
PS#9 Due in Class Thursday, March 14. Please pay good attention to describe the lens you are 
using and explain your method. 
 

1. You are holding the axle of a bicycle wheel (one hand on each side) out in front of 
you, spinning as shown.  
a) What is the direction of the angular momentum vector? 

Right Hand Rule: to the right à 
b) You push away with your right hand and pull in with your left hand. What is the 

direction of the torque you put on the wheel? What is the direction of the angular 
impulse that you give to the wheel? 
Again, using the right hand rule, this is an upward torque, inducing rotation in the 
upward direction. 

c) After you push for a moment, how does the orientation of the wheel change? 
The upward torque provides some change in angular momentum in the upward direction 
or, 𝑑𝑙 = 𝜏𝑑𝑡. You add this 𝑑𝑙 to the wheel’s previous angular momentum and find the new 
(resultant) angular momentum. This is still to the right, but slightly upward. Hence, you 
have rotated the angular momentum vector (and rotated the spinning wheel) counter 
clockwise, or (by the right hand rule) out of the paper at you. 

 
2. 7.5 Exercise 1, Applying torque to a spinning wheel. 

 
• Can you predict the direction the axle will turn? You really should do this with a wheel 

and we did it. 
• Predict what happens when the wheel is 

spinning in the opposite direction? Why?  
If the wheel is spinning the opposite direction, the 
torque and change in angular momentum are the 
same, but the initial angular momentum is in the 
opposite direction. Thus, we see that the wheel will 
tip in the opposite direction. Thus it will precess in the 
opposite direction. 

• What happens if the wheel is spinning faster? Can 
you explain why?  

If the initial angular momentum is greater, then change of 
angular momentum from the same torque of gravity will 
result in a smaller change of angle of the spinning wheel. 
So it would precess slower. 
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• How does the rate of precession change when you push harder on the axle? Why?   
If you push harder on the wheel the torque and change in angular momentum will be greater. 
In the same amount of time, the wheel will tilt by more. Thus, the rate of precession will 
increase. 

 
 

3. 7.5 Exercise 3 These questions are similar to those in the above questions. However, there are 
two exceptions: 

• What changes if you switch sides and support the axle on the other side? Why? 
Supporting the wheel from the other side will reverse the torque that gravity provides. This will 
result in the wheel precessing in the opposite direction. Please prove this to yourself with a 
drawing. 
• What happens if you support the axle closer to the center of the wheel? Why? 
Supporting the wheel close to the axle will reduce the torque from gravity. This will reduce the 
change in angular momentum, so the rate of precession will decrease. 

 



 
 

4. 7.6 Exercises 1 and 2, deriving our two kinematic equations. These are covered in the videos, 
and you don’t have to hand them in, but it’s a good exercise to do them in order to know 
where the formulas come from. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



5. 7.6 Exercise 3, Throwing a rock upwards off the edge of a cliff. 
 

 
 



 
 
 



6. 7.6 Exercise 4, Catching the Bus. 

 



 
7. 7.6 Exercises 5 – 7 (Pulling sled, Hitting a baseball, Torque on a wheel.  

7.6 Exercise 5. We would solve this problem exactly as we did before we used 
trigonometry. The only difference is now we could calculate the components rather than just 
eyeball (estimate) them. Of course, we recognize this as a dynamics problem whereby the 
acceleration is horizontal, so we choose x-y components and break the tension into horizontal 
and vertical components.  
Tx = Tcos(30o) ~ 40 N*(0.866) = 34.6 N 
Tx = Tsin(30o) ~ 40 N*(0.5) = 20 N.  
 
𝑊 = �⃗� ∙ 𝑑𝑥++++⃗ , We take the x-component of the tension (force) to find that the work I do is  
20 N * 5 m = 100 J. 



 
finding the acceleration requires us to use a dynamics lens because the force cause the 
acceleration. We do a good FBD as always and identify that the forces in the x direction are the 
horizontal tension and the friction force. To find the force of friction, we need the normal force. 
We recognize that we are in equilibrium in the y direction because we are (likely) not 
accelerating off the surface of the earth. Gravity provides 100 N of force (downward), and the 
vertical component of tension is 34.6 N upward. In order to be in equilibrium in the y direction, 
the normal force must be 65.4 N (upward). This yields a friction force of about 10 N in the 
direction opposite to our motion. Assuming that we are moving forward as I pull the sled, the 
net force is the sum of the x-component of tension minus the frictional force 20 N – 10 N = 10 N 
in the positive direction. This yields an acceleration of the 10 kg sled and girl of 1 m/s2. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 



8.  In the diagram at right, a post of some length supports a 100 kg ball. The length 
of the tilted rod is 10 m and the cable is attached 2.5 m from the pivot. From 
the drawing at right (make your own better drawing), estimate the tension on 
the cable and the force provided by the foundation at the pivot.  

 
 
  

53°



We see that the reaction force that the pivot provides is downward and to the left. 
 Please show yourself that if the cable was connected in the middle of the supporting rod, the 
tension on the cable would be only 1200 N, resulting in a pivot force that would be 280 N 
upward and 960 N in the negative x direction. 
 

 
 
 
 
 
 
 
 



9) In class I asked you to find the coefficient of friction between my computer and a wooden surface. 
The 114 cm wooden platform was lifted so that one end was 52 cm off the ground when the 
computer slipped. 
a) If the plank made a triangle, find the length of the horizontal component of the incline. 
b) Estimate the force of friction and the normal force in terms of mg (the force of gravity on the 
computer). 
c) Calculate the coefficient of friction 
d) just for fun, use trigonometry to find the angles of the triangle. 
 
For this solution, please see exercise 4 in section 7.2, the inclined plane. Notice the free body 
diagram in the left, next to the problem. The key physics is as follows: 
- We separate the forces into components sloping down the incline and perpendicular to the incline 

because there is no acceleration perpendicular to the surface. Thus, the normal force, 𝑁 = 𝐹-.. 
Now look at the parallel forces. We raised the incline until the computer started moving… thus, 
at this point, the maximum frictional force equals the parallel component of gravitational force. 
𝐹/ = 𝐹-∥. We can’t find either of these forces because we don’t know the mass, but it doesn’t 
matter because mass cancels: both the normal force and the parallel component of gravity are 
proportional to mass! Now we use some trigonometry (please do this!) to find: 

- 𝐹-∥ = 𝐹-𝑠𝑖𝑛𝜃, and 𝐹-. = 𝐹-𝑐𝑜𝑠𝜃, Now we can solve for the coefficient of friction, 𝜇, using the 
equation we know for friction. 𝐹/ = 𝜇𝑁: 𝜇	 = 9:

;
= 𝑡𝑎𝑛𝜃 = 	 =

>
	. We can solve the problem either 

by finding the angle, theta, or by using Pythagorean’s Theorem to find the adjacent side of the 
triangle made by the incline. Please do this both ways, and you will find (using your calculator to 
take sine inverse of 52 cm / 114 cm) that theta ~ 27 degrees and   𝜇	~	0.51. 

-  
10) Hit a baseball off a cliff: Exercise 6, section 7.6 

There’s two ways to solve this that I know if. Strictly kinematics, you can make a good drawing 
and decompose the initial velocity into vertical and horizontal components. We do this because 
of dynamics because (Gravitational) force cause acceleration (downward). It is the time that 
connects the vertical situation (the ball goes upward, stops, comes downward, with downward 
acceleration of gravity) while the in the horizontal direction, the ball moves forward at a constant 
horizontal speed until it hits the ground. It is TIME that connects the two – the ball only moves 
horizontal for the same amount of time that it is moving up and down. We solve the vertical 
(quadratic) equation for time, and substitute it into the horizontal equation for constant speed in 
the x direction to get the distance the ball goes forward before hitting the ground. Then we can 
look at the vertical velocity! We use vf = vi + -gt to find the final vertical velocity and add this to 
the horizontal velocity in order to get the final velocity. We use trig to find the angle. 
 
But, I like energy! First I’d make a good drawing. I would use energy to solve this problem 
because Ek + Eg  => Ek. Using this, I find vf then vyf the time, then angle, then distance. 

 



 
Then we can find the final distance because we know the horizontal speed and the time:  

∆𝑥 = 𝑣F ∗ ∆𝑡 = 18.8
𝑚
𝑠 ∗ 3.9𝑠 = 73	𝑚 

 
Now that we’ve done this using energy, we can do the straight kinematics solutions using the 
displacement and velocity functions of time… “explicit functions of time”. 
Using the same drawing above for energy, we separate the motion into x and y components: 



 


