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INSTRUCTIONS

A. Question paper format:

1. Please read the instructions carefully.

2, The question paper consists of 3 parts (Chemistry, Mathematics and Physics). Each part has 4 sections.

3. The Question Paper contains 60 questions Before starting the paper, ensure that all questions are in order.

4. Each part contains 20 multiple choice questions. Each question has 4 choices (A), (B), (C) and (D) for its answer,
out of which only one is correct.

5. You are not allowed to leave the Examination Hall before the end of the test.

6. Blank papers, clip boards, log tables, slide rule, calculators, mobiles or any other electronic gadgets in any form
is “NOT PERMISSIBLE"” in test centre premises.

7. Write your Name & Roll Number in the space provided at the bottom of this page.

8. Before starting the paper, fill up the required details in the blank spaces provided on the OMR Sheet.

9. Do not forget to mention roll number neatly and clearly in the OMR Sheet.

10. No rough sheets will be provided by the invigilators. All the rough work is to be done in the blank space provided
in the question paper.

1. No query related to question paper of any type is to be made to the invigilator.

B. Marking scheme:

For each question in Section | you will be awarded 3 marks if you darken the bubble corresponding to the
correct answer and zero mark if no bubble is darkened. In case of bubbling of incorrect answer, minus one (-1)
mark will be awarded.

Student Name Roll No.
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1) Gravitational Constant
2) Universal Gas Constant
3) Boltzmann’s Constant
4) Stefan’s Constant
5) Velocity of light in vaccum
6) Planck’s Constant
7 Rydberg Constant
8) Atomic mass unit
9) One electron volt
10) Mass of electron
1) Charge of an electron
12) Mass of proton
13) Mass of neutron
14) Wein’s constant
15) Permittivity of free space
16) permeability of free space
17) Universal Gas Constant
18) Boltzmann’s Constant
19) Velocity of light in vaccum
20) Planck’s Constant
21) Rydberg Constant
22) Atomic mass unit
23) One electron volt
24) Mass of electron
25) Atomic mass
26) - L —
27 - € e
28) - P e
29) - € e
30) - € s
.
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Useful Data

a * ® QO

m = o

ley

6.67 x 10" Nm?/kg?

8.31 Jmol'K™!

1.38 x 102 JK-!

5.67 x 108 W/m? K*

3 x 108 m/s

6.63 x 107 s

1.097 x 10’ m™!

931 MeV

1.6 x 107°J
0.00055u=9.1 x 103! kg
1.6 x 10°C

1.67x10% kg ¢

1.00866 u

029 cm K.

8.8 x 102 F/m

4n x 107" H/m

8.31 Jmol'K~! or 0.0821 lit atm mol'K~!
1.38 x 10-% JK!

3 x 10® m/s

6.63 x10%Js

1.097 x 10’ m™!

931 MeV

1.6 x 107'°]

0.00055 u=9.1 x 10! kg
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MATHEMATICS

Both roots of (a2 - 1)x2 + 2ax + 1 = 0 belong to the interval (0, 1) then exhaustive set of values of ‘a’ is:
(A) (=0, =2) L (0, ) - (B) (0, -2)

(C) (=0, ow[o, 11%[51} ) {-— ”IJ ©

- X
1_ ax 2ttains all real values is :

Complete set of values of ‘a’ such that

(A) [1,0) (B) (0, 4] (C) (0, 1] (D) (1, )

If f(x) is a polynomial in x and f(x) . f(y) = f(x) + f(y) for all x, y and f(2) = 33, then the product of the roots
of equation f(x) =0 is

(A) 1 (B) -1 (C)33 (D) None of these

If the eqation (a — 2) (x — [x]z) + 2(x —{x]) +a’ =0 has no integral solution and has exactly one solution
in (2, 3), then (where, [ ] denotes the greatest integer function) :

(A) ae(0,1) (B)ae (2, 3) (C)ae (-2 -1 (D) None of these
I all the solutions of a°**+ a™**** = 6 (a > 1) are real, then the set of values of a is
(A)[3 + ZJ—Z-, ) (B) (6, 12) (©)(1,3+2 Jf) (D) None of these

1+1t2 -
If [x] denotes the integral part of x and k = sin”" > 0, then number of values of o for which the
2t :

equation (x — [k ])(x + a) — 1 has integral roots

(A) 1 (B) 2 , - (C)4 : (D) None of these
tan~! | cos| 2tan™ 2) +sin 2cot™ 1) is
a 4 2
(A) not real ‘ (B) equal to n/4 | (C) greater than n/4 (D) less than n/4
if [sin'1 cos™ sin”! tan™" x] = 1, where [x] denotes the greatest integer function, then x lies in
(A) [tan sin cos 1, tan sin cos sin 1] (B) (tan sin cos 1, tan sin cos sin 1)
C)[-1,1] ~ (D) [sin cos tan 1, sin cos sin tan 1]

~—(SPACE FOR ROUGH WORK)
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9. Let f(x) = [x] = the greatest integer less than or equal to x and g(x) = x — [x]. Then for any two real
numbers x and y
(A) f(x +y) = f(x) + f(y) (B) g(x +y) = g(x) + g(y)
(C) f(x +y) = f(x) + f{y + g(x)} (D) None of these

1 1
10. Let'a’ and 'b'are the roots of the equation x2— mx + 2 = 0. Suppose that (a +E) and (b*f;) are the

roots of the equation x2 — px + g = 0. If p = 2q then the value of m is equal to

(A) 4 (B)6 (C)8 (D)9
11. Ifth i d mini | f th i ——i R M i
. e maximum and minimum value of the expression 2%2 1 3% 16 (x € R) are M and m respectively
then the val f 1 1 Is t
en evaueq M mequas;o
(A)-13 (B) - 10 (C)10 (D) 16
v ‘ 2 - a b
12. If a, b and ¢ are numbers for which the equation _’Lﬂ;ﬁ =— + + € 5 is an identity,
X x(x - 3) X X-3 (x-3)
then a + b + ¢ equals ‘
(A) 2 | B)3 (C) 10 - (D)8

13. Assume that a,x* + a,x3 + a,x? + a,x + a, is the remainder when x'® + 2x'4 + 3x? + 4x* + 5 is divided by

. 4
X5—x*+x3-x2+x~1.Thevalueof > a,,is
i=0
(A) 15 (B) 16 (C) 17 (D) 18
14. Sum of the squares of all the solutio:(s) of the equation,
2sin~'(x+2)=cos™(x + 3) is
(A) 4 (B) 6.25 (C) 10.25 (D) none

x2+2mx—1 for x<0

15. f:R > Ris defined as f(x)=[ .
~ mx—1 for x>0

If f(x)is one-one then m rriust lie in the interval
(A) (-, 0) - (B) (=, 0] (C) (0, ») (D) [0, )

~ (SPACE FOR ROUGH WORK)
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16.

17.

18.

19.

20.
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Complete solution set of the equation [x? —1 + cos x| = |x2 ~ 1] + |cos x| belonging to (-2x, ), is

WL“% ) @fz"ﬂuﬂm{ZJ
o5 ele3bsM

X
if ['092 ([_Xiﬂ 20, where [.] denotes the greatest integer function, then
(A) X € (=0, 0) = [0, 1) (B) x € (0, 0) (C) x € [1, ) (D) None of these

Total number of solutions of [x]? = x + 2{x}, where [.] and {.}denotes the greatest integer function and
fractional part respectively is equal to
(A) 2 (B) 4‘ - (C)6 . (D) None of these

If a function f (x) = ax® + bx2 + cx + d where a, b, ¢ and d are integers and a > 0 is such that

. T
f (Sm ﬁ) = 0. Then the smallest possible value of f(1)is
(A) 1 o ®2 (C)3 (D) 4
sinx, CosX tan x cotx
+ + +
w/1~cos2x \/l—sinzx \/seczx—l «/coseczx—l

x varies over all numbers in the largest possible domain of f(x) is
(A) 4 (B)-2 (€)0 (D)2

The minimum value of the function f(x) = as

(SPACE FOR ROUGH WORK)
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. PHYSICS

21. Figure shows a 90° trough which is inclined at angle 0 with the horizontal. The trough is moving upward with
acceleration a,. A cube is placed trough and block surfaces so that the block can remain stationary relative to the
trough. Calculate minimum coefficient of friction required between trough and block surfaces so that the block
can remain stationary relative to the trough.

J e ao

1 !
(A)tano = © . (B) :Etane =p (C) V2tane=p - (D) 2tan® =

22, Two rings O and O’ are put on two vertical stationary.rods AB and A'B’ respectively. An inextensible thread is fixed
at point A’ and on ring O and is passed through ring O* (figure shown)

A A
Ol
Jy
05
Bl B
Assuming that ring O' moves downwards at'a constant velocity v,, determine velocity v, of the ring O.
fZA00'=a ‘
o vy(1-cosa) _ ¥4(14cosa)
(A) V2 = cosp . (B) V2 cosa
(Cyv,=v, (D)v,=v, cos a

(?PA?E FOR ROUGH WORK)
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23. The block shown in the figure is equilibrium.
Find acceleration of the biock just after the string burns :

4 2
w3 ® 3

5
© % © 3

24, Ablock is kept inside an elevator which is ascending up at an angle 60° with the horizontal with an acceleration
of 5 m/s2. The minimum value of p for which the block does not slip on the elevator floor is :

a=5m/s2

60°

e

-

1 1 1 1
W ray (8) 7 © 7 @ 475

25. A particle mass is tied to an ideal string and wﬂirled in a vertical circle of radius L, where L is off-course the length
of the string. If the ratio of the maximum to minimum tension in the string throughout the motion is 2 : 1, then the
maximum possible speed of the particle will be ? :

(A) 110l ~ (B) 5gL (C) J1ogL (D) 3gL

26. A chain of length L and mass M is arranged as shown in following four cases. The correct decreasung order of
potential energy (assumed zero at horizontal surface) is :

(i) w W

(A)i>ii>ii>iv>v @ i=ii>iixiv>v  (C)izi>iv>ii>v  (D)i=ii>iv>v>ii

(SPACE FOR ROUGH WORK)
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27.

28.

29,

30.

3.

Abody is moved along a straight line by a machine delivering constant power. The distance moved by the body
in time 't' is proportional to : ,

(A) 34 (B) t2 - (C)t (D) 2
Aball is projected from origin with speed 20 m/s at an angle 30° with x-axis. The x-coordinate of the ball at the
instant when the velocity of the ball becomes perpendicular to the velocity of projection will be

(A) 40/3m (By40m (C) 203 m (D) 20 m

The figure shows the velocity and acceleration of a point like body at the initial moment of its motion. The
acceleration vector of the body remains constant. The minimum radius of curvature of trajectory of the body is :

0=150° 'Vg=8m/s

a=2nvs2

(A) 2m (B) 4m (C) 8m (D) 16m

An inclined plane makes an angle 6 = 45° witﬂ horizontal. A stone is projected normally from the inclined plane,
with speed u m/s att = 0. Here x and y axis a’rej drawn from point of projection along and normal to inclined plane
as shown. The length of incline is sufficient foﬂ’ stone to land on it and neglect air friction.

. X |
The instant of time at which velocity of stone makes an angle 6 = 45° with positive x-axis.
A 2V2u B 2u c 2u b u
=g B g - © 5 ® Tog

Vectors a and b include an angle 6 between théjm. If (a + b) and (a - b) respectively subtend angles a and p with
a, therf(tara + tan ) is ' : : .

(at{sine) (2absing) (a?sin?6) (b?sin? 6)
) @ +bZcos’e) P @ _pZcos?e) | ©) (@ ibcose) P (@ —bPcos?e)

(SPACE FbR ROUGH WORK)
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32. A block of mass m is placed on an inclined plane with angle of inclination 6. Let N, f_and F respectively represent
the normal reaction, limiting force of friction and the net force down the inclined plane, Let p be the coefficient
of friction. The dependence of N, £, and F on 6 is indicated by plotting graph as shown below. Then, curves (1), (2)
and (3) respectively represent

(2)
(1)

®3)

0 | /2 g

(A)N,Fand f. (B)F, f.and N (C)F,Nand f, (D)f,NandF

33.  Adisc of radius R has a light pole fixed perpendicular to the
disc at the circumference which in turn has a pendulum of length
R attached to its other end as shown in figure. The disc is rotated
with a constant angular velocity . The string is making an angle -
30° with the rod. Then the angular velocity @ of disc is :

(o Y2 3 V2
*) g) @Pﬁ) |

(3V3R |
(C) (ig-—g-)ﬂz (D) (——Q__-JVZ
| 2R V3R

|

34, Acar moves around a curve at-a constant speed. When the car
goes around the arc subtending 60° at the centre, then the
ratio of magnitude of instantaneous acceleration to average
acceleration over the 60° arc is

I
{SPACE FOR ROUGH WORK)

' 2 5
O ®) 3 ©3 | ©O3F
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35.

U]
(i)
(iii)

(iv)

Figure shows the roller coaster track. Each car will start from rest at point A and will roll with negligible friction. It
is important that there should be at least some small positive normal force exerted by the track on the car at all
points, otherwise the car would leave the track.! With the above fact, the minimum safe value for the radius of

curvature at point B is (g = 10 m/s?)

(A) 10 m (B) 40 m (D) 25 m

Paragraph 6ues. No. 16 to 18

Ram and Ali are two best friends since childhoad. Ali neglected studies and now has no means to earn money
other than a camel whereas Ram becomes as ehgineer. Now both are working in the same factor. Ali uses camel

to transport the load within the factory. }

Due to low salary & degradation in hezlth of camel, Ali becomes worried and meet his friend Ram and discusses
his problem. Ram collected some data & with some assumptions concluded the following.

The load used in each trip is 1000 kg and has friction coefficient i, = 0.1 and p_ = 0.2

Mass of camel is 500 kg. |

Load is accelerated for first 50 m with constant acceleration, then it is pulled at constant speed of 5 m/s for 2 km
and at last stopped with constant retardation in 50 m.

From biological data, the rate of consumption of energy of camel can be expressed as P = 18 x 10% + 10* J/s
where P is the power and v is the velocity of thq‘ camel.

After calculations on different issues Ram sugbested proper food, speed of camel etc. to his friend. For the
welfare of Ali, Ram wrote a letter to the managment to increase his salary.

{SPACE FOR ROUGH WORK)
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