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1. A certain physical quantity, R, is calculated using the formula: R = 4a2(b− c) where a is a speed, b and c are distances. What
is the SI unit of R?
(a) m3/s2 (b) cm2/s (c) m2/h (d) m2/s (e) cm/h

2. A cannon directed straight upward launches a ball with an initial speed v. The ball reaches a maximum height h in a time
t. Then, the same cannon is used to launch a second ball straight upward at a speed 2v. In terms of h and t, what is the
maximum height the second ball reaches and how long does it take to reach that height?
(a) 4h, 2t (b) 2h, t (c) 2h, 4t (d) 2h, 2t (e) h, t

3. A cylinder, a solid sphere, a hollow sphere, and a ring with the same mass and the same radius roll down without slipping from
the top of an inclined plane that has a height of h. Which one of the objects reaches the bottom first?
ICM (cylinder)=(1/2)MR2, ICM (solid sphere)=(2/5)MR2, ICM (ring)=MR2, ICM (hollow sphere)=(2/3)MR2.
(a) The solid sphere (b) The cylinder (c) The ring (d) They arrive at the bottom at the same time (e) The
hollow sphere

4. A particle moves along the x-axis under the force of ~F (x) = −k/x3 î (k is a constant). If U(x = 2C) = 0, which of the following
is U(x)?
(a) U(x) = −k/2x2 + k/8C2 (b) U(x) = k/2x2 + k/8C2 (c) U(x) = −k/2x2 − k/8C2 (d) U(x) = −k/2x2 + k/4C2

(e) U(x) = −k/2x2 + k/16C2

5. Given M1 and M2 with a distance R12 between them, find the work done by an external force
to bring a third mass M3 slowly with a constant velocity from infinity to a point close to the
other masses as shown in the figure.
(a) W = −G[(M3M2/R32) + (M1M3/R13)]

(b) W = −G[(M1M2/R12)− (M3M2/R32)]
(c) W = −G[(M1M2/R12)− (M3M2/R32)− (M1M3/R13)]
(d) W = −G[(M1M2/R12) + (M3M2/R32) + (M1M3/R13)]
(e) W = +G[(M1M2/R12) + (M3M2/R32) + (M1M3/R13)]

6. A cylinder of mass M and radius R rotates about a stationary horizontal axis. We
tie the free end of the massless cable to a block of mass M and release the ob-
ject without initial velocity at a distance h above the floor. As the block falls,
the cable unwinds without stretching or slipping but turning the cylinder. Which
of the following statements will be true at the moment the block reaches the floor?
ICM=(1/2)MR2.
(a) The block has more kinetic energy than the cylinder.
(b) The cylinder’ s angular speed is ω =

√
3gh/4R.

(c) The speed of block is v =
√

3h/4.

(d) The cylinder has more kinetic energy than the block.
(e) The block and the cylinder have same kinetic energy.

7. A satellite moves in a circular orbit radius R around a star of mass m with period T . If this satellite rotates around another
star of mass 3m, at the same radius of R, then what is the new period in terms of T?
(a) T/

√
3 (b) T

√
3 (c) T (d) 3T (e) T/3

8. The gravitational acceleration on the surface of a planet is g. What will be the gravitational acceleration on the surface of the
planet if the mass of the planet is doubled while keeping the volume constant?
(a) 2g (b) Same (c) 4g (d) g/2 (e) 3g/4

9. An ice skater is spinning with her arms held tightly to her body about her axis as shown in the figure. When
she extends her arms, which of the following statements is not true? (There is no friction.)
(a) Her moment of inertia remains constant. (b) She increases her moment of inertia. (c) She
decreases her angular speed. (d) Her total angular momentum remains constant. (e) Total torque acting
on her is zero.

10. A small block on a frictionless, horizontal surface has mass of M(kg). It is attached to a massless
cord passing through a hole in the surface. The block is originally revolving at a distance of
ri(m) from the hole with an angular speed of ω1(rad/s). The cord is then pulled with carefully

from below, shortening the radius of the circle in which the block revolves to ri/2(m) at an
angular speed of ω2(rad/s). Taking the block as a point particle what is the ratio of the block’s
final and initial angular momenta (Lf/Li)?
(a) 1 (b) 2 (c) 4 (d) 0.5 (e)

√
2



Questions 11-15

A reel of mass m, whose inner and outer radii are r and R, respectively, is tied by means of the string wound
on it, to a vertical wall as shown in the figure.
Coefficient of static friction between the wall and the reel is µS . (g=10 m/s2).
If the system is in equilibrium, then:

11. If R = 10 cm, r = 4 cm, m = 3 kg, sin θ = 0.6, cos θ = 0.8, µS = 0.7, which of the followings is the
tension T , on the string?
(a) 25 N (b) 24 N (c) 21 N (d) 18 N (e) 64 N

12. If R = 10 cm, r = 4 cm, m = 3 kg, sin θ = 0.6, cos θ = 0.8, µS = 0.7, which of the followings is the
frictional force between the wall and the reel?
(a) 10 N (b) 22.5 N (c) 16.8 N (d) 18 N (e) 24 N

13. If R = 10 cm, r = 4 cm, m = 3 kg, sin θ = 0.6, cos θ = 0.8, µS = 0.7, which of the followings is the horizontal force that, the
wall exerts onto the reel?
(a) 15 N (b) 9.6 N (c) 18 N (d) 24 N (e) 7.2 N

14. If R = 0.4 m, r = 0.1 m, µS = 0.5, m = 3 kg, the static frictional force between the wall and the reel is f , the tension on the
string is T then, which of the expressions is/are correct?
I) sin θ ≥ 1/2, II) f = 6 N, III) T < 24 N
(a) I (b) II (c) III (d) I, II, III (e) I and II

15. For R = r and sin θ = 1/2 , which of the followings is the minimum value of µS that can hold the reel in equilibrium?
(a) 2 (b) 0.5 (c) 0.25 (d) any positive real number (e) none of them

Questions 16-20

A solid bowling ball with mass M and radius R starts moving at t = 0 without any rotation

but with an initial linear velocity v0 along a horizontal surface. The coefficient of kinetic
friction between the surface and the ball is µ. It both slips and rolls and finally at t = T

rolling without slipping starts. ICM (ball)=(2/5)MR2.

16. What is the acceleration of the center of mass before rolling without slipping starts?
(a) −µg (b) −µgv0 (c) +mµg (d) −mµ (e) −mµg

17. What is the linear speed (m/s) of the object at the instant rolling without slipping starts?
(a) v = v0 − µgT (b) v = −v0 − µgT (c) v = v0 + µgT (d) v = −µgT (e) v = v0gT

18. What is the angular acceleration α (rad/s2) of the object before rolling without slipping starts?
(a) α = 5µg/2R (b) α = 2µg/5R (c) α = 5µ/2 (d) α = 5µ/2R (e) α = 2µ/5R

19. What is the angular speed (rad/s) as a function of time before rolling without slipping starts, (t < T )?
(a) ω = 5µgt/2R (b) ω = 5gt/2R (c) ω = 5µt/2R (d) ω = 5µg/2R (e) ω = 2µgt/5R

20. Find T , the time (s) at which rolling without slipping starts.
(a) 2v0/7µg (b) 7v0/2µg (c) 2v0/7g (d) v0/7µg (e) 2v0/µg

Questions 21-25

Two stars with masses M1 and M2 are in circular orbits around their center of mass. The star with mass M1 has an orbit of
radius R1 and the star with mass M2 has an orbit of radius R2. Please consider, the stars and center of mass shall always be
kept on the same line.

21. What is the ratio of the orbital radii of the two stars, (R1/R2)?
(a) M2/M1 (b) (M2/M1)2 (c) (M2/M1)(1/2) (d) (M2/M1)3 (e) (M2/M1)(1/3)

22. What is the relationship between the accelerations of the stars.
(a) M1~a1 = −M2~a2 (b) M1~a1 = M2~a2 (c) M1~a2 = M2~a1 (d) M1~a2 = −M2~a1 (e) None of them

23. If their orbital velocities are such that ~V1 = −3~V2, what is the ratio of their orbital radii, (R1/R2)?
(a) 3 (b)

√
3 (c) 1/3 (d) 9 (e)

√
3/3

24. If their orbital velocities are such that ~V1 = −3~V2, which of the following would give the period of the second star in terms of
its distance from the center of mass (R2) and mass (M2)?

(a) T = 8π
√

3R
3/2
2 /
√
GM2 (b) T = 16π

√
3R

3/2
2 /
√
GM2 (c) T = 8π

√
3R

3/2
2 /
√
GM1 (d) T = 4π

√
3R

3/2
2 /
√
GM2

(e) T = 8π
√

3R
3/2
2 /
√

2GM2

25. Assuming the masses are the same (M1 = M2 = M), what is the binding energy of the system? (R1 = R2 = R)
(a) −GM2/2R (b) 2GM2/R (c) −2GM2/R (d) GM2/2R (e) GM2/R
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