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CE 261 DYNAMICS
MIDTERM 3
Thursday, May 11, 1:30-3:30 pm

SHOW ALL WORK OPEN BOOK, CLOSED HOMEWORK OR SOLUTION MANUALS
ONE PAGE NOTES PERMITTED, NO CREDIT FOR ANSWER
ONLY

1. ‘The slenderbaris'showi justbefore if hits the smooth fier. \) A "
The length of the bar is 1 m and its mass is 2 kg. The bar’s
initial angular velocity is zero, and it is moving downward at 4

m/sec.
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a. If the coefficient of restitution of the impact is e = 0.2, what is
the velocity of the bar nnpact point, (V. ) immediately after impact?
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b. Assuming the answer to part a. is 1 m/sec, write an expression for the vector velocity of the center
of gravity of the bar after impact, (Vg)’ in terms of the velocity of the bar at point P after impact,
(Vgp)’, and the angular velocity of the bar after impact, ®’. (Hint this is straight kinematics)
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c. Using conservation of angular momentum of the bar about the impact point, P, write an expression
that relates the velocity of gravity of the bar after impact (Vog)’» and the angular velocity of the bar
after impact, ®’. .-, , =
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d. Combine equations from part b and ¢ to determine the angular velocity of the bar after impact, W’.
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. . . . V =22 ffam
Engineers desire tp design a streetlight pole to shear off at Ab =0
ground level when struck by a vehicle. They desire to -
estimate the force S required to shear off the ground Mpse =140 b
support bolts. From videotapes of a test impact they Ar” s/
know the angular velocity of the pole is W =0.74 rad/sec Qi 2 Ly
and the horizontal velocity of its centerpoint is V = 22
ft/sec after impact, whose zlluration is AtrI=) 0.01 sec. The 6= B.74 mj(g“ o
pole can be modeled as a 20-ft, 140 Ib pole. The car |
impacts the pole 2 ft above the ground, the couple exerted
on the pole by its support can be neglected.

Draw a free body diagram on the sketch to right of the
pole including impact force, shear force, weight, and
indicate directions of motion, V and .

\M:o

From the principle of linear impulse and momentum write an equation including the shear force S.
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From the principle of angular impulse and angular momentum write an equation for angular impulse
about the pole base. (Be careful with your negative and positive sense of rotation of the angular
rotations associated with the center velocity and pole rotation about its center.)
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Solve these equations for the average shear force S required.
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3. Given the 20 kg solid disk of radius 200 mm
suspended by cables and the 15 kg counterweight

at the end of the cable.
a. Draw the free body diagram for disk and
counterweight.
7'1 R=200 mm
Tg T s = 15kg
A
| 2
C »‘I« *

20k 152y

b. Calculate the upward acceleration , a, of the disk center 0 and the cable tension, T, between disk
and counterweight.
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4. In the previous problem assume that the 15 kg counterweight has fallen 1 meter.

a. Draw an “active force” diagram for the disk-counterweight system.
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b. Using the energy method calculate the resultant velocity, V, of the disk center of gravity and its
angular velocity, W, after the counterweight falls 1 meter.
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5. A uniform circular disk of mass 1 kg and radius 0.5m
rolls without slipping with a velocity V, = 1m/s. 1t
encounters an abrupt change in slope of 0= 10°.

a. Using the methods of conservation of momentum G A
find the new velocity of the cneter of the disk as it
starts up the incline. .
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b. What fraction of the initial energy is lost due to the contact with the incline? Assume that the
vlelocity of the mass center after contact is 0.9 m/sec.
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