =Incos (%)

By definition of derivative, we have,

00 = lim f(x + h)- f(x)
®=n50" n
nees () -lncos
4. x lm a a
ax Ineos)=p50 h =@

+h
Puty=c0s§&y*‘k=ccs’ (xa )

x + Ry X
so that k = cos 3 )—cosa

Also, when h—0, k— 0.

Then, from (i)
d X, _lmIn(y+k-lny
axneosy) =p s h
y+ K K
In(—— Inf1+=
0 "(5) i ()
“h>0  h “h0 h
K
In(1+3
lim Y} lim k/y
“ho0  k/y "ho0 h
x+h CC!S5
cos -
_ lim a s
'1'h->0 y.h
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x+h X x+h X
a a a "a
1 tim ~2sin 2 .sin 2
“yho0 h
x+h x\_. (&
> lim sin( =55 *22) 5" 2a
=Y ho0 h
i
-2 lim 2x+h 2a
== sin n
y h-0 ( 2a h
22.743

EZ‘ 2074 Set B Q.No. 11
Find from definition the derivative of log (u:;z.,)

= Please refer to 2063 Q.No. 10b

EB. 2074 Supp Q.No. 11 OE

Find from first principles, the derivative of s'u\x’].
[6

«  Please refer to 2070 Supp. Q.N. 6b

E. 2075 Set A Q.No. 11 05

Find from first principles, the derivative of
logsinx.
= Please refer to 2064 Q.No. 10b

ES. 2075 Set B Q.No. 1g

Find, from first principles, the derivative of In
(sin x?). [6]
Let f(x) = In (sinx?)
f(x + h) = In (sin (x + h)?)
By definition, we have

lim f(x + h) - f(x)
h

9= ns0

d X lim In sin(x+h)?-In sinx? i
dx (In sinx?) “h—0 h Y
Puty =sinx2and y + k = sin (x + h)?

So that, k = sin (x + h)? - sinx2,

As h — 0,k— 0. Then (i) becomes

d .
a(ln sinx2)
_ lim ln(|£+ K - Iny
h-0 h
In Yk
_lim Y
" h=0 I
- lim [in(+kAy)Y lim [k/y
k-0 k/y ]’h-»()[ h ]
- lim _ sin (x + h)? - sinx2
h0 vh

X

. 2.cos
1lim -
= yh-o zh 249
(xrhy+ +
2. cos x+h2 X .sin%
1hm—_—__ =
y h-0 h
sinbuhh
1 lim x +h)2+ x2 2
e
= —h_chos 2 2x+h 3
2 %+
2x cosx?

= 2xcotx?

§6. 2075 Set C Q.No. 11 Og

Find from first principles, the derivative o
cosx2.

Let,

f(x) = cos x2

f(x + h) = cos (x + h)?

By definition of derivative

lim fx + h) - £6)

f() = h50 h

d
ax (cos x?)

lim cos (x + h)? - cos x2

~ h-0 h
{(X+h222+x2},sin { x+h21—x2]

. =-2sin
_ lim
= h-0 h

+ h)2+ x2
{Q_J_L}_Sm

2
h
2x + h)h
. sing—g" I
lim +h)2+x2 2 pi3s
_o_dim o JESREEXY ST
h—0 2 2x +h
2

x2 + 2xh + h2- %
2sin {"""‘ El

“h-0

x2 + X2

2x

= -2sin ( 2 ).1.7 = -2x sin x?
Il. DERIVATIVE USING FORMULA !

2 MARKS QUESTIONS

2]

. lim log (1+x)
LHS. =, ,0 X

lm 1o a2
xa0x \*"2'3 7
lim

. PO -1=RH
“xoso\l-2t3

3, 2068 Q.No. 2
Find the derivative of x"":/ 121

Let y = xos hx

Taking log on both sides, we get,

Jog y = cos hx log x

Differentiating both sides with Tespect to 'x'

d
—:—; (log y) = g5 (cos hx logx)
d dy _ d
or, 'd_y— (log y) - gy =08 hx O (log x) + 1081%(':05 he)

dy 1
%dx’coshx,; +log x . sin hx
&, (2 hx + 1 i
—xdx =y (zcos og x sin hx

1
= yeoshx (;coshx#logxsinhr)

Es. 2059 Q.No. 2 g]

Find the derivative of es ', 2

Lety = ecos hlx

Differentiating both sides with respect to 'x'
dy _d

o =@ ™)

_ _d(e ") d(cos h-lx)
“d(cosh-1x) " dx

ecos hlx

= ecoshlx |

x2-1

—_

x2 -

f#0. 2060 Q.No. 2 E|

Find the derivative of 2 tan-! (tan h

Lety = 2tanh-1 tan%

121

NIR
\ =

Differentiating both sides with respect to '’

dy d
dx =H{2t"‘"h“ (tan%)}

d{tan h-1 (tan%)} d (tan%) d
=2 A .
d (Inn%) d(%)
1

S

=a—1 _ il
- tamd 272
- ta
2
X X X
sec? s sec?= . cos?E
2 2 . COS8 2

1
o — . —— =gecx
S Y x cosx %€
SIN?S - cos?ts - sinty
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1. 2061 Q.No. 2 B

Find the derivative of: xcos ks [21

SOLUTION

Lety = xcoshx/a
Taking log on both sides, weM

log y = cosh ;-[ logx
Differentiating both sides with respect to 'x’

d d x
& (logy) = g; (cosh; logx)

d!aﬂri! df!

dlogy) d d a) “\a

or, dy .Ex!-cosh':';(log)9]og 7 arm
‘)

b or 14 x1

or, yE_xz=cosh-,- k,gmf 1

:)

dy

ax”*
_cosk (1 11 -
=X xcosh;*;logz.sinh;)
fe2. IOGZQ.NO.ZE

Find the derivative of log (sin hf). 121
Lety=log(sinh§ /
Differentiating both sides with respect to 'x’

dy _d X
T " dx (logsmha)

I )

dy_ (1 x 1
or, dx"y(x’:"S}‘a*;logx'shh

©odx
X X)
d(smha) d(a)
1 21 1 o n
sir‘}‘£-¢~‘<>sl\a 2 “acoth
a
2063 Q.No. 2
Find the derivative of xos* wa)

SOLUTION|

Lety = _‘u-n’(f)
Taking log on both sides, we get,

\/21/

Differentiating both sides with respect to 'x'

d
% (logy) =3% {cos h? (':‘) .log x}

log y = cosh’ g) . logx




134
or, (logy) & s () ar (logx) *

AL
(““') ¢ )

Taking log on both sides, we get,

]og)'=1”03 (sxnh;z)
Differentiating both sides with respect to ¥

o on(o)

X
Or,d (logy) - .—.:,2; (bgﬂ’lhf) +logsinh7 -

l_X MQQ
T A=) 0

Iogsmh-.
x 1 L X
cosh7 .7 +2x.log sinh 7

d
@

1dy
or, = .
ydx smhf

d X2 x .
or, a‘} =y (:coﬂ\;+2rlogsmh§)

onNF e x X
=(ﬁmh;) (‘a‘coﬁl;+2xlogsmha)

\ Xin
. /Basic Mathematics-
Mm].ma g ) EG. 2066 Q.No. 2 g ——

Find the derivative of 2 tan h™ (tan 3 x) "
« Please refer to 2060 Q.No. 2b |

s X
Find the derivative of: log ( sin h;) i
w Please refer to 2062 Q.No. 2b

X
cos hy

Find the derivative of x
w Please refer to 2061 Q.No. 2b ]

.' e of (Cosh )h" i

logx

Lety = (cosh;
Taking log on both sides, we'get,

X
log y = logx. log (cosh ;)
Differentiating both sides with respect to 'y’

d d X
= ogy) = E{I"S’" log (“’Sh a)}
d d 4 x
ay 1089 &~ o8 ax {"’g (e )} '
d
log (coshf) -z (log)

d{log ! coshf ’} d( cosh

1y
o, 7 Gy= logx i
y d (cosh i) (s

1

é,;a +log (coshf r

12]

Please refer to 2064 Q.No. 2b

Lety = Arctansinhx

= tan- sin hx
Differentiating both sides with respect to 'x’
dy_d.
dx = dy (tan” sinha)

_d(eansinhy) d (sinhy)
d (sinhx) ©odx
cosh x
"1+ sinhax smhlx coshx = cosh’x = sechx

[61. 20689 Old (Set B) Q.No, 24
-1
Find the derivative of (Coshx)*™ *

Lety = (cos h x)pini™s
Taking log on both sides, we get,

logy = sin h x log cos hx )y
Differentiating both sides with respect

’ (IUY y)= (slnh 1x log coshz)

of, dy “"gﬂ dx =sinh-tx 37 dx (log coshz) +
logcosh x a (sinh-1 x)

(ogcoahx). (cos )_

d(cosl\x)

log coshx T—=—= J—xi
J'Y{smh ¥ Coshe ooshx Slnhl’"‘logcoshx‘jl__z}

QTR g

-y
=(coshx)*inh { sinhlx . tanhx + —== m log cosh 1}

22070 (Old)Q.No.2d

Find%l“}r when y = sec h(tan'l).
Eoruro l/

1-1 =ginh-x .
or,

2]

Here, y = sech (tan" x)
Differentiating both sides with respect to 'x'
& ==L fsech (tan1 )
d {sech (tan x)} d (tan ‘x[
d(tan'lx) -

=-sech (tan"'x) . tanh (tan-'x). #

-sech (tan-! x) . tanh (tan-x)
- 1+x2

E. 12070 Supp. Q.No. 3 g

Find the derivative of (Inx)sintx
“ Please see Model Set I, Q.No. 3a

2

(6472071 01d Q.No. 2 g

Find the derivative of log sinh x. [2]
focuron Wt

Lety = log sinhx
leferenu'aﬁng both sides with respect to 'r’

d
_X (log sinhx) = Jdli()sguf]u—)l . _(dx_l

= sinh.x_' coshx = cot hx

EG. 2071 Supp. Q.No. Sg

Find the derivative of (secx)tnx, @
]]:,el ¥ = (sec x)ns

aking 'log' on both sides, we get,
[;’l? ¥ = tan. log secx

i lerennahng both sides with respect to 'x

dx (logy) = — (lan.r. log secx)

Or\

(lug y)

log secx
= tany —‘—K—) . —LJ;—I + log secx. secix

d (secx)

. secx . tanx + sec?x , log secy

= tanx u(log secx) + log secx ‘E“(W\-')

or,

g

Y

ld
o, =4y

y dx =lmn

DERIVATIVE AND ITS APPLICATION Unit7 135

=y (tanx + sec . log secx)

dy
o I
o G = (secxyum (tanix + sectx . log sec x)
E. 2075 Set B Q.No. 34
Find the derivative of xsiabx, 2]
[soLuTion] A/

Let y = xstnh « -

Taking log on both sides, we get,

log y = sinh x log x

Differentiating both sides w.r. to x,

d d

dx (og y) = g (sinh x. logx)

4. dy . d d
or, dy(logy).dx=smhx—ﬂogx)+logxa(simlx)
= sinh x. -+ log x. cosh x
d
ExLy(
dy_

= xsinh x

+logxcoshx)

smhx

ax = +logxmshx)

— MARKS QUESTIONS
(7. 2057 Q.No. 104

.
Find the derivative of ('sinh’ + cou.f) [

e

; n
Lety = (sinh;+cosh®
Taking log on both sides, we get,

logy =nx log sinhi*mshi
Differentiating both sides with respect to 'x’
d d
a(]ogy)=a{nxlog(sinh§+cosh§)}
d d d
o gt o o (‘“'éwhi)} '
log sinh‘+cosh' —(nx)
d{log (sinhf#coslé)} d(sin!lf*cushf)
d(sinnf‘mshf) d(f)

. __.]Q;*Iog(smh msh-)
S {g9]

or, 'g_'% =y[2;'+nlog (sinh§+cosh§)]

Ldy

y dx

or,

Al
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dy o A P When x =2 qy=20-8x2 e
Zen(s RS) S5tk (snhatca >y=+4 7064 Q.No. 2 DER
h dx—“(smh;mJs a) {a ( ¢ a)} Whenx=-2 4 4 : IVATIVE Al
y=-2 4y=(-2'-8(2 ND ITS APPL
. i A = find the points on the curve - ICATION Uy
B APPLICATION OF DERIVATIVES - R;;l::';dnf‘“‘:‘s are (0,0), (2, -4) and (~2{ :4)* e tangents are parallel o x—:x-l:’ =324 1 where ;(‘qtj: 1.8 T
ENTIALS, TARGET 8 NORIEL —5‘ uNo. 28 @ | T ed points are (4, 0) and (-4
Find the slope and inclination with the Here, y=x'-3x2+1 LM ,0)
the tangent of y = = 3% = Matx=-1 Y-axy d Find the angle of j
it S 3x2 - 6x y?= 2 and of intersection of th
1] dx nd y = 2x at the point (0, 0) ; Curves
< . . Here, y=-3x-%' (Y
Find the slope and inclination with x-axis of the i"ll For tangent parallel to x-axis dy Given curv 2]
mngen(ofthecuﬂeZy=2-Xlﬂ‘1=1- v dx=._3_4x:\ R sa1-6x=0 v dx = 0. y2=2x es are
- > 3(x-2=0 yi=p ()
gi;’el'\curveiSZy=2—r3 A\I—-l,dx-—3—4(—1)3=l M Ig(oz) y=x/
ifferentiating both sides with respect to 'x' Slope (m) =1 . = Now, di (i)
dy _ Ifebe)the'dma' Whenx=0,y=0'-3.02+1=1 r fferentiating both si )
2795 =0-x inclination of the tan Whenx=2,y=2 espect to des of (ii) wi
d&x x-axis, then Bent Th 2,y=2-3-2+1=3 dy X i) with
dv _ . e required points are (0, 1) and (2 =2
& - tan@=1= tang aNo2d ,-3). ;
- x ! Find where the tangent i At©,0; -
At 'd-\‘_—l s 057 ; forthzmrvey:xz_g:; 2 is parallel to the x-axi i & 70
ie. Slope () - -1 = i | Agan, di
If 6 be the inclination of the tangent with | = Q.No.26 . Given, y = - 322 ‘ re5pec't o ,x,el'enh'aﬁng both sides of (i
a5, then tan 0= -1 I Find the angle of intersection of the cuy, dy -3x2-9x+15 EZKAS 0 of (i) with
2 =_1=tan— 4y = = - 23
}; 2 y x+12andy _8xat(1,4) N T=3v-61-9 & 5%
. g== . For the tan,
4 Given curves are d gent to be parallel to the x-axis, At(0, 0);%12 -0
2058 Q.No. 5 gy=x+12 0 have g, = ywe ie. m=0
Find the slope and inclination with z-ax andy? =8x M e 32_6x-9= 1£0 be th
—axis of the (i) 9=0 e angle of i .
tangent of: x2+ y?= 36 at (0, 6). 2 Frgzm @ or, 2-2x-3=0 g o g_lfnzfmte;sechon then,
FsoLuTo: 4dx=2.‘ or, (x-3)(x+1)=0 l+mlm=%o“=2
Given, 32+ y2 =36 dy_x e s - 6=t ()
leferex\;a&ngboﬁ\ sides with respect to 'x’ dx=§ + enx=-1,y = (-1)*-3 x (-1)2-9 x 1 If:“w
Y =-1-3+9+15= -)+15 ind the .
2u+2y3,=0 At(2,4),gx 2 Whenx =3,y =3373x32+15—20 C“IV25y=:zngle of intersection between
;= . dx 2 . Required poj -9x3+15=_ and 6y =7- the
Ay _x ie m=1 quired points are (-1 12 at(1,1).
2 el FRstaery . @
; Again from (ii) . C Q.No. 2 ) -12) Given curv
dy -0 Fl Find the poj _ es are
At(0,6), 5. =7 =0 ay _ points on th y=x*
dx 76 2y, =8 the tange e curve x2 + y2 = ; - (i
Slope (m) =0 & gents are parallel to yomite, o andéy =70 _‘?)
R dy _4 axie. 2] ifferentiating (i) with reess
mbé\:\m inclination of the tangent with - &y ,  Given, = g (i) with respect to v
 axis, then6=0=tan0" dv 4 Differengian o 16 ) dr =%
. 0=0° At(2,4),3-§=-=1 o Herentiating both sides with - (@) d
m&"_—é 4 o @ d respect to 'x' At(l, 1)._‘i= -
o 5 1f 6 be th : i dy (P+yy)=— e =2%1=2
Find the points on th e angle of intersection, then a (16) .-
ecm¢4y=2‘-811where tan 6 =m1-m2 1-1 % d -."='.
the tangents are paralleled to the x-axis. 2l 1+ mm: =————1 Lo 0=tan0’ + 2y3¥= 0 Again, differentigting (i) both si
N 0= o 'x' es wi
: o - e p) e iR
Given, 42; =xt-8x2 2063 Q.NO. 2 A ddj y 6 = -3¢t -
Jop & -
43% =40 -16x A circular copper plate is heated !“:, " gy =3 o, X ¥
4y radius increases from Scm to 06em. B0 For g y dx "2
=y -4x approximate increase in area. dx ¢ tangent . dy -
dx : ! §= R parallel to y-axis, we have At(1,1); :T1 - 71
For the tangent to be parallel to the X—axis,ﬂ -0 Let 'r' be the radius and 'A’ pe the -’il"’)dljQ Y e m==
ie x*-4x=0 dx circular plate. Gi ¥ =0 . 2
" P iven, 1 6 be th ‘i
or, x(x- 4)=0 r=5cm, Ar=dr=506-5% 0.06 y=0 e angle of intersection, then
;V—h 0,2,-2 We have, Then from (i 2ed
enx=0 4y=0-8x0 A =m0 L Ry :(x) tnnu=l":ﬁ'%—=_; @
—y= A |2 ={=)sw= .
=y=0 dA=2ﬂTdI=2nr5!U,06=0.6ﬂc“‘?, Xk(t“)) 1*2‘(.%) 0/ =@ =tan %0
Approximale increase in are2 = 0.6%¢ 0 =90°
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2068 Q.No. 5 the

At what angle does the curve y(i+x) = x cut o
x-axis?

= )
Given, y(1+x) =x
The :‘my(‘,e m)eets the x-axis where y = 0. 50,

puningy=0in(i),weg€l

From (i)
=
Y T1+x

dx d
& (1+x)a-x-xa;(1*’)_'ﬂ~x).l-x
E-—aw | OF

1

ey
dy __1__
Atx=03; =7 +0p ) )
lfebetheanglenwdew:angmthﬂ\x-am

z
then, tanf =1=tany

1

e

. 8=%

3. 2070 SetDQ.No.3
ﬁndd:eequaﬁonoflhemguﬂb:hemve.

E:;w-s«usat(zq 2]

Givencurveisy =21 -5+ 8
Diﬂamﬁaﬁxgboﬁsideswiﬁ!rspedto‘i
% =6x7-10x

A!(2,4),%=6127—1012=4

ie. slope (m)=4 4
The equation of tangent at (2, 4) and having
slope 4 is
y-y1 =mx-x)

or, y-4 =4(x-2)

o, y-4 =4x-8

or, 4x-y-4=0

. 4x-y=4

- X
nmm'ummndmmm-ﬂu X

Eﬁ. mﬂ’Old[Q,No.Gg

Find the points on circle 22 + y? =16 at which

tangents are parallel to y- axis. 2]
=  Please refer to 2066 C Q.No. 2c

.

fi5. 2070 Supp. G.No.2 1
Find the slope of the tangent to the curve.
y=2+2x24+3x-10at(-3,2). 12]
SOLUTION
Here,y =x*+2x*+3x-10
gdx! =3x2+4x+3

% at(3,2) =3x (Bp+4x(3)+3
=27-12+3=18
d
Slope of tangent at (-3,2) = at (-3,2) =18,

he curve y = 3
Find the points on ¢ y =
where the tangents are parallel to the “"Na: 1
 Please refer to 2064 Q.No. 2¢

= 2071 SetC Q.No. 3 3

Find the points on the curve y = x3- 3,2 ,

1
the tangent is parallel to the x-axis. Whe,
w Please refer to 2064 Q.No. 2c [}

8. 2072 SetE Q.No. 3a —
Find the points on the circle x2 + y2 = 16 ,,
the tangents are parallel to X-axis. Whig
soLuiond 8
Here, x2+y2=16 ... (i)

dy
2+2ygq, =0

dy _-x

dx y

d
For tangent parallel to x—axis,a‘;'- =0

y=t4
- Required points are (0, 4) and (0, - 4)

9. 2074 Set A Q.No.3

Find the points on the curve x? + y? = 36 atwli

mﬁ are parallel to the y-axis. ]

Given, curve is x2 + y2 =36 ... (i)
Differentiating both sides w.r.to x

d
L (e y) =5, 36)

d
or, 2x+ 2yaxx =0
dy _=x
o dx Ty
For the tangent parallel to y- axis, we have
dx _
dy ~
or, le =0 ..y=0
Putting the value of y in (i), we get,

< lim @ @ 1

x? =36 j
or, x=16, 9 2069 (Set B Q.No. 3
' S - -6, Usj .
_______u’ the required points are (6, &t "8 L ""Bl’ilal's rule, evaluate: ,:1‘:‘0 I-;mx
20
2074 861 B Q.No. 3 /
Find the equation of the normal of the e’y % @l
y=2¢-5x¢+8at(24) lim o
ISGLUTION] = sinx [0
. JTION =) \\3 [6 fnrm]
Siven,
’ o |
y=2¢-5x+8 oL cos 1o
dy T 0 fnnn]
ax = 6x% ~ 10x

dY @2, 4)=6%2-10x2=4
dx

1
slope of normal = _E -
dx
The equation of normal at (x, yi) = (2, 4y js
y_y'ﬂm("—m)

1
or,Y‘4='4-(x_2)

or«4)"16=_x*2
Lx+4y=18
1, 2074 Su Q.No. 3.

Find the equation of the normal to the
=2x3-5x* + 8 at the point (2, 4). cu?zr]e
= Please refer to 2074 Set BQ.N. 33

2. 2075 Set C Q.No. 3a
Find the equation of the tangent to Y=x-2244
at (2, 4)- 2

2 %xzat(Z,4)=3X22—4x2=4

The equation of tangent at (xi, y1)=(2,4)is
y-y1=m(x - x)

or, y-4=4(x-2)

or, y-4=4x-8

o, 4x-y-8+4=0

Lo dx-y-4=0.

Il._HOSPITAL'S RULE

it 7
Unit 7

141

DERIVATIVE AND ITS APPLICATION 139

lim sinx o
-0 6x ﬁform]
. lim cosx

-0 6

cos0 1

6 ~6

:_2070 Set C Q.No. 3

Using L Hospital's rule, evaluate: :::,f’“"x
-sinx-

2]
500U 01
lim tanx - x 0
150 x-sinx [alorm]

_  lim sec2x_q [o

1>01-cosx 5”""

. lm 2secx.secxtanx o
-0 sin x [6“’"“]

lim 2sec?x tan x

-0 sin x

- hmgseczx,seclxﬂznxlse:x.secx.mm
-0 cosx

Hsec'x+ Zeclxandz) _ 21 +0)
= -
1

Lim
-0 cos x

6. 2071 SetD Q.No.3
Using L Hospital's rule, evaluate:
lim e+ e=-2cosx
x—0

sinZx 21

0
0 form]

lim e +e-2cosx
=0 sin?x

3. 2069 (Set A) Q.No. 3

Using L Hospital's rule, evaluate: lim er-x-1

x50 x?

fSoLuTion 2]
im e_y_q o
[a form]

X0 2
0
0 form]

o lim e
x50 2y

‘$03=E =3

x—0  2sinx cosx 0

_ lm e+er+2siny o
B [‘fotm]
lim e’ - e + 2siny

x—0 sin 2x
_ lm e -e*+2c0sx
x—=0  2cos2x
_ e+ef+2c0s0 1+1+2
2cos 0 == =2

7. 2072 Set C Q.No. E

Evaluate, using L' Hospi “snue:xl_':o—::;:_
2]
lim tanax 0
x-0 tanbx |0 form
lim asectaxr a.l a
x—>0bsec?bx “b.1 b
BB. 207230!00.“0.3&
Using L' Hospital's rule, eval ‘f:o”-x’;-l
[2]

w Please refer to 2069 (Set A) Q.No. 3a
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[2e. 2072 Supp Q-No. 33 1 1 lim 8
Using L Hospital's rule, evaluate: Using L Hospital's rule, eva uate: S c=13 = =)
limgxgl—lop 1+ x] @ *"* 2 Here,c= 1 e (0,3) butc=3 ¢ (0,3) 3

x—0 x? [t} Hence Rolle's theorem is verified,

, MARK Hence, mean value theorem is verified.

lim xe* -log (1 +X] 0 lim X2 - Sin?X gfo !
x>0 ~ (o ft“"“) xo0 ¥ oform r ggmg Set A) Q-No. 11] 2069 (Set B) Q.No, 11

mean value theorem. Interpret it State mean value theorem. Interpret it

Here, =—8 & = -1, 4,
, C 32(1,4)butc 2e(-1,4)
5 QUESTIONS)

| 1 i - 2 SinX COS 0 tate .
| Loxete -7y 0 = lToLT“x_J [6 form sgomeh‘ically. Verify mean value theorem for ?::T em: lly. Verify mean value theorem for
SN Sy ~ (5 k‘"") ’ B nction () = #+ ¥ -6xin[-14]. (6] | GowgEm )= (- 1) (x-2) (x-3) in {1, 41. [6]
X . N
lim 2x - Sin 2x
1 Sx=0 2% First part:
—_— Gtatement of mean value theorem
_ lim w . lim 2-2c0s2x f a function £(x) is ;lm refer to 2069 (Set A) Q.No.11
,‘ = 50 > =40 — @ continuous in the closed interval [a, b] H: 1;&1: _ .
| 0+1+1+1_3 22cos0 2-2x1 2-2 0 (b) differentiable in the open interval (a, b) , f(x) :({-1)2(x—2)(1—3)m[1,4]
} = -—-——2 =3 === - =5 == 0. then there exists at least one ¢ € (a, b) Since f(¢) _;1 - 6:};1: 1'311;— 6
| f(b) - ’ ° a polyno function, so it is
1 e axcosx | B 2EStAGNe3d ° such that £(¢) = L1 continuons i 1,4
[ - . 5 x-sinxcos¥ : gain, f(x) = 3x2 - 12x + 11 which exists for all
| Using L Hospital's e, x>0 * Using L Hospital's rule, evaluate: lim fanx Second part x € (1,4), so it is differentiable in (1, 4 o
| . 21 x—0 x - siny’ Geometrically, Lagrange's mean value Hence, both the conditions of 1.4
T . 1 theorem says that in a continuous curve, in theorem are saticfied. So th of mean value
lim i X COS X 0 = Please refer to 2070 Set C Q.No. 3a which tangent can be drawn at every point, on ere exists at least
X — Sin X 3 orm is at least ) p i, e c € (1,4) such that
x0 X 0 lil. ROLLE'S THEOREM AND MEAN VALUE there is at least one point where the tangent is () - f(a)
1 THEOREM B e s -0 e dpouinas fO0="pa
. -35sin2x shownin the higure. But f(b) =f(4)=43-6- _
| m X2 O g e
T x>0 x* =f1)=1-6-12+11-1-6=0
N 1-coedx o . 2070 Supp. Q.No.6 b OR) \ N LR© =5@g:—£@
= y50 3 [5 form] State Rolle's theorem. Verify that the function | 6-0
£(x) = x (x - 3)%0n [0, 3] satisfies conditions of = 3c-12+11= 7
~ lim 2sin2x 0 Rolle's theorem and find ¢ prescribed in the | X X -
T x>0 6x [0 form] theorem. 1 ‘q OI = o lmaiie2
S caiien
_ lim sin 2x SOLY Y = 2-4c+3=0
= x50 3x First Part = (c-1)(-3)=0
lim 2cos2x 2x1 _2 Statement of Rol{e‘s theorem: = ¢=13
x50 3 3 '3 1f)afunc';nnonf(x)‘ls[ b Butc=1¢ (1,4)andc=3 ¢ (1 4)
a) continuous in |a, Hence mean value theo is verifi
1. 2073 Set D Q.No. (b) differentiable in (a, b) e vl
l.{sing L Hospital's rule, evaluate: (c) f(a)=f(b) D——' 2070 Set € Q.No. 11
lim x - Sinx Cosx 2 then there exists at least one point ¢ € @b Last part Sm.e Rolle's theorem. Interpret it geometrically.
x>0 x 2l such that f(c) = 0. Here, f(x) = x3 + x2 - 6x :/enfy Relw Theocess for H JNmcien
e A5 =01 x) =a(x-3)* for x €[0, 3]
= Please refer to 2073 Set C Q.No. 3a Last part Since f(x) is a polynomial function, so it is 1% 4 <l0.31 16l
2073 Q.No. 34 Here, f(x) =x(x-3)%x¢[0,3] continuous in [-1, 4].
. = x(x2-6x+9)=x* -6+ 9 Again, f'(x) = 332 + 2x - 6 which exists for all First Part
Evaluate, using L' Hospital's rule: :‘_Tom lt:: X Since f(x) is a polynomial function, $0 it Ye(-1,4). Statement of Rolle's theorem:
c;‘)nﬁnuf(l)(us) in 3[01' 31 e+ ehich xists 0 fg(;‘) bls (Ii‘iffcrentiablé in (-1,4). :; ;‘ 'c‘::ﬁ!::’:oi(;)i;\s[a 5
. in, £(x) = 322 - ich e So both conditions of mean value theorem are ’
lim In (tan x gain, £(x) = 5x +9 which exis i >0 bof ditions of mean value theorem : AR,
% _’0'—(1“7)‘ Eform] x e (0,3) satisfied. Hence there exits at least one ¢ in ® d:ffe_rgnuablem(a, b
So, f(x) is differentiable in (0, 3) 14 £(b) - £(a) () f(a)=1£(b)
1 X And +4) such that f(c) = b-a then there exists at least one point ¢ € (a, b)
mmX.SQCX f(0)=0°-6x02+9%x0=0 l = 56 ¢ such that £(c) = 0.
= - : . 56-6
X0 1 (3)=3-6x3+9x3=0 -6 =700 Second Part
X L0y = 1(3) / = 32420 610 If all the conditions of Rolle's theorem are
lim x secx [0 All the conditions of Rolle's theore!™ ot = 342 _16=0 satisfied then there is at le:lsll ;)ne pomt c sl
S [B form] satisfied. So there exists at Jeast = 304 8 6o 16=0 b) where the tangent is parallel to x-axis.
) c € (0,3) such that £(c) = 0 = Bet gy o (Be+8)=0
_ lim x.2secx. secx tan x + secx _ 0+1 = 3ct-12+9=0 z Be+8) (c-2)=0
x—0 secix 1 =1 = ct-4c+3=0

/
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Last part
Here, f(x) =x(x-3)%x€[0,3]
= x(x2- 6x+ 9) =2’ - 6x2 + 9x
Since f(x) is a polynomial function, so it is
continuous in [0, 3]
Again, £(x) = 332 -12x + 9 which exists for all
x€(0,3)
So, f(x) is differentiable in (0, 3)
And
f(0)=0°-6x02+9x0=0
f(3)=3"-6x32+9x3=0
£(0) = £(3)
All the conditions of Rolle's theorem are
satisfied. So there exists at least one
ce (0, 3) such that f(c) =0
3c2-12c+9=0
c2-4c+3=0
(c-1)(c-3)=0
c=13
Here,c=1¢€(0,3)butc=3 ¢ (0, 3)
Hence Rolle's theorem is verified.

[5.__2070 Set D Q.No. 11

State mean value theorem. Interpret it
geometrically. Verify mean value theorem for

the function f(x) = x (x - 1)2in [0, 2].

[6]

SOLUTION]

First part:
Please refer to 2069 (Set A) Q.No. 11
Next part:
Here, f(x) =x(x-1)%, x €[0,2)
=X -2+ 1)=x2-2x2+ x
Since f(x) is a polynomial function, so it is
continuous in [0, 2].
Again, f(x) = 3x2 - 4x + 1 which exists for all x
in(0,2)
f(x) is differentiable in (0, 2)
Hence both the conditions of mean value
theorem are satisfied. So, there exists at least

one ¢ € (0, 2) such that f(c) =£@g:_2@
Here, f(b) =f(2)=2'-2x22+2=2

Xit

)

-

fa) =f0)=0"-2x01+ 0=

f(b) - f(a
Now, f(©="p-a
2_
= 3c-4c+1=77,
= c(@3c-49)=0
4
= ¢c=073

4
Here,c=0¢ (0,2 butc=3¢ (0,2)

Hence, mean value theorem is verifieq,

5. 2071 SetC Q.No. 11

State mean value theorem. Interpret it Beometrig,
Verify
=(x-1) (x-2) (x-3)in[1,4].

lly,
f“mﬂny. )

Please refer to 2069 (Set B) Q.No. 11 “1

the mean value theorem for the

-

E. 2071 Set D Q.No. 11]

State Rolle's Theorem. Interpret it geometri;
Verify Rolle's Theorem for the fup,
f(x) = x(x - 3) for x € [0, 3]

ally,
ction

§
Please refer to 2070 Set C Q.No. 11 t

4y

U

B__2071 Supp. Q.No. 110R

State Rolle's theorem. Verify that the functip
f(x)=sinx + cosx on [0, 2x) satisfies the conditions of
Rolle's theorem and find the constant ¢ prescribeg
by the theorem. If f(x) = (x-1)% show that £(0) = £(2,
but there is no number c in (0,2) such that f\(¢) =,
Why does not this contradict Rolle's theorem?  [g]

First part
Statement of Rolle's theorem:
If a function f(x) is

(a) continuous in [a, b]

(b) differentiable in (a, b)

(©) f(a)=£(b)

then there exists at least one point ¢ € (& )
such that f'(c) = 0.

Next part

Here, f(x) = sin x + cos x in [0, 2]

Since for all values of x such that 0 < x <2
f(x) has a definite value, so f(x) is continuous
in [0, 2n]

Also £(x) = cos x - sin x which exists for dl
x € (0,2n)

So, f(x) is differentiable in (0, 2)

f(0) =sin0+cos0=1

f(2r) = sin 2n + cos 2n =1

£(0) = f(2n) ;
All the conditions of Rolle's theorem
satisfied. So there exists at least O
¢ € (0, 2m) such that f'(c) = 0

cosc-sinc=0

sin ¢ = cos ¢

n
tanc=]=tan4

n
c=7 €(0,2n)

Hence, Rolle's theorem is satisfied.

Again

1

f) =@&-D="G1y
1

f0) =f-1p !

1,
& @ =@-1p
. f0) =f@
The function £(x) = G778 not defined at x = 1,
So it is not continuous in [0, 2]. So, the all
conditions of Rolle's theorem are not satisfied and

hence, there is no number ¢ €(0, 2) such that
f(c)=0

. 2072 Set C Q.No. 11
State Rolle's theorem. Verify Rolle's theorem for

1
the function f(x) = 2x2 - 3x + 1 in [E» 1] [6]

Statement of Rolle's theorem:

If a function f(x) is

(a) continuous in [a, b]

(b) differentiable in (a, b)

© f@)=£®)

then there exists at least one point ¢ € (a, b)
such that f'(c) =0.

Here f(x) =2x2-3x + 1in [%, 1]
Since f(x) is a polynomial function, so it is

continuous in [% 1] .
1
Also, f'(x) = 4x - 3 which exists for all x (E’ 1)

s 1
So, f(x) is differentiable in (5, 1)

1 1\?2 1
& £(35) =2 5) -3x3+1=0

f(1)=2x12-3x1+1 =0

1
Q-

Hence, all the conditions of Rolle's theorem
are satisfied. So, there exists at least one

1
te (5. 1) such that f(c) =0

ie, dc-3=9

3
or, C=z €

1
> 1)
Hence, Rolle's theorem is verified.
\._2072 801D Q No. 11
v:(e Mean Value theorem. Verify the mean
f U¢ theorem for the function
() = X-4,xel24]

(6]
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Statement of mean value theorem:
If a function f(x) is

(a) continuous in the closed interval [a, b]
(b) differentiable in the open interval (a, b)

then there exists at least one c < (a, b) such

that f(c) = &Hﬂ .

Here, f(x)=Vx1-4,x €[24]
For every value of x such that 2< x <4, f(x) has a
definite value, so f(x) is continuous in [2, 4].

Also,f(x)=ﬁ which exists for all x < (2, 4)

uu

f(x) is differentiable in (2, 4)

Hence, both conditions of mean value
theorem are satisfied. So there exists at least
onecin (2, 4) such that

po -Gt

But, f(b) =f(4)=22-4 =23
fa) =f2)=\2-2=0
f(b) - f(a)

flo= b-a

C _513

(2.4 4-2

c

c2~4—\,§
@=32-12
=6
c=nf6
Here,c=-\[6 ¢ (2, 4) butc=/6 < (2, 4).
Hence, mean value theorem is satisfied.

1. 2072 Set E Q.No. 11

State Rolle's theorem. What is the geometrical

interp of Rolle's th Verify Rolle's
theorem for the function
f(x) =y1-x*,xe[-1,1] 61

First Part: Statement of Rolle's theorem:

If a function f(x) is

(a) continuous in [a, b]

(b) differentiable in (a, b)

© fa)=fo)

then there exists at least one point ¢ € (a, b)
such that f(c) = 0.

Second Part: If all the conditions of Rolle's
theorem are satisfied then there is at least one
point ¢ €(a, b) where the tangent is parallel to
X-axis.

Mv =1(x

Ti(a) i;r(u)
‘ |
1
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Here, f(x) =\/1 “x,xel1,1] !
For every value of x such that -1 < ¥ <1, ﬂj‘)
has a déﬁm’he value, so f(x) is continuous In

[-1,1] ]
1 =X .

Again, f(x) fzJ_IT—’; L (-2v) =\[——1‘: which

exists for all xin (-1, 1)

So, f(x) is differentiable in -1, 1)

Also, f1) =V1-12=0

1) =yI-C1F=0

f(1) =£-1)
All the conditions of Rolle's theorem are

satisfied. Hence, there exists at least one
ce(-1, 1) such that £(c) =0

= _;c_=0

1-¢
= ¢c=0e(-1,1)
Hence Rolle's theorem is verified.
2. 2072 Q.No. 1
State Rolle's th L it ically. Verify

Rolle's theorem for the fum.:tion f(;) =sinx, x € [0, n].
Also find a point in the curve represented by given
function where the tangent is parallel to x-axis. 161

First part and Second part:

Please refer to 2072 Set E Q.No. 11

Last Part

Here, f(x) = sin x

For all x € [0, 7], f(x) has a definite value, so
f(x) is continuous in [0, n]

Again, f(x) = cos x which exists for all

x € (0, m).

f(x) is differentiable in (0, 7).

Also, f(0) =sin0=0

f(r)=sinn =0

£(0) = f(m)
all the conditions of Rolle's theorem are
satisfied.
Hence, there exists at least a point ¢ € (0, n)
such that f(c) =0

n
or, cosc=0=cos§
=X
c=5e 0, n)
Hence, Rolle's theorem is verified.

T,
c=3is the x-coordinate of the point at which

tangent is parallel to x-axis,

Xi

Put x =§in y = f(x) = sin x, we haye
y= sin% =1

.. (1
Required point is (‘2' , 1)

13. 2073 Set C Q.No. 11 ORj —~—

State Rolle's theorem. Using Rolle's the
find a point on the curve f(x) = Cos2x Whm%
tangent is parallel to x-axis on [-x,x]. the

Rolle's Theorem

If a function f(x) is

continuous in [a, b],

ii. differentiable in (a, b) and

iii. £a) = £(b)

then there exists at least one point ¢ ¢ @ b
such that f(c) =0

Next Part

Here, f(x) = cos 2x, x € [-m, 7]

For all x € [-n, ], f(x) has a definite valye, s,
f(x) is continuous in [-, 7).

Again, f(x) = -2sin 2x, which exists for all
x € (-m, 7).

. f(x) is derivable in (-, 1)

iii. Again, f(-n) = cos 2(-n) = cos 2n =1

and f(x) = cos 2n=1

f(-m) = f(m)

Thus, all conditions of Rolle's theorem are
satisfied. So, there exists at least one valuece
(-m, ) such that

f(c)=0

-2sin2c=0

sin 2c = 0 = sin 0, sin~, sin (-7)

Uy

= c=0,%,—§ € (-m,m)
2 or i inate of the
c=0or 7 or —5is the x-coordinate o

point where the tangent is parallel to X-axis.
When x =0, f(0) =cos 0=1

When x =§, f(g‘) =cos 2(%) =cosn=-1

When x = -’;', f(-%) =cos 2 (—%) = cosﬂ“’1

n
. Required point is (0, 1) or (%, -1)or (-Er -4

[t4.2073 Set D a.No. 11) "
t

State Mean Value Theorem. Interpre "
geometrically. Verify Lagrange's mean Y2 ol
theorem for the function f(x) = x(x-1)? in [0/ 2l
= Please refer to 2070 Set D Q.No. 11

== 2073 Sups Q.No. 11
Value theorem, find a point on the

ing Mean
U:,,bula y = (x - 3)% where the tangent is
;.ﬂllel to the chord joining the points (3, 0) and

1) [6]

The value of x ranges from 3 to 4.
0, ¥" f(x) = (x-3)4 x € [3,4]
gince f(x) is @ polynomial function, it is
continuous in [3, 4]-
Again, f(x)=2x-6 which exists for all x e (3,4).
50, £(x) i différentiable in (3, 4).
Both the conditions of mean value theorem are

DERIVATIVE AND ITS APPLICATION  Unit7 145
() - LoL=f) b:;“
ar,ﬂ(c)-ﬂg—__-‘z@'
mlk_loi217'—1047¢gggx2'-10x2*§
or4c-10=2212 %0 _o

2 2
or,4c =18
P 4
.,C=2

9
Oearlyc=§s 27).
Hence Lagrange's mean value theorem is
verified.

satisfied. Hence by mean value th
there exists at least one c € (3, 4) such that

f(b) - f(a)
fO="p-a
f(4) - f(3,
or, f(0)="4_3
4-3)2-(3-3)p
or, 2c-6= 1
1
or,Zc-6=T=1
or, 2c=1+6
z
L c=5€(3,4)

7 .

So, ¢ = 7is the x - coordinate of the point at
which the tangent is parallel to the chord
joining the given points.

7. 7 2
Putx=§my=(x—3)1,wegety= (5-3) =

" Required point = (g %)

[t6. 2074 et A @.No. 11 Oﬂ

State the Mean value theorem. Use it to find a
point on the parabola f(x) = (x - 3)%, where the
tangent is parallel to the chord joining the
Points (3, 0) and (4, 1). 0]
~ First part: Please refer to 2072 Set D Q.No. 11

Second part: Please refer to 2073 supp QNo. 11

17. 2074 Set B Q.No. 11 Oﬂ

Define Lagrange's Mean value theorem. Also
:eﬂfy the theorem for the function:
() = 2x2 - 10x + 29 in [2, 7]. 6]

First part; Please refer to 2072 Set D QNo.11
Next part:

Here, f(x) = 2x2 10 + 29

Since, f(x) is a polynomial function, it is
ontinuous in (2, 7).

Also, f(x) = gx - 10, which exists for all x &(2,7)

Y. £(x) is ifferentiable in (2, 7)
Hence all the conditions of mean value theorem are

[18. 2074 Supp Q.No. 11|

State mean value theorem. Interpret it
geometrically. Verify mean value theorem for
the function f(x) = x(x-1)? in [0, 2.

= First Part: Please refer to 2069 Set A Q.N. 11
Second Part: Please refer to 2070 Set DQN. 11

E’. 2075 Set A Q.No. 1i

State Rolle’s th Interpret it g ically.
Verify Rolle’s theorem for the function
f)=(x-1)(x-2) (x-3)in[1, 3] [61
[SOLUTION|

First two parts:

Please refer to 2070 Set C Q.No. 11

Last part:

Here,

£ = (x~1) (x-2) (x-3)
=x3-6x2+11x-6

Here, f(x) is a polynomial function, so it is
continuous in (1, 3].
Again,
fi(x) =3x? - 12x + 11 which exists for all x € (1,
3), soitis differentiable in (1, 3).
Also,
f(1)=(1-1)(1-2)(1-3)=0
f3)=(3-1)(3-23-3)=0
All the conditions of Rolle's theorem are
satisfied.
Hence, there exists at least a point ¢ € (1, 3)
such that f'(c) =0

or, 3c2-12c+11=0

_-(12) #4127 - 4311

or, ¢ = 23

=2577,1423
Clearly ¢ = 25577, 1423 & (1,3)
Hence Rolle's theorem is verified.

@. 2075 Set B Q.No. 10 OR

State the mean value theorem and interpret it
geometrically. Verify that the function f(x) = \x
on [1, 4] satisfies conditions of the mean value
theorem and find C prescribed in the theorem.

(6]

Satisfieq,
80, there exists at least one ¢ € (2, 7) such that
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First part: Please refer to 2069 Set A QNo.11
Second part:

Here, f(x) =[x in [1, 4]

For every value of x such that 1 :
has a definite value, so f(x) is continuou
4].

t1<x<d4 f(x)
sin [1,

Again, f(x) =%x~1/1 = —Z\Iﬁ\\'hich exists for all
x such that1 <x <4.

f(x) is differentiable in (1. 4). .

Thus, both conditions of MVT are satisfied.
So, there exists at least one Cin (1, 4)

such that

9
c=7e9)

9
Required value of Cis 3.

21. 2075 Set C Q.No. 11|

State the mean value theorem. Interprg;
1

geometrically. Verify the mean value theorey

for the function f(x) = (x - 1) (x - 2) (x - 3““'

[1, 4] 1
= First Part: Please refer to 2069 Set A QN.1
Second Part: Please refer to 2070 Set D QN.11

UNIT

ANTIDERIVATIVES

—

[ 2057 Q.No.34

o/
'vae: fcusecx dx =log I tan% I +c

1
fcosecx dr = fmdx

=
tan2 +C

12

. (2058 Q.No. 3
Prove that: f & sin'li +c
a

. 2081 Q.No. 3
1+x
E"‘}"‘/“f T 2
1+x
Letl= ‘\'1_de

- IQ+1)(I+1)
'\l(l-x)ﬁ"x)‘:hlr

1+x

= ‘\Jl—rzdx

e s
JEm e [

st (X)L

=sin? (7) 5-2\1-x¥+C
/ =sin-'x-\]1—,tz+c

t. 20€2Q.N0.3g

dx

Integrate: f m 2

dy
Lleu-f’___z‘_u_x2

_ dx
T~ Jal-al+2ax- v

/ e 2]
S -
Put  x=asino - (-2av+a)
dx =a cosd do A -
) J‘L _ acos0dd _ (facosd do =J - (xoap oS! (T) e
\}ﬂ*—.\'2 \’:_ Ten J acos®
, a7 atsin b_2083QNo.34
= JA0 <0+ c=giniec J‘#
Integrate: B>a) 2
’ e ) oo e-m .
-/ Please refer to Model Set 11, Q.No. 3b |
Evaj dx - |
Uate; | ——— lzl |

al- 2

N Pleag
ase refer to 2058 Q.No. 3a

s S




Asmita's NEB Solution

Evaluate: f ﬁ

x-4
C
fz e 2X4log ,\*4)+

X
1+4)+C

2065QNo3

1
=5log

_dr_
Evaluate: f eter

jsoLuo]
Letl= we, J f(exyﬂ

Put =Y
e dx=dy

dy 1
R T h—

dr 1 x
[ [ttt

=tan-7(e‘j+C

of Basic Mlthomaﬂcs-ll

[t

@l

. 2066 Q.No.3

) 2.
Integrate: f m

I‘Etlzf?ardixz =f1uzaxd:az-

Puty=x+a
dy = dx

ds
w1 =fyT_y;=log(y+\’y1_aZ)vC

=l°g(1+a+\'(x*a)2-32)+c
=l°g(x*a"'\’7ax+xl)+c

2

0. 2086 C Q.No. 3

P

Please refer to 2062 Q.No. 3a

12]

2067 Q.No.

I 1
-

x
me dr

Evaluate fl

12]

a
1 =feydy=e"+c=ex+c

Ez. zmquo.g
Evaluate: fl_
valuate: | \ax-»

w Please refer to 2062 Q.No. 3a

E& 2069 (SetA)Q.No.ag
Evaluate: -
vatuate: | Jax- =

= Please refer to 2062 Q.No. 3a

1]

]

4. 2069 A) Old Q.No. 3:
Ei_{— dx 4
°Wﬂ“tf\[37-—xz =sm’a +c

= Please refer to 2058 Q.No. 3a

4

Es. 2069 (Set B) Q.No. 3!_:]

(=
Evaluate: ey

= Please refer to 2065 Q.No. 3a

Es. 2070 Set C Q.No. 3 g
2x+3
Evaluate: I rerel dx.

Leti= (12
tl= | &
(= i
= 412+1d"*f4xz+1d‘

1 (8 3 (1
=2 —4xu]dx+4j—1d1

»+7
4fxz+l ()

2 2

1 3.1
=Zlog(4xl+1)4'x7 anu(‘;), C

1 3
=7 log (4a? + 1) + S tan™! (22) + C

[

Evll“'"] (x a) (x- (B a). 121

. Please refer to ModelSe! 11, Q.No. 3b

dx

Evaluate: [e7e 12]
- please refer to 2065 Q.No. 3a

ANTIDERIVATIVES
3._2071 Supp. Q.No. 3

Find the integral f 3—_';:—_1, @

o (—9
3-2x-x22

Units 149

S

hemtegrall(z: HVE-Sx+i.dx g

put ©-5x+1=y
(2x-5)dx=dy

- l@x-5 12‘51+1dx?‘fd;dy

- f yv2dy =
0. 2071 Set C Q.No. 3

6x+1
Evaluate: f 2+ 99X 2]

2 3
+C=3(2-5x+1)7+C

P10

6x+1
x2+9dx fx2+9d'x fxl+9dl

Le1=f

' A =h+ L2 (say)

6x
b= e
Put y=x2+9
dy = 2x dx

3dy
: 1‘=f y =3logy + C1=3log (x2+9)+ C1

1 x
L= fx2+32 =3tant3+ G
1 =h+
=3log (x2 Fam3
og (x +9)*C1+%mn-1§+Cz
=3log(x’+9)+% tan' 3+ C,
Where C= C+ C,.
12071 Set D Q.No. 3

Evalyage. dx
; te; f — 2
z Please refer to 2066 Q.No. 3a

- 2071 0ld Q.No, 3

Sho,
'W that; f%ﬂsin"— +c 21
~

P)
lease refor 10 2058 Q.No. 3a

=f dx _ dx
3-(2+2x+1-1) _f3-(x+1)z+1
f L 2+x+1

2-(x+1p 200 (2-x-1)+c
1 3+ x
=4log(1_x)4»c
b 2072SetCaNo.39

dx
S f 1-2cosx 21

dx _ dx
f3sm‘ -costy f35in1§-cosz'2‘

s
i
a3 -1

Puty3 an3 =y
N
2 secl'z'dx=dy
X 2
sec*2d1=$ dy

2 ady 2 1 -1

1 ﬁfy:_lz ‘\Ia»}l lOg(h)*-
X

- Bl

V3 VBand 1

Es. 2072 Set D Q.No. 39
coth x dx

Comp\lte}he integral sinh x - 9 cosechx [2]

coth x dx
sinh x - 9 cosech x

Letl = dx




Basic Mnmmntlcs-n

Asmita’s NEB Solution of

150
cosh:r
C‘.)th su'\hl'
sinh x S —dx
= |—9 =|sinhix=2 -9
sithX-gph v u\h\
cosh ¥
=fsi.nh’x—9d"
Puty = sinh¥
d coshrd-\
e ay _ Ll C
I—f vz 3A T2 y*
su\lu -N\.c
ks zms-tsam.
e 2
(== 0>9
Evaluate: f f/(x-a) =B
No. 3b

2

f Zax-xzdx=fmdx
f\/a_zfmdx

f a2 - (x - a)? dx

x -a)yJal- (x-a)? a? x-a
= S .
2 7 s 2 C

1 2 x -2
= 5("3)‘J2ax-x1+%sin4 (—a_) +C

kn. 2073 Set C Q.No. 3b
Evaluate: _L‘ [2]
x+4x2-1

x2-1

fx+-\7xﬁ= fx+ d’:@—l *x—\F@-—l
=fm[i: =[x -1 dx

x2+1

=fxdx-f %2 -1 dx

S T
[','f‘l’"‘" X 2 2 oglxomq’(

2 1
,’; 2"\/"—2—“1*' IOE(’”‘I’(’\l)*C

o, 2073 Set D Q.No. 3!
__dx
Evaluate: fx 1 h]

« Please refer to 2073 Set CQ.No. 3b

@. 2073 Supp Q.No. 3§

sin "
Evaluate: ) —(sin X+ c—os )2 x [21
[soLuTion]
in 2x

s
Le”=f(sin:«“l-cos,\')1

2 sinx cosx
(sinx + cos)?

sinx cosx +1-1 dx
(sinx + cosx)?

in2x + cos2x + 2 sinx cos -1 ds
= - x
(sin x + cosx)?

“jsinx +cosx)?-1
=) (sinx + cosx)? dx
1
= J.{l -G cosx)z}dx

fdx f(smx #, cosx)ld"

=x - l1 (say)
1 sec? x secix dx
b= f(six\:('*cosx)?xseclx dx:f(l+hn1)’
Put 1+tanx=y
seczx dx = dy
-20]

I -f-l fy-zdy (2+1)

-1 1
Ty +C=-(l+tanx)+c

—l —_-1—-/+C
I=x+TTonx € =X " T+tanx

1. 2074 Set A Q.No. 3b

dx
Find the integral | ————-"1 —
SOLUTION]

dx

I\jx’—éx +13

2 2-1 1
=52"[ﬂ;:-§1°g(x+\[x_271)]+c

[

dx

X
- [\/xl-z.xts+37-3z+ 7

dx

SN

dx
IR
=logl(x-3) * m J+c
log (x-3+\X-6x+ 13 +c

éz, 2074 Set B Q.No. 3p

3x
Evaluate: | " a)(x-b) dx. 2
3x __A B
Lt -2 (x-b) (x-a) "(x-b) -
_A(x-b) +B(x - a)
(x-a) (x-b)
or, 3x=A(x—b) + B(x - a) i)
Put x = a in (ii), then
3a=A(a-b)
Sa_
“a-b
Again, put x = b in (ii), then
3b=B(b-
__3b - 3b
“b-a b-a
Then, from (i)
3x s 3a 3b
(x-a)(x-b) ~ (a-b)(x-a) ~ (a-b) (x-b)

3x
Now, f—(x Z2)(D) dx
f{ -b) (x a) (a- b)(x b)}dx
_Ba .1 . 3 .1
_a-bfx—adx_a_bfx_bdx

3a
Ta- blog(x a)— log(x b)+C

=m“‘108(><—?A)—blog(x-b))+c

%2074 Supp Q.No. 3

dx
aate 2l

er+ex’
-
Please refer to 2065 Q.N. 3a

ANTIDERIVATIVES

SOLUTION|

Unit8 151

Evaluate: —dx .
\Jl + e

—IOS(Y*W)*C -
g e VEF +C
g s S T

2]

7. 2075 Set OQ.No. 3
/f 2x-11

X+x- 2dx

‘. 2076 Sot A Q.No. 3
Evalyate, J' dx -
- 2ay -2
Pleage refer to 2062 Q. Nn 3a

% 2076 S0t B Q.No, 3

¥
ind the integral Il_ﬁ;%s—‘;' 2l

SQLUHHN
2x-11
Ix“x 3dx
- sz*l-l -1
h x1+x-2

dx

2]
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-1l
ic Mathematics-!
452 Asmita's NEB Solution of Bas 1+x)(1+X dx J‘ _14.\‘\ 1 [ 2sinx cosx
. X ) = =2 + cos)?
2t 1 1 . (1-20+ X) m dy 2 ) (sinx + cos) s g
= | —"‘x2+x_2-xz+x_2 - 2
12 i A x 1 sinx cosx + 1 -1 4tan2 B X
2+ 1 X - ;—-——d_\—+f—dx =2 ) (sinx + cosx)? n‘z+6tans -4
2 1 (sinx + cos?x + 2 sinx cos -1 sect3 dx
20l o - ae (Fa =5fs (sin x + copzp —— dx -4 .
= Ig@rx-2 - = -2 2 J\1-x s 2 anZ_1
2 1 (fsinx +cosx)? -1 272772
i N =3 )" (eirer + cosx? Pat tan
XEX-2 x+§)1—(5)‘ = \ 1 1 L.
3 st N1oXC =5f{1_(sinx_+c_osx)z}dx gseciyde=dy
] R 2059 Q.No. 11 . sect3 dx=2dy
. L g 22 sc - A N S
- log(tx-2)-127 398 1 3 s | : 2 i dx
og (x 23 x+3+3 a+bcosx’ a<b 1] 4 (sinx+ comap A =%f 5 =% 3
I 1 24>y =
x-1) ¢ | =%~ (say) Iyl yegyA
= log(+x-2-4log (332 1
. —dx 11 secx - [—d
Alternatively Here, | T3 bcosx h.=3 f (sinx + cosx)? ™ seczy I 2 EAWAY
s 1))
w1 -1 ‘:\2.;-8—1 . @) dx _1 ( sectrdx
¥-x-2 (x+2(x-1) x x- = x R x b "2 ) (1+tanx)? y+§_2
x-11 A_(x_-l)_‘_ﬁul af cos25+sin25 ) + b [ cos?; -sin?5) | =lx 1 474
o x+x-10)  (x+2(x-1) 2 2 2 Put 1+tanx=y 2 2x§l°g 3.5 M-
or,2x—11=A(X'1)+B(X+2)~-~(2) I seczx dx =dy . 4 y 4*4
Putx=1in (2), we get 1 2 L 1dy X
2-11=B(1+2) = x i i RN E Lo (=L 1 [2@n3-1
=_3 (a+b)cos?5+(a—b)sm1§ sec?y | 5log 2y+4 +C=-5-log < +C
Again, put x = -2 in (2), we get, =lfy4d _1 Ly 2tans+4
-4-11= A2 secr dx )Y Tyt e 2062QNo. 116
=5 ;
. . ] e 1 dx
Then from (1 x T2y T 20+ tannm) I 3 B
2x—11°m()5 3 (@+b) - (b-a) tan2; fy 20 +tany) * € megme‘fsint*cosx M
¥rx-2 x+2 x-1 x Sl =3xe +C
Now, Put \Jb—atan§=y 1 - 21+ tanz) dx
- 1 Here, | ———————
2x-11 5 3 1 x . ‘E(H‘ +C fs“‘-”ms-‘
Ix2+x—2d"=j(x+2’;_f dx 2 b—asec?'z'dx—dy 1+ tanx
1 1 "Then the integral (i) becomes % 2067Q.No. 11 = +
=5f—5dx-3/——7dx. inx +—
x+2 3 x-19% 2 f dy Fi"dﬂ‘evalu " dx \ﬁ(ﬁﬂm +$cosx>
=5log (x+2)-3log (x-1) +C Jb-a J@+b-y? eo'fasinx-tlcosx 1
- 1 dr
Be._2057 Q.No. 11 b = _2__,__1__103@+C -‘ﬁ COSY COS &+ sin x sin = i
\}b-a 2\/b+a b+a-y LGl dx 3 ¥sinxsing
dx X =f_\
Inlegrate:fm whena>b 4] ] \bea#\/b_-;lani e 3sinx-4cosx
~ Please refer to Model Set II, QNo. 7 Voo | ey oa and - dx
bs. 2068 Q.No. 114 _—__"———/ 3x 2gin X o X X X
v 1. 2060 Q.No. 11 b > 5"\56055—4 (cos‘i-sin‘i‘)
lntegrate:f A ,—xdx 14] i #
1- . sin x,co8 X ¢ it
x Find the value of: m d » dx se‘q%
48I03 4 6 5in 3 cos3 - dcosty  secty itT2 ;5‘
’1+x = - I
=j mdx Let] = 5in X . CO8 X ;“‘"
r - (sin x + cos x)? 1!
N




154  Asmita's NEB Solution of

\: J.sec\ dx = log tan (f*%) *C:|
)

2063 GNo. 11
& 0
nmmfm

Then integral (i) becomes
X
AP oo (i) o

Basic Mathematics I

1 -JT;?_—: =log(y +Ny-1)+
= log (siny + cosx + VGinx+ cosxy

“)
= log (siny + cosx + \}sinlv) +C e

=
Integrate: f 3+4 coshx Iy
soLuoN

dx
bell=f3+4mshr

dx

3 (cosh’% n smh%) +4 (cosh2 % + Sinhl%)

X
dx xsecl\lz
—j7:0¢z§+§mlg sechlg
ecl'.lz'{
S
2
= dx
z£+7
tanh?7
X
Put tanh3=y

1 X
Then,asechzidx= dy

x
or, 2dy=56d\15dx

_(2dy o (_dy
I = y2+7—2jy2+(@2

. 2064 Q.No. 11

cos x -sinx

Ny

lnlegm'f dx
'COSX - Sin X
stian
cosx —sinx_ COsX - sinx
- \JZs'mxcosx '\Il'quumsx—l
(cosx - siny) dx
~Jsin®x + cosx + 2 siny cosz -1

_ J'gcosx -sin x) dx

(sinx + cosz)? - 1

Letl= dr

dx

Put sinx+m5y=y
(cosx - sinx) dx = dy

ll
_—-—2 +C
-1
tan \[.'7

2
Integrate: f_(x +2) (x + 3)2 dx.

1 y 2
2 () e
t1, 2066 Q.No.11 g

14

x% A . B +_£—1
Let (x+2)(x+3p x+2 x+3 (’+3)c,.1\
1 AG+3p+Bar2+3?
o GGy G2+
i x+2)

or, @ =A(x+3)+Bx+2) (x+3)*Cl
Putx = -2in (i), we get 4 = A
Again, put x = -3 in (i), we get
9 =C(-3+2)
C=29
And, put x = 0in (i), we get
0 =9A +6B+2C

or, 0 =9x4+6B+2x(-9)
B=-3

4
v+2

12
IRk
NOW,

. x2
[Faaeor

1 1
ot [ ey (L
4fx+2 xeadx 9f(,”3),dx
=“0g(x+2)-3Iog(x+3)+~123+c
fu_2086 CQ.No. 118

dx
Evaluate: f] +Sinx + Cos %

= Please refer to 2063 Q.No. 11b
5. 2067 Q.No. 10b
__dx
Evaluate: f 1+2Sinx
= Please refer to Model Set I, Q.No. 3b

! dx
Evaluate: | 3 T cos x
= Please refer to 2063 Q.No. 11b

E1. 2069 (Set A) Q.No. 73

14

4]

Evaluate: %
€ 3sinx-4cosx 0]
~ Please refer to 2061 Q.No. 11b
k2. 2069 (Set A) Old Q.No. 11g
Evaluate; #
sin x + cos x 1]
Let] = f L
sin x + cos x
X
} d sec? 2
X x X X 2
2 sin 2085+ cos? - sin?3 SGC%
¥
i} sec?3 dx S‘?ng dy
X = 3
2tand 2 £
tan 7+ 1-tan? 3 (] - mni)
P .
Hys=q. tan%

1
dy = -3 sec? % dx

~2dy = X
2y = sec?3 dy

ANTIDERIVATIVES

Unit8 155
1= (2dy
yl
=2 [yody = p X, ~ _2
fy dy 2(_1)+C—y+c
——c
1-hn5
Alternatively
Letl:f. de
sin x + cos x
Pn!1=rcosBandl=rsin9
sothatrz=2
=3
Also, tan 0= 1= tan
n
=3
f dx
TCos@sinx+ rsin @ cos r
Al _dx 1
-,fsin(x,ef;fcosec(xoo)dx
=llogﬂnl(x¢s)+c=Ll 1 A
e fmnd ()
=Liogtan (XX
yieen (i-4) -
E 2063 (Set B) Q.No. 73
dx
Evaluate: f 2+ 3 conx 2]
dx
Le”_f2*3cosx
_ dx
X WX AR ]
2(sm—2+cos- 2) + 3(::05-5- smlé)
X
sec?

dx

(&1
£
(5]}
&

x

B XX x
JSC(\S‘z-sm-Z secs 5—!an35

X
Put tan3=y

W=

1 X

5 sec? 72‘ dx=dy
X

sec?s dy = 2dy

1 = 2y EJ‘—ﬂ'—
5’ -y2

5-y°




156
5+

:Ll).c

=2 2\/3 log(\/-

\/3*‘3"2

===log +c
__LL/
]
s 4]
E"lm'e:f(z_,),/mdx [

soLumioy
be”=fa_x)mdl’
2 fu-ie-errds
=%f{]0+(-6—21”md1
s Vi e fls-aie-Gnd

= L+ I:(say)
Now,
L =5f 16 -6x - x*dx

=5f\/y—<x'3)Z dr

( 2 (xx3
=5121(,'3)m+3m4( ; )}c
z 125 . x+3
=23(x*3)\/16-61-12+—2‘sm-’( 5 )*Cl

Agax'n,
_l 6 -21 -6 2dxy
zf( -2x)/16 - 6x X

I =

Put y=16-6x -1
or, dy=(-6-2x)dr
Then,

,

+C;

1 1
bo=g fiydy =3

3
£
3
2

€

] 3
=5(16-61—x’)2 +
I =h+h

z+3
=§(x+3)‘\/16 6x - 17#—sm‘ (_‘)+

(16 61 - x2)2 +C;

5
=3 (+ YT6 o 77 + i (1;—3) +

1 3
3 (16 -6x -x)2 + C,
whereC=C1+(C;

'c Mathematics-I =
Asmita's NEB Solution of 825 = 2070 Set C Q.No- 7

Sy
Fvaluate: f 2 + cosx I‘I
dx
Leﬂ"f2+cosx
dx
e — T
x X X
z(sinl'i + cns?z‘) + (COSIE - sinlg)
R S
= x, X
J;i costy + i’y
& sec?y secl-dJ
= |l = x° \
J; C,Jsz%+ sin?5 secty tan15+3
x
Put tani =y
1 x
3sectydy=dy
X
seczidx =2dy
Then,
|- f2dz _dy
37 Jy(B)

1Y, a2 [W%J
=2-$tan-’\/§+C=\_/-§tan" \
s 2070 Set D Q.No. 74
W

_ L_i_
Evaluate: 1775~

= Please refer to Model Set 1, Q.No- 3b 4
[s7. 2070 (Old) @Q.No. 11 b
|

cosx - sin X
Evaluate: J—F—
v “‘ejﬁz—x

= Please refer to 2064 Q.No. 11b -
s6. 2070 Supp. Q.No. 7 2
Il

. . dx
Find the integral f Jsinx - 5 cosx
Lot [ (ot

* 3sinx - 5 cosx

[——
o)

L5 sin’7

32sin5 053 2 -5 ((‘052 2

ANTIDERIVATIVES

Unit 8

157

sect>
2=
2

dx

= O dx
- = E: _—
fﬁﬂmZCOHZ 5c0912+55m22 mdi valuate: f‘l-2cnnx (4]
X
wobas T
-
x x 5 Letl= (—F——
5m7§+6mn5—5 tan25 §m§ 1 f1A2cosx
X = dx
put tan7 =¥ S
4 x X
] x (sm’2 + coslg) - 2((0&5— sm’i)
Esec15d1=d)’
x sect’y
seC’de:zdy =f dx =f dx v ;
£ X -1 1 X
1 2d 3sm22 cost3 35m22—c0522 sec?3
. 1 =5 6
sjyz+§y-1 sec?s
= dx
2 dy f3m§-1
5., 3\ (3) x
y:*2:y -5t 5)'(5)‘1 Put\Btan3 =y
2 d ﬁ .
=% n 2 2seclzd:r—cly
(9 2
Y*s 5 secsdr="F
2 \Igdv
R 2 dy 2 1 y
= y-1
2 1 575 I=Z (" 2198(771)*C
==y lo +C ‘léfy R y+1
° Zx@ ¢ y+§+ﬂ
5 5
+3 I \Iémz-l +C
- = og | ————
s sy+3r v VBang+1

1 5tany+3-y3)
=—=log| ———|+cC
\Ba % 5tan5 +3\/_

Alternative Method

Put3=rcos@and5=rsind
so that 12 = 34
. r=@
5 5
Also, tanf=>  -6=tan"3

I =f dy
rcos 0 sin x + rsin 0 cos x

dx

-l
rfsin (x+0)

<1 1
=7 log tan3 (v +0) + C

=% f cosec (x + 0) dv

el 1 5.,
‘lﬁ log tan (x+ tan"'3) + €

ko 2071 SetCaNo.7 4

E. 2071SetDQNo. 74

Evaluate: fl—-%x—sﬁ

SOLUTION]
_ dx

tetl= [Tram
B dx
- X X

X : ; X
SIS+ 08?5 - 6SINTCOs T

A
B PR
sin?3 + cos’5
M X
seezd.\
[ S
X X
mn22<nuu\2+1

=

X
Puty =tan3

1 X
dy =5 sec?5 dv

. x o1 5
N log tan (5 3 tan! ,) +C

X X
-6sINn5cCos3

x

X
sec?

\X
sec 2

14



158 Asmita’s NEB Solution of
ed, dx = 2dy
Then,
dy
_2dy N
f) by +1 zfuv-a)z-(mﬁ)‘

w22l
=2x 2_\ﬁlog( 3+2\]'
ranz-'* a2

—mlog —-3#Aﬁ

1-x
Integrate f‘\ ’—"1 el

==
¥
5

=5+ L (say)
dx

S e

+C

1-x)(1-3%)

e ni-n &

-x dx

-\)1 x?

1-22

“ 55

X
=sin? 7+ G=sintx+ G

_ (mxdx

R e

Put y=1-1x2
dy = -2x dx

=\[§'+Cz=‘\J]-IZ+Cz
1 =I|+lz-sin“x*C1+\ll-xz+Cz

-Sin“1+\ll-XZ*Cz.whereC=C1+Cz

Basic Mathematics-Il

14

14]

dv Sead
X

I
X X AN
5 (mg.2+ 5m12) +4-2- smicm% sw{z'

.
seczzch'
5+ 5 tan’ 2“8lam2

X
sec12dx

1
=3 x 8 x
5 an1§+gtan'i+1

X
sec?y dx

et 60

X
sec?y dx

Puty= t:m2 5
1
dy=Esec1§dx

2dy = sec% dx

1pe_2dy 21 (V)
I =3 a2 53/5 ‘a“'(a/s)*c
yz+(—)

x 4
5 tanz+3
+C

3tan 3

X
2 ‘(5 tany + 4
3 tan > )7 C
632072 Set C Q.No. 13

dx “
(x-2) (x - 3p

([

Evaluate: f

SOLUTION]

dx
Lett= [ Gap ey

Putx-2=2(x-3)

3z-2
T
‘=317.-l -(3z-2) e -1
dx dz = _——_(x - |)1d“'

(e-1y
1

1
Ao, TSR ooy “ A G ooy

1 7 -1)5

— =

3z-2 .\’ z
()

l=ﬂz7m {'(z+1)1} dz

z-1P ,  _ (Z2-322+3z-1
R e
- f(z 3*2 zz dz= f(z 34--12

2
=-(%-3z+3|ogz+%)+c

-z 1
=—;—+3z-3logz-—+c

() 5

-3log —g

x-3
-2*C

fe_2072 Set D Q.No. 74|

dx
Evaluate: fm_—z),

dx
S ey

Putx-1=2(x-2)
o 2z-1
L x=7
(z-1)-2-(2z-1)-1
N
22-2-2z+1
(z-1y
==te
(z-l)ldz

or,

or, dx= dz

dx=
Also,
1 1

(-1 @-2p TZE-2p 2z -1 )
2 (—-2)

z_1s

I _fw {’(z—-lﬁ}
;_f,(ﬂ)_‘ fz‘ 31“31 1
722

“J )

2 1
"2 *32-3logz-;+C

= fx-1y? v-1 x-1
2\i\3 +3(m)-3lug(;72' =

dz

-x—-—;‘:'C

ANTIDERIVATIVES Unit 8

159

Ei 2072 Set E Q.No. 74

dx
Ex - A
valuate: fZ T 3cosx

~ Please refer to 2069 Set B Q.No.7a

[4]

bs._2072 Supp Q.No. 74
dx
E X
Vdu‘efkimnhm'
IsoLurion]
—dx
f3sinx+4cosx
Put3=rcosaamd4=rsina
sothatr= 32+41=5andu=!an"§
—dx
3sinx + 4 cos x

f—
rcos @ sin x + r sin a cos x

Ldx

'rfsin(xm)
1

=3log {tan%(xi»u)} +C

1 1 4
=‘log tanz(x+tan'§) +C

L x, 1 .4
=5logtan 2+2tan-'§)+c

=% fcosec(xﬂx)dx

Alternatively

dx

Let! =f3smx+4msx

dx

X X X X
3-2sinjcos5 + 4 (cosli- sinli)

2X
sec2s
2

dx

x
Scosta+6sin5 cosS-dsivs  sec
2*+6singc0sy 2 sech

X
sec?3 dx

30X X
4(1+2tan2-tan 2

“
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z ’
=%fmdz ()

sec’idx
2 ——”/ 0z A B
4. {m -2tan24 () ()} Let Z+1)(22-5) z+1 22-5
AQRz-5+B(z+q
x (z+1)(2z-5)
sec25 dx o
1 2 z=AQz-5)+Bz+1) ..(i)
"3 . 1
1-(um§—4) *16 Putting z = -1 in (i), we get, A=7
. 5. 5
sec2§ ax Again, putting z =7 in (ii), we get, B=>
% a7 x 3\ z 1,2
%-(wq—g 37325 “7@+1) ' 7@z-95)
! Now, from (i)
x 3
Put y=tny-3 1 1 5
1 x 2 {7(z+1>*7<2z—5) dz
dy=553C12 dx
X 1,1
2dy = sect3 dy =14 Jz+14 14f21 5dz
2
1.1 1y 1, log (22 -5) + C
2 11, +C = 4°g(1+1)+14 710 @22-5)
=3 5\ 2 2 5 §_y
(3) -y 4 4 —lllog(z+1)+ log (2z-5)+C
x 3 1, X 5
. [3rand-g 3+tany 1°g(xz+1)+ log (2x2-5)+C
=5log|3—x 3|*C75"8 = |*C
z-tan3+7 2-tanj fs. 2073 Set D Q.No. 74
1+2tn3 Evaluate: f—;‘x— . &}
1 2 * J1+sinx+ cos x
=§log P +C
2-tany = Please refer to 2063 Q.No. 11b
fro._2073 Supp Q.No. 74
2073 Set C Q.No. 7: o 4
dax )l Evaluate: {357 —qe dx. )
Evaluate;f—'.
1-2cosx
= Please refer to 2071 Set C Q.No. 7a Putx?=y
65. 2073 Set C Q.No. 7a OR] x2 oy Y =
Then, 33 2@ 15" y2-2y-15_ (y +3) 0 -9
Evaluate: fzw -5 vy __A_ B
Lt G+ G6-5 “G+3) y-5
Aly-5)+ By +3)
N 5
Letl-fz’(‘ o (y+3) (-5
or, y=Aly-5)+B(y+3) ..(0)
Putx?=z . Puty =5in (i), we get
or, 2xdx =dz 5=B.8
xdx === =.5.
8
N = x*dx x? - xdx Again,
ow, 1= f 2 -3x-5 ) 2()?-3x2 5 Puty=-3in ... (i)
3= A(3 5)
or, A="

L
_ 21 zdz
272-32-5 "2 )2z2-32-5

x2

Hence, =232 =15 (Y +3) (y-5)
A B
CEEMCES)
I - 1
8(y +3) " 8(y - 5)

3 5

“3e+3)*t 8(x2-5)
Now, 5~ e T
3, dx 5 dx

8’x1+3 BIx2 5

_1’——+—IL
N G ey

31, x5 1 x-q5
=3 3tanl\ﬁ+8.2\l§log +\/§+c
el A xp

X 5
=3 ta_n—1\I— 16103 ‘\I§+C

dx
Evaluate: | 335 coohx - [4]

Letl=

i dx
3+ 5 cos hx

dx

X X
3(cos h? 7-sinh? 5) +5 (cos h’% +sin h%)

- dx

=f

8cosh3 + 2sin he3

2
=%j dx xsechl‘g
4cosh2§+sinh2§ sech%
~lj‘ sechlzz('
= —

xdx
4+ tanhz3
Puty =tanh 3.
ds
?"E=sech2§.%
= 2y =sech?3dx

Then, | = % [ %Y_z
y

X
1 tan h'z'
= 2 tan-t (%) +c =;l'-m“-1 (—2—- +C

ANTIDERIVATIVES Unit8 161
2._2074 Set B Q.No. 7i
dx
Evaluate: f3 sinx+4cosx" 14

= _ Pleaser refer to 2072 Supp. Q. No. 7a

3. 2074 Set B Q.No. 7a OR]

Evaluate: f 1tx

%

[4]

= Pleaser refer to 2061 Q. No. 3a

t4. 2074 Supp Q.No. 7§

dx
Evaluate: f T¥3coox” [4]

=+ Please refer to 2069 Set BQ.N. 7a
5._2076 Set A Q.No. 7:

Evaluate: ﬁm 41
= _Please refer to 2069 Set A (Old) Q.No. 11b
Evaluate: f(2x + 3)/x* - 2x- 3 dx. [4]
Let
I =f@x+3)\x-2x-3dx
=(2x-2+2+3)y[x - 2x-3dx
=f{(2x-2) +5)yx-2x -3 dx

= j(2x-2nx2 - 2x -3 dx+/54/x@-2x -3 dx
=h+ L (say)
L =f(@x-2)\-2x-3dx
Puty=x2-2x-3
dy = (2x-2)dx
=Ry dy

= ]yvz dy
3/2

2-2x =3P+ Cy

L =5 Nx?-2x-3dx
=5/y2x1+12-1-3dx
=5j\,(x- 1)2-4dx

CEEY
=5 [%(‘.|)m~%.1llng(x»l* (x»l)'-l)] ‘o
=§(x.1)\lx1—2x-3—
10log (x-1+yx-2x-3) + C2

I =L+l
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162 Asmita’s NEB Solution of Bas! 2 ;_—9'—;—
313 2
=§ (x1_2x—3)?‘/2+C1*‘ —9-'-()'—3)1
g(x—l)m =ie _2 [———gl—z— UNIT
3 13
—2x-3)+C 2 _f, _%)2
oge-1 723 -6 DIFFER
a6 INFE- = ENTIAL EQUATIONS AND
there C £_ _s
7_2x-3) + G, where 3 y-3
1010g (x-1+Y-2 3 2 (-3) . THEIR APPLICATIONS
e "3 i3 1B 2 —
2075 Set CANO.T: 3 3173  WARKS QUESTIONS or, sin (xy[T-y2 +y[T=32) = sin"
2 MARK S (x41-y2+ —x2)=sinc¢
B (—t—a 14 1 j13+2'1+c S x\1-yrey[T-x2 =¢
valuate: | 3 t+3cost =—=log 067 Q.No. 6
V13 ON13-2+y . . E_2061aNo.6d
dy x+x+1 .
RIS L \13+2-tan Solve: gy =yiry +1 2 my-y'dﬂo 2
Let, o, =—\I1_310g —_—Jﬁ—2+m5 +C : fsoLuTioN| Here, xidy - y2dx = 0
1 =!25jng+3cos! 2 = sz-‘f“'x*'l or, xdy = y2dx
dt Alternatively, ] T dx " y2+y +1 . 1 e 1
=l t ot t Lt t or, (2+y*+1)dy=(2+x+1)dv of yady =3z dx
um3m5+3(m-2-m 2 : Let 1=/35 7+ 2cost Integrating, L o ldx-ldyao
= =rsin 0. Y ¥ _xx " 2 ¥
: wi | umemomisee i v
t —
cf—— - Cwr 3 ; f_2058Q.No.6d fr2d.x—f}r1dy=c
4.sinjcos7 +3cosiy-3sin'y sty Also, tan 6 =3 dy_x+1
2 3 S°IVE:dX=y3+1' 21 or x2+1 zol_c
t ST -5—-
eyt @ Sitans (3) 2
=f 4 341 or, —+==c
g t t : _X x
4tan3+3-3tan?; Now, at | Given, gy =ya+ 1 x-zy
, I = e Gsnts ramb cost W) dy =+ 1)y vy
1 sec?7 dt 1 dt Integrating, we get s x-y=ay
= == X ct
DS T Sy fjsm(“e) y,;+y=’j+x+c ._2062 Q.No. 6
32T 2 1 Solve: x2dy - y2dx = 0 2]
¢ =;J cosec (t + 6) at . 2059 Q.No. 2 w  Please refer to 2061 Q.No. 6¢
Puttany =y Solve: x dy - y dx = 0 2)
2 1 1 y -y [2] | _2063QNo.6q
Th 1 Zld d =;logtan5 (t+0)+C ) m Solve: exy dx + er~dy =0 2]
en, 5 secty dt =dy 1 1 3 Given,_\'dy_yd;(:(] [soLuTiON]
=T logtany (t+tan'3)+C or, xdy =y dx . .
2% dt = 24 13 y Here, e¥-y. dy+ ey vdy =0
sec’y dt=2dy 5 Or,gx=9 N o
Now, =Llogtan(§+lzran-‘5)*c s or, dx+ rdy=0
1 =2 I__dY_ NE Integrating, we get or, exdy+eydy=0
? 1*1)")'2 fﬂ= dx Integrating we have
3 y Y tloge e ¢
22 T2
08y =logcx
U Y=cx E ZO“Q.NO.Gd
. = 2]
.2 Solve: xdy + (x+y) dx=0 [
P LOLT:
W dy +{[T-y*dv=0. 121 Given, xdy + (v+y) dv=0
or, _\dy+.nlr+yd.\=0
CiV’t‘l\,‘,l “idy +yT _ydy =0 or, (,ydyd—)ldt)fxd\'-()
or, —d Iy )
VT_\LﬁLw or, d(-fy)"d(z) 0
Intogey; V1= 32
siy Brating, we have

sl " N
THsint y = gin- ¢
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or, d (xy + %I) =0
Integrating, we get
2

X
wy+y=c

fp._2065Q.No 6 d "

Solve: (xy? + x) dx + (y2 +Y) dy=0 [
Here, 1y + 2) dx + (2° +y) dy =0

or, x(y2+1)dx+y (2 1)dy=0
Dl(zvndmg? both sides by (x*+1) (y* + 1), we get

;d.\"*‘_;):f dy=0

14, 2069 (Set B) Q.No.
Solve: ex-y dx + ev-x. dy = 0
w Please refer to 2063 Q.No. 6¢ 1

15. 2069 (Set A) Old Q.No. 6¢ T

gy et
Solve: gy’ vy o

fsoLuTion]
dy e+1
Here, 3¢ -—y

or, ydy = (ev+1)dx
Integrating, we have
2

% =etxtc

Trws " or, y? =2e'+2x+20
or, ;2,{%+;2,‘:%=0 o y? =2e*+2x+c, whereC=2c
r [t6. 2069 Old {Set B) Q.No. 23 B
Integrating, we get 6. 2069 Old (Set B) Q.No. 2b
log (x2+1) +log (y2+ 1) =log ¢ Solve : 2xydx - x2dy =0 o
or, log (r®+1) (y?+ 1) =log¢
@)l ¢ 2xydx —xidy =0
0. 2066 C Q.No. & or, y.d(x?) - xxd(y) =0
Solve:y[1—x2 dy +\1-yxdx=0 21 Dividing both sides by y2
- Please refer to 2060 Q.No. 6c yd(x) - x2d(y) =0
2
1. 2066 Q.No. 6 y
Solve the differential equation or, d X\ _o
(x+2y-3)dy-(2x-y+1) dx=0 2 y

o)

SOLUTION
Here, (x+ 2y -3)dy - (x -y +1)dx=0
or, xdy + 2ydy - 3dy -2xdx + ydx-dx=0
or, (xdy +ydx) +d(y?) - d(x}) - d(3y) - d(x) =0
or, d(xy) + d(y?) - d(x%) - d3y) - d(x) = 0
or, d(xy +y?-x-3y-x)=0
Integrating, we get
xy+y2-x2-3y-x=c
2. 2068 Q.No.
Solve: x2dy - y2dx =0 21
= Please refer to 2061 Q.No. 6¢

[13. 2069 (Set A) Q.No. E
d
Té =er-y+ xiey 2]

SOLUTION|

d
Hemz,axx =e-y+ Bey

Solve

d
or, c—ixx =er.ev+ xdey

dy

or, dr =91(ex+ X3)

d
or, & =(er+ x) dx

or, e dy = (er+ x%) dx
Integrating, we get

fe*dy=f(e'+x‘)dx

2
Integrating, we getX; =c
x2 =cy

[i7. 2070'SetCQ.No. 44

d +1
Solve :Ef = e'y 2
= Please refer to 2069 (Set A) Old Q.No. 6c

Ea. 2070 Set D Q.No. 4 3

Solve : x2dy - y2dx = 0. . [
= Please refer to 2061 Q.No. 6¢

[ts. 2070 (OId) Q.No. 5 ¢
Solve: (1 + x2) %I— =1, 2
d
Given, (1 + x?) a% =1

dy _1
O dx ST+

1
or, dy T+ o xzdx

Integrating, we have

1
fd)’=fm5dx+c

y=tan’x +¢

EO. 2070 Supp. Q.No. 4 g

dy 2+l
Solve the differential equation: _dlx - ?y"ﬁ I

o —erd
= -+
4 Cc

DIFFEREN
TIAL EQuATIONS AND THEIR APPLICATIONS

Here, "4y = 5yt +1
e+ 1)dx=(Gy! + 1) dy
[ntegrating, we have
flze+ 1) dr=[y* + 1) dy
2 5y°

or %+x="‘5L+y+c

or prx=yitytc

. ptx-yi-y=c

~—3071 561 C .No. 4 2

golve: exY. dx + ey =dy =0 2
= Please refer to 2063 Q.No. 6¢ 2]

2. 2071 Set D Q.No. 4 a

d:
,Salve:‘j} +4x=2ex 2l
%+4x=2el'
or,% =2ex - 4x

or, dy = (2e* -4x)dx

Integrating, we have
_2ex 4x

y 7272

Ly =eX-22+¢

Ei. 2071 0Old Q.No. 6 él

Solve: 2xydy - y2dx = 0 [
Here, 2xydy - y2dx =0

or xd(y?) - y2dv =0

ormﬁ);m=0

+c

A =
¥ _
or, d )= 0
Integrating, we have
i
¥ TC
S Y=cx
4. 2071 Sy . Q.No. 3
Sulvegl 1-y2
drt T-x2=0 21
Give,

N equation is

1?2

Or,
g ]~ B
or, \ﬁ\/:‘jdy =-yl-yidy
Ly iTyiae=0

oY dy

Unit9 165
sin1 x4+ sin-1 y=sinc

or, sim4y1/1-11)=sin"c
Sox 1-y2+ym=c ~
&. 2072 Set C Q.No, 43

Solve;%+¥= L

Lol

dy vy
H"e’dx‘x-l -6

2

Comparing it with %1!’ Py =Q we get,
P=%,Q=1

LF =P Jhar .

M;Jtiplying both sides of (i) by x, we get

XEXZ* y=x

or d(y ‘x)=xdr
Integrating, we have

12
Xy=3+c
& 207z 5etDaNo 4

Sol :Q! ltcos2y _
ve: d**“—zl-cosZy =0. 21

GivmdMﬁa]equaﬁonis
ﬂ*li'cost
dr “T-cos2y =0
ﬂ= l+cos2y
dx -I‘COSZy
or dy  1+2costy-1
“dv TT1-1+2siny

or,

dy_ cosy
"y
dv

or, y = ~cotly

dy

or, co_Fy =-dx

or, dy+ tan’y dy =0

or, dx+ (sec?y - 1)dy =0
Integrating, we get
x+any-y=c

[27. 2072 Set E Q.No. 4

d
Solve: .\-i +y-1=0. 21

= Please see Model Set I, Q.No4a
Eﬂ. 2072 Supp Q.No. g
d
Solve: 3 + 4= 2e%, 2l
= Please refer to 2071 Set D Q.No. 4a

Es. 2073 Set C Q.No. 43

=0 2]

e =S
bolve:l*x,*1+y;

Vl-\y:‘ﬁw

INtgppay:
. Brating, we have




both sides, we get

_QY—=bn4c
1+y?

Integrating
dx
fi
or, tan x + tan'y = tan’' €

_’SL)'.) = tan’'C

or, tan” T-xy

x+
on Ty~ C

L ox+y=C(1-x)

Splve: ydx - xdy =Xy dy-
Here, ydx - xdy =Xy 45
Dividj.)ng both sides by y? we getr
de - xdy _X dy

=7

‘- Ix

Integrating, we get

()
y

2

Ei, 2073 Supp Q.No. 4a

dy_1+y:
Solve:g =74

or, (1+x3)dy=(1+y?)dx
d

or, 1—+X2 = 1 +y2
d &
Integrating,
tan-x - tan-ly = tan-'c

X -
or, tan 2 = tan-ic

1+xy
X-y _
o 1oy =€

x=-y=¢(1 + xy)

2]
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166 Asmita's NEB Solution of Bas 74 Supp Q.No. 48 i

Solve % =evy +x%eY. b
w Please refer to 2069 Set A Q.N. 4a |

5. 2075 Set A Q.No. 43 .

lve: xdy + (x + y)dx =0.
io Please refer to 2064 Q.No. 6 1]

6. 2075 Set B Q.No. 3G

Solve: secix tanx dx + sec’y tanx dy =0,

[}

Given,

secix tanx dx + sec?y tanx dy =0
or, tanx (secix dx + sec’y dy)=0
or, secix dx + sec?y dy =0
Integrating both sides, we get,

[ secx dx + [secty dy = ¢

tanx +tany=c. ["'Isec2!=tan“q

7. 2075 Set C Q.No. 4

dy e x3
Solve: j‘% =ate: o

= Please refer to 2069 (Set A) Q.No. 4a

5. 2067 QNo. 1100

d

Solve: tan x'af +y=secx. 1
d

Here, tanx‘d‘§+ y =secx

Dividing both sides by tanx, we have

%-r cot x. y = cosec X ()
d

Comparing (i) witha‘% + Py = Q, we get

P=cotx Q = cosec x

LF = e"’d* = et = elpsin=sinx i
Multiplying both sides of equation () bY Ik
we get

sin x%xx + cot x. sinx. y = cosec X. sinx

d
or, sin x:&*r cosx.y =dx

or, d(y.sinx)=dx
Integrating, we have
ysinx=x+c

[39. 2068 Q.No. 11 b OR

B2. 2074 Set A Q.No. 39

dy e+1
Solvedx-

“ Please refer to 2069 Set A Old Q.No. 6¢

12]

Es. 2074 Set B Q.No. Q

Solve: (1 +x?) % =1,
= Pleaser refer to 2070 (old) Q. No. 5¢

12]

i

d
Solve: cos? x-&% +y=1
dy

Here, cos? x Fre A 1
Dividing both sides by cos?x, we
dy 0

have

- sec? 2
dx sec?x, y = secix

oF
FERENTIAL EQUATIONS AND THEIR APPLICATIONS

' ion (i d
comparing equation (i) with ‘—é +Py=qQ,

F,: {2;::1:, , Q = seckx

oF = elm. - elm xd'x = lan

Multiplying equation (i) both sides by euns,
we get

elnt . a‘} + etanr, secl, y = etanr, goc2y

d(y. ew) = e secZr dx
Integrating, we have

y: elanr= fd(e"'“’) +c

, plany = elanx + C
or, Y€
=1+celm™

2059 QNo. 11b oR

dy _ y:-x2
Solve: gy = 2xy 1

ds 2_ 2
X»Iere,a‘?‘£ = YE‘
Puty = vx, then

d:

Now, the given equation can be written as
dv. v2x2-x2

VY 2x. vx
dv  v2-1
or, v+ Xa = T
dv  v2-1

o Xge = 5u -V
gg_vz-l-zvz
e

virl ty
Integrating, we get
log (v2+1) + log x = logc
or, log {(ve+1)x) = log ¢
o (4 1)y =g

p&
or, (x3+]) i
o, Bty
x =c¢
a2y Y=oy
1. 2080 Q.No. 1165 6
Solyg, tan xgx
- dx
Ple,

Eaesler to 2057 Q No. 11b OR
281 aNo. 1150

+y=secx [4

d
Comparing equation (i) withﬁi» Py=Q
we get

1
LF = e""‘ = J?“‘ =elopx=y
Multiplying both sides of equation (i) by x,

we get,

Solye, i
e‘(xz_ylji%“-\'y [‘“

d
,\"—1{:+y=x~‘

Unit 9
Givi dy
en,(xl-yZ)dx=,y
dy__xy
% Gwy 0
Puty = vz, then
dy dv
dx=v4>xa
Now, equation (i) can be written as
dv X.vx
VX “Y_-vig
or, dv__v_
R Pt e A
dv v-v+y
or, xdx=w
o 12
"G TTow
1-v2 dr
or, Tdv=7
11 dx
or, (v3'v) dv=T
1 1
or, ;dv=;dv+%d_x
Integrating, we get
f""’d"=ﬁd‘”ﬁdx+logc
1
or, ~3ye=logv+logx+logec
-1
or, ———;=log (vxc)
4
(3)
-x2
or, $=log (%Xc)
-
or, 3,3 = log ()
or, ~=2y2log (cy)
X2+ 2y2log (¢y) = 0
&. 2062 Q.No. 11 bOg
Ay 1
Solve: g +7y=x ol
dy 1
Giver\.3_¥+;_\-=x= i)

167
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or, d(xy)=x'dv
Integrating, we get,
x‘
w =gt

2. 2063 Q.No. 11b OR

Solve: ‘j‘% =¥, m!

jsoLuTioN] )
dy _ )-+tz.n @
x

Here, 3 =

4

Pu(\v—v:,then
dy dv
-d—l-—v+xdJ

Now, equation (i) becomes,

v dx
o, eV
Integrating, we get

logsinv =logx+ logc
or, logsinv= log cx
or, Sinv=¢cx

()

E. 2064 Q.No. 11 b OE

d 2
Solve: 27‘%=¥ +‘ZZ§ [4]
SOLUTION]
dy_y ¥

Given, 237 =7+1
Puty=vx

d d
Then,ax,=v+xé

Now, given equation can be written as
dv' vy Vvix?
2 (v + de) ==t
or, ZV+ZXE =v+vy?
dv
or, Zxa=v2-v

&
dv = ~

-2
o Y{v-1)

1 1 dx
or, 2(v—1'v)dv= ”

Integrating, we get

| o I

v-1
or, 2108 (__-v ) =logcx
v-1\’
or, 108 (__—v ) =logcx
v-1 2_ N
or, ( v )

y 2
x-l

2
or, L;'x) =CXx

L y-xf=cy?
@. 2065 Q.No 11 b OR
Solve: % +ycotx=x -

SOLUTION

d
Here,axz+ycotx=x i)

Comparing equation (i) with —X +Py=g
we get

P=cotx,Q=x

LE =" = geotxds = efsT;d* = glogsinz = gjny
Multiplying both sides of equation (i) by siny
we get

sinx%+ y-sinxcotx=xsinx

d (y sin x) = x sin x dx

Integrating we get,
ysinx=[xsinxdx+c

d
or, ysinx=x Jsin x dx—j —mfsin x dx]d.m

or, y sinx = - x cosx - f1-(-cosx)dx+c
or, ysinx=-xcosx+Jcosxdx+c
ysinx=-xcosx+sinx+c

7. 2066 C Q.No. 11 b O

Solve: (x2-y?) g, .
= Please refer to 2061 Q.No. 11bOR

. 2066 Q.No.11 b Ol

Solve the differential equation:

i

il
- |

SOLUTION;

Given equation is: (1 + x

z)—lwy—b'“" !

1 eun I (I)

g -
o L tTr e Y T a2

or, 2{log (v-1)-logv)=log x + log c

Comparing equation (i) witl

d
dy =th$
h dx* Py

DIFFERENTIAL
EQua
e“"‘ . TIONS AND THEIR APPLICATIONS

P=T+ x’ 1 QeTv T
F - h'dx Teadr _ gl x
Multiplying both sides of M) by e"™* we haye

Qs ,a-f+ e""': 1+ xz y= ':L:;)-
N xy
or, 40 )= 1+xzz dx
Integrating, we get
tan-!
ye" = f %‘x?zd‘
Puttanx=z

1
Then,1+xzdx=dz
fluz dx=le* dz = e21+c=—(em--’,)z.,c

1
Ly e....-lx =E(eun'l P+

y_—eun Tx 4 c gtanlx

Es. 2067 Q.No. 6¢|

Solve: xdy + (x +y) dx =0 14
Given, xdy + (x +y) dx =0

or, xdy +xdx + ydx =0

or, xdy + ydx + xdx =0

or, d (xy) + d(x?z) =

or, d(xy+x—2 =0

Inhegratmg, we get
xy +

Mw

Solve: (1 - 2y Y _
ve: (1 B g =1+ay [

2 _Please see Model Set I1, Q.No. 7b or
2% 2088Q.No. 11 b OR

Solve; gjp 5 YL
¢ SInx gy +cos xy = xsinx [4]

Sz

Given, g _Zd
N, sin x
iy dy T eosxy=x sinx

Dj
d lvld“‘b both sides by sinx,
+ 808 ¢
bRy =x ()

Co
MPparing (i) with —X+ Py = Q, we get
P08y
Sin y ¢

Q=x

sin x

or, d(y. Sin x) = x sin x dx
lnlegratm&

Y5m1=fxsinxdx+c

YSINX=sinx-xcosx+c

—2-9
dx C()Sl'y xsinx

or, YSINX=-xcosx+sinx+c

Unit 9
Multiplying both sides of equation (i) by sin x

Of, ysiny= " dx
ysinx xfsmzdz—‘f[afsinxdx]dx+c

or, Y’i""-xcosx-fl (~cosx)dx +c

£2. 2069 (Set 4) ANo. 7

Solve:hnx% +y=secx

Solve: xy gy

& =xl+y2
soLuTion]
d
gy

dy_x+y )
oL &= xy (i)

Then, from (i)
. dv 2+ 22
VYT T

or v+ dv 1+v2
vHygo=——
. dx

dv 1+w2
or, x3o= -
’ dX v v

dv 1+vi-\2

oL YT v
dv
on xg =y
dx
or, vdv= <

Integrating, we have
v2
7 =logx+c

or, % =2(logx+c¢)

y? =2v(log x +¢)

= Please refer t0 2060 Q.No. 11b OR

Given differential equation is

@. 2069 (Set B) Q.No. 74

Solve: (1+ x‘) Liny=an

Ly o l,,‘l oy
el ™ o glogsiny = gin ¥

S
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DIFFERENT’ AL E
Qu,
i Purz=:\lv*‘l=%d"’ dv y-v-\? ATioNs ANDTHEIR APPLICATIONS  Units 174
TI0 ’ ’ iqp 1+v? L
[soLuTioN] B e Then, 1 o :ll‘: L = _er. [_x?”(i—_l)] .
Here, (1+ ) gy + 21 ) | =feldz=e'*c=e>-‘+c oy .\'d7=1+v’d "‘?""X?"‘?’*C=xe-’4c
dy _2x __4L (@ » 1+v: GV Dividin, both side: N
| or, E)?_l parch ] Then ﬁ-o[‘n (id), on dv="¢ " ) 2 ya ”)E”HS:}X s by e, we get
d = t 1 1 1 .
‘1 ‘ Col:l\panl'i!\g(i)“’m‘z\z"’P,'—Q’WesE yer=e?«c T, l,dv‘*';dv*' <=0 J'ZWOSH_QNO‘y
) 42 1s 1 o v dx 1 Solvuzdpy(,,y,d,.o_ I~
’ <2 andQ=Tey seyslvee Lgv+ Lo Lav BoLyTon
: Priva ) [58_2070 Set C Q.No. 7 b — o, y T x Here, x2q
| o it =1 ¢ 2 . dy Integrating, we get dy iV ydx=0
| LE=e o esof (i) by 1+ 1% we get . - R vy .
sﬁrﬁpl)m both sides of (i) by 1+ x% we ge! Solve: costxg- +y=1. § og v +logx +loge = ﬁ o & = -0
. Ql'+ oy =48 = Please refer to 2058 Q.No. 11b OR 1 Puty=yy
(1+x) g+ [59. 2070 Set C Q.No. 7 b ol s or, log (v-x.0) =33 Thm,%=v+x%
d N =412 . ..
o, gy by 1+ 39 “ Solve:%=¥ -sin’f iy tog (Xx c) _ 1 Nowrdeqnahon (i) becomes,
i 2)) = 4x2dx or, x 2 &V _ vx(x+vy)
or, ;g;;;g)fwegef 2(%) vd-xdx =_ =
= [4x2dx d dv
ya+=) .‘-hr‘dl e Given equation is,axx=¥' —sin% )=L2 or, Virg=vov
or, yi+x)=4-F+cC dy dv or, log (cy. 2y2 o dv
’ 4x? Puty =vx, thendx=v+x'd—x . x2=2y?logcy ) X =-2vov2
== . —_——
ooyt E) 3 e Now, the given equation can be written ag 62. 2070 OlddQ.No. 11 b O or %‘ivz =%
5. 203950(3 Q'N;Jbo v+x%=v—sinlv ‘ Solve:(l+x)a¥=xy-x+1 o) o 2vdv =£
i - +
Soiver gy = +fan Wl a P
or, x 3= = - sin or, 2dr_
= Please refer to 2063 Q.No. 11b OR dx ‘ Here,(1+x)%¥=xy-x+l v )t =0
‘ 6. 2069 (Set A) Old Q.No. 11b o -dv _dx ‘ N res
dy 4 o sintv ™ x o, (1+x)ﬂ—\y=l-x b (; ve1) v+ =0
Solve: cos?x g, +y=1 1l Integrating, we have g o dmdxbou s Iegraing we ot
I _ Vi n sides 1+1x),
| = Please refer to 2058 Q.No. 11b OR f oseczvdv—fg+c & xg 10 Y (1 +x), we get log v -log (v + 3+ 2log « - oge
[ -8 ) x L y= :
f [57. 2069 Oid (Set B) Q.No. 11b Of 1+ YT T4y @ or, log—vzlﬂogxl:logc
j ' Rt Comparing equation (i) with%_r‘C +Py=Q weget X
Y\ _ —x 1- N :
‘ . =logx+c == Q==X or, log =logc-log x?
| § (X) T+x/Q 1+x Y, 1
f ) fo- 2070 SetbQNo. 78 P =g b 2 [ v c
‘ d d 1 P VA ) e S
Comparing equation (i) withgxy' +Py=Q Solve (1+ xlj'axx + 2xy = 4x? f . el L.O )y =l e = (14 x)e . or, log (T v)"loe:
No. 7b ultiplying both sides of equation () by
we have ~ Please refer to 2069 (Set B) Q.No. 1+ ¥) &, we have 1 or ‘! <
rxvy
1 1 .No. 7 b O o
- ado-1 B 2070 Sef D Q No q i (145 (dy__x ektes L xy=clrty)
" e Solve: () dy =27 d dr 1 x Y ' Fa_2071setCaNo7H
P b o o 5
IF =efre C e gy ey &y ey
both side of (i) b 4 Here, (x2+ y?) dy = xy dx Negrating, we get Solve : - =_Lh4 141
Multiplying side of (i) by e )
1 /4 11 or, %X ="TX+Y—; () y“*")*"“f(l-.\')e-'d\’*c
&T _¥+)’; =6t x y The given equation is
dx " x Puty = vx n")’(1+ ! d 2y
A_ 41 . dy dv Y) '-‘"=fu*\d.\'-f.re-' dy+c Tt! SR
or, d(y.e*)=e*. 37 dx Then, Gr=v+xq; x
Integrating, Now, equation (i) can be written as o " Put yd= vx N
) [ [ gy ey y dv
L s ) v _xur | ¥ fe d.\-f{(d\)fo dr}dx P
ye* =fe LS drve i) VORI Tavin ‘ N AL
) dv e e e o e dv vl
1 oL Yy Trvi-V -1 -jl,:d\— +c vergy =._2;‘_
uu=fe'7.; dx
\
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Mathematic:
172 Asmita’s NEB Solution of Basic
dv _1*v: dy 2 1
or V*¥gx 2 Here, i * T2 Y T (142 () 2 og (1)
dv_12v: o or 3y’ c
or, vgz= 2 " Compan'ns equation (i) with E¥ *Py=Qwe Redu y 7'_’1
dv_ vi-2v+1 el L ox= 3y*log (%) educe the equation dx *f = y? in linear form
or, Xdy 2 P =71+ _.(z Q= a+ ;.2)1 e hence solve it. ”
dv_(v-1¢ S _ g ow 7071 Supp: Q:No. 7b OR soLurion] 1l
or, xq; = 2 LE. =c™= Teodt = o X =1+n Given
_2dv_dx Multiplying both sides of equation (i) b % + ¥ = sin x2 " —Y-equauon is
o, w-1)? Tx (1+x9), we get Y 1 =y?
tegrating, We have, d 1
Ir_nzgfa 4 Qa +xz)3¥+ 2wy =772 Y, Yo gin g a DlVld.lng bou». sides by y2, we have
= =log x +log ¢ 1 dx X ex=(l) 1—x+-y|=1 h
L, d(y.1+x3 =T adx I S ()
| m,__’z_ - or, d(y ' ) =T+x2 Here, P=%,Q=sinx? Puty' = 7 then
Y1 Integrating, we have LF =™ Jraro e _y_,gx_ dz
T et =it =elmr= ==
1 . e dx
or,;_—z% =logcx )’(1*""'2)=jv1+x1d3""C }]\F:ii;lhplymgbothsxdes()f(i)byx/ Then equation (i) can be written as
J = 1 2 —_— -
_ﬂw——/ y(+x)=tanix+c ax ty TSy drx2=-1 (i)
e 2071 0id QNo. 102 OR] d(xy) = x sin x? dx which is a linear equation.
dy a Integrating -1
Solve: sinx gy * (c0s3) = i cosx 141 | sotve: tan x}%* y =secx ] gy = pamatdte Here P=% Q7
1 i -
fsouo — Please refer to 2057 Q.No. 11b OR xy =3xsinx?dr+c LF =™ = T4 2 qiogs = giogst =L
_dy i ‘ BS. 2071 Supp. Q.No. 75| -1 g
Here, sinx—- + (cosx)y = sinx cosx - - == iolvi o1
dx Solve sty dr=(+y) dy or, iy =7 ld(cosx?) +c Multiplying equation (i) by 7, we get
or dv cosx —cosx ) _-1 ld.z 1 1
s dx Tsinx? or,xy—zcosx2+c T @iy
dy Here, x2y dx = (x* +y?) dy 1 bl
Comparing equation (i) with o+ Py=Q we get _1 x2y . ay+3pcos X=c o l
cos x Of dx "3 +y? Ty
P =Gnz’ Q=cosx This is homogeneous differential equation
Puty =vx dy Integrating
LF =™ S dy dv Solve: gy =y tan x - 2sin x [41 z_
= elogsws = sin X il AT T--logr+c
Multiplying both si i) by sin x, - ]
g;; lying sides of (i) by sin x, we have Hencde equahzor:’ (i) becomes, ((i;we" equation is —c-logx
sinxS-+cosx.y=sinx. . v _ X VX &
o X y=sinx.cosx (RE 7wy @y tanx-2sinx 1
. =—=c-|
or, d(y. smx"stxdx 0,[\,4,1%,;_:’_3 OTr%_x—tanr.y— peinx Ty -c-logx
Vv X xy=-2s X
Integrating, we have dv v ] Y 74. 2072 Set D Q.No. 7b OR]
e —_ N . ) d +1
ysinx =fsinzxdx+c R C°mPa‘mg(l)““ﬂ‘Exy'*Py=Q,weger Solve:5,¥=ny+1
2 -y - = .
or, (L= P " tan, Q= 2eln
1 /-cos LF= gPdx o gltandx_ i, dy v+l
or, ysinx =3 ppe dv _-v4 A =e = elog™er = cOS X Given equationis 5 =TT
' 2 ( 2 Z‘) O Xy TT+v? Multiplying both sides of (i) by cos x, we get, ) AR B qy Tx vy +1
) 1 14y —dx os x dy ) This equation is not homogeneous.
. ysinx+gzcos2x=c or, —dv="1 Ty -cosxtany-y--2sinycosx Puty+1=2z
or, d dy dz
6. 2071 Set D Q.No. 71 mgmiﬂfn‘g =g dx Then, 5= -
y (v—* + _) dv = Now, given equation can be written as
Solve: xrldx =xtty? [4] Inte: Y cos y = S5 2% 2 +c dz__z -
w  Please refer to 2069 (Set A) Q.No. 7b OR v'_‘, grating, we get . 2 v ztx ()
33 207': Set D Q.No. 7 b OR| 3 *logv=-logx+logc ycos x = 5C0s 2+ ¢ Put, v =%
Ay 2 1 , R sicancTeon :
s°lve'dx*1+xz')"(1+_,z)1 1 | or -_)‘)_1s' y ‘ ) 72 Set C Q.No. 7b O - z=wx
3y log 7 + log x - log ¢ Solve: yo ¥ dz _ dv
Y gy - yiEa 14l Then, G =V * ¥
P - .
Please refer to 2069 (Set A) Q.No 7b OR Now, equation (i) can be written as
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174 Asmita’s NEB of Basic M;

dv__vx
VHEX G Tvx+x
dv v
on X g =y+1Y
dv -v2
o X gy Tv+1
v+1 —dx
vz ="
dv dv_-dx
or, T+t 2=y
Integrating, we get
log v - v = -log x + log ¢

or, logv+logx-logc=g

x 1
or, log==7

=N h|<:
%

1
or, log\ == /=7/x

z_ z
or, logg =7

N
l:
1|

=

or, log™¢
y+1 X
— 1

or, ="
3

N y+1=ceﬁ

ES. 2072 Set E Q.No. 7g

d
Solve:i =¥ - sinzf.
= Please refer to 2070 Set C Q.No. 7b OR

4]

[76. 2072 Set E Q.No. 7b Og

d
Solve: sin xax +cosxy=xsinx.

“ Please refer to 2068 Q.No. 11b OR

7. 2072 Supp Q.No. 79

d
Solve: (x +1) Ef +2y=

. d x
leenequaﬁonis(x+1)5¥ +2y=)<e+ 1

e
x+1°

dy 2 __e 4
or, dx+x+1'y=(x+1)2 ..(0)

L d
Comparing (i) with E% +Py=Q, weget

2 e
P'x+1'Q=(x+1)2

2
IF = EIP"* = e T = o2log(1+x) = plog (1 + 52
=(1+x)

Multiplying equation (i) both sides by (1 + x)2,

we get

d 2 i
4Gt P Ty = 0+ o

d
or, (1+ x)"afﬁ' 2(1+ x)y =ex

[4]

or, diy -(1+x7}=evdx
Integrating, we get
y(1+x)?=er+c

d
Solve: Exx - —sin’f . "
= Please refer to 2070 Set C Q.No. 7b OR
9. 2073 Set C Q.No. 7b

Solve xg{*’Zy =x2log x. I
4

!

dy

Given, x ax +2y=x2 log x

Dividing both sides by x, we get
dy

2
ax txoY = xlogx (i)

oo d

Comparing (i) wlthEXX+ Py =Q, we get
pe2 oo

=X Q=xlog x
LF=¢" = eE X e2logx = elopd = y2
Multiplying both sides of (i) by x2 we get
d 2
x1ﬁ+x2<;-y=x2~xlogx

d(x?-y) = x3log x dx
Integrating, we get
x?y = flog x - x* dx

d
or, x?y =log x [x3 dx - f[a; (log x) fx‘ dx}dx
[Using integration by parts in right side]
x? xt
or, x% =logx -7—ﬁ~;dx
4 1
or, x2y =X7 log x - ij»‘dx
x4 x4
or, Xty =rlogx-1p+c
1 1
y =4‘leogx-ﬁx7+%.
EO. 2073 Set D Q.No. 7g
d
Solve: E‘E -2xy = x. 14l
. oo.d i
Given equation 1SE¥- 2xy = x i)
dy +Py=Q

The given equation is in the form G

where P = -2x, Q = x
LE = o = of2ndn o2
252,

Multiplying both sides of (i) by LF = e™%
we get

DIFFEREN
TIAL EQUATIONS AND THEIR APPLICATIONS

x2 -
c-xz%'zx)/‘e‘ =x @2

diy” e
) =d (- 1 ex?
diy- e ) 2

1ntegfaﬁ"5' we get

—ex24+C

= xe™? dx

12
ye

y,_%+ce"2

073 Set D Q.No. 7b OR)

1. 2!
d
Solve: "zé" yr=xy

fsoLurio

d
Given equation is x? '5% +y2=xy
dy Y*_Y .
°"3¥+¥_‘_x (1)
This is homogeneous differential equation.
So, puty = vx
d d
Then, a¥ =v+x d—:
Now, equation (i) can be written as

dv  v&x2 vx

txao b =—
VEXa T e Tx

dv
or, v+xd—x+ vi=vy

dv
o X gy = -v2

o dv  dx
I, -y =
v T x

dx
o, -v2dv =—
x

Integraﬁng, we get

v-1 .
= (j) =logx+c

o y=logx + ¢

o, -

"y/x =logx+c
X

or,;:log)ﬁ_c

o Xs Y (logx + c)

3 “2"73 Supp Q.No. 7
e .
"¢ exact differential equation hence solve

d al
a{'y% [4]

E

f:::i Differential Equation: A differential

ang 1on of the form Mdx + Ndy =0 where M

¢ oxa a"f functions of x or y or bot!\, is said ‘lo

tha; At if there exists a function f(x, y) such
M + Ndy = d f(x,y).

‘ Unit9 175
Le. when Mdx + i i .
Secons o Ndy is a perfect differential.
Given,
dy _Y-x+1
dx "y 533

Z:, ydy~xdy+5dy=ydx-xdx+dx

Or/ de+ydy-xdy-ydx -dx+ 5dy=0

, xdx+ydy-(xdy+ydx)-dx+5dy=0

X
" "(71) ’ d(%2) - d(xy) - d(9 + dsy) =0

X v
or, d(z*z'xy-x+5y)=0
ImeSTaﬁng. we get,
2y c
2*2"‘Y-X+5y=5
X2ty -2y -2x+10y=C

3. 2073 Supp GNo.7b o
d

=}

4
dx t2ytanx=sinx, [4
SoLuTioN]
. . d
Given equation xsExX+ 2y tanx =sinx ... (i)

e d
Companng(l)wlthaxz+Py=Q,we get,

P =2tanx, Q= sinx.
Now, LF = ePix = glzameax
= eZtanxdx
= eZlogsecx
= glogse
= secx
Multiplying both sides of (i) by secx
d
Secix. Exz" secx. 2y. tanx = sec?x.sinx
or, d(y.sec) = secx tanx dx
Integrating, we get
y secix = Jsec x tanx dx + ¢
.y seci = secx +C.
[84. 2074 Set A Q.No. 7b
Solve (xy - x3)dy = y*dx ol
Given, (xy - x3)dy =y? dx
dy__v '
o Gx T xy - X (@)
The equation (i) is homogeneous, so puty = vx
Then, gy =V XX
Now, from (i), we can write
dv _ vax?2
VXX T xvx - X2
dv_ v
on V¥XGEY Ty -1
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dv _v?
or, "E =—v-1 =V
dv vi-v(v-1)
or, X3y =7 v-1
dv vi-vi+v
or, Xy = v-1
dv v
or, X gy =3

(v 1) =§£

Put t = Inx
a1
dx  x

1
dt'—'xdx

© 2
l=!tdt=5+cz=m

Now, from (ii)
2

y.lnx=24@2)‘ tata

y.Inx = (Inx)2+ ¢, wherec=¢; + ¢,

or, ( )dv "
dx 1 .
or, % = (1 -;) dv

Integrating,

logx=v-logv+logc
or, logx+10gV -logc=v

> _

or, log== =V
AL S
or, T =¢

or, i:.x =ce/x[ v=y/x]
y = ce/*
5. 2074 Set AQ.No. 7b o
d
xinxgh+y=2Inx o

SOLUTION

d
Given,xlnxa%*»y =2Inx
Dividing both sides by xinx,
d 1 2
&Y =5 0
d
Comparing (i) withax!+ Py =Q, we get

1 2

P Q7%

1 d
Now, LF = rix = e = ebd'

[put z = Inx]
= el = 7 = Inx.
Multiplying both sides of (i) by LF, we get
I G+ Sy =3
or, d(y.Inx) = lnx dx
Integrating,

y.Inx =élnxdx+m
=le%dx va (i)

In
Let1=]=2 dx

[86. 2074 Set B Q.No. 74
Solve:(l+x)%§-xy=1-x.

= Please refer to 2070 (Old) Q. No. 11 bOR
7. 2074 Supp Q.No. 7

Solve: x’% +y2=xy.

19

= Please refer to 2073 Set D Q.N. 6b OR
[88. 2074 Supp Q.No. 7b OR|

d
Solve: cosixjx‘x +y=1

= Please refer to 2058 Q.N. 11b OR
. 2075 Set A Q.No. 7!
Solve:%=¥ + lanl .

= Please refer to 2063 Q.No. 11b OR
f0. 2075 Set A Q.No. 7b OR

d 1
Solve:j‘%'b % =% 1]

Here,

X, L2 )

d:
Comparing equation (1) with% +Py=QW"
get,

1 1
P=3.Q=%

F=e’”"=e"’ ejxdx= :T= +

1
Multiplying both sides of (1) by ™, we §¢!
id P
Bd, 2y ALl

e

or, d(e'y)—e‘ Tidx

Integrating, we get,

Ao 2 2
y.e‘=!;‘\u"dx+c @
1 2
Let 1= )75 e dx

1
I'ul; -t

1

DIFFER
ENTIAL EQUATIONS AND THEIR APPLICATIONS

—dt Units 177
- dx Then (1) becomes,
dv vine_y2
=.dt V4 x=—=
or,;d" d X:X 3x .vx
Then, or, v+ 14 "’_‘1
e e (Y GRS
= Jretdt or, x & _v2-1
vt
(4
=-| thetde-I( Ty fe d')d‘ or, x& _¥2-1-3v2
1 -t dx 3v
et et dv -1-2v2
- [t. 7-11 _ldt] o, X =
o 3v
=1 le“k":“l o, Spmdv=2
&
= |-+ dx 3y
[~ A
=-[-tet - e dx 3 4
sterret o Xt R dve0
11 :
_le e X 1“‘*%01\& we get
1n logx+3 log 2v2 +1)=logc
=ex{3+1 or, logx*log(Zvul)m—kygc
or, logx (2vz+ 1y/4=
Thenfrom [vi) (3 Pi=c
1 Y
e o) A ) af e
1 X2+ 3/4
= 1+ce‘ ot,x(—%—’)
Xy =1+x+cxe: (x1+2y1)-‘/‘=d;
§1. 2075 Set B Q.No. 83 W
Solve:%*'_y_x;- “ <0 oy | @ 3t sine 14
Xy = Please refer to 2073 Supp. QNo. 7b OR
mGiven, 3. 2075 Set C Q.No. 7b
Y _(-xy+x)
EX‘L x; y? . Solve: g, = ™y . 4]
% x’?’ s = Please refer to 2059 Q.No. 11b OR
or, dx-_——y—sxy =Y—3;; ) jp4. 2075 Set C Q.No. 70 OR
;}“sv):s the homogenous equation. So, put Solve:y*(xz*l)%y;‘!"“‘* 4]

d
Then, SY = dv
A TV g

w Please refer to 2066 Q.No. 11 bOR
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Calculation of M.D from Median

[x-M4 |= |x-7]|

— 5

2
1
0
3
5
P Zix-Ms| =11
M‘Df'romMedian= ng" =]JTI=22

— 2061 Q.No. 4 b
nd the mean deviation from mean of the following data: 6,8, 10,13 and 5. o]

Fi

Given data is: 6, 8,10, 13 and 5
sc=6+8+10+13+5=42

. )
Find the standard deviation of the following data: 100, 150, 200, 250, 300 " ol
fsoLumoN Ix 42
Calculation of S.D Mean (x) =77 =75 =84
. ;8_5?0) 4. Calculation of M.D from Mean
E
—2( 4 2 |x-x] = |x-84]
-1 1 24
0 0 8 04
1 1 10 16
2 e 10 3 46
=d'=0 | =d2= 5 e
Here,n=3 ! Zix-x|=124
=2 =
spE= 2 2 Mean deviation from mean = Ilx-x =l?'—4= 248
) e L 10_(9) -s50x+2 =701 n :
Wehave, 5D (q)=h~ T‘(n =500\/5-5) © : | E_z061QNo.124
Find out the mean and Standard Deviation from the following data: 21
E 2059 Q.No. 4 g : S §
The coefficient of variation and mean of a certain frequency distribution are 50.2% and 228 &”able ' 5-10 [ 10-15 | 15-20 [ 20-25 | 25-30 | 30-35 |
respectively. Find the s.d. [} [Frequency "2 | 9 [ 29 [ & [ 11 [ 5 ]
Here, C.V=50.2% Calculation of Mean and S.D
iy ’ it (i D 0 T =
Mean (x) = 22.8 Profit (in Rs.) | Mid value (x) f a=x -:!;)7-5) | fd' fd'
SD()=" > e
We have, 75 -2 ! ‘
o 125 -1 ‘ -9 ; 9
cv=2x100 175 g [ 2 .
225 |
275 2 ’ 2 +H
325 3 | 15 | 45
= [ id'=78 | =d?=160

50 9= —2—
or, 50.2= 28~ 100

_502x228 _ _
oL e =T50 =11.45
o =1145

pb._2080Q.No. 45 Y]

Find the mean deviation from median of the numbers 5,7, 10, 12 and 6.

SOLUTION|

Arranging the given data in ascending order
5,6,7,10,12
n=5

X n+ ] h 5 + ,J th
Median (M) = Value of _2—) item = Value of (T) item = Value of 3 item

Median (Myg) = 7

Mean —  _ LS 78
ean (V) =a+=mxh =175+ 5*5=2105

SD (o)

=5\ /110~ (110
=5 x4/1.45 - 05028
=5x4/0.9472

= .87

A <
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35, 40 for Fim &
6. 2062Q.No. 41 ing data: 10, 15, 20, 25 30, 3 2 n =600
Find the standard deviation of the following Q It [(1%(5)75
2
SoLuroy Calculation of Do — "0
— g 10
— ;gg cv (B) =% 100=575 x100=174y
10
15 400 since, C.V (A) <C.V (B) the wages distribution i unitorm in frm 5
20 625 = 2070 0ld, Q.;"O-. 3 .
25 900 Find the coefficient of mean deviation from median
ot ! ' of the data 5,4,2,8 and 6. 2
3 1600 Arranging the given data in ascending order
/A
| e T2 = 5075 24,568
Ty =175 ——— Here,n=5
= n+1\"
Here, ;\D = Median (Ma) = Value of (T) item
[ : [ 1)\ N
=\ _. (392 (2] =[725-625 =4/100=10 5+1\"
We have, S.D(0) = et (:\) = 7 ( 7 ) = Value of (—2 ) item
= Value of 3¢ item
. 2066 CQ.No.4 b NP
v ient of variation and mean of a certain frequency distribution are 50.2% and 228 . Ma=5
. coefﬁ‘?- Toad th":‘“ dard deviation. 2 Calculation of Coefficient of M.D from Median
- 59 Q.No. 4¢ ,
Please refer to 2059 Q-No L: ud l |x-Mq [= |2-5]
k_2086QNo.4H 2 3
Find the standard deviation from the following data: @ 4 1
x 10 11 12 13 1 5 0
f 3 12 18 12 2 6 1
SOLUTION] 8 3
: Calculation of S.D. : — ] Ilx-Mi|=8
T X 2 . Z|x-Ma| 8
> : 30 300 M.D from median = n == 1.6
1 12 132 1,452 )
12 18 216 2,592 Coefficient of M.D. from median = e irommedian _16 _, .,
2 o 156 2,028 Median 5
b 2 28 392 It 2070 Supp. Q.No. 4 ]
N=47 Sfx = 562 Tfx2=6764 Calculate the quartile deviation from the data: 21
T 5w 15,7,25,12, 4, 22,19, 10
Mean @) =Ty =75 =11%
Arrangi . : :
T 6764 ging the given dat
SD(0)= \/ - @ = /—47— - (1.96)2 =\[14391 - 143.04 =+[0.87 =0.93 . 4,7, 1%, 12% e;:; ;2‘12"51 ascending order
ere, n=§

E‘ 2064 Q.No. 4 g

The information about the wages distribution of the firms A and B are given below:
Firm A Firm B
No. of workers 500 600
Average monthly wages Rs.586 =~ Rs.575

Variance of wages distribution 81 100 2

In which firm is the wages distribution uniform?

For Firm A

n =500

x = Rs.586

a?=81
Lo6=9

CV (A)=$x100=557 x 100=154%

2
586

=

_fn+1\" th
Q = (T) item = (8—:1) item = (2.25) item

@ =2 item + 0,25 (3 item - 2 item)
=74025(10-7)=775

N n+1\ " h
' [3 T)] itcm=[3(§;—‘]‘)] = (6.75)item

f 6 item + (.75 (7" item - 6 item)
“19+0.75 (22-19) = 21.25

. Q-Q -7.75
Q“‘"mt‘devialiun QD) = 12 : =2L257 =675

o
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[iz_2071SetDQNo. 4 q :on and the coefficient of variatioy, :
deviatio ' ibuti
11 =10, Ix = 120, T = 1530, find the standerd ] utlon of data 20,25, 30,36, 33,43, find g
» 1ind standard deviati
sy = 120, Calcul tion. 2

Given, n=10,
on of Standa;

andard deviation

zx? = 1530 sD(e)=? )
Coefficient of variation (C.V.) = ? 2
ey [ () e ——
We have, SD (0) = "N (_n-) = 10 | g
= 120 900
AM 6—) =-F =—,l— =12 129
o 1024
cv =3 1 r*
G srosane18 R D B - apa
3. 207101dQNo. 41 dian. S.D (o) =7
Find the mean deviation of the data10,5,6, 12,7 from me R We have,
. 4
= Please refﬂ:j(ﬂ) Q.No. 4b = BN e
42071 Supp. Q-NO. d 50.3 respectively .and th & - n ) A\ —/—- (=) -
The mean of two samples of size 50 and 100 % 54.1daxl\‘ shndal‘dp deviati):m of th ; oanda 6 6 ) =N101567-5%61 =5157 = 7.39
deviations are § and 7 respectively. Obtain the mean and the <52 esampley Ty, 2073 Supp Q.-No. 4 67 =7
size 150 obtained by combining the two samples. 1] In the distribution of two sets of data, which of th i
« Which of the distribution is consi
Given, m =30, ne=100 AM Distribuion X | Diseibution ¥ @
71=541,x=503 SD. 100 0 1
omb T s0x541+100x503 B I —
ombined mean _ndtngn 30X LIS 25157 Distribution X
G ®="n+n 50+ 100 o100
Again, SD=10
7 7 )
m (o3 + d7{) + (0 * db S.D 10
We have, Combined S.D (0) = — ot CV (X) =2 * 100 =705 x 100=10
Where, di=54.1- 51.57=253 Distribution Y
d;=503-5157=-12 AM=90
50 {82 + (2.53)2) + 100 {72+ (-1.27)3 SD=18
s =\ 50+ 100 SD
CV(Y) == _18
N EEEEN . () =2 * 100 =g5 x100=20
150 i ince C.V (X) < C.V (Y), distribution X is consistent.
Es. mzsatca.uo.g 8. ::074 Supp Q.No. 4
The inf ion about the daily temperatt i of two ;ities X and Y are as follows: ollowing are the information about the marks of two students A and B.
A B
(F) I 7 Average marks o o
Variance of temp. [ 16 | % ) q Em:_ance of marks 16 %
Determine which city has greater consistency in climate. m"‘e who has got the uniform mark. 21
City X City A
Average (X) = 84 Cvu.rage (X) =84
Variance (0?) = 16 . Variance (g2) = 16
o=4 Gsgq
-2 10055 Cv(a)=& 4
CV(X)=%* 1 _84,(100:4‘76% . XX l()0=ﬁ>‘100=4.7b%
City Y ity
_ Averr =
Average (Y) =92 V‘:ud“u Y)=9
Variance (6?) = 25 o “ 'Sdnn- (0%) =25
6=5

(‘v o
By =2 5
®) ¥ X 100 =35 X100 = 5.43%

o 5
C.V(Y) = * 100 =53 ¥100 = 543% .
Since i
ey (A)<CV. (B), the city A has greater uniform mark.

Gince C.V (X) < C.V (Y), the city X has greater consistency in climate
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f1s._2078 Set B Q.No. 43 | 0,135
m mean of the data: 6,8/ 10, Iy =068 Qa.No. 12
jghts of @ Broup of individuals 5

Find the mean deviation frof
= Please refer 2061 Q.No. 4b
of items (Xx?) = 153¢ |
)
hld the ‘

e
]

If total items (n) = 10, sum of N
standard deviation and coefficient of variation- i
= Please refer to 2071 Set D Q.No. 4b | -
culati
[ Wellé‘h)l Midvaie gy | 2 on of Mean and 5.0
[ o s . requency (f) | g 2=a(25) :
Iy 10-20 15 12 112(10) fd fd2
| 20-30 ] B 1 -4 3
30-40 35 i 0 -33 »
40-50 45 15 1 0 0
—*_‘ 2 15 15
N =100 20 %0
Id--2 | =fd?-136

Ifd'
Mean(i)=a+'N—xh=75+ﬂzl

No. of X
workers(f) 100 X10=25-22=238
15 | fd"? B
> | spE=hx [BE_(HLY .
35 N) T =100/136
& =069 (Set A) Q.No. 8 - 0.0484 =10x\/13116 = 1145
I Determine the standard deviati
distribution. eviation and the coefficient of variation from th
; _ - .
T | a5 e-S-x10=356 [Profit(nRs) |_ 010 ] e following
N 100 | [[No.ofshops | 8 | L2 20-30 [ 3040 [ 4050 | :
@ (2 a2 (5 ! SoLuron B 1 % [ 8 | 5 |
SD (o) =hx N -(EN ) =1 100~ | 100 Profit i Calculation of S.D and C.V
1 i - .
—10 x~J1.66 -0.0036 =10% 16564 =1287 | (nRs) id value (x) | No. o(f 051‘01’8 PREEr =
' = 2
T : ¢ S @
Define standard deviation. Also prove that the root mean square deviation is not less than the ;g -20 15 13 -2 =3 =
standard deviation. [ 30 - 433 gg 16 '01 -13 13
jsoLuTION 40-50 - 8 1 g (8)
Standard deviation i N > % 2 10 20
o is defi it eviatios = =
Standard deviation 15 defined as the positive square root of the mean of the square of the AM@® =2+ S . T Tfd = -11 Sfd2=73
N h—75+-(—)-50 x10=25-22=Rs228

It is denoted by Greek letter o (sigma), it is given by

taken from the arithmetic mean.

_ Tx-X), . .- .

o= o for individual series SD(s) =hx d? (3 . TN
“ - () o B (3)

f(x - x)?
ando = —‘—l for continuous and discrete series, =
\/ n 10 x \/1.46 - 0.0484 =10 x /14116 =Rs.11.88
Next part Cv=S « 100 - R:1188
We know that root mean square deviation is defined by: ¥ X = TRs228 * 100=5211%
Zf(x - a)? i ._2069 (Set A
s= ——TL , where a is an arbitrary number. Find the Old Q.No. 12
\ mean and the standard deviation from the following data.
Now, : : ; [':]"ark: [ o010 1020 | 2030 | 3040 [ 40-50 @
e Sy -a)? =— - 1 = o. of students
@ - M-y -9+ G st 2 2t P G — s s e bow e
~ 1 _1 1 Mark Calculation of Mean and S.D
=o?+2(x -2a) [N Efx-xsz] tE-apy N=ot+2F-a) (-5 * G-aF o Mid value (x) | No. of students(f) d,=x-a115[ fd' fd?
=2+ (x-a) 210 = __,_5_,_—_,_52(&-—% 5
' i - - 2
Szulce,2 (x -a)?20, we have 28 ) 233 15 8 -1 -8 80
220 30. 25 15 0 0 0
= §20 40. g 35 16 1 13 16
Hence, the root mean square deviation i . 45 6 2 12 2
n is not less than the standard deviation. "’—@ zfd' = -10 Tfd" = 68
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' 10
g asegyx10

Mean (x) =a+7y
2 68 4
sfd?  fEfd\ =_ )
sp@=-hxA 5N (Tv‘) =1077\/50 (5”

és, 206 Od (Sel B Q.N:‘ind,,d deviation from the following data:
St

10\" _ 10 x4/136-004 =10x+[T3; “hg

DISPER
SION, CORRELATION AND REGRESSION  Unit 10 187
2

=083 Q.No. 4 b
; Consider the following distribution,
‘Arithmetic mean:

Median:
Standard deviation

lg |

Find out the mean an
mmnl
[f 3 [f2]w]12] [2]  stribution A i
- i n A same as the djsgr;
SOLUTION . dS.D. Is the utio tribution B n
f Mean an regardin
Calculation 0 = ) garding the skewness? 2]
x f 30 300 For distribution A
10 132 132 1,452 =100, Ma=90,0 =10
11 216 2,592 Wehave, Mo =3Mu-2x =3x99_ _
12 18 156 2028 ¢ 10 2x100 =70
13 122 28 392 cv(A) =3 *100=755x100=10%
1 N=47 Tfr = 562 Zfx = 6764 X-Mo_100-70
= SA)="g ~"10 -3
x5 aratloatd
Mean(® =57 =7 =1 For distribution B
®=N "7 7=90,Ms=80,6=10
Wehave, Mo=3Muy-2x =3 x 80-2x 90=240-180= g9

] 10
CV(B) =¥ *100=57x100=11.11%

1.9 ;
o /6_47;2_(”,96#\/143.91 ~143.04 =1/0.87 =0.93

[zt
SD(e)=\[N -@F -

20745018 Ao, tudents in 6 tests. =
Following are the marks obtained by the two studen! =x-Mo__90—60_
A 1556 [72 [ 69 l|81 q S(B) s - 10 =3
B |6 [ 74 [45 [ 57 63 Since C.V(B) > C.V(A), the degree of variation in distribution B ;

L2 ‘ i in tests? 4 S(A)=SB) ie. distribution A i st moution B is greater that that of A but
Which of the student will get performance award for the consistency in tests I is same as the distribution B |

v fs_2067 Q.No. 44 regarding to the skewness.
Student A Student B In a frequency distribution of a set of data C.V. = 59, ¢ < .

F Marks (X) T X2 ] Marks (Y) I Yy: | skewness = 0.5; find the mean of the data, % 6 = 2 and karl Pearson coefficient of
56 3136 63 3969 21
72 / 5184 74 5476 Here, CV=59
4 | 204 45 2025 c=2
69 | 4761 57 3249 Karl Pearson coefficient of skewness =
64 40% 82 6724 Mean (7) = ? S(F)=05
81 6561 63 3969 We have,

[=x=30 [ £X:= 26042 [Ty =384 [ 5y2=25412 =L 100

Here,n=6 ;

For Student A o5 <2

— X 3% pe 3100
AM(X)=T=T=65 ‘/§x =200
L§ =g
0,
2718y . Q.No. 4
Ina distribytj .
ution, the difference of the two quartiles is 20 and their sum is 70 and the median is
2]

o —, 26042
SD=\T7 () =\[T¢ -6 =\134033-4225 =+[T15.33 =1074

SD 1074
C.V (A) =gean # 100="— % 100=1652 %
For Student B
— Y 384
AM(Y)=75 =" =64

PNy 22 CEpv eI
SD= n -(Y) =
D

s. 118
C.V(B) =T foan ¥ 100 =24 100 = 18,445,

Since, C.V (A) < C.V (B), A will get performance award for the

25412
6 (64 =\4235.33 4006 =\[T3933 =118

consistency tests.

36, Fj
%@?nd the coefficient of skewness.

Gi
Ven, QioQi=20

S‘J +Qi=70
Coeffici =36
We h‘]:’l:, Nt of skewness S, B)=?
S)-tQ-oMy 70-2x3 -2
Q- T ™
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188 Asmite
- 1.75, find the Pears
—reE N ;J ..tem" rcle T = 600 gy =150and Mo = Onian cnerﬂ“l
- e e W,
For a group ©' q
skewness. h
= 600
Given, n= 5050 Mo=175
: =130,
= r_10_,
We know that ="'~ 50 "
- 600 - —9=173
N E R
SD (o) n
Pearsonian coefficient of skewness
- 3-175 _ 7
serty i
'Set C Q.No. wing results. C.V. = 5%, Mean
2073 the follo iew“ess of the distribution. Ty

:dﬁm‘;;ng;lc;ﬁl:::(::f;eaf‘son‘s coefficient of 8
e =37

Mean (x) = 40

Mode (Mo) =39

CV=5%

Karl Pearson's coefficient
We have,

|

of skewness (Sx (P) =7

S.D
CV' =}fean X100

or, 5 =%)"‘100
or, S.D =i1%0=2
SD(c)=2
x-Mg 40-39

==5==05

Again, we have, S«(P) = p 2

b2, 2074 Set A Q.No. 48

Find Skewness and C.V. if mean, median and S.D. are respecti

vely 56.80, 59.50 and 1240

Given, mean (x)= 56.80

Median (Mq) = 59.50

SD (o) = 1240

We have, coefficient of skewness (Sx) =§§(—;M .2 561:2 ;.?9'50 =-0.653

Again, we have, C.V =rj—'D'>‘ 100 =%x 100=21.83%

ean
[4._2074 Set B Q.No. 4g

The C.V, S.D. and mode of a distribution are 5%, 2 and 39 respectively:
Pearson's coefficient of Skewness of the distribution,

Given
CV.=5%
SD=2
Mode =39

Cikulm W

.D

S,
We have, C.V = "Mean * 100

DI
SPERSION, CORRELATION AND REGRESSION  Unit 10

o= 100
or, 9 © Mean

an = 200
on 5 MLH“ -

00
Mean="g = 40

Mean - Mode 40-239
S.D ==

Coefficient of Skewness (Sk) = 52 =05

189

G 2076 Set A Q.No. 4b
p of 50 items, Zx? = 600, z,

For a grou

skewness-
w Please refer to 2072 Set E Q.No. 4b

=150 and M, = 1.75, find the pearsonian coefficient of

2]

s, 2075 Set B Q.No. 4b
Find the Pearson's coefficient of skewness when Ix =735, £x2 = 28730, mode = 35.25, 20.
T . = , n =20,

Given,

£x =735

zx2 = 28730

Mode (Mo) = 35.25
n=20

- 22 _ [2730
S.D (o) -\/ - ()2 —‘\/ 20 - (36.73) =[14365 10505625 =+/85.9375 = 9.27
Pearson's coefficient of skewness,

X-Mo_36.75-35.25

S«P) = — 927 =0.16

4 MARKS QUESTIONS]

2]

7. 2061 Q.No. 12

The median, mode and coefficient of skewness for a certain distribution are respectively 17.4

15.3 and 0.35. Calculate mean and C.V.

Given,
Median (Ma) = 17.4 Mode (My) =15.3
Coefficient of skewness (Sx) =0.35 Mean (¥) =2
Cv=2?
We have,
Mo=3M, - 2%

or, 153=3x17.4-2%

or, 25 =522-153

or, 2x=36.9

. 72309
> = 1845
Again, we have

S. _l‘ - Mo
o

or, 035= 1845-153
o
or, 035g = 3.15

o g _3d

Cy <2 e -
%% 100 = 755 ¥ 100 = 48.78%

[4]
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8. Q-No. 12 de = 43.7, find the Pearson's coeff i
i ¢ = £a? = 24,270 and mo Clon o
For a group of 10 items, Ex = 452
skewness. [41
SOLUTION|
Given, n=10 Sy=452 ~
Ix?=24270 Mode (Mo) = 43.7

x 452
Mean ) = 5 =3 = 452

D@ W 24270_(452 =4J2427-2,043 \/1&%—1959

.D (o) = - 10

Pearsonian coefficient of skewness
I-My _452-437 .

S(P)="¢g = 1959 )

kewness of the data:
Catculate KP;;:”M samf:glem Z{):ve 10 above20 above30  above 40 “
Frequency 150 140 100 80 80
Calculation of Karl Pearson's Coefficient of Skewness
| Mid value £ d= X - a(25) £d'
| ) h(10)
5 [ 150 -140=10 -2 -20
15 140-100=40 -1 -40
25 100 - 80 =20 0 0
3 35 80-80=0 1 0
| 45 80 2 160 320
[— | [ N =150 | zfd' = 100 Zfd'2 = 400 |

100
Meanx = a*fdxh 25+—x10 31.67

" " 2
SD (o) = h‘\/ﬂ? (Efd) -10"‘\/130 (150) =]0X\/2.67—0.44 =10X\/2.B=]4.93

Here, the highest frequency is 80. So, modal class is (40 - 50)

—J068 Q.No- 120
sider the following distribution:

1=40,,=80,f; = or;—on»w
-fo 80-0
Mode{Mn)—I*zﬁ TG h=40+ 35 o g* 10 =45

Karl Pearson's coefficient of skewness

x- Mu 31.67 -45
Si(P) = ="1493 - -0.89

&, 2066 Q,No.ﬂg
L 1

Calculate the coefficient of skewness from the following frequency distribution:

[investment [ 10-20 [ 20-30 [ 3040 [ 40-50 [ 5060 [ 60-70 [ 70-80
Frequency [ 12 (18 [20  [15 |10 3 2
Calculation of Coefficient of Skewness i
Investment | Mid-value (x) f d= Ll-l—(;l(;%l fd' fd"?
10-20 15 12 -3 736 108
20-30 25 18 -2 -36 72
30-40 35 20 -1 -20 20
40-50 45 15 0 0 0
50 - 60 55 10 1 10 10
60-70 65 3 2 6 12
70 - 80 75 2 3 6 18
[ [ N=% | e | aedie 240

DISPERS|Q
st N, CORRELATION AND REGRESSION  Unit10 191
(=70
=a+ g *h=45+ *10=
80 36.25
wean @

Ifd?  (Tid\?
o= '—-(—) =10xA (B0 (70\?
Y 80 so) =102 \3-07656 = 10 x 22344 = 14.95

highest frequency is 20, The ¢ espondi
Her® :l:l clfss is 30 - 40. o ding class to this frequency is (30 - 40).

;30_30 f,=20,fo=18,f2=15,h=10
fi - fo
=[+‘_—xh = 20-18
Mode(Mo) 2fi-fo-f; ~ M030 m'm JO*ZX]O 2286
-3z 36.25 -
. f skewness, Sx(P) =—— - -3286
Coefficient of 5 O NS -0y

con Distributi

Listribution A Distributi
Arithmetic mean 100 %
Median 90 80
gtandard deviation 10 10

A

Is the dxs?tnbutlon same as the distribution B regarding the degree of variation and
skweness! [
For distribution A

$=100,Ma=90,0 =10 _
Wehave, Mo —3Md-2x=3x9()_2,(-100=70

10
CV(A) =% %100 =705 100=10%

I-My 100-70
SA) =75 ~"10 -3
For distribution B

7=90, Ma=80,6=10
Wehave, Mo=3My-2% =3 x 80-2x 90 =240 - 180 = 60

10
CV(B) “'X 100—90X 100=11.11%

F-Mo _90-60
Gl T

Since C.V(B) > C.V(A), so the degree of variation in distribution B is greater that that of A but
S(A) = Si(B) i.e. distribution A is same as the distribution B regarding to the skewness.

fo_2069 (Set A) OId Q.No. 12 ﬂ

Fora group of 10 items, Zx = 452, Zx? = 24270 and mode = 43.7, find the Pearsonian coefficient of
Skewness. 4]
~_Please refer to 2064 Q.No. 12a

2069 (Set B) Q.No. 8
12ty = 110, Zfx? = 1650, N = 10 and Mo = 1245, find the skewness based on mean, mode and
Standard deviation, 14

Given, yfy =110

Ifx2=1650
N=10
Mo=1245

Mean  _ Zfx 110
® ‘N 07

SD = /T =663
(°) -(\)~=w' - =16 - 121 \H =66

Cooff: My 11-1245
fficieny of skewness Sy(P) = M 663 L2

)y -
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a4. 2070 S;l?a.;‘o. 8a
ind

If T fx = 110, ¥ fx® = 1650,
1y

standard deviation.
= Please refer to 2069 Set B Q.No. Sa
5. 2070 Set D Q.No. 8
i ing distribution. —
C(rnsnder the following distri ey Distribution B

| Arithmetic mean
| Median

| Standard deviation

‘ Is the distribution A same a

For distribution A 1
T=100, My=9,0=10 _
We have, Mo=3Mg-2v = 3x90-2x100=70 |

10
CV(A) =%x 100 = 759 X 100=10%

N =10 and Mo = 12.45, find the skewness based on mean, og
e

10
B regarding the degree of variation and skewn,
|

s the distribution

I-Mo 100-70

S(A) =T =T=3

For distribution B

T=90,My=80,6=10

We have, Mo =3My-2x =3 x80-2x90=240-180 =60

10
cvE) =Zx100=55x 100=1111%

1-Mo 90-60
SB =T “T10 3
Since C.V(B) > C.V(A), so the degree of variation in distribution B is greater that that of A by
S.(A) = Si(B) ie. distribution A is same as the distribution B regarding to the skewness. |

4s._ 2070 Supp. Q.No. 8 d
Find Karl Pearson's coefficient of skewness from the given data (] ’
["Income | 10 12 14 | 6] 20|
Frequency I 5 8 | 15 | 7 ] 5 |
Calculation of Karl Pearson's Coefficient of Skewness
[ Income (x) | Frequency (f) | fx fx?
10 5 50 500
/ 12 8 96 1,152
14 15 210 2,940
16 7 112 1,792
20 5 100 2,000
| | N =40 | Tfx = 568 Tfx = 8384

Here, the highest frequency is 15, s0 mode (Mo) =14

a2 fifxy’ 8384 568\ °
SD(o)= \/T - (—N‘) = 20 - (E) = -\/209.6 -201.64 = \[7.96 =282
Karl Pearson's coefficient of skewness Si(P) = un = ]4228—2]4 = % =0.071

Er 2071 Set C Q.No. 8 d

Calculate the coefficient of Skewness based on mean, mode and standard deviation

following data.
[ Wages (inRs) [ 100 [ 110 [ 120 [ 130 | 140
| No_of persons [2 |6 [ 10 [8 4

from ¢

1]

DISPERg
ION, CORRELATION AND REGRESSION

Unit10 193
W Calculation of
Coeffici
Wages (4 in Rs, No. of persons T icient of Skewness
100 2 fx fx?
110 3 200 I 20,000
120 10 660 | 72600
130 8 1200 \ 000
L 4 o ; 135,200
N=30 B 4 78,400
sfx _ 3660 _ X = 3660 | Tfx? = 450200
Mean @ =N = 30 12

Here the highest frequency is 10, mode (Mg) =120

T2 o, o [
sD@=\N ~W TN\ T30 - 122 =\15006.67 1355
- 67 -14884 =\[12267 =
FM 121 11.08
(o2

ici f skewness Sx(P) =
Coefficient of s «(P) =TTer =018
= 2072,3u n Q.No. 8a

ulate the coefficient of skewn,

fc‘;: zwm the © ess based on mean, mode and the standard deviation from the
Wages (in Rs. “
No. of person
w Please refer to 2071 Set C Q.No. 8a
5, 2073 Set D Q.No.

1f 2fx = 110, Zfx? = 1650, N = 10 and M, =
« Please refer to 2069 Set B Q.No. 8a

c. CORRELATION

0. 2057 Q.No. 4

Calculate ry if Zx2= 114, Zy2= 442; Ixy =174.

SOLUTION

1245, find Karl Pearson's coefficient of skewness.  [4]

121

Here, Tx2=114  Sy2=422  sxy=174
Correlation coefficient (r) = ?
Wehave, r = ——==—0 B _ 0.79

iy
Vieyny: ATz
imsaNosy

I ; i
r:sﬂle Cf’Val‘lal.\ce between the variable x and y is 18 and the variances of x and y are 16 and 81
pectively, find the coefficient of correlation between them. 2l

Given, Covariance between X and Y = Cov(X,Y) =18
Variance of X = var (X) = 16
Variance of Y = var (Y) =81
Coefficient of correlation (r) = ?
We haye, cov (X, Y) 18_ 18 s
x9 )

r= _
B Wvarpyyfar(y) Vieysl *
‘ 2“‘ Q:No. 4 —
alIc-“lale the correlation coefficient between two variables from the following data

» 114, Ly?= 422 and iy =174

Pleas
%l}) 2057 Q.No. 4b

If th,
Jh m: ((_""friancc between the two variables x and y is
Plagg,"<“'ively, find the coefficient of correlation betw
fefer 1o 2065 Q.No. 4b

—

18, and the variances of xand y are 16 and
2]

een them.

\

2
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)Y - T) = 35, find the correlation coefrl
cloy,
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. 2070 Set CQ.No. 4 b

IFX (X- X): =405 (Y- Y ):=63and ZX -
between the two variables.

Given, T (X- X)=40.L0 -Y)?
Correlation of coefficient () ¢ N

. IR0 0 Y YU A0 I - B "
We have, correlation coefficient (r)= {_—E(X _ X)“,E(Y -Y)? -\/4—0\/;’:)

lfn=lO,£X=60.D’=60,

between the two variables.

= Please refer to Model Set 11, Q.No. 4b

2071 SetCQ.No. 4

Ifn=150,=320y =

the two variables.
‘ So.umoN
Here, n=15_ s =32 o =34

SX- X) (Y- Y)=12 -
rrela - X-n(Y-Y)___ 12
We have, co! tion coefficient (r) = p— TR TET

ST

35X -X)(Y-Y)=35
?

X7 = 400, XY? = 580 and YXY = 415, find the correlation “’“fﬁtigm
]

34and XX - X) (Y- Y) =122 find the correlation coefficient betwg,
]

=0.75

‘ F7._2072 Supp QNo. 44

‘ If n = 10, IX = 18, £Y = 25, IX? = 90, IY? = 120 and IXY = 65, find the correlation coefficient
between two variables. ¥
Given, n=10,
Iy =25, X2=90,
TYZ=120, IXY =65
Correlation coefficient (r) = ?
We have,

nXY - IXIY 10 x 65 -18 x 25 _ 200 035

T nox - (pn Ty - (TY)? T10%90- 18410 % 120- 252 24x[575
[ss_2073 Set D Q.No. 4

X =18,

DISPERSI0N
) CORRELATION A
Coefficient of correlation (=7 ND REGRESSION 195

cov (X, Y,

e 18 .
Wl-luvt,r rvnr(X)‘\/var(Y) m=% =05

Unit 10

J coab
1] 2068 Q-2
p1. the correlation coefficient b,
C,]gulate etween two Variables f,
Tom the following data:

12114, Iyr= 422 and Zxy =174
= er to 2057 Q.No. db o

. Pleaser®
~749 (Set A) Old Q-No. b
2. between the tw: i
the covariance 0 variables x i
I ndy is 18, and the variances of x and y are 16 and

spectively, find the coefficient of ¢o i
g:er:sel’refer el e e o rrelation between them. 12

- Pl
=070 Set CQ.No.4 b

- XP=40T(Y-YP=63and5x - )y. T
ll:vfetzvveen the two variables. T - X)Y-Y) = 3, find the correlation coefficient
21

i

Given, Z(X= XP =405 (Y-Y)=63 5(X _X)y_¥) a5
Correlation of coefficient, m=? X=X)x Y)=3

I(X - -y 35

have, correlation coefficient (r)= _ML)_ =
We ) ,(z(x_x)zm=m =0697

=070 5etD Q.No. 4
=10, IX = 60, XY = 60, $X = =
Ifn =10, XX Y ZX? = 400, TY? = 580 and ZXY = 415, find the correlation coefficient

petween the two variables.
= Please refer to Model Set 11, Q.No. 4b 21

Es. 2071 Set C Q.No. 4 g

If S(x- X)? = 40, Z(y~ y)* = 63 and Z(x- X)(y- y) = 35, find the correlation coefficient between :[1;;

two variables x and y.
= Please refer to 2070 Set C Q.No. 4b

E’. 2057 Q.No. 4 b
@

Calculate r,y if £x?= 114, Zy?= 442; Zxy = 174.

SOLUTION]

Here,

Ix2=114 Ly?=422 Zxy =174
Correlation coefficient (r) = ?

D> AN v, S
We have, r \Ex_?\/)._‘ m@ 0.79
Ea 2065 Q.Nolg

If the covariance between the variable
respectively, find the coefficient of correlation between them.

Given, Covariance between X and Y = Cov(X,Y) = 18
Variance of X = var (X) = 16
Variance of Y = var (Y) = 81

|
x and y is 18 and the variances of x and y are 16 i“dlsz

lfn=15,ax=3.2,uy=3.4andx(x_7() - Y=1 o
the two variables. (Y- Y)=122 find the coefficient =
soLUTION
Here, n=15 _ o =§,2 oy =34
IX- X (Y- Y)=12
- . MX-DY-V)__ 1

We have, lati = = =075

ave, correlation coefficient (r) oxor TR 075

2072 Supp Q.No. 4
Ifn =10, £X = 18, IY = 25, EX* = 90, IY? = 120 and IXY = 65, find the correlation coefficient

between two variables. 2]

Given, n= 10, £X=18,

IY =25, IX2=90,
‘ Iy2=120, IXY =65
“ Correlation coefficient (=2
| We have,
| r= nIXY - ¥X Y - 0x o8- 182 25 T, e
| \I" Y (2X)? .\ln Y2 - (LY)? - 10 x 90 - 182410 x 120 - 250 M4 x JS‘TS

. 2073 Sot O
Q.No. 4
35, find the correlation coefficient between the

:{v’“"- _;)1 = 40, 5(y- y)? = 63 and Z(x- (- ¥) = 2]
Pl ¢ Variables x and y.
€ase refer to 2070 Set C Q.No. 4b

N SN YT —

T —
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J 4 MARKS QUESTIONS]

| . ~
| }

i

|

Pearson's Coefficient of Correlation

Calculation of Karl
Y

[ , 81
: | 64
100
121
169
49
IX2=728 |

ZY? =651

-6 ‘,
ber of items (n) =7

Here mumaet o REXY - EX Y 7x676-70x65 |

I

N o] ati Tl = —— = T

We have, correlation coefficient () m Sy Yy 7% 728 - 707 % G5, =
=-—322—= 0.95

196\]588 |

]

s. 2063 Q.No. 12

From the following table, calculate the coefficient of correlation by Karl Pearson's method.
X | 6 2 10 4 8
Y | 9 1 - 8 7
)

Arithmetic means of X and Y series are 6 and 8 respectively.

SOL
Let the missing item in Y-series be ‘a'. Then,
S §
Y e |
9+11+a+8+7
or, 8 = B

or, 40 =35+a
5

f.\);OW, Calculation of Karl Pearson's Coefficient of Correlation
| X ] Y | X2 | Y? | XY
6 J 9 36 81 54
2 [ 11 4 121 22
10 5 100 25 50
4 8 16 64 32
8 7 64 49 56
| =x=30 | TY =40 | zx2=220 | zy2=340 | zxy=214
Here, number of items (n) =5
. - nZXy -IXxy 5x214-30 x40
We have correlation coefficient (r) = =
AnExz - (2XpnEYz- (2Yp 5% 2203025 x 340 - 402
-130
== =-092
2004100

fzo. 2066 C Q.No. 12 d "

Calculate the Karl Pearson’s coefficient of correlation between the age and blood pressure "[“

patients:
28 35 26
120

[Age
| Blood Pressure 118 121

70
145

68
140

43
123

23
115

48
127

DISPER
SION, CORRELATION anD REGRESSION

Unit10 197
mnﬁﬂ Calculation of Kar|
Pe. X
g — PrE;sum IR h ar:o: s (lr;effment of Correlation
" 11 - S
= e 35 s 6u1_ w2 uv
48 123 -5 y . p 5
43 140 20 —4 25 : :
4 1 » 13 400 P ”
70 118 -20 5 e ;;9 3
28 121 -13 p 1 396
35 120 5 : L
u=-43 = =
o — 2= | 5w=2587 | 5vi-519 | Tave 1355 ]
We have,
Correlation coefficient (r) = Shuv - fuy
\]nZuz - (Zup '\/n):vz - (Zvp
_ 8x1388 - 3) (-
\3 xlgg- (3p\8x819- (7
=00
N i

E|. 2070 iOld[ Q.No. 12 g

Compute correlation and interpret aboyt the ages
ges of husband and wife g
given below:

[4]

2 2071 SetD Q.No. 3

-
i 27 |28 |30
[hetowie |20 116 125 20 [71 ]
2 [2 ]
oo [24 T35 T2 |
Computation of Correlat C .
‘Age of husband J Age of wife (Y) = neffimemy2
X ~
20 529 ™ -
;_ﬁf 454 324 3%
400 529 ) s
20 576 w0 et
21 =0 o 0
21 676 Py s
% 7 3 594
- 784 576 o
= o 65 750
2 400 676 520
TY =220 | zx2=6007 =% | EXY <561
Here, number of items (n)=10

We have,
nEXY - X XY

Tz - SN Y - (oY)

10 x 5361 - 243 x 220

~ {10 % 6007 - 24310 x 489% - 220°
-
1021 560

Correlation coefficient (r)

coefficient b the two variables height (in cms) and

given below:
1 165
64 | 60 | 6 |

[4]

Calﬂ;‘hte Karl Pearson's cor
ght

B0t (in kg) from the data
[Heign T 160 |

) S
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jon Coefficient —o72 8ot D Q.No. 8.
n of Correlation 8. Define correlation. Find Kar| Pearson,

Jculatio
Calculal u? v2 D ON's coefficj,
e T W™ ; “1:3 Y—‘;; -62 uy istribution. et of correlation of the marks of the followi;‘lg
. 5 1
1 ~3
3 -3
63 - 1 0 |
10 62 ] 2 4 4 I ]
165 64 3 -2 4 4 4 || 4 statistical measure that describes the gegye, i
161 60 : O 0 1 0 " “orrelation. Two variables are said to pe com egI; tedd relationship between two variables is called
| 163 o Tu=4 Tv=0 Zui=18 | Zvio10 | wavgp | change in the va]ueco::hejot.he’ variable, when the value of one variable changes with the
cu.
Tiore, mumber of items, n = 5 ‘ X Y u =;?f :\n;okm Pem;n" Coefficient of Correlation
‘ , | v=Y.
We have, nSuv - Su IV I 20 jg 20 ZOB 30 4‘;, vz v
) . - -1 400 400
Correlation coefficient (1) = =5 \Jorvi - (2v)? 2 o 30 o 16 100 26 -160
o Sx5-(AX0 By 50 2 1o -(Zs ; 0 0
5,(18_(_4)2\'5x 10-0? ‘\I7_4 V50 60 8 20 -2 ;a? 36 =60
Tu=0 = 484 —440
Zv=8 | $w’=1000 | vi-1176 | zav=-1060

_w 12 p
) 207:::: the coefficient of lation between x and y series from the following data Here, number of items (n) =5
ol Series x | Series y We have, |
nZuv - $u Ty ‘

W ] 15 l 15 l Correlation coefficient (r) =
sd | 3.01 [ 308 | mm
[0} =——5X(1060)-0x18

- H- y) =12
%800 _
50005816 ~ %8

Here, n=15
ox=3.01 |
oy=3.03 E 2073 Set C Q.No. 84
S(x-3) (y-y) =122 Calculate Karl Pearson's coefficient 1o I
Coefficient of correlation (r) = ? formula. fcient ot from the f g data using product moment
IR 12 I Z |
We have,comelaton coetbcent (1) ~ L ELU=T) o 12 9 2T 9 T % T W% Tw “ |
| “ 6 9 10 5
fra_2071 Supp. Q.No. 84 | B
Using the product moment formula, calculate correlation coefficient for the following series of Calculation of Karl Pearson's coefficient of correlation
ages of husbands (X) and wives (Y). It
[x 41 44 |45 [48 40 [42 44 | x= X -X(10) y=Y-¥0) x y? } ¥
[¥ [22 T24 25 Jor [21 J22 [23 | 2 S " -
6 &
- B 1 1 1 1
. . - -2 -3 4 9 6 i
Calculation of Correlation Coefficient 0 0 0 0
T Y I X2 I Y2 | 1 1 1 1 1
2 1618 484
2% 1936 576 [ [ =10 [ 5w [ ny-1 :
25 2025 625 ¥
2z 2304 729 Y _45
21 1600 441 n 5
g 1 ;;52 484 By using product moment formula, we have,
1 529 . by 14
IX =304 | IY=164 | IX2=13246 | Ty? = 3868 | Correlation coefficient (r) = \/_?—:/yv: =m =099 ) |
Here, number of items (n) = 7 207 IxTyiy” |
-3 . upp Q.No. 8
We have, . v i _ nIXY - X LY F RN .
ave, correlation coefficient (r) VALK - (EXpnEYe - BV Ind the Karl Pearson's Coefficient of correlation form the following distribution, 4]
2
7 % 7155 - 304 x 164 [20 [u 2
[20 [1s 24 :

"7 * 13246 - 3047 x 3868 - 168
=2 g7
V306180
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.
Calculation of Karl Pearson's C“efﬁd% Y2
Y = ;
_/-—i
5 100 81
1 121 19
B 324 225
b 225 256
o 625 484
% 400 400
18 19 324
2 484 576
I S— -
Ty =138 X2 = 2475 LY =2542
| zy=138 |
Here,n=8 REXY - EXEY 8 x 2484 - 135 x 138

- I s £ ST S e S
We have, correlation coefficient (1) = m,r—"ﬂyz ~(EY): V8 x 2475 - (135128 x 2542 - (13gy:
122 _og7

s, 2074 SetA Q.No. 83

From the following tabl

X=15.
x_ [ 10 | 12 = ! 16 |1
Y ) 12 15 18 14 16

LetabeﬂlemissingiteminXseﬂes.

Then, T.x=10+12+20+a+16+14=72+a
n=6
AMofX(X)=15

. X
Wehave,(X)='l'1‘

72+a

or, 15= 6

or, 0=72+a

a=90-72=18

Computation of Correlation Coefficient
X Y X2 Y2
10 9 100 81
12 12 144 144
20 15 400 225
18 18 324 324
16 14 256 196
14 16 196 256

IX =90 ZY =84 X2 =1420 Y2 =1226
Here,n=6
We have, Correlation coefficient

N S VE YL 1 S Ly
T ey (Evy Vo 1820 - 0y N6« 1226 - (84 N420\300
79. 2075 Set A Q.No. Bd

Find the correlation coefficient between the two variable
Cx [ 5 [ 7 1 [ 3] 4

ﬁ12]3|415]6

=078

s x and y from the following data:

e calculate the correlation coefficient by Karl Pearson's method. AM of
[

DISPER
SION, CORRELATION AND REGRESSION

Unit10 201
Calculation o
M f Corr
xzelaﬂon Coefficient -
Xy
4 10
9 21
16 d
25 15
% 24
et _ Zy? =90 4
We have, KN
Correlation coefficient (r) = r\an - E{_\x >
nIx2 - (Ix)2 nZy?- (zyp
_ SX74-20x 29
\/—53;]00 - (20)2-\/5 * 90 - (20)2
= 1 0\]3(-] =-042

D. REGRESSION

2 MARKS QUESTIONS;

0. 2069 (Set A) Q.No. 4
Find the regression equation of y on x when:

):x=15,):y=25,2x?=55,2y2=140, =78 n= 21
g Zxy =78,n=5,
Given, Zx=15 Zy=25
Ix2=55 Zy?=140
Sxy=78 n=5.
Now,
===
_ X

bﬁany—E.\'Ev _5x78-15x25 15
"SI o(Tar T 5x55-15% ~507 03

The regression equation of yonxis
Y-y =by (x-%)

o, y-5=03 (x-3)

o y-5=03x-0.9

O y=03x+5-0.9

S Y=03x+41

E‘L 2069 (Set B) Q.No. 4[:]

T - .
mt*:?gressnox.\ coefficient of y on x is 0.32. If the arithmetic means of x and y series are 42 and 36
Pectively, find the regression equation of y on x. 2]

REB"GSSfOn coefficient of x on y (by) = 0.84
A fd“’”mn coefficient of y on x (by,) = 0.32
AM oy Y-series (1) = 42
M of y-serieg @) =2
y ‘e regression equation of y on x is
Y=by (v- )
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¢ estimating age on we
for ight ang

g2._2070'Supp. Q.No: 8a OR .
= - on
From the followi te the line of regress!
e following data, coPu ioht of 37 kg 0]

of Basic M

nEXY - X IY 6x10450-205% 260 _ 9400 _ 05
And, by =Trvio(mvpe S x13100- (260F 11000
The regression uation of XonY is
X-X=bs (Y-

or, X -34.17=085 (Y -43.33)

or, X -34.17 =085Y - 36.83

or, X =0.85Y +34.17 - 36.83

or, X =085Y -266
WhenY=37,X=0A85137-266=28.79
Most probable age = 28.79

and

1

Es. 2071 Supp. Q.No.8a @

data, compute the line of regression for estimating age on weight

From the following

estimate the most probable age on a weight of 37 Kg.

(A 15 | (4 [0 [60 |
[Weight() | 00 Jes (% 4 |

« Please refer to 2070 Supp Q.No. 82 OR

E. 2072 Set C Q.No. g
and lines of regression. Find the correlation coefficients between “‘“‘;ﬂ I

Define regression
variables when b,, =18 and by, = 0.35

able when ¥

a statistical device which is used to predict the value of one vari p
riable an 4

Regression: It is

value of other is known. The variable whose value is known is called independent va oy

variable whose value is to be determined is called dependent variable. The analysis which is l“i‘*is
y analy

to describe the average relau‘anshig between the two variables is known as a regressior
There must be cause and effect relationship between two variables in regression. {1
the dots of

Lines of regressiop: Whenever there shows a relationship between two variables, |
scatter diagram will concentrate around a certain curve, If the curve is a straight lin& then 17|
known as the line of regression. |

y on M

The regression equation of yonxisy=a+bx, when b is the regression coefficient of
the regression of x on y is x = b +ay, where a is the regression coefficient of x on y
Given, by=18 f

by =035

Correlation coefficient (r) = ?

We have, r = \bey by, =18 x 0.35 =‘\j().63 =079

DISPE|
RSION, CORRELATION AND REGRESSION

757250t EQ-No. B
s gression coefficients of
*0nyand

“Ihe re
means of x and y series are 42 and 2¢ resp

Unit10 203

yonxare 0.84 and

ectively, find two eq 0,32 respectively. If the arithmetic

. coefﬁqm' xomyoon uations of lines of regression.  [4]
Regression coefficient of y on x (byy) = 0'32
AM of x-series @ =42
AM of y-series (y) = 26
The regression equation of y on x is
_y=by(x- %)
.26=032(x-42)
o, y-26=0320 -0
o, y= 0325+ 26 1344
" =032x+1256
Again, the regression equation of x on is

x-X=by (y-Y)
or, 1-42=084 )
or, 1-42=084y -21.84
o x=084y +42-2184
o x=084y +2016
. x=084y+20.16
. Required equations of regression lines =

arey=032r + 1?_:)6andx=0.84y+20.16

E‘ 2074 Supp Q-No. 83

From l’tlhe following pair of
variables xand y. coefficient betw:
4x—5y+33=0and20x—9y_107=0 clent =en the two
soLuTion} : [l
Given lines are
4-5y+33=0 .. (i)
x-9y-107=0 ... (i)
Let eqn (i) be the regression li
Then, from (i) 4 n line of y on x and eq (if) be the regression line of r on y
4r+33 =5y -
&+33 4 33

5 5X+S

on Y

quations, find the ¢

o, y
o4
“ by =3
Again, from (i)
o Dx-9y-107 =0
" 2x=9y + 107
o,y -2¥+t107 9 107
I )

b by =

20

He,

S(ue, by . by =§ " .2%=§9§< 1
), our L
e havz,ssu“‘p"““ is correct.

Corpelay;
t =
10N (r) ‘\’by\ - b—\y

a4 9
e 2
5720

-~ /23
25 =506

Q.No. 8

® Yegrossi _ -

'“xr\-sﬁ:}m““ coefficients, bxy = 1.5, byx = 0.65 and arithmetic means (X) = 36, (Y) = 52. Find the
M equations X on Y and Y on X. Also, find the estimated value of Y when X = 60. 14

4
2075
§
T 6t C

-
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jsoLuTioN
Here,
bw =15
byx =0.65
X =36
Y =52

The regression equation of Y on Xis
Y-Y =ba(X-X)
\’—52=0.t\5(x—3b)

or, Y=065x-234% 52
y=065x+286 -0 N
Again, regression equation of XonYis
X-X=ba(¥-Y)

or, X-36=15(Y-52)

or, X=15Y- 78 + 36

on X 60 should be calculated from the line Y on X.

The estimated value of Y when X =
When X =60, from (i)
Yy =065x60+286

=67.6

6 MARKS QUESTIONS]

5. 2075 Set B Q.No.
The equations of two regression lines are
3X+4Y=653X+Y=32Find,

i  the mean of x and the mean of Y.

ii. the regression coefficients.

iii. the correlation coefficients between XandY.
iv. the ratio of standard deviations of Xand Y.

fsoLuTion]
i LetXand Y be the means of Xand Y respectively. Then,
3X+4Y =65 .. i)
3X+Y=32 -.. (1)
Subtracting equation (ii) from equation (i), we get
X + 4Y = 65
X + Y= 32
3y = 33
Y= n
Substituting the value of Y in equation (ii),we get,
3X+11=32
or, 3X=21
or, X= ?1 =7
L X=7,Y=11
ii. Let the regression line of Y on X be 3X =
o e +4Y = 65, then,
3.8
or, Y= 1 X+ 3
-3
bw = iy
Again, the regression line of
X yu eof XonY be
or, 3X=-Y+32
21,32
=-3Y+ 3
by =~ 3

v

DISPERSION
) CORRELATION AND REGRESSION ~ Unit 10 205

I lerer

3 (X
prx: DXY =4 _3)
1

=E <1

5o, Our assumption is correct.
3 )

Regressiﬂn coefficient of Y on X (bvx) = -

BIENN

Regression coefficient of X on Y (bxy) = -

i We have,
Correlation coefficient (r) = +\[bvx bxy
since both the regression coefficient have riegative <
gative sign, so we ch
\00se

=N/ _%

{v. Wehave,

-ve sign in the formula.
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A. PROBABILITY (SIMPLE CASES

[._2057 Q.No. 44
f_2057QNo.4d well shuffled

is drawn at random from a REEs
:eila(rjf ;2 cards. Find the probability of bemg[zl]i
(i) a red card (ii) a heart.
Total number of possible cases (n) = 52
(i) There are 26 red cards ina deck of 52 cards.
Number of favourable cases (m) = 26
m_2_1

P(red card) = g

(i) There are 13 heartina deck of 52 cards.
So, number of favourable cases (m) =13

L = PP

E 2058 Q.No. 4 g

If A and B are two independent events with

2]

P(A) = Sgand P(B) =§, find P(AUB).

Since A and B are independent events, so

e

2
P(A~B) =P(A) P(B) =3

We have,
P(AUB) =P(A) + P(B) - P(AnB)

10+9-6 13

E. 2059 Q.No. 3 d

Two letters are selected at random from the
word "EXAMINATION". Find the probability
that both of them are same letters. [2]

There are 11 letters in the word
'EXAMINATION'.

Total number of possible cases = 'C,

In the word examination, there are 2 A's,
2I'sand 2N's

Number of favourable cases for selecting two
letters such that both of them are A = 2C,
Similarly, number of favourable cases for both | = °C,
And number of favourable cases for both N = 2,

- 20+ U+ U,
Required probability = < ”sz 2
_1+1+1 3 3
110 1110 755
912 2

|

Two dice are lhmv;n. Determine the Pmbabm
of getting a sum <5. [;y'

When two dice are thrown, tota] num
possible cases =6 X 6 =36 ber
The set having a sum <5 is
{1 12 1 3), (1L,4), (2 1), @ 204
31,62, @) )
Number of favourable cases (m) = 19

10 5

P(asum<5)=""=3¢=71g

2062 Q.No. 4
What is the probability that an English alphabe
selected at random is (i) a vowel (ii) a consonany

o

There are 26 letters in English alphabet. The,
are 5 vowels and 21 consonants.

(i) n = total number of possible cases = 26
m = number of favourable cases =5

P(vowel) =?
We have,

m
P(vowel) =T =5¢

(ii) n = total number of possible cases = 26
m = number of favourable cases = 21
P(consonant) = ?

m 21
We have, P(consonant) = —n_ = Eg

pility of getting a black ball

) probd Number of black balls 4 4
_ p(black) = Tolal‘number of balls =20=35
pmbabiuw of getting not a black bal|

_1-POlack)=1-5 =3

,wen P (A) =04, P (AUB) = 0.56, P (B) = 3, Are
independenl? 12

, P(A) =04
Here P(B) =03
P(AUB) = 0.56
e have, P(AUB) = P(A) + P(B) - P(A~p)
056 =04+03-P(AnB)
o p(AnB)=0.7 - 0.56 = 0.14
gain, P(AYP(B) =04 x03=012
Here, P(ARB) = P(A) - P(B)
Hence, the events A and B are not
independent events.

f_2066Q.No. 4 d

The chance that A can solve a problem is%, the

chance that B can solve it is é Find the
probability that the problems will be solved if

both of them try. 2]
= Please refer to Model Set 11, Q.No. 8b

lo. 2067 Q.No. 4§

Define mutually exclusive events and
dependent cases with example while perfomu'ng
an experiment. 2]
Mutually exclusive events: Two or more
events are said to be mutually exclusive if
their simultaneous occurrence is not possible.
For example, if a coin is tossed either head or
tail will occur, so head and tail are two
tually exclusive events.

E. 2063 Q.No. 4 g

The chance that A can solve a certain problem is

1 2
7 and the chance that B can solve itis 3. Find the
chance that the problem will be solved if 'h?l'
both try. [
~ Please refer to Model Set 11, Q.No. 8b

7.__2064 Q.No. 4 a

A bag contains 9 red, 7 white and 4 bla
A ball is drawn at random. Find the pro
of drawing (i) a white ball (ii) not a black

ck balls
pability
pall

) Total number of balls =9 + 7 + 4 = 20
(i) Pmbability of gelting a white ball ;
= P(white) = Number of white balls _ 5

Total number of balls

Dependent cases: Two events are said to be
dependent if the occurrence of one event in a
trial affects the probability of the occurrence
_Of the other event in other trial. For example,
if two cards are drawn in succession without
replacement from a deck of 52 cards, then the
Tesult of first draw will affect the result of
Second draw.

1. 2068 Q.No. 4

:e:l"(":fis drawn at random from a well-shuffled

red g 52 cards, What is the probability that is a
+ared 9 or a red 10? 121

Ina deck of 52 cards, there are 2 red 8, 2red 9,
aNd 2 req 10,

Cms 3
Number of favourable cases =2 +2+2
6

I

1

ProBABILITY  Unit11 207

N = total number of possible cases = 52
Plared 8,9 or 10)=2
We have,

6

P red8,9or10)=% =5

Rl

22069 (Set A) Q.No. ﬂ
From 20 tickets marked from 1 to 20, one is
draw.n atrandom. Find the probability that it is a
multiple of 4 or 5, 2]

Total number of possible cases (n) = 20

The set of multiple of 4 is (4, 8, 12, 16, 20}
and the set of multiple of 5 is {5, 10, 15, 20}
Number of possible cases (m)=5+4-1=8

n

3. 2069 (Set A) Old Q.No.

What is the probability that an English alphabet
selected at random is (i) a vowel (ii) a consonant?

[2]

= Please refer to 2062 Q.No.4c¢

(14._2069 Oid (Set B) Q.No. Q

A card is drawn at random from a well shuffled
deck of 52 cards. What is the probability that it is
a spade? 2]
ISOLUTION

Ina deck of 52 cards, there are 13 spade.

Total number of possible cases (n) = 52

And number of favourable cases (m)=13

m
P(a spade) =h "% =1

l'_ls. 2070 (Old) Q.No. 4 g

If three coins are tossed simultaneously, find the
probability of turning all head. 21
When three coins are tossed simultaneously,
then the sample space is
{HHH, HHT, HTH, HTT, THH, THT, TTH,
TTT)
Total number of favorable cases (n) = 8
Number of favourable cases (m) = 1

1
P(all heads) = %‘ =3

6. 2070 Set C Q.No. 4

A class consists of 60 boys and 40 girls. If two
students are chosen at random, what is the
probability that one is boy and one girl? 2]

SOLUTION|

Total number of students = 60 + 40 = 100

Total number of possible cases (n) = number
of selection of 2 students from 100 = C(100,2)
Number of favourable cases (m) = number of
selection of 1 boy from 60 and number of
selection of 1 girl from 40 = C(60, 1) x C(40, 1)
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m
P(one boy and one girl) =77

C(60, 1) x C(30. 1) 60> 40
=100

100t

98! 2!

= C(100,2)

60x40x2 _16
=T100x99 33

7. 2070 Set D Q.No.4 ¢ £52
-shuffled deck o

well-sh King o

2]

A card is drawn from 2 led
cards. What is the pmbahiliry thatitisa
a Diamond?

SOLUTION]

i 3
In a deck of 52 cards, there aré 4 kings and 1

diamonds.
Total number ©
=4+13-1=16
Total number of possible casé] n
m_16

]
A bag contains 24 balls numbered from l. tofl

One ball is drawn at random. What is the
ultiple of 4 and 62 2

probability that it is a mi
]

f favourable cases (m)

) =52

Total number of possible cases (n)=24
The set of multiple of 4 and 615 (12,24}
Total number of favourable cases (m) =2

1

m_2
P(a multiple of 4and 6) =77 =277 12

s. 2071 0ld Q.No. 4
ively three times.

A coin is tossed successi
Determine the probability of getting 2 heads and
21

one tail.

JeoLuTion

When a coin is tossed three times, the outcomes are
H HHHTTT
H T

H

1+ toss
ondtoss H H T T H
H T H T H T

Number of favourable cases (m) =3
Total number of possible cases (n) =8
Probability of getting 2 heads and 1 tail, P(E) =7

31 toss

3
We have, P(E) == =

Eo, 2071 Set C Q.No. 4 g

The chance that A can solve the problem is 3/5
and the chance that B can solve the problem is

2/3. Find the probability that the problem is
2]

solved.

fsoLuTiond
The problem will be solved if A or B solve it
Probability of solving the problem by
3
A=PA)=7

Probability of solving the problem by B = P(B) = 2
3

ving the problem =
Pn‘mhihly of solving the problem p(/\ or H)”
e have,

el sy = P(A) + P(O) - P (A By
p(Ac - p(A) + P(B) - P(A)-P(B)

3 23 2__3 .22

=5+3°53°"5%3-3
9+10-6 _13
—_— =1

=715
1, 2071 SetD Q.No.: . ‘
coins are tosse! Slm"l“’“eously. ‘
T wple space. Find the probability thyy t:;: thy
a

heads-
]
en two coins are tossed simy
Wh "a"‘~‘°us|y,

then the sample space is
5={HH, HT, TH, TT}
For probabihty that both are heads, —_—

T of

favourable cases (m)=1
Total number of possible cases (n) = 4

m_1
- P(both heads) =77 =7
2. 2071 Supp- Q.No. 4
Two dice are thrown together. Find 4
probability of getting both odd digits. [z;

When two dice are thrown together, 1o
number of possible cases (n) =6 x 6=34
The set of getting both odd digits is

(@ 1), 13 15 61 G 3), 656
(5,3), (5. 5)} g
Total number of favourable cases (m) =9
Probability of getting both odd digits, P(E)=?

We have,
2.1

n _
PE)=7 =36 "4

4. 2072 Set D Q.No. 4c

ISOLUTION

k3. 2072 Set C Q.No. 4d
In rolling a pair of dice, determine the

probability of obtaining a sum of 10. 1]
If a pair of dice are rolled once, then total
number of possible
cases (n) = 6x6=36
The favourable cases of getting
a single throw of two dice are (4, 6). (
(6,4)
So, number of favourable cases (m) =3
P (sum of 10) = ?
3.
=3z =

m
We have, P(sum of 10) =77 = 12
___—_‘__//

d deckof¥

. )
King ”l‘z |

a total of 1000
5, 5) and

In a draw of a card from well shuffle
cards what is the probability that it isa
queen?

In a deck of 52 cards, there ar¢ 4 king?
queens.

Pfa king or a queen) =7

and!

we have: - een) = Pla ki
Pa kmﬁ or usquu.zn) P(a king) + P(a queen)

TR D
/”—x

5372 Sot E Q:No. 44
s. ~dice are rolled once. What is the Probability
12]

{gcm'“l atotal of 80r7?
o

en two dice are rolled once, tota]
of 1ossil:de cases (n) =6 x 6 =36 number
The set having a total of 8 is
(@ 6) (3,5), (4.,4), (5.3), (6,2)}
and the set having a total of 7 is
1,6), (29 3,4, (43), (5.2), (6,1))

Total ‘number of favourable cases (m)=5+6=11
K m
P@a total of 8 or 7) =7~ =3

2072 Supp Q-No. 4
ontains 4 white and 8 red balls. If two

An urn € ’
balls are drawn at random, find the probabiligy
tting one of each colour. 2l

of ge
There are 4 white and 8 red balls.
Total number of balls =4 + 8 =12
P(one of each colour) =?
No. of possible cases (m) = number of
selection of 1 white ball out of 4 and 1 red ball
outof 8 =4C1 x8C1=4 x 8 =32
Total no. of possible cases (n)
= No. of selection of 2 balls out of 12

12 12x11
SR T TR T

. P (one of each colour) = =63

fr._2073 Set C Q.No. 4§

The chance that A can solve the problem is ; and

the chance that B can solve the problem is 3.
Find the probability that the problem is solved
by Aand B. 2]
H o2 1
ere, P(A) =3, P(B) = ;
Since the events are independent,

P(A and B) = P(A) - P(B) =%x% :é

':‘ 2073 Supp Q.No. 4
ree coime

“m;kt‘t{mb are tossed simultaneously. Find the
heagy” *P3ce: Find the probability that all are
: 2

N
Pleg
lease refer o 2070 (Old) Q.No. 4c

P
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9._2074 Set B Q.No. 4

;\mc(;ass consists of 30 boys and 20 girls. If two
ents are chosen at random what is the

Probability that one is boy and another is girl?

SoLuTion] “
Total no. of Students = 30 + 20 = 50
Total no. of possible cases = no. of selections
0of 2 students out of 50 students
= 50! 50x49

=C(50,2) = = =

(G0 =g5==F— =125
:;lm:er of favourable cases (m) = no. of

ection of 1 boy from 30 bo i
poyeiny y from ys and 1 girl from
=C(30,1) xC (20, 1) =30 « 20 =600

600 24

P(ﬂbOyandagul):% = =5

& 2074 Supp aNo. 4d

If A and B are two independent events with
2]

22 3
P(A) = 3and P(B) =3 find P(AUB).
= _Please refer to 2058 QN. 1c

£1._2075 Set B ONo. 4

An um contains 4 white, 8 black, 6 red and 2
gre:ln marbles. If three balls are drawn at
random, find the probability of getting 2

1 green marbles. ahat g 2red ‘;‘2‘;

Number of white marbles = 4
Number of black marbles = 8
Number of red marbles = 6
Number of green marbles = 2
Total no. of marbles =4+ 8+ 6 + 2= 20
Number of favourable cases (m) = No. of
selection of 2 red marbles out of 6 marbles
and 1 green marble out of 2 green marbles
=6Cyx 2Cy

6! 2!
i =0
Total no. of possible cases (n) = no. of
selection of 3 marbles out of 20

20!
=2Ci =173 = 140

P(2 red and 1 green marbles) = :1 =

2. 2075 Set C Q.No. 4

If A and B are two independent events with

1
P(A) = %and P(B) =3, find P(A U B). 121

SOLUTION,
Given,

P(A) =

[ P

P(B) =
P(AUB) = ?

SR LI ol R T G P Sl
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We have,
P(AUB) = P(A) + P(B) - P(ANB)
3 1
=3 +5-P(A).PO)
[~ A&Bare independent cvents]
3,13,1
S1%5°17s
15+4-3_16 _ 4
=2 20 5
k3. 2057 Q.No.8b o
State and prove the "Theorem of Total probabi xt{ﬂ.

Statement: If A and B are two events with
their respective probabilities P(A) and P(B)
then the probability of occurrence of at least
one of these two events, denoted by P(AUB),
is given by
P(AUB) = P(A) + P(B) - P(A"B)
where P(ANB) is the probability of the
simultaneous occurrence of the events Aand B.

Proof: Let n = total number of possible cases

u = number of favourable cases to the event A

v = number of favourable cases to the even

w = number of favourable cases to the event

Aand B
u v w
Then, P(A) =7 P(B) =7 and P(ANB) =7
Since the outcomes w are common to both A
and B, so the cases favourable to the event

AuBareu+v-w
_ _Number of favourable cases
Now, P(A“B) = TopaT number of possible cases

u+v-w u VvV w
- =;+F-; =P(A) + P(B) - P(AnB)

E. 2058 Q.No. 8 !

State and prove the "Theorem of total
probability” 4
= Please refer to 2057 Q.No. 8 b

Es, 2059 Q.No. 8 j

If A, B, C are three mutually exclusive events

1 2 1
with3 P(A) =3 P(B) = P(C), find P(A); P(B); and

PQ. 14

1 2 1
Here,5 P (A)=3P (B) =g P (C)

P(A) = % P(C) and P(B) = % P(C)

Since A, B and C are three mutually exclusive
events, sO
P(AUBUC) = P(A) + P(B) + P(C)

o 1-1 PO+ TPO PO
or, T RO =1

4
= PO=7

p(A) =3P =2 %
P(B) = % P =

State and prove
robability."
p‘ Please refer to 2057 Q.No. 8 b

7. 2061 Q.No. 88

State and prove
Probability".

the "Theorem

of ‘“hl
1y

the "Theorem of Comlmu
ng

[

Statement: If two events A and p 4
indcpendent, then the probability of lheii
simultaneous occurrence is equal to e
product of their individual probabilities
ie.P(Aand B) = P(AnB) = P(A) - P(B)

Proof: Let m and n2 be the total number f |

possible cases for the events A ang p

respectively. Also let their

Tespective

favourable cases be mi1 and ma. Then,

m2

m
P(A) = and P(B) =7 -

Since the total number of possible cases for
the events A and B are mi and n. respectively
and since we can combine each of n possibl
cases of A with each of n: possible cases of B,
so the total number of possible cases for their
simultaneous occurrence is ni-na. In the same
way, the total number of favourable cases for

the simultancous occurrence of A and Bis |

my-ma.

Now,

P(AnB) =Probability ~ of
occurrence of A and B

simultaneols

Number of favourable cases
= Total number of possible cases

mim /o m
T m ) \™

= P(A) - P(B)
" P(ANB) =P(A) P(B)

8. 2061 Q.No. 8 a OR]

A class consists of 60 boys and 40 f‘

students are chosen at random, W
probability that (a) both are boy$
girls (c) one boy and one girl?

Total number of students = 60 * 40

irts. 11
at will be":

El
(b) bt Il

=100

| number of possible cases (n) = Number of

'rf;lili(’“ of 2 students out of 100
s qo0r _100% 99
_wC2=79g12! 2 =4950

th students are boys, then 2 boys out of

@ :le(;n pe selected in ¥Cz ways
01 _ 60259 _ 177
P ) 0
=5812!
Number of favourable cases (m) = 1779
m 1770 59

p(both bOYS) ="’ = 4950 = 165
poth students are girls, then 2 girls oyt
selected in C; ways g of 40

o ‘];fan be
40 _40%39_ 0,

=m =i 2

. Number of favourable cases (m) = 780

: Ly om_ 780 26
P(both girls) =~ 4950 ~ 165

© Number of favourable cases (m) = number of
selection of 1 boy from 60 and number of
selection of 1 girl from 40 = C(60, 1) x C(40, 1)

. P(one boy and one girl) = %

C(60,1)x C(40,1) _60x40 16
= 4950 T74950 "33
Es. 2062 Q.No. 8 d
state and prove "The Theorem of Total
Probability". 4]
w Please refer to 2057 Q.No. 8 b

E. 2062 Q.No. 8 a OR]

A lot contains 10 items of which 3 are defective.
Three items are chosen from the lot at random
one after another without replacement. Find the
probability that:

(i) All three are defective.

(ii) None of them are defective. [4]

) Since the items are not replaced, so

P(first defective item) =
P(second defective item) =
P(third defective item)
Since the events are independent,

3 21 1
Plall three defective items) =159 X g =120

i -
o Er]nhabll“y that none of them are defective
- P(ll three defective items)

=1L 119
120 ~ 120
L 2063 Q.No, 8 ¢

If

indl;L:L and P(B) be the probabilities of the
that, l-lAde"' events A and B respectively, prove
gy ) = P(A) . P(B) where P(ANB) has the
~ €aning, [4]

“ase refer to 2061 Q.No. 8a

M
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k2 2064 QN0 34

:‘f‘ P(A) and P(B) are the probabilities of the
PPening of the events A and B respectively,

‘l:l':ve that:  P(AUB) = P(A) + P(B) - P(ANB),

m ere P(AUB) and P(AMB) have the usual

fo::lmrgs What will be the form of the above

o Plll 2 if A and B are independent events? [4]

ease refer to 2057 Q.No. 8b

._2085 Q.No 8
State and ve the th,
Pmbability,m e the theorem of compoui.;

= _ Please refer to 2061 Q.No. 8a

fu._2066caNo.8 4

State and prove the theorem of total probability.
[4]

= Please refer to 2057 Q.No. 8b

ks 2066 CQNo.82 OR

If A, 13, C amzthme mutually exclusive events
o1 2 1

with 3P (A)=3P (B)=5 P (C). Find P (A), P (B)

and P (C). [4l

= _Please refer to 2059 Q.No. 8 a

fie._2066 Q.No. 82 OE
Five men in a group of 20 are graduates. If three
men are f:hosen out of 20 at random, what is the
probability of at least one being graduates?  [4]
n = Total number of possible cases
= Number of selection of 3 out of 20
20t 20x19x18
73 " 3x2x1 D VMO
Since 5 men out of 20 are graduates, so
number of non-graduates = 20 -5=15
Now, 3 men out of 15 can be selected in 5Cy

=20C; =

ways.

15 15x14x13

123 T axax1 C¥S
455 91

P(non-graduate) = T735=57g

P(at least one graduate)
o1 317

=1-P(non-graduate) =1- 558 =55¢

fi7_2067 Q.No. 84

A class consists of 40 boys and 60 girls. If two
students are chosen at random, what will be the
probability that (a) both are boys (b) both are
girls (c) one boy and one girl? 4]

Total number of students = 40 + 60 = 100
Total number of possible cases (n) = Number of
selection of 2 students out of 100
100! 100x 99
=W =gei =T 2 4950
(a) 1f both students are boys, then 2 boys out of
40 can be selected in ¥C2 ways

4
:
1
1




——— RN R

= #C

-l
¥ of Basic Mathematics
212 Asmita’s NEB Solution - .
=3;?;l=40;39=780 y m _*Ci_ 2204
. = 74 ~k = =35 = —
Number of favourable cases (m) =780 p(4 are blac ) =T "5 43?4 '
26 __.
m 780 20
P(both boys) = =3950 ~ 165 i 2x2BxAUD 45
(b) IF both students are girls then 2 gils out of &€ =52 51 %50 %49 = 33
can be seected fn 01 7237 o, 2069 (SetB Q.No. 8
_ J8(;0! - 60; 52 _ 1770 A bag contains 5 red and 6 white ball,
2 cases at random. Find th g
m) = 1770 balls are drawn Io . piy '
Number of favoura:’ /l" 59( ) that (i) both are red (ii) both are of m?':llty
P(both girls) =, =950 163 , | cotous ,[,;;
(¢) Number of favourable cases (m) = num:r :f '
lection of 1 boy from 40 and number Total number of balls in the bag=5‘6=11
- 1 from 60 = C(40. 1) (e 1) n = Total number of possible cases
= Number of selections of 2 balls oy ”
1

selection of 1 gir
P(one boy and one girl) =

16

problem is

_
The chance that A can solve a certamz
- find the

1. The chance that B can solve it is 3,
will be solved if they
[

@)

chance that the problem

both try.
- PlZse refer to Model Set 11, Q.No. 8b

<2069 (Set A) Old Q.No. 82
drawn at random from a

Suppose 4 cards are
well-shuffled deck of 52 cards.

i What is the probability that all 4 are spade?
What is the probability that all 4 are blac[l;’i’

if.

111 11x10
=CAL2) =g =" 2 =%

For both red balls,
Number of favourable cases (m) = Numbe
|

ways of drawing 2 balls out of 5= C(5, 2

5 5x4
2= 2 1 ‘

m 10 2
P(both red balls) =T =55 =77
For the probability of both balls are of
same colour, the number of favourable cass ’
(m) = number of ways of drawing 2 red bals
out of 5 red balls + number of ways
drawing 2 white balls out of 6 white balls.

-

5!
=C62)+C6.2) =3 * T2

5 5x4 6x5
In a deck of 52 cards, there are 13 spades. =_2_. 5= 25
Now, n = Total number of possible cases i
= Number of selection of 4 cards out of 52 P(both balls are of same colour) = F=§=1_1
=52, |
m = number of favourable cases E" 2069 Old (Set B) Q.No. 8 I
State and prove the theorem of “Cova“;"‘; ’

= number of selection of 4 cards out of 13

=n8C,
P(4 are spade) =7
We have,
13
nC, 94!
P(4 are spade) = 17 =55 =551
48!4!

13x12x11x10 11
=52x51 x50 %49 4165

(ii) In a deck of 52 cards, there are 26 black cards
Now, n = number of possible cases
= number of selection of 4 cards out of 52
=50,
= number of favourable cases
number of selection of 4 black cards out of 26

black cards

P(4 are blacks) = ?

probability".

= Please refer to 2061 Q.No. 8a
2. 2070 (Old) Q.No. 8 a
theorem

State and prove

probability.
w  Please refer to 2061 Q.No. 8a

s3. 2071 Old Q.No. 12 b

State and prove the the
probability.

= Please refer to 2061 Q.No. 8a

4._2073 Set D Q.No. 8t e, 100
d 40 80

A class consists of 60 boys an
students are chosen at random ™
probability that (i) both are boys (i) o ™

one girl,
= Please refer to to 2061 QNo. 8

ompoud
of ¢ P[‘l

nd
orem of wmpo"m

1

aOR

2076 ot A Q.No. 8
2ins 10 items of which 3 are defective

l68.
cont:
Jot s are chosen from the lot a¢ rando,
m

PROBABILITY  Unit11 213

soLuTion]

P = probability of getting a six in one trial of a die =%

Thre€  another without replaceme,
t.
one ‘ﬁﬁl;ty that (i) all three are d:;e::::d the q=1 1.5
Pmb:’iﬂ‘ one is defective. e (i) 676
only [4] n=3
) Probabili )
> since the items are 1ot replaced, M;: h"’;’v':')’ of getting exactly 3 sixes = P(3) = ?
p(first defective item) = % = % P(r)=nc, prgo-v
o m 2 PO = (Y 2\ 1
P(second defective item) a3 ) ='a (6) 6) =1x S6*1 =2+6
p(third defective item) %:% A'dfm Set B) Q.No,
ginbe the events are independent, numl::r:j thrown 3 times. Getting a 2 or 3 is
o 32 gettt s a success. Find the probabilities of
. P(all three defective items) = 20%5% g- 1_;0 ng two successes. 2]
. When only first one is defective, th
. and third are non-defective. & Seend ;iere, b
= probability of i : . [
p(frst item defective) -m.3 of a die 1 of getting 2 or 3 in one trial
n 10 2 1 ‘
p(second item not defective) = % - g “673 '
=1-p=1-1_2
P(third item not defective) = =2 4 =1-p=1-3=3
n -3 n =
; ive i 376 7 Probabili i
. first defecti ==x1,8_7 obability of -PQ) =
- Plonly first defective items) =35.x 5x ¢ = Ve h‘we’*y" getting 2 successes = P(2) =?
P(r)=rC, Pa-r
B. BINOMIAL DISTRIBUTION 2 v
p(2)=xcl 2\ 31 1.2
() () w33 ‘
caxl 2.2 i
3x5%3 =5 g

Ea 2061 Q.No. 4 g

Find the binomial distribution having mean = 12
and variance = 8. [2]

Here, mean=12
np =12 )
Again, variance = 8 ¥
. npg=8 ... (i)
Dividing equation (ii) by equation (i), we get
opq 8
‘np T12
2
1 =3
We have, p = -1.2.1
p=1-q=1- 373
From (i)
1
n 5 =12
n=3g

Requj .
“quired binomial distribution is
Woppe (2,0)"

1, h2066 CQ.No. 4
ree .

dice are gy, own, what is the probability

12l

o 20735et Dao 43

:A dice .is rolled 4 times. Getting an even number
is considered as a success. Find the probability

of getting two successes. 2l
-

Probability of getting an even number in one
3
6

throw of a dice (p) = %
1

q=1-p=3

Number of trials (n) =4

Probability of getting 2 successes P(2) = ?

We have,
P(l') = “Cr prqn-r

NG/ ! 13
P(2)=‘C:(7_;) (5) TR

Eo. 2074 Set A Q.No. 4q
In 8 throws of a dice, turning of 1 or 6 is

considered to be a success. Find the mean and
standard deviation. 2

Here, p = Probability of turning of 1 or 6 in a

2 1
throw of adice =g =3

l
of
Sming exactly 3 sixes?
\

1

-
p &




Basic Ml(h!mﬁlct-ll

214 Asmita’s NEB Solution of
1.2
q=1-p= 1-3 =3
n=no. of trials =8
1.8
Mean=np=8%73 =3
1 2 4
sD=4npq =1\[8%3%3 "3
_ —Jor5SetAQNo.4d . g)and
'Ijh z?!\ean of a binomial dlstrlbllhlﬁl; ‘:f o the
e . ton 8, find the valu 2
standard deviation S I

probability of a success.

Mean =80
or, np =80
Again, stan
=8
npq .
=64 ... (i)
O Dhviding () by (). we g2
opg _&
np 80
4
or, 475

We have,

0 s
dard deviation =

4_1
p=1-9=1-575

52 2057 Q.No.8bOR

i i i '5' or '6' is
AdicexsthrawnSumes.Getunga or
numbered a success. Find the probability of
getting (a) 3 successes and (b) exactly 2
successes. [4
SOLUTION]

Here, . .
p = probability of getting '5' or '6'in 1 trial of
1

o2l
adie=g=3

3
3

Then,q=1-p=1-

Number of trials (n)
(@) PE)=?

We have,

P() =1Cprgrer

1\ 72\’ 1
. P@3) =3C1(§) (§)=]x§x
(b) PQ)=7

nowI=

_Ll
1=

@

1
Here, P=5
4

- ==

q=1-pP=1"575

-

n= 6 N .
Probability that non will strike the b

|
P0) =? Bty ‘
We have, |
|

=

P)="C P

1\’ /4 "'0_ fxs 4\ 6 4
SRS (5) (5) - 1x1x (E) &
(i) Probability that exactly 2 will strike the

=PQR)=" g
We have,
P ="CPdr
1 2 44 6—2—6x5 l 256 .
~PE=%C2 3 = "er=\6!

o2, 2059 Q.No. 8 a OR]

If 4 dice are thrown, Wl.\_at is probabijj .
getting (i) exactly 3 sixes (ii) exactly 2 sixe ag
iii) no sixes. p

Here, p = probability of getting a six
1

throw of a die=¢

1.5

thenq=1-p=1-g=7%

n=4 ) \

Probability of getting exactly 3 sixes = P(3)=!

We have,

P(r)="C:pr Q"""

=

1\ 5\ 4 155
P(3)=‘C3('é) ) 1312676 M

(ii) Probability of getting 2 sixes =P(2) =?

We have,
5 +2
()

P(l')= nCr Pr qn—r
1
6
2 2 4x3 1 B2
=—--2 XE(;X% 2

() ()

e = P0) =7
(iii) Probability of getting no sixes = P(0) =

PQ) ='C
4! 1

We have,
P(r)=1C, prqn-"

1\’ r2\’
> <)
3. 2058 Q.No. 8 a O
T?\e_ probability of hitting a target is 1/5. If six
hittings are made, find the probability that: (i)

none will strike the target (ii) exactly 2 will
strike the target.

3!
!

122
1120%9%379

We have,
P(r)="C, pr q"-*

v : ? 05 40 ’6_22= %ﬁ
p(o):aC“ -(-, g =‘|xl><12 1
fs._2060Q.No.8a OR N

5. 2060 Q.No s known to hatt ‘

A sample of 100 fuses of 88
average 5 defective fuses. Three f“’:;al i ,wn:'
are tested. What is the probablmy

thes
of them is defective (ii) exactly 0n¢ of f
defective?
Py
fuse =100

Here, p = Probability of a defective

1.1
Cqe1-PT 207
C =3
¥
p) =7
0] wehave,

p()="C P"d

1\ /19\* )
@@ @)

L6859
~ 8000

o p) =7

(i Pw(e)have,

pr)="CP"q""

l 1 .1_9 31
P ='C (20) (20)
1\ (19\* 1083
(3 (2

— 2063 Q.No.82 O
The incidence of occupation disease in an
industry is such that the workmen have 2 20%
chance of suffering from it. What is tpe

bability that out of six workmen four or more
will contact the disease?

ool “
20 1
Here,p=20%=m =3
1 4
. q=1—p=1-5=§
n=6

Probability that 4 or more will contact the
disease p(r>4) =?
We have,
P@) =rCoprqr-r
“ Pr24)=P(4) + P(5) + P(6)

00 ~ 00 =00

Q@)

L\
24" (5 x

L5x16 LS4 1 24042441 25 s3
5 *5 5 15625 3125
SE’I. 2064 Q.No.8 a 0@
bi‘;l:::se that in a certain city 60% of all recorded
o are males. If we select 5 births from the
A no:ehon, what will be the probability that:
b maleOf them is male (ii) exactly three of them
4
Givm _ 60 3
"P=60% =——==
_ P=60% =100 =3
TQs1ipa, 32
nes L1573
i) [)(U) <
We haye
Pl

P

PROBABILITY ~ Unit11 215

- 3N\’ /2\*
10 () @) -5l
(ii) P3) =2 g ,
We have,
P(r)=rC, pa-r
3 3 5
P(3) =35G

";'hreg dices are thrown wi
of getting (i) exactly 3 sixes
soLuTion]

hat is the probability
(ii) exactly 2 sixes [4]

@) p = probability of getting a six in one trial of a
die =%

q=1-%-
n=3

Probabili
We have,
P(r)= °Crpr q-r

1 3 5 >3
P(3) =3 2\ /2 _ 1 1
®) t,(é)(é) “Txgex1-5
(i) P2)=2
We have,
P(r)="C,pxq...r

Y O YA

._2066 Q.No. 8

NI

ty of getting exactly 3 sixes = P(3) =?

The probability of hitting a target is é, if eight
hitting are made find the

\ . probability that
(1). none will strike the target, (id) exacgy two
will strike the target. [4]

Here, p = probability of hitting a target =%

15
. ‘1=1'P=1‘€=Z
n=8§
Probability of none will strike the target = P(0) = ?
We have, o o
P(H)=Crprqr-

1\ 75\ *° 8

P(0)=Co (g) (g) =1x1x (%)
390625
T 1679616

(ii) Probability that exactly two will strike the
target=P(2) =?

We have,

P(r)="Ceprq-r

1 2 5 82 gy 7 1
P(2) =“€2(6 5) =7 X3

109375

(@

o]

\

= 419904
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Deﬁm Bmomulfd‘flh:::h ablhty of getting | =1x1x 525 o 4x E +6x 55
variance, he t: :‘wsse‘ of two €0InS. 14 256+ 256496 _ 608
three heads in {1V ___(E___ -
ated
Binomial distribution: Let & mall‘:f :,pr(; the | Fr2. 2069 (Set A Old Q.No. 8a o
so as to make eel of l:\i qbe the probability | I 20% of the electric bulbs Manufactyy,
probability of sucd I thatp+q=1- Then | company are defective, find the pmbibl !
of failure m one y “'k cuccess out of 1 out of Adb\:lb:l chosen at random (j) 1 (h)l \I‘
bility @ be defective.
\ur‘:ie;ir:\::nt (‘nah is given by reren T“ ‘ “I
o, 0srs )
P ="GP4d \nown as binomial | 1- Please refgr to 2069 (Set A) Q.No. gy,
This distribution 15 i, P(2defective bulbs) = P(r=2)=p(y)
distribuion - | gistribution is given IV ()7 16 %
The mean of the binomial distribution is g C (5 3) -6 -

- npmd‘mm by npq-

Next Part . E" 2069 Old (Set B) Q.No. 8a Oa
p= probability of getting two head with two 1 3 dice are thrown, what is the by
ial = 1 getting (i) exactly 3 sixes and (ii) no sixe, ity o
comns in one =1
13 Here, p = probability of getting a six ; |
q=1-p=1-37% X in
n=3 throw of a die=7¢
Probability of getting two heads thrice P(3) = 15
We have, thenq=1-p=1-g=%
PE="CP n=4
N\ VA Y S (i) Probability of getting exactly 3 sixes = P@)=!
P3) =G (Z) (4) =236 16 We have,
9 & P(r)="Crp Q™"
=10x2 =T 3 PR
64 167512 1) 5\ 4 1 5 5
FZmsane0f =G (6) (6) =13 26%6 7]
. 5

(if) Probability of getting no sixes = P(0)=?
We have,
P()="cepr Q"

N[5\ B
o -u() () reEE

Es 2070 Set C Q.No. Bd

A dice is thrown 3 times. Getting a '5' or '6' is
numbered a success. Find the probability of
getting (i) 3 successes (ii) exactly 2 successes. 41
= Please refer to 2057 Q.No. 8 b OR

2 fr2_2068 Set A) QNo. Bg
If 20% of the electric bulbs f dbya
company are defective, find the probability that

Ly

10

=0.1969

PROBABILITY  Unit 11

-1x1*{20 (ii) POy =7

We have,
Pr)=rC, prgn-r

Lo p(not more than one defective) = p (r ¢ 1)

o

+ P() PO) = AN 256 256
etlf NN s, (3 LAy (iii) P | 5) Tt
Ple] (20) (20 ! (20 (2—7) at most 2 defective bulbs) = P,

0 =P(0)+ p(1)+ P(Z) ) =P(r<2)

A" 3 N
,1x1*(567) +1"'20‘(ﬁ7) =05443

"o (5) 6) -

<G

2
aln is tossed 5 times. Find the Probabil ( ) ( )
:‘ :ﬂns(n two heads (ii) at least two heads, l'Y[:;
=1x1 'E’4l—¢6x 16_,
| = probability of getting head j . -
P pl g head in a trial of 5 =1’6*6\Z6*% _608
coin=7 625
S %._2070 Supp. Q.No. 8
=1-p=1-5 =5
: number of tiiajsz =5 The probability of a man's hitting a target is 3 !
If he
0= an::;se :;nes what is the probability of h,,
| M) =GPd . i i
2 5! ii .
. = 1 . at least thrj
t L PR =G ( ) ( ) =3a* ice [
_5x4 Here,
2 32

(i) P(r22)=P(2) + P(3) + P( ) + P(5) P = Probability of hitting a target =}

1\’ /1 2 Then
= G 5) (35) +3 1
“ 1(2) (2) C1() (2) + q =1-p=1_l_§
‘ 173
0 =
+5 n =5
() () C() () (i) PE)=?
. L We have,
B fGriGesCieey P(R)=1C, prqp-r
2 13 _ ES)
32(10+10+5+1) »= =% ’Cx() () _"3"l .
6
If1zo1oomqm,,,“ T
2% of the electri 2 6T 31_,

ic bulb:
mpany are defecti $ manufactured by a

due ve, find th (i) Pr> ‘) P(S) +P@d) + PG
out of 4 bulbs chosen at random (i) 1 (ii) at most | A certain manufacturing process g:: il E'i“ 4 bulbs chosen at randorenpmbabﬂ“y that e
2 bulbs will be defective. 1] electrical fuses of which 15% are defed 5 ) at most 2 bulbs will be def, '(lj o e | = ( ) ( ) = (]) ( ) < (
SOLUTION the probability that in a sample of gl efective. ] ) C)
0 1 selected at random there will be (i) 10 & 1 = ,”—‘, xm ,—' = .
Here, p=20% = T55=% (ii) not more than one defective. Here, P=20% = 12_0 _1 24 1 4 1074 um 1
c 5 - 1 1
_ 14 tgs 1 4 N 10’4'5‘10’4 1024 “T023 (W +15+1)
4=1-p=1-3=% 15 3 'P’l—g:g 106 53
. Here, p = lSA.— 20 0 II: 4 1024 =53
i) r&n:? P 1 1_7_ Mﬂ_)h‘a’ fs_2071 0ld GNo. 12b O
P(:) :’V‘Cc, . ) 2() 20 I(’)- "(@ . If 20% of the electric bulbs manufactured by a
P 1 . _n= 1? ) ML A company are defective, find the probability that
Py =iC 1\ (4\' 4 1 o (i) P)=? M s (N /N a1 e out of 4 bulbs chosen at random (i) 1 (ii) 0 (iii) at
1(5) (3) “35*5°1% We have, . 5) (g) el most 2 bulbs will be defective. )
Cgnl B4 256 =Gy 0-0 caxl 64 25 o = Please refer to 2070 (Old) Q No. 82 OR
BT 3\'(1Z 51365
P(0) = 1Cy (%) = 15625

(ii) P(at most 2 defective bulbs) = P(r < 2)
=P(0) + P(1) + P(2)

217
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s0. 2071 SetCQ.No.8 b

A dice is rolled 3 times.
numbered as success. Find t
getting (i) 2 successes (i) 3 succesgeRs
« Please refer to 2057 Q.No.8 b

Getting

61. 2071 SetDQ.No.8b
Suppose that in a certain city 60% o{lall rgcotx’di;hd
bihs are males PP o Tt s B¢
the N he
probability that: i) tl;';'e of them are males [141;
more than 4 are males.
3
Here, p=60% =700 5
3.2
q=1-p=1-575
n=>5
@ PO)=?
We have,
Pr)="Cpq"
3\ (2) - L
- FO) =$C‘(§) 3) =33 %15 15
5x4 Z 4 26
=3 X155 65
(ii) P(r>4)= PE)="?
We have,
P() =CpPa "

A (A2
o ] ==c5-(g)-(§)=1x3mx1

. 5 or 6 is
he probability of

athematics-Il

U]

L1
The probability of a man's hitting a target is 7 .
If he fires 5 times, what is the probability of his

hitting the target
i) exactly thrice
iii) at least thrice.

ii) none

(i) exactly thrice and (iii) at least thrice
Please refer to 2070 Supp. Q.No. 8 b

1
(ii) p = Probability of hitting a target =7
Then
1 3
q=1—p=l—z =4-
n=5
P(0) =?
We have,
P(r)="C, pr g~
o (Y 2\ 243
PO)=5Co (7)) (3) = 22
(0) (4) (4) '!)(])(1024

[4]

/’—\\ -
— 072 50t C Q.No. 8 .

ine Binomial di.sh'lbuﬂonl
:f:‘b“’““y of getting () two heads ('}, 1
two heads in 5 tosses of a coin., at l°is|
Iy
Binomial distribution: Let a trig) be
so as to make a set of n trials, Let l'epeatm
pmbability of success and q be the Proh Uy
of failure in one trial such that p + o= 1ab1|i\y
the probability of 1 success out
independent trials is given by: of
P(r)="Cp 9™ 0<r<n
This distribution is known ag bin
distribution. Oy
Second Part: Please refer to 2070 Set QN B

e 2072 Set D Q.No. 8b

The probability of hitting a target is foyp, dt

0.25. If eight hits are made, find the pmbab?r

that (@) none will hit the target (ii) exactly t:]
0

will hit the target. i
jsoLuTION
Given,
P = Probability of hitting a target
1
=025= 100" 1
1-3
Then, q=1-p=1-3=7
n=38
(i) Probability of non-will hit the target
=P(0)="?
We have,

P(r)="Crpr q"

1N 3\ L (3Y L8
P(0) =*Co (Z) (Z) =1x (4 =55

=P22)=?
We have,
P(r)="Cr prq"-"

1 2 3 8-2
() 0

729

gs. 2072 Set E Q.No. 8b

Four coins are tossed simultaneously:

the probability of getting

(i) 2 heads

(ii) 4 heads.

1
Probability of getting a head (P) 2

1_1 -4

Then,q=1-p=1-3 =2/"

(i) PER)=?
We have,
P(r)=nc, pr e

5,108
8 /1\> /3\° 7x8 1 -
H(Z) (Z) == 36 a1

What is

(ii) Probability that exactly two will hit the targe

1IN 71\ 42 &
= 2 5 = 1
3 r@) G 2) (2) 12! "Zx%
=—_'4xa'll)(l=§
2 4748
o p@) =7
('” We have,

P(e)= WCr prqret

N 71\
. P =*O(‘) (—) =1L .1

certain  manufacturing  procegg
trical fuses of which 15% are defective, po ce
- Fing
€ of 10 d
(i) no defective

0]

lec o N
fm ymbabxhty that in a sample

selected at random there will be
(i) not more than one defective,
w Please refer to 2070 Set C Q.No. 8 b

—:1} 2073 Set C Q.No. 8b

1f4 dice are rolled simultaneously, what
robability of getting (i) exactly 3 si:e!: the
exactly 2 sixes? ([1;;

Here, p = probability of getting a six in
throw of a die = 3

—1-p=1.1.3
thenq 1—]3—1_6_6
n=4
(i) Probability of gettin Lo
We have, Betting exactly 3 sixes = P(3) = 7
Pr)=C, P

p=ic (B (2.4 1 5 s
. el 3 5 —1!3!xmxg=ﬁ
) Probability of getting 2 sixes =
We have, g g 2 sixes = PQ2)=?
P()=nC, prgr-r
PO 1 2 5\ +2 2
005010
Ax3 1 25 o5
2 73636 ~216
T 273 Supp Q.No. 8b
€ Probabil; >
i Z,e”:;zty of hitting a target is 0.2. If six
;f-ictly e Wilellh‘fmd the probability that (i)
itthe targe, it the target (ii) exactly two will
[4]

Here,
s
The  Probabil; .
":.q= - Pli"]y “(f] l;llhng, atarget=0.2
= -02=08
P(r)llum,-bgrs of hjmng =6
0 N
*Cprg e Of getting r successes in n trials

6!
Gy ¥ 0:2% (0.8 = 0392

=10x7000 * 100 +5x

PROBABILITY  Unit11 219

i PR < 6!

) ”ClPquv-z:H % (0.2)2 x (0.8)s
6x5
=2X5

2 % (0202 (08 = 2455
e e

OMpany prog
Procesg ¢ Produces electronic cp;
St g ol e I,
select cts. A sample of f, i
cerhi;dt;:md".m and the parts ‘::J;e;:p’ is
that (i) no. eproticS, What is the Pmba:u:or
defective (m)‘.,'.'f.,e".x.:" ective (ii) one chip i
n one chips are defective

‘ L]}
@) Po)=>
Wehave,P(r) =Cprgn-r
- PO = (1) (4 %6 _2
BN C[CRE
(i) P(1)=> .
We have,
PE) =oC,prgo-r
) =i, (%)'(i)’ 218
5)\5) “an*5*1s
N
(iii) Prob. of getting more than 1 ch; defective

P(r>1)=1-P(o)_p(l)=1_6§ %

85-256-2% 13

635 625
B0._2074 Set B Q.No. 8k

The average percenta i ertain
average | ge of failure in a certai

examination is 70. What is the probability that

out of 5 candidates at least 3 will pass?

“
Rercentage of pass = 100% - 70% = 30%

Let,

P = probability ofpassofacandidate=% =%

- .3 7
9=1-p=1-15 =39
No. of candidates (n) =5
Probability of at least 3 candid

will pass = P(r23)

=P(3) + P() + P(5)

=3Cy p‘l{“"\* ’Qp‘q"_* 5Qp-‘>?rs S

) 6) 6 6 6)
27 9 81 7 243

10000 X 10 * 100000

=(.1323 + 0.02835 + 0.00243 = 0.16308

1. 2074 Supp Q.No. 8

Out of 32 students in a class, 8 students are girls.
If 3 stud
that
i

lected, find the probability

[4]

ts are

one student is a boy
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ii. 2 students are boys and one girl.
Total no. of students = 32
No. of girls =8
No. of boys =32 -8 =24
Now,
24 3

P = prob. of getting a boy

3.1
a=1-p=1-37%
Here,n=3

i P(1)=?
We have,
P() = °C, P

3 1 1 3
=) €)
\ 3 l

=G-n1tdle

3x2 3 1
=T *3%1e
9
“64

P(2) = ? [If 2 boys comes then automatically 1
girl also comes]

We have,

P(r) =°C . p"q"~

3 2 1 3-2
= t:(z) (Z)
3 21
T2 %1674

9 1. Z
=3"16%1 64

EL 2075 Set B Q.No. BQ

A company produces electronics chips by a
process that manufactures normally average ZD“A/I-
defective products. Sample of four chips is
selected at random and the parts are tested for
certain characteristics, what is the probability
that (i) no chip is defective (i) one chip is
defective (iii) more than one chip are defective.

14

= Please refer to 2074 Set A Q.No.8b

4
arc4andy respec

e —

e ———=No.8 ~.

— se‘ C Q D .

3. 2076 ariance of binomial d“‘“lbuu“,
h

The mean and V

tively. Find P(x 21). o

Given, mean =4

(0

s

np = 4
And, variance = 3
4 s
npq=3 v (i)
Dividing (ii) by (i), we get
3

1.2
Wehave,p=1-9=1-373
Substituting the value of p in () we g,

N

n=6

Now,

P(x21)

P1)+PQ)+P (3) + P@) + P(5) + P (6)
1-P(0)

pmGYGY”anm¢wq
6! 1

! 1
1-Gror* 1% 3
1
1-729
729-1 728
729 " 729

UNIT 1 &
STATICS

—
e the exp or the itude and th

:J;c tion of the resultant of two forces acting at:

given angle- e

Let P and Q be given forces and R be their
resultant. If angle between P and Q be « then
resultant (R) = \/P2+ Q2+ 2PQ Cos «

Also, if @ be the angle made by R with P then,

QSina
o=tan’ (P + Q Cosa

f_2058QNo.53

At what angle do forces equal to (P + Q) N and
(P - Q) N act so that the resultant may be
T on @2l
SoruTio

Let o be the angle between the forces (P + QN
and (P - Q)N. Given resultant is \IP2+Q1 N

We have,
Ri= P2+ Q2 + 2PQ coscx
S, (VPoree
o, 1( N Q) <P+ Q)+ (P - Qe 2P+ QP - Q) cosa
or, 3 P‘Q= P2+ 2PQ + Qi+ P2- 2PQ + Q2 + 2(P? - Q?) vosa
P2~ Q?) cosa = ~(P2+Q?)

()]

2089 QNo. 5
€ py .
dogy) - WMant of twa forces P and Q is R. If Q i

I
Proys Y the new resultant is perpendicular to P.
tQ=R. 121

T0ve thy,

soLuTiond

Let a be the angle between
y two forces P
Q- Since R is the resultant, so £ 4

i’=_P1 ?‘@+ 2PQcos a. - (D)
gain, given that when Q is doubled, the new
resultant is perpendicular to P, so we have
tan9° - 2Qsina
P+2Qcos

or,l __2Qsina
0 "P+2Qcosa

or, P+2Qcos =0

or, cosa =%
Pu!ﬁngthevalueofcosminequati(m(i),weget
RE=P2+ Q2+ 2PQ (%)

or, R=P2+Q_p2

or, Rz=Q

. Q=R

E. 2060 Q.No. § g

At what angle do forces equal to (P + Q) and
(P - Q) act so that the resultant may be \]P’-‘+ Q2

2]
= Please refer to 2058 Q.No. 13 a OR “

k. 2061QNo.54
If a force P be resolved into two forces making
angles of 45° and 15° with its directions. Show

6
that the latter force is%l’. 2]

Let Py and P2 be the resolved forces of the given
force. We have to find the later force P2.
We have,

__Rsina
P:'sin(oﬁﬁ)
Here, R=P,a =45°,p=15°
PE :
Cpsnds__\2_20 o _xfor
P2 =T 60° 3E \l?, \/E, 6
2

Ay,
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__2062QNo.6b
Two forces whose magnitudes are P and P‘ﬁ“;
on a particle in directions inclined at an angle 0/
135° to each other; find the magnitude B
direction of the resultant.

Here, P=PN Q=P\2N
a=13° R=?
6=?

We have,

R2 =P2+Q+2PQeosa .
o2 R S

1
=p:¢2PC+2P’-\I—2(‘T'2)
Ri=P
R=PN
Also, we have

__Qsna
tané =pLQcosa

Here, ~ R=12N
0=90°
We have,
Qsina
tan® “pP+Qeosa
(where a is the angle be‘wempﬁnd
Qsina Q
or, tan %0° “P+Qcosa
sina
or, g P+ Qcosa

or, P+Qcosa=0
wsa=
Agai.n,wehave
R2 =P2+Q?+2PQcosa

_p
w vt omecema ()
or, 144=P2+Q-2P?

or, Q-P2=144
or, (Q+P)(Q-P)=144

1 _P)=144 [Using (i)]
50 | on 18Q-P)=1 ing
P2 sin135° P\r L or, Q-P=8 (})...(u)
or, an@® =TT — 1 Solving (i) and (i), we get
P Wz o135 P“P‘rz(‘ﬁ) P=5N, Q=13N
P 0. 2066 C Q.No. 5
=P—P=m=m—|9(f The resultant of two forces P and Q is R. If Qs
0 =90° doubled the new 1 is perpendiculartop,
Hence, the resultant is PN acting at right | Prove that Q=R. )]
angle with the first force. = Please refer to 2059 Q.No. 5 a
E 2063 Q.No. S! E1. ZQSSQNO.Sg

Aiwhﬂangkoffnn:ﬁaqﬂltn(l’**Q)Ncwtvn
and (P - Q) newton act so that the resultant may

The resultant of two forces P and Q is R. If Qis
doubled, the new resultant is perpendiculartoP.

N R=12N

Suppose P < Q.

= 2|
be/PZ+ Q? newton? [2] | Prove that Q=R. [
- Please(?refa to 2058 Q.No.5a = Please refer to 2059 Q.No.5a
E_2oeamesd fz_z067aNo. &
gé“iomﬁ equal to 7P, 5P and 8P acting on 2 particle | Find the resultant of two forces e.qual.to 3N and
& are in equilibrium. Find the angle between the | 6N respectively such that their diagonal ;
latter pair of forces. [2] | perpendicular to the first force. U} \
= Please refer to Model Set II, Q.No. 12a ‘
E. zacso.uug Given, P=3N Q=6N
The sum of two forces is 18 and the resultant 0=90° R=?
whose direction is perpendicular to the smaller We have,
of the two forces is 12, find the magnitude of the __Qsina
forces. 2] tan® = P+Qcosa
9r = 6 -sina
Given, P+ Q=18 (i) on a0 = e s &

1 _6sina
0 "3+6cosa
3+6cosa=0

or,

or,

or, cosa =73

7]
Again, we have
R = P24 Q2+ 2PQcos |

-1 |
=34 624 2)(_'5!())((‘5)

=9436-18=27

g =nBN
10”::“” acting at an angle of g5 have a
! tant equal to \fl_o N; if one of the forces be
‘ﬁ N, find the other force. @

p=y2ZN  R=ON

" a=45° Q=7

w‘:::e'anHZPQcosa
a,, Nroy=tﬁy+ol+21-ﬁ-o»ms4s-
o 1o=2+QZ+2\ﬁ~Q-§
o §=Q+2Q
, @+2Q-8=0
o, Q+4Q-2=0
or, Q=4 (rejected)
- Q=2N

Two forces whose magnitudes are P and B\Z N
act on a particle in direction inclined at an angle
135° to each other, find the magnitude and the
direction of the resultant. 2l
w Please refer to 2062 Q.No. 6 b

5. 2069 (Set A) Old Q.No. 5a
Find the resultant of two forces equal to 3N and

6N acting at an angle of 120°. 121

Given, P=3N Q=6N
a=120° R=?
0="2
We have,
R =P2+ Q2+ 2PQcos a
=32+62+2x 3 x 6 x cos 120°

=9+36+36 -% =45-18=2
R ~\27=33N
Again,
tang ——Qsina __6xsin1°
' P+Qcosa  3+6xcos120°
= 1 =0 = tan 90°
3 —_
(3)
- B=gge

1}“0 Tesultant is 3\J3 N acting at right angle

N ith the first force.
I3 oS (8ot B QNo. 12
esl’(eqp be resolved into two forces making
95° and 15° with its direction; show that
the
latte, force isﬁ P 2
~ H 3 .
lease

refer to 2061 Q. No. 5a

D

STATICS

{2069 0id (SetB) oo 59
Find

Unit12 223

the least resultant of two forces of
T&'?T’“ 12N and 8N respectively. Bl
The least resultant

| of two forces of
Magnitudes 12N and 8N is 12N - 8N = 4N

O T p——
Apani_cheighingsnuwmy&om
the ceiling by a Weightless inextensible cord.
Find the tension in the cord. 21

Y
I x
W=sN t
W=5N

Two forces act upon the particle. The weight
5W=5Nwhichansdownwaxdsa;dum
tensim'l'oppodmbitacsupwardsa.l
" - ong
vertical line (y-axis). There is nox
component.
The y-component are T and W. So, from
=0
0=0
andXYi=0>T-W =T-5=0=T=5N

fa_2070SetCano 129
Atwhalmﬂzdnlhefun’eeqwlh?+Qnd
P-Qact so that the resultant may beyP=+Q2 [2]
= Please refer to 2058 Q.No.5a

ko 2070SetDQNo 123

Two forces acting at an angle of 45° have a
resultant equal to 10 N; if one of the forces be
V2N, find the other force. 21

P=\2N
Given, P=\2N, R=/10N
a=45° Q=7

We have, R?*=P2+Q*+2PQcosa

or, (107 = 2P+ @+ 242 Q cos 45°
1

or, w=2+Q‘*2\ﬁQ-$

or, 8=Q*+2Q

or, Q*+2Q-8=0

or, (Q+4)(Q-2)=0

Q=2N (" Q cannot be negative)
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ki. 2070 (Old) Q.No. § g

If the resultant R of two forces
a point is right angle to P, then
R2=Q:-P2.
jsoLuTioN
Let a be the angle between the forces Pand Q
Since R is perpendicular to P, 8 = 0°.

P and Q acting at
rove that
P 2l

Q
0
P
We have,
__Qsina
tan 6 =P:+Qcosa
o sin a
or, tan %0 =P+Qcosa
1 __Qsina
or 9 “P+Qcosa

or, P+Qcosa=0

cosu=%v = a=cos? (-P/Q).

Again, we have
Rz =P+ Q2+ 2PQ+cosa

or, R? =P7+Q2*2PQ(%")
or, R2=P2+ Q2 -2
L Q-P2=R?
_ 2071 Set C Q.No. 12

Three forces acting on a particle are in
equilibrium: The angle between the first and
second is 90° and that between the second and
third is 120°, find the ratios of the forces. 2]
jsoLuTion]

Let P, Q and R be the three forces acting at

the point O.

Angle between third and first force

Q

20
120
) P

150°

R
= 360° - (120° + 90°) = 150°
Since the forces are in equilibrium, so by

298
“rl‘\/:—‘
P:Q‘-R"'\ﬁ”:2

23, 2071 Set D Q.No. 12
ual to 7p, 5p and 8p acting on 5

e
Forces €q m. Find the angle betwe

are in equilibriu
air of forces.
‘-)- Please refer to Model Set 11, Q.No. 12, 1

ks 2071 0ld Q.No. 5 3

If a force P be resolved into two forces il
angles 45° and 15° with its direction, show “:‘li
a

Pﬂl‘llgh,
en laggy,

. \6
the latter force 1573 P.

= Please refer to 2061 Q.No.5a
5. 2072 SetC Q.No. 12 3

Find the resultant and the angle subtended byit
with P when the forces P and Q act at tigh

angle. )

1]

Let R be the resultant of the force P andQ
and o be the angle between them. Her,
a=90°
We have,
R? =P2+ Q2+ 2PQcosa
or, R =P2+Q*+ 2PQ cos 90°
or, Rz =P2+ Q2
R P
1f 0 be the angle made by R with P, then
Qsina Qsin90°  _Q

@n0=p  Gcosa  P+Qcos90° P

o (2
6 =tan” (p
Hence, resultant (R) =~/P? + Q2 angle ®

Y )
=tan”'{p
|

[gs. 2072 Set D Q.No. 122'

Show that the resultant of two &

bisects the angle between them.
Let R be the resultant of two ¢
P acting at an angle a.

ual forees |
|

qual forceP and

Let 0 be the angle made by R with P, thet
P sin o sin &
tang =—n% _——
0 =P+ Pcosa 1+cosa
L &
2 sin 5 €08y «
= o ‘12 = tan 2
cos?y
o
0= lu."

&
ant of wo

This shows that the result
them

Lami's theorem
P ___9 __R
5in120° ~ sin150° ~ sin 90°
P _Q R

on B2 17271

forces biscects the angle between

| & Se refer to 2072 Set E Q.No. 12a
o 074 Set A Q.No, 122

—
201: Set E Q.No. 12a
rr:vu forces p and 2P acting at a point have the

sultant |3 P. Find the angle between the two
gven forces. 2

Leta be the angle between two given forces.
We have,

R1=P“+Ql+ 2PQ + cos a

5 3p)=P?+ (2P)2+2.P.2P-cos «

or/ apr=P2+ 4P2 + 4P2cos o
Z,’ 4p2cos &= -2P?

, a )
of, COSC =7 =cos 120
Loa= 120°

3. 2072 Su Q.No. 12
Two forces P and 2P acting at a point have the
resultant ﬁP, find the angle between the two
given forces. Py
w Please refer to 2072 Set E Q.No. 12a
Es. 2073 Set C Q.No. 123
If the resultant of two equal forces is equal to
the given force, find angle between the forces.

12]
soLuTioN
Let two equal forces be P N and P N each. By
given resultant force(R) = P N. Let a be the
angle between forces.

R=p
P
Then, we have
P2=P2+ P2+ 2P2 cos @
> P2=2P2(1 + cos )

= o
= 1=2-2c0825

= cos 60°

_4=120°

\ R
. §
T3 Set D Q.No. 123

o0
'?!ul(fones P and 2P acting at a point have a
fo'ctsam V3P, Find the angle between the two
: 2]
~ Plea 2l

Wo f, .
Fing 0rces 4N and 22 N act at an angle of 45
t

Mﬂ' Semlfat 2
,

STATICS  Unit12 225

R =\/P1+ Q2+ 2PQ cosa
=)+ (222 + 2422 cos a5

=\16+87 16 =30 = 2/T0N.

And,if!heanglemadebykwith?be 6 then
Qsina NZ sin 45°

P*Qcosu=4+2\ﬁcos45,

4+2\ﬁ_é

—tami X
0= m-(3)
b2 2074 SetB Q.No. 124
If the.resultml R of two forces P and Q acting at
a point is at right angle to P, prove that:
R2=Q*-P2 2]
- Please refer to 2070 (Old) Q.No. 5a

E. 2074 Supp Q.No. 13
A heavy chain has weights of 10 kg and 16 kg
attached to its ends and hangs in equilibrium
over a smooth pulley. If the greatest tension of
the chain is 20 kg. wt,, find the weight of the
chain. 21
soLuTion]
Let Wi be the weight of the part of the chain
containing the weight of 10 kg at its end.
Then,

tanf =

2.1
673

T=Wi+10
or 20 =Wi+10
. Wi=10kg

Again, let W2 be the weight of the part of the
chain containing the weight of 16 kg at its
end. Then,
T=Wa+16
or 20 =Wa+16
L Wa=d
Hence,

Total weight of the chain = Wi+ W2

=10+4=14kg

Ba_ 2075 SetAQ.No. 122
10N is inclined at an angle of

A force equal to 1 ¢
30° to the horizontal. Find its resolved parts in

horizontal and vertical directions. 21

Here,

Hk‘ru,P-__‘NQ ‘\/:’N -45°, R=2Q="
,Q=2J2N,a=45 K="

R=10N
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(R B N-)
wonon oy
\l\l‘8
8
]
]

We have,
RSinp__10sin60
P “Sn@+p sn®
3 .
=10-£=5\/5N
RSina__10sin30__ 1
Q “Sin(@a+B) sin% =10

ps 2075Set BQ.No. 124

Find the angle between the forces
P-Q—d:maw:irm:ummybewll”ﬂ?’z]-

s~ -4
Given P2+ 3Q2is the resultant of two forces
P+ Qand P - Q. Let a be the angle between
the forces. Then, using the formula, R?=P? +
Q2 + 2PQ cosa, we have
P +3Q=(P+QF+P-QF+2AP+QP-

o, P+ 3Q=Pie 2PQ + Q0+ F2-2PQ+ Q0+

P+ Qand

forces act upon the particle. The
‘I;w‘: : 6 N which acts downwardg .,':’ﬂl
rension T opposite to it acts upwargg the

vertical  line (y-axis). There jg
nent. X
;“cy«,mpamtam'randw.smm

equi]ibﬁumm“didm
Xi=0=>
0=0
andsYi=0=>T-W =T-6=0=T=6N

—
State and prove "Lami's Theorem". "

i's theorem: If three forces acti
mt, be in equilibrium, eadlthl;,xmn ':
proportional to the sine of the angle bet
the other two.

Proof:
LelF,aa.ndR be three forces acting at O b
in equilibrium. So,

F+6+§=0
or, PxP +PxQ+P xR =0
or, PxQ=-PxR (P xP=0)
or, PxQ=RxP

. 2075 Set C QNo. 1.
Forces equal to 7p, 5p and 8p acting on a particle
are in equilibrium. Find the angle between the
latter pair of forces. 12]
= Please refer to Model Set Il Q.No. 12a

[p7._2075 Set C Q.No. 1g

A particle weighing 6N is suspended freely from
the ceiling by a weightless in extensible cord
Find the tension in the cord. 12

or, PQsin (P, Q) = RPsin (R, P)

where, P, Q and R represent the magnituds |

ofl?,a andE;and sin (P,Q).isﬂ‘emd

the angle between P and Q..
. -Q __R )
- Sn(RP) “sin(PQ)

Again,

I—’-*(—)+§ =0
o, QxP+Q xQ+QxR =0
or, QxR =-Q x P (-QxQ=0)
% Gl =P ri

o, QxR |=|FxQ|
or, QR sin (Q, R) = PQ sin (P, Q)
P R

O Sin (QR) " sin PQ)
From (i) and (ii)
P R

sin (QR) ~sin(R,P) ~ sin(P.Q)

|

2067 Q.No. 13 a OR

pe. f two forces P and Q =AB+AD “AL +Ch
¢ resultant ¢ acting at an AD+CA = AT +Ch=0
;"suﬂi.(muwmowhmmq.ﬂ.,n Hence, the s 5 _
,,;le(’r’““h':“fhmh‘h"’m. equilibrium forces P, Q and R are in
m-C T @@
cthat an @ = 7. o

prov!

since (2m + 1) VP7+ Q2 is the resultant of p
!nancﬁngatananglea,so
+1) P+ QP =P+ Q4 2PQ o5 o
o, (Zm”)’f+oz)z'n(‘rj;o?l=2PQmsu
or, 053 2PQ - (i)
i (2m—1)\/P“Q1isthex5u1mdp
and Q acting at an angle (W—a),so
fam-DVP2+ QP = P+ Q2+ 2PQcos 0-q)
or, @m-1) (P*+ Q) - (P2 + Q) =2PQsin g

cos-!
soLu01)

T"fmﬂPmdeatapoim_'n . Itant

Ris at right angles to P, Show that
Q- P= Rtand the angle between the forces is

(P

(-3) 2
Let a be the angle between the forces P and Q.
SllteRrsPi.'l’pendjaﬂaer,9=%'_

(}_’H»SEH‘Zm—l[Z-u
or, sina= 2PQ )] D
Dividin(g 2zualt)ifm 1(ii) by equation (i), we have We have, 7
_@m-12-1 4m?-4m+1-1 Qsi
@O om Y 1)7-1 = 4m?+ 4m 11 e =5 Qoma
4m (m-1 .
“imm 1) o sy -7 200e
m-1 .
LoEnes=p T or,l __Qsina
0 P+Qcosa
E. 2058 Q.No. 13§ or, P+Qcosa=0
State and prove "Triangle of forces" 4] -P
~ msm=6:u=curl —6)

Triangle of forces: If three forces acting at a
point be represented in magnitude and
direction by the sides of a triangle taken in
order then the forces are in equilibrium.

Again, we have

R =P+Q+2PQ+cosa

or, R? =P2+Q2+2PQ(%,)

or, R=P2+ Q-2

L Q-P=R
2059 Q.No. §

State ‘Triangle of forces'.

= Please refer to 2058 QNo. 13a

lis. 2059 Q.No. 139

:mgebif’ P,Qand R be the three forces acting
b " 7 Tepresented in magnitude and direction
'\EBCandCA of AABC. So, AB= P, BC=Q
WIcA= |,
" complete the parallelogram ABCD. Since

il;;i AD are equal and parallel, so AD=8C=0.
- Parallelogram law of forces, we have
Fig. N

N()le Rﬁ + /{b =AC

A uniform sphere of weight 3N rests in contact
with a smooth vertical wall. It is supported by a
string whose length equals the radius of the
sphere joining a point on the surface of the sphere
to a point of the wall. Calculate the tension in the
string and the reaction of the wall [l
soLuTion]
Let C be the point of contact of the sphere and
the vertical wall Let O be the centre of the
sphere and OD be the line of action of the
weight. Also let R be the normal reaction and
T be the tension of the string BA.

Feg . = .
TQeR<ABeBE «CA
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By question, length of string = radius of the
sphere
AB=0C=0B=0D
Hence AOBC is an equilateral triangle.
Since, the forces T, R and 3N acting at O are
in equilibrium, so by Lami's theorem, we
have,

T R _ 3
Sn<ROD _sin<AOD ~ sin < AOCE

. R=4[3N
l4s._2059 Q.No. 13b0§

Two forces equal to 2 P and P respectively act on
a particle. If the first be doubled and the second
is increased by 12N, the direction of the
resultant is unaltered. Find the value of P.  [4]

Let a be the angle between two forces 2P and
P. Let 6 be the angle made by the resultant R
with the direction of the force 2P. Then

P sinu .
2P+ Pcosa )
If the resultant R of the forces 4P and P + 12
makes the same angle 8 with 4P, then

tanb =

12
R
P d
6
® 2P
(P+12)sina

bne=4P+(P+ 12) <08 «
From (i) and (ii), we have
Psin _ (P+12)sinu
2P+ Pcosa 4P+ (P +12) cosu
1 P+12
Ofr 2+ cosa 4P + (P + 12)cos u

or, 4P+ (P+1)cosa= 2AP+12)+ (P4 1y
or, 4P=2P% 24

or, 2P= 24

. P=12 N.

Find the resultant of n number of
forces acting ata point.

) tnsu

Plany,

19

Let the coplanar forces Py, Py, .., P, acting
point O be inclined at angles «, o, a

- i X
respectively to a line O)S through the pojr:
Let OY be perpendicular to 0';( ln;](‘).

" e

components of the forces Py, Py, .., p, alon
OX and OY are P1 cos a, P2cos oy, ..
and P sin ai, P2 sin ay,
respectively.

Let R be the resultant of the given system of
forces and let it make an angle 6 with ox
Then the resolved parts of the 'es‘ﬂtanni
along OX and OY are R cos 0 and R sin g
respectively.

*Pnc()sun
<o Pyosin o

Since its resolved parts are equal to the

algebraic sum of the resolved parts of the

forces along the same directions, we have
Rcos 6 = Py cos a; + P2 c0s 02 + ... + Pncos an = X (sa)
and Rsin 6= Py sin i + Pasinag + ... + Pasinan=Y (5ay)

Squaring and adding, we get
R2=X2+ Y2
or, R=4/X2+ Y2 ... (i)
Again, by division, we get
Y
tan 6 =3
. Y "
ie.6=tan?! X ...(i)

30 and
Hence, (i) and (ii) give the magnitid® &

direction of required resultant.

lgﬁ 2060 Q.No. 13 a Oﬂ

T i il
The resultant of two forces I’ and Q 18 R'I ]:3 [\
doubled, the new resultant is pel'l"'"d'cu A It
prove that R = Q.

= Please refer to 2059 Q.No. 5 a ——
#7. 2061Q.No. 13 d i}
The resultant of two forces P & Q 18 cq:::gcﬂoﬂ
Q and making an angle of 30° with the €-7, is
of P. Show that P is either equal ' U

double of Q.

M OB represent the two
oA and orces P angd
. acting at the point O. Let OC pe the
?m,mnﬂl of the parallelogram OACB through
diag;

which the resultant \F,Q act. Also, ZAOC =

C

0 A
gince AC = OB, so AC=Q.
Now, applying cosine law in AAOC, we have
(OA)2 + (OC)2 - (ACy
cos AOC = 20A x OC
. P2+3Q2-Q?

o 0s30" = op 5 \3Q

B P2
oy T 2\/’-’ PQ
or, 3PQ=P2+ 2PQ
or, P2-3PQ+2Q2=0
o, (P-Q (P-2Q) =0

Either P=Qor P=2Q

Hence, P equals to Q or is double of Q.

s 2062Q.No. 133
State and prove converse of triangle of forces. [4]
Converse of the triangle of forces
If three forces acting at a point be in
equilibrium, they can be represented in
magnitude and direction by the three sides of
atriangle, taken in order.
B c

Proof;
Let p, 6 and R be three forces acting at O.

5 =
L:' the forces be in equilibrium. Let OA = P,
OB=Q

and 6[)) =R.
tus complete the parallelogram OACB with
the g

iy Tgni\udu of Pand Q as its adjacent

hen, by parallelogram law of forces.

Py 6 - > -
) =0 =0C -
Since e A+OB =0C ®

forces are in cqu\]ihnum, SO
‘-
| P+ GiR=y
% QA 4
| A+ ()k +R = 0
O, (){‘ . F

N =0 [Using (1)]

A

R ks, S
0. 2063 Q.No. 132
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or, R =0t = b
Also, AC=Gl-3 (AC=08 )
\and AC ) OB,

Hence, the forces P, Qand R are represented

by the sides OA, AC and
S 7 CO of th
taken in order e AOAC

I;Aho“mnl;:lm plane lamina in the form of a
iy S;’ one of whose angle is 120° js
.hmﬂl | by two forces applied at the centre in
. ections of the diagonals so that one side
of the thombus is horizontal; show that if P and
g:;Q:he forces and P be the greater then
A 4

]

Let ABCD be a uniform plane lamina in the
form of rhombus whose one angle say
4BCD = 120°. Let E be the pomnt of
Lnte_.'rsecnon of the diagonals AC and BD. The
weight W acts vertically downwards as
shown in the figure. Let P and Q be two
forces along the diagonals EA and EB

respectively so that DC is horizontal.
A )

Since the diagonals of rhombus are at nght

angle to each other, so

£BEF =90° + 30° = 120°

ZAEB =90 and ZAEF =90 + o0 = 150°

Since the lamina is in equilibrium, by Lamu's

theorem, we have

P ___Q

sin Z BEF ~ Sin £AEF

P Q

OF Sn 120° ~ sinl30°
or, £.9

or, F=ﬁQ

P2=3Q

Forces of 2, \/3, 5, \f! and 2 newtons respectively
angular points of a regular
he five other angular points.
and direction of the

[4]

act at one of the
hexagon towards ¢
Find the magnitude
resultant.

¢



Newtons
forces 2, \f3, 5, {3 and 2
o yadaﬁ;lgAB,ACAD,AEII\d

shown in
AF of a regular hexagon as
the figure.

120°
¢ = = =30°.
/BAC = ZCAD = ZDAE = ZEAF
wxbeﬂ\era:lhmmatanmgiee
3 to AB, we have

X =20c0s0° +y[3cos30°+ 5c0s60°+

V3 cos " + 2cos 120°

1
=271nj§-32§~5-%+\ﬁ-o+2-(—-2-)=5

andY =2sin0°+yf3sin30°+5sin60°+

Bsin%0° + 2sin 120°

%4\[3-142,%

1
=Zxﬂ+ﬁli +5x

Now, resultant (R) =02+ Y2 = 524 (3\[3R

=\B+7=10N
Agimme=§=2‘5&=\ﬁ=mw‘

Lo e=60

Hence, the direction of the resultant R is

g =P +Q
Now,_ _
R =R-R o
-(F+Q (P+Q
=[_;1+6’*2P-Q =P2+Q“2PQ%
,,h.ggel’,Qa.miRbethema,gnimdesdslaarkl
R respectively.
g - Qi 2PQ e a which g
: meilg;\d”g‘“’”‘““ Bives
Asain,letebeﬂleanglebetwmﬁami

by
3
f
_I‘l%
3
;

Rcosa =P+ Qocosa ...(0)

LUy U
=l
x
w
n
=
]

-..(id)

Dividing equation (ii) by equation (i), wege,
sina

“P+Qcosa

\ Q sina
6=tan’ {7 Qcos o

which gives the direction of the resultant R.

tan®

b2 2064 Q.No. 133

The resultant of two forces P & Q acting ata

anguusequalto(zmn)m.whmﬁz
adalanangleﬁf—a,the

m-2
Sowands AD. 1 (2m - 1)4/P2 + Q2.Prove that tana =41 [}
&:O?F;:;‘rzumm act towards | Please refer to 2057 Q.No. 13aOR
. SSSENo 43 & s 2084QNo. 132 ;

Find the resultant of two forces P and Q acting at
a point.

l’3'F-‘“d6'@9two(A\:uru-%sam'ngalOandu
be the angle between them. If Ris the

State and prove Lami's theorem.
= Please refer to 2057 Q.No. 132

54. 2065 Q.No 13

Two forces P & Q acting parallel © the

would each of them singly support 2
1.1 _1
rTRTw
{inatio” of
uiabu&wmgledm"‘ pody

resultant of P and Q then
Q R
o
o
F

weight W placed at A is suppe

¥
d

indined plane with the Iwril*"",rwd by

|
|

1
rd:vdl
and base of an inclined plane mwcit“'w

on the plane, prove that: W |

forc

b action.
"Uﬂ“al mp

R R-..
g Ye o

Al

E———
w
w
When P is used parallel to the length, usi
Lami's theorem, we have e
P W
Sn(180°-a) sin90°
P
% Gna W
P o
L osina=7y (@)

When Q is parallel to base, using Lami's
theorem, we have
9 ___w
sin (180 - «) ~ sin (90 + )
w2
sina  cosa
o, Qcosa =W sina

% Qeosa=W -7 fusing (O]

g P =
- msu=6 (i)

2065 Q.N,
Mw 0 13 a O

Ry POV A - b theorem. ]

:‘h"e“t The resultant of two forces, acting
2 point O in the direction OA and OB and

ehresented in magnitude and directions by

whA and LOB is represented by (A + u) OC,
“1e C divides AB in the ration j : A

P Parallel to the length as shown in the
e (i) and by force Q parallel to the base ol
lf:w ' in the figure (i). Also, let R be the

STATICS Unit12 231

‘-‘-MC=‘,K
Proof:
From AOAC,
Oh+ AC=0F
or, K&&A_&:l&wﬁ)
Similarly, from AOBC,
> 5
OB+ BC=0C
> =5
- HOB# uBC = pOC ... (i)
Adding () and (i), we get
AOA + OB + ALAC + uBC = .+ WOC
But AAC = uBC and since AAC and uBC are
acting in opposite directions along the same
> — N
So, MOA + pOB = (1 + p)OC
Shnmdmmdkhg\edﬁ-m(q
** Please refer to 2062 Q.No. 13a
57. 2066 C QNo. 13 206

length 25 metres. If the rod be so hoid that the
body hangs immediately below its middle point.
Find the tensions of the strings. 4
soLuToN]

Let OA and OB be two strings such that OA = 7m
andOB=24m.

W=10N

uestion, AB =25 m
Huesyq,OA“OB‘=7‘*242=65=51=ABz

ZAOB =%
S‘H:mofisverh:aludmtsABathm

t AC = BC. )
:::?_M‘nanl)‘mdAC=Cﬂ.sa(X:-AL_-BC
Let ZOBC =0 then ZBOC=0.

L4




232 Asmita's NEB Solution of Basic Mnhomlﬂcs-ll
the tensions along the srdl.\gs
Tand W =10 N acting

Let T and T2 be
um, then by Lami's

0OA and OB Since T, T
at O are 10 equilibri
theorem W

T Ta - _
Sn(180 - 0) =5in(180- (%0~ 9)  sin%0
Lo T 10

oL Gno cos@ 1

7 14 i |
T, =10sin@=10x35"5 K&~
4 8
T:=10cos@=10%35 =5 k™

552066 Q.No.13 g

Forces 2, \3, 5,\/3, 2 newtons respectively act

at one of the ar points of 2 mgnhr‘hoagon
five other points. Find the

towards the
magnitude and direction of the resultant. 141
= Please refer to 2063 Q.No. 13a
2066 Q.No.132 O
State and prove the theorem on Triangle o;’
4

fotmfotdneefarcesmingahpaim.
= Please refer to 2058 Q.No. 132

jso__2067 Q.No. 134
lfafo:meemsolvedintomnfarcesmldng
angles of 45° and 15° with its direction; show

2
that the latter force is?\ [3 P. [4]

Let P; and P: be the resolved forces of the
given force P. We have to find the later force

P.
We have,
P.
152 P
45°
P,
R sina
P=Cna+p)

Here, R=P,a =45°,p=15°

1
e or
ﬁ = x
2

P sin 45°
P = sin 60°

\2

Et 2067 Q.No. 13a 05

State and prove converse of the Triangle of

forces. [4)
= Please refer to 2062 Q.No. 13 a

k22068 Q.No. 13 4|

Find the resultant of two forces P and Q when
the angle between them is a. [4)
= Please refer to 2063 Q.No. 13 a OR

cs, 2068 Q.No. 132 [e]

A body of weight 65 N is suspende, d

by

strings of length 5m and 12m attache, d o twy

points in the same horizontal i,
distance apa

strings.

rt is 13m; find the tensjop ;"ho,.
the

Iy

Let CA and CB be the strings so tha‘CAus
m

and CB=12mand AB = 13m.
Since 52 + 122=13?2 50 ZACB = 90°
A E 13m B
(.

12m

w=68N

D
Let the line of action of weight W = g8y,
E lg
/ACE = 0 so that ZCBE = 0. Let T1 and T,
the tensions along the strings CA and (p
respectively. Since the three forces Ty, Ty an
W = 68 N acting at C are in equilibrium, soty

to meet AB at

produced

Lami's theorem,

T1 Tz 68
SnBCD _ sin ACD ~ Sin ACB
T1 _ T2 _ 68
OF in(90+0) _sin (180-6) ~ sin9%0°

n_ T
O 050 sin®
Ty = 68 cos 6 and T2 = 68 sin 6

_BC_ 12 oA
Butcos0=gx = T3 and sin 0 =35 =73

12
Hence, T1= 65XT§ =60 N

5
Tz=65><13 =25N

E. 2069 (Set A) Q.No. 13§

actingat® |

The resultant of two forces P and Q =
angle g is equal to (2m + 1) VP? 7 Qi When! 1y
pis @m-! |

act at an angle (90° - a) the resultan
\P*+Q?, Prove that: tan a = ‘E’;‘%

= Please refer to 2057 Q.No. 132 OR
5. 2069 (Set A) OId Q.No. 138

State and prove Lami's theorem.
= Please refer to 2057 Q.No. 132

fis._2069 (Set A) OId Q.No. 132 01 p
five

8 “gpec he)(lﬂo' |

d [y

Forces of 2, \ﬁ ,B, \ﬁ , 2 newton
at one of the angular points of areg
towards the five other Ppoint®
magnitude and the direction of the
= Please refer to 2063 Q. No. 13a

u

ly
lar

gullll“'

LE

zﬂ" et B, Q.No. 13
7, of weight 65N is suspended by

b ""dy.,f lengths 5m and 12m attached to :ﬂ
ot ‘5: n the same horizontal line whoge dista .
F,m s 130, find the tension of the strings, n:e
Pt e refer 02068 Q. No 13 OR 4
-

7069 (S0t B Q-No. 130

e resultant of two forces P and Q actin,
F‘ndint hen the angle between them is o, s[:'
:Poplease refer to 2063 Q.No. 13a OR ]
6 01d (Set B) Q.No. 13a

p9. and prove "Lami's theorem",
state refer to 2057 Q.No. 13 a 14]

o, 2069 0Id (Set B) Q.No. 13a O

f two forces actin, i
f the resultant ©! B on a particl
be at i ght angle to one of them a:d it:
tude be h,lf.of the magnitude of the other
show that the ratio of the greater force to lhe'

,-mallerisZ:'\ﬁ. [

Let a be the angle between the two forces P and Q
(P<Q). The magnitude of their resultant is %Q
and the resultant is perpendicular to P.

A

__Qsina
P+Qcosa
__Qsina
P+Qcosa
o P+Qeos o =0

So, tan 90°

el
"0

C05q=£ ()
Again, we have,
Ri=p2y Q'+ 2PQcos a

o (o) -

(z Q) -rrrueang (ap) (Using ()
o &

$SP 4 Qa_op

o &

Q- p2

|
oo Qe 1Q ypr

o,
' 4P1=301

=
IFS

=0
']

o

=
© =io

|
A

=l
v
~

STATICS

1._2070 Set C Q:No, 13

Forces

o ofl:'fl:,\ﬁ, 5,43 and 2N respectively act at

owarde h.nsul‘“ points of a regular hexagon

magpiin e five other points. Find the
e and direction of the resultant. [4]

= Please refer 1o 2063 Q.No.13a
TITTNIT A —

. of weight i )
g o et 5 snt 12 snaced 3
distance aparteis’;;::- ;::Z';ﬂﬂl ions of
sting, ; e tensions of the
= _Please refer to 2063 Q.No. 13a OR "

3. 2070 SetD Q.No. 13 2 O

State and i
Prove Lami’s theorem.
** Please refer to 2057 Q.No. 13 a H

4._2070 (Old) Q.-No. 132

Unit12 233

;!:.&lke:wlllmakemmgiesﬂwith the direction of
4l
Let the forces P and Q be represented by OA
and OB of the parallelogram  OACB
respectively. Also let the resultant R be
represented by OC.
LetuspmduceOAmDmaldngAD=0Cso
that OD represents the force P + R. Now.
cgmplete the parallelogram ODEB. Then thel
diagonal OE represents the new resultant of
the forces P+ Rand Q.
B

Here, AD=0C
Also, AD=CE
CE =0C
£COE  =«CEO
Again, 2CEO = ZDOE
ZCOE = Z.DOE

But £AOC =0

£COE = 2.DOE =%)

s. 2071 SetC Q.No. 13

The resultant of two forces P and Q acting at an

anglea is equal to (2m + 1) \/FT_Q_‘ . When they
act at an angle (90° - @) the resultant is (2m - 1)

m-
\]P‘ + Q. Prove that: tana = oy [
«  Please refer to 2057 Q.No.13aOR



2 Wmsmd"'""‘""""""‘
‘ _//—r“'/ g;‘:';;c(xﬁ“:l;?‘:ﬁgbk acting alon, | pectively. Since T, T2 and 68 N acting a1 STATICS  Unit12 235
1 al uilibriu; e L o
| p and Q is equal to - ™ 50 by hﬁf o  equilibrium, 50 by Lami's theorep, By
‘ The resultant foree with the ' Let
ves an angle of 3 P___Q __ R ; the forces 1, 2,3, 4 newions
30 oot P, Show that P is m(} sin £ BOC _sin £ COA —sin ZAGy along AB, ,CD,DA-::{éd, act
™ gris double of Q. " _P__ —R_ ABCD respectively. square
- o sn2A~ sin2B  sin2C p 3 c
Let oA and 08 rreemt e 8 TS
Let us complete the i mﬂm; Two men carry a weight 50N SUPporteq . 2
then the diaganal OC represents strings; one string is inclined at woby"m
e OC= ﬁQ Since OACB is paraﬂek*gﬁm vertical and other at 60°, find the tensiop 1o
soAc=OB=Q-A{'P‘,"i'%ml“’“‘ string. ey Now A T B
AOAC, we have @ 4 CB be t . o0 T2 __e8 - Fesolving the forces along and
B c Let CA an _wostx-mgsm,dcm,e ﬁﬁ'sﬂ\AACD ='sin ACB Perpendicular to AB, we have
tne of action of weight 50 N. Let T, gy T T, 68 X =180+ 2005 9+ 3 cos 180° + 4 cos 20
the tensions of the sirings CA ang | Z7070) 5 (180-0) “n% Naws s ’
respectively. Since Ty, T, and W actip, B _ . _
are in equilibrium, so by Lami's they “‘i T--(’sc"sg“d'{; 68sin. A —1+2x0o3x(_1)+4xo.2ﬁ,L=o
o 3 A have =7 == andsing=2% _ & L 2
s L . But cos 153A 17 andsin® =35 == A Y=15in0°+ 2.5 90° + 3 5in 180° + 4 o0 27
= H + -
o = 2-0A-OC b, H . T=68x77 =60N 22 sns
Pe+ 308 - BN 8 S1x0+42x143x0+4x (- 2
% “Zrv teo T, T=68x75 =32N *"(‘)‘Zﬁ“‘i—o
B R c IfR be the resultant, then R = /3 v2
*2 "R Vo -0
or, P-3PQ+ 2F=0 e fe forcs are in equilibrium.
o, (P-QF-2=0 =0
= PAQeFeX 3 . body of weight 100 kg is suspended
. Hence P equals to Q or is double of Q. L __ T W Hence the required tensions are 60 N and 32 %hdxnhmM;m
T sin ZBCD  sin ZACD  sin ZACB N. being fastened to the extromitics of 2 sy ot
s;ea.dpmlmafsm Ml | o LT 2072 Set E Q.No. 1 hn""““_&l_fﬂ-emdgsowuhha,
- 102057 Q.No. 132 T, §in120° ~ sin150° ~ sin 90° Abody of weight 65 N i gs i ly below its middle point, find
Please refer - 3[ : N is suspended by two | the tensions of the strings.
2071 Oid Q. No. 13 e O 23 ;‘;?K?flet:gfhssandum.mmdmm; SOLUTION "
7 . _H0sin120° 2 oints in the same horizontal line wh
e i S R =253, distance apart is 13m; find the tensions of ot;: cLﬁO:i!:'(;Bo;E “;Oﬂ!mpsu:h that
sting =7m —%m
]

~ Please refer to 2057 Q.No. 13 a s0sin150° 50 1/2
50sin150° _50x1/2 -
2575 0M QMo 13208 andT: =S =T 1 2N poerlr 02068 QNo. 13a0r

O is the circumcentre of the tri. ABC. Forc ore
is triangle s Hence the required tensions are 25\]3N 5 EP -
930f2,\[§,5,\[§,2N respectively act at one

P, Q and R acting along OA, OB and OC are in
equilibrium. Show that 0] 25N. 1 o
4 R 1. .No. 134 ar points of
s "X [ 2072 SetD .Ne. 12 § " the five other poms Fing o
State and prove Lami's theorem. Naghitude ang the Aliect points. Find the
o “ Please refer to 2057 Q.No. 13a * Please refes toezoa;eglﬁn t;fa the resultant. [4]
. ., LINO. a
Let O be the circumcentre of AABC. Since the | z_2072 Set D Q.No. 13a O] i 2072 Supp Q.No. 13a 0 w
| St J =100N
| [ and prove Lami's theorem. 4] By question, AB=25m

angle at the centre O is the twice the angle at | A body of weight 68N is suspende b
respectivell: 21 & p
[ ha&eref N
Here, OA + OB =7+ 42 = 625 = 25* = AB?

themmmle:ence,so strings of length 8 m and 15 m " er to 205
the other ends of the strings are attache® "oy P 02057 Q.No. 132
fixed points in a horizontal line 17 ™ apst fi S, € Qo 13 S <008 =50
« »40d proye triangle of forces. l Here, OC is vertical and meets AB at C such
that AC = BC.

the tensions of the strings. | leas
A¥ R 02058 QNo. 13
Let CA and CB be the strings 0 that ¢ Abgy 386t C Q.No, 13a 0 Since,
D /AOB=90° and AC = CB, 500C = AC = BC.

CB=15mand AB=17 m. a s -
‘ 9. o pramy o Forces 1, 2,3, 4 and N2 ||\ JOBC - 0 then ZBOC = 0.
g a point in directions AB, BC, CD, Let Ty and T be the tensions along the strings
1 2

B ¢ Since, 82 + 15¢ = 172, N,_/A('ﬂ‘_gh( 68 A
ZBOC = 2A Let the line tion of Wel W C i i
ZCOA=2B P:udu:«,-dl " ”,fu:.‘,-:m:B at B ﬁ.af "¥¢Pectivaly. Find the vosnliusi. OA and OB. Since T, T2 and W = 100 N
O a <0 50 that /CBE = 0. Let T {nd :ﬂ" i acting at O are in equilibrium, then by Lami's
tensions along the stnngs A | e
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236 Asmita’s
T; T2 _ “\,Ua
—_— L - o
in(180-0) =an(180- (0~ Q) s
sin(18
2 100
B PR
of Gn@  cost
——=28kg - wt

T,=100sn 0= 100 %
2 : -
=100% g = %kg-u(

T-=100¢cos 6

t D Q.NO. 13a O )
T Jtant of two forces P and Q acting at

the angle between them is a.

. w;;f;"'“ 2063 QNo. 132 OR
s
& zorssuppaNe. 132

02073 Su .
If a force P be resolved into two forces making
:ngles 45° and 15° with its directions, show that
[ "
the later force 1S \/ 3P
« Please refer to 2067 Q.No. 13a
o+ 2074 SetA Q.No. 13;
Law of forces'. [4]

State and prove Triangle
= Please refer to 2038 Q.No. 13a

4]

State and prove Lami's theorem.
= Please refer to 2057 Q.No. 13a

ks 2074 Set BQ.No. 132 Ol
A body of weight 10kg is suspended by two
sm'ngs—of lengths 7m and 24m, their other ends
being d to the extremities of a rod of
length 25m. If the rod be so held that the body
hangs immediately below its middle point, find
the tensions of the strings. [4]
= Please refer to 2066 C Q. No. 13a or

Let the forces 2,4 and 6 units act at

to the sides BC, CA and AB of o, N D“’alm
triangle ABC respectively. l"ll.\qw
A
4
(] 2
6
Now, resolving the forces alon,
B ay

perpendicular to BC, we have
X =2.c0s0°+4.cos 120° + 6.cos A4ge

B 1
=2x1+4x(3) +6x ('5)

=2-2-3=-3
Y =2.sin 0°+ 4. sin 120° + 6.sin 2qpe

\3 3
=2x0+4x 2+6x(_9
=nf3-343
o
Let R be the resulta.nt force making an angeg
with the force 2 units
Then,
R - TY
=\ (3

X
and tan 6 = 3=

are both -ve)
Hence the resultant is 2\/3 units at an angk
of 210° with 2 units force.

| the line of action of the wej, t
'/‘(:dluccd o meet AB at D, Let 4,%20421\1)&
5;[ cBD = 0. Let T and T; be the tensions
along the strings CA and CB respectively,
a T2 and 45N acting at C ape in

. Ti
ce T "
SIT,uibn'“"" by Lami's theorem,
8 Ti J—:L
ﬁ =sin ZECA ~ sinZACB
T __45
o m sin(180° - 6) ~ sin 90
T _ _ﬁ- =45.
ot cos sin® )
Ty=45 cos0, Tz =45 sin 6
: BC_40 _4
Here, 050 =AB~50 ~ 5
AC_30 _3
sine=AB 50 5
4
- Ti=45%% =36N

3
T2=45x§=27N

Es. 2075 Set C Q.No. 13a Oﬂ
[l

state and prove A - p theorem.
w Please refer to 2065 Q.No. 13a OR

[s MARKS QUESTIONS|

F.
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03. 2071 Supp. Q.No., 14 O

('34; :or;e F make angles a and B with directions
oo "'n OY respectively. Prove that if F. and F,

€ components of the force in the directions
of OX and OY

) respectively then
- —Esin ; _Esina -
sina+B)’ I = Sina + gy Also, if Q s

doubled and the new resultant i

t is perpendicular
to P, prove that Q = R, where R is the resultant
of forces P and Q. [6]

Let F be a given force represented by OC. We
have to resolve F in the direction of OX and
OY such that £XOC = « and £COY = B. Let
us draw AC parallel to OY and BC parallel to
OX so that OACB is a parallelogram. Then
Fx=0OAand F, = OB. Also,

F,

° £ A X

AC=0B, ZLOAC=x - (a + B) and LZACO = §.
By sine law, we have
oA AC OC

00,2070 Supp. Q.No. 1

Two forces equal to 2P and P respectively act on
a particle. If the first be doubled and the second

sin ZACO ~sina _ sin (z - (a < B))
F. Fy F

or, = =rs ==
sinf sina sin(a+B)

Fsin

increased by 12N, the direction of the 1
is unaltered. Find the value of P. [6]
= Please refer to 2059 Q.No. 13 b OR

R Sn@ep

Fsina
B 5@

los. 2075 Set B Q.No. 13a OF]

5<. 2074 Supp Q.No. 133

Forces of 2, \/3, 5, \/3 and 2 N respectively act at
one of the angular points of 2 regular hexagon
towards the five other points. Find the
magnitude and direction of the resultant. 4]
= Please refer to 2063 Q.N. 13a

bs._ 2074 Supp Q.No. 132 OR|

Find the resultant of two forces P and Q acting at
a point when the angle between them is a.

= Please refer to 2063 Q.N. 13a OR

E. 2075 Set A Q.No. 13d

A body of weight 68N is suspended by two
strings of lengths 8 m and 15m respectively and
the other ends of the strings are attached to two
fixed points in a horizontal line 17m apart. Find
the tensions of the strings. 4]
~ Please refer to 2072 Set D Q.No. 13a OR

E7. 2075 Set B Q.No. 135

Forces 2, 4, 6 units act at a point in directions
parallel to the sides of an equilateral triangle

taken in order. Find their resultant. 14]

A body of weight 45 N is suspended by'lw
strings of length 30 cm and 40 cm respective]
and the other ends of the strings are attachedt

the extremities of a rod of length 50 cm. Then!
is so held that the body hangs ll‘l"ImEdl;l'i’ ‘
below its middle point. Find the tensions 0¥}

strings.

)
Let CA and CB be the strings 50 that CA

cm, CB = 40 cm and AB = 50cm-
50cm

E 45N
Here, =50
302 + 402 = 900 + 1600 = 2500
Z ACB = 90"

Eni.207o Supp. Q.No. 14 Og

Let P and Q be two forces acting on a particle,
whose directions include an angle of a(0 or ).
Derive the magnitude and direction of their
resultant. [61
~ _Please refer to 2063 Q.No. 13a OR

Next part

Let a be the angle between two forces P and

Q. Since R is the resultant, so

R2=P2+Q:+2PQcos @ )

Again, given that when Q is doubled, the new
Itant is perpendicular to P, so we have

hoz. 2071 Supp. Q.No. 1g

:’mve that if three forces acting on a particle are
N equilibrium, then each is proportional to the
:"I:e of the angle between the other two. Also, if
lenUdy of weight w is suspended by strings of
HmB"\ 3n.1 and 4m attached to two points in the
P E"l‘lonzonml line whose distance apart is 5m,
. € tensions along the strings. (61
irst Part; Please refer to 2057 Q.No.13a
Second Part:
Please refer to Model Set I, Q.No. 13a

L

__2Qsina

@n 90’ =5 Qcos a
1 2Qsina
oL ) “P+2Qeosa
or, P+2Qcosa=0

or, Cosa —56
Putting the value of cos a in equation (i),
we get

-P

R2=P2+Q*+2PQ (Z_Q-)

or, Ri=P+ Q-P

or, R2=Q

. Q=R




UNIT

STATICS ( CONTINUED)
—3)

. 2057Q d the moment of a couple.

i le an ¢
lli:):;::s :h:n:;mem of a couple mathematically.

JsoLuTioN
Arm of the Couple
The arm of the couple is Fhe
distance between the lines of action of the two

forces forming a couple.

perpendicular

[p.__2088Q.No. 6 a

Define a couple. What do you mean by a
couple? ™ "éi
|

Couple

Two equal unlike parallel forces 10t hyy:
the same line of action and acting on aa‘{lﬂg
body are said to form a couple, fgig
Arm of a couple

The arm of a couple is the pery .
distance between the lines of actﬁ)ni(;ngicx"'
forces forming a couple. g

Moment of a Couple

The moment of a couple is the product of the
magnitude of one of the forces forming a
couple and the arm of the couple.
Mathematically if the forces P, P are
measured in newton and the arm p in metre
then the moment of couple is given by P x p.

E 20570."0.6§

Replace a force of magnitude 50 kg wt by two
like parallel forces one at a distance of 2m and
other at 8 m from the given force. 2]
Let P and Q be two like parallel forces acting
at A and B respectively. Let R = 50 kg wt be

road.

E 2058 Q.No. 6 b

A straight uniform rod is 3m long, when , loag
of 5N is placed at one end it balances aboyt ;
point 25cm from that end. Find the weight of the

]

Let AB be a rod of weight W N. The weight iy
N acts at the middle point C of AB. Ifa load of
5 N is placed at the point A, then AB will be
balanced at D where AD = 25 cm. Here,
AB= 3m =300 cm. So,

300
AC =7 = 150 cm

CD=AC-AD=150-25=125cm
Since the forces are parallel,

00 cm
A D c B B
t25cm-)-(-125cm1
5N WN

given resultant force acting at C. By given, 5w
AC = 2m, BC = 8m. Then, CD~AD
AlB=AC*BC=2+8=1()m 5 W
S/:nce the forces eg{: like parallel, go or 125525
€ 2M —> | B — ml=ﬂ
125725
L W=IN
P R=50kgwt Q
P 0 R b._2069Q.No.6 ] -
BC AC-AB A uniform bar 4m long and W"lgm,‘ng3 ri'lz]onl" r
P Q 50 over a prop and is supported in h‘:,,; 5l
oL E=270 position by a force of 1 N vertically 4P op " !
P=8x5=40kg wt the other end. Find the distance of the P" 1
Q=5x2=10kg wt the centre of the bar.

J

M

Let AB be the uniform bar of ml);:]:ss over!
weight 3N acting through D. Letit p¥

|

N

c. It is supported in a hoi,an.
proP a force of 1 N acti erti
pusl“"";:);\, BC acting vertically

up“”"d

Therv

N

[
B
A Dle x>
~2m
3N

3 _L

L=

AC
; 3xDC=1"AC
Zr’axx=1x(x+2)
o, %2

=1
" Hence, the distance of the prop from the

centre of bar is 1m.
;2060 Q.No. 6 3
Find two like parallel forces, acting at a distance of
25m apart, which are equivalent to a given force of
30N, the line of action of one being at a distance of

50cm from the given force. 2l

Let P and Q be the two like parallel forces
acting at A and B respectively. Let the
resultant R act at C.

By question,

P R Q
AB=25m, AC=50cm=0.5m. R=30N
Then, CB = AB - AC

=25-05=2m

Since the forces are like parallel, so

L _Q_R

CB~AC~ AB
or, L -Q _30

2705725

30x2 30x05
P =55 =uNand Q=535 =6N

25
Hence, the required forces are 24N and 6N.

2060 Q.No. 6

Define arm of a couple and the moment of a

?Uple. 12l
Please refer to 2057 Q.No. 6a B

. 2061Q.No, 6
: Wraight uniform rod is 3m long. When a load
Pol 18 placed at one end it balances about a
™ 25¢m from that end. Find the weight of the
b 2l

N Plea
ase refer (o 2058 Q.No. 6b

STATICS (CONTINUED) Unit 13 239

. 2061 Q.No. 6

Forces equal to 3,5, 3and 5 newtons respectively
act along the sides of a square taken in order,
find their resultant. 2]

llzl the forces 3, 5, 3, 5 Newtons act along the
sides AB, BC, CD and DA respectively of the
square ABCD. Also, let length of side = a
meters.

o3
5 5
A

8

Now, the forces 3N along AB and 3N along
CD forms a couple of moment

=3xa=3aNm

Again, the forces 5N along BC and 5N along
DA from a couple of moment 5 x a = 5a Nm.
The resultant of two couples is a couple.
Hence, the resultant of all forces is equivalent
to a couple whose moment

= (3a + 5a) Nm = 8a Nm

1. ZNZO.NO.SS

Define moment of a force about a point. Give
the g ical g of the of a
force about a point. 121
= Please refer to Model Set II, Q.No. 15

11. 2063 Q.No. 6 g

Find the two unlike parallel forces acting at a

distance of 12 cm which are equivalent to a force

of 20N, the greater of the tweo forces being at a

distance of 6 cm from the given force. 21
Let P and Q (P > Q) be two unlike parallel
forces whose resultant (R) = 20N. Also let P, Q
and Ract at the point A, Band C respectively.
Here, CA =6cm, AB=12cmand BC=12+6 =18 cm

Now, we have

R=20N P
[ B
C 6cm A IZch
Q
P Q R
CB™CA™AB
P Q2
oL 8T 12
20x 18 6x20
o, P=7 57 /&7 12
p=30N,Q=10N
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Gince the forces are like parallq) 8
20 Cm 50

]
A straight uniform rod is3m long. Whe::ol::a A o :
of 5N is placed at one end, it balances 3 ot of

point 25 cm from that end. Find the weig P

the rod. _ .- ! \

- Pleasereferk\ZO:\SQ.Nn.oh L P Q‘wkgvﬂ
. | Ao,

A uniform bar 4m long and welg!mng :h:‘}z)::s‘: X o &

over a prop and is suppo! in a honZ i C=AB

position by a force of IN acting .verhta yr' 0 25
upwards at the other end. Find the distance ; or KE=ﬁ
the prop from the centre of the bar. i} 2

2059 Q.-No. 6b or, AC=1Z2_

= Please refer to
Define a couple. What

couple? _
= Please refer to 2058 Q-No. 62

do you mean

in a P
phmdaudislancco“mapaﬂ,
2t one end of the rod, and a weigh
ressures on the pegs. 2

Let AB be a straight weightless rod resting
between two pegs at A and C so that AB =48

cm and AC =6 cm. Then,

CB =AB-AC=48-6=42cm
Let P and Q be the pressure on the pegs at A
and C. The system is in equilibrium when a
weight of 2 kg be suspended at the end B. So,
2 kg wt is the resultant of two unlike parallel

forces P and Q
P P
B
A
Q 2
S P_Q_2
CB~ AB~ AC
w292
" 127876

2
or, P=gx42=14kgwt

2
andQ=gx48=]6kgw‘

16. 2067 Q.No. Ga

:,i:ld t;xel ;e:[ul!ant of two parallel forces of 15 kg
. an, i i

} g Wt acting at a distan

in the same direction, e i‘pla;]‘!

[etP=15kgwlandQ—10k i

: =10 kg wt be acting at
the points A and B respectively. Let R bc%hc
resultant acting at C. Given AB = 20 cm,

by arm of 2
2

i ~htless rod, 48 cms in length, rests
o gty g
one peg being
t of 2 kg is
from the other end. Find the

Hence, the resultant is 25 kg wt oo
distance of 8 cm from the force 15 k?;::x at,

E‘I. 2068 Q.No. 63

Find two unlike parallel forces actin,
distance of 12cm which are equivalent toa i
of 20N, the greater of the two forces bejp,
distance of 6cm from the given force, t%
« Please refer to 2063 Q No. 6b b

[18. 2069 (Set A) Q.No. 12g

A straight uniform rod is 3 m long. When aloyg
of 10N is placed at one end it balances aboy,
point 25 cms from that end. Find the weight
the rod. [
Suppose AB is a straight uniform rod whos
length is 3m = 300 cm. Let the weight of the
rod be W newtons. Then the weight W actsat
the middle C of AB. If a load of 5N is placed
at the point A, then AB will be balanced
about the point D where AD = 25 cm. Hene
CD=AC-AD=150-25=125cm
Since the forces are like parallel, so

300 cm
b c

+

A 12m B
125 cm 125 cml

N WN

Or 125725
L W=2N
o
Two like parallel forces P and Q :jm g
18m apart. If the resultant force be 9

a distance of 6m from P, find Q-

SOLUTION Al
e par
Suppose P and Q be two like _::‘:hd“\ﬂ
acting at the points A and B su¢

_//;

| o
el 5 |

Let the resultant R act at C where AC=6m

andR= 9N m
f. e the forces are ke parallel, so

sinc c B
'l%:::—m‘j_,
; R=9N Q
R
9
of 856*12
6‘9=3
or, Q=718
. Q=3N

— 7069 (Sot B) Q:No. 12
Replace a force of magnitude 48 kgwt by two

ike parallel forces, one at a distance of 2m
and other at 8m from the given force. 2

Let Pand Q (P > Q) be two unlike parallel
forces whose resultant is 48 kg wt. Let the
forces P, Q and R = 50 kg wt act at the points
A, Band C respectively.

Here, CB=8m and AC =2m

Since the forces from unlike parallel forces, so

R=48 [
B
c A
Q
PF_Q R
f CB~CA~ AB
P Q 48
‘ or,8_2=z
P
| =53

g P=8"8=64kgwl
Q=3"2=16kgwt

TBL 2069 OId (Set B) Q.No. 5§

ﬂc‘:io Parallel forces of 30 kg wt and 20 kg wt are
i ';5 at a distance 40cm apart. Find their
ultant and its position if forces are like. (2]

lI:yLr‘( R be the resultant of two like parallel
ﬂnd(]s P= .”SQ kg wtand Q =20 kg wt. LetP, Q
Here be acting at A, B and C respectively.
| Si o AB =40 cm

‘ fce the forces form like parallel forces, so

STATICS (CONTINUED) Unit 13 241

R=p - =
Also,’Q 30+20=50 kg wt
Q_R
AC~AB
or, 22 _50
" AC "30

20 % 40
or, AC=T=16cms
Hence the resultant is 50 kg wt and it acts at a
dBfance of 16 cm from the point at which the
weight of 30 kg wt acts.

2. 2070 Set D Q.No. 12

F;nd two like parallel forces acting at a distance
'f’ 25 m apart, which are equivalent to a given
orce of 30 N. The lines of action of one being at
a distance of 50 cm from the given force. 2]
= _Please refer to 2060 Q.No. 6a

3. 2070 Supp. Q.No. 12

If two like parallel forces are 16N and 12N, find
their resultant acting at a distance of 90 cm from
the greater force and the distance between the
forces. 21
Let two forces P = 16N and Q = 12N act at A
and B respectively. Let R be the resultant
acting at C.
Since the forces are like parallel,
R=P+Q=16+12=28N.
Also, by question AC = 90 cm, AB="?

A %0cm C B

16N 12N

We have,
Q_R
AC ™ AB
12 28

or, 90=AB

or, 12AB=28 x %0

28x9
AB="73 =210 cm =21m

b4 2071 SetDQNo.2H
Two unlike parallel forces, the greater of which
is 75N, have a resultant 25N. Find the ratio of the
i of the Itant from the comp

2l

forces.

Let P and Q be two unlike forces (P > Q)
acting at A and B respectively. Let the
resultant Ractat C.

By question, pP=75N,R=25N,Q=?

Since the forces are unlike,

40 cm
c 8
Ps
Whgm R Q=20kgwt



=
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Q

R=25N
R=P-Q

or, 5=75-Q
Q=50N
Also we have

B 2oriouaNe. 58

Two parallel forces of 40kg wt and 10 kg wt are
acting at a distance 40 cms apart. Find their
resultant if forces are unlike. 2]
SOLUTION
Let two unlike parallel forces P and Q (P > Q)
be acting at A and B respectively. Let
resultant R act at C. Since the forces are unlike

parallel, so
Q=10kg wt

(3]
>

400 1
CA=%5= 133
Hence, the resultant is 30 kg wt acting at a
. 1
distance of 133 cm from the greater force.

ES. 2071 Supp. Q.No. 12

If one of two like parallel forces and their
resultant are 18N and 36N respectively, find the

ratio of distances of the resultant from the
forces, 12]

eoLuTiond

Since P and Q are like parallel, so

P=18N R=36N
P
BC “AC
18 18
o BC ~AC
_AC1
ie. E=1
AC:BC =1:1

E7. 2072 Set C Q.No. 123

Two like parallel forces P and Q act at poing
m apart, if the resultant force is 9N and actg b}
distance 12 m from Q, find P. i[‘Z]I

Let two like parallel forces P and Q act atthe
point A and B. Let the resultant 9N acts at ¢
on AB such that BC = 12m.

Then AC=18-12=6m.

Since the forces are like parallel, so
A_6m c 12m B

From first and last ratios, we have
P_9
12718

.. P=6N

EB. 2072 Set D Q.No. 125

A uniform beam AB is 16 m long and weighs ¥

kg weights of 20 kg and 50 kg are sugpend‘:

from A and B respectively. At what point M f '
the beam be supported so that it may 'I‘;] ‘\
horizontally?

"
AB is a uniform beam whose weight aca(
through the middle point C such o
AC = CB = 8 metres. When the weights |
kg and 50 kg be suspended from A S", pean
the beam be supported at D so that b
may rest horizontally, let CD =x.

Taking moments about D,
A CeX 30

50
20 50
20 AD +50 . CD =50 - DB
or, 20 (8 + x) + 50x = 50 (8 - X)

or, 16 + 2x + 5x = 40 - 5x |

’ STATICS (CONTINUED) Unit13 243

| =2
o 12 52, 2074 So1B QN 725
L x=2m st be at a dista i \
The point D mus nceof 8+ 2) ;| A uniform peam AB is i
fﬁ 10m from theder:id A from which , we?gh[ 25kg. Weights of 10kg an:l?':s l:;ir:‘:‘:mweex’gels
of 20 kg is suspenced. from A and B respectively. At what poi.ﬂ must
the beam be supported 5o that 1
- ot hlmzonhjl it may rest
= like parallel forces P and Q act 5 Ppoints ” 2
r;:" apart, if the resl.'lltant force be 9N anq acts at
—p In g _ Cqg—dm —»p B
o like parallel forces P and Q act ¢ xm D
lﬁ:ﬂm and B. Let the resultant 9N acts 4 Ct::
iasud‘ that AC=6m. Then BC=18-6 =1 .
since the forces are like parallel, so 10kg 25 ki
A 6m C 12m B . ¢ e
Let.ABbeauruformbeamoHengﬂleand
weight 25 kg. Also let the weights 10 kg & 25
kg are suspended from A & B respectively.

M 9N Q SupposezharmebeamABissupportedatD
_f__._Q_=i so that AB remains horizontal. Here C is the
3C=AC™AB midpoint of AB.

P Q 9 Let AD=x,
37618 Then,CD=AD-AC=x-4
From last two ratios, we have BD=AB-AD=3§-x
Q9 Now;, taking moment about the point D,
T3 10x AD + 25 x CD = 25 x BD
D3N or, 10x + 25(x - 4) = 25(8 - x)
or, 10x + 25x - 100 = 200 - 25x
. 2073 Sot D Q.No. 128 or, 60x = 300
Two like parallel forces P and Q act at points 300
18m apart, if the resultant force be 9N and acts at onx=gp =3

adistance 6m from P, find Q. 2]
~ _Please refer to 2072 Supp Q.No. 12

B1. 2074 Set A Q.No. 12g

forces equal to 5N, 2N, 5N, 2N act along the
sides AB, CB, CD and AD of a square ABCD
Whnse.side is 3m. Find the moment of the couple
that wil] 8ive equilibrium. 2

Hence the beam should be supported at a
distance of 5m from A.

B3. 2074 Supp Q.No. 128

Two like parallel forces P and Q act at points 18
m apart; if the resultant force be 9N and acts at a
distance 6m from P, find Q. 21
= Please refer to 2072 Supp. Q.N. 12c

g 2075 Set B Q.No. 124

A straight uniform beam 1m long, when a load
of 24 kg is placed at one end, it balances about a
point 30 cm from that end. Find the weight of
the beam. ]

The forces 5N along AB & 5N along CD from
2 couple in anticlockwise direction. Hence the
moment of this couple =5N x AD

=5N x3m=15Nm

:\lso, the force 2N along CB & 2N along AD
”0"“ a couple in clockwise direction. Hence | je— m »
u'zmnmenr of this couple A D c .
=-2N = - "
SRS SN i = s 30em  20cm j 50cm
D 5N ¢
24kg w )
Suppose ABisa rod. Let the weight of the rod
h '% be W kg. Then, the weight W kg act at the
middle point C of AB. If a load 24 kg is placed
N A SN B at the point A, then AB will be balanced about
< W, sum o moments of the couples the point D, where AD = 30cm. Then CD = 20
H Nm - 6N = 9Nm cm. Since the forces are parallel, we have,
W‘ng@ the moment of the couple that will give H W
(mhhnun\ =9 Nm. D “AD




sic Mathematics-l!

244  Asmita's NEB Solution of Ba

21 W
or, 30 T30
24 %30
or, W=""20
w=36kg

£ the moments of

2057 Q.No. 14 umd
any © 'hﬂ;;:::lsrbn:s at a point, Ib:::l‘“il‘l’¥
' » mo!

moint tn is equal to the i

heir plane

tant about the same point.

po'in! in t
their resul
ir

Let P and Q be two forces and R be thel

S us draw OC
sen point. Let us

L:tral;jd : l: nlv;xx‘nee: F;:e line of action of QAaBt

¢ Let AC represent Qmmagm'rudeand e

- t Pin magnitude. Now, complete the

e ABDC.

Then ADrepmsentsdmresunamRofPandQ,

j(!lcli OA and O% co 5

fig (i) fig (i)
The point O may lie outside the ZBAC in fig
(i) and inside #BAC in fig (ii). The moment of
P about O is 2 AOAB and is positive in both
figures.

The moment of Q about O is 2AOAC which is
positive 1n fig (i) and negative in fig (ii)

In fig (i)
The sum of moments of P and Q about O

=240AB + 2A0AC
=24ADB+ 2A0AC (. AOAB= AADB)

=2A0AD

= moment of R about O

In fig (ii),

The moment of P and Q about O

=240AB - 2A0AC

=2AADB + 2A0AC (. AOAB = AADB)
=2A0AD

lIfmw that the algebraic sum of moments of two
1lke paralle]l forces, apgyg any point in their
Plane is equal to the moment of their resultant
about the same point. 14]

1 p and Q be like parallel forceg ang
ul:;x‘rpmsulmnt Let O be any poin ,',,‘ :f‘:v
lane. Let us draw a line througp, 0,4 It
,erp(’ndic“lar to the lines of actiong of
F s P, Q and R to meet them in A, Band N
force: tively. Since the forces are like Pﬂrallcf

respec
so Q
R=P+ .
andP-AC=Q-BC ...() c
A c = B
R Q P R

fig (i) . fig (ii)
In fig (i), the algebraic sum of the momens
P and Q about O
=P-AO+Q-BO
= P(AC+OC) + Q (OC - BO)
=(P+Q)0C+P-AC—Q-BC

=R-OC [using (i)]

= moment of R about O.

In figure (ii),

The algebraic sum of the moments of PandQ
about O

=P.-AO-Q OB

P(AC + OC) - Q(BC - OC)
=P-AC-Q-BC+ (P+Q)-OC
=R-0OC [using (i)]

= moment of R about O.

57. 2059 Q.No. 13 g

Find the resultant of two like parallel fur;;lj

acting on a rigid body.
= Please refer to Model Set I, Q.No. 14

El. 2061 Q.No. 14 g’

ABCD is a square along AB, CB, AD and Dg
equal forces, P act. Show that the ‘magnitude u‘
their resultant is equal to double of i[;'i
component and acts along DC.
Let equal forces P act along the )
AD ‘:}’Id DC of the square ABCD. Resolving

. D, Wt

the forces along and perpendicular © S
have

p

P

P D
X=-P-p=_2p
Y=-P+p=0

Let R be the resultant. Then

R =[XZ 5 Y2 = (2P + "Zf',,
Hence, the resultant is double ("-,h D
Let 0 be the angle made by R W!

sides AB P |

1
Vs an g, An )

o, I
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or, T;= N%Ty

The tension of the wire attached at C is 4\/3
times that of the tension of the telegraph wire.

42. 2063 Q.No. 14 a

0
—} =p =0=tan180°

Then tan 0=

0
o=18 Jet the resultant R cuts AD at E such

/\H"'B'E = x and CD = a. Now, taking moment
that \E, we have Prove that the algebraic sum of the moments of
ab(:uDE' +PxEA-PxCD=0 any two like parallel forces about a point in their
‘:x x+Px(a-x)-Pxa=0 is equal to the moment of their resultant force
o P Ppx-Pa=0 about the same point. 41
o, _;:x -0 = _Please refer to 2058 Q.No. 14a
or, . 2064 Q.No. 14

x=0

: The resultant acts along DC. A light rod of length 72 cms has equal weight

attached to it, one at 18 cms from one end and
the other at 30 cms from the other end. If it is
supported by two vertical strings attached to its
ends and if the string can not support a tension
greater than the weight of 50 kg what is the
greatest magnitude of the equal weights? 4]

Fo 2060 Q.No. 14 2
at the algebraic sum of moments of two

th, .
?’;‘:eding forces about any point in their plane
:: equal to the moment of their resultant about

[4]

same point.
T ¢ Please refer to 2057 Q.No. 14a

. 2061 Q.No. 13 a O|
Find the resultant of like parallel forces. 4]
w Please refer to Model Set I, Q.No. 14

Ei. 2062.Q.No. 14 3
i round a telegraph pole is

The wire p &
horizontal and the two portion attached to the

pole are inclined at an angle 60° to one another.
The pole is supported by a wire attached to the
middle point of the pole and inclined at 60° to
the horizon; show that the tension of this wire is

Let AB be a light rod of length 72 cms. Let W
be the equal weight suspended through C and
D such that AC = 18 cms and BD = 30 cms.
Also, CB=AB-AC=72-18 =34 cms

Now, taking moments about B, we have,

72cm

A c 0 -
<'1ﬂcmﬁl l<——3ccm—>

#/3 times that of the telegraph wire. 4] 50x AB=W x CB+ W x DB
or, 50x 72=W x 54+ W x 30
Let C be the midpoint of the telegraph wire | or, 50 x 72 = 84w
AB. Let tension of the telegraph wire at A be 30x72_ 300 6
WS- g

Tiand tension of the wire attached at Cbe T,
Rgsultant tension of the two portions of the
Wire attached at A

E. 2065 Q.No 14 g

Forces equal to 3P, 4P, 5P act along the sides AB,
BC and CA of an equilateral triangle ABC, find
the magnitude, direction and line of action of
the resultant. 41
Let a be the side of an equilateral tnangle
ABC. Resolving the forces along  and
perpendicular to BC, we have
A

- 60
2xTicos 5 =2T1cosso=zr.x32£ BT

Draw BE perpendicular to DC.
Now, taking moment about B,
T.

D 46

X =4Pcos 07 + 5P cos 120° + 3P cos 240°

N -1 -1
=4Px 1 + 5P x (—;) + AP x (T)
!

=~|P»8['~3=t)

T . B
P AB T g
'K} -

*AB =T, BC sin 30°

2

R
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Asmita’s NEB Solution of B!
+3Psin 240°

246

=1xo+\/5~%+1x3§=1@

313
_opx 0+ 3P x5+ Px{~ t =
2 2 ‘ﬁl‘ 1. 207
<2070 (Old) Q.No. 6

Y =4Psin0® + 5P sin 120°

)ﬁ 3). r\f* o R be the resultant. Then,
=4Px0+5Px +3P7‘(- 2 )‘ : LetR T =A3 The resultant of
Let R be the resultanf Then R=\X2Y Y= 101 N (;IEP)I N \B P LetR e the resuftant Then :"d it acts at aodi':aon::iek; s‘a:tallel Swices s TN
a angle made by the r"’=\/_\ orce e er from t
R=4X2+Y? =\}02 + (T’\/?‘)z =nN 3 II-;(EZ‘ ?l'::l:he ¥ Y the resultang With R=VXY g Kk = (\ﬁ)’ =2 reuulh:l‘zuf:lomm 8N. Find the dblztreol:rlgheer
If the resultant R is inclined at an angle 0 with ' vy /3P Againy let R make an angle 6 with AB, Then, the smaller force, 4]
BC, th a=yx="g -*=tan%" Y N3 ;3 ’
er\\’ g tan0=%" 0 @an0=% "= -1 -'\/3 tan 120° Lﬂ.Pa"dQ(P>Q)betw°|ike
tan@ =7 = B3 o= tan 90° 0 =90° §=120° acting at A and B respectivel P&aue' forces
X~ 0 Let the resultant force meets the side Bc ; the resultant i resultant force actin Y- Let R be the
0 =90° here CD =X inp Hence, the res is parallel to AC. Let g, P=8N,R~ g at C. By question,
whert - resultant cut BC at D. Draw perpe dl'ml; si mﬂ;’?&N AE](: 2m, BC =2
are like parallel, so

Taking moment about C, we have
Q’R—P=]2-8=4N

ABand AC.
PxCM - R x CD =0, where CM is Perpendicyy, from D to C

Taking moment about D, we have

direction at right angles to BC.
Lot the resultant cut BC produced at DXREF | 10 AB. Mb-1-DN=0
e T Now, taking moments about D W || " p e in 60° -3 P x x=0 o MD-DN=0 A c 8
g:‘xeos-svako or, %E-\ﬁno or, BDsin 30° = CD sin 30° >
or,5P‘xsin30—3P"(a*X)sm50°=0 a or, BD=CD ) P=8N
1 3 or, x=3, where a is side of equilateral triangle wk% P Q R=12N Q,
or, 5Pxx3=3P@+X73 : =2069 (Set A) Old Q.No. 143 BC=AC
or, 5x=3a+3x 7. .2067 Q.No. 1 ABC is an isosceles triangle whose angle A is 8 4
_3a Defu}e parallel forces. Deduce the resultant of 120° and forces of magnitude 1, 1 and \/3 s or, 3c=3
or, x=7 two like parallel forces. 0] along AB, AC and BC, show that the result:t: or, 8= 285C
. _3BC pisects BC al_\d is parallel to one of the oth:: o BC=2m
=2 Parallel Forces sides of the triangle. [l mu
. 2066 C Q.No. 14 @ If two forces act along parallel lines, they are « Please refer to 2069 Set 'A', Q.No. 15 Forces equal 2o 16
said to be parallel forces. E 2069 Old (Set B) Q.No. 133 the si d:sqcf a‘: 3, ,GMI: cl];‘?emvely act along
qrare taken in order, find

gebraic sum of the moments of
the magnitude, direction and line of action of

Prove that the al, h Next part

any two forces, m eeting at a point, about any ex Aman carries a bundle at the end of a stick whi
t of Please refer to Model Set I, Q.No. 14 is placed over his shoulder. If the d:tah:;: their resultant.

1l

between his hand and shoulde
does the pressure on his shouldl;:, :;;T:%Ed, .
JsoLuTION] 5 .
Let(AB be a stick of length I. Let C be the
position of the shoulder. If W be the weight of
$e bundle suspended at the end B and P be
e pressure due to the hand at A, then the

point in their plane is equal to the
their resultant about the same point. 4]
= Please refer to 2057 Q.No. 14a

E. 2066 Q.No.14 3

Three forces P, 2P and 3P act along the sides AB,
BC and CA of an equilateral triangle ABC of
side a. Find the magnitude, direction and line of

. 2068 Q.No. 14

A light rod of length 72cm has equal weights
attached to it, one at 18cm from one end and the
other at 30cm from the other end; if it be
supported by two vertical strings attached tois
ends and if the strings cannot support tension
weight of 50kg what is the

Let a be the length of the sid.
e of the square
ABCD. Let the forces 3, 4, 5 and 6N actsglong
AB, BC, CD and DA respectively. Resolving
l!:\e forces along and perpendicular to AB, we
ave '

action of the resultant. [4] | greater than the :
SOLUTION greatest magnitude of the equal weight? # shoulder is pressed due to the resultant of P D oy c
gnd W. Let R be the reaction on the shoulder
such that AC = x(say). Ny N

Let the forces P, 2P and 3P act along the sides

AB, BC and CA of an equilateral triangle of gle wher

Let AABC be an isosceles trian,
/A =120°. Then ZABC = ZACB= 30° y
forces along

6l
zs/
X

Si
Ince the forces form like parallel forces, so

side a,
Now, resolving the forces along and Now, resolving the 5
perpendicular to BC, we have perpendicular to AB, we have A c ] 3N
A R [ B R
\ 3 X=3-5=-2
M \ 2 | Y=4-6=-2
P '\ 1 D i Pow w . Let R be the resultant. Then,
\\\i\ FB:A\C‘ R R=\IX—’-+_\:-'= ('2)1+(-21=2\j§N
N\ 50 g AB If the resultant R is inclined at an angle © with
B 2P c D B e h = 7\ - R AB, then
X =2Pcos 0° + 3P cos 120° + P cos 240° A 1 o1 ! Y -2
s 1 1 X =1 xcos 0°+ 3 x cos 150° +1 %008 A R;M mn0=i=__=l=t‘\n225°
= 1+3p-(FY+P (5 -l o
(2) (2) “1x1 +\ﬁx(_}[§)+|n(7) Since y; ; [ Xand Y are both negative]
3P P ’ 2 g be least ""ﬂ nstant, so R depends on x. R will 0 =225
=2P-75-3=0 31 breategy \,“ hen xwill be greatest. But the Let the resultant R cut BA produced at E
=1-5-5% -1 o | Whey, th ."l_\lc of x is I. Hence R will be least where AE = x. Taking moment about E, we
by ¢ distance between the hand and the h

Y =2Psin0°+ 3P sin 120° + P sin 240°

Y+ st

andY = 1xsin0° +\f§ x gin 150

Shoulge,
'S ¢qual to the length of the stick.

| G

ave
4xBE+5xDA-6xAE=0
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or, 4@+x)+5a-6x=0

-2
x—za

3. 2070 Supp. Q.No. 13
Forces of 6, 5, 4, 3 kg - wits respediyely act alc?ng
the sides of a square ABCD lake_n in Oldel:- Fn:, p
the magnitude, direction and line of action ;
their resultant.
Let the forces 6, 5, 4 3 kg wts
along the sides AB, BC,
Resolving the forces along and
to AB, we have
4

respecﬁVely act
CD and DA.
perpendicular

X=6-4=2Y=5-3=2

Let R be the resultant, then

R=A\CIY2 =2+ 2= H2kgwis

Let © be the angle made by the resultant R
with AB, then

Y 2 o
tane=;=2—1—tan45
6 =45°
Hence, the resultant is parallel to AC.
Let the resultant cut AB produced at E where
BE = x Let a be the length of the side of
square ABCD.
Now, taking moment about E, we have
5xBE+4xBC+3xAC=0
Sxx+4xa+3x(@a+x)=0
-5x+ 4a+3a+3x=0
-2x=-7a

7a

x=2

or,
or,
or,

7
BE= 73 where a = side of a square

[s4. 2071 0ld Q.No. 13 ]
Prove that the algebraic sum of the moments of
any two parallel forces about any point in their
plane is equal to the moment of their resultant
about the same point. 14]
= Please refer to 2058 Q.No. 14a

ES. 2071 Supp. Q.No. 133

Forces 1, 2, 4, 5 kg wis act along the sides of a

56, 2076 SetC Q.No. 13a —

Two like parallcl forces of magnitudeg P
are acting at the end points A and B of . r::d Q
of length ¢ If two opposite forces ea‘hl\n
magnitude S are added to P and Q, they, ,
that the line of action at the new resultyr) w‘{;

|
be displaced through a distance 5= 3 0

Let P and Q be two like parallel forces oy,

at the points A and B respectively, letcR g

their resultant whose line of action

through C. Here, AB=land R=P . '***
A c 9] B

p+s R R Q-s
Since the forces form like parallel forces, S0,
P R
CTB™AC™ AB
P_Q PQ
oL CBTAC |
Pl
CB=P+Q
When the forces § and -S be added to PandQ
respectively, let R' be the new resultant whose
line of action passes through the point C'.

+(@-9)=P+Q

_(P+S) Pl _
T P+Q "P+Q

7. 2069 (Set A) Q.No. 15|

ABC is an isosceles triangle whose I“G“’NA:;
120° and forces of magnitudes, 1,1 ’"d“ﬁ' gl
along AB, AC and BC; show that the :;eﬂw
bisects BC and is parallel to one of the ©

of the triangle.

square taken in order. Prove that their resultant
is parallel to a diagonal and find where it cuts
the side along which the first force acts. 14]
= Please refer to Model Set I, Q.No. 14 OR

Let AABC be an isosce .
ZA=120°. Then ZABC = LAAC.
Now, resolving the forces
perpendicular to AB, we have

les h’ial‘ﬁ‘f et

v o
along v

=1 xcos 0° +8/3 x cos 150°

3
=1x1+\/§"(—32£)+1x
31

+1% cos 1200
-1
?)
2=

=1x0+\/§x%+1x%=g+§

N
Let R be the resultant. Then

R=AX2+ Y2 =\/(-1)2+ AB3p=2
Again, letR make an angle 0 with AB, Then,
Y 3
an8=3x =27 =-\3=tan120°
. 9=120°
Hence, the resultant is parallel to AC. Let the

resultant cut BC at D. Draw .
from D to AB and AC. perpendicular

Taking moment about D, we have
1-MD-1-DN =0
o, MD-DN =0
or, BD sin 30° = CD sin 30°
or, BD=CD
Hence, the resultant bisects BC at D.
E, 2069 (Set A) Q.No. 15 oﬂ

Find the resultant of two like parallel forces.

X

=1-3-

6]
~ Please refer to Model Set1, Q.No. 14 “
E9- 2069 (Set B) Q.No. 15
o
u“;s cequaxl to 3p, 4p and 5p and along the sides
& m:l:: CA. of an equilateral triangle ABC,
! agnitude, directi i
| tion of the resultant, on and the toe d

6]
‘ lease refer to 2065 Q.No. 14a °

0,
D 270 St C Q.No. 1

¢line
that 'he“":mem of a force about a point. Prove
i'“el'ae'; :g;b'aic sum of the moments of two
®qua] 8 forces about any point in their plane

the g %o ‘ih: moment of their resultant about
n

Ame
S Plege 161

; 1:71“ refer to Model Set 1 Q.No. 15
Pang 2 CQNo 150

Pir.uel t:'

© like parallel forces. If P is moved
tself through a distance x, show that

e t*‘lll
ta Px
" of P and Q moves a distance 3 @

el
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If th -9

e force P is moy,
through a distance x to
_i_i;:\atthere AA = x
A

ed parallel to ijtself
Ay, then the resultant

A, )

P P

P+Q

P Q Pfg
BD " AD “BD+A.D
o, ZBrQ T
*BD  AB

P
or, BD=mA|B

Now, the required distance
CD=BC-BD

(i)

B P

=P+ AB-Frq AtBlusing (i) and (ii)]
P

=Peq (AB- AB)

P
“FgAA

P
“P+Q

2. 2070 Sat D Q.No. 1

Define moment of a force about a point. Prove
that the algebraic sum of the moments of the
moment of two like parallel forces about any
point in their plane is equal to the moment of
their resultant about the same point. [6]
~ First part:

Please refer to Model Set I Q.No. 14 OR
Second part:

Please refer to 2058 Q.No. 14a

Ea. 2071 Set C Q.No. 1§

Three forces p, 2p and 3p act along the sides AB,
BC and CA of an equilateral triangle ABC. Find
the magnitude, direction and line of action of

the resultant. 6]
w Please refer 2066 Q.No. 14a

|
.
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Find the resultant of two \u:i
A man carries a bundle at the
cm long which is placed on his shoulde:d Wl::;
should be the distance between his ha I‘ -
shoulder, in order that the pressure Ol\‘ the
shoulder may be three times the weight 0 o
bundle?

ke parallel forces:
enr:og a stick 75

- allel
be two unlike par
LetPandQ P> Q ots A and B

acting at the po
e tively on a igid body. Let the forees b
od by the lines AF and BI. Join AB-
i, S T S
al to S along an

i Tg\‘ e’?huese two forces b;'ix\g e«t;e\;etl
and opposite have no effect upon the systeri.
resented by AD and
:2 e e, pa AFED and
BIHG. Let their diagonals
uced to meet at O Through O, draw oC
parallel to AF or be produced BI to meet BA
at C. Now the forces P and S at»A
have 2 resultant Ru represented by AE. Let its
point of application be transferred to O. In
the same way, ﬂ\efomesQandSatBha_ve
resultant R. represented by BH. Let its point
of application be transferred to O. Let the
force R: be resolved into components Pand S

parallel to their original directions.

P

Similarly, R; is resolved into components Q
and S each acting at O. Now the two equal
and opposite forces S and S at O balance each
other, Finally, we have the resultant P - Q
acting along CO ie. along the direction of

greater force.

Since the triangles OCA and EDA are similar,

OC_ED P
CA"DATS
oc_P

oL CATS

or, PxCA=Sx0OC ..(i)

Again, since the triangles OCB and BIH are

similar,

or,

oc B9

TBOIHS

QxCB=8%0C ...4i)

From (1) and (i), we have
pxCA=QxCB i\

cA Ch

or, CB~ P

i.e. C dividends AB externally in inye,
of the forces. Se
Second Part

Let the bundle be placed at the eng
stick AB = 25 cm which rests on the shA of
at C and the man holds at the other en(:luldDr
W be the weight of the bundle anq p By

Tatjy

pressure on the shoulder. So, be tyy
P=3W,BC= ?
Gince the forces are parallel, so
A C B
w P=3W
w_P
BC AB
W _aw
oL BC™ 75
75
or, BC=7= 25
Distance between the hand and the shoulder
is 25 cm.

E5. 2071 Set D Q.No. 15

Define moment of a force about a point. Prore
that the algebraic sum of the moments of two
intersecting forces about any point in their pla

is equal to the moment of their resultant abo!
the same point. U

« Please refer to Model Set 11 Q.No. 15

EG. 2072 Set C Q.No. 1a
|

Three forces P, 2P and 3P act along the sides AB ‘
BC and CA of an equilateral triangle of side® ‘
find the magnitude, direction and line of achﬂﬁﬂ

of the resultant. H
= Please refer to 2066 Q.No. 14a

7. 2072 Set C Q.No. 14 OR -
Define moment. State and prove Varig" W
theorem.

|
Moment v " {
The moment of a force about @ given P‘-)e
the product of the magnitude of the f“["‘l p
the perpendicular distance of the po!
the line of action of the force:
o)

| g

j(Fbea fm:cc and p be the
Thus ¢ of the point O from AB th,
dimr‘hout 0isFxOM=Fxp
non's Theorem
a|gebraic sum of the moments of
s about any two point in their plane |
equa] to the' moment of thejr resultan abouls
{he same point. t
of: Let P and Q be two fol‘cesand
heir resultant Then the following

pcrpendicu]m.
en the Moment

The any two

letR be
. two cases
arise
Case I: When P‘and Q meet at a point
t O be a given point. Let us dray,
Pﬂ“‘“el to P to meet the line of action of OC
€. Let AC represent Q in magnitude andQ at
represent P in magnitude. Now, complet AB
parallelogram ABDC. plete the
Then AD represents the resultant R of P and

o

A P B
fig (ii)

fig (i
The point O may lie outside the ZBAC in f;

(i) and inside #BAC in fig (ii). The moment 0gf

P about O is 2 A i itive i
i is 2 AOAB and is positive in both
:::_;porpex;lt of Q about O is 2A0AC which is

itive in fig (i ive in fig (i
S g (i) and negative in fig (ii)
The sum of moments

of P

=2A0AB + 2A0AC N

=2AADB+2A0AC (-~ _
=2A0AD (" AOAB = AADB)
=moment of R about

In fig (i), uto
The moment of P
. 2AOAB -2A0A
S20ADB + 24

o AO.
=20AD AC
b momg,
Case Iy,

and Q about O
C

(- AOAB = AADB)

ntof R about O,
hen P and
et p oy, ind Q are parallel
thei re:::hQ be like parallel forces and R be
Plang, | v Mt Let O be any point in their
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N fig (i), the al i i

Pand G ate, cg)ebrau: sum of the moments of

_ =P-A0O+Q.BO

RAC+o0)+ g (oc - B

=(RP-*OC)OC+PAAC-Q~BC

r@mentofRabo[‘x“fgg ol

BB e

about(g'_) sum of the ents of P and Q
=ll:(»AO-Q-OB

=P(AC+0C) - Qe -
;::gE-Q-BC*(P*“g?OC

N lusing ()]
moment of R about O,

De.zms«no.uu

m:ind;cophna:foma. Forces equal to P, 2P, 3p

sl ‘:c:r;l:rngﬁ;hde sides ofasquam'AB,CD

] 2 the magnitude, directi
and the line of action of lherugul‘?ntan‘:.e' [‘;]ll

Coplanar Forces:

Qesystmn o';f:mes whose lines of action lie on
Nemsamep are called coplanar forces.

Let the forces P, 2P, 3p

. , 2P, 3P and 4P act al

side AB, BC, CD and DA mspeil;%:;e

Resolving the forces alon, perpendicular
to CD, we have .
B P A

27) 4P

C 3 D JE

X=3P-P=2P

Y=4P-2P=2P

Let © be the angle made by R with AB, we
have

Hence, the resultant is parallel to CA. Let the

Let us | * resultant cut CD produced at E where DE = x.
Perpey,, diculay draw a line through O and Let CD = a. Taking moment about E, we have
forcgg P AT to the lines of actions of the APxDE+PxDA+2PxCE=0
SPectipe) and R to meet them in A, Band C | or, —4x+ 1xa+2@+x)=0
Rep, S Y- Since the forces are like parallel, | or -2x=-3a
AC 3
C Q- BC (i) X=2
3a
ie. DE=5CD
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— 7072 Set E Q.No. 15

like parallel forces.
Find the resultant of two I P N

« Please refer to Model Set L QNo. 14
0, 2072 SetE Q.No. 15 OR

ABCD is a square; along AB, CB AD .a:‘\:hDﬁ

equal forces P act; show that the magni

tl?eir resultant is equal to double of a[:{

components and acts along DC.

= Please refer to 2061 Q.No. 142

i of a force about a point. What
E:Qf;n; l::::::n gmmelricall_v? Prove that the
a]gebmic sum of the momex.ns o.f two
inmsecﬁngfmces about any point in their plane
is al to the moment of their resultant about
the same points. 161
= Please refer to Model Set T, Q.No. 15

Define like and unlike parallel forces. A man
carries a bundle at the end of a stick which is
placed over his shoulder, if the distance between
his hand and shoulder be changed how does the
pressure on his shoulder change? [6]
EoLurion

First part: Two parallel forces are said to be

like when they act in the same direction and

they are said to be unlike when they act in

opposite direction.

Next part:

Please refer to 2069 (Old) Set B Q No. 13b

73. 2073 Set D Q.No. 1
Forces equal to P, 2P, 3P and 4P act along the
sides of a square ABCD taken in order. Find the

soLuTion]

Moment

The moment of a force about a giyey .
the product of the magnitude of the g Poiny i
the perpendicular distance of the m(i’r:u ang
the line of action of the force, point o,
Thus if F be a force and p be the perpengq,
distance of the point O from AB then the
of Fabout OisFxOM =F x p
Geometric Meaning of the Moment of 4 f,,
Last Part e
Please refer to 2058 Q.No. 14a

iculy
Momg,

magnitude, direction and the line of action of
the resultant. [6]
- Please refer to 2072 Set D Q.No. 14

74. 2073 Supp Q.No. 1ﬂ

Define parallel forces. Deduce the resultant of
two parallel forces. (3]
~=  Please refer to Model Set | Q.No. 14

&5. 2073 Supp Q.No. 14 of
Geometrically interpret moment of a force. Also
state and prove Varignon's theorem.

= Please refer 2072 Set C Q.No. 14 OR

76. 2074 Set A Q.No. 11!

Define the moment of a force. Prove that the
algebraic sum of the moments of two parallel
forces about a point in their plane is equal to the
moment of their resultant about the same point.

6]

E7. 2074 Set B Q.No. 14|

Define moment of a force about a point, State
prove Varignon's theorem for two in el_es“.lld
forces. ing
= Please refer to Model Set I Q.No. 15 U

Es. 2074 Supp Q.No. 1§

Define moment of a force about a point, Proye
that the algebraic sum of the moments of ty,
like parallel forces about any point in the
plane is equal to the moment of their resultay
about the same point. 1
- First part: Please refer to 2062 Q.N. 5a
Second part: Please refer to 2058 Q.N. 14a

29. 2075 Set A Q.No. 15

P and Q (P>Q) are two like parallel forces acting
at A and B. Show that if they interchang
positions, the point of application of the

P-
resultant is displaced a distanceﬁ% AB. [f
= Please refer to Model Set 11 Q.No. 13a

m
Three forces P, 2P and 3P act along the sides AB,
BC and CA of an equilateral triangle ABCU
side a; find the magnitude, direction and the h{:;
of action of the resultant.

= Please refer to 2066 Q.No. 14a

Prove that the algebraic sum of the {ﬁﬂﬂ_““lhe“
two intersecting forces about 2 point ‘:ulﬂl"
plane is equal to the moment of their res
about the same point. 15

= Please refer to’l\ﬁt)’m_lili[?_ﬂ/

l62. 2076 Set B Q.No. 14 O}

5h
Define the moment of a force. l:mces[:' 2,:;[‘ o
wis act along the sides of a squd analle! !
order. Prove that their resultant ls] g side at
diagonal and find where it cuts i
which the first force acts.
= Please refer to Model Set !

ts of

Q.No. 14“OR

[N

UNIT
DYNAMICS

—
A. MOT|ON IN A STRAIGHT LINE

PUARKS QUESTIONS

m

.

A train moving with a velocity of 360

he uniform acceleration 40 nysz 0:"";/::" l:::
distance covered by the train in % minute.

2]
Initial velocity (u) =360 km/hr
_ 360 x 1,000
60 x 60
Acceleration (a) =40 m/s2

=100m/s

Time (t) = ';' minute = 30s
Distance covered (s) = ?
We have,
1 1
s =ut+§at2=100><30+§x40x301
= 3,000 + 18,000 = 21,000 m = 21 km

2069 Old (Set B) Q.No.

A car moving with a velocity of 15ms! has a
uniform acceleration of 2ms-2. If it moves for 2.5

sec, find its final velocity.
: 2
o
Given, u=15ms" a=2ms?
t=25s v=1?
We have,

V =u+at=15+2x25=20ms"
Required final velocity is 20 ms™.

A~ 2072 Supp Q.No. 12

mce)iclm travelling with a velocity of 72 kmyhr
€rates at the rate of 4my/s? until it describes a

di
stance of 48 m. Find the time taken. 2
I 72 x 1,000
Here, =72 km/hr ="252700" = 20m/s
a=4m/s?
$=48m
t=?
We havc,
Ss 1
ut+Jap

or,

48 = 9 1
- t+z.4.p

o 2 4t

Ll At + 22

o,

o (t+12) (t-2)=0
Either t = 12 (not .
pba (not possible)
t=2g

2073 Set D QNo. 1

An 2eroplane land on the runwa

"y t y with a veloci
of 108 kmyhr. If then its velocity slows dou:l?;

the rate of 25mysz fin, i
; find the distance cov:
the aeroplane before coming to rest. o [‘2’]7

Here,u=1 _ 108 x 1000
08 km/hr = 060 T/s=30m/s
v=0m/s
a=-25m/s?
s=?

We have,
vi=u2+2as

or, @=302+2-(-25)-s

or, 50s =900

s=35=18m

. Required distance covered = 18 m.
E 2075 Set C Q.No. 1@

A car moving with a velocity of 20 ms-! has a
uniform acceleration of 2 ms. If it moves for 2.5
sec, find the final velocity. 21
Given,

Initial velocity (u) = 20ms-!

Acceleration (a) = 2ms?

Time taken (t) = 2.5 sec

Final velocity (v) =?

We have,

v =utat
=20+2x23
=25m!

2057 Q.No. 13 b

If a, b, ¢ be the space described by a particle
during the p* ¢* and r* seconds of its motion
respectively, prove that:

alq- 1)+ blr-p)+e(p-D =0 141

Let u and f be the initial velocity and the

uniform acceleration  of  the  particle

2 4
10t~ 24 = 0

respectively. By question, we have
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or, ;:.‘—; =5al+‘2'nl' =E“(l +1)
2p-1 :
T (—Ez—) ! 228
vt
2p-1 . )
or =u+(—%-)r -0 a =Ty
by — 2060 Q.No. 13f ; .
2g-1 - A body moves for 3 secon with a const
b =u+ ( 2 ) f (i) acceleration during which it describeg 2;;‘(;
metres, the acceleration then ceases and d“rl.n
-2\ Y .-(ii) the next 3 seconds, it describes 21.60 me 5
c =u 2 Find the initial velocity and the acceleration, [4].
Now, )
LHS. =alq-1)*bl- p)+c(P . q Let u and a be the initial velocity and unifom,
(2p-1) f"ﬁ—-—)f -p)+ acceleration  respectively.  For first
={u+ 3 }(‘Z'r)+{u+ 3 r-p) sceelesaic m
We have,

{u*gfyf}@—q)IMg (0, i) and (ii)] L
= u(q-rJ"zl(ZP—l) (@-n)f+ur-p)+

1
deg-1e-pfrup-9 3@ - V@~

1
or, 2430=ux3+35ax 32

or, 6u+9a=48.60
2u+3a=1620 ...(i)
Let v be the velocity at the end of 3s.
v=u+at=u+ax3=u+3a

- u@rerpped) +2Fp-D) (@0 + @a-D) (-P)
which is the initial velocity for next 3 s.

+(2-1) (P9
1 tp+ For next 3s,t=3s,s=21.6m,a=0

= 0+‘2‘f(2pq—2pr-q+!+2qr-2pq—r p We have,

'.;pr»qu-pv"q) S=ut+%at2
= EfX0=0=RH5. 1

or, 21.6=(u+3a)x3+5x 0x 3

. Q.No. 14 .
—pse or, u+3a=72 ....(ii)

Prove that for a particle moving with uniform
s 8
2\¥t
acceleration f in a straight line f =— 7%
where s is the space described in t secs and s'
during the next t' secs. 4
Let u be the initial velocity of the particle.
Then

Solving (i) and (ii), we get
u=9ms"and a = -0.6 ms™?
Initial velocity (u) = 9ms™!
Acceleration (a) = -0.6 ms2

. 2062 Q.No. 13

A railway train goes from one station to anotl}er
moving during the first part of the journey with
uniform acceleration f, when steam is shut ?ff
and the breaks are applied, it moves with
retardation f. If 'a' be the distance between lhf
stations, show that the time the train takes 15:

1
= -at?
s ut+2at

s 1 ) [2a(f+ 1) 4

p-utzat . (i) ffi 4

Again, let v be the velocity at the end of time t

then v = u + at which Is the initial velocity for Let the railway train goes from A t0 C. Atthe

the se;gnd part of the journey. So, for second time of journey, the velocity at B is mnximulm

part of journey, we haye i oro, Let b ™
Y and the velocity at A and C are 2e10- h]tc t;m“

the time taken from A to B and t: be
taken from B to C. Then,
AB+BC=a
ti + 12 = t (suppose)
Also let AB = s, and B
velocity at B,
For AB

e

. 1
s =(u +a()l‘+53|—'2

1
or, § =utat+zat (i)

Subtracting (i) from (ii)

g5 1 1
Tl —(u+at+53t’)-(u+5at)

and y
C = s and VP w

I

i
|

'

s haves
‘W'L —u+at
Vi _o+fh

o Ve oy

u ’7

in,
Afn, u? + 2as

“;, =02+ 2fs1
(i)

I ....(ii)

=0z ...(iv)
Adding (i) and (i),

v.¥
h+t=F*+p

1 1
cmd)  Cueay
t

o VT T v)

A

Again, adding (ii) and (iv)
vz V2

: 1 1 .
(;+;) [using (v)]

or, =g %+%) =2s gff; £)

Lot = f+f

ff
20
Ty 64 Q.No. 13

"ri:' »are the spaces described by the particles
resl‘eg"he P q, r* seconds of its motion
g vely. prove that:

N P{)+b(r'P)*‘(P“I)=0. 0]
"3 Lase refer to 2057 Q.No. 13b

that fora particle moving with uniform

st s
2 T}

»

ey,
W tion a in 5 straight line a = "4’

¢
duri:e Sis the space described in t seconds and 1
N pi he next ¢ seconds. i
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22066 C Q.No. 13

Lf“ :i' b, "¢ be the space described by a particle
ng'the P*%, q* and r seconds of its motion

respectively, prove that:

:.(q—x)+b(r—P)+c(p-q)=O. [4]
Please refer to 2057 Q.No.13 b
3./2068 Q.No. 13 b
If 3, b, ¢ be the s i i
' b, paces described by a particle
dllmlg‘the P™ q* and r* second of its l:notion
Tespectively, prove that:
Aa-D+blr-p)+cp-q)=0

4]
= _Please refer to 2057 Q.No.13b 4 2

4._2069 (Set A) Old Q.No, 13b

Prove lh‘zc for a particle moving with uniform
acceleration 'a’ in a straight line is

S
t
t+t
tsec. and s’ during the next ¢ seconds.
= _Please refer to 2059 Q.No. 14a

h&, 2070 (Oid) Q.No. 13 E

A body moves along a straight line with uniform
acceleration. The body covers a distance of 18 m
in the first three seconds and 22 m in the next 5
seconds. Find the velocity at the end of 10
seconds and the distance covered in 10 second.

[41
Let u be the initial velocity and a be the
uniform acceleration of the body. For the first
3sec,s=18m, t=3s.
We have,

s
2 e
as= where s is the space described in

4]

cutelap
s =ut 2al~

1
or, 18 =u-3+§.a.3:
2u+3a=12 ()
Let v be the velocity at the end of 3s. Then,
v=u+at=u+3a
This will be the initial velocity for next 5s. For
next 3s, given s = 22m.
We have,
1
s =ut+ Eat-‘
l )
or, 22 =(u+3a) -5+5~a-5-
or, 10u+35a=H ... (i)
Solving (i) and (i), we have
3 2
u =?m/s anda=3 m/s*
Velocity at the end of 10s
=2
=— 2
a=7g m/s?,

t = 10s,

33
u= -S-m/s,

v=?

3¢ refer to 2059 Q.No. 14 a
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We have,
We have, .- s
= t
v =u+at=;5;+ '5—2 x10=26m/s )
i d or, L =Y
Distance covered in 10™ secon:
33 2 . o= 10s, 1000 10009
u=-5'm/s, a=7g m/s% ¢ __@ 100
9
S=?
We have, = 90 seconds = 1 minute 30 secongs
2t -
s -usife
14
S =2 ————2”0'1) (;—) -2 2.5 [[pwmnsecaNe 1§
° =5 2 A railway train goes from one station to anoth,
moving during the first part of the journey w“eh,

uniform acceleration a; when steam is ghy; of
and the brakes are applied, it moves wi tlf
retardation a'. If s be the distance betweep th
stations, show that the time, the train fake:
. 2s(a +a)

i 2 o
« Please refer to 2062 Q.No. 13 b

19. 2070 Supp. Q.No. 1 §]

A body starting with initial velocity of 15myse
moves with a uniform acceleration of Smysec?, ’
What is the velocity after 10 sec?

=28m

_=28m _____——
_
If a, b, ¢ be the spaces described b): a pam.cle
during the p*gq™ @ seconds of its motion
respectively, prove that: "
a(q-r)+b(r-p)+¢(p—q)=0 [
= Please refer to 2057 Q.No.13b

iz 2075 Set B Q.No. 135

A car starting from rest, moves with uniform
acceleration and describes the first kilometer in
3 minutes. If it now moves with uniform
will it take to describe

velocity, how long
another kilometer? [4] | ii. How farwill itin 10 sec?
ON jii. What will be its velocity when it has
1km 1km traveled 10m?
—_— iv. What will be the distance moved in the 10¢
u=0 second? [6]
t = 3 minutes
:“u:ipan Given, u=15m/s a=5m/s?
s =1km=1000m i t=10sec
t =3 minutes v=?
=3 x 60 seconds = 180 seconds We have,
We have, v =u+at=15+5x10=65m/s
1 t=10s
S =ut+ Eat2 s=7
We have,

-1-x5x1()1=400m

or, ][XI)=OX(+%Xax]862 1
s =ut+5at2=15><1[)+2

or, 1000 = 16200a »
1000 5 . 5=10m
Again, We have,
V =u+at v =u?+2as
5 vZ =15242x5x10
=0 1'8—]! 180 , v =325
_loo v =\/§5 = 5»\[1—’% m/s.
) iv. Distance travelled in 10% second (s1) =7
Second part t=10s
100 We have,

4 mTgTmse 2-1
51 =u+Ta

5 =1km=1000m

to=? 2x10-1

s1p =15 +T-x 5=62.5m

e
571801 C Q.No. 1
02 "pe the spaces described
b by a particle

joing the p* q" ™ seconds of i

% V ts moti
d'; pefﬁvely, prove that: ph
re! _,)+b(r-p)+c(ﬂ_q)=0 ’
ﬂ.. Please refer to 2057 Q.No. 13 b ,

1 2071 Supp. Q.No. 15

~ starts from station A and stops at saf;

o velocity increases \lniforml)' i|i,ll it l':::;l::

B’E:,um velocity v and then decre,
::1 formly, show that the time taken by the ;::

1o run from A to B is Twhere X is the distance

petween the two stations. l6]
Let the bus reaches its maximum velocity at
the point C. 1
k= |
A t, s1 é
Now, from A to C
Let, t=t, s =51
We have,
v=u+at
v=0+ah
4 )
h=3 ...(i)
And,
v2=u2+ 2as
o, v2=0+ 2as

ta, s, B

. si=o2 ..(ii)

Again, from C to B
Lett=t,s=s;
We have,
V=u+at
0=v+(-a)t
oy
Ta .. (i)
And,
VZ=u2 + 26
0= v+ (),
. v2
s (iv)
Addmg (i) and (iv)
v oy2

5+
. %t

2

"~
<

Y=V
a

("." total distance = x)

< NI
£y

A=—

X
Kon:
BN from (i) and (iii)

\4
‘”h=7+¥
« a

© Total 4 2 2 v?
tal time taken = & ___..T_v- ramT
a  vix ¥

&
v
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2_2074 Set A Q.No, 1

A -

. lel_:'slartn from station A and stops at station

re'ath e Ve!ocxty increases uniformly till it

pary € maximum velocity v and then decreases
ormly. Show that the time taken by the bus

t s 2
0 run from A to B is 7 where x is the distance

2¢M¢¢n the two stations. [61
Please refer to 2071 Supp Q.No. 15

= e i ppanoss

A point moving with uniform acceleration
describes in the last second of its motion % of

l!he whole' distance. If it started from rest, how
0Ng was it in motion and through what distance
did it move, if it described 15 cms in the first
second? [6]
IsoLuTio]
letsbethetotaldistanceandtbethelime
taken.

Bygquaﬁon, distance covered in last second
2

=3 X g= b (1)

!f a be the uniform acceleration and u be the
initial velocity then u = 0.

Distance covered in last second
2t-1
surSma L@
ds=ut+ie
ands=ut+38 ..(3)

Substituting (2) & (3) in (1), we get,

2t-l)a 9 1
U*1_2L=2—5‘ ut+5at3]

2t-1 9 1
or, 0+ (—2 )a =§[0.H;at2]

2t-1y 9
or, —'2 a—soab
or, 50t-25=98
or, 92-50t+25=0

_ =(=50) £[(-50) - 49.25

or, t = 29

50 +40
s
Taking +ve sing
50 + 40
t =TS
=5 sec
Again, taking -ve sing,
50 - 40
t =g
Lg— =g <1 (not possible)

1
Again, the point describes 15 cmu in the first

second,




9.8 ms~, how long it takes to retu
¢ .
of projection? (g = 9.8 ms-2), o the Po‘lzn]l

ISOLUTION

258 Asmita

1
or, 15=0-l*§‘8"1’

a

or, 15=3
a =30cm /sec?
Required distance,

s =ut*%at2
=0x5+%"30'5‘.

=375 cms

2075 Set C @.No. .
= in a straight line with uniform

2
Prove that the acceleration iS¢, + t;) *

Letubed:emiualvelodtyandfbeﬂle

uniform acceleration of a point moving in a

straight line.
1
'l'hal,a=ut1'5!'h2
a 1 .
or,;=u+2ft: ]

The velocity at the end of time t1 isu + ftr
(wv=u+at)

This will be the initial velocity for the next tz

sec.

Now,

- 1.2
b=(u+fi) t+; ft

b 1 .
or, p=u+ fts *Ef!z ... (i)
Subtracting (i) from (ii), we have
b a 1 1
g fu-gfurgfe
or bt; - at;
‘bt
o bt; - at;
‘bt
_2(bti -at;

Tt (b + tg)

B. MOTION UNDER GRAVITY

bs. 2058 Q.No. |

A body is projected vertically with a velocity of

1 1
=3t

f
=otith)

-

Let the' bgdy take t secs to return to the point
of projection. As the particle return o he

cs:
's NEB Solution of Basic Mathemati

point of projection, total displacemep, o
in t s6Cs. )~ [}
Here, u=98ms™, g= 9.8 ms-2
We have,
h =ut-78%
1 x 9.8t
or, 0 = 9.8t -3
or, 4.92-98t=0
or, 49t(t-2=0
Either4.9t=0:3t=0
which gives initial ime (not required)
or t=2
. t=2sec

5. 2062 Q.No. 5 .
A stone is projected vertically upwards frop, h

foot of the tower with a velocity just s“‘ﬁdgn“;
carry it to 78.4 m. Find the velocity of the gty
with which it is projected. (g = 9.8 mys?), [2]'

Initial velocity (u) =?
v=0m/s
h=784m
We have,
vz =u2-2gh
or, 0 =u?-2x98x784
or, u? =1536.64

Lou = \/1536.64 =39.2m/s
. 2064 Q.No. 5

A ball thrown up vertically returns to the
thrower after 6 seconds. Find the velocity with
which it was thrown up. (g) =10 m/s?). [

Since time of ascent = time of fall, so time to

reach the maximum height =5 =3s.

Let u be the initial velocity.
v=0
We have,
v =u-gt
o, 0 =u-10x3
u =30m/s

5. 2066 Q.No. 6 b
oon at a height

A stone is dropped from a ball s the
1164 m above the ground and it‘ l'eﬂ‘:iethm
ground in 6 sec. Find the velocity with W/ 1

balloon was rising.

e
Let u be the velocity of the ball()‘”" ‘;’:;:;uw'
stone was dropped. At the msw"lzcl()/ of ¢

a stone from the balloon, the VEB G,
balloon is equal to the velocity of the
Taking upward direction positives

1
-h =ut -'2'3112

or, —116A4=ux6-%x9,8"6‘

-176.4

164 =064
o M 764 - 1164
o O _ 6o
6u =
on 60
_Z=10

u
g =10 m/s

;‘ 2068 Q.No- 6b )
A stone is projeclec'i verhcall).' upwards from the
foot of the tower wnlth a velocity just sufficient to
cany it to 78.4m. Fxlnd the velocity of the stone
with which it is projected. (g = 9.8m/s2) 2
o Please refer to 2062 Q.No.5b

o, 2069 (Set A) Q.No. 12¢]
A body is projecte(.i vertically upwards from the
foot of the tower Wl‘fh a velocity just sufficient to
carry it t0 78.4m. Find the velocity of the stone
with which it is projected. (g = 9.8 m/s?) 2
= Please refer to 2062 Q.No. 5b

1. 2069 (Set A Old Q.No. 6
A ball thrown up vertically upwards returns to
the thrower after 6 seconds. Find its position
after 4 sec. (g = 10 m/s?) 2

Total time taken = 6s
So, time of ascent = time of decem=%= 3s

When the ball is thrown up,
v=0,t=3s,h="?
We have,
v =u-gt
o, 0 =u-10x3
. u =30m/s
Again, we have
v =u2-2gh
o, 0 =302-2x10xh
h =45m

LetH be the position of the ball after 4s. So, t = 4s.
We have,

H =ypod 1
Sut-og=30x4-5x10x4 =40m

In4s, the ball will be (45 - 40)m i.e. 5 m below
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or, 0 =4-10x¢

2
t =%

55
Again, we have
v =u2-2gh

or, 0 =4_-2x10xh
or, 20h=16

16 4
h =2=5m

._2070 Set D Q.No. 12

A ball is projected vertically upwards with a
velocity of 40 mys. Find its velocity and position

at the end of 3s. (g = 10 my's?). [2]
Given, u=40m/s a=g=10m/s?, t=3s
v=? h=?
We have,
VvV =u-gt=40-10%x3 =10m/s
Again, we have
1
h =ut-3gt
or, h =40'3-%110K32
=75
h=75m

E. 2071 Set D Q.No. 12 g

A ball is thrown vertically upwards with a
velocity of 30mys. Find the time taken by the ball

to reach the ground again. (g = 10nys?) 21
Given, u=30m/s
a=g=10m/s*
Let the time taken to reach the maximum
height be t.
At the maximum height, v=0
We have,
v=u-gt
or, 0=30-10xt
t=3s

Since, time of fall = time of ascent
Here, time of fall = 3s
So total time = 2% 3s = 6s

the highest point.
2_2069 (Set B) Q.No. 12

:ll‘ﬂ“ thrown up vertically return to the thrower
€1 6 secs. Find the velocity with which it was

2l

rown up.
Please refer to 2064 QNo.5a

% 2069 Old (Set B) Q.No. 6

m:axl Lis thrown vertically upward at a speed of
- Find the maximum height reached and l[k;le

time
¢ taken to attain this height.

Giv,
vep, U= gt

h=>

v=0
t=?

5. 2072 Set C Q.No. 12
A ball is thrown vertically upwards at a rate of
40 ms. Find the time taken to attain the

maximum height. (§ =10 ms™?) [2]

Here, initial velocity (u) = 40ms-!
Acceleration = a = g = 10m*?
Let the time taken to reach the maximum
height be t
Here, v =0
We have,
v =u-gt
or, 0 =40~ 10t
t =4

We lmv‘.,
Su-pt
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E1. 2074 Set B Q.No. 12§

If a ball is projected vertic
of 40ms?, find the time
maximum height. (g =10 sm*)

= Please refer to 2072 Set C Q. No. 1

hs. 2075 Set B Q.No. 129

A body falls from rest from the top of; t:x:'::
and after 5 sec it reaches the gmum‘!. iny e
striking velocity of the body and height 0 e
tower. [g =98 m/s’]

Here,

Initial velodity (v) =0 m/s

Time taken () =5 sec-

g=98m/s

Striking velocity w)=?

Height of the tower Mh)=?

We have, for falling body,

v =u+gt

=0+9.8x5=49m/sec

te
ally upward at a 17
ta{en to attain fll'zif

2¢

And,
1
h =ut+7 gt
=0x5+%>(9.8><52
=125m

3s. 2058 Q.No. 13 b

A body falls from rest from the top of a tower
16
and during the last second it falls 55~ of the
whole height. Find the height of the tower
(g =10ms?). 41
Let h be the height and t be the time taken to
descend the height h. Then,

1
h =58t ["u=0]
1
=510 £=5¢ ()
Again,
hoo (22 2t-1
. )s= - )10=5(2¢-1)
[Tu=0]
: 16
By given, hi =2z h

or, 52t-1)=32 50

r, 16t2= 50t - 25

or, 16t2-50t+25=(

or, 1612-40t-10t+25=0
or, Bt(Z!—S)-5(21-5)=0
or, (2t-5) (8t-5)=0

=]

t=>org

20T

As time of falling is greater thay

cannot be less than 1s. So t cannot by Q;l,u "
5 al |
3

23
So, =738

Now, putting the value of tin (i), we get

5 2
h =5(-2') =3125m

. 2061 Q.No. 13

A body falls from rest from the top of 5 tow,
. . 16 o

and during the last second it falls 25 th of g,
whole height. Find the height of the tower
(g = 10m/sec’) i
= Please refer to 2058 Q.No. 13 b

1. 2063 Q.No. 13

A stone is dropped from the top of a tower 20m
high and at the same time another is Projecteq
vertically upwards from the ground witp: )
velocity of 50 m/s. Find where and when the two
will meet? (g = 9.8 m/s?). 4
Let two stones meet at a height of h from the
bottom or H from the top after t seconds.
So, h + H=200. Also, given u = 50 ms-". Then,

1 .
h=ut-7gt -..(d)

anc”-l=0+%gt2 (i)
Adding (i) and (ii), we have
h+H=ut

or, 200 =50t

20_
t=70 = 4s

Now, from (i)

h =SOX4—-12->< 9.8 x 42
=200-784
=121.6 m

Thus, the two stones meet at the heig]

m from the ground after 4s.

f2. 2067 Q.No. 13§

A stone is dropped from the top of a tower 20(:: ;
high and at the same time another i§ pru]'etc 2
vertically upwards from the ground WIT
velocity of 50 ms- !. Find where and when 14
two will meet (g = 9.8 ms-?).

= Please refer to 2063 Q.No. 13 b

EJ. 2071 Old Q.No. 14 d

A stone is dropped into a well and th

ht 1216

2
its striking the water is heard in 43
the velocity of the sound is 352.8 m$ 4

depth of the well. (g = 9.8 ms)

be the time taken by stone anq T be the
aken by sound.

2 _38
175 X0
his the depth of well, then

1 1
, MO8 T2X O8R4 G

h
=uT (U =T)
Agam!h

=352.8T
from (i) and (i), we have
35287 = 4.9t ; *
49 1
 1gs 72" A
. 773528 ‘ \(\ q)q\ A'i
’/

pet t
yime b

(i)

Now, from (i)
238
t+73 =9
i+t 38 :
o~ 72 9 ( °
o, £+72t-304=0 ;
o, 476t -4t -304 =10 AL
o, (t+76) (t-4) =0
. t=-76,4
Since t = -76 is not possible, so t = 4
L t=ds
Now, putting the value of t in (i), we have
h=49x42=78.4m

es ound of
f
seconds !

.1, Find the

{2073 Set C Q.No. 13g

Abody falls from rest from the top of a tower

and during the last second it falls 1—?_2 thof the

whle height. Find the height of the tower. (8=
10ms?) 4
“ Please refer to 2058 Q.No.13b

. 2073 Supp Q.No. 13b o

:i;:"‘e is dropped form the top of a tower 200 m

Verﬁc:ﬁd at the same time another is projected

Velogi Y upwards form the ground with a

il m‘Y 9f 50ms. Find where and when the two

“h eet? (g = 9.8 msy) 141
<ase refer 2063 Q.No. 13b

207 Set B Q.No. 13

8 N
hlx:\u:: 18 dropped from the top of a tower 200m
Yeticq)), 3t the same time another is projected
"t'lnci,y)‘;‘ Upwards from the ground with a
Yill mggyp 50ms, Find where and when the two
~ Ple g=98 ms-2) 0]
ase refer 1, 2063 Q.No. 13b

DYNAMICS

7. 2072 SetE Q.No. 1
A

body is j i

! Projected vertically upward with

;:1:0'? u ar.ld t seconds afterwatds an(:::er
Y s projected similarly -with the same
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velocity. Show that they meet a hﬁghlm;s'ﬁ
4

2
from i jecti
body, the instant of projection of the second

161
Let two bodies meet at a height h after t; secs

from the instant of Projection of the second
body.

Then, for second body,

from the point of projection after (g_i) Y

1
h=u-sed g
and for first body,
1
h=u(t+t)- Fg(t+uy
Equating (i) and (ii), we have

(i)

1., 1
ub -5 gh=u(t+t) -8t h)
1. 1 1
or, uh-zgt‘ =“H“h—§ gtl-gm—ggtf

1
or, gtti=ut-Sgt

t
or, gt =u-%‘

u b
t= (g - 2) sec.
Putting the value of ti in (i), we have

N

u t 1 u b\~
o))

1
SIE WIS
-

4 og
A~
%15

)
ou |5

+
L ]
N

|5 oo |5 o= |5

"
'

()
oS

5. 2074 Supp Q.No. 12
A stone is projected venically.' ul?wards f.n!m the
foot of the tower with a velocity just sufficient to
carry it to 784 m. Find the velocity of the stone
with which it is projected. (g = 9.8 m/s?) 2
w Please refer to 2062 Q.N. 5b
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N AN INCLINED PLANE

SVOTION DOW!

ZLLE QUESTIONS

A particle slides down 3
. velocity ©
long and acqul;)sn :f the plane. 8=

Find the inclina
SoLurion N
10 ms

Given,

n inclined plane 30 m.

£ /300y/3 ms™.
10ms-). [2]

u=0m/s
1=30m
6=’

We have. .
vi=ui+ 2gsin®)1

(\/xn’\/'g):ﬂnleoxsine"w
or, w{:amsme

v
g

or, sin6=
8=60°
. 2065 Q.No 5
A particle slides down an inclined plane 2.0m
long and acquires 2 velocity of 10\/3 mysec. Find
the inclination of the plane, (g = 10mysec)  [2]
Given, u=0m/s 1=20m
v=102m/s g=10m/s?
6=7?
We have,
vi=ul+2gsiné)l
or, (IO\ﬁ)h(}Nzxmxﬂ'nexm
or, 200 =400sin 6

1
or, sin6 =7 =sin 30°
o 6=30°
k1. 2066CQNo.5d
A body slides down an inclined plane 39.24m.
long and acquires a velocity of 19.6 m/sec. Find

the inclination of the plane. (take g = 10mysec?)
12]

Given, 1=39.24 u=0m/s
v=196m/s 0=7?
g=10m/s

We have,

vi=ul+ 2(gsin6)]
or, (196)2=0+2x10 = sin 6 x 3924
or, 384.16 = 784.8 sin 6

384.16
or, sin 0 = 7" = 5in 29.3° (approx)
6=293°

EZ, 2070 Set C Q.No. 12 a

A'ball is projected up a smooth inclined plane
with velocity 25 mys. If the inclination of the

the ball when it travels a distance "
[g=10mys’]- ‘2,

Here,

Initial velocity (u) =25m/s
Inclination of the plane () = 3p°
Distance covered (l) =225 m
Velocity of the ball (v) = ?

g=10 m/s?

We have,

vz =u?-2(gsin6)1
=(25)2-2x10xsin 30° x 225

or, v?
1
or, v2 =625-2x10x3x225
or, v2, =400
v =20m/s

=_2070 Supp. Q-No. 121

A particle, projected from the bottop, "
smooth inclined plane with a velocity o¢ 19:
mys, is just carried to the top in 4 sec; fing thé
inclination of the plane to the horizon ang .]j;
the length of the plane. [g = 9.8mys?], y
Given, u=19.6m/s t=4s

6=2? 1=

v=0
Since the particle is projected up, 5o we hay,
v=u-gsindt
0=19.6-98xsin6 x4
-19.6 =-39.2sin 6
or, sin @ =;—;§=%= sin 30°

0=30°

Again, we have

vz =u2-2(gsin6)l
=(19.6)2 -2 x 9.8 x 5in 30° x|

or,
or,

or, 0

or, 0 =384.16-2>(9.8)<5’<1

or, -384.16 =-9.8/
38416
or I ="5%

I =392m
4207186t C Q.No. 12
A ball is thrown up an incli ue
velocity of 14.7 m/s. Where will the ,“,fj,‘jf,','ﬁ.w
the ball be 4.9m/s? Assume that the et
of the plane to the horizon is 30° (6=

Here, u=147m/s v=49m/s
0=30° g=98 m/s*
t=7?

Since the ball is thrown up, W¢

v2=u2-2(g sin )| eyl

(4.9 = (14.7)2 - 2 x 9.8 x 1 30

1
=x1

or, 24.01=21609-2% 9873
, 2401 - 216,09 = -9.81

ith?
ned pla"e Wllh{

have:

k=]
=

’

=]

plane to the horizon be 30°, find the velocity of

or, -192.08 = -9.8

o
j2190m
s Q.No. 12|

]qz,()s
17798

. from the rest 39 i
le slides 2Bm in 4
s P‘:;:c down a _s;'mo?th inclined plane,
lf‘l'::],ge the angle of inclination of the plane IS
e i

gince the particle slides from the rest, so y = 0

1=392V3

t=14s

-9.8m/s?

Angle of inclination (6) =?
We have,

|=ut+%(l§5"n oe

1
o, 39,2\j5 =0xt+5x98xsin0 x4

o, 92\[3=7845in 0
03 V3 .

or, siN0="7g4 T2 T sin 60

. 0=60°

2072 Set D Q.No. 12¢|

A particle slides down a smooth inclined plane

10 m long and acquires a velocity 10y2 ms-,
Find the inclination of the plane. (g = 10ms=) [2]

Here, final velocity (v) = 10\/5 m/s
Length of inclined plane (I) =10 m
Initial velocity (u) =0 g =10 ms?2
Inclination of the plane ©)=?
We have,
L =u2+2(gsin 0) 1
o (/22 =0+ 2 x 10 x 5in 6 x 10
% 200 = 200 sin o
or, Sm6=1=5m90=
L =900
A‘b"’nsu EQ.No. 12
V!lu:iu I8 projected up a smooth plane with
the hot}t 25nys. If the inclination of the plane to
When irglzo“ be 30°, find the velocity of the ball
Wravels a distance of 22.5m. (g =10 m/s?)
2

Givg
n, \l:zsm/s 0=30

|=
Wehﬂve, 25m g=10m/s? v=?
7
%y L= 2 sin o)1
F7=2x10 x sin 30° x 225

0
I, %)

6259, ]”,%,‘22‘5
400 -
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ml»::fl“i)cle slides down a smooth inclined plane

) Mg and acquires a veloci

E 8 and ac ocity of 10 4/2 ms1.
ind the inclination of the plane.t{g = lOm‘{-‘) 2]

= Please refer to 2072 Set D Q.No. 12¢
9- 2075 Set A Q.No. 124

dy is projected up an inclined plane wj
velocity of 25 m/s. If the inclination of n..v;lltahn:

to the horizon be 30° w
 the » what length of the
Wil it cover after 4 sec? (g=10 ,,5:1) pI‘I;;

Here,
u=25m/s

V2 =uw-2gsing. |
=25-2x10xsin30°x 25

=6?5-2>(10!%x2,5

=625 - 225 = 400
vV =20m/sec

4 MARKS QUESTIONS|

2066 Q.No. 13

A particle slides down from rest from the top of

a smooth plane of height 1962 cms and

inclination 30° with the horizon. Divide the

plane into three parts so that a particle at the top

of the plane may describe each part in equal
times. (g = 981cmy/sec?) [4]

Let 1 be the length of inclined plane and t be
the time taken for each part. Given h = 1,962
cms and 6 = 30°. Also, u=0m/s. Letx,y, z
be the length of 1%, 2~ and 3~ part

respectively.

h=1962

sin 0

or, sin30° ="
1 192
1

or, 3

1= 3924.

] m/s
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Again, )
1=ug+3 (gsin 0t

or, 3924=0@3) +3

1
or, 3924=7% 9812
3924 x4 _16
or, &= 981 x 9 -9
4
t=375
Length of first part @)
=';'gsin9!‘

's NEB Solution of Basic

Mnthomnlcs-ll

1 981 xsin30° % 3t)?

leF

4 2
=%x961 x sin 30° X (3)
16

1
x9B1x3%"9
=436 cms

Length of first two parts (x+y)

=%g sina (2t)?

1 4\
=§x98‘]xsin30°)<4"(3

=1744 ams

Length of second part (y)
=1744 - 436 =1308 cms
Length of third part (z)

=3924-(x+Yy)

=13924 - 1744 = 198Fcms
2180

61. 2074 Set A Q.No. 15 OR}

A body slides down a smooth p)
length is 100m and height mm.ps:“e (\;,h%

velocity of the body when it reacheg the b) the
oy

of the plane, (i) time taken by it ¢, re ton
bottom of the plane (iii) velocity of “‘nh ™
after 4 seconds. [g = 10m/s?] e by, 4

[soLuTION ]

Let a be the inclination of the plane, Thel\'

i u=0,v=?
We have, v2 = u? + 2gsina./
1
or, v2=0+2x10x 5% 100 = 400

v =20 m/sec
ii. Let the required time be t sec.

We have, v =u+gsino. t

1
20=0+ loxgm

or, 20=2t

- t=10sec.

iii. Let v be the velocity of the body after 4 seconds
Then,

v=u+ gsina.t
1
or, v=0+10><§><4

v = 8 m/sec.

o]

PNEWTONS LAY OF VOTION, IMPyL5E

MN“(S QUESTIONS)

~tant force of 10N acting on an op;
5 cont its velocity from 15ms-1 o Smr:ﬂi,nj'nuz'

(ConTINuED)

This is the i
€quation from which we def
absolute ynit of force. The unit of f(n'cf’ilse ;2

force which r
m/5% when it :roducs an acceleration of 1

P ee——sonamassofikg

|

educes A The pull of .
seconds- Find the mass of the object. 2] at(ean‘"aﬁon :lhe P o3 body is 49 N. If the
the mass of th:ebodym Fravity is g = 98 m/sec’. Find
Given, u=215 m/s v=5m/s ’ @
t=2s F=10N i
e leen,;:;;N/
= m/s?
We know that m=?
y=u+at We have,
or,5=15+a‘2 F =mg
o, -10=2a or, 49 =mx9g
o, a=-5 9
Retardation = 5 m/s2 oL m =g5g=5kg
We know that ~. Mass(m) =
F =Mass x Retardation 2066 il:l&uikg
o, 10 =Mass x 5 u
. 10 Find the velocity of a 4 kg shot that will just
.. Mass= 5 = 2kg. penetrate through a wall 16 cms thick, the
i being 4 metric tonnes weight. 2
. 2064 Q.No. 6 . &
Show that Newton's second law of motion gives Resistance force = —4 metric tones wt.
lhe measurement of a force. [2] =-4x1,000xgN
Let 'a' be the retardation. Then,
F=-ma

Second law of motion

The ratg of change of momentum of a body is
Pfopqrhonal to the impressed force and takes
g:‘e in the direction in which the force acts.
forpg:,seﬁ force F acts on a body of mass 'm'
v Th e't, a.ndAchanges its velocity form u to
o ’: change in momentum of the body in

1S mv - mu,

The mv - mu
fate of change of momentum is 1

B
Y Newton's second law of motion,
Fo 2V - mu

t
, p " m(v_\ul
t
¥e
M ange in velociny
i = acceleration = a (say)

The time
u Fh}ref("e Fa l:\a
" km,
If e :’ Where k is a constant.
"~u"“‘rica|e m =1 kg and a = 1 m/s? the
nlurefure Value of F = 1, if we take k = 1.
s

or, 4x1,000g=-4-a

or, a=9,800 m/s?

Let 'u' be the velocity of the shot which can
just penetrate a wall of thickness 16 cm = 0.16
m. Then

0=u?-2as

0=u2-2x9800x0.16

u2=2x9800 x 0.16

u=56m/s

or,
or,

. 2066 Q.No. 6
A body of mass 1 kg is falling under gravity at
the rate of 28 ms™. What uniform force will stop

it in 0.1 second? (g = 9.8ms™) 21

Given, m = 1kg
u=28m/s
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or, a

Asmita’s NEB Solution of Basic M

=01-280

If 'F be the force retarding the motion, then by

Newton's second law of motion,

F-mg=ma

or, F =mg+ma
289.8

=10 kgwt= 2898 kg wt

= 29 kg wt (approx)

=1x9A8+]"280=289.3N

. 2067 Q.No. ]
A bullet fired into a target loses half its velocity
after penetrating 6 cms. How much further will

it penetrate? 2]
Let a be the retardation. Then,

2
u e g
(2) =u?-2a-6

o, m = 1000 kg
Givery F=2500N
a=?

We have,
F=ma
2500 = 1000 X

2500
LA 25m/s?

_’_——/’—_——\

1, 2070 (Old, Q.No.6 b -
A car of mass 1000 kg is brought to rent |
applying 3 breaking force of 2500N. Fing %
average retardation. .
= Please refer to 2069 Old (Set B) Q.No. ¢
12, 2070 Set C Q.No. 12 b |
A cart is pushed on a frictionless smooth p,
with an average force of 20N for 5 seconds, J¢ ‘:2
cart with mass 50kg is at rest in the begim\in&
find the velocity acquired by the cart.

or, “Tz=u1-—12a 1]
32 Given, F=20N t=5s
or, 12a=" m=50kg u=0m/s
i =7
or, u*=16a () Wek v‘e’ :
Let (6 + x) cms be the thickness p etrated e am:v—u
before coming to rest. Then, =—L_lt
0=u2-2a(6+ 1)
or, 0=16a-2a(6+ 1) or, 20 _50(v-0)
or, 2a(6+x)=16a
or, 6+x=8 or, 50 v=100
x=2cm o v=2m/s
It will penetrate 2 cm further. 13. 2070 Supp. Q.No. 12 gl
A bullet of mass 25 gm moving 250 m/s

E. 2067 Q.No. 6b)
State Newton's second law of motion hence
define a force. 21
= Please refer to 2064 Q.No. 6a

E. 2068 Q.No. 50
A constant force of 10N acting on an object
reduces its velocity from 15m/s to 5m/s in 2
seconds. Find the mass of the object. 2]
= Please refer to 2062 Q.No. 62

penetrates into a tree trunk and is then brought
to rest in 0.02 seconds. Find the distance of

Eenetraﬁon of the tree-trunk. 1

25
Given, m=25 gm=mkg=0,025 kg
u=0m/s
v=250m/s
t=0.02s

E. 2069 (Set A) Old Q.No. 5§

A bullet of mass 2 kg is fired from a gun of mass
100 kg with a velocity 250 m/sec, find the recoil
velocity of the gun. 2]

We know that,

Mass of bullet » muzzle velocity = Mass of the

gun x recoil velocity
or, 2x250=100x recoil velocity

500
Recoil velocity =759 = 5 m/s.

We have,
Fxt
or, Fx0.02

=m(v-u)

=0.025 (250 - 0)
_625

or, F= 0.02

F=3125
Again, we have, F = ma
or, 3125=0.025 x a

3125
20,025 = 12500

Also, we have

10. 2069 Old (Set B) Q.No. 6d

A car of mass 1000kg is brought to rest by
applying a braking forces of 2500N. Find the
12]

average retardation.

V= ul+ 2as
or, (250) =02+ 2 x 12500 % 5
~ 62500
= 25000 = 25m

The distance of penetration of the

s

tre

25m.

" "uuk'

= Q.No. 12
b 50 0 kg is falling from j ¢

fid. mass 5 .
Abgd)’igf prought to rest after mkmen;.‘:
e with 2 speed of Smys. If the resistance
Wun:f the ground is SO0ON, find the duratign of
e
- i
g5 =50k
sofa quy (m) 4
M velocity (u) =5 /s
alvelocty )20/
tance force (F) = -
gi:ﬁ:ﬁvﬂ of contact (t) =?
have,
" m!v - u!
F=oot
5000 - 5)
oS0
g, 00t =-250
Lt 0.5 sec

2071 SUpp- Q.No. 12

§ wullet of mass 25gm moving s
etrating info 2 tree trunk and is then b"z"s?l?h/t
prest in 0.02 seconds. Find impulse of the force
nthe bullet. e

T

Given, m =25 gm=1,2T5001<g =0.025kg
u=0m/s
v=250m/s
Impulse of the force (1) = ?

We have,

Ipulse = m(v - u) = 0,025

f6.2073 SI.IEE Q.No. 12§

fnd the mass of a )
i n object which
eights 98N. (g = 9.8ms?) on ea?;i

(250 -0)=6.25kg m/s

Weight of object on earth
5=9.8ms-2
Mass (m ) =7
We have,
m
" %= x 98
% .
98 =10
ns10)
5 the |
Masg :
0 of object = 10k
nﬂ"s\"“\om, = 10kg,
i :No,
g, M fo
‘:Z,m"vi"grci: °f 150N change the velocity of a
o per setonda straight line from 300 to 350
in 2 minutes. Find the mass of

b
mﬁ 12l

g
N

(F) =98N

s

=1
=300 mse
MO =2 minutes
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A cart
Mﬂ:ﬂ“lsaglmhcd on a frictionle
€Tage force of 20N for 5 Seconds, If the

€art with mgg, i
find S 50 kg is at rest in the b ginnin,
the velocity acquired by the carte. ) [’z

SS smooth plane

Here,
F=20N

t=5 seconds.
m=50kg
u=0

v=?

We have,

F =%(v_u)

50
or, 20 =? (v-0)
or, 20 =10v
v =2m/sec

9. 2069 GNo. 14

A body of mass 1 kg is falling un i

th.e rate of 28 ms-!. What is the imi:; g:tv:tyh::

will stop it in (i) 0.1 sec (i) 20 em (g =10 ms-2)

lnste.ad of falling under gravity if the body is.

moving at the rate of 28 ms-! along a horizontal

line, what will be the force required in above

two cases? [4]

Given, m=1kg
t=01s

We have,

v =utat

0 =28+ax(01)

0.la=-28

u=28m/s
v=0

or,

B
01~

Retardation = 280 m/s?

If F be the uniform force applied in upward
direction to stop the body. Then,

F-mg=ma

F =m(g+a)=1(10+280)=29N

or, a

or,

(i) u=28ms!, s=20cms=02m v=0a=?
We have,
vi=ul+2as
or, 0 =(28p+2xax02
-(28)
or, a. =704 - -1960.
Retardation = 1960.
Again,

=2x 60 sec = 120 sec

P =m(g+a)=1(10+190) =1970N

=m
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If the body is moving in a horizontal line,
there is no component of mg.
(i) F=ma=1x280=280N
(i) F=ma=1x1960=19%0N
A shot whose mass is 40kg is discharged from &
700kg gun with a velocity of 140ms™. Find the
constant force which acts on the gun would stop
it after a recoil of 6.4m. 14
Momentum of the shot = mv = 40 x 140 = 5600
Momentum of the gun = MV = 700V
We have,
momentum of the shot = momentum of the gun
or, 5600 =700V
or, V=8 -

Let a be the retardation. Then,
0 =Vi-2as

V2 =2as

8 =2xa x64 [using ]
or, 64 =1282

Now,
F =ma=700x5=3500N
EL 2063 Q.No. 14b @
State Newton's laws of motion. Show that
Newton's second law of motion gives the
measurement of a force. 4]
1= Part
First law of motion: Every body continues in
its state of rest or of uniform motion in a
straight line unless compelled by some
external forces to change that state.
Second law of motion: The rate of change of
momentum of a body is proportional to the
impressed force and takes place in the
direction in which the force acts.
Third law of motion: To every action, there is
an equal and opposite reaction.
204 Part
Suppose a force F acts on a body of mass 'm'
for time 't, and changes its velocity form u to
v. The change in momentum of the body in
time 't' is mv - mu.

mv -
The rate of change of momentum is = e
By Newton's second law of motion,
mv - mu

t

mgv-u!

or, Fc 1

v-u change in velocity
- -

time

Fa

But = acceleration = a (say)

Therefore F o« ma
or, F=kma, where kis a constant.

If we take m = 1 kg and a = 4 .
pumerical value of F =1, if we mke/
Therefore
F=ma

This is the equation from which we .
absolute unit of force. The unit of a ey
force which produces an acculerau;‘ S th,
m/s? when it acts on a mass of 1 ke, n oy

Y
AN
ko)

2. 2069 Set A) Q.No. 13b

A mass of 5 k8 falls 300 cm from rest anq i
brought to rest by penetrating 30 ¢m lm; they
sand, find the average thrust of the san, d 8 (;
|
Suppose V is the velocity of the body wh
falls 300 cm from rest. Thenu =0, h = 311\“ it
We have, )
vi=ul+2gh
or, vi=2xgx3
vi=6g ...
The velocity given by (i) is reduced to 0 y,
e body goes to 30 cm = 03 m into the g
If a is the retardation, then
0@ =v2-2xax03
v2 [
a =7x03 =05 108
Let T be the average thrust of the sand on the
body. When the body is penetrating into te
sand, then the forces acting on the body are:
(i) the weight 5 kg of the body actn
downwards.
(ii) a force T N of the sand acting upward.
Resultant upward thrust = (T - 5g)
By Newton's second law of motion, we have
T-mg=ma
or, T-5g=5x10g
T=55kg-wt

3. 2069 (Set B) Q.No. 13

State Newton's laws of motion. Show i

Newton's second law gives the measuremert :[l
a force.
= Please refer to 2063 Q.No. 14 b OR

A balloon is raising with an acceler:
that the fraction of the weight of ]
which be emptied out of the balloon in ©

double the acceleration is"‘g TR

If 'm' be the mass O
weight = mg and R be the
force, then

R - mg = mf

R=mg+ mf ..(0) ¢ fr
If x be the mass to be taken O e
balloon, so that it may no% mo!
acceleration 2f. Then,

‘hen »
{ the b":ll;:;::d ik

om ¥

R - (m - x)g = (m - x)2f

ymf-mg*xg= 2mf - 2xf
[using (i)
) »7_\’(’2"‘“ mf
of ""’ + 2f) = mf
o
z 2071 Got D Q.N0.13 b
= 00 kg fire
nufmass4 8 ejashocofm
Alfl:‘ﬂ velocity of 200mys, find the consm::fil:
W ich acting on the gun would stop it ﬂfte,c:

ters.
recoll of 25 M€ [4]

y
oMb

Momentum of the shot = mv = 3 x 200 = g9
Momentum of the gun=MV =400 x y

We have,

Momentum of the shot = Momentum of the

i %; 400V

3
. V=3
Again, let a be the retardation. Then,
0=V2-2as
or, VZ =2as

2
o @) 2roras

2
o, a=5n m/s?

Now,
F=ma

or, F=400 x %=180
. F=180N

EG. 2072 Set C Q.No. 13g

‘f&tlalte laws of motion. A body of mass 50kg

a;‘el;lg f.ro.m a certain height is brought to rest

oy Sh'd.(mg the ground with a speed of 5 ms-..

. € resistance force of ground is 500N, find the

h“raFl?on of the contact. [4]
su‘st Part: Please refer to 2063 Q.No. 14 bOR
1;':““1 Part: Please refer to 2071 Set C QNo.

Esil. 2072 Set D Q.No. 1:@

tat

ﬁf‘elaws of motion. Use Newton's Law to
< an absolute unit of force. 14l
= Case refer to 2063 Q.No. 14 b OR

. 20
S 72 Set E Q.No. 13

tate

N‘Wmﬁewm“‘el laws of motion. Prove that
f the s:e“’"d law provides the measurement
. . 4

force,

Pleas
el 0 203 QN0 MBOR
A 22 Supp QNo. 13

by
0o - .
that oy "™ 18 rising with a acceleration f. Prove

the .
Whigy, . fraction of the weight of the balloon

n
[ st be emptied out of the balloon in
o g,
ub e acce lonis 33 2f 4
\ le the acceleration is g+’ b

)|
Case o
S refer g, 2069 Old (Set B) QNo. 14a

D
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A‘-‘- 2073 Set D G.No, 13

mass of

brought 'oi kg falls 3 m from rest and is then

P b "e: by penetrating 30 ¢m into some
average thrust of the sand on it.

-

Please ref [4]
Set A)QNo.13b

Yy p Q.No. 13b
2kg is dischar,
P ] ged by a of mass
‘:r::ﬂhh:vehatyof&nw;.ﬁi‘;nhmm
which would be required to stop the h:!l
of the in12 Ly
guninly sec. 4
Let v be the recoil veloci
elocity of the Then,
::omenhmof&\eshm=218{)0gm
omentum of =
Welmowthzn,g‘m oo

Momen

o tum of the shot = Momentum of the
or, 2% 800 =400 x v

" v=4m/sec
Givmt=1§secmﬂs=%seconds
m =400 kg

Let a be the retardation. Then,
O=v-at

or,

lfF'isd\erequiredmtamfumembe
applied, then

16
F=mxa=400x3=80x16=1280N

— MARKS QUESTIONS

[2._2073SetCQNo. 14

State Newton's Laws of Motion. A bullet of mass
10g is fired from a gun of mass 3kg with a
velocity 300 kmhr!. Find the velocity of recoil of
the gun. 0]
soLurioy
First Part: Please refer to 2063 Q.No. 14 bOR
Second part:
Here, massof bullet=10g
Mass of gun =3 kg =300g
Muzzle velocity =300 kmh-!
Recoil veloaty =?
We have,
Mass of bullet x Muzzle velocity = Mass of
the gun X Recoil velocity
o, 10% 300 = 3000 % recoil velocity
Recoil velocity =1 kmh!
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B. PROJECTILES

@. 2058 Q.No. 6 g o
If u and a be the velocity and angle nf‘ projecti o
of a projectile, then find the time of flight. [

on

The time taken by the projectile to reach the
horizontal plane through the point of
Pprojection again can be obtained from

1.
h=usina t-3gt

When the particle stnkes the horizon again, h
=0, then

1 -
O=usma-t-37gt

1
or, i(usma»zgl) =0

2u sina
t=Qort=—"——
But t = 0 means projectile is at the point of
projection

2usina

Hence, the time of flight =

E. 2071 Oid Q.No. § g

A particle is projected at an angle 75° to the
herizon with 2 velocity of 2943 cm/sec. Find the
range on a horizontal plane. 2]
SO

O

Given, a =75°
u=2%3cm/s
R=?

We have,

_ulsin2g

Y

(2943)? sin 150° _
= 10 = 43306245 cm

43306245
=T 100 m=433062m

ES. 2057 Q.No. 14 Q

If R be the horizontal range of 2 projectile and h

is greatest height, prove that its initial velocity is
R?

2g (h +16h ) [4]

Let a be the angle of projection and y be the
initial velocity of the projectile

We have, greatest height (h) = Loy

%
2
horizontal range (R) = wsin2g

Now,
R
2 (" *16h

u? sinZa N 8
2g ) u? sin2y
2

u? si 2
sin 2a

Zg

16

ulsin’a  ut - dsinla cos2a
—_—tT o x
-\ [ ( % ¥ m;‘.m)

u?sin? a . u2 cos
= 28 ( 2g 2g
=\'u’ (sinfa + cos?a) = u

R2
Hence, u = 2g (h + E)

EG. 2058 Q.No. 14 H

If R be the horizontal range and T, the ¢;

o s me of
flight of a projectile, show that

1 :
tana = EZE' where a is the angle of Projection, g

If u be the velocity of projection, the
u? sin 2a
horizontal range (R) = T and
2usina
time of flight (T) =T !
Now,
g(_2“ sin Ol)2 4 wsinta
o g g 2
LHS. =B . = B
2R u?sin2a  2u?-2sinocosa
"8 g
=Smu=tanu=R.H.S.
cos a

E7. 2059 Q.No. 14 b Oﬂ

A particle is projected with a velocity u. If the
greatest height attained by the particle be H
prove that the range R on the horizontal ph““
through the point of projection

R=4~ ,H(%-H). i
SoLuTioN

Let o be the angle of projection.
We have,
u? sin? o

Greatest he =—— and

eatest height (H) 2
u? sin 200
Horizontal range (R) = ‘T
Now,

2
=\ 1 (5 u)

RHS,

u2sin? o u? u?ginz
=4 2g, (Zg' 2 )

u2sin? o fu?- u?gin2 ¢
=4 2g ( 28 )

u? sin o - U2 cosly

]

=4 (2g)?

4 u?sin o €os &
= Zg

u228inocosa _ u?sin2q
=——’g—— —\g =R=LHS,

/—_\

int on the ground at a distance 'y
m?o:f:f a vertical wall, a ball is thrown z‘::
the e of 45° which just clears the top of the wall
d afterwards strikes the ground at a distance *
on the other side. Prove that the height of the wal|

uf;- 41

Let u be the velocity of projection. Given o =
45°. Then the horizontal and vertical
component of u are u cos 45° and u sin 45° i e,
u u .
\ﬁ and \ﬁ respectively.
Let t be the time taken by the ball to reach the
top of the wall. The horizontal distance in this
time taken by the ball is x.

u

O

<—X—><—y——>

1

Then,x=ucos45°-t=4-v_£ -t
(-2

u
Now, if h be the height of the wall, then

h = (u sin 45°) t - % gt
=uxixi\ 2_-1- x‘?;rf
V2 w28
h =, X} '
b o
Again, i, i w
" the horizontal range = g
le xy y= w
\l[‘ . )
“;k‘ Bx+y) (i)
Stituting the value of u? in (i), we have
h o NI,
gy +y)

.
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o h =g x2 =;1+ﬂ_,z
X*y X*y
he=2L_
Ity

9. 2061 Q.No, 14
If R be the
its

horizontal range of jecti

Breatest height. Prove tgheat l:splr;mu:e‘l::;
R?

) i

= _Please refer to 2057 QNo.14b

lf.Kbe(hehoﬁznnhlmgeandTbetheﬁmeof
flight of a Projectile, show that
ey

is 2g(h+

where a is the angle of Pprojection
~ _Please refer to 2058 QNo. 14b
1. 2063 Q.No. 14

A projectile thrown from a point in a horizontal

plane comes back to the plane in 4 sec. at a

dxst‘anc.e of 60m in front of the point of

Projection. Find the velocity of projection.

(8=10 nys2). 4]
Let u be the velocity of projection and a be the
angle of projection.

Given,  Time of flight (T) = 4s
Horizontal range (R) =60 m
We have,
_2usina
&
_2xuxsina
or, 4 =71
usina =20 ()
Again, we have
u? sin 2a
R=—g
u? - 2sin & cos a
or, 00=""" —
8
usina) - 2-ucosa
or, 60= g
20x2xucosa .
o, 60=""10 [using (1)]
or, ucosa =13 ..(n)

Squaring and adding (i) and (ii), we get
ulsinte + udcosta =200 + 152
or, u*=025
u=2m/s
Hence, the velocity of projection is 25 m/s.
EZ, 2064 Q.No. 14 9] .
A stone is thrown horizontally with velocity
\]23!\ from the top of a tower of height h. Find
where it will strike the level ground fhmug_h .lhe
foot of the tower. What will be its striking

velocity? [l

157 Sk
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A projectile is any object with a given my:al
velodity and moving along a path doto!-mmc\‘
by gravitational force acting on it and
frictional resistance of the air. The path along
which the projectile moves is called the
trajectory. The point from which the parnde is
projected is called point of projection. The
angle a between the honzontal plane through
the point of projection and direction of the
projection is called angle of projection. The
time taken by the particdle to come back. to the
horizontal plane again is called the time of
flight, and the distance between the poml of
projection and the point where the particle
strikes the horizontal plane again is called the
horizontal range.
Y

O ucosa M

Next Part:
Let t be the time taken by the stone when it
strikes the ground after falling from a height h.

VZgh

x

1
Then, h=0+7 gt

g

Also, x =ul=\J2gh x
Let v be the striking velocty of the stone,
when it strikes after falling a height h.
Then,
vi =u’+2gh

= 2gh + 2gh = 4gh = (2\ghy?
v_=2gh

2y
g' n

EB. 2065 Q.No 14 g

If R be the horizontal range and T the time of
flight of a projectile, show that:

tana = gi’ where a is the angle of projection. [4]
= Please refer to 2058 Q.No. 14 b

I

i d with a vel
A particle is projecte elocity =
‘:lest height attained by the Particle [l,f the
rove that the range of R on the horiz, e

N nt
rl\mugh the point of projection is: 2 plang
“l
=44 [H(2z ~H
R 2g l.]

= Please refer to 2059 Q.No. 14 b OR

2066 Q.NO.14
Find the velocity and direction of Pojection .
shot which passes in a horizontal dimtﬁon? N
over the top of a wall 250 m off and 125 m "{;‘hf
(g =9.8ms™) )

Let u be the velocity of projection of a shy
making an angle o with the horizon, :
u

250 m >
Maximum height (H) =125 m
Horizontal range (R) = 2 x 250 = 500 m
We have, :

_wsin’a
____Zg
_ u’sinfa .
or, 125= 2% ()
u? sin 2o
andR=—"——
u? sin 20 i
or, 500=—""1— (i)
Dividing (i) by (i), we get
u? sinfal
125 "2
500 ~ u?sin 20,
8
1 ulsinfa
ok "7 25 “u-2sinacosa
or, 1 = sin o
cos o
or, tano =1 = tan 45°
o =45°
Substituting the value of « in (i), we have
u? sin? 45
15=75358
2
or, 125 = u_‘%_l(_ﬁ
O

= u?
or, 125 x19.6 ==

or, u?=4900
u=70m/s

a.No. 14b

5. velocity and direction of projection of a
hich asses in a horl7:onhl direction juygy

ot :z top of 2 wall which is 250 m off anq 125
=98 ms~?) 14

"":;se refer to 2066 Q.No.14 b

't

velocity of a projectile are U anq \%
l"m‘lﬂvely- If R be the range and the H (e
1e9 . 4H v
atest height attained, prove that:T=E 0]

ease refer to Model Set II, Q.No. 14

roje i
|,nejf° mes back to the plane in 4 secs at 5

F stance of 60m in front of the point of
projections find the velocity of projection,
wlemS'z) (4]

Let u be the velocity of projection and « be the
angle of projecﬁon.
Given,  Time of flight (T) =4s
Horizontal range (R) = 60 m
We have,
2usina
&
2xuxsina
o4 =7 10
. usino =20 ... (i)
Again, we have
R= u?sin 200
&

u2- 2 sin 0. cos a
o, 60 =——"—

g
0L60=jusina!~2-ucosoc
g

20x2x ucosa
o, 60 = ————"— [using ()]
O, ucos o =15 .. (i)
5qu§ring and adding (i) and (ii), we get
WsinZa + u2 cos? o = 20 + 152
or, w= 625
U=2Bm/s

Hence, the velocity of projection is 25 m/s.

7
~ S aNo. 148 )
1.' horll‘"‘“l and vertical components of the

. 2069 (Set A 0Old Q.No. 14b
== tile thrown from a point in a horizonta]

A“- 2089 Old (Set B) Q.No. 14

bal] ; .
AWl is thrown from the top of a building
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Let i
Ievel}_l be the distance of B from the original

Byc!uesﬁrm,u=20m/s,u=30'
Horizonta] component of u =y cos ¢ =
3
30"=2()x% =10\3
Vertical component of u = u sin =20sin 30°
cader
For the horizontal motion, we have

503 =10\3 ¢

t=5s
The vertical distance covered

20 cos

=ut-1 1
y “t'zg'z=10’5—511()x51 =75m

Since y is negative, so it strikes the i
2 opposite
wall 75m below the original level.

Find the velocity and direction of projection of a
shot which passes in a horizontal direction just
over the top of a wall which is 50 meter off and
25 meter high (g = 9.8 mx?). [
soLuTion]

[etubethevelodtyofprqecﬁonofasl‘m
making an angle a with the horizon.
u

“<50m >
Maximum height (H) = 25 m
Horizontal range (R) = 2 x 50 = 100 m

{

vt:’»:'ids atall building 50 /3 m away. The initial
"ﬂrilu?; of the ball is 20ms- at 30° above the
leve) Wi'l:l. How far above or below its original
W the ball strike the opposite wall? 4]

Let
the bayy thrown from the top A of @

by
a Mding rige another tall building 50\{‘“‘

Wi
W AtB after t seconds.

:

We have,
H = u?sin? a
2%
u?sinfa .
or, 25 = —_Zg ()
4R = u?sin 2a
an T "
u? sin 2a .
or, 100= ~(u)
Dividing (i) by (i), we get
u?sin’ a
B3 %
100~ ulsin 2a
8
1 ud sint @
oy T2 X x 2sin @ cos @

sinQ
tana =1 = tan45°
a=45°
Substituting the

or,

value of « in (i), we have

SR N TN, IR TR S T
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2 5in?45°
ule{Z
or, 5 =7196
or, W =25%x19.6%2
or, u =980
u =14\ﬁm/s

. The velocity of projection = 14\/3 m/s.
(51. 2070 Set C Q.No. 13D ) o
Find the velocity and the direction of pnr,ech.on
of a shot which passes in 2 .hon_zuntal dnvechff n:
just over the top of wall which is 250 m 0 an4
125 m high.(g= 9.8mys?) 41
- Please refer to 2066 Q.No.14 b

2. 2070 Supp.QNo. 13

i " the
Aball:spnyededatanangleofS(fto
horizon and land on the surface of height 10m
which is m\ﬁ m away from the point 'of
projection. Find the velocity of projection and its
striking velocity on the surface. (g = 10my/s?) 4]
fsoLuTioN
Given, angle of projection (o) =30°
Greatest height (H) =10 m
Horizontal range (R) = 20\/3
Veloxity of projection (u) = ?
Striking velodity (v) =?
We have,
_ulsin‘a
2%
uZ sin? 30°
2x10

or, 200 =u?x (%)
g u=20\f2m/s.

We have,
R = u cos o T, where T be the time of flight.

or, 20\/.;: =20\ﬁ -cos30° - T
or, 203 =20\2 »32&T
T=y2

Let v be the velocity with which it strikes the
ground at an angle 6 with the horizontal, then

vcosO=ucosa =2()\ﬁvcos30°

i Lo

or, 10=

2

and
vsin® =usina-gT
=202 - sin 30° - 12
1
2B 310
Squaring and adding, we have

v = (10yf6)* + 02

53. 2071 Old Q.No. 14

A ball is thrown by a player from 5 hei
meters, at an angle of 30° with the hoﬁmslu ofy
velocity of 18ms-, is caught by anothe, lw“h'
the height of 0.4 meter from the groung Ayer at
apart were the two players? (g=9.8 ms~;) ow f[i'
4
Given, o = 30°

So, the horizontal and the Vo
components of velocity of projection meerhcal
30° and u sin 30° respectively. Ucog
A ball thrown from a height of 2 &
caught by a player at a height of 0.4p, % be
ball has to descend 2- 04 =16 m,  °de
Taking upward direction as positive, we have

30°
u
€
o~
04m
180m
-h=usin30°t

1
_Egtl
cigxixiLtuogxe
or, -l.6-18)<2><t-2 9. t:

or, -1.6=9t-4.9¢
or, 4922-90t-16=0
or, (t-2)(49t+8)=0

o

b=}
=239
Rejecting the -ve value of t, we have t=2s
If x be the horizontal distance apart between
the two players, then :

3
1=ucost30°t=18x32£)<2=13‘\/5m

.. Distance between the two players is 18\3m
54. 2071 Set C Q.No. 13 g
A stone is thrown horizontally

\JZgh from the top of a tower of
where it will strike the level groun

with velocly

. Find
height h. Fin
d through ¢

ph ng
foot of the tower. What will be its *% [
velocity?
w  Please refer to 2064 Q.No. 14 b
55. 2071 Supp. Q.No. 13b oﬁzoﬂm
A body thrown from a point in 2 hstc atd

plane comes back to the plane n “,yﬂi"“‘
distance of 58.8m from the point Of»g 8er"1|[4|
Find the velocity of the projcctlon. 5=

v =]0\/Em/s

@‘ﬁ ,andre:p::ﬁxry velocity and angle o
proiccm]n u

usina

T=4s
R=588m
B giveﬂ,v
T{me of flight (T) = 4s
Horizontal range (R) = 58.8 m
We have,
= Zusina
g
1 1
o usina=3T8= 2x4x98=196
. usina=196 (i)
Again, we have
u?sin 2
R
or, uzsin 20 = Rg

or, w?-2sina cos a =588 x 9.8

i 58.8 x9.8

or, wsin@cosa="o
or, u2sin o cos o = 288.12 .. (i)

Dividing (ii) by (i), we get
288.12
ucosu=—19_T=l4.7 ...(ii)

Squaring and adding (i) and (iii), we get
u?sin?a + u? cos?a = 19.62 + 14.72

or, u?=600.25

o, u=245m/s
Hence, the velocity of projection is 24.5 m/s.
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180 m

S=ucosa-t
or, 180=ucos45° - ¢

(i)
From (i) and (ii), we have
-65 =180 -4.92

or, 492=180+65

or, 491=245

or, =50

t=450s

Again, from (ii), we get

u-@-m

\2
18042 18042
o, u = = -
50 52 3%
u =36m/s
. 2073 Supp Q.No. 1

Find the velocity and the direction of the
projection of a shot which passes in a horizontal
direction just over the top of a wall which is 250
m off and 125 m high. (g = 9.8 ms?) [4]
~ Please refer 2066 Q.No. 14b

Find the velocity and the direction of the
projection of a shot which passes in a horizontal
direction just over the top of a wall which is 250
m off and 125 m high. (g = 9.8m/s?) 41
= Please refer to 2066 Q.No. 14b

EG. 2072 Set E Q.No. 13b Og

With what velocity must a body be projected at
an angle of 45° from the top of a tower 65 m
high, if it is to reach a point on the ground 180 m
from the base of the tower. 1

Let u be the velocity with which a body be
Projected and t be time taken by the body to
"ifacl\ the ground. Now, taking UPWN’d
direction positive, we have

J““Si“(l-t—’é'gﬂ
or, o - . 1
“5‘usm45"-(-;l9.8t1

65 = UL K
S - 491 (i)

9. 2075 Set A Q.No. 13!

If R be the horizontal range and T, the time of

1%
flight of a projectile, show that tana = %
where a is the angle of projection. [4]

« Please refer to 2058 Q.No. 14b

6 MARKS QUESTIONS]

. 2069 (Set A) Q.No. 1
i i f
The horizontal and the vemc.al components 0.
the initial velocity of a projectile are U and V If
R be the range and H, the greatest height

attained, prove that:” [6]

R)2 S8H

4H V R 8H
wx-g  Ou)
« Please refer to Model Set 11, Q.No. 14

Mhe particle hits at a distance of 180 ™ from
¢ base of the tower, s0

|
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6 9 (Set B Q.No. 1 .
1. 208 ;zontal range of 2 projectile and h

If R be the honZ tial velocity is

is greatest height, prove that its ini

1
\/;(’T) "

w«  Please refer to 205

_—DQ.M 1
i ”70 s.t form a point in a horizontal
in 4 sec. at a
back to the plane in c
s:::::::“;?so m in front of the point of
projection. Find the velocity of pm)echciz.
= 10!“/52
(‘f Please r)erer 102069 (Set A) 0Old Q.No. 14b

/
63. 207150!00."0.“0
the same range R on a

A cannon ball has the n
horizontal plane for two different angles of

projection. If H and H! are the greatest heights
in two paths for which this is possible, prove
that: R2=16HH™. [61

Let « and B be two different angle of
projections having the same range R. Then, R
v?sin 2a u?sin 28
=———andR= g
uisin2a _u’sin23
8 8
or, sin2a =sin 2B
Since a # B, we must have

23 =180°-2a
or, B=90°-a
u?sinfa
We have, H= 2%
u?sin?f  u?sin? (90° - o
and Hi = 2 = 2
ulcos’a
=_—2g
Now, Ri= (uzﬂ'nzm)Z w4 smzla cosa
g 3
—4xdx uzsinza, u? cos’a - 16 HH'
% 28 )

B. 2072 Set C Q.No. 1g

!f R be the horizontal range of a projectile and h
its greatest height, prove that its initial velocity
. R?

is 2g(h+ 160 ) - [6]
= Please refer to 2057 Q.No. 14 b

ES. 2072 Set D Q.No. 15 Oﬂ

Describe motion of a projectile. A stone is
thrown horizontally with velocity @ from
the_ top of a tower of height h. Find where it will
strike the level ground through the foot of the
tower and also find the striking velocity.

= Please refer to 2064 QNo.14b

66. 2072 Supp Q.No. 14

From a point on the ground at a dl“ince
the foot of a vertical wall, a ball is thrq, X frop,
angle of 45° which just clears the top of an
and afterwards strikes the ground at 3 dis[: way|

on the other side. Prove that the hElgh‘ u‘fl::hy
wall is ;’%" . y
= Please refer to 2060 Q.No. 14 b 16
If R be the horizontal range of a projectile ang,

is greatest height, prove that its "el°°ityi
s

Rl
2g(h+ 1_6F) ¢
= Please refer to 2057 Q.No. 14 b

8. 2073 Set D Q.No. 1

A projectile thrown from a point in horizongy
plane comes back to the plane in 4 secs 4 ,
distance of 60 m from the point of Projection,
Find the velocity of the projection. (g = lonl/sl]l

6]
= Please refer to 2069 (Set A) Old Q.No. 14b t

ES. 2074 Supp Q.No. 1!-]

With what velocity must a body be projected at
an angle of 45° from the top of a tower 65 m
high, if it is to reach a point on the ground 180 m
from the base of the tower. 0]
= Please refer to 2072 Set E Q.N. 13b OR

iO. 2074 Set B Q.No. 1§]

From a point on the ground at a distance x from
the foot of a vertical wall a ball is thrown at an
angle of 45° which just clears the top of the wall
and afterwards strikes the ground at a distancey
on the other side.

Prove that the height of the wall is;%. [
= Please refer to 2072 Supp. Q. No. 14
f71. 2075 Set C Q.No. 140R] .

. If the

A particle is projected with a velocity u
greatest height attained by the particle be H
prove that the range R on the horizont_al plane
through the point of projection s

R=4 H(;—; - H) . A body is projecled with
a velocity of 9.8 m/sec and rises upto the heil‘[:;
2.45 m. Find the horizontal range.
First part: Please refer to
Second part:
Velocity of projection (u) = 9.8 m/sec:
Greatest height (H) = 2.45m.
Horizontal range (R) = ?
We have,

2059 Q.No. 14b OR

u’sin‘y

H
2

45=" 2% 98
o 245 %2
- §in =798

=

i
n’
of ot

-

. ginat =

1 N\

— sin?

050 1-sinfa
1\2
1-(—=
\ (\ﬁ)

We have,
u?sin 20 _ u2.2sin o cos a

R g 8

(9.8)7 x2x ——xl —1
1[2 jZ
=98m

B 9.8

% WORK, ENERGY AND POWER

2. 2057 Q.No. §
Calculate the power of a pump which can lift 300
kgs of waters through a vertical height of 4m in
10secs. [g = 10m s7] 121
Mass of water (m) = 300 kg
Time (t) = 10s
Height (h) =4 m
We have, Power of the pump
_Work done _ Weight x Height mgh
Time Time =Tt

=0 =1200W

[3. 2059 Q.No. 6 a
dAtar is moving at 36 kmh-1. What velocity will
tuble its kinetic energy? @

Here, v = 3¢ kﬂl/hr=%

Ifthe mass of the car is m kg then its

=10m/s

1 1
KE=Zmvi=3m-(107=50m

“;tgolzl: is doubled, then new K.E =2x 50 m]
Thee ™ and let its new velocity be vi.

1

2MViz= 100 1,

" vt oy

Vis
N0 = 1002

“uited velocity = 10y2 m/s
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4. 2080Q.No. 5 5

Ac i
AT covers a distance of 50m in 5 secs againsta

onal force, If the ine i
4000 watts, find the mmﬁmoféf he e“gme[;;

Given,
Distance covered = 50 m
Time taken =5

Work done _ Force x distance
time tme

Power =

e —
A car of mass 1000 k; moves u; R
at a constant speed o 20 et 1t :ﬂ:"m’ﬁ
force is 2000N, calculate the power developed by
the engine. (g = 10my'sec?). 2l
Here, mass (m) = 1,000 kg
Angle of inclination (a) = 30°
Velocity (v) =20 m/s
Friction al force (F) = 2,000 N
Force acting on car (F)
= Component of weight down the plane +
frictional force
mg sin a + 2,000
1,000 x 10 x sin 30° + 2,000
=1,000)‘10!%+ 2,000 =7,000N
We have,
Power = Force x Velodity = 7,000 x 20
=140,000 W = 140 KW
6. 2063 Q.No. 6
A pump having a power of 294 w pumps water
at the rate of 90 liters per minute. Find the height
to which the water is raised. (g = 9.8 nys?, 1 litre

of water =1 kg) 21
fsoLurio

Power = 2% w

Mass of water ejected per second (%)

90x1 3
= TO— kg=5kg
Height (h) =?
We have,

Work done _ mgh
Power=Time taken ~ t

m
or, 294=(',') xgxh

3
or, 2q4=§~9.8"h

s
I
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218 Asmita
204x2
or, h=9gx3

h=20m

knvh. 2

A car is movin:s at 36! A
double its kinetic energy’ X
« Please refer to 2059 Q.No. 6 ¢

8. 2072 Set E Q.No. 125

i lift 300
£ a pump which can hift
Eal;‘fl l:'t:t:‘: power: vegﬁcal height of 4m in [120
8
secs. (g =10 mys)
IsoLuTion]

Given, m=300kg h=4m t=10s
Weight (force due o gravity) =mg

~300 x100=3000N
We have,

WeightxHeight 3000x4 _ 1200 watt
Power = Time - 10

Z§ 2073 Set C Q.No. 12§ .
How large a force is required to cover a distance
of 80m if the total work done is 800J? 21
jsoLuTion

Here, distance covered (d) = 80m

Work done (W) =800]

Force (F)=?

We have,

W =Fxd

800 =Fx80

800 :
F =50 =10N
Required force = 10N

E‘ 2057 Q.No. 14 b Og

Define work, power and energy. Prove that the
sum of the kinetic and potential energies of a
freely falling body remains constant throughout
the motion. 4]

First Part:

Work: The work done by a force is defined as

the product of the force and the distance

moved in the direction of the force.

Power: The time rate of work done is called
Work done
Time taken
Energy: Energy of a body is defined to be its
capacity to do work.

Second Part:

Suppose that a body of mass m is
initially at the point A which is ata |x
height h from the ground B. Let the Cc
body start falling from A and C be
the position of the body at any
instant such that AC = x. Then
BC = h-x

power. So, power =

At the point A

KE. =0

P.E.=mgh

KE+ PE=0+mgh=mgh

At the point C

Let v1 be the initial velocity of the bo

point C. Then. it = 2gx. dy at the

1
KE. =%mV12 =7m- 2gx = mgx

P.E. = mg(h - x)

KE. + PE=mgx+mg(h-x)= mgh
At the point B

Let v be the velocity of the boq
reaches the ground. Then,

v2=2gh

Y Whep it

1 1
K.E=§mv2=§m~2gh=mgh

PE=0

K.E+PE=mgh+0=mgh

The sum of K.E and P.E of the freely fa!]ing
body at any instant is same (i.e. mgh) anq
hence it is constant.

EL 2058 Q.No. 14 b 05
"The change in kinetic energy of a body is eqy;
to the work done by the acting force". Prove ths
statement. 1y
Let F be a force applied on a body of mass m,
Let a be the acceleration. Then,
F=ma
Let s be the distance covered by the body
when it changes its velocity from u to v. Then,
vZ=u?+2as
or, v2-u?=2as

1
Initial K.E of the body =75 mu?
1
Final K.E of the body =5 mv?
11,
Change in K.E of the body =% my? -5 mu

=12m(v2-u1) =%m~2as=m-as = (ma)s
= F x S = work done by the force

EZ. 2061 Q.No. 14 b Oﬂ -
State the principle of conservation of e“bndy
Ilustrate it with the consideration of a |
sliding down a smooth inclined plane.
Suppose a particle of mass
smooth inclined plane AB with
h which is inclined at an angle ¢ !

nd
slides dow?
:\HB = an heigh

. . h .
Then, sin a = T= h=1sina.

]
L the po
Let the particle start from A and gt

D at any instant such that AD = -
Then BD = [ - x

Atthe point A
1 1
KE. =Emu2 =;m0=0

PE= m(g sina) 1 =mg (Isina) = mgh

. KE+PE=0+mgh=mgh

* ptthepointD
Let v be the velocity of the particle at D, The
acceleration down the inclined plane is g sin
a. Also, v2=2gsino - x=2gxsing
K.E=';'ﬂ“'2=%m * 2gx sin o = mgx sin
pE=mg(/-x)sina
KE+P.E. =mgxsina+ mg (I -x)sinq

; =mg (/ sin a) = mgh
At the point B
Let v be the velocity at B. Then
vi=02+2(gsina) - 1=2g1 sina

1 1
K.E=Emv1:5mx2gl sin o = mg (1 sin o) =

mgh
PE=mgx0=0
. KE+P.E=mgh+0=mgh
Hence, the sum of K.E and P.E is constant
throughout the motion.

§3.2062Q.No. 14 1

An engine pumps 746 liters of water per minute

h.om a well through an average height of 60m.

Find th.e horse power of the engine if 50% of the

iolﬂ)er Is wasted. (1 liter of water = 1 kg., g = 10
s

4

Mass of water (m) = 746 litres = 746 kg
) [ 1 litre = 1 kg (given)]

T"f‘e (t) =1 minute = 60s

Height (h) =60 m

Horse power (HP) = ?
¢ have,

_Work done _mgh
time taken ~ t
_ 746 x 10 x 60

60

Power

= 7460 watts
Horge 7460
S€ power = —— -
Power === HP = 10 HP

Since. 54

eff of the power is wasted. S0 the
iciency

of engine is (100 - 50)% = 50%.

50 2 the required HP of the engine. Then,
Thofx=gg
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or, & x
£ 100*x=10
X=20Hp
Required HP of the engine = 20 HP
[ oy p—
1{ : :;:t::m on a body, Prove that the change in
dnnebyﬂ\:g“ n: a body is equal to the work

= _Please refer to 2058 Q.No.14bOR .
5. 2065 Q.No 14 b OR)

State and Pprove the Princi
Energy. 4
= _Please refer to 2057 Q.No.14bOR

B Tearorbon .
A bullet loses
through a p
planks it wi
rest i

ple of Conservation of

Y™ of its velocity in passi

lank. Find how many such unifoi::
ould pass through before coming to
g the dation to be unif 14

Let u be the velocity of penetration. Let x be
the thickness of each plank. The velocity of
plank after penetrating the first plank

u 1%

U200

; 1 1 19u\*
Change in K.E -Zmuz'zm(z—o
39

=5 2
800 MU

We have, work done by the resistance force F
=Fxy

'F _2 2 -
Xx=goo M ...(1)

Suppose that the bullet passes n planks before
coming to rest. So, the total distance passed by
the bullet is nx.

1 1
Change inKE =3 mu’ -0 =3 mu?
Work done = F x nx

1
or, Fxny=3mu?

1
Fix=£mu~’ L. (i)

From (i) and (ii), we have
1 9
n mu? = gog mu

ET. 2066 C Q.No. 14 b Og

i i f water per minute
An engine pumps 746 litres o! :
from a well through an average height of 60 m.
Find the horse power of the engine if 50% of the
ower is wasted.
rl litre of water =1kg 8= 10m /sec?) 4]
w Please refer to 2062 Q.No. 14b
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38, 2067 QNo. 14008 fired into a target
A ballet of mass 200 8T 1 U5, Coan of the

with a velocity of 2 ove, find the loss
isukgandmﬁu“""‘ 1

ofmeﬁcenexgybyu\eimpad.
Hel‘?.massofbullel(m2=2(n/gm=0,2kg
Velogity of bullet w= Jl:’sni,é s
Masntﬁ\emg?f( e don

N B the impact
immediate after ~f conservation of linear

mv=(m* MV _
or, 02,50]:([!1'45',\

o s

1 5
K _E before impact =%m 1=3x 02 x (300)2
=25000]

KEafterimpact =3 (M* )V

(48+02) x 20

x5 x (20 =1000]

(SIS

Loss of KE =25000] - 1000] = 24000]

5. 2068 Q.No. 14b
lfafnrcebeappliedonthebody,provethatthe
dnngeinkineﬁcenergyufabodyisequalm
the work done by the force. 4]
= Please refer to 2058 Q.No. 14b OR
so.mssgsaA!o,uo.mb_o_cj
Dﬁmumkdonebyaimwl’mvethatthe
dungeinkineﬁcenergyofabodyisequalto
the work done by the force. [4]
= First Part: Please refer to 2057 Q.No. 14 bOR

Let v and V be the velocity of the sh
gun respectively.

Momentum of the shot = mv
Momentum of the gun =MV

We know,

Momentum of the shot = momentum of

or, mv =MV gun

ot ang

or, V=" (@)
Again,wehave
E = total kinetic energy
1
or, E =§mv2*EMV1
1 MVe o1 :
or B =pmTm taMV? {using ()
1
or, E =2MW ;‘*l)
1 - M+ m
or, E =2MV (_ o
or, 2mE = MVZ (M + m)
q-___sz
or, VIEMM+ m)
o [2ME
V=N MM+ m)
Hence, gun recoils with a -velodty
__2mE
MM+ m)

[54. 2070 Set C Q.No. 13aof
A bullet passes through two planks in
succession whose initial velocity is 1200 mys and
loses a velocity of 200m/s in penetrating each
plank. Find the ratio of the thickness of the

Second Part: Please refer to 2058 QNo.14 b
OR

61, 2069 (Set A) Old Q.No. 14b of]

Define work and energy. Prove that the sum of
the kinetic and potential energies of 2 freely
falling body at any instant is constant. 4]
= Please refer to 2057 Q.No. 14 b OR

2. 2069 Old (Set B) Q.No. 14b Of

What do you mean by the principle of
conservation of energy? Verify its validity for a
body falling under gravity. [4)
w  Please refer to 2057 Q.No. 14 b OR

[03. 2070 (O1d) Q.No. 14 b Of

A shot of mass m is projected from a gun of
mass M by an explosion which g tes a
kinetic energy E. Show that the gun recoils with

. 2mE
a velocity \ ’m 14]

planks assuming that they offer the same
average resistance. 1
EoLUTioN

Let 51 be the thickness of first plane and 5258

the thickness of second plank.

Here, u =1200 m/s,v = 1000 m/s

1 1
Change in K.E 3 mv?-7 mu?
= ]5 m (v2-u?)
= - 220000m

= '15 m(10002 -12007)

Also, work done = F * 51

We know that

work done = change in K.E

F x5 = 2200000 ...(1)
Again,

u=1000 m/s, v = 800 m/s |
Change in K.E -'-%mv’-'z'“‘"z

m (800 - 1000)

Anviou et
-zln(v-u)=2

‘ ~ ~180000 m
word""e= F x s2

have, )
w;fk done = change inK.E

g ~180000 m.... i)
pividing (i) by (ii), we get
m

.
EX2 - 130000 m

'5 =570 Supp. Q:No. 13b OR
B Je is slide down a smooth inclineq

:hl::hmg the sum of its kinetic and Nl:l:;:i
ergies always constant throughout its motion,

» Please refer to 2061 Q.No. 14 b OR 1

Define work, power and energy. Prove that the
sam of the kinetic and potential energy of a
freely falling body remains constant throughout
the motion. _ 4]
w Please refer to 2057 Q.No. 14 b OR

D
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- 2071 Supp. Q.No. 135

A Perpen
Particle is allowed to slide down a smooth

b ined Plane. Show that the sum of its kinetic
tlmmshl»’('tenl-ul energies is always constan
o=, out its motion. -

€ase refer to 2061 Q.No.14bOR e

State the princ;
Principle of conservation
Also Prove that the sum of the ‘?‘ e'nﬁmdgy.

energies of a moving body remajins
constant throughout the motion. 41

m of Conservation of Energy: Under
o ofa conservative system of forces,
" sum of ﬂ}e kinetic and potential energies
o a moving body remains constant
s“oughout the motion.
ORond Part: Please refer to 2057 QNo. 14b

00. 2074 Set A Q.No. 13

A particle is allowed to sli
AP slide down a smooth
inclined plane. Show that the sum of its kinetic

57,2074 Set C Q.No. 13 b OR

Find the H.P. of an engine which can travel at
the rate of 144kmy/hr up an incline of 1 in 200, the
mass of the engine and load being 15 metric tons
and the resistance due to friction etc. being 15 kg

weight per metric ton. (g = 10m/sec?). [4]
Fouutio
‘let @ be the angle of inclination of the
inclined plane with the horizon.
. 1
Then sin o = 200

Avai _ 144 % 1000
Sﬁm’144km/hr——60x60 =40m/s

As the engine moves up an inclined plane, the

:ESOIV“,’ part of the weight of the engine and
© resistance force act down an inclined

plane,

Mass of the e

1000 = 15000

) :::;lforces acting on the engine are:
dow, Ved part of the weight of the engine
Maninclined plane

ngine (m) = 15 metric tons = 15 x
ki

"'“"‘“=15,(n)0x10x2—1(5=750N

b)

’:;15“."“ force due to friction
w155 Wt per metric ton

sty L% 1SN = 2250 N
‘“ﬂln.?m force acting on the engine down an
W ed plane = (750 + 2250) N = 3000 N.

o have,

Owe .

= Force x velocity = 3000 x 40 = 120000

Regyi 20000
Huireq 1 p of an engine = Lﬂ_é_ = 160.86

and ial energies i
F ergies is always nstant
throught out its motion. ve o

= _Please refer to 2061 supp Q No. 14 b OR

EOL 2075 Set A Q.No. 13b OR

lc)h:i‘m -K.F_ and P.E. of a body. Prove that the
ge in the K.E. of a body is equal to the work
done by the force. 4
First Part
Potential Energy: Potential energy of a body
is its capacity of doing work by virtue of its
state or position and is measured by the
amount of work which it can do in changing
from its actual position to some standard
position. It is denoted by P.E and given by
P.E. = mgh, where m = mass of the body
g = acceleration due to gravity
h = height
Kinetic Energy: Kinetic energy of a body is its
capacity to do work by virtue of 1ts motion.
If m be the mass of the body and v be its
velocity, then

1
KE =3 mv?
Second Part: 2058 Q.No. 14 bOR

102. 2075 Set C Q.No. 13§

A bullet of mass 100 g is fired into a target with
a velocity of 500 ms-. The mass of the target is
49 kg and is free to move; find the loss of

Kinetic energy by the impact. 4]

Here,
m =100g = 0.1kg
M=49kg V= 500 ms~!
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282 Asmita's NEB Solution of Ba
: inati We know that, ony
Let V be the velocity of the combination e K of the shol. = ) il ‘couﬂuuen) .
immediate after the impac” i combination omentum o First P2 Energy: Kinetig ‘h—ﬂ‘ 2074 5, 283
Then, by using the principle of conservation or, mv = (m+ M)V he Klneﬂ‘ S v;/ork > vtfnergy o'f abody i A o 0D ANG 17 53
of linear momentum, , o s Cﬂpaat)’ e mines Ofythlerhle of its motion ruccensie, l}mm e AN l .
we have, or, =% 200= (7500 * 380" v jf m be ol body and v pe its | loses a v'eln-lmhﬂ velocity i IZI)P anks i
mv =(m+ MV 1000 1000 * 1000 veloc‘ri" gh e«f"hof 200 mys pz:e:: d it
o G1x 800 = 1 -4 or, 4= 4(?80"' KE=2™Y :hitknmoﬁhtl;h:ts Find the ratiq of ':;:5
. V=10ms' AR . . e av 1ks, assuming that
: -3m V=10m/s potential Energy: Potential energy of 5 o | = Please rorage resistance, they offer
KE before the impact =3 1 1 2 s its capacity of doing work by vj by | oz €1 £0 2070 Set C Q.No. 13a OR [61 (il
Ix01xs00 Initial KE =7 mv? =5 %7555 % (200)2~ 40 state OF posiﬁzn and is measured ;)’Oft;lts a, Am-5sﬁ BQ.No. 154 |
=3*u . ~40) " ount of work which it can do e rocket ™
A amot/ . 0 in . expels gas at th,
=12500] gain, 1 1 400 from its ac,*“al position to some mﬁ 2:; velocity of the gas is :ol; :,,',’f:l‘u“‘x/& If
i “lmemve Final KE=7 (m + M) V2=75 x Jg00 * (102~ o, It is denoted by PE and s p, worce produced by the rocket? |
KE after theimpact =3 (M + ™) ) 000 2 PE. = mgh, wherem = mass of the b£ en by partcle is projecies e _ ]
Loss of K.E by the impact =400] - 20 ] =38 = acceleration due to gravity y ;Il/:,u: an an gll I:):fﬂ;o' . u.: :::;;y °:i:’ |
e of flight and th m, find |

A pum : e range.
p having a
power of
Water at the rate of 100 htr;yf:e:'v u;’x:l:&.!

h =height ¢
Gecond Part: Please refer to 2057 QNo. 14 b

105. 2071 Set D Q.No. 1e|

= % (49+01)x10?
Define potential energy and kinetic energy of
a

6 MARKS QUESTIONS

1
=5x5x100
2* body. Prove that the sum of the K.E. and P.E, OR Find
. ’ - ) B ind the hei .
=250]. freely falling body at any instant is constant, 0{61 7082073 Set D Q.No. 14 OR (8=98 :‘/:zﬂ{‘:;:t ;':Kh water is raised
Loss of KE by the impact = 12’;(_)0 -250 soLuTion] 40 kg of air, moving at 20m/s, impin, 8) [61
=12250]. First Part qanes of a windmill every second. At Vsh:'tl,:: a. Here,

Potential Energy: Potential energy of a body
is its capacity of doing work by virtue of its

in kilowatt is the energy arrivin,
windmill? What is the maximum masf ofa twattl:

Expel rate (%) =04kg/s

53 2069 (Set BLQ.No. 142 state or position and is measured by the that could be pumped each second throu, iti
o ich i o height of 25 m2(g = gha |  Initial velocity (u) =
i amount of work which it can do in chan vertical heig] m?(g =10 mys? - ty (u) =400 m,
A car of mass 2000 kg moves up 21 inclin from its actual position to some stanﬁg ) “ ;mal velocty (1) =0 g
orce produced by a rocket (F) = ?

phmatanzngle!{!“tothehcﬁzonataconstant

position. It is denoted by P.E and given by

Mass (m) = 800 kg

We have,

speed of 20m/s. If the frictional force is 2000N, o -
calculate the power developed by the engine PE. —ingh, I”he‘_'e md_ mass of the body Velocity (v) = 20 ms-! m
(g=10 m/s?). 161 E ; i;\cecieg strabon ue to gravity We have, F = . (v-u)
m s mie A " 1 1 -
H _ Kinetic Energy: Kinetic energy of a body is ts KE.=>mv2 == x 800 . =04 (0-400) = - 160
" ‘i (',n) N k§ " capacity to do work by virtue of its motion. 2 2 X (20)2 = 160000 J b F =160N
vA:g;o (uﬂmav =mt1ﬂo\r/1s(a) =30 If m be the mass of the body and v beils | - Work done = 160000 watt 160000 X X:lloutyof pmon (W)=49m/s
ocity () =D/ velocily, then . 1000 o =160kw ngle of projection (a) = 30°
Frictional force (F)=2000N 1 gain, let M be the maximum ¢ Time of flight (T) = ?
Force acting on car (F) = Component of KE =7mv? that could be pumped each sec ds (:mwater Range (R) = ?
. L 3 ) ond throu,
:re:ghl‘dﬂwf‘z(ﬁ)‘(;)Plane iticionef s Second Part: Please refer to 2057 Q.No. 14bOR glhe gettical helght of 25 m. 4 Wetave, .
~200% 1073 062072 5ot D QNo. 15 e, work done = mgh s 2x19xsn0 -
=2000 * 10 * sin 30° + 2000 106. 2072 Set D Q.No. 1 w’“’°°°°]=M 4 . - s !
=2000 1 Define energy. State principle of conservation of 160000 *10x25 . J
- x10x3+ 2000 = 12000 N energy. Also prove that the sum of the klnf:: M =W = 6400 kps- 2x49x3 |
We have, and potential energy of a moving body 'e“"‘[ﬂ N 5 L =g =S i
Power = Force x Velocity = 12,000 x 20 constant throughout the motion. sht.e ‘::3 Supp Q.No. 1 Again, we have 1
- _ e princi . )
240000 W = 240 kW soLuTioN| ‘ ayol | o vapr‘“'ilple of conservation of energy. R _wsinda _(49Fsin60
[104. 2070 Set D Q.No. 14 Of Energy: Energy of a body is its capa Pmmm : "la.t the sum of the Kinetic and 8 98 ‘
A bullet of mass 20g is fired horizontally int doing work. | Otang g Bi€S of a moving body remains 3 |
i y info 2 Principle of Conservation of Energy: " N throughout the motion. (6] 2400 ‘% |
= =21218m

m of force” -
98

ded y wooden block of mass 380 ste t Part;
syste art: Please refer 2072 Set D Q.No. 15

P
g with a velocity of 200 my/s. What is the common the action of a conservative ial energi® s““nd
A . entia o
velocity of the bullet and the block if the bullet the sum of the kinetic and P“F"‘\; o | (0555 Part: Please refer 2057 Q.No. 14OR | ¢, _Please refer to Model Set 1 QNo. 12¢
L smbedded ino the block? Findthe ow of KE of a moving body remdt I3t B Q.No. 15 0 13, 2075 SetC QNo. 1
the i ct. (g = . N 1 L3 R 5 LNo. 15
Pa (g = 10m/s?) [6] ;:‘L::Jg::ulltlllu n:urt:«{):\r L 2057 QN0 e W'Ky.e:::xy' State principle of conservation of | Define kinetic energy and potential energy with
Nexbpast: Tees :‘“‘1 Pﬁtem? Prove that the sum of the kinetic | examples. A shot of mass 'm' is projected from a |
Here, mass of the bullet (m) = 20 cealL k 107. 2072 Supp Q.No. 14 OF jes of 2 podf | ing m“lal energies of a moving body n of mass 'M' by an explosion, which
B = 7000 “& Define Kinetic and potential enerB® T wery Stant throughout the vertical motion. | generates a kinetic energy E. Find (i) the initial |
[6] | velocity of the shot (ii) the velocity of the gun. [6]

> X kinetic 2oy
Prove that the sum of the ly falling bulbl

potential energies of a free tion:
remains constant throughout ! mo

i‘it P,
art:
Secang 'l', Please refer 2072 Set D QNo. 15 |
art: Please refer 2057 Q.No. 14 OR |

Mass of the wooden block (M) =380 g = %0-)0 ke
Velocity (v) =200 m/s
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First part: Please refer to
Second part:
Let v and V be the initial vel
and gun respectively.
Momentum of the shot = MV
Momentum of the gun =

We know,
Momentum of

or, mv=MV

- TR S S

or, v=
m

's NEB Solution of Basic Math

2071 Set D QNo. 14

ocities of the shot

the shot = momentum of gun

[using ()]

ematics-Il

1w M+1

or, B =2M m
) M+ m

or, E MV m
or, 2mE = MV?(M +m)
or, V3= (M + m)

_2mE__
. V=
. M(M +m)

Hence, gun recoils
2mE

p———— g

MM rm)

a VEIUU'ly

And, initial velocities of the shot,

MV
v m

__2mE
MM + m)
oo [2ME_
~ \VmM + m)

M
“m

.

UNIT
LINFAR PROGRAMMING

q PRAPHICAL METHOD

2

h the half plane given by:y - x>
2

Grap!
The given inequality isy - x>1
The boundary lineisy -x=1
x 0 1
y 1 0
Taking (0, 0) as a testing point, we get
0-021 (False)

Hence, the half plane determined b L
Now, We draw the graph. Y the given inequality does not contain origin.

Y

N
\Q\\\\\\\\\\& y-x=2

(0,1)
oot X

1.0

L2t o 59
2]

Find the solution set of 4x + 3> 2v- 1.

We have,
4X+322r_1
0 dx-2y>_
LA 1-3 T
-3

x2-2
T 1 T T T
2-10 1 2

o S,

2
o xs . 2
" The requs

quired solution se|

, t={xx2-

!2)0“ Q.No. 3 L

termip,

% € the half plane given by the inequality 2x-y <2 2

The g;
Blven {
The c‘)rf:""“‘luality is2v-y<2
Sponding boundary lineis 2x -y =2




Asmita’s NEB Solution of Basic Mathematics-Il
Take (0,0)as @ testing point, we get
2x0-0<2(D Tue)

286

inequality is on the same side of testing point 0,9,

e determined by the given
};m:: :::f cgl:t:indﬂme boundar;y line‘gslo on the graph we draw the dotted boundary line,
. 2059Q.No.
Determine the solution set of 2x - 1>4x+3 ]
JsoLumiond
We have,
2r-1>4x+3
= 2x-1+1>4x+3+1
= 2x>4x+4
= r-4x>4x-4x+4
= -2x>4
= 2r<-4
x4 <2
=252 €T 1 1 1 1
= x<-2 3 2-10 1 2
- Solution set = {x: x<-2, xe¥N}
. 2060 Q.No.
Graphically show the solution of x-y -3>0. A
The corresponding boundary
line is
x-y-3=0iex-y=3
x| 0 | 3
y [ -3 ] 0
. . ; X
Taking (0, 0) as a testing point,
0-0-3>0
ie. -3> 0 (false)
So, the half plane determined
by the given inequality does
not contain the testing point (0, K
l&

f)), The solution of given
inequality is shaded as shown ’

in the graph below:

5

grlllhl

olve

A g ically: x> yandx>.y
21

Points Testing po
%) g point
2,2 (1,0
(1,-1)
2-2) ()

Hence, the solution set is shaded on the graph.

[,*-»:zosz Q.No. 3d
Determine the half plane given by the inequality. 2¢-y <2, graphically.

2]

Please See 2058 Q.No. 3¢

B 2065Q. No. 3 d

Solve graphically: y 22x-1

The corresponding equations of boundary line is:
=2-1
x 0 2

-1 3
Taking testing point (0, 0) in y 2 2x - 1, we have
022x0-1 (true)

2]



Y

1

—;
e half plane given by the inequality

Determine the

y 2-X. 5
4

The corresponding equation of given inequality is: A
3 4

-
i
5.
g
3
5
=
k=)
3
1
1
1

. 2067 Q.No. 3G
lnmmguy-x ysOandeO
Y

Taking testing point (1, 0) in x -y <0, we
have

1-0<0 (false)

So, the graph of x - y <0 is the plane region

not containing the point (1, 0)

From (ii) x = 0 is y-axis and x 2 0 gives the
right half plane including y-axis.

1]

12

Dctmmnethelmlfphne P d b y the inequality y — x 21

The boundary line of given inequality isy - x =1
x |0 -1
y 1 Jo
Taking testing point (0,0)iny - x 2 1, we get
0-021 (false)

So, the graphy - x 21 s the plane region without containing the origin

2

JK
The con'e’Po"dmg equations of boundary lines are;
ey 12 - )
+y=3 -
o) -+ (i)
e 0 ) -(iv)
From @3t =12
x 0 4
Y 6 0
Taking testing point (0,0) in3x + 2y <12, we get
3x0+2% 0<12 (true)
From (i) X *¥ =5
x 0 5
y 5 Jo
Taking testing point (0,0) in x-+y <5, we get
0+0<12 (true)
From (iii) x = 0 which is y-axis.
120 gives the right half pla%dmgy—am

From (iv) y = 0 which is x-axis
y20 gives the upper half plane including x-axis.

Sn B) Q.No, 1
n zy e ‘easlble region determined by the inequalities
0, x + ys6,xy20.

e -
“Orrespong ing equations of boundary lines are

5 ¢

LINEAR PROGRAMMING  unit 16 289

L “gi d
7.4 e the feasible region determined py ¢,
e Lays12x*tYS 5xy20 by the following inequatities:

121

121
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. 's NEB tion of Basic

)
w0 (i)
xey=s (i)
"3 V)
y=
From (i) x + 2y =10
, 0 10
v 5 '0

T- m N pdﬂ(n'o)m;+2yslo,weget
0+ 2x0<10 (true)
From (i) x*+y =6
()

x |0

y e 0
Tahngtsh.ngpoim(ﬂ,o)mx+y£6,weget

0+ 0<6 (true)

From (iii) x = 0 which is y-axis.

x20gives the right half plane including y-axis.
From (iv) y = 0 which is x-axis.
_\'ZOgvsmeupperhalfplaneimludmgx-axis.

3,

N

C(0.5)

x+2y=10

[14_2070 Set C Q.No. 16 Pl

Draw the graph of the following inequalities:
x+4y<24, 0<ysp40<xx57.

The boundary equations of given inequalities are
3x+dy=24 (i)
y=0 .. (1)

[l

LINEAR PROGRAMMING Uit 16 291

)
y ‘; - (iv)
! : 7 " —(v)
¥ +4y =
rom (3% A
x 7 0
Taking testing point (00) in3x + 4y <24, we gy

‘0+4:0S24(u'“9)
™ grﬂPh of 3x + 4y s 24 co'nkains origin.
o (M)y= 0 which is x-axis.
50 gives the upper half plane containing y.axis,
from (i) y = 415 the line parallel o -axis and through th poiny
Taking testing point (0,0) iny <4, we get

054 (true) o .
From (iv) X = 0 which is y-axis.

120gives the right half plane containing the y-axis.
From (v) x =7 i8 the line parallel hoy-m'sandﬂlmughﬂ\epojmao)

=
et
N_
6
5 \
DO c@na
!

<«

=T v=0 AT.0
w21
Ixrdy=24
=37
= x=7

Y
The required solution is shaded in the figure.
S 20708etD Q.No, 16
Draw the graph of the following inequalities. o

ﬁse, A+y28, y20.

Te “orresponding equations of boundary lines are

Ttysg )
2

tysg i)
y=q

... (i)
me(l)“ y=6
X

0 6

y -
6 0

1
ijQJIE lesung point (0,0) inx +y s 6, we get

0
K Os6 (lruc)
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A e ’2071 Sot C Q:No. 16 LINEAR PROGRAMMING  Unit 16 293
7. pe""nine the feasible region of he et
I"B System of i"¢q|uliﬁ,,:

So, the grap:
Agajn,fmm(ij) 2r+y=8
2

o s |
| L A

Taking mﬁngpoint(o,o)in?.r*yzs, we get
2x0+02 8 (false) it '
So, the graph of 2x + y 2 8 is the plane region without containing the origin. y=0 e (iv)
; ich i : From (L 2x+y=8
From (iii) y = 0 which is x-axs.
| vgogimmeuppahalf plane including x-axis. ,__l ._-
’ ' . y
Taking testing point (0, 0) in 2x +
‘ 2% 0+0<8 (true) Y <8, we get
- : ‘Again, from (i) x + 2y = 10
’ 1o [10 ]
[y 15 [0 |
Taking testing point (0, 0) in x +
0+2x0<10 (true) 2Y510,weget

From (ii) x = 0 is y-axis
i 120 gives the right half plane includin, y

And, from (iv) y =0 which,'sI_m-: g y-axis.
y20 gives the upper half plane inclu ding x-axis

From the figure ABC is the feasible region where the coordinates of A, B and C are
(4,0), (6, 0) and (2, 4) respectively. ’ 7, IR
. 2070 QNo. 16 ° B PRSP WIMESMPE
D, graphically the solution set of the inequality: 2x - 3y < 6. jul AWO\ 200y=8 x+2y=10 3
soLuTioN 2>
The conlz;e)ondmg equation of Y ) '
boundary line is
b 8 &“‘e required feasible region is shaded in the graph.
6 S:‘Emu'ne graphically the feasible region d ined by the following inequalities:
:“k"'sishnspomc(ox))mx-sys 5 *ay<24,x22,y21 @
, we get =6
n-Y
2"0-3>‘056(lrue) A Theco : 3 i
So, the graph of 2x - 3y < 6 is the N ey s gy B cquationsof boundary lines ar¢
plane region containing the origin. \ 8 In2 .4.(1.). ,
23 ye1 ... (i) i
\ "2» From (i i) )
\ X " 0 3; +4y =24 ‘
. N N 8
AW \\\\\x\i\\\\&\\\\\ 3 4 5 6 7 oo 6 0
\\“\ (8 esting point (0, 0)in s + 4y € 2 W0
' 4% 0224 (true)

k e AN T T
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From (i) x =2

x 2 2
y 0 1
Taking testing point (0,0)imrzZ.we get
02 2 (false)
From (iii) y =1
[x (o [3
PR
Taking testing point (0 0)iny 21, we get
021 (false)

02003

C(2.972)

T AR1)  B073,1) . y=1
54 5 6 7 10

x=0

N W s o

RS I | 1

2 3x+4y=24

[19.2071 Supp. Q.No. 163
Determine graphically the solution set of the inequality x - 5y <5.

OLUTION|

o

Given inequality is x - 5y <5

The corresponding equation of boundary line is
x-5y=5

x | 5 [ 0
y ol
Taking testing point (0, 0) in x - 5y <5, we get

0-5x0<5 (true)

The graph of x - 5y <5 is the plane region containing the origin.

1

2l

LINEAR
% u? ";cf?ﬂ':iol;::mgm ¢ PROGRAMMING  unit 16 295
= ghade the or the congtra
- gy,

N ox,yzo
The corresponding eq“auo“"fboundmylirm 2]
= are

x+2y=7 -0

x=0 i)

y=0 i)

i w+2y=7
— |7 |1
y 0 3
Taking testing point (0, 0)inx + 2y <7, we have
0+2% 0 7(true)
g,&eplamregiondetemimdby:‘zysns
b the . '

From (ii) x = 0 which is y-axis. Plane region containi g the origin

And, x 2 0 gives the right half plane includj )
-axis.
from (i) y = O which is z-axis, dingy

And, y 2 0 gives the upper half plane Febaing sk
Y

m?: the graph of the inequality: 3x - 3<5x- Y. 2

::30 "Tesponding equation of boundary lines is2x-
3

N
3
Tl o
2x 8 leshng point (0, 0)in 2x -y 2 -3, we get
00>
-3 (true)
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So, the graph of given inequality is the plane region
o ible region bounded by the following system of inequalities:
Zre @
x+y<6,2x+y28,y20.

Please see 2070 Set D Q.No. 16 a

@{%‘“ feasible region determined by the following inequalities: .
;‘Tx&vﬁ‘:smn«,ym 1)
Please see 2071 Set CQ.No.16a
:,:::5;:;1{&: feasible region under the constraints 3x + 2y <48, x+y<20;x,y20. [
The corresponding equations of boundary lines are:

3x+2y+48 ...(i)

x+y=20 ..(id)
x=0 ....{ii)
y=0 (iv)

From (i), 3x + 2y = 48

x [Io Ilé

y J 24 J 0
Taking testing point (0, 0) in 3x + 2y < 48, we get

3x0+2x0<48 (true)
From (i) x + y = 20

X 0 20
y 20 0

Taking testing point (0, 0) in x + y < 20, we get
0+0< 20 (true)
From (iii) x = 0, which is the equation of y-axis.

From (iv) y = 0, which is the equation of x-axis.

Unit16 297

€(0,20)

B(8,12)

2 4.6 8 10 12 14 16

5

X

y=0

3x+2y=48

M

From the figure OABC is the feasible re
0), (8 12) and (0, 20) respectively.
#5.2073 Set D Q.No. 163

Find the feasible region determined by the inequalities
X+y<8 x +2y<10,x,y20.

gion where the coordinates of O, A, B and C are 0,0), (16,

21
Please see 2071 Set C QNo.16a
%2073 Supp Q.No, 16

Wiite the Procedure of solving a linear p i bl

B -3

by the graphical method.  [2]

: :"E Procedure of solving a linear programming problems by the graphical method are as follows:

0] . ) Y h al form 1f necessary.
Mulate the given linear progr g problem into the

i, F}PreSS the constraints (inequalities) into the corresponding ef.]uaﬁfal\s.
oo the feasiple region from the graphs of the equations obtained in ().
rmine the vertices of feasible region.

y i ices of the feasible region.
i Fu::uate the value of the objective function at each of the vertices

Set A
D“e Q.No. 1 2

ity x-3y<3.
\""‘"ﬁ graphically the solution set of the inequality x- 3y

v,

N 3 < = 3
ing equation of boundary line is x - 3y

. 3,0).
"undary Tine passes through the points (¢ -1)and (3,0)
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Taking testing point (0, 0) in x - 3y <3, we get

0-3x0<3 (true) . . -
So, the solution set of given inequality is the closed half plane region containing the origin 55 ohis
1 Wiy

below.

P8. 2074 Set B Q.No. 16

Shade the feasible region under the constraints
2x+ysdﬂ,x+2y550,xyzo "

The corresponding equations of boundary lines are

2x+ry=40 @ ,
x+2y=50 (u)
x=0 .. (iid)
y=0 -.-(iv)
From (i) 2x + v =40

[x 0 20

y 40 0
Taking testing point (0,0) in 2x + y <40, we get,
. 2 x 0+ 0<40 (True)

From (i) x + 2y =50
x [0 |50
EEEED
Takingltsﬁngpoint(ﬂ,(!)inx+2y$50,weget

0+ 2 x 0<50 (True)

From (iii) x = 0 which is Y-axis

Andxzﬂgivadbeclosedri@thalfplane.

From (iv) y = 0 which is X-axis

And y 2 0 gives the closed upper half plane.
Y

The Feasible region is shaded.
[29. 2074 Supp Q.No. 16a [t
Find the feasible region determined by the inequalities 3x + 4y < 24,0 sy $4,05X <7.

= Please refer to 2070 Set C Q.N. 16a

[30. 2076 Set A Q.No. 164 t

Find the feasible region determined by the inequalities x + y <6, x-y 2 -2, x20,¥2 0.

LINEAR
M »sponding equati . PROGRAMMING
The correspon®’ ons of given ineguae
Yy 0 it e

‘_ys-z .. (i)
:,o ?ii;

)
y=0 e

king testing point (0, 0) in x +

Ta
0+0£6(true)
6o, it co.ntams orngin.

Y<6, we get

=-2

ii), X =

aking testing point (0, 0) inx -y > _
5-023-2 V22 wege,
02 -2 (true)
5o,itcomai.nsoﬁgin
From (iii) x = 0 which is y - axis
From (iv) y = 0 which is x - axis
And, x2 0, y 2 0 means we have to consid o
1 the region infirs quadrant only

Unit 16 299

nt AT5SotB Q.NG. 16
el

t .
Jine graphically the solution set of 2x+y 22 x20,y 20.

The g )
b?:sl:“;‘dmg_equations of boundary lines are
X=( e (l)

yog ()

Tag :
2% :;‘ B testing point (0, 0) in 2x + y 2 2 we geb

t022
0 2
TE 2 (false)
$lution gt of 2x +y22isthe closed plane re

D i
U)X = 0 which is y - axis.

gion without containing the origin.

g

2l
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the closed right half plane.
0 which is the x - axis.
closed upper half plane.

and, x201is
From (iii) Y =
and, y 2 0is the

]

2. 2075 Set C Q.No. 16

Shade the feasible region boun

JsoLuion] _
The corresponding equations of boundary lines are
x+y=6 ]
x=0 - (@)
y=0 ... (i)
From (i), x+v=6
[x_ [0 [6 |
Ly [0 ]

Ta]dng'sﬁngpoint(o,o)inx+ys6,weget

0+ 0<6 (true)

So, d\eregiondeterminedbyx+ys6is the closed half plane containing the origin.

From (ii) x = 0 which is y-axis.

And, x 2 0 gives the closed right half plane.

From (iii) y = 0 which is x-axis.

And y 20 gives the closed upper half plane.

dedbyx#ys@i.yzo-

@. 2056 Q.No. 1ﬂ
4l

Maximize and minimize the function F(x, y) = 9x + 7y.
Subjecltoconstraintsx#2157;x-y54;xg0;y30.

Linear . A Toat t

inequalities Boundary lines Points lestﬂ Resvu.l
x+2y<7 x+2y=7 (0,35) (7,0) 00 | 07 .I.mL
Toved - i-y=4 0,-4) (4,0) 0,0) 0<4 (0

The inequalities x 2 0, y > 0 indicate that the common region lies on the first quadram

Y
¢ the common region is quadrilatera] AOBC, which ;
il Wwhich is

ence t¢ .
er, in order to maximize and minimize the given shaded on the graph.

=9x+7y;
I Y —
F=9x0+7x35=245 | Remarks |

F=0 TR
== =
F=9x4+7x0=3 | Minimum |
F=9x5+7x1=52 Vs

Maximum value =52 at E (5, 1)
value = 0at O (0, 0)

Find the lues of the fu Gl,
: . y) defined =
polygon given by the inequalities. x + zYSm?**y<l&xb>yo?;x;{,) 10x + 15y over the convex
s il
Linear .
inequalities Boundary line Points Testing point Result
- 0,10
1+2y<20 x+2y=20 gzo,og 0.0 020 (True)
1+y<16 - (0,16)
y< x+y=16 16,0 ©,0) 0<16 (True)

:‘!:W we draw the graph.
€ solution set is shaded on the graph which is quadrilateral OABC.
Y

—

NP
C(0, 10)

x+y=16
The coopa: — 10) respectively.
ordinates of O, A, B, C are (0, 0). (16: 0), (12 4) and (0, 10) respec

The inequalities x > 0; y > 0 indicate that the common region (i.e. solution set) lLies on first quadrant.

[
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Again,

of Basic M

0(0,0)

Vertices

G =10x + 15y
G=10x0+15x0=0

Minimum

A (16,0 G=10x16+15x0=160 ‘
B((ll4)) G=10x12+ 15x 4=120+60 =180 Maximum
E(o,m) G=10x0+15x10=150
Maximum value of G = 180 at (12, 4)
Minimum value of G =0 at (0, 0)
[85. 2058 Q.No. 184 . R
Maximize and minimize the function F = 9x % 40y subject to comstraints y . y 1
y-x<3,2<x<5. 1)
Linear inequalities | Boundary line | Points Testing point Result
0,1
yoxr>1 l §-x=1 (_“), ©.0) 021 (False)
v-x<3 l y-x=3 (_0:;3()]) 0,0) 0<3 (True)
3 I =2 | (0,0) | 0> 2 (False)
<35 [ =5 - | (0,0) | 0<5 (True)
Y
X

Ozl(Pa]se)

056(1'me)

Cand D are (1, 0), (3, 0), (3, 3) and (1, 5) respectively.

Y x=2 x=5

Hence the common region is the parallelogram ABCD which is shaded on the graph.
Here, the cocrdmates of A, B,C,Dare (2,3), (2,5), (5, 8) and (5, 6) respectively.
In order to maximize and minimize the function F = 9x + 40y, we have

Vertices F = 9x + 40y | Remarks
A(2,3) F=9x2+40%x3=138 | Minimum
B(2,5) F=9x2+40%x5=218
C(5,8) F=9x5+40x8=365 [Maximum
D(5,6) F=9x5+40% 6= 285
Hence the maximum value = 365 at (5, 8) and

Minimum value = 138 at (2, 3).

[B6. 2059 Q.No. 14b|
Maximize and minimize the function F(x, y) = 9x + 7y
Subject to constraints x+ 2y <7,x-y <4 x>0;y >0

= Please see 2056 Q.No. 14b

E7. 2060 Q.No. 14§

Maximize and minimize F = 10x + 15y subject to x + 2y < 20, x + y < 1
=2, 6, ,
= Please see 2057 Q.No. 14b y<16,x>0,y>0

LINEAR
- PROGRAMMING Unit16 303
%1 minimize the i
'i,,.ximlze an1"<x<3 fundtion F = 347 , 6y subj
y<6and Py ubject to the constraints 5 + y 21,

4]

The common regjion is shaded on the graph, which is quadrilateral ABCD. The coordinates of A, B,

Vertices F=34x+ 6y | Remarks
F=34x1+6x0=34 Minimum
F=34x3+6x0=102
F=34x3+6x3=120 Maximum
= F=34x1+6x5=64
! s maxunum value of F=120at (3, 3)
€ Minimum value of F = 34 at (1, 0).
2QNo. 14
HM"“H\ize: F =50x + 15y, subject to x + y <60, 5x + y$10.x20y>0 "
Linear . Testing point Result
Nequalities Boundary line Points 8 0< 60 (True)
Yy <60 YTy =60 (0, 60) 0.0 -
60, 0)
: , 0< 100 (True)
" Y <T00 Svey =100 (2061&0) 0.0
They e (o5 In the first quadrant.
equalitis y >0, y > 0 indicate that the solution set lies 7 ¢ ¢

(4
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LINEAR p
o5 the upPer half plane containing .4y, ROGRAMMING  unit 16 305

y? (iii) y= 4 is the line parallel to x-axjg and
thr ;
g 1osting point (0,0)iny <4, we get ough the poing 0,4)

304 Asmita’s NEB on of Basic Ma

true)
944! =0 which is y-axis.
the rig,ht half plane contammg the y-axis,

and th:ough the point 7,0

G is the line parallel to y-axis
Y

SONB (10.50)

Hence the solution set is shaded on the graph which is the quadrilateral OABC.
The co-ordinates of vertices O, A, Band Care (0,0), (20, 0), (10, 50) and (0, 60) respectively.
Again,
Vertices F =50x+15y Remarks Y
0100,0) F =50x0+15x0=0 The required solution is shaded in the figure.
A(20,0) F =50 20+15x0=1000 Vertices
= Vi = =
B(10, 50) F =50x10+15x50=1250  |Maximum 0O(0,0) F:l:(::‘op 21-6; +24%t0
(0, 60) F =500+ 15x60=900 A7,0) F=16,7_-2,0+40=_;5‘;
Maximum value of F = 1250 at the point E(10, 50). 3
o208 e 148 3(7, Z) F=16x7-2x7+40=1505
Grapl} the following system of inequalities to find maximum and minimum of the objective
function cfé F=16%0-2x4+10=7467
F=16x-2y+40 34 3 Y
3x+4y<24,0<y<4,0<x<7 [ ), D(04) F=16x0-2x4+40=32
soLuTiod . value of F = 152 at (7, 0)
The boundary equations of given inequalities are ‘(M.u\, Value of F= 32 at (0, 4)
x+4y=24 0) LA N, 14
y=0 ... (i) Sraph the follgwi i the vertices where they exist: |
2y <90 ng systems of inequalities and find the vertices Wi y |
y=4 i) g~ Y <16x20 Cl ‘
x=0 (iv) Th
 Orrespong; .
;.: 7 s V) A 2;5202?)[1"18 boundary lines are respectively ]
+4y= |
rom (i) 3x + 4y = 24 Tty=16 |
x |0 |8 &x0
y |6 |0 i
Taking testing point (0,0) in 3x + 4y <24, we get
0+4%0 Boundary lines
: ;of? ft:uei - ol TH®0 0<20 (rue)
e gra x < 24 contains origin. SEA
grap y gin. 016) (16,0) 0516 (true)

From (ii) y = 0 which is x-axis.
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ks 777807 IPIFPESELE 1272 1IPPEPIEE

s ~~_ 1, «
0 (0}0) y=0 C(18W) (20,0)
—> x+2y=20
x+y=16
The common region is shaded on the graph which is the quadrilateral AOBC having the
coordinates with the vertices A (0, 10), O(0, 0). B(16, 0) and C (12, 4).
E 2065Q. No. 14 b
Determine the extreme value of the functions F(x, y) = x +y + 100 subject to the constraints:  [g]
y-x21; y-x<4and 1<x<6

The corresponding equations of boundary lines are
v-x=1 (i) »
y-x=4 i q e
xe1 o : e
x=

From (i)

y-x=1 :
x 0 -1

B(6.7

0-021 (false)
From (i)
y-x=4

x 0 —4
y 4 0 X 7. ‘); X
Taking testing point (0, 0) in y - x < 4, ‘;/_— g ki
we get -

0-0<4 (true) _
From (iii) x = 1 which is the line
parallel to y-axis and through the point x= x=
(1,0) y

From (iv) x = 6 which is the line parallel to y-axis and through the point (6, 0)
0-021 (false)

Vertices Value of F = 10x + 15y

A(1,2) F=1+2+100=103

B(6,7) F=6+7+100=113
C(6,10) F=6+10+100=116
D(1,5) F=1+5+100=106

Max. value of F = 116 at (3, 7)
Min. value of F =103 at (1, 2)

8

7

6

y 1 0 5
Taking testing point (0, 0)iny -121 4/

3

2

LINEAR moem.m

0 a linear inequality differ ¢

es
om value of the function @(x, y) = 15W~2yunm equ b

An equation of the form ax + py -

rt:
jrot P2 lled a linear equati 't (i) wh,
il St - S
Lty i 1 e
qu:t“l" ot: Please see 2063 Q.No. 14b Or 2in (i), then itjs called linear
Z’W‘a’m" i lues of th
B e extreme values ol the objective funecti
FT:ysﬁ,b+y52°r*23,yz4 oM 103+ 15y subject to constraints:
y 3
The corresponding equations of boundary lines are. ”
s 0 '
+2 2
oI
1= (ux)
yot ...(iv)
from (i) X+ 2V = £ From (ii
X 0 5
12.5 0
aking testing point (0, 0) in x + 2y <25, . . -
0+2x0<25 (true) <0(true)
From (jii) x =3
X 3 3
v 0 2

Taking testing point (0, 0) in x > 3, we have Taking testing point (0, 0) in y > 4, we have

023 (false) 024 (false)
Y
/} 0, 20;
—
17.5
15
[ ey
10 D
75
y=4
25t A
& 7520 20525
-715-5 _. 5 10\12515 1 s
2551 25 ° Thh) ﬁ (e2y=25)
-5 #:3
=15

From the ¢ \ of AB,Cand Dare AG, 4), B,
1,31 slhleoﬁgu re ABCD is the feasible region where the coordinates of A,

Value of F=10x +15
F=10x3+ 15x4=%
F=10,3,[5K4=HO
F=10X5¢15x10=2“}
F=10:3+15"“‘195

Yax

A7

iy v:]l“e =200at (5, 10)
e = 90 44 3, 4)
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2068 Q.NO. 14 B
" h d :e o and the values of the objective function. :
- dtodx+dy<24,0<ys4,0<x<7. 4]

F = 16x— 2y + 40 subjecte!
w Please see 2063 Q.No. 14b

6. 2074 Set A Q.No. 18 N tata bined
ufactures necklaces and The of necklace gy, d

: r:::::xt\;l::ya‘:‘:mﬂ, per day is not more than 24. Each bracelet takes 1 hour of labour
make and each takes a half hour. The total number of hours of labour available does
not exceed 16. If the profit on the necklace is'lls. 80 and q\e profit on the bracelet is Rs, 50, How
many of each product should be p d daily to profit? o
Let no of necklaces = X

& no. of bracelets =y ) ) )
1beememlalproﬁttobema)dmxzed.thengwenLPPcanbewmtenas

hhﬁndm?=80x#50ysubjectwmemnstraims
x+y <24

x+%y$16 ie 2x+y<32

x20,y20.

The cotresponding equations of boundary lines are
x+y=24 ...(0)

2x+y=32... (i)

x=0 .. (i)

y=0 (1)

From (i), x+y=24

[x T oT2]

[24] 0]

Taking testing point (0, 0) in x + y < 24, we get
(true)

So, the solution set of x + y < 24 is the closed plane region
containing the origin.

Again, from (i), 2x +y = 32
[x [0 T16]
[y [32]0]

Taking testing point (0, 0) in 2x +y <32, we get2x0+0<
32 (true)

So the solution set of 2x + y <32 is the closed plane region
containing the origin.

From (iii) x = 0 which is y -axis.

And x = 0 gives the closed right half plane.

From (iv) y = 0, which is x-axis.

And y 2 0 gives the closed upper half plane.

0+0<24

From figure OABC is the feasible region where the coordinates of O, A, B & C are (0, 0), (16,0
(8, 16) & (0, 24) respectively.
[ Vertices Value of P = 80 x + 50y
O(00) [P=80x0+50x0=0
A(16,0) [P=80x16+ 50 x 0 =1280
B(8,16) [P=80x8+50x16=1440
C(0,24) [P =80x0+50x 24 =1200
The maximum value of p is Rs. 1440 at (8, 16) it
pm

So, the required no. of necklaces & bracelets that should be produced daily to maximize the
are 8 & 16 respectively.

o~
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MA
1 = ol B Q.No. 17
71‘“5 e simplex method, maximize p =
v Y X=yS1,x20,y20.[4]

and .
Let rm the following form:
oy +r=4
y+s=1
+3y=P
x+yy+r+0~5+0'p=4
S or+s+0p=1
K3 +0r+0s+p=0
simplex Tableat
b s RHS
0 0 0 4
;4 1 0 |1
ot 2~ 011
- 31 0 0 1 0
Here -3 s the most negative entry. So, column second is the pivot column.

A3

© =|m

4 - .
Now,7 =4and 7] = -1 (We shouldn't take negative ratio). So, 1 is the pivot element.
Applying Rz > R+ Riand Rs >R+ 3Ry
X y

r s P RHS
1 1 1 0 0 4
2 0 1 1 0 5
Z 0 3 0 1 12
Since all the entries in the last row are non-negative, the optimal solution is obtained.
The optimal solution is

Max.p=12atx=0andy=4

82089 (Set A) Q.No. 1§

Using simplex method, Maximize Z = 7x1 +5x2 -
Subject to x1 + 2x2 < 6; 4x1 + 3212 M, 12 20 [6]

Let x3 and x4 be non-negative slack variables. Adding the slack variables, we can write the given

LPP in the following form.
N+2n+x3=6
M+3n+ =12
Z=7x;+ 5x,

F I+ 3+ 0.0+0.2=6
@+3540. x40, +0.2=12
TN-5040.x3+0. x4+ Z=0

Simplex tableau
2 X

Xy .

—x

-7

6
olumn. Since 7 = 6,

first column is the pivot c

Here, -7 is the most negative entry in the last ro s
12

2

4 =3and 3 <, 50 4 is the pivot element

%

AT
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310 Asmita
Ra— : R:
Applying R2 =4

Basic Variables x X2 ‘1‘ ‘0‘ § RH:(I’)

0 1/4 0 3

0 0 1 0

i _Reand Ry > Ra+ 7R

Applying Ri» Ri-R:a o “ . z RHS(b)

1 -1/4 0 3

0 1/4 0 3

0 1/4 0 7/4 1 21

Since all the entries in the last row are non-negative, so the solution is optima)
Max. value of Z=21 whenxi=3and x2=0.

9. 2069 (Set B) Q.No. 18 -
Using simplex method, maximize Z = 7x1 + "
Sult:;gedto:n4h56,4n+3n56,x\,n20

Let x: and x be the non-negative
n+2p+n=6
4 +3n+x:=6
Tu+n=Z

= n+aAn+0.u+0.Z2=6
411*3I1+0.I1+x4*04z=6
71 50+0.1:+0.u+2Z=0

slack variables. Then the given LPP can be written as

Simplex tableau

x x2 x3 x z RHS
1 2 1 0 0 6
4] 3 0 1 0 6
7 -5 0 0 1 0
1
. . .6 6
Here, -7 is the most negative entry. So first column is the pivot column. Since 7= 6, 7= 1.5 and
1.5 <6, 50 4 is the pivot element.
Applying R: > Ro
x1 x2 x3 X Z RHS
1 2 1 0 0 3
1 3/4 0 1/4 0 3/2
-7 -5 0 0 1 0
Applying Ri - Ri1 - Rzand Rs & Rs + 7Rz
x x2 x X Y4 RHS
0 5/4 0 -1/4 0 9/2
1 3/4 0 1/4 0 3/2
0 1/4 0 7/4 1 21/2

Since all the entries in the last row are non-negative, so the optimal solution is obtained.

g B 3
2—23111—2ax\d12—0

[60. 2070 Set C Q.No. 18
Using Simplex method, Max. z = 5x1 + 7x; (6l
Subject to 2x1 +3x2<13; 3x: + 20,512, 11,220,

Let x3 and x4 be the non-negative slack variables, Then the given LPP can be written as
21+ 302+ x:=13
3n+20+xu=12
50+ 7x2=2
= M+3n+n+0.u+0.2=13
3+ 20+ 0.+ x+0.2=12
50 -7x2+0. 03+ 0. x4+2=0

LINEAR PROGRAM,
MING
x; f‘implex tableay nit16 349

B 12 _gand4.3
2= .3< i A
.43 6 an 6,503 is the pivot element,

1
Ri—»3R
App]yillg 3

e e

5 0
Applyinﬁkz_)m-zm and Rs+ Ry + 7R,
2/3 1 13 0 T
0 273 . g 13/3
-1/3 0 7/3 0 =
1 1 91/3
< is not the optimal solution as the last i £ :
This - /s 203 row contamssmgauve entry. Again, first column is the
pivot column. Since, —LZ/S =6.5, "L5/3 =2and 2<65, s03is the pivot element
o3
Applying Ra > Re
n x2 x x z | RS
2/3 1 173 0 0 13/3
1 0 -2/5 3/5 0 2
/3 0 7/3 0 1 [ s
2
Applying R1 = Ru -ngandlh-vRﬂ-% R:
x X2 X3 X L L=
0 1 3/5 25 0 )
1 0 -2/5 3/5 0 :
0 0 1/5 1/5 1 "
Since all the entries in the last row are nor-negative, so the optimal solution is obtai
Max.z=31atx =2, x2=3.
Ei:‘mo Set D Q.No. 1!
Using Simplex method,
Max. P =50 x, + 80x; 161
Subject to x; + 2x; < 32; 3x1 + 4na <84 1y, 1220
can be written as

Letxy and x, be the non-negative slack variables. Then given LPP
N+ 0y =32
M+ 4y, + xo=84
2 S+ 80x;=p
A4 x 40,540, P=32
~;:)f4-r2+0..\'\* x+0.P=84
X1-80x2+ 0. vy + 0. x4+ P=0

Simplex tableau
x
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Here, -80 is the most negative entry in the last row,

so second row is the pivot column, i,

32/2=16,84/4 =21 and 16 < 21, so 2 is the pivot clement.

1
Applying Ry - SR,
sk P RHS
X1 X3 x3 ) 0 16
1/2 1 1/2 0 0 84
3 q 0 1 0
-50 -80 0 0 1
Applying R: - R: - 4R and Ry - Ry + 80R« RHS
xn x2 x3 X g 16
1/2 1 1/2 (1) 0 2
0 -2
10 0 20 0 1 1280
+

This is not the optimal solution as the last row contains negative entry. Again, first column is the

20 16 N . :
Ppivot point column. sn’nceT= 20, 72 32 and 20 < 32, 50 1 is the pivot element

Applmll—DR|-% Rzand Rs - Rs + 10R2

) x2 x3 X4 P RHS

0 1 3/2 -1/2 0 6

1 0 =2 1 0 20

0 0 20 10 1 ) 1480
Since all the entries in the last row are non-negative, so the optimal solution is ob d.

Max. P=1480 at x1 = 20, x2= 6.

E 2070 Supp. Q.No. 1§
Using the simplex method, maximize
P = 20 x + 30 y subject to constraints
2x+5y<20,2x+y<12,x20,y20

(6]

Let r and s be the non-negative slack variables. Then the given LPP can be written as

2x+5y+r=20
x+y+s5=12
20x + 30y = p

= 2+5y+r+0.5s +0.p=20
2+y+0.r+s+0.p=12
-20x-30y+0.r+0.5s+p=0

Simplex tableau
x y T ) P RHS
2 571 1 0 0 20
2 1 0 1 0 12
-20 —%U 0 0 1 0
Here, -30 is the most negative entry. So, second column is the pivot column.
Sinae? = 4,1.12 =12and 4 <12,505 is the pivot element.
1
Applying R1 - g R
x y r 8 P RHS
2/5 1 1/5 0 0 7}
2 1 0 1 0 12
-20 -30 0 0 1 0
Applying R: - Rz - Ry and R; = R + 30R,
x y r — 8 p | RHS
2/5 1 1/5 0 0 1
0 -1/5 ] 0 8
7 0 6 0 1 120

his is not the oPtimal solution ag gy ;o Containg l.MEMp'wa""““ﬂm? Unit1g 34
jumn. Sim:t!i =10, == the Negative entry )
Pjvotco s 2/5 ‘8/5 -Sand5<1o,503/5i“hew_ - Again firgy column is the

-4 Vot e‘#mm
Ayplyl"s R2— 8 Rz LA t

x
2/5 1 s h
A 0 1/5

0

0
-1 RHS
3 \ 2 503 ; 3
el
Aﬂ,lymglh—bﬂl-g R“"dm—bkﬂvskz 1

5
since the last row contains all non-; :
Max.p=160atx=5andy =2

5
i 1
OPtimal solution j5 omm
Using simplex method )
Maximize f = 15x; + 10x, g
subject to 2x1 + x2 <10 18]
xn+3x<10,

x1, x2 20

tive i i
LPP in the following fom\.ga Mvmbla. Addmg the slack variabl
M+ x2+x3=10
n+3n+x=10
1511+ 10x2 = f
W+02+x03+0.x3+0.f=10
n+30+0.x3+x,+0.f=10
5111022+ 0. x3+ 0. x4 + f=

U

. Simplex tableau
1 X2 X3 X £ RHS
1 1 0 0 10
. 15 3 0 1 0 10
= -0 0 0 1
1 0
Here, -15 is th, : g . . 10 _10
€ Most negative entry, so first column is the pivot column. Since 5= 5, T =10and
5<10.S02 s the pivot element.
Applying R, - % Ri
x x2 x X f RHS
1 1/2 172 0 0 >
1 3 0 1 0 10
7 -15 10 0 0 1 0
PPlying Ry 5 R, - R, and Ry > Ro + 15Rs
44 Fy y " £ RHS
1 172 172 0 ) 2
0 2 1 0 5
5/2 -1/2 75
(U 572 15/2 0 !
t

This i "ot the optimal solution as last row contains negative entry.

i " S —§—=7 d 2 < 10, 50 5/2 is the pivot
B3I, second column is the pivot column Since 773 = 10,577 = 2an '
Clemeny

-
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A 2
PPlying R: 5 5 R,
£ x n X4 (f) R};S
1 1/2 1/2 0 0 2
R G /- S VM .
0 32 15/2 0 ! 75
t
Again, applying Ri » R -%Rx and Ry Ry +5/2R
n x x x f | RHS
1 0 3/5 -1/5 0 :
0 1 ;1&_,’__2&———’0_’ 2
0 0 7 1 1 8
Since all the entries in the last row are non-negative, S0 optimal solution is obtained.
Max. f=80atxi =4, x2=2
[54. 2071 SetD Q.No. 1§
Using simplex method,
Maximize U=25x +45y
subjecttox +3y <21
2x+3y<24
x,y20 . 6]

=

Let r and s be the non-negative slack variables. Adding the slack variables we can write the given
LPP in the following standard form:

x+3y+r=21 .

2x+3y+s=24

25x+45y=U

x+3y+r+0.5+0.U=21

2r+3y+0.r+s+0.U=24

-25x-45y+0.r+0.s+U=0

Simplex table
x y r s U RHS
1 B 1 0 0 21
2 3 0 1 0 24
-25 -45 0 0 1 0
*

Here, —45 is the most negative entry in the last row. So, second column is the pivot column. Since

21 24
=7 3= 8 and 7 < 8 so, marked 3 of first row is the pivot element.

3
1
Applying Ri »> 73 R:
x y r s U RHS
1/3 1 1/3 0 0 7
2 3 0 1 0 24
-25 -45 0 0 1 0
Applying R: = Rz - 3R1 and Rs + Rs + 45R,
x y r 8 U RHS
1/3 1 1/3 0 0 7
0 -1 1 0 3
-10 0 15 0 1 315
1

This is not the optimal solution as the last row contains negative entry. Again, first column

7 3
pivot column. Sinccm =21, 1° 3and 3 <21, 501 is the pivot element,

- aR

is the

LINEARPROG
RAM
ApP MING  Unit1 345

1
ylnsk'_’k"3 R""dk"""ﬂlm,
X

0’
65. sing the simplex method, maximize
=4x +5Y subject to

2t 5yS75,6x“'5Y515.820,yzo_

. 6]
Let r and s be the non negative slack vari ! [
LPP in the following form: bles. Adding the siacy Variables we ]
45y +r=2 @n write the given
gx+5y+s=45
4x+5y=P
+5y+r+0.s+0.p=25
6x+5y+0. r+s+0.p=45
4x-5y+0.1+0.s+p=0

. Simplex tableay
r

2 1 5 | Rss

6 5 0 1 g | 7—?

-4 -5 0 0 1 =

1 0

Here, -5 is the most negative i -
e - 8 entry in the last row. So second column is the pivot column. Since

5 =55 =9and 5 <9, 505 s the pivot element

. 1
Applying Ri > 5 R

x y r s P RHS
2/5 m 1/5 0 0 5
6 5 0 1 0 45
0y -4 5 0 0 1 0
Pplying Rz — Rz - 5R; and Ry — Ri+ 5Ry
x y r s P RHS
2/5 1 1/5 0 0 5
@ o 1 1 0 2
-2 0 1 0 1 P
s %0 _ 5
Again, first column is the pivot column. smz—?g =3, 37 3and5 <7, sodisthe pivot lement.
Applying R, 4% Re
RHS
X r S 3
2/5 1 175 0 H :
1 0 -1/4 14 e
=2 0 1 0 ! =
A 2
Pplyl“SRI—le-gRundRs-'bK“'m’ . RHS
X T 0 3
0 1 3/10 i :0 0 5
1 0 -1/4 1{, T ®
0 so the solution is optimal.

Sin, ;
€ all the entries in the last row are non-negatve

0 -
XP‘35akx=5,y=3

e 9 e s g
i
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316 Asmita's NEB Solution of Basic o (+2y*5= 50 o
+3y
5T s+ 0.2=40
Solve by Simplex method, the LP problem to maximize z = 7x + 5y subjeqy o v’d; Y + :) : ? 5 +02=50
" 0. +0
,+2y56,h*3y512.x.y2 lGl 41' ¢0.;+0<s+z=0
SR
Please see 2069 (Set A) QNo. 18 e tableatt
§
Using Simplex ‘method, find the optimal solution of z =7x1 + 5x2 subject to
n+ 20 <6, an + I <12 020 .
Please see 2069 (Set A) QNo. 18
58. 2072 Set E Q.No. 18 ) ] ‘

o ‘method, ere, 5 15 the most negative entry, so first column . )
Using Simpley ; H ) is the pivot cotumn, Since 22— 5 30
Maximize F = 5x - 3y, subject to 20<50,sozisthevaotelement Since 5= 20, 7= 30 ang

iy -4,x,y20 1
msxﬂys@ e 4 ppplying R > 2Rt

Given inequalities are x
3x+2y<6 1/2 2z
-x+3y24:x—3ys4 1 2 02 0 20
x,y20 ) ) . ) 5 3 0 > 0 0
Let r and s be the non-negative slack variables. Adding the slack variables, we can write the given Applying Re—> Ra- Ry, Rs > Ry +5R, 1| 0
LPP in the following form . : r s
3x+2y+1-6 1 12 z RHS
x-3y+s=4, and 0 3§2 -11//22 (1) 0 %

- 3y = 0 p”
5x-3y=F 0 -1/2 5/2 0 3 ‘ .

= 3x+2y+r+0.s+04F=6
x—3y¢0.r+s+0.l==4

1
The solution is not optimal as the third row contains negative entry.

-5x+3y+0,r+0‘s+F=0
Simplex tableau . X . 0 30
. . . s F RHS Again, second column is the pivot column. Since 75= 4, 375 = 20 and 20<40, s0 3/2is the pivot
3 2 1 0 0 6 element.
1 -3 0 1 0 4 ) 2
5 3 0 0 1 0 Applying Rz =3 R.
T . . ) . . ) X y r s z | RHS
:{ere, 5 is the negative entry in the last row. So, first column is the pivot column. Since 1 12 172 0 0 )
4
3=27 =4and 2 <4, 503 is the pivot element. 0 1 -1/3 2/3 0 2
’ 1 0 -1/2 5/2 0 1 | 10
. - . 1
Applying Ri >3 Ri Applying Ry - Ri- 5 Ra, Ri > Re +%Rx
x y r s F RHS N ’ s
1 2/3 1/3 0 0 2 1
1 -3 0 1 0 4 0 1 41/3
-5 3 0 0 1 0 0 0 72 13 1 110
Applying Rz > Rz - Riand Rs > R3 + 5R1 Since all entries in the last row are non-negative, so the optimal solution is obtained. Max. z=110at
. y r s F RHS X=10and y = 20
1 2/3 1/3 0 0 2 0. 2073 o =
tC Q.No. 1 : 6]
0 -11/3 -1/3 1 0 2 Maxin; . vxa 20 by Simplex method. 6]
m| = : +2a$12 00200y
0 19/3 5/3 0 1 10 * Plegge ize 7 = 5x, + 7x2 subject to 2x + I <13, 30

Since all the entries in the last row are non-negative, so the solution is optimal.
Max. value of F=10atx =2,y =0.
69. 2072 Supp Q.No. 18]
Using simpl th ize z = 5x + 3y
subject to 2x + y 40, x + 2y <50,%,y 20
Let r and s be the non-negative slack variables. Then given LPP can be written as
2+ y+r=40

q .

% see 2070 Set C Q.No. 18
2073 Set D Q.No, 18

Sing the simplex method, Maximum Z =150 +10¢ 161

§
N P:: iectto 2x, + x; <10, 1 + s 10, 20
i ’Q::e See 2071 Set C Q.No. 18 ”
“_ Supp anN N sw’m;x,go,x.,nzo.
< Aoply gimoie e o 155 + 100 subject 0 2T
P plex method to maximize 2

lease
“ase refey 2071 Set C Q.No. 18

B waaw\
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Use the simpl hod to imize P = x + y subj
x+2y<6,3x+2y<12,x20,y20.
Let r and s be the non-negative slack variables. Then the
x+2y+r=6
3x+2y+s=12
x+y=P
= x+2y+r+0s+0P=6
3x+2y +0r+s+0P=12
-x-y+0r+0s+P=0

of Basic M ics-ll
__/—-_-\

ect to constraints l6]

given LPP can be written as

Simplex Tableau

x y r
1 2 1
@ 2 0
-1 -1 0
+

There are two equal negative entries in the last row. So, we may choose any one of 1t or 2 column

as pivot column. Let us choose first column as a pivot column.

.6 12
Since7=6 & 3" =4and 4<6.
So 3 is the pivot element.
. 1
Applying R 3R2
x y r s P RHS
1 2 1 0 0 6
1 2 0 1 0 4
3 3
-1 -1 0 0 1 0
Applying R1 > Ri - R & Rs > Rs +Re
x y r s p RHS
1
0 g’ 1 3 0 2
2 1
1 3 0 3 0 4
1
° 3 0 % 1 4
+

This is not the optimal solution as the last row contains negative entry.
. . ) 2 6 4 4. .
Now, second column is the pivot column. Smce4/—3=z= 1.5,m =6and1.5<6, 507 is the pivot

element.
3

Applying Ri -z R
x - L g P RHS
0 1 3/4 -1/4 0 3/2
1 2/3 0 1/3 0 A
0 -1/3 0 1/3 1 1

2 1

Applying R: » Rz -z RiandRs > Rs +3 R,
X Y L J P RHS
0 1 3/4 -1/4 0 32
1 0 -1/2 1/2 0 3
0 0 1/4 1/4 ) 573

Since all the entries in last row are non-negative, so the optimal solution is obtained,

9 3
Max.P='£whenx=3andy=§

LINE
7B Q.No- 18 AR PROGRAMMING Uit 1 39
014 s°implex method to maximize z =

P 5x + 3,
AP %o to 2072 5upp. Q No. 18 Y eublectto ety <40, x4 2y <50,

7 Zo‘:ﬂs simPle" method, maximize P =
Usi® efer
ase

to 2070 Set D Q.N. 18

y=20. [6]

50%: + 80x j
lsublmlox|+2:(zs32,3)(x+()tzsu,x1.xz20 [6]

07 {ex method, maximize U = 25x +

p f 45y subj
Usiﬁg:i::l:efer t0 2071 Set D Q.No. 18 Jecttox+3y <21, 20+ 3y < 24, x, y20. i6]

!
;1559160."0.1
pl.e=— . plex method, minimize W = 3x
peng the S *2ysubjecttoctyag,xe2y>

4,%y20. 161

3 ented matrix formed fro :
A= Auzgm 1|4 m the constraints and the objective function
1.2 4 )

3 210

2 1|3
= 1 212
& (4 410

Now, the corresponding dual problem of the given LPP is

Max. Z =4yt + 4y

subjecttofl)’l +y2<3

N+ 2y2< 2

¥, Y22 0

Introducing the slack variables xy, x2 > 0, the problem can be restated as follows:
Jp+y2+xi+Oxe+ 0z=3

yi+2y2+ 0xi+xat 0.z=2

-4y1-4y2 + 0.x1+0x2+z2=0

Initial Tableau
Basic variables y1 y2 X1 xa z RHS
xi 2| 1 1 0 0 3
x2 1 2 0 1 0 2
=4 4 0 0 1 0
1
Since 3/2 = 1,5,% = 2and 15 <2, S02is the pivot element.
. 1
Applying R; —» 3R
. RHS
Basic variables | 3
1 =
y 2 2
0 2
—_— X | 0
3 -4 0
Applying R; -» R, - Ryand Ry Ro + 4Rt RHS
Basic variables | v 2
2
»n 1
2
X2 6
——— |
2
1
Since 32 12 1 1 .3, .
WQT% =3, ;% =3 and3< 3,3is pivot.

Appl)’ing R:— % R
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Basic variables Vi va X 2 |_RHS
1 1 0 0 3
W 1 3 2 2
1 2 1
y2 0 1 3 3 0 3
I S SEE———
0 -2 2 0 1 6
Applying R Ry -3Ra R R+ 2Re
Basic variable | Vi v2 Xt X2 z RHS
2 1 0 4
Al 1 0 3 3 3
1 2 1
vz 0 1 3 3 0 3
4 4 20
0 0 3 3 1 3

! .
This is the optimal solution as all the entries in last row are non-negative.

P S U |
Max.Z=3 at);—B&)‘—3
4

P U 20
ie min W=7 atxi=3, x2=73

COMPUTATION,, METhHOD

NUMBER SYSTEM \
i

Set A Q.No. 16/

9
f zcoosnv ert the octal numeral 3733s into decima) form,
0l
3
| 2
3 7 1 0
on =8 x3+82x7+81x3+8x3 3 3
z =1536+448+24+3
=2011w0
7069 (Set B) Q.No. 16
Convert the hexadecimal numeral 2E4B into decimal form. 2

owuron]

Position i 3
Hexadecimal point 2 E 4 | B |

2E4B1s =16"x2+162x E+16!x4+169x B
=8192+ 3584 + 64 + 11
=11851w

E. 2070 Set C Q.No. 16 H
Convert the decimal numeral 1503 to hexadecimal form. 2]

16 | 1503

16 [93 F

16 [5 D
5

[]
-
o

Remainder

0
1503, = S5DFe
K- 2070 Set D Q.No. 16 g .
Convert the decimal number 3058 to hexadecimal form.

Remainder
16 | 3058
16 [ 101 2
16 1 F
: B
3058", = BF2,,

l 20070 Supp. Q.No. 16

C
%3:*" 110011, to the decimal number.

Ay boint 1 -

ooy, B e e e P TTT EEI

SR4+16+0+0+2+1
tsllﬂ

w1



322 Asmita's NEB of Basic tice-l I
E. 2071 Set C Q.No. 16 g 21
Convert the decimal number 25671 to octal form B =001 100 011 (a group of 3) (.
1 _ 1100011 'l"‘”‘“a-m.sﬁom)
Remainder 11 (a
- =0110 00 group of 4) ..
P - = 63w 00 b 01, - 3,
s |20 0 7 350t D °'d"° 16! .
8 |5 0 1t the decimal numeral 3058 to
Eo ¢ c;f;: fer to 2070Set DQNo. 16 o mal form, 3
256710 = 5007s 2 ;13 Supp Q.No- 16
. decimal number 7593 into hexadecima;
Convert the hexdecimal number ABS: to the decimal number. 1 Co onvert the hexa, form, . |
5 1 0 Remainder
Position i A B 5 16 | 7593
Hexadecimal point 16 | 474 9
ABow -16°xA+161xB+16°%5 29 A
—256x10+16x11+1%5 X D
=2560+176+5 il 1
= 2741w B A9
E_207i Supp QMo Tt 759310 = 1DA%6
Convert the binary number 10100011000: into the octal number. 7] =07 Set A Q.No. 16
OLUTIC . Convert 2B116 into the binary number. @
101000110002 m
= 010100011 000 (group of 3) We know,
= 2430s 26= 00102
010; = 2 Bis=10112
1(1)2 = 4s 13=0.0012
= 3x . 2Bl =0010 1011 0001
om; = 0s =1010110001>
2072 s“c Q.No. 16 7. 2074 Set B Q.No. 1GH i
Convert the decum! number 3159 into hexadecimal form. 2] Convert the hexadecimal number 22F; in to binary form. 4] |
Remainder We have,
16 | 3159 216=0010,
16 [ 197 7 Fs=1111,
16 [ 12 5 ~2F  =001000101111
0 C =10001011112
- 31590 = C571 8. 2074 Supp Q.No. 16 2
{i0. 2072 Set D Q.No. 168 Eﬂnven the decimal number 305810 to hexadecimal form.
Convert hexadecimal number 70A into binary form. gl Please refer to 2070 Set D Q.N. 16b
% 0I5 Sot A QNo, 16 @
We know that ‘anm the hexadecimal numeral ABSi to decimal form.
71=0111, 036 = 0000z, Aae = 1010 £ase refer to 2071 set D Q.No. 16b
(70A)1, = 0111 0000 1010 = 11100001010, 10758.'c° No. 16 21
o.
11.2072 SeL E G.No, 168 Sonyerg 1 form.
: 2 e deci 452610 to hexadecima
Convert the decimal numeral 1503 into hexadecimal form. i W mal number *
= Please refer to 2070 Set C Q.No. 16 b 16 | 459
12-2072 Supp Q.No. 169 o 16 28‘; Remnainder
Convert the decimal number 1503 into hexadecimal form., 16 17 2 N
= Please refer to 2070 Set C Q.No. 16 b 6 A
- 1
0
45 - 1
26'" e 11AEI"

PP e
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B. BISECTION METHOD

[21. 2075 Set B Q.No. 16b

If £0) = -1 and £(8) = 1, how many steps of the bisection method will be required to find ,
approximation to the root of f(x) accurate to 0.25? |2';

Here,

f(0) = -1and §§) =1

So, the initial interval = [0, 8]

1 engthofinilialimer"a]= |b-al=18-0] =8

Here, error (€i) = 0.25

We have,

b-a ce
5 <

i

U
(S
A
=)
]

buuu o
Mw o
\A.':b*,"”

i
[~

-

Required no. of iterations (steps) = 5 or more.

@ 2070 Supp. Q.No. 17 j

Use the Bisection method to find the solution of the equation x - 2= = 0 in the interval [0, 1),

accurate to within 10-. 4
1
Letf(x)=x-2==x-5
1
£(0)=0-%=-
1
f(1)=1-3=05
Since f(0) x f(1) = (-1) x 0.5 = 0.5 <0, a root lies between 0 and 1.
+
a b m=230 f(a) £(b)
0 1 05 -1 0.5
0.5 1 0.75 -0.2071 0.5
05 0.75 0.625 -0.2071 0.1554
0.625 0.75 0.6875 -0.0234 0.1554
0.625 0.6875 0.65625 -0.0234 0.06657
0.625 0.65625 0.640625 -0.0234 0.02172
Here, |f(m) = |-0.00081| = 0.00081 < 10-* = 0.001
So, required root is 0.640625.

[23. 2071 Supp. Q.No. 173
Find the solution of x - 10 = 0 using the bisection method witha=3,b=4ande = 0.01.
Let f(x) = x2-10
Here,a=3,b=4, ¢=001
f3)=32-10=-1
f4)=42-10=6
Since f(3) x f(4) < 0, a real root lies between 3 and 4.

1

CompuTa
3
5 345 35
3 : 325
P 3.5 213
5‘125 3;5 31875
1 % 3.1875 315625
315625 3.1875 317188
Maes 317188 316407
3115625 3.16407 316016
16 3.16407 316212
R = 10T =000 <op—
g0, the required root is 3.16212.
hod £
& the bisection method find the root i
slsai:egs of decimals. of the equation x2 + 4 = g i (1, 2) correct to two

4
betf(x) =x2+x-4
Here,a=1,b=2
f(l)=11+l -4=-2
f2)=2“’2'4=2
since (1) and £(2) have opposite signs, 5o there is a root bety
—

land2
b -atb T

a m=7 f@) f(b) | f(m)
1 2 15 2 2

15 2 175 025 2 | O-glg
15 1.75 1625 025 0815 | 026%
15 1.625 15625 2025 02656 | 00039
15 1.5625 15313 0325 0089 | -0128
15313 1.5625 15469 01238 0039 | -00802
15469 15625 1.5547 -0.0602 00039 | -00282
15547 1.5625 15586 -0.0282 0039 | -0m2
15586 1.5625 15606 0012 00039 | -00039
1.5606 1.5625 -0.0039 00039 |

The values of a and b are same to two places of decimal in last row. Hence, the approximate root to

two places of decimal is 1.56.
25- 2073 Set C Q.No. 17&_1] .

Apply successive bisection method to find the root of the equation ¥ - 4x-1=0lying bememltlll

and 2 correct to two places of decimal.

Let  fx)=x1-4x-1
f)=1'-4x1-1=+4

o f@=2-4x2-1=-1

Since f(1) and f(2) have same sign, so the

$ 074 5ot A Q NG, 17

Use the bisection method to find the solution ©

Places of decimals,

L&‘”(")=7(‘<x—l
sy =n_o1=a

Q)< ,
2-2-1=5 s between €2
Su\cc (1) & £(2) has opposilt’ sign, oot lies between

re is no any root lying between land 2.

fx’-x-1=0inlheinlerval(l,

2) correct to three
4
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Now, »
T
. b m="5 f(a) f(b) K
—1 2 | 15 -1 5 s —
2 s 125 -1 0.875 02985
125 15 1375 -0.29688 0.875 0261
125 1375 13125 -0.29688 0.22461 00515
13125 137 1.34375 -0.05151 0.22461 008261
1315 134375 132813 -0.05151 0.08261 0.01458
13125 132813 132032 -0.05151 0.01458 00187
130032 132813 132422 -0.0187 0.01458 00021
132422 132813 132618 -0.0021 0.01458 000622
132 | 132618 13252 -0.0021 0.00622 0.00206
laam | 13232 132471 -0.0021 0.00206 0.00008
132471 ’ 13252 1.324% -0.00003 0.00206 0.00101
132471 | 1.32496 -0.00003 0.00101
T

Sincea & b are same upto 3 places of decimal, the required root is 1.324.

. 2074 Set B Q.No. 17
Show that the equation x3 - x - 4 = 0 has two negative roots and one positive root and find the
positive root correct to 3 places of decimal by successive bisection method. 4]

jsoLuTioN
soLuTioN
Givenequah'onisx’-x-4=0
Let f(x)=1*-x-4
f1)=1-1-4=+4
f(2)=22-2-4=2
Since £(1) and f(2) have opposite signs, a root lies between 1 and 2.

a b _atb f(a) f(b) f(m)
. m= 2
1 2 15 -4 2 215
15 2 175 -2125 2 -0.3906
175 2 1.875 -0.3906 2 0.7167
175 1875 1.8125 -0.3906 0.7167 01418
175 18125 1.7812 -0.3906 0.1418 -0.129%
17812 1.8125 1.7969 -0.1296 0.1418 0.0048
1.7812 1.7969 1.7890 -0.1296 0.0048 -0.0625
1.7890 1.7969 1.7929 -0.0625 0.0048 -0.0292
1.7929 1.7969 1.7949 -0.0292 0.0048 -0.0121
1.7949 1.7969 1.7959 -0.0121 0.0048 -0.0036
17959 1.7969 1.7964 -0.0036 0.0048 0.006
1.7959 1.7964 1.7961 -0.0036 0.0006 -0.0014
17961 1.7964 -0.0014 0.0006 I—

Gince a and b have same value upto 3 places of decimal, so the required root is 1.796.

EB. 2069 isot A[ Q.No. 1g 9

Using method of bisection, find the root of the equation x* - x - 4 =0 lying between 1 a|m[(:l
correct to 3 places of decimals.
Given equation is x* - x -4 =0
Let f(x)=x*-x-4
f()=1"-1-4=-+4
f()=2-2-4=2
Since f(1) and f(2) have opposite signs, a root lies between 1 and 2.

Y

\

ComPyTA
a b m= # TIONAL MeTHop Unit17 3
_\

| § 15 f@

1.5 2 175 -4
1.75 1875 1875 2125
1.75 181 18125 03906
175 8125 17812 03906
1'7512 1.8125 1799 03906
17812 1.7%3 1.78% ~012%
1789 1.7969 1799 01296
17929 1.7969 17949 00625
17949 1.7969 17959 0029
17959 1.7969 1794 0011
17959 1.7964 1791 -0.0036
17961 1.7964 -0.0036

Gince @ and b have same value upto 3 Places or g mm;w
amal, so the required root is 1.796

EZO“ ‘Sot B) Q.No. 13
t the equation f(x) = x3 -
Show tha quation f(x) = x* - x - 4 hag gpe positive

find the positive root correct to 3 places of decj
- Please refer to 2069 (Set A) QNo. 19 decimals

0. 2070 Set C Q.No. 1

Find the root of the equation x3-2x-5=
decimals by successive bisection method.

WngemZdemnmtnﬂmeplxsof
6]

Letf(x) =x*-2x -5

Here,a=2,b=3

f)=2-2%x2-5=-1

f3)=3"-2x3-5=16

Since f(2) and £(3) have opposite sign, so one root lies between 2 and 3.

at+b
. b nP | @ | W -
2 3 —
2 25 i 5 A e
2 > 25 i - 3625 [ 1.8906
, A 18% | 037
2 2125 20625 -1 03457 | 031
20625 2125 20938 03513 03457 ‘ 00084
20938 2125 21094 00034 03457 01671
208 21094 21016 00084 06 | 00m
20938 21016 20977 00084 070 052
20938 20977 20958 00084 o2 | 00
20938 20958 20948 00084 00139 0008
20938 20948 20943 -0.0084 0.0028 l -0.0028
203 | 2008 um | _ow

The values of a and b are same to three places of decimal in last row. Hence, the approximate root to

¢ places of decimal is 204
' :070 Set D Q.No. 1
PPlying the method of successive bisection fin

ﬁ"“ 1and 2 correct to 2 places of decimals.

Let,

on x' - &x + 1= 0 lying
tel

d the root of the equati

f(\')=‘\_{\_+1
f()=1_gxp+1=-2
f(2)=2‘—4x2+]=l

e onland 2
(1) and £(2) have opposite signs, @ real root lies between

Since
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. N o )
1 2 2 162
15 2 -1.625 -0.6406
175 2 -0.6406 00918
1.75 1875 -0.6406 -0.2957
18125 1875 -0.2957 -0.1073
18437 1875 -0.1073 -0.0092
1859 1875 -0.0092 0.0411
18594 18672 -0.0092 0.0172
1.85%4 1.8633 -0.0092 0.0038
185% t 1.8614 -0.0092 -0.0026
18604 | 18614 -0.0026 ' -
Since the values of a and b are same for 2 places of Secimal, so required root is 1.86.
EZ. 2071 Set C Q.No. 13
Find a root of an equation x* +x -4 =0in the interval [1, 4] within an accuracy of 10-! 0]
Here, fx)=x*+1-4
a=1b=4
f1)=1"+1-4=-2
fa)=4+4-4=64
Since (1) and f(4) have opposite signs, a real root lies between 1 and 4.
a \ b m= 2 ;b f(m)
1 ‘ 1 25 1415
1 ’ 25 175 3.1094
1 | 1.75 1.375 -0.0254
Here, | f(m) | = |-0.0254| = 0.0254<0.1
So, the required root is 1.375.
@. 2071 Set D Q.No. 1g
Using the bisection method, find a root of the equation: 6l
f(x) = 2x> -5x + 2 =0, between 1 and 2 with error less than 10-2
Let f(x) = 2x* - 5x+ 2
Here,a=1,b=2
f1)=271-5x1+2=-1
f(2)=2x2'-5% 2+2=8
Since f(1) * f(2) = -1 x 8 = -8 <0, aroot lies between 1 and 2.
a+b
m="7" f(a) l f(b) f(m)
15 -1 8 125
125 -1 125 034375
1.375 -0.34375 1.25 032421
13125 -0.34375 0.3242 -0.04052
134375 -0.04052 03242 013397
1.32813 -0.04052 0.13397 0.04478
1.32032 -(.04052 0.04478 0.00165

Here | f(m) |= {0.00165|=0.00165<10
So, the rcqulrcd root is 1.32032
[34. 2072 Set C Q.No. 18
Apply the method of bisection to find the root of the equation x* - 2x - 5 = 0 in (2 J)c

three places of decimal.
= Please refer to 2070 Set C Q.No 19

orrect 10

(6l

C

9 0
70t E Q.No: 18 MPUTATIONAL METHOD
5, 2 isection method, find Unit17 339
P Using bise: nd the root of the

_sx+2=0,% € (1,2) with error equatiop.
¢ refer to 2071 Set DQNo 19 lessthan g,
[6]

J the method of bisection, fj
li:rit:fl to 3 places of decimals, nd the root of the €quatj
;le”e refer to 2070 Set C Q.No. 19 oNx}-2¢-5= 0 l)’ing bmm .
- - and 3
7 2073 set D Q.No. 19 p
1 Show that the equation f(x) =x3_3, g _ 0
Using bisection method, find a root in (23 :monmm{,""! Positive root,
3
— Places of decimals,
Here, f(x) = x* -3x -8 6}
1 change in si .
Here, f(x) has ge in sign. So, it has only
W
Now, Positive root.
_—

a b m=2 ; b
1 2 | MW T —
2 3 25 — f(b) | f(m)

2 25 225 * TR —rT
225 25 21% -(: 015 \ _3-3594
2125 25 23125 -335% s |

47793 - | 47793
23125 25 24063 015 | 25m0
24063 25 2453 -25710 01235 | 1357
24532 25 24766 -1.2857 015 | 050
24766 25 2483 o 015 | 02
24883 25 Py -05% 0125 e
24883 24942 28908 -0.0582 015 Pysis
24913 24942 00582 0w | oo
’ 24928 00115 | L
24913 24928 0115 00339 | 0010
- 24921 00115 |
24913 2 : 0.0120 00010
4921 24917 Q015 1
24917 24921 2491 . 00010 | -oms2
24919 24921 4919 -0.0052 0.0010 l 00021
24920 ’ 24920 00021 0.0010 -0.0005
24921 -0.0005 0000 |

S
ince the values of a and b are same upto 3 places of decimal. So, the required root is 2492

8 2074 Supp Q.No. 1

Resie
:tl:vl:’lng the method of successive bisection, find the root of the equation * - 4x +1 =0 lying
T en 1and 2 correct to two place of decimals. el
ase refer to 2070 Set D Q.N. 19

5. 2075 Set A Q.No. 1

H e
[ :: S'Ii,;’ ositive root of the equation ' - x - 4 = 0 comect to 3 places of decimal with error less
> Pleage. 6l

Pleage
) 2:::st refer to 2069 Set A QNo.19
U5 Set C Q.No. 18 O

e
mell\;gjns of the equation f(x) = x* -

4x - 9 correct to three decimal places by using bisection
el

B
et‘ t('\-)=x“4x-9
ru,f(2)=2\_4)‘,,_9=_9
“3):3“4"3_9:@

Slllq .
*1Q2 ) 3
@ ang f(3) have opposite sign, een 2and

one root lies betw:

|
\
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| a2 b m _fm
3 25 3375
25 3 2.75 0.79688
25 275 2625 141211
2625 275 26875 -0.33911
26875 2.75 271875 0.22092
26875 271875 270313 -0.33911 0.22092 -0.06099
270313 271875 271094 -0.06099 0.22092 0.07947
270313 271094 2.70704 -0.06099 0.07947 0.00921
270313 270704 2.70509 -0.06099 0.00921 -0.02583
270500 270704 2.70607 -0.02583 0.00921 -0.00823
270607 270704 270656 -0.00823 0.00921 0.00058
2.70607 2.70656 -0.00823 0.00058

Since a and b are equal upto 3 places of the decimal, the required root is 2.706.
C. NEWTON RAPHSON'S METHOD

4 MARKS QUESTION

1. 2070 . Q.No. 17 a Ol

Use Newton - Raphson method to find the solution of the equation x® + x - 1 =0 in the interval

[0, 1}, accurate to within 10-.

Here, f(x)=x*+x-1

14)

f(x)=3x2+1
f0)=-1.
f(1)=1
Since f(0) and (1) have opposite signs, a real root lies between 0 and 1. Let us take initial guess
x =1
By Newton-Raphson's method, we have
_ f(xn
Xp+1 = Xn— f(xn)
f)

p ¢} =x0'f(10)=]‘%=0.75
| f(x1) | =0.17875 > 10~
f(x1 0.171875
X =x-pay = 075 - 26875
| f(x2)| =0.00895 > 10~
=X —{\L(%= 0.68605 —m= 0.68234
| (xs)| = 0.00003 < 10
Hence, the required root is 0.68234.

= 0.68605

l42. 2073 Set C Q.No. 172 OR|

Find 2 root of the equation x* - x - 4 = 0 between 1 and 2 to three places of decimal by NeW“[’;“

Raphson's method.

Given equationis x' - x -4 =0

Let f(x)=x*-x-4

f(1)=1"-1-4=+4

f(2)=20-2-4=2

Since f(1) f(2) = (-4) * 2= -8<0,a real root lies between 1 and 2.

f(x)=3x2-1

Let the initial guess xo = 1.

By Newton Raphson's method, we have
f(xn

Xne1 = Xn= ﬁ;‘ﬁ
M) (A,

xn =Xxo- f'(Xu) = 2

s

20 Compyr,
M) 5 2-=22307 ATioNA
= . LM
) 26 ETHOD it 17 3y

,-n‘f‘(ﬁnﬂl s .

g .zz—gz))- ’ ‘:f;gﬂssn
’ﬂ_f(n)=1.8811 - Se1as = 1.8004
w,%ﬂ.m-%qm

i -xs—%—‘l]%'umgﬂ.?%z

o paring the values of xs and x, we

me. Hence: the required root is 1.79¢,

R

hson'
s method
P t0 apDrox:
Use ¢ PP

3
Lgt,X"ﬁ
5 i=2
w»-2=0
T
f) =3¢

find tha
the digjts ;
BIS in the first three Places of decimg
are

late

3
‘ﬁ'im‘”mlese!hanomm

f(xn)
flehave, Xa+1= Xn = By
Let us take an initial guess (xo) = 1.
fix) . 13-2
o 1= 0- By = 1~ 313 = 1303333
Iff)| = | (1.333333)* - 2| = 0.370369 > 0.00001.
(13333333 -2
3.(1.333330)2 - 1263889
|f(sa)| = | (1.263889)* - 2| = 0.018955 > 0.00001
(1263889 - 2
3.(1.263889) - 1593
[f)] = | (1.259933) - 2| = 0.000059 > 0.00001
(1.259933) - 2
f 3259933 -~ LBPA
L(n)l =1(1.259921) - 2| = 0.00000001 < 0.00001
ence the required root is 1.259921
Y4 SetB Q.No, 172 OR

Us tween
c:,:"g Newton-Raphson's method, find the positive root of x' - 2x - 5= 0 lying between 2 ™
ect to three places of decimal. "

f(x1)
0=y = 1333333 -
(L
1= oy = 1263889 -

O
M=~ By = 1259933 -

m’f(“)=-\"‘-2x-5
N fx)=3y2_2
f(2)=2‘-2><3,_5=_1
f(3)=31_2x3_5=16

Singe
i u:(z) an d f(3) have opposite signs, a root lies between 2and 3.
b Ne»:,ake Initial guess (xo) =2
ton-Raphson's method, we have
By fw)
£(x)
"l .
1 ‘l‘u~["u =92 <
: “r(xu)‘-‘ L= 21606
R 5 f(x
oy 0.8371
y i(n)‘l“*“"m:zm
s .
nf) 0.03072
Plr) = 20973 - g =200
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) 0 0000
HOTE (e T 2045 - 7gpy = 20945

Comparing the values of x1and x4, we find that the digits in the first three places of decimal are the
same. Hence, the required root to three places of decimal is 2.094.

:
ES. 2069 (Set A) Q.No. 19 E

Using N Rap s hod, find the square root of 153 correct to 3 places of decimals. [6]

Let x be the square root of 153.
Then, x2=153
x2-153=0
Let f(x) =x2 -153
a=153
Take, initial guess (xo) = 10
By Newton-Raphson's method, we have

R a
eitbee2)
n = li(nﬁi) =1§ (10 *%) =1265
e %(,‘ . xi‘) =‘5 (1165 +%) =1237243
: (x, . i) -3 (1137243 + 1—,_135732—43) =1236931
T = %(x +%) =15 (12.36931 +%}) =1236931

Comparing the values of x3 and x;, we find that the digits in the _ﬁrst 'three places of decimal are
same. Hence, the required square roots of 153 to three places of decimal is 12.369.

j46. 2069 (Set B) Q.No. 18 Of

X3

Using N Rapt ‘s method find the positive root of the equation f(x) =x*-2x-5= 0 lyn[\Ggl
sin; p 1
betwgen 2 and 3 correct to 3 places of decimals.

Let,f(x) =x*-2x-5
Then f(x) =3x?-2
f(2)=22-2x3-5=-1
£(3)=3'-2x3-5=16 _
Since f(Z))and £(3) have opposite signs, a root lies between 2 and 3.
Letustake'mm‘alguess(xo)=2
By Newton-Raphson's method, we have

Xn+1 = Xn— £ (xn)

() osm o
X2 =X Yy = 21666 - 175824 2007
0.03072

f(x2) _
B =x0-F)

1) 5 0ss 090055 0945 l

= - e N : are the
. Jues of xs and x4, we find that the digits in the first three places of decimal are t
A " ,

ComeP:L’:‘gC:-';‘:iequmd root to three places of decimal is 2.094.
same. 2
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E7. 2070 Sot C Q.No. 19 oa

Solve2x2-3y 1= using Newlun-Raphson method taking xo= 1 with error less than 104, 61
Here, f(x) =2¢2_35_1
f()=2x12-3x1-1=_5
o f@Q)=2x21.3x7_721
?t:)ce_ fg{) a;\d f(2) have Opposite signs, so there is a real root between 1 and 2.
Let us take initial guess xp = 1
By Newton Raphson's method, we have
Xn+1 = Xn - ‘Ll; (x..)
Xn
_ f!xn[ _ -2)
x1 xo~f.(x0)—1- 1 =3
S ) S
¥ =n-Fay=3-g=21m
_. M) 15802
X =x- ) = 211 ~ 54444 = 1.8209
_ £(x3) i 0.1684
X4 =x3- ) = 1.8209 _\4.2836 =1.7816
S CO 0.0033
Xs =x4- ey = 1.7816 ~ 41264 = 17808
_ f(xs 0.0001

X6 =Xs5- Fas) ™ 1.7808 ~4123;=17808

Here, | f(1.7808) |= | 2(1.7808)2 - 3(1.7808) -1 | = 0.00009728 < 0.0001

Hence, the required root is 1.780s,

48. 2070 Set D Q.No. 19 O,
Using Newton-Raphson method, find the positive root of x° - 18 = Oin (2, 3) 6]
[SoLuTION] e “

Here, f(x) =1~ 18 '
f(x) =3x2 3
f2)=20-18=-10 1
f(3)=3'-18=9

Since f(2) and £(3) have opposite signs, a real root lies between 2 and 3.
Let initial guess xo= 2.

By Newton-Raphson's method, we have

Xn*1=x,.—-ff,i(';;':‘%

n ="“‘%‘(‘%=2—%1=2483333

= 2850 -t 2
By ="'=-'ff-'((%=2.63629-20§&2522m;=2_6m
M o=x -%\‘% = 262083 -%%= 262074

Cun\paring the values of xy and x, we find the digits in the first three places of decimal are equal, so
th

e required root is 2.62.
EO. 2071 Set C Q.No. 19 oR
Find a roof of the equation x* - x - 4 = 0 between 1 and 2 to three places of decimal by Newton-

6)
® Raphson method. 161

Give,

N equation is ' - x-4=0
() = vy g
f(1) = Bol-4=4
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f2)=2"-2-4=2

Since f(1) f(2) = (-4) x 2=-8< 0, a real root lies between 1 and 2.
fx) =3x2-1

Let the initial guess xo= 1.

By Newton Raphson 's method, we have

f(x 4.86

X —1:—9(4‘1?307-13923-18811
£ _ 07752

X =0 -y~ 18811 - gig1se = 18004

0.
=1.8004 - 87246—1’7963

fxs) 0.00019 _
2 =x-p( = 17963 -"geg = 17962

Comparing the values of x5 and xs, we find that the digits in the first three places of decimal are
same. Hence, the required root is 1.796.

[50. 2071 Set D Q.No. 19 OR

Derive the formula for N Raph hod. Using Newton Raph thod, find a
posmve root of x3+ 3x - 5=0 lying between 1and 2 correct to three places of decimals. I6]
Newmn—llaphson Formula

Let xo be the initial guess for the function y = f(x). Then for a point (x, y) sufficiently close to it, the
function can be approximated by its tangent line

v - f(xq)

X - Xo
This tangent line crosses the x-axis when y = 0. Let us denote this new value of x by x:. Then,
f(xo

X1= X -Pi(;‘%

Continuing in this way, we have
£(xn

N ]
Second Part
Please refer to Model Set 11, Q.No. 19 or

[51. 2072 Set EQ.No. 19 OR

Find a root of the equation 2x2 - 3x - 1 = 0, x € (1, 2) using Newton Raphson method with error
[6]

= f'(x0)

less than 10~.
= Please refer to 2070 Set C Q.No. 19 or
[52. 2072 Supp Q.No. 13 OR)
Using Newton Raphson's method, find the root of the equation f(x) = x* - x - 4 = 0 in (1, 2) correct
to 3 places of decimals. [6]
= Please refer to 2071 Set C Q.No. 19 OR
[53.2073 Set D Q.No. 19 OR

Using Newton -Raphson method, find a root of the equation f(x) = x* - x -4 = 0 in (1,2) correct to 3
places of decimals. [6]
= Please refer to 2071 Set C Q.No. 19 OR

54. 2073 Supp Q.No. 19 oj

Newton Raphson's Method to find a positive root of cosx = x*. 6l

Let f(x) = cosx - x3=0
f'(x) = -sinx - 3x2.

| '(lJ COMPUTATIONAL METHOD ~ Unit17 335
uw, =cos(0) - 0* = = i
) 5(0) - 0' = 1, & f(1) = - 0,0001523, Since £(0) & f(1) are of opposite sign, a root lies between
L,cl us !ake an initial guess xo = 0.5
From Newton Raphson method, we have,
f(xo) 05- <0s(0.5) - (0.5)!
F(x) =~ Zsin(0.5) - 3(0.5)7 = 1657284686

X1 =X -

xa= xpo S0a)
1T By = 1226971721 = xz--LLf.Xz)=1,039895734

X4 = X LN
4= -3 = 1001681167 X5 = x4 ‘i—Lf;:‘) = 09999831544
= xg 0L 9999754604
X6 = X5 ~ =0,
P (x) = 09999904291 -l
5(7) X7 ""f(x;.)-o'
X8 = X7 —'L‘)‘l.(”) =0.9999961572 X9= X3 - ;‘(X—:‘L) = 0.9999700202
=y 20
X0=Xx9-F (x9) =0.9999736755
Required root = 0.99997
Note: The angle is in radian measure.
[55. 2074 Supp Q.No. 19 OR

Using Newton-Raphson meth,
correct to 3 places of declma]sOd' find a root of the equation x3— 2x— 5 = 0 lying between 2 and 3

= Please refer to 2069 Set B QN.190R "

56. 2075 Set A Q.No. 19 OR

Using Newton-Raphson meth i
three pluces ot A o0n 0d, find a root of the equation * + 3x — 5 = 0 between 1 and 2 to

< _Please refer to Model Set I, Q.No. 19 OR i

E7. 2075 Set B Q.No. 13
For f(x) = x3 - 4,perform 3 iterati Ni Raphson’: hod with starti i i
the errors and pl;rcenge errors of x:th xzand xa. . ’ i -
“
Here,
f(x) =x3 -
f(x) = 3x2
and xo=2
By Newton Raphson method, we have
|t
" f(xn)

fx) (-4
X1 = X0 B =2 3u e = 166667

Xn+1=

Error (B) = | ¥ | - l %77;—2 | =019%9
Percentage error = Ex x 100 = 0.1999 x 100 = 19.99%

X2 F(Lx‘);“166667-,‘1,(6%6666667; =1.59111

Error (E;) = | 23 | - l ————1'591:;;111‘{’666 - | =075
Percentage Error = Ez x 100 = 0.0475 x 100 = 475%

X o=x, -%‘(;%- 1.59111 g,—nls—g{n—) =1.58741

Error (Ey) =

xa-xp | | 1S8741-LSOUL | ooy
. I—l 158741 0

P&'rcontdgu Error =0.0023 x 100
=0.23%
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8. 2075 Set C Q.No. 1

Use Newton-Raphson method (formula) to find the solutions of f(x) = 1 - 12x + x" correct upto
four decimal places. ]
We draw the graph of the function in order to make the initial guess.
Here,
f(x)=1-12x+ x}
fi(x)=3x2-12
f'(x) = 6x
Now,
f(x)=0 =3x2-12=0
—=x2 =4
>x=%2
Also, f(2) = -15and f(-2) =17
Hence f has local i at - 2 and mini at2.
Alsoatx=0,y=1.
From the graph, it is clear that there are three solutions, one near to 0, another less than -2 and the
remaining is greater than 0.

ST olw

Solution near 0

Take xo=0
f 11

x =x-5ay =03 =15=008333
ﬂ)ﬂ

X =x T f(x)

1-12(0.08333) + (0.08333)°
=008333 - 3(0.08333) - 12
!!Xl

X TX TP (x)

_ 1-12(0.08338) + (0.08338)°

=0.08338 - 3(0.08338) - 12 =0.08338
Hence the solution is 0.0833 upto four places of decimal.
Solution greater than 2

=0.08338

Take xo =3
o f) . 1-12x3+3
XX Pixg) T 3x32-12
=353333
Xt =xi -%‘(’;—‘}F 3.426797
xs =3.421669
xi =3.421658

Required root correct to 4 place of decimal = 3.4216
Solution less than -2
Take xo = -3
f(xo

X1 = Xo- m))'
1-12%(-3) + (-3
=N -T 3k (3p-12
= - 3.66666

foa)
TP (x)

=-3.515032

x3 = -3.505081
x4 =-3.505039
Thus, the required root upto 4 places of decimal in this case is -3.5050
Hence, the required solutions are 0.0833, 3.4216 and -3.5050

X2 =X

w18

COMPUTATIONAL
METHOD (CONTINUED)

A. GAUSS ELIMINATION METHOD

2 MARKS QUESTIONS|

1. 2070 Supp. Q.No. 18

Test the consistency of the followin,
the Gauss elimination metho:l:] sassRty.

X-y-22=-1,2%+y45=

soLuTion} 121
Given equations are:
x-y-2z=-1 ()
Ay +z=2 (i)

3x+2y+9z=4 (i)
Multiplying equation (i) by 2, then subtracting
from equation (ii), we have

2x +y +z =2

2x <2y -4z =2

-+ + +

) 3y +5z =4 -(iv)
Again, multiplying equation (i) by 3 and then
subtracting from equation (iii), we have

3x +2y +9z =4

3x -3y -6z =-

- + + +

Sy +15z=7 e (v)

Multiplying equation (iv) by % and
subtracting from equation (v)

S5y +15z =7

5 .52

Yy 3273

- - -
20 1 .
32 =3 L (vi)

Now, we have the following three equations
Y-y -2 =1 ..

Jy+ 5z =4 (iv)
20 1 .
3z =3 c (vi)

9f z and then finite values of x and y. So, the
5

ystem of equation is consistent.
B. 071§y . Q.No. 16

yf'uss elimination method, solve

Given equations are:
2 +3y=4 (i)
ry=4 )

L : 3
Multiplying  equation (i) by and then
subtracting from (i),

3x +2y =4
9
3x +3y =6
5
-3y =-10 (i)
Now, we have the following equations
2t +3y=4 ()
5
-3y =10 - i)

From equation (i), we havey =4
Using y = 4 in equation (i), we have
c+3x4=4

or, x=-4

. The required solution is x= -1, y=4

E m‘San.NoJE

Using Gauss-elimination method, solve the
following system of equation: [41
X+3y-22=53x+5y+62=7 X +4y+3z=8.
~ Please refer to 2070 Set C Q.N. 17a

l4._2076SetAQNo. 179
Solve the following system of equations by
Gauss-elimination method. [4]

X +3y-z=-2,3x+2y-2=3,-6x-4y-22=18
~ Please refer to Model Set I1 Q.No. 17a

. 2069 (Set A) Q.No. 17
Using Gauss elimination method, solve the
llowing system of equati [4]

x-2y+3z=2,2-3y+z=13x-y+22=9

Given equations are:
x-2y+3z=2 ()
-3y+z=1 (i)
3x-y*21=9 <. (id)

dy=gq, 3x+2y=-4 121

T \i_k
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Multiplying equation (i) by 2 and then
subtracting from equation (i)

2 -3y +z =1

2x -4y +6z =4

- + - -
y -5z =-3 ....(iv)
Again, multiplying equation @) by 3 then
subtracting from equation (ii)

3x -y +2z =9

3x -6y +% =6
- -
-7z =3 )

Sy
Mulu‘plyir{g equation (iv) by 5,
subtracting from v)

then

5y -7z = 3
5y -2z =-15
_ 4 +
18z =18 (v

Now, we have the following three equations
x-2y +3z =2 ()
y -5z =-3 )
18z =18 ... (vi)
From equation (vi), we have z=1
Using z =1 in equation (iv), we have

)’—5’<1=-3

y=2

Again, using y=23r\dz=l in equation (i),
we have

x-2x2+3x1=2

x=3

The required solutionisx=3,y=2,z=1.

E. 2069 (Set B) Q.No. 17§

Using Gauss elimination method, solve the
lowing sy of equati
x1-2x2 + 3x3 =10, 2x1 + 3x2 - 2x3 = 1, and
-x1-2x2+4x3=13. 4]
Given equations are:
0 -20+30=10 ...(i)
2%+ 3x2-23=1 ...(ii)
-x1 - 222+ 4x3 =13 .. (iii)
Multiplying equation (i) by 2 and then
subtracting from equation (ii), we have
2 +3x2 -2xs =1

21 -4x; +6x35 =20
- + - -
7x;  -8xi =-19 . (iv)
Again, adding equation (i) and equation (iv)
we have
-0 -2x; +4x =13
x_-2x; +3x =10
-4x; +7x3 =23 . (v)

4 .
Multiplying equation (iv) by 7and adding

with equation (v)

-“4x; +7x3 =23
32 -76
4x; »'7"11 ='_'7
17 85 .
T =7 ... (vi)

Now, we have the following three equationg

n -2 +3n =10 (i)
7 - 8x =-19 w(iv)

17 85
T™ =7 (vl

From equation (i), we have xy =5

Using a1 = 5 in equation (iv), we have
7x2-40=-19

=3

Using x2 =3, x3 = 5 in equation (i), we have
n-2x3+3x5=10

n=1

The required solutionis x1=1, x=3, x, =5,

Solve, using Gauss elimination method, the
following equations. 4
x+3y-22=53x+5y+62=7,2x+4y+3z=8,

Given equations are:

x+3y-2z=5 ... (@)
3x+5y+62=7 ]
2r+4y+3z=8 ... (iii)

Multiplying equation (i) by 3 and then
subtracting from (ii), we have

3x +5y +6z = 7
3x +9y -6z = 15
- - + -
-4y+12z = -8 ... (iv)

Again, multiplying equation (i) by 2 and then
subtracting from equation (iii), we have

2x +4y +3z =
2x +6y -4z = 10
- - + -
2y 47z = -2 (V)

Multiplying equation (iv) by 1/2 and then
subtracting from (v)

2y+7z =-2
2y+6z =-4
+ - +
z=2 ... (vi)
Now, we have the following three equations
x+3y -22 =5 ..(i)
-4y +12z = -8 ...(iv)
z=2 L. (vi)

From equation (vi), we have z = 2.

Using z = 2 in equation (iv), we havey = 8
Using y = 8 and z = 2 in equation (i), we have
x=-15.

The required solution is x = <15,y = 8,22

EA 2070 Set D Q.No. 17 d

Solve the following system of equat

Gaussian elimination method.
x+3y-22=53x+5y+62=7, 2 +4y

w  Please refer to 2070 Set C Q.No. 17 a

jon by
14]

3z=8.

E. 2071 Set C Q.No. 173

Using  Gauss-eliminati th
following system of equation.

x*3y-z--2,3x+2y-z-3,-6«-4y-2z'18
4]

d, solve the

= _Please refer to Model Set 11, Q.No.17a

10. 2071 Set D Q.No. 17

Using Gauss-elimination meth

d, solv
following system of equation: -o e
-3y+z=1,3x-y+qu=9. BEARREY -
= Please refer to 2069 (Set A) Q.No.17a [41

[11. 2072 Set C Q.No. 17a OR]

Solve by Gauss elimination method:
a .

x+3y-2z—5,3x+5y+61=7,2x+4y+31=s

= Please refer to 2070 Set C QNo.17a [4]

[12. 2072 Set D Q.No. 17a OR

Use Gauss elimination method

s to solve:
4x_y+z—8,?.x+5y+22=3,x+2y+dz=11
'

Given equations are:

4]

dx-y+z=8 ()
2+5y+22=3 - (i)
x+2y+4z=11

i)
Multiplying equation (i) by 1/2
subtracting from equation (iii, (&S e
2z

2x +5y + =3
1 1
2x -3y +EZ = 4
-+ - _
o3
2Y*tzz =-1 -.(iv)

Again, multiplying equation (i) by% and then
subtracting from equation (i)
x +2y +4z = 11
1 1
2x - 1y tzz = 2

-+ - -

9 15
y*rzz =9 (V)

. . 9
Again, multiplying equation (iv) by % and
subtracting from (v)

9

9 15
4y +Tz =9

9 27 9
Vg
—_———
69 207 ;
0z =5 Lo(vi)

Now, we have the following three equations
Y o-y 4y =8 ()

L

2Y* 3z =-1 - (iv)
69 207 "
DL L(vi)
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Frqm equation (vi), we have z ; 3.
Uswg 2 =3 in equation (iv), we have y=-1
i!zu;g ¥y =-1and z =3 in equation (i), we have
.- _The required solution is x = 1 y=-1,z=3
. 2072 Set E Q.No. 172
Pu:ng _ Gauss-elimination method, solve the
g System of i

2043027, 30-20+ 20=1, 24+ 30— 35 = 5,

141
The given equations are:
20+3x5,=7
3n-26+26=1
2+35;-35=5
The coefficient of the first variable xi is zero in
the first equation. So, interchanging the first
two equations, we have
-2+ 26=1
202+35,=7
20 +3x,-353=5

()
)
s )
Multiplying equation () by 3 and the subtracting
from equation (iii)

20 +3n -3 =5

4 4

2Zn -3n 30 =§

-+ - -

13 13 13
3 X2 -Th=?

or, x -xn =1 . (v)
Again, multiplying equation (i) by %and
subtracting from equation (iv), we have

0 -xn =1

3

x *E.!.x =3

5 5
n = e (v)
Now, we have the following three equations
3un- 20+ 2n =1 ()
xn -u = L. (1)
3 5
Su =3 .

From equation (v), s =1
Using x1 = 1 in equation (iv), we have x; =2
Again, using v = 2and x1 = 1 in equation (i),
we have
n=1

. The required solutionisxi =1, 2=2, x= 1.

4. 2072 Supp Q.No. 174

Solve the following system of equations using
Gauss elimination method: [4
x+3y-2=5; 3x+5y+62=7; 2x+4y+3z=8
w Please refer to 2070 Set C Q.No.17a

e
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COMPUTATIONAL METHOD (CONTINUED)  Unit18 341
Again, using X1 =1 and x2 = 1 in (i), we et 3
15. 2073 Set C Q.No. 17| I+1+1=5 Multiplying equation (i) by and then Next part: )
3 limination method. [4] =1 Given equations are
Solve by Gauss eliminal 2 xi+x- 9= -1, x1 _ subtracting from (if), we get -y+z=-2 ()
3y + X2 4 X3 =5, X1 - dxz + X0 = = Lox=lhxa=lx=1 3x + 4y + 5z = 24 X+5y+2=6 ... (i)
[t6. 2073 Set D Q.No. 17 3+ 2y 4 62m30 K43y +z=0 . (i)
Given equations are: . Using Gauss-elimination method, solve the 2y o . _ 1 .
31+ X2 Xo =5 ) following system of equations: = - - Multiplying equation (i) by 3and subtracting
e dxat X3 = -2 (i) 2x-3y +32=27,4x+y-22=0,-6x -4y + 2z =, _%_z=_4 () from equation (ii)
X1+ x2-3x3=-1 -~ (i) 14 X + 5y + 22 = ¢
1 . Again, multiplyj ion (i 3 - 4 1 -2
Multiplying equation (i) by 3and subtracting Given equations are & TPlying - equation () by S& x 3y * 3z 3
) eq i . subtracting, from equation (iij) - o+ _ -
from (i) 2x -3y +3z=2 () 3x+ 5y +6z=3] 16 5 20
X - A X = 2 4x+y-22=0 .. (i) 9 3y + 3z = 3 ... (iv)
1 1 _ 5 -6x —dy +22=0 . ... (i) _3x:§y:6z=_3o )
x +t3x 3N T3 Multiplying equation (i) by 2 and subtracting Y Again, multiplying (i) by 3 and subtracting
_ _ _ from equation (ii) 2y-0z=1 - v) from (i)
= 3 T ) x+y -2 = 0 Adding equation (jv) & equation (v) 2 + 3y + z = ¢
- Sx= T (V) 4x - 6y +. 6z = 54 1 2 2 1
-3x 3 3 + + . 5y-0z=1 x -y + 5z = 2
1 S (iv) 2 3y 3 3
i iplyi tion (i) by 3an y-92=- L T -+ _ +
Ao, Iligiine; S 3 Again, multiplying equation () by 3 and Fy-z=4 o, 1 .3
subtracting from (iii), adding with equation (jii) — o - 37 Y 32 5 3 ..
xt+x2 - 3x = -1 6x -9y + 9z = 81 Now, we have the following thr, Multiol . ] 1
1 1 _5 bx -dy +22= 0 ) 2x+3y+4z=20 “,(gi) i PYMg equaton (v) by jrand
xit3xe *ogx =3 -13y + 11z = 81 ! 1 subtracting from (v),
_ o 13 -3Y-z=-4 (v 1 1 4
;__s Again, multiplying equation (iv) by 7"and 2 z=-3 i ; 3V o3z =3
2 10 - A . . -z=- e (Vi " >
3x - FX= -3 - ) adding with equation (v) From equation (vi), we have z =3 uy + az =]
9 104 -702 Putting the value of z in (iv), we get 3 8 12
- ion (i =3 and By - 7z=77 == -
Again, mulplying equaton (v) by 75 s/ Ly amy —s =
ing wi i 3y + 11z = 81 2 = = B
adding with equation (v). 2 - 8 ) : o - 2w
2 4 2 -Zz=" or, -5y=-4+3=-1 Now,wehavethefollowingdueeequah‘ons
2X2 + X3 = < . - = i
3% * 39 39 Now, we have the following system of or, y=2 3x 16y 4»5z 220 @)
2 _ 1o x3 = 2 equations ) Again putting the value of y & zin (i) 3Yt3z=3 we (iv)
3% -3 3 23y +32=27 () AH3x2+4x3=20 B 1
6 o 7y - 8z=-54 W) or, x=20-18=2 -Ter=-71 e (V1)
- 39X T 39 - Z 15 (i) or, x=1 From (vi), we have z = 4
A L X=1ly=22=3 Using z =4 in (iv),
2 4 2 From equation (vi), =5 8. 2074 Set B Q.No. 174 B 5 .0
3% 39% T 39 Using 2 = 5 in equation (iv), Solve by Gauss elimination method: [l ERAK 3
2 o _ 8 7)";14 X+3y-22=53x+5y+62=7,2x+4y+3z=8. | y=0 @
¥ - = 3 . Loy=- o ~ Pl 2 CQNo.17a Using z=4 &y = 0in (i), we get
3 - 3 — (i) ),{Again, using z =5 and y = -2 in (i), we get, ease refer to 2070 Set C Q.No. boy _g* - <2Y
-39 %= 35 2x-3%(-2)+3x5=27 or, x=-6
ing system of | . x=3 - x=-2
Now;i we have the following sy Hence, the solution is x =3,y = -2,2=5. WhE 2075 St B Q.No. 19 L ox=-2,y=0,z=4
equations. . at uss elimination |
I+ x+ x3=5 (i) 17. 2074 Set A Q.No. 17 ions. by > are two steps of Ga e
13 2 n ; Solve the following system of equations | fol °d? Find the approximate solu e
ot e x=-m (V) imination method, ‘ OWing  system of equations by
3 B 1:;6 g‘fg’;ﬁ';‘:';";:g: +4y + 52 = 26, 3x + 5y + 627 3114'1 e"""inﬂtlm\ method: 3x-y+z=-2, 6
_ﬁ === .(vi) Y*ZZ=6,2x+3y+z=0. 161
39 X739
. . =1 SOLUTION] |
From equation (vi), we have, xs . . od
Using x3 =1 in (iv) Given equations are i ::‘L two steps of Gauss Elimination meth
13 12 243y +42=20 .. () N
3 XT3 -3 3x+4y + 52226 ... (i) i *Ward Elimination of unknowns
Lxa=1 3x+5y +62.=31 ... (iii) Ackwarq Substitution.
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B. GAUSS-SEIDEL METHOD

0. 2069 (Set A) Q.No. 16¢

Examine whether the following system of
equations are ill conditioned.
2x1+ x2=25;2.001x + X2 25.01 2]

The condition for the ill-conditioned system of
equations is that the determinant of coefficient
matrix is small enough or approximately
equal to zero. .

Here, determinant of coefficient matrix is

2 1
Py
= 2x1-1x2001=2-2001
-0.001
which is small enough in magnitude. Hence,
the given system of equations is ill-
conditioned.
f21. 2072 Set C Q.No. 16d
Write the conditions for the system of equations
aux+auy=bn,amx+azzy=bz,tobeill
conditioned. 2]
Given equations are:
anx+any=hb
anx+azy=b:
If the two straight lines represented by above
two equations are almost parallel, then slopes
must nearly be equal
i &
“an”az
= anaz-anan=0
The left hand expression is the determinant of

an an
an axz
Thus, the condition for the ill conditioned
system of equations is that the determinant of

the coefficient mamx(

3. 2072 Supp Q.No. 16
Examine whether the following equations 4,
diagonally dominant: lzk]
8xi-2a+Ia=-1

Bt -xa=2
-x2-Tx=3
Here,
18] >1-2] + 3] =5
191> 1-3] + |-1] =4
=71 =7>12| +|-1] =3
Hence, the given system is diagona]]y
dominant.

242073 Set C Q.No. 169

Define well-conditioned and ill-conditioned of 3

system of equation. 2
Well-conditioned: If a small change in the
coefficient of the variable shows only a small
deviation in the solution. Capital then the
system of equations is said to be well-
conditioned.
Ill-conditioned: If a small change in the
coefficient of the variable shows large
deviation in the solution, then the system of
equations is said to be ill-conditioned.

soLuTIoN]

Civcn[;z][" [
fexs2 31y 7
Lex+

Y =4&2%+3y=7
Solving,wegetx=2&y-_.1

ie. [ X -[?
y 1
Let us make a small
. change ici
matrix of the system of equg:til:n:;h:scfolelmﬂm'
1.0001 2.0001 x .
2.0001 3.0001][):]:[;]

i.e. 1.0001x + 2.0001y = 4
2.0001 + 3.0001y = 7
Solving we get x = 2.0003
Again, let us make a
hand side vector of

&y =0.9997
small change i
ge in the right
the equation as follows*gh
=101
23 y ] [ 7.0001
ie. x+ 2y =4.0001 & 2x + 3y = 70001
Solving x = 1.999 & y = 1.0001
Hence the system is well condit;
nditioned
small changes in coefficient mal g

; trix or right

hand side vector gave the chan, &
small i

solution. Bein the

the coefficdent matrix is small enough or
approximately equal to zero.

EZ. 2072 Set D Q.No. 16§
Test whether the system of equations
12x+3y-52=1,x+5y+32=28and3x+ 7y +
13z =1 is diagonally consistent? [2]
Here,
[12] > |3| + |-51 =8
[15] > 1] + (3] =4
[13] > |3] +|7] =10
Since the absolute value of the diagonal
coefficient is greater than the sum of the
absolute values of the other coefficients in that
row, so the system is diagonally dominant.

ES. 2073 Supp Q.No. 16(_:|
Interpret geometrically that a system of
equations in two variables is ill-conditioned. [2]
Consider the system of equations
x-y=1
x-1.001y =0
Solving, x = 1001, y = 1000
Now, changing the coefficient of y in second
equation to 0.999 then
x-y=1
x -0999y =0
Solving, x =-999, y = -1000
Here, small change in coefficient results the
very large chahge in the solution. Such system
is called ill conditioned system.
Geometrically, the ill - conditioned system
represents the straight lines that are almost
parallel. Even a slight shift on any line can
make a great move of the intersection point "

ill conditioned system. —
6. 2074 Set A Q.No. 164

12 x 47 el
ls(htsystem[zS][y]=[7] o

conditioned? Justify your answer.

E'I. 2074 Set B Q.No. 183

Examine whether the system of equations
x.+3y-Zz=0,2x-3y+z=1and4x-3y+z=3is
diagonally dominant or not.

@

Given equations are: x + 3y-3z=0 )
2x-3y+z=1

dx-3y+z=3

Bere, the absolute value of coefficient of
diagonal element in first equation = |1|=1
And the sum of the absolute value of
cloefﬁcie_nts of the non-diagonal elements in
firstequation = [3| + |-3| =3+3=6

Since 1 < 6, the system is not diagonally
dominant.

COoMm
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EO. 2069 (Set B) Q.No. 17a Oa
Solve the followin,
Seidel method:

I+x=5x-3n=5 &

g equations using Guess-

1 1
x —3(5-11), ;2=5(11 -5)
Initially, x; = 0, x,= 0
1 iteration:

1
_1 1

n=3 (5-0)=1667, 1= 5(1.667 -5)=-11m
274 jteration:

1
n=3(5+1111)=2037, x, =%(2(B7 -5)=-0.988
3 jteration:

1
1 =3(5+0988)=1.99, 1, =§(1.996 -5) =-1.001
4 iteration:

1
x=3(+1.001) = 20(!),xz=%(2000-5) =-1.000
5% iteration:

1
X|=§(5+1)=2, Xz=%(2-5)=_1

From 4w i i
oom and 5" iterations, the value of 1 and

L m=2,;=-1,

§1. 2070 Set € QNo. 172 o

Solve the followin i i
g g equation using G
Seidel method 3x; + x» = Sixm+2m=5, g a“[s:]

Given equations can be written as:

1 1
n=30@-x), 0=3(-x)
Initially, vy = 0, x=0
1 iteration:

1 1
1=3(-0)=1667, xn= 3 (5-1.667) = 1.667
204 jteration:

1 1

0n=3(-1667)=1111, ra =36-1111) =195
3 jteration:

1 - 1
n =5(5 -1945)=1.018, x2 = 3 (5-1.018) =1.991

& 2075 Sot A Q.No. 169
Are 0. 16

the followin,
gs system of equation
dlagnnally dominant? Y ! @l

+
13;;,::“—5“=1,x|+5x,+3x,=28, I+t

-
P :
2 lease refer to 2072 Set D Q.No. 16¢
M
ARKS QUESTIONS|

9,

nlvzeoo?h Set A) Q.No. 17a 0

Stigg) "\:Ih::g.luwi"g equations using Guess-
Vs g &

N l’l:f 83y, + Tx=-5 Al

5€ refer to Model Set 11, Q.No. 17a or

B, e %

4% terati

1 1
n=3y (5-1.991) =1.003, x2 =3(5-1.003) =199
5t jteration:

1 1
n=30- 1.998) = 1.001, x2=7 (5 -1.001) = 2.000
6t jteration:

1 1
n=36-2=1  u=36-1=2

The values of x; and x2 in 5 and 6 iteration
are same.

n=1, n=2
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Ez. 2070 Set D Q.No. 17 a o]

Solve the following system of equations by
Gauss Seidel method
3x+y-z=2, 2x -5y +2=20, x-3y-8z=3[4]

Given equations can be written as:
1 .
:\'=3(2—y+z) (@)

y=§(2,—+z—20) .. (i)

z=3 (x- 3y-3) ... (i)
Initially, x=0, y=0,z=0
1+ jteration:

Put x=0,y =0,z =0in equation (i), we get

I%(2_01,0)=0ﬁ<s7

Again, put most recent values ie. x = 0.667

and z = 0 in equation (ii),
y =%(2 x 0.667 + 0 - 20) =-3.733
And, putx=0.667 and y = -3.733 in equation (iii),
z=;(0.667+3 x 3.733 - 3) =1.108
204 jteration

x =%(2 +3.733 + 1.108) = 2.280

y=%(2><?_280+1108—20)=—2866

z=%(2%0+3>(2&66-3)=0.985
3 jteration

x =% (2 +2.866 + 0.985) = 1.950
1
y=3 (2 % 1.950 + 0.985 -20) = -3.023

1
z=g (1950 + 3 %3023 -3)=1.002
4t jteration

x=%(2+ 3.023 +1.002) = 2.008
y=]g(2 % 2,008 + 1.002 - 20) = -2.9%

1
z=§(2.008+ 3 x 2.996 - 3) = 1.000
5t jteration

1
x=§(2+2.996+1)=1‘999
1
y=5(2x199+1 -20) =-3.001

1
z=§(‘l,999+3x 3,001 - 3) = 1.000

6thiteration
1

x=3(2 +3.001 + 1) = 2.000
1

y=5@x2+1 -20)=-3

1
z=’§(2+3"3-3)=1
7 jteration

1
x=3@Q+3+1)=2

y=§(2x2+1-20)=-3

1
2=g(+3x3-3)=1

From 6" and 7" jterations, x, y and z have
equal values
So,x=2,y=-3,z=1

E3. 2072 Set C Q.No. 175

Using Gauss Seidel method, solve the equationg
3x+2y=-9,2x-3y=-6 14)
From the given equations we have,
-9-2 2%xx+6
=5y
Initially, x=0,y =0
Iteration It
9-2x0 2x(-3)+6
x=—7p = 3,y= 3 =0
Iteration II:
9-2x0 2x(-3)+6
x= 3 =3, y= 3 =0

From 1%t and 2™ jterations, the values of x and
yareequal, sox=-3,y=0

p4. 2072 Set D Q.No. 174
Using Gauss Seidel method, solve:
3x+4y+8z=7,x+20y+z=-18,25x+y-52=19 [4]

Rewriting the given equations so as to make
them diagonally dominant, we have
25x+y-52=19

x+20y+z=-18

3x+4y+82=7

From these equations, we have,

1 1
x=3:(19-y +52), y=755(-18-x-2)

z=;(7-3x-4y)

Initially x =0,y =0,2=0
1¢ jteration

L 19-0+5%0)=076

x=5
y= % (-18 - 0.76 - 0) = -0.938
2= (7 -3 076 -4 x (-0.98)} = 1.059
204 jteration
1 -
1=z (19 + 0,938 + 5 x 1.059) = 1.009
y =% (<18 - 1.009 - 1.059) = -1.003
z =]§ (7 -3 % 1,009 + 4 x 1,003) = 0.998

3 jteration
1
X=25(19+1.003+5 x 0.998) = 1,000

Y';‘0(~18-1.000-0,998)=-1_000
za%(7'3"1-000+4x1,000)=1‘000
4" jteration

x=%(l9+1+5x1)=1
y=21‘0(-18-1_1)=_1

1
2=g(7-3x1+4x1)2,
Fromavdand4mi

teratj
and z are equal, ations, the valu

sox=1,y= es of x, y

-1,z=
B5._2072 Supp Q.No, 17a OR =

Solve the followin,

Seidel method:  © “4"3HOn using Gaugs-
3xa+x=5 [4]
x1-3x2=5

= Please refer to 2069 (Set B) Q.No. 17, Or
o 2073 Set DaNe Traoy
Using Gauss-Seidel meth,
system of equations:
dxatxe+x3=7,2x -
Given equation are
dxa+x2+x3=7
2x1-5x2+ 2x3 =1
X1-X2+3x3=6
From these equations, we have

0d, solve the following

4]
5"2“2n=1,n-x2+3x,=l(,!

X

1 1
=17 -x2-x), x2 =5 @xa+2x-1)

X;

1
=3(6-x+x)
Initially, x1 = 0, x2= 0, x; = 0

Iteration I
1
X =7(7-0-0)=175
1
X2 =gz2x 175+2x0-1)=05
1

X =3(6-1.75+05)=158
Iteration 1
1
M =1(7-05-1583)=1229
X2 =l
5(2%1.229+2x 1,583 - 1) = 0925

1
Xy =—
' S3(6-1.29+0925)=1.8%
Meration 11y

X =l
4(7-0.925 - 1,899) = 1.044

™

COMPUTATIONAL METHOD (CONT‘INUED)

Unit 18

1
X2 =§(2x1.044+2x]'899_])=0.977

1
% =3(6-1.084+0977)~1.97
Iteration IV

1
X1 =3(7-0977-1.978)=1.011
1
X2 =5(2%1.011+2x1.978-1) =099

1
X =3(6-1.011+0.966) = 1.995
Iteration vV

1
X1 =3 (7-099 -1.99) = 1.002

1
X =5(2x1.002+2x1.995-1) = 0.99
1
X =3(6-1.002+0.999) = 1.999
Iteration VI
1
X =3(7-0.999-1.999) = 1 001
1
X2 =5(2%1.001+2x1.999-1)=1009
1
X3 =73 (6-1.001 +1.000) = 2.000
Iteration VII

1
o =3(7-1-2)=1
1
X2 =F3@@x1+2x2-1)=1

1
X3 =3(6-1+1)=2

From 6t and 7w iterations, the value of x;, x»
andxsareequal.sox\=l,xz=1.x:=l

6 MARKS QUESTIONS|
B7_2070 Supp. Q.No. 19

Given the system

3x-6y+22=23

~4&x+y-z=-8

x=-3y+72=17

Make it diagonally dominant and solve by
Gauss-siedel method with error less than 0.005.

(61

SOLUTION,

Writing the given equation so that the system
will be diagonally dominant

Ax+y-z=-8

Jx-6y+22=23

x-3y+72=17

From these equations, we have

1
x=3@+y-2)

1
Y=g (B+a+2)

345
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346 Asmita
COMPUTA
TIONAL METHOD (CONTINUED)  Unit18 347

1 3 152 X 1
2=57(17-x+3) 2102 | Wyl Iy —_——
Initially, =0,y =0,2= 0 which is in the form of AX = B Use the Gauss-S 1
1= jteration - X=A"B (i) systems 9s-Siedel method to solve the =50-241-243) =
1 For A ' dx-y+
—~(8+0-0)=2 y*+2=8, 2x+5y+2z= L=
) :( ) 1Al vl RER L ot e o | ZTa0-1e2e=s
_ = =3x1.02-2x
Llioasax2+2x0)=-288 2 102 52 From the i ' From 6% and 7> ite
y=gl =306-304  =00220 © given equations, we have and z are equal o Py values of x. y
. L1 , s
2=lq7-2-3x289 =092 S0, A exists. A8ty y=30-2_2 sy clendz o)
102 -1 1 g
204 jteration adia =] 122 Z=g (M -x-2 2 Supp Q.o 19 0R
) 2 3 Initags y) Given the system
x=-s-2_&1’4—0-929)=1»0° itially, x =0,y = , = 0.835x + 0.667y =
:( ar =ThT AdL A= 010 : [ 1.(;2 _1552 ] iteration: 7270 Determine wl{aht:i%eo;ﬁf’ * ‘.’1"6?" =0.067
X = 1 5 em is ill condit;
L me3x 1920) = -2 =71 i ici o
y=i 2343x1.06+2%0 20) = -2.994 From () X=3(8+0-0)=2 5 nns the coefficient 0.667 to 0.666, Dn[g:]‘
1 ~ X =A7B : 1 ,
z=7(17’1~06'3"1994)_0'994 1 102 152 1 Y‘5(3-2x2_2x0)=_02 gg;“iquaumlsare:
=o02| 2 +3 ] [1] 1 : Uates b a
3 iteration Aty 2=7(11-2+2x02)=935 The gven e 067
1 _ 1 [roz-1. nd § . . ven equations
x=7 (8-2994-0994) = 1003 = toz| -2¢3 ] z 3 omtion: wmtten as. e form can b
X=7(8-02-235)= 0835 0667
y =%(_7_3 +3%1.003 + 2 x 0.994) = -3.001 [;] - [‘57“?] fi .35) = 1363 0333 0.266 ] [:] _ [3{1)25
= i & - g
2=2 (171,003 -3 x 3.001) = 0.9%9 x=-25,y =50 V750271363 -2 235 - s ;h)x(dzn‘:gu\e SERIARSE
7 ) Again, changing the coefficient 1.02 to 1.03 z=l(11 -1.363 s ®
4® iteration we have the following equations ' 4 963 +2x0.885) = 2.857 Al = I oty
1 3x+152y=1 3! iteration: 9558 (0:2c6
:r=4(8-3.m1-(].999)=1 2x+1.03y=1 1 =0.835 x 0.266 7
1 The gi ons i - x=7(8-0885-285 Sohreds | -0
y=lezeaxieax 0999)=-3 ‘eng‘ven equations in matrix form can be ; 2) = 1.066 il
L written as:
y=5(-2x1.066 - Adi- A =[ Fonlpd
2=2(7-1-3x3)=1 [; 1 ] [;]=[1] 15 b SRS ]
K _1 1
3 . z=7 (11~ T TTAy A
Sﬂxltcnuml which is in the form of AX =B “4(1 1-066+2x0'%7)=2%7 v lAlAd’-A
= & ] th | i H
x=3@-3-1=1 DX=AB 0 qmen: ~omar | 0356 067
1 3 x=7(8-0.967 - 2967) = 1.017 o0 | a3 0se ]
yegemesn1ezay =3 a= | 5 1% | =2xrm-ra , ‘ x oo
R - — = A-l
1 ~ : Y“5(3—2><I.017—2x2_967)=_0994 7B
2=2a7-1-3x3)=1 =309-3.04=005%0 : 1 0.2
7 So, Al exists. =1 = 00007 | o o | [oes
Therefore, exact solution of given system is 103 -152 3 (11-1.017+2x0.994) = 2993 - S G O,lb?]
x=1y=-32=1 Adj.A = [ 2 3 ] oo = oo [ 52503 0168 - 0667 x 0067
The solution with error less than 0.005 is ) - DT | 00 0168 0355+ 057
obtained in ** iteration which is RS U B - *7q8-0594-29%) =100 ! e
1=1003, y=-3001, =0.99 AT =TATAdA=O0s| 2 3 _1 ) [‘1]
Be. 2070 Supp. Q.No. 18 OR From (ii) V=50 -2x1.003-2x2993) = 099 Lox=ly=-1
Given the system X =AB =1 * in. o t
3x+152y=1 1 r1m 1521 (11 -1.003 + 2 x 0.998) = 2.998 w’iﬁt‘lﬁ"“i"g o e e o Bkl
2a+1.02y=1 =0.05 [ 2 3 ] [1] 6 iteration: 0.835x :0 :oo‘umg -
Determi ia i it ) pradiosssdibva
aprsosnivp-dsirrvicr-mm~] IR [t =36 -0098 - 2009 - The gn squaions.
an nt 1.02 to 1.03. 16) 005 243 \ ’ .998) = 1.001 Thi gven equabions in matrix form can be
uTION | written as:
-_ ) N Y=:(3-
Gwe3n eq]u.;uons are: [; ] - [ Z()B] 5(3-2x1.001 - 2x 2998) = -1.000 [ 0835 0.000 ] [x 0.168
+ = = .
7;,,1:0%{,:: o x=-98,y=20 3011001+ 24 1.000) = 3.000 :1“‘02(»] [‘] [O‘ODT]
The given equations in matrix form can be From above’ two sets of solutions, & s : M iterati . h . d: g PeREaE KSR
written as: large change in the solution when ther¢ P.l;n o SR -
small change in the coefficient So, the sys!¢ =1@-1- 3=1
is ill conditioned. )

sl (K
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14 7 :010 11 : 100
0 -36 72 : 0 -10 1 R:e R Gauss Elimination Method s :
oo 2:1 30 Given equations are ~lo1s . ; _.;. 0 | Reos (L) &
14 7 :01 0 x+y+z=6 () -7 ) Ra v
[ 2 PR g 3 R,_,—\;;R, 3x-4y=-5 .. (i) 057 : 301 sﬂ__:lzonmao,n?.uo
-lo1 18 36 (:36) ax+2y +4z=13 ... (i) 10 4 41 0 t‘:xi.:e following system of equations by
Loo-2:13 0 Multiplying equation (i) by 3 and subtracting 7 077 matrlx inversion method:
(10 :0 -% % from equation (i) ~l 01 % 31 RoR-R [ 2agi3pa
5 1 |RoRi-4R 3x -4y =-5 34 : 7 Ri5>Rs-5R: | x+y+z=4,
“lo1 2 :03 36 3x*3ytdz =_18 00 : 7 g 1 SOLUTICN
ST - .
LO 0o2:13 0 7y-32=-2 ...(w.) (1 03 . 41 Writing the given equations in matrix form
"o 0 _% ‘13 Again, m}nlﬁg}ying equation (1) by 3 anq 77 %0 30 5 . 14
5 1 1 adding with (ii), ~ o012 .21 7 (2 1 3|y |- 3
| o12:0 3§83 K\-»-(‘ﬁ)Ra 3x-2y+4z=13 7 7 70 Ri> 3R 11 1 2 M
13, 3xtdyra= 18 001237 whichis in the form of AX=B ... (i)
Lootl 222 © J Sy +7z=31... (V) . 134234 where,
i Ri+ ReRe = Re- 2Ry, 5 100 : 5 = =
Applying Ri >} g Multiplying (iv) by 5 and adding with 17 17 717 4 30 5 x 14
100:-5ﬁ3T K Jo1o 613 R|—>R1-;R, A=[ 2 1 3 |x=|y B=| 3
. equation (v)7 n 17 34 33 3 11 1 z 4
R U S + = 3
010: 37 798 36 Sy i 00 .3 5 7 |ROR-IR We augment the matrix A with identi
15 115 1 gment entify
103 Sy - =z = -5 17 34 34 matrix |
001:%3% 0 | Y 7 7 8 1 9 A
37 _ 102 i 7 17 1T 305:100
s 7z 7 -® 6 7 3 (Aan={213:010
2 1_33 5 Now, we have the following three equations A= 7 35 111:001
111 x+y+z=6 .0 3 5 7 111:001
Al=| 1] T8 % 7y -3z=-23 ... (v) 7 34 % ~l213:010 |RioR,
L2 #4102 From (i) X = A1B 305:100
e 72=7 ~® 8 1 2 111:001
15 1 From the equation (vi), we have z=3 T T 17 -(0 15:01 _2)&»&-2&
EE Using z =3 in (iv), we get . 6 7 3 6 032:103) R>R-3R
i.L 1 7y-3x3=-23 =\ v = % - 111
From (i) X = = [2] y 1:00 1
m (i) 11 1;8 3% 1| 2 or, -7y=-14 3 5 7 13 ~|015:0-1 2 [Ri>(-1)Re
zz ° L y=2 fon i) . 17 34 3 032:10 -
Using y = 2,z =3 in equation (1), We &€ 8 1 2 104:01 1
2.55 x+2+3=6 TX6-17%5-17%13 ~(01 s 0 2)&—»1{»3&
; ».2 2 |[) o, x=1 x o] Ergsles. ~\oor:133)RR-R
y|=| T8 % |7 5 x=1,y=2.,Z’=3 or, = 17x6+34x5_34x13 040 1
z 2% 6 Matrix Inversion Method ) ) o forh 3 5 . 515092 )
2*z*? Wﬁﬁﬂsﬂ\egi"e"e‘l“a‘w““;mmx i 17%6-37%5+ 3% 13 - "1 a3 |ROTR
x=1,y=22z=-1 (; :‘ ;)(;)=(_5) 48-157—26 001 R TATAY]
3 2 4 z 13 453
e No. 172 3 N ; x _ A3
sEowzeoz:BsuEL-,.“-—f syﬂ of equetions using whichis in the form of AX=B - @ o[y |- Ey_ 100: 5519
4 q
inverse matrix method: [4] where, 6 z ; doro: 5-219 [Ri->Ri+4R
3x+y+z=15,x+y+z=3,y-z=-1 1 11 x 5 36-25+91 ‘717177 [Re>Re-5Ry
= Please refer to 2071 Set CQN. 17a OR A=( 33 —24 2 x={ ¥ BT 13 o 3 203 11:1_311_7
N . +h identif - 7
E. 2075 Set C Q.No. 174 Now, we augment the matrix A with identity ) 7 ) s s
Solve the following system of equations using matrix I, 5 oy |- 68 {a T v T
Gauss-elimination or inverse matrix method. [4] 111:10 z . 3 S 20
x+y+z=6,3x-4y=-5,41-3x+2y-13 An=| 3 40:010 102 3 LA T & 5
324:001 ) L 3 3
111 100 R__)Rz-ﬁRl S X=ly=9 g= - = =
y=2,2=3 17 17
~(0 7 -3:-310),(:,,,{,431(1 7
05 7 301

/.
4



352 Asmita's NEB Solutio
From(i)AX‘B
_ x=AB
4 5 =S
7 17 17 14
S5 2 1 3
or, X=| 17 17 17 4
1 3 3
\177 17 V7
5 3
T
2 19
-5 = x4
or, X= 1_7"14'17,‘3’17
3 3
l7x14-17"3*17”

n of Basic Mathematics-Il

51
17

X
or,()’)' 17
R 4
17

=

x=3,y=0,2=1

o

- e

o 19

NUMERICAL INTEGRATION
12069 (Set ) A No. 16q

4

Givenl= dx, n = 4. Estimate the value of I using Trapezoidal rule. 2
)
Here, y=f(x)=x3
a=0,b=4,n=4
Wehave,h=k;—a=%=1

The five points to be considered are X% =0 x

3 ; =1, x =2 13 =3, x4 = 4. The values of the
function at these points are tabulated below.

[End point [ =0 T %=1 [ %=2 [ 53 [ m=1]

L =fo=» [ o T 1 [ 3 | 7 | e |
Using trapezoidal rule, we have

4 h
[Rdx =30+ 2+ 2y+2ys4yi)
0
1
=5[0+2x1+2x8+2x27+54]=(,s
[2._2070 SetC Q.No. 16 g

Using trapezoidal rule, evaluate: qul \Sinx dx,n=2
SOLUTION]

Here, y=f(x)= \jsin x

a=0,b=n/2,n=2

2]

2.0
b-a 2 X
We have, h = e
The three points to be considered are:
%=0,x, =§, X2 ='12£
The values of the function at these points are tabulated below:
i =0 X n
End point X n=3 n=3
1
= f(x) =fsin x 0 0.8409
Hence, by using trapezoidal rule, we have
n/2 3

1
S \inx tl,x-=%[y0+2y.+yz] = 5[0+2x 08409 +1] 1051
0
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E. 2070 Set D Q.No. 16 g

3
Using trapezoidal rule, evaluate | (3x? - 4x)dx, n=3. @

SOLUTION;

Here, f(x) =3x%-4x
a=0,b=3,n

We have, =b—;‘ == =1

The four points to be considered at xp =0, x1 =1, 22= 2,x3=3.

The values of the function at these points are tabulated as follows:
| End point ) = x=2
|y =f(x)=3x2-4x [ 0 |

Using trapezoidal rule, we have

3 h 1
f(axZ-dx)dJ'=3b'o+2y1 +2y 4y =5 [0+ 2% (1) +2x4+15]

0
=%[-2+8+ 15]=10.5

E. 207150100.“0.15g
1

dx
Usingdlelnpaoidzlmlgcvalnate:f’1+xz:n=z @
0

Here,a=0,b=1,n=2
b-a 1-0 _
= o = 3 =05
Three points to be considered are xo=0, x1 =0.5, x2 = 1.
The values of function at these points are tabulated below.

End point x=0 x =05 x=1
1
y=fx)=0+x"=777 1 08 0.5
Hence, by using Trapezoidal rule, we have
1 h
f (1+x9)2dx =7 [f(xo) + 26(x)) + f(x3)]
0
=%[l +2x%08+05]=0775
E. 2071 Set D Q.No. 16 g
2
Using the trapezoidal rule, evaluate: [ (2xt-1)dx, n = 4. 12
0
First part:
Here,a=0,b=2,n=4
b-a 2-0_
h= = e 0.5

The five points to be considered are x, = 0, x, = 05 x=1,x=151x=2

The values of function at these points are tabulated below

End point =0 | xn=05] %=1 | x=15] xu=2
v =2x-1 -1 -0.5 1 35 7

NUMERICAL INTEGRATION  Unit19 355

l;ence, by using trapezoidal rule, we have

f(?.rl-l) dx ”%[YD+2YI"2Yz"2y;+y4]
0
0.5
"T[-1+2><(-0,5)+2x1+2x3,5+7]
S025[-1-1+2+47+47]=35

Using trapezoidal rule, evaluate j‘ 1&
+x2’

n=2 [2]
= _Please refer to 2071 Set CQ.N. 16¢

._2076 Set C Q.No. 160

Ui i 2
se the Trapezoidal Rule to approximate the integral fldx. Find the error for the
x

approximation. !
2

Here,
a=1b=2

1
fx) =5
1
f1)=1,2) = 2
Using trapezoidal rule,

Jf%dxz(b-a) f2) + fo) ;f ]

=@-1)|

-
=7 =075

1
Actual value = Jf S dx

= i}

=In2-Inl
=0.693147
Error = Actual value - approximate value
=0.693147 - 0.75
= -0.056853

[- 2069 (Set AI Q.No. 17g

dx
Estimate the following integral using Trape-Zoidal rule. f T+x "
0

1
=4

4
Estimate the error with respect to the actual value. o

LN

1
Hewe, y = =135

a=0,b=1n=4
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b-a 1-0
Wehave, h=""7— ==—7==025

The five points to be considered are xo = 0, X1 lated below
The values of the function at these points are tabulal ‘2\= T s 575 T m=1

End point =0 | n=025 =
y=f(x)= -+ 1 08 0.66666 | 0.57143 )
T 1+x

Using trapezoidal rule, we have

=025, 12=05 1= 0.75, x4=1.

11 h
[ o <Seer o anew
0

=2325l1*2*0.8+2xo.ssss6+2xo.57143+0.5]
= (0.125) (5.57619) = 0.67701

dx 1 =
Actualvalue = (775 = log (1 + g =log 2~ 06%15
0

Error = Actual value - Approximate value
=0.69315 - 0.67701 =0.01614

E. mggg. Q.No. 17 g
1 1 .
Compute two approximate values for f: x?dxusingh =7 and h =7 by the composite
[4]

Here, y=f(x)=x2

a=1b=2
1
Casel:Whenh=5
We have,
_b-a
h==7
1. 2-1
o2 n
or, n=2

The three points to be considered are xo =1, x; = 1.5, x, = 2 respectively. The values of the
function at these points are tabulated below.

End point: %=1 n=15 xn=2
0.4444 0.25

1
y=f@=ri=3

Hence, by using trapezoidal rule, we have

2 1/2
ferx z%[ymzy,»fyz]szu +2 % 04444 + 0.25] = 05347

1
1
Case II: When h = 1

b-a
Wehave,h=‘b—
1.2-1

L4 n
n=4

NUMERICAL INTEGRATION ~ Unit19 357

The five points to be considered
arexp=1,x=1251=151x-=1. = i
The values of the function at these points are labulate:i belovit‘3 ROP L3 =2 respectively

End point: ; X0=1 0=125| x,=15 | x3=1.75 X4=2
y=f@=x2 =5 1 064 | 04444 | 03265 | 025
Using trapezoidal rule, we have

2 h
frzdx ZEU°*2Y'*2Y1*2y3+y.]
1

i
2 [1+2x0.64+2x0,4444,2,0'32£\5+0_25]

1
=g 1+1.28+ 08888 + 0,653 + 0.25] = 0,500

[10. 2071 Supp. Q.No. 17b

1
Compute an approximat,
e value of f (1+x?1 dx by the composite trapezoid rule with three

5 0
points. Then comparing it wi ctual :
[soLuTION] PAring it with the actual value of the integral, find the error. [4

First part: Please see 2071 Set C Q N
Next part: QNo16c

1
o pdx 1
Actual value = f o= [tﬂﬂ"xlo = tan-11 =§=0.7854

0

Error = Actual value - Approximate value
= 0.7854 - 0.775 = 0.0104

(1. 2072 Set E Q.No. 11g

=
Evaluate using composite trap "‘mle,the",‘fsinxdx,n=4. [4]
0
soLuTION|
Here,a=0,b=1t,n=4
b-a -0 &
L h=—=2_ =L
n 4 4
The five points to be considered are x, = 0, .n=§,x;=§,x3=§f..n=nrespecﬁvely. The

values of function at these points are tabulated below:

3
End point X=0 x‘=§ .\'g=% .\*3=Tn u=r
) 1 1
y = sinx 0 \1-2 1 N 0

Using trapezoidal rule, we have
n

: h
[ sinx ax =3 lyo+ 2+ 2y + 2yt il
0

n 1 1
==[0+2.—= +2.1+2.—= +0]
sl0+2 \2

=3 @2+2)=18%

.
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[12. 2075 Set A Q.No. 17b OR

A s
sing site trap idal rule the integral: T+x/n=5 [4]
luate, u comp
fsoLurion]
Here,a=0,b=1,n=5

b-a _1-0_
Wehave,h=_n =75 02

ts to be considered are xo =0, 11 = 0.2, x2= 0.4, x; = 0.6, x4 = 0.8 and x5 = 1. The values of
The six point . .

each re as follows:
the integrand at esch of Lheop o 04 06 08 1

1 0.83333 | 0.71429 0.625 0.55556 05

X

1
y=f(x) =——] o
Using Composite Trapezoidal rule, we have
1

fl_i dxe gl 29 2y 20+ 2yt el
X 2

0
02

=2
2

[1+2x0.83333+2x0.71429 + 2 x 0.625 + 2 x 0.55556 + 0.5]

22, oo
=0.695636

13. 20755&80.“&1!3

Compute an approximate value of f:, (1 + x?)7! dx by using the composite trapezoid rule
with three points. Then comparing with the actual value of the integral, find the error.
[4]
= First part: Please refer to 2071 Set C Q.No. 16c
Second part: Please refer to 2071 Supp Q.No. 17b

NU“ER’CALINTEGRATION Unit19 359

16. 2072 Set C Q.No. 19 OR}

State and prove Trapezoidal rule of i oximation,
** Please see Model Set 1, Q.No. 19 emerical appr =

1
A R .
PProximate the value using trapezoidal ryle for f edr;n=2

7

hl. 2075 Set B Q.No. 17b g
1 . 1
Approximate ﬁ 2 dx using Simpson's 3 rule with h = 2-

SOLUTION|

Here,

1
a=0,b=?.h=5
We have,

_b-a
h="F
b-a 2-0
on n=Tp=T =4
2

Now, the end points of four subintervals are 0,05,1,1.5and 2.
The value of the integrand at these points are tabulated below:

1
Using Simpson's 3 rule, we have

2 h

f“2*dx =3 [yo+4y1+ 2y:4 4y, + y,)

1
2
=31+ 4% 14142+ 2x 24 4 x 282842+ 4

= ; (25.97008) = 4.3283

[6]
B
Here,a=-1,b=1,n=>
b-a 141
We have, h e =5 =1
The three points to be considered are x, = espectiv
The values of function at these ointesxaore :l;:l;_teg’ ;:lz:/r <
p
= Xo=-1 =0 n=1
=ex 2
: 03679 1
Hence, by using trapezoidal rule, we have <=
1
h
fex dx =~ 7 [(x0) + 26(xy) + f(x2)]
-1
1
=5[03679+2x1+ 2.7183] = 2.5431
1
Define Trapezoidal rule. Evaluate using Trapezoidal rule: fli forn=4 [6]
+x .
0
SoLuTION
First part: Please see Model Set I, Q.No. 19
Second part:
1
H = =
ere, y = f(x) T+x
a=0,b=1,n=4
b-a 1-0

|

WEhave,h= n =T=0‘25

The five points to be considered are x, =0, x, = 0.25, 2=051=075 =1
@ values of the function at these points are tabulated below
End point %=0 | %=025 | »=05 [ 2=075] v=1

1 1 . 1 08 0.66666 | 0.57143 05
lleing trapezoidal rule, we have

1 h
f1+.\' dy S5 [yo+ 2y + 2y, + 2y3 + yy]
0

= 0'225 [1+2x08+2x0.66666+ 2 x0.57143 + 0.5]
= (0.125) (5.57619) = 0.67701
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Absolute error
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2
" . Find the absolute
Using the trapezoidal rule, compute f(Zxa - 1) dx with 4 intervals error

0
of approximation from its actual value. [4]

First Part: Please refer to 2071 Set D Q.No. 16¢
Second part:

2
Actual value = J’ (2x2-1) dx
0

3 3
=[2"T-x]:=2’;2 ~2=33333

= 133333 - 3.5|=0.1667

hs. 2074 Set A Q.No. 1!

Using idal rule, eval [}u;‘:- n = 4. Estimate the error of approximation from its
a4 X ’
actual value. ' [6]

= Please refer to 2069 Set A Q.No. 17b
[20. 2074 Set B Q.No. 19

2

State Trapezoidal rule, hence evaluate ifm' n =4 correct to 3 places of decimal. [6]

ol+xt
1%t part: Please refer to Model Set 1 Q.No. 19
2nd part:
Here, a=0,b=2n=4
b-a 2-0
~h= P =0.5

So, the five points to be considered are xo = 0, x; = 0.5, x = 1, x3 = 1.5, x4 = 2. The value of the
integrand at these points are tabulated below:

End point x=0 | ;=05 | x=1
1 0.94118 0.5

X3 = 15
0.16495

xX4=2
0.05882

1
Value of y = f(x) = T+

By Trapezoidal rule, we have

B h

fl—‘ix; =3 [yo+ 2y1 + 2y2+ 2ys + y4]
0

=92 142090118+ 205+ 2016495 + 0.05882]

= % (4.27108)
=1.06777 = 1.068 (upto 3 places of decimals)

w

NUMERICAL INTEGRATION  Unit 19 361
B. SIMPSON'S RULE ;
1. 2072 SotE Q.No. 16(]
0.2

Find the approximate value of f VI=27 dxn=2, using Simpson's = rule
3 rule.
0
soLuTion]

Here, y=f(x)=\[T- 2%

a=0,b=02,n=2

2]

We have,h=$=m

2 =01
The :)hree points to be considered atx=0,
xn=01, ;z ; 0.2 Tespectively. The values of the functions at these points are tabulated below:
nd point .
%=0 0=01 =~
T .
_fx)=1h_2x2 (;,9899 :)2955

Using Simpson's% rule,
1
h 0.
we havef\ll - 22dxx Fyo+dy, +yy) =?1[l +4x0.9899 + 0.9592]
0

=01973

lg. 2073 Set D Q.No. 16§

02

1
'sgmle, 1 ...‘.fsle-zxz dx,n=2
0

Using Simp -

Here,a=0,b=02,n=2

_b-a 02-0
h= n - 2 -01

The three points to be taken are 0, 0.1 and 0.2.

The values of the integrand at these points are tabulated below.

X 0 01 02
1 0.9933 0.9726

y =312

, 1
Now, using Simpson's 3 rule,

02

3 h
f\/1-2x2 = 3 (o+4y1+y)
0

- 9%—1 (1+ 4 x 0,933 + 0.9726)

=0.1982

Apply Simpson's rule to approximate the value of [{ exInx dx withn=3. 2
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Here .No. 17 b

a=1,b 4,4n - 3 Using the Simpsonvs% rule, evaluate | & .
_ba 4-1_, h T+ N=4
» h=TTTs bsoLu 1101 [4
The4poimsmbeconsideredamxn=a=l,x|=xa+h=1+1=2,xz=x1+h=2+1=3and G X
P iven, y = f(x) = —=—
xs=b=4. . N Y=l =135
The val f the integrand at each of these points are below. Here, a =
e values of emm=1 ) lx:=3 1X‘=4 ] ere,a=( b,b=1,n=4
_ 0 5.12170 | 2206621 | 75.68911 | We have,h=%a-¥=05
3 . 3 . ’
Since n = 3 whichis 0dd, so we have to apply Simpson's g rule. Using Simpson's g rule, we have The five points to be considered are z; = § 5 -
The values of the function at these points ; 01=025x=05,5,=075, 2, = 1.
5‘ e Inx dx =%[Y0 +3xy1+3y2+y3 End point - are tabulated below:
1 8 d 1 %=0 | x=025 =05 | 5=075 =1
3x1 y=fx)=—— - =
= 35[0+ 3% 512170+ 3 x 2206621 + 75.68911] 11+ x 1 08 0.6666 05714 P
= 58.969815 Using Simpson's 3 rule, we have .
L
I3 dx i [yo+ 4 025
1 1+x T2 3 Moty + 2y gys 4 ) =22
2063 (Set B) Q.No. 178 . A I dys+yil 3 [1+4xo.s+2xu6666+4xo.5714+0.51
Evaluate the following integral using Simpson's rule: fsinx dx,n=6. [4 o
0 =5 (83188)
: =0.6932
Here, y =f(x)=sinx .__2071 Set C Q:No. 17
a=0,b=n,n=6 Using Si 1
b- -0 ng Simpson's 1/3 rule, evaluate: N -
Wehave,h=—a=xT=% { 1+2x2dx,h=025 [
soLuTiON]
The seven points to be considered are xo =0, 11 =%,
5 Here, f(x) =1h +2x2
=L =t == a=0,b=1h=025
0=, K=Y, L=, We have,
5 -
X = ?n and x; = 7. The values of the function at these points are tabulated below: h= %
End point x%=0 T n 2 5 X6 =T. 1-0
P X1=% n=3 | B=3 x4=?" x5=—61£ ¢ o, 0.25==—=
y=fx)=sinx | 0 | 05 [ 08660 | 1 0.8660 | 0.5 0 Son=4
1 The five points to be considered are X%=0,0=025x2=05x3=075, =
. . o= A 4 .2, ) .5, 2 .75, x4 =1.
Using Simpson's 5 rule, we have The values of the function at these points are tabulated below:
. h -
fSm1d1=§[yn‘r4y1*2y1+4y3+2y¢*4y5+y6] End point 0=0 | x1=025| x2=05 | x3=075| x,=1
0 | = f(x) =41+ 222 1 . 1.0607 12247 14577 17321
E& | Usi Si ) 1
== [0+4%05+2x08660+4x1+2x 08660 +4x 0.5+ 0] ng unpsons;rule,wehave

=75 (11.464) = 2.0008

1

h
f\/l *22dy sFlyotdnt 2y2 +dys+yd
0

E. 2070 Set C Q.No. 17 g
. 1 1 dx
Using Simpson's 3 rule evaluate [y 75—, n = 4. 14] B _012 [1+4 X 10607 + 2 X 12247 + 4 x 14577 + 1.7321]

= Please see Model Set II, Q.No. 17b =1.2712
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E. 2071 Set D Q.No. 17 ! .

Estimate the following integral using Simpson's 1/3 rule: f sinxdx,n=6 14
0

= Please refer to 2069 Set B Q.No. 17b

9. 2072 Set C Q.No. 17b s

Using Simpson'sémle, calculate f ddxwithn=4 )
1
Here, y=f(x)=x*
a=1,b=5n=4
b-a 5-1

The five points to be considered are xo =1, 11 =2, 2 =3, x3 =4, xq = 5. The values of the
function at these points are tabulated below.

| End point | x=1 n=2 =3 =4 X=5
[v=fx)=x | 1 16 81 256 625
1
Using Simpson's 3 rule, we have
> h
J R =3l dy+ 2y dys+yd
1

=%[1+4"16+2X81+4XE6+625]=625.33

h04 2072 Supp Q.No. 17§
1 &
Evaluate the following integral using Simpson's rule: f T+2/n=4% [4]
0

= Please see Model Set II, Q.No. 17b
1. 2073 Q.No. 17

dx
Evaluate the following using Simpson's rule: f: T+am=4
= Please refer to Model Set I, Q.No. 17b
12. 2074 Supp Q.No. 173
1 2
Using Simpson's 3 rule, evaluate f (2x-1)2dx,n=4.

14

[4]

Here,a=0,b=2,n=4
-a 2-0
Wehave,h=222.220_ 5
n 4

The five points to be considered are xo = 0, x1 = 0.5, x2 = 1, x1 = 1.5 and xs = 2. The values of the

integrand at each of the points are as follows:

[x o [ o5 T 1 15 [ 2 |
ef=@cy 1 [ o [ 7 4 | 9 |
Using Simpson’s%rule, we have

h
Jo@x-1)2dx =3 [yo+ dys + 252+ 4y + yi]

NUMERICAL INTEGRATION  Unit 19 365
0.5
-T[1+4x0+2~1+4~4+9]

0.5
=3 X =4.6667

13. 2076 Set A Q.No, 17E

Using Simpson's rule, evaluate: Jﬁ%
ol+x

/n=4,

= _Please refer to 2070 Set D Q.No. 17b “
. 1 2

Using Slmpson'ss rule, evaluate f (M-o—])dx' n=4,

SOLUTION]|

Here,
a=0,b=2,n=4

[4]

0

Wehave,lmgthofeachime;vala]):b-a 2-0
n

Thus th i i
:s 'eendpomtsofthetlsubmb:reo 0.

h
J§(4x1—4.x+1)dx=§(yn+4y1+2yz+ dys +yi]

0.5
=?[1+4’<0+2><1+4x4+9]

05
=3 28=4.6667

6 MARKS QUESTIONS|

15. 2072 Set D Q.No. 19 OB

1
Evaluate f\/l +x% dx using Simpson's% rule withn =4. [6]
0
SoLuTion]
Given, f(x) =\/1 +x3
a=0,b=1,n=4
We have, h=—==—"==025

The 5 points to be considered are xo =0, x, = 0.25, x = 0.5, X3 =0.75 and x4 = 1. The values of
the function at these points are tabulated below.

End point X%=0 [ =025 | =05 | 3=075| x=1
= f(x) =m 1 1.0078 1.0607 1.192¢4 14142

: . 1
Using Simpson's 3 rule, we have

1
f\/] + 3 dy g,% [yo + dy1 +2y2+ dys + ydl
0

025 (14 410078 +2x L0607 + 4 X 11924 + 14142)
1

=11114
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SR, T

[16. 2073 Set C Q.No. 19 OR

ere, a =

of Basic M tics-ll
2
Using Simpson's rule, evaluate fl—fxxT for n= 4, correct
0
0,b=2n=4
=3 05

n

Theﬁvepoin(slobeconsidemdmxo=0,xl

b-a _2-0

to 3 places of decimal.

The value of the integrand at these points are tabulated below.

=0.5,x:=1,)u=1.5andx4=2.

X X =0 x; = 0.5 x=1 =15 X =2
y=l(x)=1—:x: yo=1 |y1=09412| y2=05 ys = 0.1649 | ys =0.0588
1
Using Simpson's 3 rule, we have
2 .
& h
Tox ~3borayi+2n+dys+yd
0

05
3
=1.081

[l+4XO.9412+2><0.5+4X0~1649+0.0588]

[17. 2074 Set B Q.No. 19@

dx

1
Define Simpson‘smlc,hcnceevalutefnl*

x

for n = 4 correct to 4 places of decimal.

Simpson's Rule: If a function f is continuous on closed interval [a, b], then,

a
ff(x) dx=
b

where [a, b] is divided into n equal subintervals [xo, xi), [xa, xal, [x2 Xa].... [Xn-1, Xnls

B2 (1) ) + 26 + ) * 200) * .+ 2n) * 46c) + )]

b-
length ==

Second Part:
Please refer to 2070 (Set D) Q. No. 17 b.

’

(6]

each of the

B
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