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PART A - PHYSICS

SECTION I (Multiple Answer Correct)

Section I comnsists of 10 multiple choice questions which have one or more than one correct answer.
Each question carries +4 marks for correct answer and -1 mark otherwise.

1. An amusement park ride called “The Spinning Terror” is a large vertical drum which spins so fast that
everyone inside stays pinned against the wall when the floor drops away
a) /
The minimum linear velocity is ®,,, = % for everyone to stay inside.
n)

b) /
The minimum linear velocity is v, = iR for everyone to stay inside.
1
c) . N gR .
The minimum angular velocity is ®,,, =,|=— for everyone to stay inside.
n)
d) . . o gR L
The minimum linear velocity is v,;, =, |=— for everyone to stay inside.
n)
2. A particle is acted upon by a force of constant magnitude which is always perpendicular to the velocity of the
particle. The motion of the particle takes place in a plane. If follows that
a) its velocity is constant b) itsacceleration is constant
c) its kinetic energy is constant d) it movesin a circular path
3. L ) . ) . . . T
A particle is moving on a circular path of radius 2 m with constant angular velocity ®. In time t=3—,
o
4
a) the magnitude of displacementis 2 m b) the magnitude of displacement is L
3
2
c) distance travelled by particle is ?n m d) distance travelled by particle is 2 m
4. - . . 1 . . . . .
A ceiling fan is turning at — rpm. A bug is moving on the blade with velocity vy = 1 cm/s towards the axis of
T
the fan with respect to blade. Then,
a)  the speed of the bug at distance 30 cm from the axis of fan is \/5 cm/s
b 1
) the acceleration of the bug at distance 30 cm from axis of fan is % cm/s?
c) the acceleration of the bug at distance 30 cm from axis of fan is 1 cm/s?
d) None of the above
5. If a particle is moving on a circular path with increasing speed, then which of the following options are

correct?
a) Acceleration and velocity never be perpendicular to each other

b)  Acceleration is always directed towards centre
¢) Angular acceleration and angular velocity are along the axis of rotation in the same direction
d) Tangential acceleration and angular acceleration are always perpendicular to each other
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6. A cyclist is moving on a circular path of radius R with increasing speed. The rate of increase of speed is a,
which is uniform. The coefficient of friction between tyre and horizontal ground is p.
a)  Friction is directed towards centre
b)  Maximum angle of inclination with vertical is tan™'p
c)  Friction is not directed towards centre
d) Friction provides tangential as well as centripetal acceleration

7. A cyclist is moving on a circular path of radius \/§ m. The coefficient of friction between tyre and ground is
" = 1
S \/g .
a)  The maximum speed of cyclist to safe riding is /10 m/s
b)  The maximum inclination with vertical is 30°
c)  Friction provides required centripetal acceleration
d) The line of action of net contact force is passing through the centre of gravity of cyclist system
8. A car is moving with a speed of 10m/s on a circular path of radius 25m. Driver of car applies the brakes
producing a uniform deceleration of 3m/s”. Then,
a) the centripetal acceleration of car just after applying the brake is 4m/s’
b)  the acceleration just after applying the brake is 5 m/s’
c) the acceleration is directed towards the centre just after applying the brake
d) The angle between acceleration and velocity just after applying the brake is 127°
9. A particle is moving along a circular path. The angular velocity, linear velocity, angular acceleration and

i e
centripetal acceleration of the particle at any instant are ®,v,a,a, respectively. Which of the following

relations are correct?

a) o Lv b) O‘)’ J_;
- - - -
C) ) J_ac d) v J-ac

10. A smooth circular road of radius r is banked for a speed v = 40km/hr. A car of mass m attempts to go on the
Circular road. The friction coefficient between the tyre and the road is negligible. The correct statements are :
a)  The car can not make a turn without skidding.
b) If the car turns at a speed less than 40 km/hr, it slips down.
c)  If the car turns at the correct speed of 40 km/hr, the forcé by the road on the car is equal to mu’/r.
d) If the car turns at the correct speed of 40 km/hr, the force by the road on the car is greater than mg as
well as greater than mu?/r.
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SECTION II (Matrix Match Type)

Section II consists of 2 matrix match type questions in which each row have one or more than
one match. Each question carries 2 marks for each correct row and 0 marks for incorrect
response. No negative marking.

1. Match the Column | with Column Il and select the correct option from the given codes.
Column -I Column-II
A) | Motion of a particle on circular path with increasing P) Acceleration is directed towards
speed (v#0) centre
B) | Motion of a car on circular path with constant speed Q) Acceleration is not directed towards
centre

C) | Motion of cyclist on circular path with decreasing R) Centripetal acceleration is non-zero
speed (v#0)
D) | Motion of a particle on a circular path with constant S) Friction is not directed towards
angular acceleration centre

2. A particle moves on a circular path of radius 7m with constant speed 7m/s. Match the Column I with Column Il and mark
the correct option given below.

Column - Column-II
A) The magnitude of displacement in metre of the particle P) 6.3
during travelling the quarter of circle.
B) The magnitude of average velocity in m/s during Q) 7
travelling quarter of circle.
Q) The magnitude of acceleration in m/s of the particle. R) T
2
D) The magnitude of average acceleration in m/s” during S) 72
travelling a quarter of circle.

SECTION III (Integer Type)

Section 111 consists of 8 Integer type questions. Each is allotted +4 marks for correct response and 0
marks for incorrect response.

1. The 4 kg disk D is attached to the end of a cord as shown in figure. The other end of the cord is tied at the
centre of a platform. If the platform is rotating rapidly and the disk is placed on it and released from rest as
shown, determine the time, in seconds, it takes for the disk to reach a speed great enough to break the cord.
The maximum tension the cord can sustain is 100 N and the coefficient of kinetic friction between the disk and
the platform is = 0.1. Take g = 10ms™>

Motion

2. A stone of mass 16 kg is attached to a string 144 m long and is whirled in a horizontal circle. The maximum
tension the string can stand is 16N. The maximum velocity of revolution that can be given to the stone without
breaking the string is twice the value of n, find n.
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3.

A wheel rotates with constant acceleration of 2 rad s . If the wheel starts from rest, the number of revolution
it makes in the first ten second will be approximately square of n, find n.

On a dry road, the maximum permissible speed of a car in a circular path is 10ms™. If the road becomes wet,
the maximum speed is 542 . If the coefficient of friction for dry road is , then that for the wet road is E,
p

find p.

In amusement parks there is a device called rotor where people stand on a platform inside a large cylinder

that rotates about a vertical axis. When the rotor reaches a certain angular velocity, the platform drops away.
n

If the minimum coefficient of friction for the people not to slide down is 10’ find n. Take the radius to be 2m

and time period of revolution to be 2 s.
A car is moving in a circular path of radius 50m, on a flat rough horizontal ground. The mass of the car is
1000 kg. At a certain moment, when the speed of the car 5m/s, the driver is increasing speed at the rate of

1m/s2. If the value of static friction on tyres at this moment, in newtons is 100 x n*2. Find n.

An object is moving in a circle at constant speed v. The magnitude of the rate of change of momentum of the
object is proportional to v". find value of n.

The instantaneous velocity of point B of the given rod of length 0.5 m is 3 m/s in the represented direction.
The angular velocity of the rod for minimum velocity of end A is @ rad/s. Find the value of ®

30°
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PART B - CHEMISTRY

SECTION I (Multiple Answer Correct)

Section I consists of 10 multiple choice questions which have one or more than one correct answer.
Each question carries +4 marks for correct answer and -1 mark otherwise.
1.  The Critical temperature and critical pressure of a gas are 300 K and 70 atmospheres.
Which one of the following is true regarding liquefaction of the gas.
a) below 300 K the gas can be liquefied by applying high pressure
b) At 300 K, If pressure applied is 70 atm liquefaction of gas is possible
c) below 300 K. If the pressure applied is less than 70 atm the gas may become liquid.
d) Above 300 K. If the pressured applied is greater than 70 atm the gas cannot be liquefied..

2. Choose correct statement/s

a)  From a mixture of two Vander waal’s gases with same value of b and different values of ‘a’ the gas with
larger value of ‘a’ can occupy lesser volume.

b) From a mixture of two Vander waal’s gases with same value of ‘a’ and different values of ‘b’ the gas with
smaller value of ‘b’ can occupy larger volume

¢) From a mixture of two Vander waal’s gases with same value of ‘b’ and different values of ‘a’, the gas
with larger value of ‘a’ can occupy larger volume.

d) From a mixture of two Vander waal’s gases with same value of ‘a’ and different values of ‘b’, the gas
with smaller value of ‘b’ can occupy lesser volume.

3. A gas obeys P(V- b) = RT. Which of the following are correct about this gas ?
a) Isochoric curves of P vs T have slope =%
b) Isobaric curves of V vs T have slope R/P and intercept b
c) For the gas the compressibility factor = 1+|Z—_b|_

d) The attractive forces are overcome by repulsive forces

4. Which of the following equation represent or related with Charle’s law for gaseous behaviour-
1 dv
a Voo b —| =K
) T ) (dT
p
dTJ 1V
) (— =K d) (———3 =0
dv 0 T T b
5.  The reaction between gaseous NH; and HBr produces a white solid NH,Br. Suppose gaseous NH; and gaseous

HBr are introduced simultaneously into opposite ends of an open tube under identical condition which is one
metre long. Then.

a) NH,Br solid is formed at 68.5cm from NH; end

b) NH,Br solid is formed at 31.5cm from NH; end

c) NH,4Br solid is formed at 31.5cm from HCl end

d) NH,4Br solid is formed at 68.5 cm from HCl end
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6.

On the basis of following graph (P—Vgraph) , choose the correct statement.

latmp-==--== 4 > B
1
]
@
8 Y
o
0.5atm p------- Fommmmm oo c
20L 40L
Volume ——>
a) Total work done W =q
b) The entropy change for the overall process is zero
c)  Forthe overall process AH > AU
d) Total work = 620.77J.
7. In an adiabatic process, the work involved during expansion or compression of an ideal gas is given by
nC,AT nR
a) ° b) _(Tz _T1)
vy-1
- V.
c) -nRP, [—T2P1 Tle] d) —2.303R(n—2%
1P2 1
8. Identify the intensive quantities from the following
a) Refractive index b) Temperature
c¢) Density d) Enthalpy
9. Which of the following is(are) state function(s)?
a) Enthalpy b) Heat
c¢) Entropy d) Internal Energy

10. A process is shown in the diagram.

Which of the following is/are correct

Ta A B
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SECTION II (Matrix Match Type)

Section II consists of 2 matrix match type questions in which each row have one or more than
one match. Each question carries 2 marks for each correct row and 0 marks for incorrect
response. No negative marking.

1. One mole of a monoatomic ideal gas is taken through a cycle ABCDA as shown in the P-V diagram. Column-II|
gives the characteristics involved in the cycle. Match the with each of the processes given in Column-I.
P
3pp-—i% 4
Y
|
P e g R
0 3y o 7
Column | Column i
A) Process A — B P) Internal energy decreases
B) ProcessB — C Q) Internal energy increases
Q) ProcessC— D R) Heat is lost
D) Process D — A S) Heat is gained

t) Work is done on the gas

2, Column | Column I
A) If force of attractlc.Jn. among the gas P) P+iz (V=b)=RT
molecules be negligible

B) At Very low pressure and at high Q) PV =RT_2
temperature v

C) AtSTP R)  PV=RT+Pb
If the volume of the gas molecules be

D) . & S)  PV=RT
negligible

SECTION III (Integer Type)

Section III consists of 8 Integer type questions. Each is allotted +4 marks for correct response and 0
marks for incorrect response.

1. A graph is plotted between log V(lit) on y-axis and logT(K) on x-axis at a constant pressure of 0.0821 atm, for 2
moles of gas. Find the ratio between Vand T?

2. C {T M
For 2 different gases at different temperatures, the relation for rms velocity is —>= |-+x—2.Then if rms
2 1

2
velocity of 32 grams of O, at 270°C and 3 atm pressure is 10 mt/s and kinetic energy is 900 cal. At 27° and 6
atm pressure kinetic energy of 2 grams of H, is x x 100 cal. Value of x is

7
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3. Two gases A and B having same volume diffuse through a porous partition in 20 and 10 seconds respectively.
The molecular weight of A is 36. The molecular weight of gas B will be

4, A half litre container at 27°C is filled with C,H, at 1 atm and oxygen at 5 atm and the mixture is exploded.
Then, the final pressure would be nearly atm, when final temperature is 127° C.

5. The stop cock connecting two bulbs of volume 5 litre and 10 litre containing an ideal gas at 9atm and 6atm
respectively, is opened. What is the final (in atm) pressure in the two bulbs if the temperature remains the
same?

6. 1.736mol of ideal gas was allowed to expand isothermally reversibly from 6dm® to 24dm?® at 300K. The

maximum work done was reported as —xkJ. If R=8.314JK"'mol™ & log4 =0.6020 . What is the value of x ?

7. 4.48 L of an ideal gas at STP requires 12 cal to raise the temperature by 15°C at constant volume. The C, of
the gas is cal.
8. How many of the following are extensive properties? heat capacity, entropy, enthalpy of phase change per

mole, volume, resistance, specific heat capacity
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PART C - MATHS

SECTION I (Multiple Answer Correct)

Section I consists of 10 multiple choice questions which have one or more than one correct answer.
Each question carries +4 marks for correct answer and -1 mark otherwise.

1. Letx, y be variables satisfying the equation x* + y* + 8x — 10y — 40 = 0. Let a = max {\/(x+ 2)2 +(y- 3)2 } and

b =min {\/(x+ 2)z+(y— 3)2}, then

a) a+b=18 b) a+b=+2
c) a-b= 42 d ab=73
2. Common tangents are drawn to two circles x> + y> = 1 and (x — 4)* + (y — 4)® = 4. If the intersection points of

transverse common tangents with the direct common tangents are A, B, Cand D, then
a) ABCD is a cyclic quadrilateral

b)  Equation of circumcircle of A ABCis x* +y* —4x—4y =0

c) Equation of circumcircle of A ABC is x* + y*>—5x—5y =0

d) ABCD is a square

3. If a, B, x are the parameters of points A, B, C on circle x> +y* = a* and if the triangle ABC be equilateral, then
a)  ».cosa=0 b) D.sina=0
c) Ztana=0 d) Zcota=0
4. Let S; and S, be two circles passing through (2, 3) and touching the coordinate axes and S be the circle passing
through common points of S; and S, and radius equal to G.M. of radius of S; and S,, then
a) S =0 cuts y-axis is but not the x-axis b) S=O0cutsy=x
c) Radius of director circle of S=0is \/% d) A.M.of radius of S; and S, is 5
5. If the line |y| =x—a ; where a> 0 does not meet the circle x* + y* — 10x + 21 = 0, then
a)  a<5-2V2 b) a>5+242
c) ae(5—2\/5,5+2\/5) d) ae(-1,1)

6. If the lines 3x—4y + 4 =0 and 6x — 8y — 7 = 0 are tangents to the same circle, then
a) Radius of the circle = 3/4 b) Radius of the circle =3/2
c) Centre of the circle lieson 12x—16y+1=0 d) Centre of the circle lieson 12x - 16y +31 =0

7. The lines (m—2)x +(2m =5)y = 0; (m = 1)x+ (m*—=7)y—-5=0and x+y—1=0are
a) Concurrent for three values of ‘m’ b) Concurrent for one value of ‘m’
c) Concurrent for no value of ‘m’ d) areparallel form=3

8. If x*+2hxy +y* = 0 (h# 1) represents the equations of the straight lines through the origin which make an
angles a with the straight line y + x =0, then

a) sec2a=h b) cosa-= 1+h
2h
c) my +m, = —2sec2a. d) cotas= %
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9. The equation of the line passing through (2, 3) and making an intercept of 2 units between the lines y + 2x=5
Andy+2x=3is
a) 5x—4y+2=0 b) 3x+4y=18
c) x=2 d y=3
10 The equation of the diagonal of the square formed by the pairs of lines xy + 4x—3y—12 =0 and
" xy-3x+4y-12=0is
a) x-y=0 b) x+y+1=0
c) x+y=0 d x-y+1=0
SECTION II (Matrix Match Type)
Section II consists of 2 matrix match type questions in which each row have one or more than
one match. Each question carries 2 marks for each correct row and 0 marks for incorrect
response. No negative marking.
1. Match the following Column | with Column II
Column - Column-II
A) | The distance between the lines (x+7y)* + NGY (x+7y)—-42=0 P) 2
is
B) | If the sum of the distance of a point from two perpendicular Q) 7
lines in planeis 1, then its locus is | x| + |y| = k, where k
is equal to
C) | If 6x + 6y + m = 0 is acute angle bisector of lines x+ 2y +4=0| R) 3
and 4x + 2y —1 =0, then mis equal to
D) | Area of the triangle formed by the lines y* — 9xy + 18x* = 0 and S) 1
y=6is

2. Match the following:

Column -I Column-II
A) | The value of k for which 4x* + 8xy + ky® = 9 is the equation of P) 3
pair of straight lines, is
B) | If the sum of the slopes of the lines given by x> — 2Cxy — 7y* = 0 Q) -3
is four times their product, then the value of C is
C) | If the gradient of one of the lines x* + hxy + 2y* = 0 is twice that | R) 2
of the other, then h =
D) | If the lines ax® + 2hxy + by* = 0 are equally inclined to the lines S) 4
ax® + 2hxy + by? + A (X* + y?) = 0, then the value of A can be

SECTION III (Integer Type)

Section I1I consists of 8 Integer type questions. Each is allotted +4 marks for correct response and 0
marks for incorrect response.

1. If the line 3x — 4y — 8 = 0 divides the circumference of the circle with centre (2, -3) in the ratio 1 : 2, then the
radius of the circle is

10
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2.

. . S . .M
If two circles each of unit radius intersect orthogonally. The common area of the circles is x—l . Then the

value of A =

For the circle x* + y* = 2, the value of r for which the area enclosed by the tangents drawn from the point
P(6, 8) to the circle and the chord of contact is maximum, is

Tangents are drawn to the circle X* + y* = 1 at the points where it is met by the circles x* + y> = (A +6 )x + (8 —
2A)y—3=0, A being parameter. The locus of point intersection of these tangents is px + gx + 10 =0, then
p+q=

If the radius of circumcircle of the ATPQ where PQ is chord of contact corresponding to point T with respect
to circle x¥* + y* — 2x + 4y — 11 = 0 is 6 units. Then the minimum distance of T from the director circle of the

given circle is 12—4x/E=>K=

Ina AABC, AB is parallel to y-axis, BC is parallel to x-axis, centroid is at(2, 1). If median through Cis x—y =1,
then the slope of median through A is

If the orthocenter of the triangle formed by 2x+3y—-1=0,x+2y—1=0, ax+ by -1 =0is at the origin then
b-a

4

The area of the rhombus ABCD is 24. The equation of the diagonal BD is 4x + 3y + 2 =0and A = (3, 2). The
length of the side of the rhombus is

11



