
HomeWork #07
PHY 009A D01-D07 Spring 2016, DP Varn, Instructor

30 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.

1. A level plane has a small hole in its center. One end of a string is attached to a puck of mass mp = 125 g that
is rotating frictionlessly in a circle with a speed of vi = 1.0 m/s on the plane. The other end of the string is threaded
through the hole where it can be pulled. Initially, the puck is a distance ri = 0.30 m from the hole.
(a) What is the angular momentum of the puck about the center of motion?
(b) What is the kinetic energy of the puck?
(c) What must be the tension in the string to keep the puck rotating in a circle?
(d) What is the period of the motion?
(e) What is the angular velocity of the puck?
The string is now slowly pulled so that the puck is now rotating in a circle of radius r f = 0.20 m.
(f) What torque did the string exert on the puck while it was being pulled into the smaller radius?
(g) What is the angular momentum of the puck now?
(h) What is the speed of the puck now?
(i) What is its kinetic energy now?
(j) How much work did the tension in the string do on the puck while the puck was being pulled in?

2. A meter stick is used as a physical pendulum with the fulcrum located at the ` = 0.20 m mark. The mass of the
meter stick is ms = 200 g.
(a) What is the moment of inertia of the meter stick about its center of mass?
(b) What is the moment of inertia about the ` = 0.20 m mark?
Suppose now that the meter stick is set in motion about the fulcrum at ` = 0.20 m. Its initial angle from the equilibrium
position is 10◦.
(c) What, then, is the natural period of small oscillations for the meter stick?
(d) What is the frequency of this motion?
(e) What is the maximum kinetic energy for the pendulum and where does this occur?

3. Jupiter is the largest planet in the Solar System, with a mass of mJ = 1.898 × 1027 kg and a radius of about
rJ = 69 900 km. It is known to have 67 moons (possibly more?), the most famous of which are the four Galilean
moons—Io, Europa, Ganymede and Callisto—discovered by Galileo Galilei in 1610. Europa in particular has been
of some interest, as its constantly renewing surface suggests that there may be liquid water beneath its surface, and
therefore a potential harbor for life. Each of these moons has an eccentricity e < 0.01, indicating that their orbits
are close to being circular. Europa has a mean orbital radius of RE = 670 900 km and a mean radius of about
rE = 1561 km. The mass of Europa mE = 4.799 844 × 1022 kg. Let’s assume that the orbit is exactly circular with the
mean orbital radius.
(a) What is the gravitational force of attraction between Jupiter and Europa?
(b) What, then, is its orbital speed?
(c) What is the centripetal acceleration of Europa as it orbits Jupiter?
(d) How long does it take Europa to make one orbit about Jupiter? Express this in days.
(e) What would acceleration due to gravity, gE , be on the surface of Europa?
(f) Suppose that a probe lands on Europa. The probe has enough fuel for a quick burn at the surface of Europa in a
effort to escape the moon. What is the minimum speed that the probe must attain in order to break free of Europa’s
gravity?

4. A man of mass mm = 75.0 kg leans an aluminum ladder against a wall. There is no frictional force between the wall
and the ladder, but there is a frictional force between the ladder and the ground of µs = 0.50. The ladder has a length
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of ` = 8.0 m and a mass of m` = 12.0 kg uniformly distributed along the length of the ladder. The ladder makes an
angle of θ = 70◦ with the ground. He steps one meter up the ladder.
(a) What is the normal force between the wall and the ladder?
(b) What is the normal force between the ground and the ladder?
(c) What is the frictional force between the ladder and the ground?
(d) What is the maximum height up the ladder that the man climb before it slips?

5. A woman measures her weight on a regular spring-balance scale and finds that it is 600 N at the North Pole.
However, at the equator, her apparent weight, as measured by the very same scale, will be less due to the rotation of
the Earth. What is her apparent weight at the equator? You may want see the next to last section in Chapter 13.

6. A block of mass m1 = 2.00 kg is attached to a massless spring of spring constant k = 18.0 N/m on a frictionless
horizontal surface. The mass is pulled 15.0 cm from the equilibrium position, and released from rest at time t0 = 0.
The mass begins to execute simple harmonic motion.
(a) What is the amplitude of the simple harmonic motion?
(b) What is the angular frequency of the motion?
(c) What is the frequency of the motion?
(d) How long does it take for block to go through one oscillation?
(e) Write down an expression for the position of the block as a function of time.
(f) Write down an expression for the velocity of the block as a function of time.
(g) What is the velocity of the block after 20 seconds?
(h) Where is the block after 20 seconds?
(i) What is the kinetic energy of the block after 20 seconds?
(j) What is the potential energy stored in the spring after 20 seconds?
(k) What is the initial potential energy stored in the spring?
Another block of mass m2 = 1.00 kg is dropped on top the first mass as it passes through the equilibrium position and
attaches to the first mass.
(l) What will the maximum amplitude of the oscillations be now?
(m) What will the new angular frequency of the motion be?


