CT8-1. A hockey puck slides without friction along a frozen lake toward an ice ramp and plateau as shown.  The speed of the puck is 4m/s and the height of the plateau is 1m.  Will the puck make it all the way up the ramp?

[image: image1.wmf]2

2

11

x

22

kxmghmv

=+


Green: Yes       Pink: No   

Purple: impossible to determine without knowing the mass of the puck.

If the puck has just enough initial KE to make it to the top of the ramp and come to rest, then

E​initial = Efinal
(1/2)mv2 = mgh,  or (1/2)v2 = gh.  Plugging in numbers, we get (1/2)(42) = (?) (9.8)(1), or 8 = (?) 9.8.  The initial KE side of this equation is less than the final PE side.  So the mass, will not make it to the top.

Ch8-2.  A spring-loaded dart gun shoots a dart straight up into the air, and the dart reaches a maximum height of 24 m.  The same dart is shot straight up a second time from the same gun, but this time the spring is compressed only half as far before firing.  How far up does the dart go this time, neglecting friction and assuming an ideal spring?

Pink: 48m

Green: 24m
Yellow: 12m 


Blue: 6m

Purple: 3m

Answer: 6m.  Initially, before the dart is fired, the energy is PEelastic = (1/2)kx2 (assuming we set h=0 at the initial position of the dart).  Just after the dart leaves the barrel of the dart gun, the PEelastic as all been converted to KE of the dart.  As the dart rises, the KE changes to PEgrav = mgh.  At the top of the trajectory, the energy is all PEgrav.  So we have (1/2)kx2   = mgh, or  x2 proportional to h,  x2 ( h.  If the spring is compressed half as much, the x is half the original value, x2 is one-quarter the original value and so is h.

A spring-loaded dart gun shoots a dart straight up into the air, and the dart reaches a maximum height of 24 m.    The same gun is reloaded with the spring compressed the same amount, but now the gun is aimed at an angle of 45o to the horizontal.  Will the dart reach the same maximum height of 24m? Assume no frictional losses.

Pink: Yes, the dart will reach the same height

Yellow: No, the dart will not reach the same height. 

Answer: No, the dart will not reach the same height.  Total energy = KE+PE is conserved.  The energy equation comparing the energy when the dart is still in the gun, about to be fired, to the energy when the dart is at the top of its trajectory with vy=0, and vx = vocos( is 
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.    From this equation, we see that mgh < (1/2)kx2.

CT8-3.
A mass m is at the end of light (massless) rod of length R, the other end of which has a frictionless pivot so the rod can swing in a vertical plane.  The rod is initially horizontal and the mass is pushed down with an initial speed vo .  What initial kinetic energy is required for the mass to pivot 270o to the vertical position?
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Pink: mgR

Yellow: mg(2R)

Blue: mg(3R)

Answer: mgR.  If we set h=0 at the initial position of the mass, then Einitial  = (1/2)mvo2

and Efinal = mgh = mgR.  So (1/2)mvo2 = mgR.  In conservation of energy problems(with no friction), only the initial and final configurations matter. What happens in between is irrelevant.

Note that we would have the same answer even if we set h=0 at the bottom of the swing.

CT8-4

A small mass, starting at rest, slides without friction down a rail to a loop-de-loop as shown.  The maximum height of the loop is the same as the initial height of the mass.
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Will the ball make it to the top of the loop?


Green: Yes, the ball will make it to the top of the loop.

Pink: No, the ball will not make it to the top.

Yellow: Not enough info to say, or don't know.

Answer: No, the ball will not make it to the top.  In order for the ball to remain in contact with the rail, it must be moving all the time (if it where to stop at any point along the top half of the loop, it would just fall straight down). But if the ball has some non-zero KE=(1/2)mv2 then its PE = mgh must be less than its initial total energy which is its initial PE=mgho.
CT8-5.
A cart rolls without friction along a track.  The graph of PE vs. position is shown.  The total mechanical energy (KE + PE) is 45kJ. 
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To within 5kJ, what is the maximum KE over the stretch of track shown?

Pink: 25kJ  
Yellow: 7kJ
Blue: 45kJ



Purple: None of these.

Answer: None of these, about 35kJ.  The KE is the distance on the graph from the PE curve to the Etot line.

When the KE is a minimum (over this stretch of track), what is the direction of the acceleration?

Pink: up

Green: down

Yellow: right



Blue: Left

Purple: some other direction (at an angle) or zero.

Answer: Down.  As the carts goes over the round-topped hill, it has circular motion.  The acceleration is toward the center of the circle.  True, the speed is not constant, but a "delta-vee" argument shows the acceleration points down

When the KE is max, what is the direction of the acceleration?

Pink: up

Green: down

Yellow: right



Blue: Left

Purple: some other direction (at an angle) or zero.

Answer: If the bottom of the valley is flat-bottomed (as I tried to indicate on the graph) then acceleration is zero.   If the bottom of the valley is rounded, then the acceleration is upward.

CT8-6

A cart rolls without friction along a track.  The graph of PE vs. position is shown.  The total mechanical energy (KE + PE) is 0 kJ. 

[image: image6.wmf]What is the maximum KE of the cart during its journey (to within 5kJ)?

Pink: 35kJ

Green: 48kJ

Blue: 16kJ

Yellow:-16kJ

Purple: None of these/don't know

Answer: 48kJ.  The KE cannot be negative, by definition.  The positive KE is what must be added to the negative PE to get the total energy (zero).  It is always true (in the case of no friction) that KE+PE=Etot.
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Suppose the cart is at position x = 20m, is moving right, and has total energy Etot = -20kJ.  Will the cart make it over the hill at x=38m?

Green: Yes.  
Pink: No.

Answer: No.  The "turning point" occurs when the KE=0, which is when PE=E​tot.  The cart slows to a stop and turns around at about 32m.
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