RIII-0 

Ball 1 of mass m moving right with speed v bounces off ball 2 with mass M (M > m), and then moves left with speed 2v. 
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What is the magnitude of the impulse I = (p of ball 1?

A: mv
 
B: 2mv

C: 3mv

D: (1/2)mv

E: None of these /don't know

By how much did the momentum of ball 2 decrease?

A: mv
 
B: 2mv

C: 3mv

D: (1/2)mv
E: zero /don't know

Answers:  Lets choose right as the +x direction. (p = pf-pi = -(2)mv-mv = -(3)mv. 
[image: image46.wmf].    Or graphically, 
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The momentum of ball 2 decreased by 3mv  By conservation of momentum, the change in momentum of ball 2 must be equal in magnitude (and opposite in sign) to the change in momentum of ball 1.
RIII- AUTONUM  \* Arabic  Two balls, labeled 1 and 2,  collide.  Their initial momenta and the momentum of ball 2 is shown in the figure.  


What is the x-component of the final momentum of ball 1?

A: -2

B: -1

C: 0

D: +1

E: +2

What is the y-component of the final momentum of ball 1?

A: -4

B: -3

C: -1

D: 0

E: +4
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Answers:  p2fi = 0, p2fy = –3

Before  the collision  p1x=+2
p2x= –3.   
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So the x-components of the final momenta must add up to -1, and the y-components of the final momenta must sum to 0. 

[image: image15.wmf] RIII- AUTONUM  \* Arabic 
What is the torque about the origin?

A: rF sin(

B: rF cos(
[image: image16.wmf]friction

no friction

Try again. What is the torque about the origin?

A: rF sin(

B: rF cos(
Answer: rF cos(
Answer: rF sin(
RIII- AUTONUM  \* Arabic  A uniform rod of length L,  mass M, with one end on the ground is released from rest at an angle ( from the horizontal.  It falls over, rotating about the bottom end.  Immediately after the rod is released, the upper end….
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has angular velocity ( ​​​​___  and   angular acceleration (   ​​____
 

A: zero, zero
B: not zero, not zero. 

C: zero, not zero

D: not zero, zero
has  tangential acceleration at 
____ and has radial acceleration ar  ______  
A: zero, zero
B: not zero, not zero. 

C: zero, not zero

D: not zero, zero

Answers: Initially (t=0+)  ( = 0,   ( ( 0,  at = ( r ( 0,  ar = v2/r = 0 (since v=(r=0, initially). The instant the rod is released, there is a net torque on the rod due to gravity, so there is an (=(/I,  but ( is initially zero.  It takes time for the ( to build up.

As the rod falls over (as ( decreases to zero), the angular acceleration (
A: increases

B: decreases

C: remains constant.

(Hint: think ()

Answer: ( is increasing since the torque ( = rF( = (L/2)mg sin( is increasing.

RIII- AUTONUM  \* Arabic  A disk of mass M and area A and radius R is reshaped into a square of the same area A (and the same mass M).  The edge length L of the square is related to the radius R of the disk by L2 = (R2.
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  The moment of inertia I of the square is 

A: larger 

B: smaller

C: the same as

the moment of inertia I of the disk.

Answer: Isquare > Idisk     In deforming from disk to square, mass was moved further from the center.
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RIII- AUTONUM  \* Arabic  A disk rolls without slipping down the left side of a valley-shaped  container.    The right side of the container is completely frictionless.

 Compared to its initial height on the left, the disk’s maximum height on the right is ..
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A: higher


B: lower


C: the same.

A tricky one!  When the ball is at the bottom its total KE is KEtot=KEtrans+KErot.  Because the surface is frictionless, the ball continues spinning at a constant ( as it climbs up the left side.  The spinning disk cannot change its rotation rate ( because, without friction, there is no torque to slow it down.  Only the KEtran gets converted into PE=mgh and the disk climbs to a lower final height.

[image: image21.wmf]If, instead, the disk were released from rest on the right ,on the frictionless surface, then it would finish on the left with the same height as initially (assuming no losses due to sliding friction).  Conservation of energy demands this.  What happens is this: the ball slips down the right side without rolling and it has maximum KEtrans at the bottom just before it hits the left surface.  The instant it hits the friction surface, it must transition from sliding to rolling. The ball's KEtrans must instantly drop and the KErot rises, but the KEtot remains the same.  That KEtot is transformed back into PE as it rises.  In a real physical system, the ball would skid a bit as it transitions from sliding to rolling, and some KE would be lost to heat.  If the heat loss was non-negligible then the final height would be less than the initial height.

RIII- AUTONUM  \* Arabic  A frictionless sliding hockey puck and a rolling hoop each have the same mass m and the same initial speed v.  Each has enough initial KE to travels up an inclined plane a height h  as shown.
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Which object has more total KE at the top of the hill?

A: Hoop

B: puck


C: Same KE at the top.

Answer: Hoop.  Before they roll up the hill, the hoop has greater KEtot than the puck (since they have the same KEtrans , while the hoop also has KErot).   Both objects lose the same total amount of KE ((KE = –mgh).  If the hoop starts out with more KE, and then both lose the same amount, then the hoop still has more KE in the end.

Which object is going faster at the top? 

(Hint: Both start with the same translational KE.  Which loses more KEtrans.)

A: Hoop

B: puck


C: Same speed at the top.

Answer: This one is tricky.  The hoop goes faster at the top.  Both hoop and puck have the same KEtrans = (1/2)mv2,  but , in addition, the hoop has some KErot.  In going up the hill, both hoop and puck lose the same amount of KE ((KE = –mgh).  But for the puck, all of its lost KE was translational KE.  While for the hoop, only half of its lost KE was lost translational KE (the other half was lost rotational KE).   Both start out with the same KEtrans​, but the hoop loses less KEtrans in going up the hill, so it finishes with more KEtrans than the puck.  Greater KEtrans  means greater speed v (since the masses are the same).

RIII- AUTONUM  \* Arabic 
A horizontal wheel of radius R is spinning freely with constant angular velocity about a fixed axis.


[image: image4.wmf]
At what point on the wheel is the magnitude of the linear acceleration, a, the largest?

A: near the center
B: along  the rim


C: somewhere roughly midway between the center and the rim. 

D: Nowhere, a=0 everywhere on the wheel.
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Would the answer be any different is the wheel were spinning about a vertical axis? 

A: Yes

B: No.

Answers: a = ( r = v2/r.   ( is the same everywhere on the disk, so the largest r has the largest a = ( r.  Using the formula a = v2/r  is not so easy because both r and v vary over the disk.

The answer is the same regardless of the orientation of the disk.  Gravity has no effect on the question or the answer.

RIII- AUTONUM  \* Arabic A horizontal hoop of mass M and radius R is rotating about a frictionless pivot with frequency fo.  A disk, also of mass M and radius R, is dropped from rest onto the hoop.   The disk sticks to the hoop. What is the final frequency of the (hoop + disk)?
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Ihoop = MR2

Idisk = (1/2)MR2
A: (1/2)fo 

B: (1/4)fo

C: (2/3)fo


D:  fo (No change)


E: None of these/don't know.

Answer: (2/3)fo   I( = I 2(f must remain constant due to conservation of angular momentum.  Before the disk is dropped, the Iinitial = MR2 (hoop only).  After the disk is dropped, Ifinal = (1 + 0.5)MR2 = (3/2)MR2  (hoop + disk).  So the I increased by a factor of (3/2).  The frequency f must decrease by a factor of (2/3).


RIII- AUTONUM  \* Arabic 
Two forces are applied to a bar as shown in the diagram.  Force F is applied at a 45o angle at the center of the bar; force 4F is applied at a 90o angle at the right end of the bar.  Is it possible to maintain the bar in static equilibrium by applying an appropriate third force at the left end of the bar?
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A: No

B: Yes

Two people pull on a door which is in static equilibrium.  Seen from above the people pulls are ....
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The force on the door from the hinge can be completely determined by using only the equation(s)..

A:  (Fx = 0 ,  (Fy = 0

B: (( = 0  with origin about right end

C: (( = 0  with origin about center of door

D: All three equations [ (Fx = 0 ,  (Fy = 0, (( = 0 ]are needed to completely determine the force from the hinge on the door.

Answers: Question 1: NO!  There is no force which can be applied at the left end of the rod which can produce (( = 0 about an origin at the left end.

Question 2: (Fx = 0 ,  (Fy = 0 is all you need to get the x- and y-components of the force exerted by the hinge on the door.
RIII- AUTONUM  \* Arabic  To keep his knapsack safe from bears, a camper hang his sack from a rope strung between two trees.  Is the rope more likely to break when ..

(A)  the rope is more nearly horizontal 

(B) the rope is less nearly horizontal.
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Answer: The tension is greater when the rope is nearly horizontal.

Considering the forces on the knot.  
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As ( decreases (rope becomes more nearly vertical), the tension increases.  The tension becomes infinite in the limit ((0.
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RIII- AUTONUM  \* Arabic  A box of mass M is sitting at the edge of a diving board of the same mass M, total length L.  The board has two supports: one in the middle, one on the end, as shown.  What the y-component of the force on the board Fy from the right support?  (Hint: consider the torque about the C.M. of the board.)

A: Mg

B: 2Mg
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C: –2Mg



D: None of these/don't know

Answer: None of these, Fy = –Mg

The force diagram is shown below.  Acting at the middle of the board is the weight (Mg) downward and the upward force Fmidsupport of the middle support. But neither of these two forces exerts a torque about the middle of the board.  The torque due to the mass on the left (=MgL/2) must be balanced by an equal and opposite torque from the right.

[image: image28.wmf]k

m

h

i

h

f

x


RIII- AUTONUM  \* Arabic 
A mass m  is dropped from rest from a height hi above a table top on which sits a spring with spring constant k.  The mass compresses the spring by a maximum amount x and stops for an instant at a height hf​ .  There is no friction in this problem. Which of the following equations correctly expresses conservation of energy and allows one to solve for the compression x of the spring?

[image: image29.wmf]A 
[image: image8.wmf]mgh

mv

kx

i

+

=

1

2

2

1

2

2




B 
[image: image9.wmf]mgh

kx

mgh

i

f

=

+

1

2

2


C 
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D 
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E None of these equations is correct.

Answer: 
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