Multiple choice questions (each 5 points)

1. A roller coaster rolls without friction along a track shown below. Its initial speed at the beginning of the track (which is somewhere off to the left, not shown) is great enough to allow it coast along the whole track. Neglect friction.


[image: image28.bmp] 

At what position, x, is the kinetic energy a maximum, and at what position, x, is the potential energy minimum.
(a):
KE Max at 100; 
PE Min at 100

(b):
KE Max at 50;  
PE Min at 50

(c):
KE Max at 100;
PE Min at 50

(d):
KE Max at 50;  
PE Min at 100

(e):
KE Max at 30;  
PE Min at 30

Solution:

The total energy does not change while the roller coaster rolls without friction along a track. Thus the sum of its potential energy PE and kinetic energy KE stays the same. Since the PE is the smallest at the lowest point of the track, the largest value of KE is at the same point.. The lowest point is at 100m, thus the correct answer is a. 
2. The position of a mass on a spring as a function of time is shown below. Consider the time corresponding to point P, a moment later at point Q, the mass will be at

(a): 
a larger x value, moving with a smaller speed V
(b): 
a smaller x value, moving with a smaller speed V
(c): 
a larger x value, moving with a larger speed V

(d): 
a smaller x value, moving with the same speed V
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(e): 
a larger x value, moving with the same speed V
Solution:

The curve on the figure is the position vs. time graph. Point Q has the larger x value than point P, while the slope at point Q is smaller than at point P. Since the slope is equal to the speed value, the correct answer is a.
3. Two identical stones, A and B, are shot from a cliff from the same height and with identical initial speeds v0. Stone A is shot vertically up, and stone B is shot vertically down. Which stone has a larger speed right before it hits the ground?

(a) 
Stone A (because it travels a longer time).

(b) 
Stone B (because it’s initial velocity is downward).

(c) 
Both stones have the same speed.
(d) 
You need to know masses

(e) 
You need to know height of the cliff 

[image: image2]
Solution:

At the ground level both stones have the same potential energy (we can assume it is equal to zero). Thus the stones’ speed at this point depends on the initial energy of the stones. The initial energy of each stone is equal to sum of potential gravitational and kinetic energies. Initial PEg has the same value for both stones since initially they are at the same height, and initial KE is the same since it does not depend on the direction of the motion but only on the magnitude. Thus the final energies of both stones are the same, and the stones have the same speed right before they hit the ground. So correct answer is c.
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4. A marble rolls down a frictionless track, and reaches speed v at the bottom. If you want it to reach a speed of 4 v at the bottom, you need the start of the new track to be

(a): 
twice as high as the original track height

(b): 
4 times as high as the original track height

(c): 
half as high as the original track height

(d): 
16 times as high as the original track height

(e): 
need more information
Solution:

The total energy does not change since there is no friction, thus the initial energy is equal to the final energy. Initial energy is PE=mgh and the final energy is KE= ½ mv2.  To have  the velocity at the bottom four times larger, the marble has to have 16 times larger energy. That means initial potential energy has to be 16 times larger, and the initial height has to be 16 times larger. So the correct answer is d.
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5. A ball bounces off the wall as shown. The direction of the impulse on the ball is ...

(a): 
straight up(
(b): 
straight down (
(c): 
to the right
(d): 
to the left
(e): 
need more information
Solution:

The impulse on the ball is equal to change of the momentum of the ball 
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. This vector is directed to the right, so the correct answer is c.
Problems
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1. 
a) (10 points)A bullet of mass m is fired horizontally with initial speed V into a wooden block of mass M attached to a horizontal spring of spring constant k, as shown on figure. The bullet remains in the block. Determine the amplitude of oscillations of the block with the bullet in it. Assume that the table is frictionless.

b) (5 points) An 5g bullet is fired horizontally with initial speed 300m/s into a wooden block of mass 2 kg attached to a horizontal spring of spring constant 103 N/m. The bullet remains in the block. Determine the amplitude of oscillations of the block with the bullet in it. Assume that the table is frictionless.

Solution:

a) Since the interaction between the bullet and the block is a perfectly inelastic collision, use conservation of momentum to find the speed of the block-bullet system after the collision:
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Immediately after the collision spring potential energy is zero and kinetic energy of the block-bullet system is equal to 
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. At the point of maximum spring compression velocity of the block-bullet system is zero and spring potential energy 
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, where Δx is the spring’s maximum compression and the value of the amplitude of block oscillation afterward.  In absence of friction and other external forces total energy of the block-bullet-spring system is conserved: 
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So the final answer is
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b) Substituting the numbers into this expression yields 
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2. 
a) (10 points) A skier starts from rest at the top of hill that is inclined by angle θ with respect to the horizontal. The hillside has a length L. The coefficient of kinetic friction between snow and skis is μk, and the coefficient of static friction is μs. Determine the velocity of the skier at the bottom of the hill.

b) (5 point) A skier starts from rest at the top of hill that is inclined 10° with respect to the horizontal. The hillside is 200m long, the coefficient of kinetic friction between snow and skis is 0.075 and the coefficient of static friction is 0.09. Determine the velocity of the skier at the bottom of the hill.

Solution:
a) Use the Work-Energy Theorem with the negative work done by friction:
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The work done by friction is 
[image: image11.wmf]q
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. At initial point at the top of the hill, kinetic energy of the skier is zero and his potential energy is mgh. At the bottom, potential energy is zero and kinetic energy ½ mv2, where v is velocity of the skier at the bottom of the hill. Thus  
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b) Substituting the numbers into this expression yields
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3. 
(10 extra point) A mass m is at the end of a light (massless) rope of length R, the other end of which has a frictionless pivot, and can move in vertical plane.
The rope is initially horizontal and the mass is pushed down with an initial speed vo. Determine the minimum initial speed to just make the object rotate through the whole circle.

Solution:

At the top point of the loop the mass should have centripetal acceleration ac equal to g and speed equal to 
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At the initial point, the mass gravitational potential energy is zero and kinetic energy of the mass is equal to 
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. At the highest point the kinetic energy of the mass 
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 and gravitational potential energy 
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, where h is difference in height between initial and final points. In absence of friction and other external forces total energy of the system is conserved: 
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Thus the final answer is 
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