[bookmark: _Toc108150295][bookmark: _Toc114824098][bookmark: _Toc145384857][bookmark: _Toc151095610][bookmark: _Toc151738733]nT7C-CT15: Two Boxes on a Frictionless Surface—Speed 
Two boxes are tied together by a string and are sitting at rest in the middle of a large frictionless surface. Between the two boxes is a massless compressed spring. The string tying the two boxes together is cut suddenly and the spring expands, pushing the boxes apart. The box on the left has four times the mass of the box on the right.
[image: ]
At the instant (after the string is cut) that the boxes lose contact with the spring, will the speed of the box on the left be greater than, less than, or equal to the speed of the box on the right?
Explain.
Answer: The box on the left will have one-fourth the speed of the box on the right. Before the string is cut, the momentum of the system is zero. Momentum will be conserved, so the boxes will have equal but opposite momenta after they lose contact with the spring. So the box with the larger mass will have a lower speed. 


[bookmark: _Toc108150296][bookmark: _Toc114824099][bookmark: _Toc145384858][bookmark: _Toc151095611][bookmark: _Toc151738734]nT7C-WWT16: Two Skaters Pushing off Each Other—Force 
Two skaters, a large girl and a small boy, are initially standing face-to-face but then push off each other. The boy ends up with more kinetic energy than the girl. A physics student who is watching makes the following contention about the forces that the boy and girl exerted on each other: 
“Since the boy has more kinetic energy he also has more momentum, so the girl had to have pushed harder on him than he pushed on her.” 
What, if anything, is wrong with this contention? If something is wrong, identify all problems and explain how to correct them. If this contention is correct, explain why.
Answer: The boy does not have a larger momentum than the girl after they push off from each other: Their momenta are equal. Newton’s Third Law requires that the forces the two exerted on each other had to have been equal in magnitude and oppositely directed, and since those forces acted for the same time intervals, the change in momentum had to be equal in magnitude but oppositely directed for the two skaters. Consequently, since they both started from rest, their final momenta are equal in magnitude.

[bookmark: _Toc167861155][bookmark: _Toc41724190][bookmark: _Toc46348684][bookmark: _Toc77035573][bookmark: _Toc80520932][bookmark: _Toc145384860][bookmark: _Toc151095613][bookmark: _Toc151738736]nT7D-RT18: Colliding Carts Sticking Together—Final Speed
In each of the six figures below, two carts traveling in opposite directions are about to collide. The carts are all identical in size and shape, but they carry different loads and are initially traveling at different speeds. The carts stick together after the collision. There is no friction between the carts and the ground.

[image: ]
Rank these situations on the basis of the speed of the two-cart systems after the collision. 
Greatest	1 _______ 2 _______ 3 _______ 4 _______ 5 _______ 6 _______	Least
OR, The speed is the same but not zero for these two-cart systems after the collision. 	___
OR, The speed is zero for these two-cart systems after the collision. 	___
OR, We cannot determine the ranking for the speeds of these cart systems after the collision. 	___
Please explain your reasoning.
Answer: The speed is zero for all six carts; the total initial momentum is zero so after the collision the carts will be at rest. 


[bookmark: _Toc115487998][bookmark: _Toc145384862][bookmark: _Toc151095615][bookmark: _Toc151738738]nT7D-CT20: Bullet Strikes a Wooden Block—Block & Bullet Speed After Impact
[image: ]In Case A, a metal bullet penetrates a wooden block. In Case B, a rubber bullet with the same initial speed and mass bounces off of an identical wooden block. 
a) Will the speed of the wooden block after the collision be greater in Case A, greater in Case B, or the same in both cases? 
Explain.
[image: ]Answer: Greater for B. The initial momentum in both cases is the same and points to the right. The final momentum of the bullet points to the right in Case A and to the left in Case B. Since the final momentum of the system consisting of the bullet and the block is the same as the initial momentum, and this final momentum is the vector sum of the momentum of the bullet and the momentum of the block, the momentum of the block must be greater in Case B.


b) Will the speed of the bullet in Case B after the collision be greater than, less than, or the same as the speed of the bullet just before the collision? 
Explain.
Answer: Less than. The energy of the system containing both block and bullet cannot be greater after the collision than before. The initial energy is the kinetic energy of the bullet, and the final energy is the sum of the kinetic energies of the bullet and the block. Since the block has a non-zero final kinetic energy, the final kinetic energy of the bullet must be less than the initial kinetic energy of the bullet.

[bookmark: _Toc75330175][bookmark: _Toc80345563][bookmark: _Toc99688378][bookmark: _Toc145384866][bookmark: _Toc151095619][bookmark: _Toc151738742]nT7D-CCT24: Colliding Carts That Stick Together—Final Kinetic Energy
Two identical carts traveling in opposite directions are shown just before they collide. The carts carry different loads and are initially traveling at different speeds. The carts stick together after the collision. 
[image: ]
Three physics students discussing this situation make the following contentions:
Alex: 	“These carts will both be at rest after the collision since the initial momentum of the system is zero, and the final momentum has to be zero also.”
Belinda:	“If that were true it would mean that they would have zero kinetic energy after the collision and that would violate conservation of energy. Since the right-hand cart has more kinetic energy, the combined carts will be moving slowly to the left after the collision.”
Chano: 	“I think that after the collision the pair of carts will be traveling left at 20 cm/s. That way conservation of momentum and conservation of energy are both satisfied.”
Which, if any, of these three students do you think is correct? 
Alex _____ Belinda _____ Chano _____ None of them______
Please explain your reasoning.
Answer: Alex is correct. The momenta of the two carts are equal and opposite before the collision, so the total initial momentum is zero and the total final momentum has to be zero also. 

[image: ]
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B5-RT23: COLLIDING CARTS STICKING TOGETHER—FINAL SPEED
Two carts traveling in opposite directions are about to collide. The carts are all identical in size and shape, but they
carry different loads and are traveling at different speeds. The carts stick together after the collision. There is no

friction between the carts and the ground.
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Rank the speed of the two-cart systems after the collision.
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Explain your reasoning.
Answer: The final speed is zero for all of the cart systems.
The total initial momentum of the system of two carts is zero for all cases, so after the collision the two carts,

which are stuck together, will be at rest.
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B5-SCT24: Two MoVING CARTS—RESULT OF COLLISION
Carts A and B are shown just before they collide. Four
students discussing this situation make the following

3m/s 4m/s
> -

contentions: 4kg 3ke

Alma: ‘After the collision, the carts will stick together ~ —— Cartn D d cas —
and move off to the left. Cart B has more speed, — L - - i -
and its speed is going to determine which cart (o) o) OOl
dominates in the collision.” ! ! ! ! !

Baxter: “I think they’ll stick together and move off to the right because Cart A is heavier. It’s like when a
heavy truck hits a car: The truck is going to win no matter which one’s going fastest, just because it’s
heavier.”

Callie: “I think the speed and the mass compensate, and the carts are going to be at rest after the collision.”

Dante: “The carts must have the same momentum after the collision as before the collision, and the only way

this is going to happen is if they keep the same speeds. All the collision does is change their directions,
so that Cart A will be moving to the left at 3 m/s and Cart B will be moving to the right at 4 m/s.”

‘With which, if any, of these students do you agree?

Alma Baxter Callie Dante None of them

Explain your reasoning.

Answer: None of these contentions is correct.

We do not have enough information to determine the velocity of either cart after the collision. Momentum will be
conserved for the collision, but this could happen in a number of ways, such as the carts sticking together and
remaining at rest, or the carts bouncing off one another. What actually happens depends on the construction of
the carts and on the material of the surfaces that come into contact (rubber, clay, Velcro, etc.).
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