
Problem Set #6 due beginning of class, Tuesday, May 15.  
 

1) Chapter 5.0, Exercise 1, You see something moving in a circle. 

 

 
 

 
 

2) Chapter 5.1 Exercise 1, Lunar period! 

 
 
 
 
 
 
 
 



3) Chapter 5.2, Exercise 2, Lower Earth Orbit The key to this one is that the moon is 60 times further from the 
earth’s center as the earth’s radius… and the force of gravity scales like r-2. 

 
 

 
 

4) Chapter 5.3, Do exercise 1 and 2, but don’t hand it in. Does it stay in the bucket? Answers at end of chapter. 
 

5) Chapter 5.3, Exercise 4, Loop the loop. 

 



 
 

6) Chapter 5.3, Exercise 6, Driving up and down hills in a car 

 

 
 



Chapter 5.3, Exercise 7, does the scale read more at the equator? Clearly a dynamics problem because the 
forces (normal force and gravity) cause acceleration… But the acceleration on the pole is zero (and so you 
are in equilibrium, and FN = Fg) because I have no velocity there. On the equator, the centripetal 
acceleration is inward because of the uniform circular motion. You will need a good FBD here to show that 
at the equator, FN < Fg, where at the pole the forces are equal and opposite. Also, do a good vector addition 
diagram to show that if the acceleration is inward, the net force is inward, and thus FN < Fg. Correct answer: 
b) 

 
7) Infamous Tow Truck Problem: A 2-ton Tow Truck pulls a 1-ton car on a smooth level road, with a rope that 

has a tension of 3000 N on it. If the wheels of the car are free to roll, what coefficient of friction is necessary 
between the Tow Truck’s wheels and the ground? This is a multi-step problem that will require some thought 
and some drawing. This is a dynamics problem through and through because the force of friction on the 
wheels is accelerating the entire 3-ton system, and the tension in the rope is accelerating the 1-ton car, and 
the tension and friction are accelerating the 2-ton tow truck. It’s up to you to make a good FBD and know 
which of the systems to look at for each one. It’s important to recognize that the tension is an internal force 
and thus provides no force to the system. Examining the 1-ton car alone, we find that the acceleration must be 
3 m/s2. Examining the 3-ton system, we see that the force of friction accelerating the system must be 9 kN. The 
necessary coefficient of friction must be 0.45. 

 
8) Chapter 6.0, carefully consider Examples 1, 2, and 3 – solutions are provided in the text. Then do the 

following: The system at right is dropped through 1 m. Even if the question doesn’t give you a distance, you 
can always assume a certain distance. 

a) How would this change the energy considerations in Example 1? Find the new speed of the system 
as it hits the ground 1 m below. Then find the time to fall and the acceleration.  

Using the energy lens, we realize that now some of the potential energy is changed to thermal energy as 
well as kinetic energy, reducing the final speed and the resulting acceleration:  
Egp = Ek + Eth. Using a dynamics lens, we look at the 1 kg mass, knowing it is in equilibrium in the y 
direction, so the normal force = mg = 10N. Thus, the frictional force is 1 N and 1 J of thermal energy is 
produced. The 0.25 kg block loses 2.5 J of Egp so now only 1.5 J of kinetic energy is shared between the two 
blocks (corresponding to a final speed of about 1.5 m/s, and average speed of 0.75 m/s) as opposed to the 
2.5 J without friction (corresponding to a final speed of 2 m/s, or average speed of 1 m/s). Corresponding 
times and accelerations of 1.3 s, and 1.2 m/s2, and 1 s and 2 m/s2 without friction. 

b) How would this change the dynamics considerations of the system? Find the new acceleration 
directly (is it the same as you found above?) and tension in the string.  

Using a dynamics lens we can write that , Please make a good FBD with all 
relevant forces on the system (note that some forces don’t matter like the tension in the string because it 
pulls in both directions, so it exerts no force on the system), label the + direction as to the right and down, 
so there are now two forces, + 2.5N and – 1N, so the total force is 1.5 N, resulting in an acceleration of 1.2 
m/s2 as opposed to 2.0 m/s2 with no friction. 
 


