Chapter 9 Momentum and Impulse
Q9.1. Reason: The velocities and masses vary from object to object, so there is no choice but to compute 
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 for each one and then compare.
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So the answer is 
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Assess: The largest, most massive object did not have the greatest momentum because it was moving slower than the rest.
Q9.5. Reason: The sum of the momenta of the three pieces must be the zero vector. Since the first piece is traveling east, its momentum will have the form 
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 is a positive number. Since the second piece is traveling north, its momentum will have the form 
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 is a positive number. If a third momentum is to be added to these and the result is to be 
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 then the third momentum must be 
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 Since its east-west and north-south components are both negative, the momentum of the third piece must point south west and so the velocity must be south west. The answer is D.

Assess: It makes sense that the third piece would need to travel southwest. It needs a western component of momentum to cancel the eastern component of the first piece and it needs a southern component to cancel the northern component of the second piece.
Q9.7. Reason: Since both carts are stationary after the collision the final total momentum of the two-cart system is zero. By conservation of momentum, the total momentum of the system must have also been zero before the collision. Therefore the momentum of the 3 kg cart must have been the same magnitude (and opposite direction) as the momentum of the 2 kg cart. Since the momentum of the 2 kg cart was 6 kg m/s, then the speed of the 3 kg cart must have been 2 m/s.

Assess: If the carts stick together the collision is inelastic.
Q9.13. Reason: You do not move backward when passing the basketball because the ball-you system is not isolated: There is a net external force on the system—the friction force of the floor on your feet—to keep you from moving backward that changes the momentum of the system. If the ball-you system is isolated (say you are on frictionless ice), then you do move backward when you pass the ball.

Assess: If the friction force of the floor on you keeps you from moving backward (relative to the floor), then the law of conservation of momentum doesn’t apply because the system isn’t isolated. But you could then include the floor, building, and the earth in the system so it (the system) is isolated; then momentum of the system is conserved—and that means the earth does recoil ever so slightly when you pass the basketball.

Q9.19. Reason: From Equations 9.5, 9.2, and 9.8, Newton’s second law can be profitably rewritten as


[image: image10.wmf]avg

p

F

t

D

=

D

r

r

 This allows us to directly solve the question.
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Since we only need the magnitude, the correct answer is D.

Assess: This is a large force but the speeds aren’t very large. However, the time interval is so short that a large force is needed to change the momentum that much in so short a time.

Q9.21. Reason: The system consisting of both blocks is isolated and so the momentum of the system is conserved. 
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where the two blocks stick together to make one compound object after the collision. We want to know
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The correct answer is D.

Assess: One could mentally confirm that the answer is reasonable by thinking of the larger block on the right. It gets a little kick from the other block and so will go a bit faster than the
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it had before. Only answer D fits that.
Q9.23. Reason: The initial momentum of the first block is 
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 and the initial momentum of the second block is 
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 The sum of these, 
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 gives the total momentum, before and after the collision. After the collision, the final velocity of the two is obtained by dividing the total momentum by the total mass:
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Now the final momentum of block 2 is the product of its mass and final velocity: 
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 The impulse of block 1 on block 2 equals the change in momentum of block 2: 


[image: image21.wmf]1 on 22

()15.0 kgm/s– (–47.6 kgm/s) 32.6 kgm/s.

xx

Jp

=D=-××=×


Now impulse equals the area under a force versus time graph. So we need to choose the graph whose area is about 
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 The graphs are approximately triangular, so each has an area that is approximately half its base times its height. Choice D looks the best because the height is 
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 and the base is about 25 ms for an area of about: 
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The other graphs differ from this by a factor of 10 or more.

Assess: Even though we can’t determine the value of the force on block 2 at each time, we can find the area under the force curve which is just the impulse.
Q9.25. Reason: Momentum is conserved in this process. Consider the figure below.
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The total momentum of the system before the collision is
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since the blue ball is initially at rest. The total initial momentum is zero.

The final momentum of the system must be zero also. This gives
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Solving for the momentum of the blue ball,
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Since the red ball is moving south and the green ball is moving east, the blue ball must be moving west and north. The correct choice is C.

Assess: The final direction of the blue ball could be inferred from the fact that the total initial momentum is zero and the velocities of the red and green balls on the vector diagram above.

P9.1. Prepare: Model the bicycle and its rider as a particle. Also model the car as a particle. We will use 
Equations 9.7 for momentum.

Solve: From the definition of momentum,
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Assess: This is a reasonable speed. This problem shows the importance of mass in comparing two momenta
P9.3. Prepare: From Equations 9.5, 9.2, and 9.8, Newton’s second law can be profitably rewritten as
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Solve: This allows us to find the force on the snowball. By Newton’s third law we know that the snowball exerts a force of equal magnitude on the wall.
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where the negative sign indicates that the force on the snowball is opposite its original momentum. So the force on the wall is also 6.0 N.

Assess: This is not a large force, but the snowball has low mass, a moderate speed, and the collision time is fairly long.

P9.5. Prepare: We use the equation 
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Solve: The initial momentum of sled and rider is 
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 and the final momentum of sled and rider is 
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 So the impulse is given by
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Assess: This is a reasonable impulse. It could result, for example, from a force of around nine pounds for two seconds.
P9.7. Prepare: Model the object as a particle and its interaction with the force as a collision. We will use 
Equations 9.1 and 9.9. Because 
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Solve: (a) Using the equations
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The force is to the right.

(b) Likewise,
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This force is also to the right.

Assess: For an object with positive velocity, a negative impulse slows down an object and a positive impulse increases speed. The opposite is true for an object with negative velocity.

P9.9. Prepare: From Equations 9.5, 9.2, and 9.8, Newton’s second law can be profitably rewritten as 
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Solve: This allows us to find the force on the child and sled.
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where the negative sign indicates that the force is in the direction opposite the original motion, as stated in the problem. So the amount (magnitude) of the average force you need to exert is 110 N.

Assess: This result is neither too large nor too small. In some collision problems
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is quite a bit shorter and so the force is correspondingly larger.
P9.13. Prepare: We’ll call the system the two carts and consider it an isolated system so we can apply the law of conservation of momentum. The action all takes place in one dimension, so we don’t need y-components. Let the subscript 1 stand for the small cart and 2 for the large.

Solve:
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We want to know 
[image: image46.wmf]2f

()

x

v

 so we solve for it. Also recall that 
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 so the middle term in the following numerator drops out. The small cart recoils, which means its velocity after the collision is negative.
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Assess: The large cart does not move quickly, but the answer is reasonable because of the greater mass of the large cart.

We have followed the significant figure rules and kept three significant figures.

P9.19. Prepare: The ice is frictionless. Considering the hunter and bullet as the system, momentum will be conserved because there are no external forces acting in the horizontal direction. Assume the hunter shoots to our right.

Solve: The momentum of the system before the man fires the gun is zero because everything is at rest. The momentum of the entire system must also be zero after the man fires the gun since momentum is conserved in the system. See the diagram below.
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Writing the momentum of the man and gun as 
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Solving for 
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The man moves to the left with a speed of 0.47 m/s.

Assess: This result seems reasonable. Though the bullet has a high speed, the mass of the bullet is much smaller than the mass of the man.

P9.21. Prepare:  We will define our system to be 
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 This is the case of an inelastic collision because the bird and bug move together after the collision. Horizontal momentum is conserved because there are no external forces acting on the system during the collision.
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Solve: The conservation of momentum equation 
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Assess: We left masses in grams, rather than convert to kilograms, because the mass units cancel out from both sides of the equation. Note that 
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 is negative. As would have been expected, the final speed is a little lower than the initial speed because (1) the bug has finite mass and (2) the bug has relatively large speed compared to the bird.

P9.25. Prepare: Since there are no external forces, we can use the law of conservation of momentum. 

Solve: The sum of the momenta of the two blocks before the collision equals the momentum of the coupled blocks after the collision so we write
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We can solve this last equation for the second mass and obtain 
[image: image62.wmf]2

1.0 kg.

m

=


Assess: It is reasonable that the second mass is less than the first because the final speed, 
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 is closer to the initial speed of the first block, 
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 than it is to the initial speed of the second block, 
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P9.29. Prepare: We assume that the momentum is conserved in the collision.

Solve: The conservation of momentum Equation 9.14 yields
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The final momentum vector of particle 1 that has the above components is shown below.
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