EM311M - Dynamics
Exam 3
Monday, Dec 1, 2008, 6:00-8:00 p.m., WEL 3.502

1. Use Cartesian coordinates to compute the product of inertia I,,, for a homogeneous
triangular plate of mass m shown below. (5 points)
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2. Define the transformation matrix from system Ozyz to system O'z'y’z’ and compute it
for the systems shown below. (5 points) '
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3. Derive the formula for the kinetic energy of a rigid body undergoing an arbitrary planar
motion. (5 points)
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4. Review the two scenarios below. In Wthh case do you expect the acceleration of 5 1b
block be smaller? Explain. (5 points)
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5. Derive the equation of angular motion for a rigid body undergoing an arbitrary motion,
in the body-fitted system of coordinates (5 points) ‘
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6. The 2-kg slender bar and K-kg block are released from rest in the position
friction is negligible, what is the block’s acceleration at that instant? {25 point )

y‘!’_ — - t}/'
p— - - s
i
7 -7 ol
= K XA L
%C gA =
£

Rt e

:":‘»’, K = Qg7 X N ’ -
Y
EAN 1@ 52, k.0
N \v‘ K ’ 5
Ty s e [

Bar : 7 - 7 /9.69 -0.287 = 41
+ iia LG Y DLy — LA e ™ ),
= 0.8%a = - L.6%1 + DA B 4= 0584 0 = O {6 Q<
= = 560l & D h0E o
(1}
Bq,r + ()[O(l( : Z’F )
-’ - | ) e
()
- Z (4~ O/ Af'{// q>- 5 A _ 4//)
'/75, o 463? 21 0{ '5 Q O ,/ / ..... /,\
OGE o = — 5. 687 ¢ O Eed e

shown. If

g7 4O
P

Co o} o()
Aé(aggf; 0, 410 b)
(041, -0-227 ‘3‘1§ |

.. -




7. The horizontal velocity of the landing airplane (’s center of mass) is 50 m/s, its vertical
velocity is 2 m/s, and its angular velocity is zero. The mass of the airplane is 12,000 kg,
and the moment of inertia -about its center of mass is 100,000 kg;mz. The coefficient of
restitution of the landing impact is e = 0.4. Determine the angular velocity of the airplane

after the impact. (25 points)
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8. If the 5-kg plate is released from rest in the horizontal position, what force is exerted on

it by the ball-and-socket support at that instant ? (25 points)
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17. (bonus) A satellite can be modeled as an 1000-kg cylinder 4m in length and 2m in
diameter. If the nutation angle is # = 20°, and the spin rate ¢ is one revolution per second,
what is the satellite’s precession rate v in revolutions per second? (25 points)
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