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1. Please see Fig. 1. The small car, which has a mass of 25 kg, rolls freely on the horizontal track and
carries the 5-kg sphere mounted on the light rotating rod with » = 0.5 m. A geared motor drive maintains

a constant angular speed = 4 rad/s of the rod. If the car has a velocity v= 0.5 m/s when 6 =0°, calculate
vwhen @ =60°. Neglect the mass of the wheels and any friction. (25%)
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Fig. 1

2. Please see Fig. 2. The nozzle discharges water at the rate of 1.3 m®/min. Knowing that the velocity of
the water at both A and B has a magnitude of 20 m/s and neglecting the weight of the vane, determine
the components of the reactions at C and D. Note that water has a density of 1000 kg/m?. (25%)
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Fig. 2
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3. Please see Fig. 3. The motion of the slender uniform rod AB is guided by the two wheels rolling in the
slots. Assume that the mass of the two small wheels are negligible, and the two wheels roll without
friction in the slots. Given that the mass of the rod is m, its length is L, and the gravitation acceleration
is g. If the rod is released from rest in the position shown, please derive the following (in terms of m, L,
g and 0) immediately after release: (a) the angular acceleration of the rod (15%), (b) the reaction force

at B (10%).

Fig. 3

4. Please see Fig. 4. The vertical plunger has a mass of 2.0 kg and is supported by the two springs, which
are always in compression. Calculate the natural frequency f, of vibration of the plunger if it is deflected
from the equilibrium position and released from rest. Friction in the guide is negligible. (25%)

k') = 1.5 kN/m

2.0kg
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