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Q1. 

The position of a particle moving in a straight line along the x-axis is given by the equation: 

𝑥 =  4.0𝑡 − 𝑡2, where x is in meters and t is in seconds. What is the average velocity of the 

particle in the time interval from t = 2.0 s to t = 5.0 s? 

 

A)  3.0  m/s 

B) + 3.0  m/s 

C) 5.0  m/s 

D) + 5.0   m/s 

E) + 0.33 m/s 

 

Q2. 

Vector 𝐴 of magnitude 4.0 is directed along the positive y-axis. When vector �⃗⃗� is added to 

vector 𝐴 it gives a resultant vector  𝐶  =  𝐴  + �⃗⃗�  directed 60° above the positive x-axis and 

having a magnitude twice that of vector 𝐴. Find the vector �⃗⃗�. 

 

A) 4.0 𝑖̂  +  2.9 𝑗̂ 
B) 4.0 𝑖 ̂ 
C) 4.0 𝑗 ̂
D) 4.0 𝑖̂ –  0.50 𝑗 ̂
E) 2.9 𝑖̂  +  4.0 𝑗̂ 
 

Q3. 

A particle P travels with constant speed in a circle of radius r = 2.00 m as shown in Figure 1 

and completes one revolution in 20.0 s. The particle passes through point O at time t = 0. Find 

the particle velocity at time t = 5.00 s. 

 

 
 

A) + 0.628 𝑗̂  m/s 

B)  0.197 𝑗̂ m/s 

C) + 0.546 𝑖 ̂m/s 

D) − 0.146 𝑖 ̂m/s 

E) − 0.328 𝑗 ̂m/s 
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Q4. 

A single force of magnitude 15.0 N moves a particle through a displacement                                  

𝑑 = (4.00𝑖̂ + 5.00𝑗̂) m. Find the angle between the force and the displacement if the change in 

the particle’s kinetic energy due to this force is 60.0 J. 

 

A) 51.3o 

B) 38.6o 

C) Zero 

D) 156o 

E) 90.0o 

 

Q5. 

A pendulum consists of a 3.00 kg ball attached to the end of a 2.00 m long string of negligible 

mass. The ball has a speed of 5.00 m/s when it passes through its lowest point. What is the 

speed of the ball when the string makes an angle of 60.0o with the vertical? 

 

A) 2.32 m/s 

B) 6.32 m/s 

C) 5.40 m/s 

D) 4.12 m/s 

E) 1.50 m/s 

 

Q6. 

A 3.00 kg block is pushed against a horizontal spring of negligible mass, compressing it a 

distance x = 0.200 m. When the block is released from rest, it moves a distance d = 1.00 m 

along a rough horizontal floor (k = 0.300) before coming to rest. Find the spring constant k. 

 

A) 441 N/m 

B) 112 N/m 

C) 210 N/m 

D) 360 N/m 

E) 250 N/m 

 

Q7. 

Consider a uniform plate having the shape of T as shown in Figure 5. Find the coordinates of 

the center of mass (Xcom,Ycom) of this uniform plate. 

 

 
 

A) (2.5, 2.5) cm 

B) (2.5, 4.0) cm 
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C) (2.5, 2.0) cm 

D) (1.5, 2.5) cm 

E) (3.5, 2.5) cm 

 

Q8. 

Two bodies, A and B, each of mass 4.0 kg, collide with each other. The velocities before the 

collision are �⃗�𝐴 = (10𝑖̂ + 20𝑗̂) m/s and �⃗�𝐵 = (−10𝑖̂ + 25𝑗̂) m/s. After the collision,              

�⃗�𝐴
′ = (−5𝑖̂ + 20𝑗̂) m/s, what is the velocity of B after collision, �⃗�𝐵

′  ? 

 

A) �⃗�𝐵
′ =  (5.0𝑖̂ + 25𝑗̂) m/s 

B) �⃗�𝐵
′ =  10𝑖 ̂m/s 

C) �⃗�𝐵
′ =  15𝑗 ̂m/s 

D) �⃗�𝐵
′ =  (−15𝑖̂ − 30𝑗̂) m/s 

E) �⃗�𝐵
′ =  (10𝑖̂ − 5.0𝑗̂) m/s 

 

Q9. 

The angular position of a point on the rim of a rotating wheel is given by  = 5.00 t + 6.00 t2, 

where t is in seconds and  is in radians. If the radial acceleration of a point on the rim at                 

t = 1.00 s is 145 m/s2, what is the radius of the wheel? 

 

A) 50.2 cm 

B) 20.1 cm 

C) 90.3 cm 

D) 10.4 cm 

E) 30.2 cm 

 

Q10. 

Figure 7 shows a uniform rectangular shaped object and four choices of rotation axes, all 

perpendicular to the face of the object. Rank the choices according to the rotational inertia of 

the object about the axis, least to greatest. 

 
 

A) 3, 4, 2, 1 

B) 1 and 2 tie, 4, 3 

C) 3, 2, 4, 1 

D) 3 and 4 tie, 2,1 

E) 1,2, 3, 4 
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Q11. 

A ball of mass m = 10.0 kg is hanging from the ceiling by two identical strings making an angle 

of 120° between them as shown in Figure 8. Find the magnitude of the tension T in each 

segment of the string. 

 

 
 

A) 98.0 N 

B) 49.0 N 

C) 65.0 N 

D) 52.0 N 

E) 10.0 N 

 

Q12. 

An elastic uniform rope of unstretched length 2.0 m is hanging from the ceiling. When                    

a 100 kg box is hung from the free end of the rope it stretches by 0.50 cm. Find the radius of 

the rope. (Young’s modulus of the rope is 6.1×109 N/m2) 

 

A) 0.45 cm 

B) 0.25 cm 

C) 0.32 cm 

D) 0.15 cm 

E) 0.61 cm 

 

Q13. 

Three identical particles each of mass 5.0 kg are placed in the xy-plane. The first particle is 

placed at the origin (0, 0), the second particle is placed at coordinates (3.0 cm, 0) and the third 

particle is placed at coordinates (0, 4.0 cm). Find the magnitude and direction of the net 

gravitational force on the particle placed at the origin due to the other two particles. 

 

A) 2.1×10-6 N at 29° above the positive x-axis 

B) 3.1×10-6 N at 34° above the positive x-axis 

C) 5.2×10-6 N at 45° above the positive x-axis 

D) 1.5×10-6 N at 50° above the positive x-axis 

E) 4.5×10-6 N at 15° above the positive x-axis 

 

Q14. 

A spherical planet of radius 400 km has a gravitational acceleration of 4.0 m/s2 at the surface 

of the planet. Find the escape speed on this planet. 

 

A) 1.8 km/s 

B) 2.5 km/s 

C) 1.1 km/s 

D) 3.4 km/s 

E) 2.8 km/s 
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Q15. 

Consider a planet in its elliptical orbit around the Sun (S) at different locations a, b, c, and d as 

indicated in Figure 10. At what location is the orbital speed of the planet around the Sun 

minimum? 

 
 

A) d 

B) c 

C) b 

D) a 

E) all tie 

 

Q16. 

A rectangular office window has dimensions 3.0 m by 2.0 m. As a result of the passage of a 

storm, the outside air pressure dropped to 0.90 atm, but inside the office the pressure is 

maintained at 1.0 atm. Find the magnitude of the net force that pushes out on the window? 

 

A) 6.1×104 N 

B) 3.2×105 N 

C) 2.1×104 N 

D) 5.4×105 N 

E) 9.3×104 N 

 

Q17. 

A certain object floats in three liquids A, B and C of densities: 0.9, o and 1.1o, respectively, 

where o is the density of water. Which of the following statements is TRUE? 

 

A) The three liquids exert the same buoyant force on the object 

B) The buoyant force of liquid A is greater than the buoyant forces of the other two liquids 

C) The buoyant force of liquid C is greater than the buoyant forces of the other two liquids 

D) The object displaces the same volume of all three liquids 

E) The buoyant force of liquid B is between the two buoyant forces of A and C liquids 

 

Q18. 

A rock, which weighs 1400 N in air, has an apparent weight of 800 N when completely 

submerged in fresh water. Find the volume of this rock. 

 

A) 0.061 m3 

B) 0.50   m3 

C) 0.90   m3 

D) 0.14   m3 

E) 0.098 m3 
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Q19. 

A very large water tank of radius 20 m, open at the top, has a small hole of radius 1.0 cm in the 

bottom. The water level in the tank is 30 m above the hole, find the speed of the water leaving 

the hole. 

 

A) 24  m/s 

B) 2.5 m/s 

C) 44  m/s 

D) 20  m/s 

E) 18  m/s 

 

Q20. 

Which of the following relationships between the acceleration a and the displacement x of a 

particle does obey a Simple Harmonic Motion along the x-axis? 

 

A) a = 0.50 x 

B) a = + 10 x 2 

C) a =  3.0 x 2 

D) a = + 0.50 x 

E) a =  9.8 x 3 

 

Q21. 

A block attached to a horizontal spring oscillates, on a frictionless floor, in simple harmonic 

motion along the x-axis. The limits of its oscillations are x = 10 cm and x = 50 cm and it goes 

from one of these extremes to the other in 0.25 s. What are the amplitude and frequency of the 

simple harmonic motion? 

 

A) 20 cm, 2.0 Hz 

B) 40 cm, 2.0 Hz 

C) 20 cm, 4.0 Hz 

D) 40 cm, 4.0 Hz 

E) 25 cm, 3.0 Hz 

 

Q22. 

A ball is thrown from a height h above the ground, with an initial speed vo = 30.0 m/s at an 

angle of 30.0° below the horizontal as shown in Figure 2. The ball hits the ground at a 

horizontal distance d = 14.6 m. Find the height h. (Ignore air resistance). 

 
 

A) 10.0 m 

B) 34.0 m 

C) 22.0 m 

D) 12.0 m 
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E) 20.0 m 

 

Q23. 

Starting from rest at point A, a 5.00 kg block slides downward inside a frictionless circular hoop 

of radius R = 2.00 m, as shown in Figure 3. What is the magnitude of the normal force exerted 

on the block by the hoop when the block reaches the bottom of the hoop? 

 
 

A) 147  N 

B) 132  N 

C) 98.0 N 

D) 49.0 N 

E) 120  N 

 

Q24. 

Figure 4 shows a plot of the magnitude of force F versus time t during the collision of a 98 g 

ball with a vertical wall. The initial velocity of the ball is 30 m/s perpendicular to the wall. The 

ball rebounds directly back with the same speed. What is 𝐹𝑚𝑎𝑥, the maximum magnitude of the 

force on the ball from the wall during the collision? 

 

 
 

A) 7.4×102 N 

B) 1.8×102 N 

C) 9.8×102 N 

D) 3.9×102 N 

E) 6.0×102 N 
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Q25. 

A particle of mass m = 2.0 kg is in the xy-plane located at point A (5.0, 4.0) m and having a 

velocity �⃗� = (4.0𝑖̂ − 10𝑗̂) m/s. At this instant, calculate the angular momentum of the particle 

about point P located at (2.0, 6.0) m. 

 

A) – 44 �̂� kg.m2/s 

B) + 44 �̂� kg.m2/s 

C) – 22 �̂� kg.m2/s 

D) + 22 �̂� kg.m2/s 

E) – 22 𝑖̂ kg.m2/s 

 

Q26. 

A beam of length 6.0 m and mass 90 kg is resting on two pivots A and B as shown in            

Figure 9. The distance between the two pivots is 4.0 m. A person of mass 60 kg starts walking 

on the beam to the right. Find the distance of the person from pivot A when the beam is about 

to tip (the beam just starts losing contact with pivot A). 

 
A) 5.5 m 

B) 4.5 m 

C) 4.8 m 

D) 5.0 m 

E) 6.0 m 

 

Q27. 

Consider a 300 kg satellite moving in a circular orbit around the Earth at a constant speed v at 

an altitude h above the Earth’s surface. If the satellite is to remain at a fixed position when seen 

from the Earth, find the altitude h of the satellite. 

 

A) 3.59×107 m 

B) 2.56×107 m 

C) 4.52×106 m 

D) 1.15×106 m 

E) 5.10×106 m 

 

Q28. 

A block attached to a spring undergoes a simple harmonic motion on a horizontal frictionless 

surface. The total mechanical energy of the spring-block system is 50.0 J. Find the kinetic 

energy of the block when it is reaches half the amplitude. 

 

A) 37.5 J 

B) 50.0 J 

C) 25.0 J 
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D) 24.1 J 

E) 12.6 J 

 

Q29. 

Two blocks of masses m1 = 2.0 kg and m2 = 1.5 kg are connected by a massless, un-stretchable 

string. The string goes over a pulley of mass M = 1.0 kg and radius R = 5.0 cm as shown in 

Figure 6. The pulley is in the shape of a solid cylinder mounted on a horizontal frictionless 

axle. Calculate the acceleration of block m2. 

 

 
 

A) 1.2 m/s2 

B) 3.5 m/s2 

C) 2.5 m/s2 

D) 9.8 m/s2 

E) 8.6 m/s2 

 

Q30. 

A T shaped physical pendulum consists of two identical uniform sticks each 1.0 meter-long and 

joined together as shown in Figure 11. If the center of mass of the system is 25 cm below the 

pivot point A, find the pendulum’s period of oscillation about a pin inserted through point A at 

the center of the horizontal stick. 

 
 

A) 1.8 s 

B) 7.5 s 

C) 1.6 s 

D) 4.5 s 

E) 9.8 s 
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