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Answer When the object has a positive position, its location will be to the right of the origin, and when it has a negative position, its location will be to the left. If the net force acting on the object is in the same direction as its velocity, then its kinetic energy will increase; otherwise it will decrease. Based on the change in kinetic energy,  the velocity (and therefore the momentum) is in the same direction as the net force in the first, third, fifth, and seventh cases. If the sign of the velocity is the same as the sign of the position, then the object is moving away from the origin, and the momentum direction is also away from the origin. Finally, because both the magnitude of the momentum and the kinetic energy are proportional to the speed of the object, when one quantity increases, so does the other. 
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Answer: Speedboat A will have less kinetic energy than Speedboat B. The ratio of the speeds of the boats will be in the inverse of the ratio of the masses. In other words, if the mass of A is three times the mass of B, then the speed of B will be three times the speed of A. Since the speed is squared in calculating kinetic energy, if the mass were to remain the same and the speed were tripled, the kinetic energy would be nine times as great. In this case, the mass is one-third while the speed is tripled, so the overall kinetic energy will be 9 x 1/3 = 3 times as great.
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Answer: None of these students are entirely correct, but Andre is close. The change in velocity is the final velocity minus the initial velocity, or 10 m/s west. So the change in momentum is 20 kgm/s west. Andre has the correct magnitude but has forgotten to include the direction of this vector quantity. 
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Answer: The 8 kgm/s is incorrect since the impulse and the change in momentum are vector quantities and this
description does not treat them as such. Using a coordinate axis with positive x to the right and positive y toward
the top of the page, the final momentum of the object is zero in the x-direction, so the change in momentum in
the x-direction is –6 kgm/s. The initial momentum of the object in the y-direction is zero, so the change in
momentum in the y-direction is 14 kgm/s. We can use the Pythagorean theorem to find the magnitude of the
change in momentum, which is 15.2 km/s. The direction of the change in momentum is 23.2 degrees to the left
of the positive-y axis.
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Answer: The student’s calculations are wrong.
The impulse is given by the area under the curve which for the first two seconds is 2 N·s since (1/2)·2 s·2 N= 2
N·s. The student’s calculation for the next three seconds is correct.
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Answer: B > C > A > D > E.
The impulse for each time interval is equal to the area under the graph during that time interval. From zero to 2
seconds this is 2 kg m/s; from 2 to 4 seconds it is 4 kg m/s; from 4 to 6 seconds it is 3.67 kg m/s; from 6 to 8
seconds it is 1.33 kg m/s; and from 8 to 10 seconds it is zero. (Note that you don’t really need to calculate values
as a visual inspection will enable one to rank the areas.)
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NT7B-RT12: FORCE vs. TIME GRAPH—IMPULSE APPLIED TO Box
A 10-kg box, initially at rest, moves along a frictionless horizontal surface. A horizontal force to
the right is applied to the box. The magnitude of the force changes as a function of time as shown.

Force (Newtons)

- Time (seconds)

2 4 6 H 10

Rank the impulse applied to the box by this force during each 2-second interval indicated
below.

A.0to2s B.2tods C.4tobs D.6to8s E.8to10s

Greatest 1 2 3 4 5 Least
OR, The impulse applied to the box during each of the intervals is the same but not zero.

OR. The impulse applied to the box during each of the intervals is zero.
OR, We cannot determine the ranking of the impulse applied to the box during the intervals. __
Plex

explain your reasoning.
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NT7A-QRT1: PosiTioN AND NET FORCE SIGNS AND CHANGE IN KINETIC ENERGY—
MomENTUM

An object is moving in one dimension. The coordinate axis below shows the origin, marked 0,
and the positive direction, which is to the right. The signs for the instantaneous position, the net
force acting on the object, and what is happening to the kinetic energy during a 2-second interval
are given in the table. The first row of the table is complete, giving the location of the object
(either left or right of the origin), the direction of momentum of the object (either toward or away
from the origin), and what is happening to the magnitude of the momentum of the object during
the 2-second time interval (either increasing or decreasing).

Complete the rest of the table for the location, direction of momentum, and magnitude of
momentum of the object.

————— >

0
Dircetion of

Momentum | Magnitude
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Position | Net Foree Energy | (leftorright) | away from) | Momentum
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- - Decreasing
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NT7A-CT4: SPEEDBOATS WITH THE SAME KINETIC ENERGY—MOMENTUM
Two speedboats are moving at constant speeds on a straight stretch of a racecourse. Speedboat A
has more mass than Speedboat B. At the instant shown, the two speedboats have the same kinetic

energy.

Is the momentum of Speedboat A greater than, less than, or equal to the momentum of
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NT7A-CCT7: OBJECT CHANGING VELOCITY lll—IMPULSE
A 2-kg object accelerates as a net external force is applied to it. During the 5-second interval that
the force is applied, the object’s velocity changes from 3 m/s east to 7 ms west.

—0 o—
Imis —- 5 seconds later: -7
Several students discussing the impulse on this object state the following:

Andre:  “The impulse is equal to the change in momentum, which is (2 kg)(3 m/s + 7
mls) = 20 kg-mls.”

Bela:  “But the change in velocity is 4 m/s. We multiply by the mass to get the
change in momentum, and also the impulse, which is & kg-m/s.”

Carleton: “The change in momentum of this object during these 5 seconds was 8 kg-m/s
s0 the impulse applied to this object during these 5 seconds was 8/5 kg-m/s.”

Dylan:  “The impulse is the force F times the time t and since we don’t know the
Jorce, we can’t find the impulse for this situation.”

Which, if any, of these three students do you agree with?

Andre Bela Carleton Dylan None of them_

Please explain your reasoning.
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NT7A-WWT8: OBJECT CHANGING DIRECTION AND SPEED—IMPULSE
A student proposes the following description for the impulse on a 2-kg object that changes
direction and speed as shown:

“The object goes from moving at 3 m/s in the positive x-direction o 7 m/s in the positive y-

direction in 5 seconds. So the impulse given to it is & kg-ns, since the impulse equals the
change in momentum. The 5 seconds does not enter into the calculation of this impulse.”

—0 o
Jms —p 5 scconds later:

What, if anything, is wrong with this statement? If anything is wrong, identify it and
explain how to correct it. If this statement is correct, explain why
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NT7B-WWT10: FORCE vs. TIME GRAPH—IMPULSE APPLIED TO Box
A 10-kg box, initially at rest, moves along a frictionless horizontal surface. A horizontal force to
the right is applied to the box. The magnitude of the force changes as a function of time as shown.

Force (Newtons)

+—r—> Time (scconds)

10
A student calculates that the impulse applied by the force during the first 2 seconds is 4 N-s and
that the impulse applied during the following 3 seconds is 6 N-s.

What, if anything, is wrong with these calculations? If something is wrong, identify it and
explain how to correct it. If these calculations are correct, explain why.





