
MCHE 513: Intermediate Dynamics

Fall 2016 – Mid-Term 2
Thursday, November 8

Name: ULID:

Directions: Complete the attached problems making sure to clearly indicate your answer,
show your work, and list any assumptions that you have made (with justifi-
cation for them, if necessary). If you need extra space for any question, you
may attach additional sheets of paper, using the paper provided to you. No
calculators or equation sheets are allowed.

Academic Honesty (just a reminder):

An essential rule in every class of the University is that all work for which a
student will receive a grade or credit be entirely his or her own or be properly
documented to indicate sources. When a student does not follow this rule,
s/he is dishonest and s/he defeats the purpose of the course and undermines
the goals of the University.

Answer Key
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Problem 1 – 30 Points

The sketch in Figure 1 shows a uniform semicylinder of mass m and radius R on a surface
with friction µ. Gravity acts on the system.

For this system:

a. Write the equations of motion.

b. What is the minimum coe�cient of friction, µ, that is necessary to ensure no slipping
for a given angular velocity, ✓̇?
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Figure 1: A Uniform Semicylinder



a.

Problem 1 (cont.)



Problem 1 (cont.)



Problem 1 (cont.)

b.
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Problem 2 – 40 Points

The system in Figure 2 consists of bar AB of mass m and length L, which slides in the fric-
tionless collar at point C. The collar is connected to a vertical shaft by a perfect, frictionless
pin. The vertical bar rotates at a constant rate,  ̇. The angle of the bar from vertical is
described by ✓, and the displacement of its center of mass, G, from the pin, C, is described
by x.

a. Write the velocity of the bar’s center of mass.

b. Write the acceleration of the bar’s center of mass.

c. Write the angular velocity of the bar.

d. Write the equations of motion governing the motion of x and ✓.
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Figure 2: Disk Being Pulled



a.

b.

Problem 2 (cont.)



Problem 2 (cont.)

c.



Problem 2 (cont.)

d.



Problem 2 (cont.)
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Problem 3 – 30 Points

Figure 3 shows two links connected via a frictionless pin at point A. The first link has mass
m1 and length L1. It is connected to a grounded, frictionless pin at point O at height h

above the lower surface. Its angle relative to vertical is described by ✓. The lower link’s
mass and length are described by m2 and L2, respectively. The lower link also contacts a
frictionless surface at point B, where an always-horizontal force, F , is also applied. Gravity
acts on the total system.

a. Write the equations of motion for this system.

b. What must the force, F , be in order to hold the system at a static, nonzero equilibrium
angle, ✓0, where 0 < ✓0 < 90�? In other words, what must F be to hold the system in
the configuration shown in Figure 3?

c. What is the virtual displacement of point B, �r̄b?
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Figure 3: A Two-Link System



Problem 3 (cont.)

a.



Problem 3 (cont.)



b.

Problem 3 (cont.)

c.


