
HomeWork #04
PHY 009A D01-D07 Spring 2016, DP Varn, Instructor

02 May 2016

Homeworks are important as they help solidify concepts discussed in class. You learn by doing, so you should try
these first using your class notes. However, feel free to consult me, other students, your TAs, or the text for help.
These problems will be discussed in your recitation sessions, and you will benefit more if you work on them before
you go to recitation. Remember to use The Ten Steps to Problem Solving when constructing your answers. If needed,
please approximate acceleration due to gravity as g = 10 m/s2.
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Figure 1: A cylinder of radius R with a pebble
initially at rest on the top. The pebble starts to
slide down the side of the cylinder. (See Prob-
lem #1.)

1. Pebble sliding off of a drum. A small pebble of mass 50.0 g is
placed on top of a cylindrical drum of radius R = 1.20 m. From rest,
the pebble begins to slide frictionlessly down the side of the cylin-
der. We are interested in finding the angle θ at which the pebble loses
contact with the drum.
(a) Draw a free-body diagram of the pebble at some angle on the
drum. Identify (all) the forces acting on the pebble, and set up a
coordinate system where the y-axis is perpendicular to the interface
between the drum and the pebble.
(b) Are all the forces you found in (a) either conservative or no-work
forces? If so, can you use conservation of energy? Explain.
(c) If you can use conservation of energy, write down an expression
relating the position of mass on the drum with the speed of the mass.
Your final expression will involve g, R and θ. Call this equation 1.
(d) Think about what condition must be true just at the point the
pebble loses contact with drum. This can be expressed as a simple
equation. Write that equation down.
(e) As the pebble slides down the drum, is it undergoing (non)-uniform circular motion? Why or why not?
(f) Sum the forces on the pebble just at the instant that the pebble starts to fly off of the drum. Call the angle at which
this happens the critical angle. Your answer should involve speed. Call this equation 2.
(g) Combine equations 1 and 2 to eliminate the speed. This will give you an expression for the critical angle at which
the mass loses contact with the drum. Solve this equation for the critical angle and evaluate.
(h) How does your answer depend on the constants g, R and m? Are you surprised at your answer? Discuss.

Figure 2: A block dropped from rest onto
a vertical spring. (See Problem #2.)

2. Block falling on a vertical spring. A block of mass 2.0 kg is suspended
1.0 m above a plate attached to a vertical spring with a spring constant of
500 N/m. The spring is in its equilibrium position when the block, origi-
nally at rest, is dropped.
(a) What is the speed of the block just before it hits the plate?
(b) What is the maximum compression of the spring?
(c) How much elastic potential energy is stored in the spring its maximum
compression?
(d) What is the maximum force that the spring exerts on the block at its
maximum compression.
(e) What is the maximum magnitude of the acceleration of the block?
(f) Where does the block reach its maximum speed, and what is that max-
imum speed?

3. Spring and mass with friction. A crate of mass 20.0 kg rests on a level
surface and is held against a spring with spring constant 2500 N/m compressing it 31.6 cm from its equilibrium position.
The coefficient of kinetic friction between the surface and the crate is 0.40.
(a) What is the amount of elastic potential energy initially stored in the spring?
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(b) The crate is released, and the spring pushes the crate forward. How far does the crate travel before coming to rest
again?
(c) Where does the crate reach its maximum speed?
(d) What is the maximum speed that the crate reaches?

Figure 3: A block-mass system on a level surface with friction. (See Problem #3.)

4. Two accelerating boxes. Let’s revisit a problem from HomeWork #03. Two boxes of mass m1 = 4.00 kg and
m2 = 6.00 kg are initially at rest on a horizontal surface as shown in Fig. 4. The second box has a rope attached to it
at an angle of θ = 37◦ with respect to the horizontal. The coefficient of kinetic friction between the first mass and the
surface is µk,1 = 0.30. The second mass experiences no frictional force (static or kinetic) between it and the surface. A
force P = 35 N is applied at time t = 0, and the system begins to move. Consider the system as moves over an interval
of 2.0 m. You may use previous results when working this problem.
(a) Find the work done by the normal force on the first block over this interval.
(b) Find the work done by the normal force between the second mass and the surface over this interval.
(c) Find the work done by the frictional force acting on m1 over this interval.
(d) Find the work done by the frictional force acting on m2 over this interval.
(e) Find the work done by tension in the rope on each mass over this interval.
(f) Find the work done by the force P over this interval.
(g) Find the kinetic energy of the boxes after they have travelled this interval.
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Figure 4: Two boxes accelerating on a level surface. (See Problem #4.)

5. Is chivalry dead? Tarzan and Jane are running through the jungle in an effort to escape capture. They encounter
a river, and conveniently, there is a 20 m rope tied to a tree from which they can jointly or individually swing to the
other side. Tarzan gives it a yank, and his superhuman jungle skills allow him to determine that at most, the rope can
withstand a tension of 1500 N without breaking. He sees that the rope makes an angle of θ = 37◦ with the vertical
and also observes that the water below is teeming with man-eating crocodiles. So Tarzan and Jane have a decision to
make: (i) They can decide not to risk using the rope because it will not support their combined weight, thus they will
get caught; (ii) Tarzan can swing across by himself; (iii) Jane can swing across by herself; or (iv) Both Tarzan and
Jane can swing across together. Of course the last is preferable—if the rope won’t break. Suppose that Tarzan has a
mass of 80 kg and Jane has a mass of 60 kg.
(a) If Tarzan uses the rope, what is his speed at the bottom of the swing?
(b) If they both use the rope, what is their speed at the bottom of the swing (assuming it doesn’t break)?
(c) Derive an expression for the tension in the rope at the bottom of the swing as a function of θ, R and the mass of
whoever is swinging on the rope
(d) What should Tarzan and Jane do? Justify your answer.


