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1. A car moves in a straight line such that for a short time its velocity is defined by v = (9t2 +

2𝑡𝑡) ft/s, where t is in seconds. Determine its position and acceleration when t = 3 s. When t=0, 
s=0. 

2. A ball is thrown from a position 5 ft above the ground to the roof of a 40 ft high building, as 
shown in Fig.1. If the initial velocity of the ball is 70 ft/s, inclined at an angle 60º from the 
horizontal, determine the range or horizontal distance R from the point where the ball is thrown 
to where it strikes the roof. 

3. The rod OA, shown in Fig. 2, is rotating in the horizontal plane such that θ=(t3) rad. At the 
same time, the collar B is sliding outward along OA so that r=(100t2) mm. If in both cases t is 
in seconds, determine the velocity and acceleration of the collar when t=1 s. 

4. The smooth 2 kg cylinder C in Fig. 3 has a peg P through its center which passes through the 
slot in arm OA. If the arm rotates in the vertical plane at a constant rate θ̇=0.5 rad/s, determine 
the force that the arm exerts on the peg at the instant θ=60º. 

5. The 50 lb wheel shown in Fig.4 has a radius of gyration kG = 0.7 ft. If a 35 lbft couple 
moment is applied to the wheel, determine the acceleration of its mass center G. The 
coefficients of static and kinematic friction between the wheel and the plane at A are μs = 0.3 
and μk = 0.25, respectively. 
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1. Determine the magnitude of force F as a function of time, which must be applied to 

the end of the cord at A to raise the hook H with a constant velocity of v = 0.4 m/s. 
Initially the chain is at rest on the ground. Neglect the mass of the cord and the 
hook. The chain has a mass of 2 kg/m. 
 

2. The collar has a mass of 20 kg and is supported on the smooth rod. The attached 
springs are undeformed when d = 0.5 m. Determine the speed of the collar after the 
applied force F = 100 N causes it to be displaced so that d = 0.3 m. When d = 05 m 
the collar is at rest. 
 

3. The wheel shown in Fig.3 weights 40 lb and has a radius of gyration kG = 0.6 ft 
about its mass center G. If it is subjected to a clockwise couple moment of 15 
lbft and rolls from rest without slipping, determine its angular velocity with 
work and energy principle after its center G moves 0.5 ft. The spring has a 
stiffness k = 10 lb/ft and is initially unstretched when the couple moment is 
applied. 
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4. The crankshaft AB of an engine turns with a clockwise angular acceleration of 20 

rad/s2, Fig.4. Determine the acceleration of the piston at the instant AB is in the 
position shown. At this instant ωAB = 10 rad/s and ωBC = 2.43 rad/s. 
 

5. Disk A, shown in Fig. 5, starts from rest and rotates with a constant angular 
acceleration of αA = 2 rad/s2. If no slipping occurs between the disks, determine the 
angular velocity and angular acceleration of disk B just after A turns 10 
revolutions. 
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1 The 10-Kg wheel shown in Figure has a moment of 

inertia GI  = 0.156 Kg.m2. Assuming that the

wheel does not slip or rebound, determine the 

minimum velocity Gv  it must have to just rool

over the obstruction at A. 

2 The 5-kg slender rod is suspended from the pin at A 

shown in Figure. If a 1-kg ball B is thrown at the 

rod and strikes its center with a horizontal velocity 

of 9 m/s, detremine the angular velocity of the rod 

just after impact. The coefficient of restitution is e = 

0.4. 

3 The rod AB, shown in Figure, rotates clockwise 

such that it has an angular velocity AB = 4 rad/s2

when   = 450. Determine the angular motion of
rod DE at this instant. The collar at C is 

pin-connected to AB and slides over rod DE. 

4 The uniform slender pole shown in Figure has a 

mass of 100 kg and a moment of inertia GI  = 75

Kg.m2. If the coefficients of static and kinetic 

friction between the end of the pole and the surface 

are  s =0.3 and k =0.25, respectively,

determine the pole’s angular acceleration at the 

instant the 400-N horizontal force is applied. The 

pole is originally at rest. 
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1 The 10-Kg wheel shown in Figure has a moment of 

inertia IG=0.156 Kg.m
2
. Assuming that the wheel does 

not slip or rebound, determine the minimum velocity 

vG it must have to has roll over the obstruction at A.  

2 The 10-Kg homogeneous disk shown in Figure is 

attached to be a uniform 5-Kg rod AB. If the assembly 

is released from rest when Θ = 60
0
, determine the 

angular velocity of the rod whenΘ = 0
0
. Assume that 

the disk rolls without slipping. Neglect friction along 

the guide and the mass of the collar at B.  

3. The rod AB, shown in Figure, rotates clockwise such 

that it has an angular velocity ωAB = 3 rad/s and 

angular acceleration αAB = 4 rad/s
2
 whenΘ = 45

0. 

Determine the angular motion of rod DE at this 

instant. The collar at C is pin-connected to AB and 

slides over rod DE. 

 

4 The 2=Kg disk shown in Figure rests on a smooth 

horizontal surface and is attached to an elastic cord 

that has a stiffness kc = 20 N/m and is initially 

unstretched. If the disk is given a velocity (vD)1 = 1.5 

m/s, perpendicular to the cord, determine the rate at 

which the cord is being stretched and the speed of the 

disk at the instant the cord is stretched 0.2 m.  
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1. The 500-kg elevator starts from rest and travels upward 

with a constant acceleration ac = 2 m/s2. Determine the 

tension force of the cable and the power output of the 

motor M when t = 3 s. Neglect the mass of the pulleys 

and cable. 

      
 
 
 
 
 
 
 
 
 
   ac 
 

2. The 75-kg boy leaps off cart A with a horizontal velocity 

of v’ = 3 m/s measured relative to the cart. Determine 

the velocity of cart A just after the jump. If he then 

lands on cart B with the same velocity that he left cart 

A, determine the velocity of cart B just after he lands on 

it. Carts A and B have the same mass of 50 kg and are 

originally at rest. 

 
 
 

 

3. The 50-kg uniform crate rests on the platform for which 

the coefficient of static friction is μs = 0.5.  If at the 

instant θ=30° the supporting links have an angular 

velocity ω = 1 rad/s and angular acceleration α = 0.5 

rad/s2, determine the normal acceleration, the tangential 

acceleration and the frictional force on the crate.  

 

4. If corner A of the 60-kg plate is subjected to a vertical 

force of P = 500 N, and the plate is released from rest 

when θ=0°, determine the angular velocity of the plate 

when θ =45°. 
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1. If the cord is subjected to a constant force of F= 300 N 

and the 15-kg smooth collar starts from rest at A, 

determine the velocity of the collar when it reaches 

point B. Neglect the size of the pulley. 

  
 
 
 
 
 
 
 
     

2. The 0.5-kg ball is fired from the tube at A with a 

velocity of v = 6 m/s. If the coefficient of restitution 

between the ball and the surface is e = 0.8, determine 

the height h after it bounces off the surface. 

 
 
 

 
3. The 150-kg uniform crate rests on the 10-kg cart. 

Determine the maximum force P that can be applied to 

the handle without causing the crate to slip or tip on the 

cart. The coefficient of static friction between the crate 

and cart is μs = 0.2. Assuming that there is no friction 

between the wheels and ground. 

 

4. The uniform hatch door, having a mass of 15 kg and a 

mass center at G, is supported in the Horizontal plane 

by bearings at A and B. If a vertical force F = 300 N is 

applied to the door as shown. Please determine the 

components of reaction at the bearings and the angular 

acceleration of the door. The bearing at A will resist a 

component of force in the y direction, whereas the 

bearing at B will not. For the calculation, assume the 

door to be a thin plate and neglect the size of each 

bearing. The door is originally at rest. 
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1. The boy at A attempts to throw a ball over the roof of a barn such that it is launched at an angle 

𝜃𝐴 = 400. Determine the minimum speed 𝑣𝐴 at which he must throw the ball so that it reaches 

its maximum height at C. Also, find the distance d where the boy must stand so that he can 

make the throw. 

 

2. If blocks A and B of mass 10 kg and 6 kg, respectively, are placed on the inclined plane and 

released, determine the force developed in the link. The coefficients of kinetic friction between 

the blocks and the inclined plane are μ𝐴 = 0.1 and μ𝐴 = 0.3. Neglect the mass of the link.  
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3. The cue ball A is given an initial velocity (𝑣𝐴)1 = 5 (𝑚/𝑠). If it makes a direct collision with 

ball B (e = 0.8), determine the velocity of B and the angle θ just after it rebounds from the 

cushion at C (e′ = 0.6). Each ball has a mass of 0.4 kg. Neglect their size.  

 

 

4. Crank AB is rotating with an angular velocity of 𝜔𝐴𝐵 = 5 (rad/s) and an angular acceleration 

of 𝛼𝐴𝐵 = 6 (rad/𝑠2). Determine the angular acceleration of BC and the acceleration of the 

slider block C at the instant shown.   
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5. If the 40-kg gear B is released from rest at θ = 00, determine the angular velocity of the 20-

kg gear A at the instant θ = 900. The radii of gyration of gear A and B about their respective 

centers of mass are 𝑘𝐴 = 125 mm and  𝑘𝐵 = 175 mm. The outer gear ring P is fixed.   
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1. The uniform hatch door as shown in Fig. 1, having a mass of 15 kg and a mass center at G, 

is supported in the Horizontal plane by bearings at A and B. If a vertical force F = 300 N 

is applied to the door as shown. Please determine the components of reaction at the bearings 

and the angular acceleration of the door. The bearing at A will resist a component of force 

in the y direction, whereas the bearing at B will not. For the calculation, assume the door 

to be a thin plate and neglect the size of each bearing. The door is originally at rest. 

 

Fig. 1 

 

2. If arm OA is subjected to a torque of M = 5N-M, determine the spin angular velocity of the 

10-kg disk after the arm had turned 2 revolutions, starting from the rest. The disk rolls on 

the horizontal plane without slipping as shown in Fig. 2. Neglect the mass of the arm. 
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Fig. 2 

3. As shown in Fig. 3, a ball of mass m is dropped vertically from a height h0 above the ground. 

If it rebounds to a height h1, determine the coefficient of restitution between the ball and 

the ground. 

 

Fig. 3 

 

4. At a given instant, the slider block A has the velocity and acceleration as shown in Fig. 4. 

Determine the acceleration of block B and the angular acceleration of the link at this instant. 

 

Fig. 4 


