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Question paper has 2 pages (back to back). 
All questions carry equal marks. Answer any 4 questions from page 1 and any 2 questions from page 2. Any assumptions 

made in solving the questions should be justified with reasons. 
CCW = counter clockwise, CW = clockwise, g =9.81 m/s2 

1. The hydraulic cylinder extends with a velocity of 1.5m/s and an 
acceleration of 0.5m/s2

. Determine the angular acceleration of link 
ABC and the acceleration of end C at the instant shown. Point 8 is 
connected to the slider block by a pin (revolute) joint. 

2. A ball moves along the slot 
from A to B with a speed of 3 
m/s, which is increasing at 

Figure for Q2 1.5m/s2
, both measured 

relative to the circular plate. At 
this same instant the plate 

Figure for Ql 

rotates with the angular velocity 6 rad/s CCW and angular 
acceleration 1.5rad/s2 CW about the z axis. Determine the velocity 
and acceleration of the ball when it is at point C. 

X 3. The 15-kg disk is pinned at 
and is initially at rest. If a 1 0 g 

bullet is fired into the disk with a velocity of 200m/s, as shown, 
determine the maximum angle 8 to which the disk swings. The bullet 
becomes embedded in the disk after impact. 

Figure for Q4 B 4. The wheel has a mass 
of 50 kg and a radius of 

Figure for Q3 

gyration 0.4 m. If it rolls without slipping down the inclined 
plank, determine the horizontal and vertical components of 
reaction at A, and the normal reaction at the smooth support 
B at the instant the wheel is located at the midpoint of the 
plank. The plank has negligible thickness and has a mass of 
20 kg. 

5. The operation 
of a doorbell requires the use of an electromagnet, which 
attracts the iron clapper that is pinned at end A and consists 
of a 0.2-kg~ slender rod to which ·is attacned a 0.04-kg steel 
ball having a radius of 6mm. If the attractive force of the 
magnet is 0.5 N when the switch is on, determine the initial 
angular acceleration of the clapper. The spring is already pre 
stretched by 20 mm in the configuration shown. Also find the 
reactions at the pin at A. 
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6. At the instant shown, the motor rotates about the z ax.is with 
an angular velocity of 3 rad/s CCW and angular acceleration of 
1.5 rad/s

2 
CCW. Simultaneously, shaft OA rotates with an 

angular velocity of 6 rad/s CCW and angular acceleration of 3 
rad/s

2 
CCW and collar C slides downward along rod AB with a 

velocity of 6 m/s and acceleration of 3 m/s2. Determine the 
velocity and acceleration of collar C at this instant. 

Figure for Q6 

7. The 200-kg satellite has its center of mass at point G. 
Its radii of gyration about the x', y', z' axes are 300mm, 
500mm and 500mm respectively. At the instant shown, the 
satellite rotates about the x', y', z' axes with the angular 
velocities shown, and its center of mass G has a velocity of 
vG= -250i+200j+120k m/s. Determine the angular 
momentum of the satellite about point A and its kinetic 
energy at this instant. 

8. If shaft AB rotates with a constant angular velocity of 
50 rad/s, determine..the X, Y, Z components of reaction at 
journal bearing A (offers negligible reaction force along Z 
and negligible (eaction moments in any direction) and 
thrust bearing 8 (offers negligible reaction moments in 
any direction) at the instant shown. The thin plate has a 
mass of 10 kg. Neglect the mass of shaft AB. 
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