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1. A ball was projected from point A and it hit a 

vertical wall at point B horizontally. From B the 

ball flies to point C1, C2, ... and finally comes 

back to the point A. The coefficient of 

restitution is e for every collision. Find e, if the 

ball does not bounce up at all when it gets back 

to the point A 

 

(a) 
2 1

2


 

(b) 2 3  

(c) 2 1  

(d) 
2

2 1
 

2. A uniform hemisphere of radius R is placed on 

rough inclined plane. The coefficient of the 

friction between the surfaces is μ. The angle of 

inclination (θ) of the plane is increased. The 

block will 

 

(a) Topple before sliding if 
8

3
   

(b) Topple before sliding if 
4

3
   

(c) Slide before toppling if 
8

3
   

(d) Slide before toppling if 3   

3. A rod of length l and of mass M and another 

rod of length 2l and mass 2M are arranged as 

shown below in the figure. The magnitude of 

gravitational field at point P is 

 

Section – A 
Physics 
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(a) 
2

5

6

GM

l
 

(b) 
2

65

6

GM

l
 

(c) 
2

17

6

GM

l
 

(d) 
2

3

18

GM

l
 

4. In the given arrangement, the pulleys and 

strings are ideal. The blocks are released from 

rest and it is found that block A has speed 0.3 

m/s after it has descended through a distance of 

1 m. The coefficient of friction (μ) is (g = 10 

m/s
2
) 

 
(a) 0.28 

(b) 0.12 

(c) 0.32 

(d) 0.21  

5. Three discs each of mass m and radius R are 

joined in a plane as shown in figure. The radius 

of gyration of this system about an axis 

indicated in the figure is 

 

(a) 
7

12
R  

(b) 
11

12
R  

(c) 
7

16
R  

(d) 
5

6
R  

6. Three identical particles each of mass m are at 

the vertices of an equilateral triangle of side 

length l. Two particles are fixed and third 

particle is released from rest under their 

gravitational force alone. The maximum speed 

of third particle in subsequent motion is given 

by 

(a) 2
Gm

l
 

(b) 
Gm

l
 

(c) 
2Gm

l
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(d) 
2

Gm

l
 

7. In the given arrangement, a spool of moment of 

inertia Ic= 4 mR
2
 is connected with two 

blocks A and B of masses 2m and 

3m respectively and released. Assuming there is 

no slipping anywhere, then the acceleration of 

block A is 

 

(a) 
5

g
 

(b) 
2

7

g
 

(c) 
2

15

g
 

(d) 
4

13

g
 

8. A block of mass m = 4 kg is placed near the 

bottom of a rough (μ = 0.5) inclined plane as 

shown in figure. The minimum work done by 

applied force required to raise the block slowly 

to the top of inclined is (g = 10 m/s
2
) 

 
(a) 80 J 

(b) 160 J 

(c) 240 J 

(d) 320 J 

9. A uniform rod of mass M, length L and cross-

sectional area A moves under the action of two 

forces on a smooth surface as shown in figure. 

If Young’s modulus of material of rod is Y, 

then elastic potential energy stored in the rod is 

 

(a) 
27

3

FL

YA
 

(b) 
23

8

F L

YA
 

(c) 
27

6

F L

YA
 

(d) 

213

7

F L

YA
 

10. An ideal gas whose adiabatic exponent 

equals   is expanded so that ΔQ + ΔU = 0. 

Then the equation of the process in the 

variables T and V is 

(a) 
 1

2
TV C
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(b) 
 2

2
TV C

 
  

(c) 
 1

4
TV C

 
  

(d) 
 2

4
TV C

 
  

11. Two solid spheres A and B of equal volume but 

different densities, are connected with a string 

and placed inside a liquid. They are at 

equilibrium in the position shown in the figure. 

If the string is cut, then 

 
(a) A may remain at rest 

(b) B may remain at rest 

(c) A may move upwards with acceleration 

more than g 

(d) B may move downwards with acceleration 

more than g 

12. Two persons, A of mass 80 kg and B of mass 50 

kg are standing on a horizontal platform of 

mass 20 kg. The platform is on horizontal 

frictionless surface and is initially at rest  

 

If both A and B jump (horizontally) from 

platform simultaneously and in same direction 

with 2 m/s each, what would be the velocity of 

centre of mass of the system of persons and 

platform? 

(a) 1.4 m/s 

(b) 3.2 m/s 

(c) 2.8 m/s 

(d) Zero  

13. A massless rod BD (length = l) is suspended by 

two identical massless strings AB and CD of 

equal lengths. A block of mass m is suspended 

at point P. If the fundamental frequency of the 

left wire is 3 times the fundamental frequency 

of right wire then determine the value of x 

 

(a) 
5

l
 

(b) 
3

5

l
 

(c) 
9

10

l
 

(d) 
10

l
 

14. One mole of an ideal gas 
4

3

p

v

C

C

 
 

 
 undergoes 

a cyclic process ABCD, shown by the following 

indicator diagram. The pressure and volume at 

certain points have been marked. The 
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temperature of the gas at state A is T0, given by 

the relation 0 0
0

PV
T

R
  

 
The work done by the gas in one complete cycle is 

(a) P0V0 

(b) 2P0V0 

(c) 3P0V0 

(d) 4P0V0 

15. Graph between spectral emissive power (ελ) and 

wavelength λ for a black body at 

temperatures T1K and T2K as shown in figure 

 

 
If area of ελ– λ graph at T2K is 4 times the area 

at T1K, then 

(a) 1 2: 1: 2T T   

(b) T1 : T2 = 1 : 2 

(c) 1 2: 2 :1    

(d) 1 2: 1: 2    

16. Consider a ring of mass m and radius R with 

four light spokes. A point mass m is placed on 

one horizontal spoke. (see the figure) 

 
If the shown system is at rest then minimum 

value of coefficient of friction will be 

(a) 
3

20
 

(b) 
1

10
 

(c) 
1

4
 

(d) 
2

5
 

 

17. A rod of length 2 m has uniform cross- section 

but linear mass density varies as λ = (1 + x) 

kg/m. It is placed as shown in figure. The 

moment of inertia of rod about an axis passing 

through O and perpendicular to rod is (x is in 

metre) 

 

(a) 
25

3
kg m  

(b) 
220

3
kg m  

(c) 
23

5
kg m  
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(d) 
28

3
kg m  

18. A trolley accelerates uniformly from rest and 

acquires the speed of 72 km h
–1

 on moving 200 

m distance, henceforth breaks are applied so 

that it retards the trolley at a rate which is 

proportional to the velocity, until its speed is 

halved, by covering 400 m distance further. The 

total time of motion described of the trolley 

from the start (approximately) 

(a) 60 s 

(b) 68 s 

(c) 48 s 

(d) 42 s 

19. An ideal gas undergoes a thermodynamic 

process in which internal energy of the gas 

depends on pressure of the gas as U = aP
4
, 

where a is a positive constant. Assuming gas to 

be monoatomic, the molar heat capacity of the 

gas for given process will be 

(a) 
3

4

R
 

(b) 
2

3

R
 

(c) 
9

4

R
 

(d) 
4

9

R
 

20. For an SHM oscillator, the amplitude is 5 cm 

and its time period is 4 seconds. The minimum 

time taken by the particle to pass between 

points which are at distances 4 cm and 3 cm 

from the centre of oscillation on the same side 

of it will be 

(a) 0.13 second 

(b) 0.18 second 

(c) 0.26 second 

(d) 0.35 second 
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21. 250 mL of KHC2O4 required 100 mL of 0.1 M 

KMnO4 solution in acidic medium for complete 

oxidation. If the same 250 mL of KHC2O4 is 

neutralised completely using 0.2 M KOH 

solution, then the volume of KOH solution (in 

mL) used is 

(a) 100 mL 

(b) 50 mL 

(c) 125 mL 

(d) 150 mL  

22.  
Products of given reaction is/are 

(a) Only  

(b) Only  

(c) Mixture of a and b 

(d) Only    

23. At 20°C, the concentration of Ag
+
 ions in a 

saturated solution of Ag2CrO4 is 1.5 × 10
–

4
 mol/L. The solubility product of Ag2CrO4 at 

20°C will be 

(a) 2.25 × 10
–8

 

(b) 1.687 × 10
–12

 

(c) 1.658 × 10
–13

 

(d) 13.5 × 10
–16

 

24. The correct order of increasing s-character (in 

percentage) in the hybrid orbitals of central 

atom in following molecules/ions is 

(I) 
2-

3CO  

(II) XeF4 

(III) 
-

3I  

(IV) 2NO
 

(a) II < III < IV < I < V 

(b) II < IV < III < V < I 

(c) III < II < I < V < IV 

(d) II < IV < III < I < V 

25. In which pair the dipole moment of first species 

is greater than second? 

(a) NH3, NF3 

(b) BF3, BCl3 

(c) trans-but-2-ene, cis-but-2-ene 

(d)  
26. Two mole of an ideal monoatomic gas expands 

isothermally and reversibly from 10 L to 50 L 

at 27°C. From the following select the correct 

option (Use ln5 = 1.6, notation have their usual 

meaning) 

(a) W = –0.96 kcal 

(b) ΔSTotal = –3.2 cal/K 

(c) ΔSsys = 6.4 cal/K 

(d) qsys = –0.96 kcal 

27. The Prussian blue colour obtained during the 

test of nitrogen by Lassaigne’s test is due to the 

formation of 

(a) Fe4[Fe(CN)6]3 

Section – B 
Chemistry  
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(b) Na3[Fe(CN)6] 

(c) Fe3[Fe(CN)6]2 

(d) Na4[Fe(CN)5NOS] 

Ans. Fe4[Fe(CN)6]3 

28. If the radius of first Bohr orbit for hydrogen 

atom is x, then de-Broglie wavelength of 

electron in 4
th

 orbit of H atom is nearly 

(a) πx 

(b) 2πx 

(c) 6πx 

(d) 8πx 

29. A + 2B  2C + D 

The initial conc. of B is 1.5 times the initial 

conc. of A. At equilibrium, conc. of A is equal 

to B. The equilibrium constant Kc is 

(a) 2 

(b) 8 

(c) 4 

(d) 9 

30. Ozone layer is present in 

(a) Thermosphere  

(b) Mesosphere  

(c) Stratosphere  

(d) Ionosphere  

31. Bond order of CO
+
 and N2

+
 are respectively 

(a) 3.5 and 2.5 

(b) 2.5 and 2.5 

(c) 3 and 2.5 

(d) 2.5 and 3 

32. An open vessel at 27ºC contains 28 grams of 

H2. Its temperature increases upto 127ºC. What 

fraction of moles of H2 gas escapes out of 

vessel? 

(a) 
1

8
 

(b) 
1

4
 

(c) 
2

3
 

(d) 
3

4
 

33. A compound of boron X reacts at high 

temperature with NH3 to give another 

compound Y, which is colourless liquid and is 

isosteric with benzene. X on reaction with 

excess NH3 gives (BN)n. X and Y respectively 

are 

(a) BH3, B2H6 

(b) NaBH4, C6H6 

(c) B2H6, B3N3H6 

(d) B4C3, B3N3H6 

34. The molarity of 20 ml of 10 V H2O2 is 

(a) 0.45 M 

(b) 0.89 M 

(c) 1.33 M 

(d) 11.2 M 

35. For the reaction  

2 4 2Br /CCl 2NaNH /

3 2 2CH - CH - CH = CH x y

(P)

 

 

The incorrect statement is 

(a) y has same degree of unsaturation as that of 

reactant (P) 

(b) x is formed by anti-addition 

(c) pKa of y is less than that of reactant (P) 

(d) x is vicinal di-halide 

36. Consider the following reactions 

 
If X and Y represents the major product of the 

respective reaction then select the correct 

statement. 
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(a) Both X and Y are formed by radical 

mechanism 

(b) X is formed by radical mechanism while Y 

is formed by ionic mechanism 

(c) Both X and Y are 2°-alkyl halide 

(d) X is 2°- alkyl halide while Y is 1°-alkyl 

halide 

37. The equivalent mass of Na2S2O3 (molar mass = 

M) when it reacts with I2 in acidic medium is 

(a) M  

(b) 
M

8
 

(c) 
M

2
 

(d) 
M

4
 

38. S8(s) + 12OH
–
(aq) → 4S

–2
(aq) +  + 

6H2O(l) belongs to which class of redox 

reactions? 

(a) Combination reaction 

(b) Decomposition reaction 

(c) Disproportionation reaction 

(d) Displacement reaction 

39. How many spectral lines are emitted from a 

sample of hydrogen gaseous atoms when 

electrons present in n
th

 energy level return to 

ground state? 

(a) n (n + 2) 

(b) 
( 1)

2

n n

n


 

(c) 
( 1)

2

n n 
 

(d) 
( 2)

2

n n 
 

40. CFCl3 is responsible for the decomposition of 

ozone to oxygen. Which of the following 

species reacts with ozone to form dioxygen? 

(a) Cl2 

(b) Cl
–
 

(c)  
(d) F

–
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41. If the equations ax

2 
+ 2bx + 3c = 0 and 

3x
2 

+ 8x + 15 = 0 have a common root, 

where a, b, c are the lengths of sides of a 

triangle ABC, then (sin
2
A + sin

2
B + sin

2
C) is 

equal to 

(a) 1 

(b) 
3

2
 

(c) 
5

2
 

(d) 2 

42. Triangles are formed by joining the vertices of 

a regular polygon of 20 sides. The probability 

that no side of the polygon is a side of the 

triangle, is 

(a) 
25

57
 

(b) 
30

57
 

(c) 
35

57
 

(d) 
40

57
 

43. The value of 4 2
1

lim

1

n

r

r

n r r  
  is 

equal to 

(a) Zero  

(b) 
1

3
 

(c) 
1

2
 

(d) 1 

44. The focus of the parabola (y – 3)
2
 = 8(x + 2) is 

(a) (2, 0) 

(b) (0, 3) 

(c) (0, 2) 

(d) (3, 0) 

45. The centres of the circles x
2
 + y

2
 = 1, x

2
 + y

2
 + 

6x – 2y – 1 = 0 and x
2
 + y

2
 – 12x + 4y – 1 = 0 

are 

(a) The vertices of an equilateral triangle 

(b) The vertices of a right angled triangle 

(c) The vertices of an isosceles triangle 

(d) Collinear 

46. The normal to the rectangular hyperbola xy = 4 

at the point t1 meets the curve again at the 

point t2. Then the value of t1
3
t2 is 

(a) 1 

(b) 2 

(c) – 2 

(d) – 1  

47. The locus of the point representing the complex 

number z for which |z + 10i|
2
 – |z – 10i|

2
 = 20, is 

(where 1i   ) 

(a) A circle 

(b) A straight line 

(c) A parabola 

(d) A hyperbola 

 

 

 

Section – C 
Mathematics 
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48. The number of ways in which the letters of the 

word RAMESH can be placed in the squares of 

the given figure so that no row remains empty, 

is 

 
(a) 17280 

(b) 18720 

(c) 15840 

(d) 14400 

49. The sum of the series 
2020

C0 – 
2020

C1 + 
2020

C2 –

 
2020

C3 + ... + 
2020

C1010 is 

(a)  
2020

C1010 

(b) 2020
C1010 

(c) Zero 

(d)  
2020

C1010 

50. If 

9 9
2

i i

i=1 i=1

(x -5) = 9and (x -5) = 45,   t

hen the standard deviation of the nine 

items x1, x2, ..., x9 is 

(a) 2 

(b) 3 

(c) 4 

(d) 9 

51. The domain 

of 
sin(x-[x]) π

f(x) = e +[x]cos
[x +1]

 
 
 

, where 

[·] represents greatest integer function, is 

(a) R  

(b) R – [–1, 0] 

(c) R – [0, 1] 

(d) R – [–1, 0) 

52. If 1 + cos α + cos
2
α + cos

3
α +... + ∞ = 2 – 2 , 

(π < α < 2π), then the value of α is 

(a) 
5

4


 

(b) 
7

4


 

(c) 
4

3


 

(d) 
5

3


 

53. Which of the following propositions is a 

contradiction? 

(a)  

(b)  

(c)  

(d)  
54. The point A is symmetric to B(4, –1) with 

respect to the bisector of the first quadrant 

then AB is equal to 

(a) 5 units 

(b) units 

(c) units 

(d) units 

55. Let p and q be two statements. Amongst the 

following, the statement that is equivalent 

to p → q, is 

(a)  

(b)  

(c)  

(d)  
56. If A and B are the vertices of the 

triangle ABC and are given by (2, 5) and (4, –
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11) respectively, and C moves along the 

line L ≡ –9x + 7y + 4 = 0, then the locus of the 

centroid of the triangle ABC is 

(a) 9x + 7y – 8 = 0 

(b) 27x + 21y – 8 = 0 

(c) 7x – 9y – 8 = 0 

(d) 27x – 21y = 100 

57. The equation of the curve whose parametric 

equation is x = 2t – 3 and y = 4t
2
 – 1, is given 

by 

(a) y
2
 + 6x – y + 8 = 0 

(b) x
2
 + 6x – y + 8 = 0 

(c) x
2
 + y

2
 – 6x – y – 8 = 0 

(d) x
2
 + y

2
 – 6x + y – 8 = 0 

58. The equation 

2 2

16 9

x y

x k


 
 = 1 represents an 

ellipse if 

(a) k > 9 

(b) k > 16 

(c) 
25

(9,16)
2

k
 

   
 

 

(d) 
25

( 16, 9)
2

k
 

     
 

 

59. Let α, β be real and z be a non-real complex 

number. If z
2
 + αz + β = 0 has two distinct roots 

on line Re(z) = 1, then it is necessary that 

(a) β ∈ (–1, 0) 

(b) |β| = 1 

(c) β ∈ (1, ∞) 

(d) β ∈ (0, 1) 

60. The value of 

x
lim x +5

x x -7

 
 

 
 is 

(a) e
12

 

(b) e
–12

 

(c) 12 

(d) –12 
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ANSWER KEY 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 c 21 c 41 d 

2 a 22 c 42 d 

3 c 23 b 43 c 

4 b 24 a 44 b 

5 b 25 a 45 d 

6 a 26 c 46 d 

7 c 27 a 47 b 

8 c 28 d 48 b 

9 c 29 c 49 a 

10 a 30 c 50 a 

11 c 11 a 51 d 

12 d 12 b 52 a 

13 d 13 c 53 c 

14 b 14 b 54 c 

15 a 15 a 55 c 

16 a 16 d 56 d 

17 b 17 a 57 b 

18 c 18 c 58 c 

19 c 19 c 59 c 

20 b 20 c 60 a 


