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MATHEMATICS

SECTION - A Sol. Given system of equations
aXx+y+z=5
X + 2y + 3z = 4, has infinite solution

Multiple Choice Questions: This section contains 20

multiple choice questions. Each question has 4 choices

: : X+3y+5z=0
(2), (2), (3) and (4), out of which ONLY ONE is correct. 11
(03
Choose the correct answer : Lo A=1 2 3|=0=a(1)-1(2)+1(1)=0
1. Let f:R—> Rbe defined as f(x) = x — 1 and 135
2 = =1
g:R-{1 -1 > Rbe defined asg(x) = ;( . =
x“-1 5 11
Then the function fog is: and Aj=[4 2 3|=0
(A) One-one but not onto B 35

(B) Onto but not one-one
(C) Both one-one and onto

— 5(1)—1(20 — 3p) + 1(12 - 2B) = 0

= B=3
(D) Neither one-one nor onto 15 1
Answer (D) And Ay =|1 4 3|=0=(20-3p)-5(2)+1(B-4)=0
Sol. f:R — R defined as 18 5
2
fx)=x—1landg: R - {1,-1} > R,g(x)= ;( = -2+6=0
Yl = p=3
2 -
Now fog(x) ;( 1o 21 Similarly,
xc -1 x° -1 115
Domain of fog(x) = R — {-1, 1} = Az3=[1 2 4/=0=p=3
And range of fog(x) = (=, —1] U (0, ») 13 B
Now, £ (fog (x)) = ——— - 2x=—2 DD @p=03)
X

x2 — 2 —x22 » © "
( 1) (1 ) 3. If A:Z;and B= L

n n
j—x(fog (x))> 0 for 2—X2 >0 n:l(3 + (_1)n) n=1(3 +(_1)n)
((1=x)(2+x)) A .
then — is equal to:
X B
= —————— < 0
(x-D(x+1)) @ 2 (B) 1
9
X e (—oo, 0)
11 11
C) —— D) -—
and i(fog(x))<0 for x €(0, ) © 9 © 3
dx
) ) Answer (C)
fog(x) is neither one-one nor onto. N
2. If the system of equations S 1 o (1)

' Sol. A:Z— and B=Z—
ax+y+z=5x+2y+3z=4,x+3y+5z= n=l(3+(_1)”)n n=1(3+(_1)”)n
has infinitely many solutions, then the ordered pair
(a, B) is equal to: A:E+i+i+i
(A) 1,-3) (B) -1.3) 2 42 28 g
©) 1,3 (D) (-1,-3) -1 1 1 1

B=—+—-—+—
Answer (C) 2 42 93 g4
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. cos(sinx)—-cosx
lim is equal to:
Xx—0 4

X

1 1
(A) 3 (B) 1

1
®) 5

1
©) 5

Answer (C)

2sin(x +sin x)-sin[x —smxj

)
I
e

Let f(x) =min {1, 1 + x sin x}, 0 < x < 27. If m is the
number of points, where f is not differentiable and n
is the number of points, where f is not continuous,
then the ordered pair (m, n) is equal to

(A) (2,0 (B) (1,0
© 1) (D) (2, 1)
Answer (B)
Sol. f(x) = min{1, 1 + xsinx}, 0 < x < 2rn

t(x)

Now atx =, lim f(x)=1= lim f(x)
X1 x>

cos(sinx)—cosx

Sol. |im

x—0

= lim
x—0

I

X4

4

X X

(

X —SsinX
2

X +SsinXx
2

= lim 2.
X—0

5

X+X—" k2

30 51 X—X+§—m

3!

X2

—+
3!

X4

J2- 2
5!

1 0<x<m
1+ xsinx, t<X<2xn

f(x) is continuous in [0, 2x]

Sol. -

Now, atx=n L.H.D = Ilim
h—0

f(7t+h)—f(1t)_ (n+h)sinh—l

- h

R.H.D. = lim
h—0

=-7
f(x) is not differentiable at x =«
(m,n)=(1,0)
Consider a cuboid of sides 2x, 4x and 5x and a
closed hemisphere of radius r. If the sum of their

surface areas is a constant k, then the ratio x : r, for
which the sum of their volumes is maximum, is

(A) 2:5 (B) 19 : 45
(C)3:8 (D) 19: 15

Answer (B)

Sl+S2 = k

76x2 +3mr? =k

152xd—x+67rr =0
dr

d_X _ —6mr
dr  152x

Now V = 40x°3 +§nr3

dv

_120x2- % L o2 0
dr dr

~ 120x2.[ %) o2 0
152 x

152 1 19

3 120 45

g
r
The area of the region bounded by y? = 8x and
y? =16(3 — x) is equal to

32
(A) 3

40
(B) 3

(C) 16 (D) 19

Answer (C)

Sol. cl:y2 =8x

cp:y? =16(3-x)
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Solving ¢, and c,

48 — 16x = 8x
X=2
y=%4

Area of shaded region

A=l

[48y y T 16

8. j\/ﬁdxg +cg()0theng(]

equal to

SRS HERCESE i

\/§+1 T \/_ 1) =
omE)5 il

(B) loge (

Answer (A)

1 |1-x
—/—dx: X)+cC
J.x 1+ X g( )
1 1-x 1
2= /—dx: = -9
1 x\1+x 9(2] 9@
1 l1 1-
g(] 2 ,/ == Xix
2 1 x\V1+x
cotx =c0s260

U3
_(6_ 1 sinb

——————(-2sin20)d6
0 cos20 coso

Sol. x—=
dx
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T2
__ 6 4sin ede
0 cos20

E(l—zsin2 6)—
=2|62 7 de
0 €c0s20

T
- 2J'06 (1-sec20)d6

T

T 1 =
=—-2. E[In|sec 20 +tan zeﬂg

3

—[In‘2+\/§‘—lnlJ

:—+In£2+\/_J
n\/g_l

3+1

=—+
3

If y = y(x) is the solution of the differential equation
xg—y +2y =xeX,y(1)=0 then the local maximum
X

value of the function z(x) = x2y(x)—ex,x eR is

(A) 1-e (B) 0

1 4
© " (D) P

Answer (D)

dy

+2y =xeX, y(1)=0

gdx

dy 2 , then e X

4+ eX
dx xy

dx = x2
y - x> =Ix2exdx
yx? = x%e* —Ierde
= x%eX —2(xex —ex)+c
yx? = x%e* —2xe* +2e* +c
yx? =(x2—2x+2)ex+c
O=e+c=>c=-€
y(x)-xz—ex =(x—1)2ex—e

z(x):(x—l)zex -e
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For local maximum z'(x) =0
2(x-1)e* +(x —1)2 e*=0
x=-1

And local maximum value = z(-1)

4
=——e
e

10. If the solution of the differential equation

ax
y(0) = 0, then the value of y(2) is
(A) -1 (B)1
((ORY (D) e
Answer (C)
LAy o x (w2 o\ (W2 2 5\a2x
Sol. - ix +e (x 2)y _(x 2x)(x Z)e
X 2_2 d
Here, I.F. :efe (X ) 5
(x2—2x)ex
=e

Solution of the differential equation is

y .e(xz_ZX)ex _ J(Xz —2x)(x2 _2)e2" .e(x2—2x)ex
(- 2x)e (x2 -2)er ol P F ax
Let (x2 —2x)eX =t
(x2 - Z)exdx =dt
y-e(xz_zx)eX = [t-e'dt
y 'e(x2—2x)ex = (x2 —2X _1)e(x2—2x)ex +C
y(0) =0
c=1
(Zx—xz)ex

y :(x2 —2x—1)+e

y(@)=-1+1
=0

d_y+ex (Xz _z)y = (x2 —ZX)(X2 —2)e2x satisfies

11.
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If m is the slope of a common tangent to the curves
2 yz
EJFF =1 and x? + y?2 = 12, then 12m? is equal

to:

(A) 6 (B) 9

(C) 10 (D) 12
Answer (B)

X2 y2

Sol. Cl:—+?=1 and C, : x% +y? =12

16

Let y =mx+ J16m? +9 be any tangentto C, and
if this is also tangent to C, then

\/16m2 +9
Ym? +1

= 16m2+9=12m? +12

=12

= 4m?=3 =12m? =9

12. The locus of the mid-point of the line segment
joining the point (4, 3) and the points on the ellipse
X2 + 2y? = 4 is an ellipse with eccentricity:
3 1
A) — B) —
(A) p (B) 202
1 1
C) — D) =
© o (D) 5
’ Answer (C)

Sol. Let P(2cos®6, «/§sin9) be any point on ellipse

2 y2
TJF? =1 and Q(4, 3) and let (h, k) be the mid

point of PQ

then h — 200329+4’ k:\/§3|;e+3

cosO=h-2, sine:2k—_3
V2

2
(h—2)2+(2"—‘3j -1

2

b3
2 y—j
(x—12) N 2 1

1
2
1

e i-1-L
2 2
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13. The normal to the hyperbola X—z—y?=1 at the
a

point (8, 3\/§) on it passes through the point:

(&) (15,-243) (B) (9.2V3)
(©) (-1.943) (D) (~1.6V3)
Answer (C)
X2 y2
Sol. Given hyperbola : — e =1
a
-+ It passes through (8, 3v/3)
84 27T 4 _ 4216
a2 9
Now, equation of normal to hyperbola
16x 9y
—+——==16+9
8 33
= 2x++83y =25 ..(i)

(—1 93 ) satisfies (i)

14. If the plane 2x + y — 5z = 0 is rotated about its line
of intersection with the plane 3x —y + 4z -7 =0 by

an angle of g then the plane after the rotation

passes through the point:

(A) (2,-2,0) (B) (-2, 2,0)
(€) (1.0, 2) (D) (-1,0,-2)
Answer (C)

Sol. P, :2x+y-52=0,P,:3x-y+4z2-7=0
Family of planes P, and P,
P:P +\P,
P:(2+3M)X+(1-A)y +(-5+41)z—71 =0
PLP . 4+60+1-A+25-201=0
A=2
P:8x-y+32-14=0
It passes through the point (1, 0, 2)
15. If the lines Fz(f—f+l2)+k(3f—l€) and

F:(af—f)+u(2f—3ﬁ) are co-planar, then the

distance of the plane containing these two lines
from the point (o, 0, 0) is :

2 2
(A) 5 ®
4
© (D) 2
Answer (B)
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Sol. -+ Both lines are coplanar, so
a-1 0 -1
0 3 -1=0
2 0 -3
5
= o=—=
3

Equation of plane containing both lines

x-1 y+1 z-
0 3 -1{=0
2 0 -3

= 9x+2y+6z=13

So, distance of (g 0, 0) from this plane

2 2
~ J81+4+36 11
16. Let a=i+j+2K,b=2i-3j+k and c=i—-j+k

be three given vectors. Let v be a vector in the

plane of a and b whose projection on cis i. If

NE)
v j =7, then v- (f+l2) is equal to :
(A) 6 B) 7
©) 8 (D) 9
“Anhswer (D)

Sol. Let v =1 a+A,b, where A1, k2 € R.

= (A +200)i + (A —3hp) | + (201 +Ap)K

Projection of v on ¢ is 2

NE

M+2hy =M +3hy +20+Ay, 2

7 NG

A+3h2=1 ()
...(ii)

and v-j=7=% -3k, =7
from equation (i) and (ii)
M=4,h2=-1

V=2 +7]+7K
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17. The mean and standard deviation of 50
observations are 15 and 2 respectively. It was
found that one incorrect observation was taken
such that the sum of correct and incorrect
observations is 70. If the correct mean is 16, then
the correct variance is equal to :

(A) 10 (B) 36
(C) 43 (D) 60
Answer (C)

Sol. Given X =15,6 =2 = c° = 4
X2+ X+ ...... + x50 = 15 x 50 = 750

CXE X5 . xEy
50

-225

Xl +X2+ ...... +X§0=50X229

Let a be the correct observation and b is the
incorrect observation
thena+b =70

750-b+a
50

a-b=50=a=60,b=10

and 16 =

50 x 229 + 602 — 102

Correct variance = = —256
=43
18. 16 sin(20°) sin(40°) sin(80°) is equal to :
(A V3 (B) 2V3
©) 3 (D) 43
Answer (B)

Sol. 16sin20° - sin40° - sin80°
= 4sin60° {". 4sin6-sin(60° — 0)-sin(60° + 0) = sin30 }

:2\/5

19. If the inverse trigonometric functions take principal

values, then g1 {%cos[tan_1 (%D +§5in[tan_1 [gj]j

is equal to :
T
(A) O (B) 2
T T
(®) 3 (D) ry
Answer (C)

&
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Sol. cos™ icos tan~"! (ij +Esin tan™’ (ij
10 3 5 3
33 2 4
[10 5 5 5)

_1( 1 T
=Ccos | = |=—
3)3

20. Letr € {p, q, ~p, ~q} be such that the logical
statementr v (~p) = (p A Q) v ris a tautology. Then

=)

= cos_1
1

ris equal to :

(A p (B) a

©) ~p (D) ~q
Answer (C)

Sol. Clearly r must be equal to ~ p
~pv~-p=-~p

and(pArQ)v~p=p
~ p = p = tautology.

SECTION - B

Numerical Value Type Questions: This section

contains 10 questions. In Section B, attempt any five
questions out of 10. The answer to each question is a
NUMERICAL VALUE. For each question, enter the
numerical decimal notation,

correct value (in

truncated/rounded-off to the second decimal place; e.g.

»06:25, 07.00, —00.33, —00.30, 30.27, —27.30) using the

mouse and the on-screen virtual numeric keypad in the

place designated to enter the answer.

1. Letf: R—oRsatisfy f(x +y) = 2% f(y) + 4 f(x),

vX,y € R.Iff(2) = 3, then 14- % isequalto .

Answer (248)
Sol. -+ f(x+y)=2%f(y) + & f(x) ...(1)
Now, f(y + x) 2Y f(x) + 4* f(y) ...(2)
2% f(y) + 4 f(x) = 2Y f(x) + 4* f(y)
(@ = 2) 1) = (& - 29 {(y)
fx) _ f(y)
4¢ 2% 4Y Y
f(x) = k(4*—2)

=k (Say)

f(2) = 3 then k =

N
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4X_2X
4

f(x) =

_4%In4-2%In2

f7(x) 2

(2.4%-2%)In2
4

f'(4) 2.256-16

f(2) 2.16-4

f(x) =

1474 _ 248
f'(2)

2. Letpand g be two real numbers such thatp + q =3

-2
and p* + g* = 369. Then (1+£] is equal to
p q

Answer (4)

Sol. - p+q=3 ()]
and p* + g* = 369 ... (i)
{(p + 0)* - 2pa}* — 2p°q* = 369

or (9 — 2pq)? — 2(pq)? = 369
or (pq)>—18pq — 144 =0

pq =—6or 24
But pq = 24 is not possible
pg =-6
-2 2
Hence, (E +Ej = (ﬂj = (—2)2 =4
P q p+q
15 1\
3. Ifz2+z+1=0, zeC, then Z[z” +(-" —n)
n=1 z
is equal to
Answer (2)
Sol. + Z2+z+1=0 = oorw?
15 2
$ (e )
n=1 z"

15 15 15
=22y 2y
n=1

n=1 n=1

=[0+0-2|
=2
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0 0 1|,Y=al+BX+yX2and

0 0 O

4. lLetX=

Z= o2 —apX +([32—ow)xz,oc, B.yeR.

L3 g
> 1
fy?l=lo T 5 , then (o — B + 7)? is equal to
0, 1
L 5 |
Answer (100)
010
Sol. - X=|0 0 1
000
001
X2=10 0 0
0 00
a B vy
Y=al+BX+yX?|0 a B
0 0 a
Y-Y1l=]
12 1]
a B v]|® 51’ 52 100
0 o B||O s % 010
0 0 « 1|00
0 0 =
L 5 ]
_g B-20. o-2P+y]|
5 5 5 00 0
o 2 B;Z“ —lo10
o 001
0 o0 -
L 5

a=5,p=10,y=15
(o- B +7y)* =100

5. The total

greatest common divisor with 36 is 2, is -

number of 3-digit numbers, whose

Answer (150)
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Sol. -+ xe[100,999],x e N

Then 2 €[50, 499], % €N
2 2

Number whose G.C.D with 18 is 1 in this range
have the required condition. There are 6 such
number from 18 x 3 to 18 x 4. Similarly from 18 x 4
to 18 x 5....., 26 x 18 to 27 x 18

Total numbers =24 x 6 + 6 = 150

The extra numbers are 53, 487, 491, 493, 497 and
499.

61 (46 ) 2

m and n are coprime, then m + n is equal to
Answer (102)

..m=61,n=41
. m+n=102

7. Ifa, (>0),a,a,;a,a aeinaGP,a,+a,=
2a,+ land 3a, + a, = 2a,, thena, +a, + 2a is
equal to

Answer (40)

Sol. LetG.P.bea =a,a,=ar, a;=ar’ ......

3a2 +a.3 :2a4
= 3ar+ar? =2ar3

= 2ar®-r-3=0
r:—lor§
2
a;=a>0thenr #-1

NOW, az +a4 = 233 +1

ar +ar® =2ar? +1

3 27 9
al2+28 -2 =1
2 8 2

8
a=—
3

Aakash
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a, +a, +2ag :a(r+r3+2r4)

8(3 27 81
=—| =+ —+—=
3[2 8 sj
= 40

(2—x2)dx

2
8. The integral %L;/_ is equal to
Y

(2+x2) 4+ x*

Answer (3)

242 2-%2

wh (2432 x®

Let x = /2t = dx = +/2dt

Sol. | dx

244 (2-2t)- dt

m 0(2+2t2)\/4+4t4

1
—-—1|dt
_12\/5J1 (tz j
g Jo 1 1)
(t+j (t+j -2
t t
Lett+%=u

= [1—ijdt =du
t2

_ 12\/5‘[2 —du
LRSS
_12J§Ioo du
- ; .
u R
u
1y
:12J§Iol Nk
T ﬁ 1_ p2
1
= —[sin_1 p}OZ
_12n
o 4
=3
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9. Let a line L, be tangent to the hyperbola (x2 er2)2 —16x2 —4y2
x? y? :
Tg ~>4 = 1andletL, be the line passing through Sooa=16,p=-4
a+p=12

the origin and perpendicular to L, . If the locus of the
If the probability that a randomly chosen 6-digit

point of intersection of L, and L, is | 10.
number formed by using digits 1 and 8 only is a

(XZ * y2)2 =+ Byz’ then a.+p is equalto__, multiple of 21 is p, then 96 p is equal to
Answer (12) Answer (33)
Sol. Equation of L, is Sol. Total number of numbers from given
xsecH ytan6 1 () Condition = n(s) = 25.
4 2 Every required number is of the form

Equation of line L, is
q 2 A= 7-(10% +10% +10% +......) + 111111

xtan® seco .
T+yT 0 ..(i) Here 111111 is always divisible by 21.
Required point of intersection of L, and L, is e 1S divisible by 21 then

(x,, y,) then 102 +10%2 +10% +...... must be divisible by 3.

X, secO yqtan® For this we have 6C0 + 6C3 + 6C6 cases are there

1=0 ...(iii)
4 2 _6 6 6~ _
NE)="Cqy+ C3+ °Cq =22
yi1seco x;tano .
and + =0 ...(iv) 99
4 2 ..~ Required probability = =P
From equations (iii) and (iv) 2
— 11
secO=—1_ ang tanezil2 o =<p
X1 +Y1 X1 +Y1 32
Required locus of (x,, y,) is 96p = 33
a o -a
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