Problems on Chapter 9
Q1. A sulfur dioxide molecule SO2 consists of a Sulfur atom (M = 32 u) located at the origin with two Oxygen atoms each of mass (m = 16 u) bound to it as in Fig 4. The angle between the two bonds is 120°. If each bond is 0.1432 nm long, what is the location of the center of mass of the molecule (x,y)?
(Hint: Find Xcom and Ycom)
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A) (0.0358, 0) nm 

B) (0.1432, 0) nm 

C) (0, 0.0358) nm 

D) (0.0716, 0.1432) nm 

E) (0, 0.0716) nm

Q2. An object of mass M moving on a frictionless frozen lake with speed V explodes into two equal pieces, one moving at 6.0 m/s due north, and the other at 8.0 m/s due west. Determine V. 
(Hint: Conservation of linear momentum. Inelastic collision)

A) 5.0 m/s 

B) 10 m/s 

C) 2.0 m/s 

D) 3.0 m/s 

E) 4.0 m/s

Q3. Consider the system of particles shown in Figure 5. Where should a 4th particle of mass 4.0 kg be placed so that the center of mass of the four particles system is located at (4 m, 4 m)? 
(Hint: Use the equation for the COM along the X and Y)

A) (5.5 m, 8.5 m) 

B) (5.5 m, 3.5 m) 

C) (2.1 m, 8.5 m) 

D) (2.1 m, 4.0 m) 

E) (2.1 m, 6.5 m)
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Q4. A 0.55 kg ball falls directly down onto concrete floor hitting it with a speed of 4.0 m/s and rebouncing directly upward with the same speed of 4.0 m/s. What is the impulse on the ball? (ˆ j is the unit vector in the upward positive y-direction) 
(Hint: Note that impulse on the ball is different from impulse on the floor)

A) (+4.4 N.s) ˆ j

B) (− 4.4 N.s) ˆ j

C) (+8.0 N.s) ˆ j

D) (−8.0 N.s) ˆ j

E) zero

Q5. A 5-kg object is subjected to a force F. The variation of the force as a function of time t is shown in Figure 6. Calculate the change in the velocity of the object during the time interval the force is applied. 

(Hint: What do you get from area under the curve?)

A) 0.8 m/s 

B) 0.2 m/s 

C) 4.0 m/s 

D) 3.2 m/s 

E) 2.1 m/s 
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Q6. A 5.0-kg object moving with a speed of 5.0 m/s in the positive x-direction collides and sticks to a 1.0-kg object originally moving with a speed of 4.0 m/s in the negative x-direction. What is the final speed of the two masses?
(Hint: Inelastic collision. Velocity is a vector, so directions are important) 

A) 3.5 m/s 

B) 1.0 m/s 

C) 9.0 m/s 

D) 4.8 m/s 

E) 1.5 m/

Q7. A 2.00-kg particle has a velocity of 4.00 m/s in the positive x direction and a 3.00-kg particle has a velocity of 5.00 m/s in the positive y direction. What is the speed of their center of mass? 
(Hint: Velocity is a vector, so directions are important) 

A) 3.40 m/s 

B) 23.0 m/s 

C) 17.0 m/s 

D) 9.00 m/s 

E) 4.60 m/s 

Q8. Sphere A has mass m and is moving with velocity v. It makes a head-on elastic collision with a stationary sphere B of mass 2m. After the collision their speeds vA and vB are, respectively: 
(Hint: Conservation of momentum and KE for an elastic collision)

A) −v/3, 2v/3 

B) 0, v/2 

C) −v, v 

D) −2v/3, v/3 

E) v, -v 

Q9. A 3.0-kg and a 2.0-kg carts approach each other on a horizontal air track. They collide and stick together. After the collision their total kinetic energy is 0.40 x102 J. The initial speed of their center of mass was:
(Hint: Speed of the center of mass does not change after collision) 
A) 4.0 m/s 

B) 2.8 m/s 

C) 0.0 m/s 

D) 5.2 m/s 

E) 6.3 m/s 
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