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Part 1

Solutions
1.  Boat A is initially docked on a river at x=0. At t = 0 a second boat B cruises by the dock traveling in the +x-direction with constant speed of 15.0 m/s. At t = 9.50s, boat A takes off from the dock traveling in the same direction as boat B with an acceleration of 3.50 m/s2. Find the time it takes for boat A and B to be side-by-side.

a.  Write out the kinematic equation for boat A describing its trajectory, including the quantities given above.
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b.  Write out the kinematic equation for boat B describing its trajectory, including the quantities given above.
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e.  Solve for the time.

Combine:
 
[image: image3.emf]%(3.50)0 —-9.50)* =(15.0)¢
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Solve quadratic equation: t = 23.8 s

[image: image4.emf]









2.  2 blocks (mA and mB) are attached by a light string, are released, and start to move. The pulley is massless; the table has a coefficient of kinetic friction of k.

a.  Draw free body diagrams for the 2 blocks on the diagrams above and to the right.









5
b.  Write out Newton's 2nd Law (F=ma) for both blocks in the x- and y-directions using the coordinate system and parameters above. 

A:  x:  T - fk = T -
[image: image5.emf]H,
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B:  y:  mBg - T = mBa





c.  The mass of block A is 10.0 kg; block B is 6.00 kg. The table has a kinetic friction coefficient of 0.350; static coefficient of 0.450. Find the magnitude of the acceleration of the 2 blocks.

Combine the equations:
T - ( (10.0)g  = (10.0)a 
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(6.00)g - T = (6.00)a 
g(6.00 - 3.50) = (16.0)a

a = 1.53 m/s2
[image: image6.emf]N











3.  Block A (mass of 3.50 kg) is sliding on the top of block B (mass of 8.50 kg). Block B is being pushed with a force of 55.0 N. Block B is sliding on a frictionless (bottom) surface. The coefficient of kinetic friction between the blocks is 0.400.

a.  Draw a free body diagram of block A and block B on the figure above and to the right.








10
b.  Find the magnitude of the frictional force on block A.

A: y: FN - mg = 0
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FN = (3.50)(9.81) = 34.3 N


[image: image7.emf]fi =, F, =(0.400)(343)=13.7N
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c.  Find the magnitude of the acceleration of block A.

A: x: fk = ma








10
a = (13.7)/3.5 = 3.91 m/s2
d.  Find the magnitude of the acceleration of block B.

B: x: F - fk = ma
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a = (55.0 - 13.7)/(8.50) = 4.86 m/s2
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[image: image8.emf]4.0











4.  
A 1.50 kg block is being pushed horizontally with a variable force as shown in the above plot.

a.  Find the work done on the block from points A to B.

W=(area under curve) = 2.00x1.00=2.00J
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b.  Find the work done on the block from points B to C.
W=(area under curve) = (2.00x1.00)x0.5=1.00J



5
c.  Find the work done on the block from points C to D.

W=(area under curve) = -(2.00x1.00)x0.5=-1.00J


5
d.  If the block has a speed of 1.75 m/s at x=0, find the speed at x=3.00 m.
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[image: image10.emf]









5.  A block with mass of 3.50 kg is released from rest at the top of a frictionless ramp which has a length of 2.50 m and makes an angle of 35o with respect to the horizontal. At the bottom of the ramp the block slides onto a rough patch of ground which has a length of 1.50 m. After sliding on the rough patch, the block has a speed of 4.50 m/s. The block then hits a spring with a spring constant of 150 N/m. 

a.  Use Conservation of Energy to find the speed of the block at the bottom of the ramp.
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b.  Use Conservation of Energy to find the coefficient of kinetic friction of the rough patch.
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c.  Find the maximum compression of the spring.
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[image: image14.emf]









6.  A 2.50 kg block is traveling in a straight line in the +x-direction on a frictionless surface at a constant speed of 4.50 m/s. It hits and sticks to a 1.50 kg block that had been at rest. 

a.  What kind of collision is this?

inelastic








5
b.  To verify your answer to part b. what quantities do you need to compare before and after the collision?

total kinetic energy







5
c.  Find the speed of the 2-block combination after the collision.
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d.  Some time after the collision, the double block breaks into 3 pieces, as shown above. A 1.00 kg piece heads off in the negative y-direction with a speed of 3.50 m/s. A 0.750 kg piece flies off in a direction 150o counterclockwise from the x-axis at a speed of 5.00 m/s. Find the trajectory of the third piece and write it in vector notation.
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1.  A wheel which is a rim of mass 2.50 kg and radius 0.750 m with 4 spokes of mass 0.500 kg is rolling without slipping on a horizontal surface with a linear speed of 4.50 m/s.

a.  Find the moment of inertia of the wheel about its axis.

I = 
[image: image18.emf]MR + 4%mR2 =[2.50+ %(0.500)](0.750)2
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b.  Find the kinetic energy of the rolling wheel.
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c.  The wheel approaches a ramp which has an angle of 35o. Use conservation of energy to find the maximum (change in) height the wheel obtains.\
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[image: image21.emf]
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2.  A block of mass 0.500 kg is hanging at rest from a string of length 0.850 m. Another ball of mass 0.400 kg is traveling at a speed of 3.50 m/s. It strikes and sticks to the block.

a.  Find the angular momentum (in vector notation) of the ball before the collision with respect to the pivot point of the axis about which the block swings. Take the +z direction as out of the paper.
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b.  Find the angular momentum (in vector notation) of the ball-block system just after the collision.

same









5
c.  Find the angular speed of the ball-block system just after the collision.
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d.  Use Conservation of Energy (including Rotational Kinetic Energy) to find the maximum angle the string makes as the ball-block swings up.
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3.  A block of mass 1.25 kg is attached to a spring of spring constant 1.50 kN. The block is stretched by 55.0 cm and released at t = 0. 

a.  Find the angular frequency of the oscillating block. 
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5
b.  Write the equation of motion of the system.

x=(0.550m)cos((34.6rad/s)t)





5
c.  Find the acceleration the first time the block has a velocity of -14.0 m/s.
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