Problem Set #2, PHYS 141, Schwartz, Due the beginning of class, Monday, Oct. 1
Please read textbook sections 1.0 – 1.4. While you are reading, please address the exercises. In
particular, please do and hand in the following:
1. Exercise 1 in chapter 1.5, rocket acceleration.
Answer: We use a kinematics lens because we know the position of the rocket as an explicit
function of time by looking at the video frames. The rocket has enormous acceleration at
takeoff! The speed changes from zero to about 67 m/s in 1/30 of a second or less, because it
could have made the change in much less than one video slide. Thus, the acceleration is at least
2000 m/s2, or 200 gravities. This acceleration would instantly kill a person. The rocket’s velocity
doesn’t change much after it takes off, as determined by the near equal distances travelled
between the second - third frame transition, and the first- second frame transition. However, if
we look closer, it seems the rocket moved about 225 cm between the first and second frame,
and about 195 cm between the second and third frame, corresponding to a reduction in speed
of about 9 m/s. This change would have taken place in 1/30 of a second, corresponding to an
acceleration of 270 m/s2 slowing the rocket – way less than the 2000 m/s2 at take-off, but still
more than gravity. However, there is significant air friction acting on the high-speed rocket.
Because the rocket has very little mass (using a dynamics lens because the frictional and
gravitational forces cause the rocket to accelerate), the acceleration, a = F/m can be pretty high.
2. Taken from Exercise 3 in chapter 1.5. Please be mindful to identify a lens for each step:
You push a 1000 kg car from rest on smooth level ground. It takes you 5 s to get the car to a
speed of 1 m/s.
a) What is the car’s acceleration? This is a kinematics lens, because we are looking only at
the car’s motion as it evolves in time. We use the definition of acceleration to find the
car’s acceleration to be 0.2 m/s2.
b) What is the force you are exerting on the car? This is a dynamics lens because the force
is causing the car to accelerate. Using F = ma, we can find a total force of 200 N.
c) How does this force compare with the force of gravity on your body? Again, we can use a
dynamics lens because gravity acting on my body would cause it to acceleration at
10 m/s2. Thus, the force from gravity on my 70-kg body is about 700 N. So, I’m not
pushing as hard on the car as gravity is pulling on me.
d) Please imagine doing this in your mind. Does this sound reasonable? I personally imagine
that I’d have to give the car a nudge of greater force to break the frictional force that
keeps it from starting. However, if the 1000 kg car were instead a 1000 boat floating
tranquilly at a dock, then this would make sense.
e) Estimate the power you put out accelerating the car. I will use an energy lens because
my work is transformed into kinetic energy of the car = ½ mv2, or 500 J. Power is the rate
of change of this energy. Thus, the average power over the 5 seconds is 100 W.

This is the first problem that requires the use of force units, the Newton, N. I haven’t defined this
unit, but we have defined and spoken about force already. Can you describe a Newton in terms of
other more basic units to do this problem?
This is the first problem that requires the use of force units, the Newton, N. I haven’t defined this
unit, but we have defined and spoken about force already. Can you describe a Newton in terms of
other more basic units to do this problem?
**Please let me know if you find some mistake in the text (or a video), or if there is something that
is confusing the way it is written. I appreciate any feedback that will improve the material for
everyone.
3. Please read through exercise 8 in 1.6. What does this tell you about conservation of energy versus
conservation of kinetic energy in a collision?
Answer: Total energy is always conserved. In a collision, no outside work is done, so total energy
must be conserved. However, we see that kinetic energy (mechanical energy) is lost in the inelastic
collision. Some of the mechanical energy is changed to thermal energy. The take-away from this is
that we can’t use conservation of (kinetic) energy to solve for speeds in an inelastic collision. We
should use a momentum lens because if there is no outside force, total momentum of a system won’t
change.
4. Exercise 1 in 1.9, scaling energy of a cart.. answer: This is just a straight up math problem. Using the
formula for kinetic energy, ½mv2, doubling the mass introduces a factor of 2, and tripling the velocity
introduces a factor of 9 because the speed is squared. Thus, Cart A has 18 times the kinetic energy of
Cart B.
5. If I double the height from which I drop a rock, by what factor will this change the final velocity of
the rock immediately before impact? That is if DHB = 2DHA, vfB =_?__ vfA. Please draw a picture of
this, provide a lens and carefully consider.
Answer: We use an energy lens here because potential energy is changed to kinetic energy. By
doubling the height, we’re doubling the potential energy, which must double the final kinetic energy.
However, if we double the speed, the kinetic energy increases by a factor of 4. Multiplying the speed
by square root of 2 (~1.41) would double the kinetic energy. It is worth considering why gravitational

acceleration would accelerate a rock to twice the speed in twice the distance. Using a kinematics
lens, we can reason that as the rock falls, it accelerates, so it covers the second half of the distance in
less time than it takes it to cover the first half. Thus, the time taken accelerating at 10 m/s2 is less for
the second half of the fall, and the speed will increase more in the first half of the fall than in the
second half.

8. I inadvertently walk off a cliff. The
process comes to a grim result 3
seconds later when I meet the ground.
Please look at this process closely
through all 4 lenses.
NOTE: These questions may not be in
the best order for answering them. My
advice is to look through all of them
quickly and start thinking about what’s
happening… did you make a drawing?
That’s usually the most important step
in problem analysis.
a) Momentum: The key here is
that momentum is conserved
only if the outside force is zero.
In this case, the force of gravity
(and the normal force when I hit the ground) acts between me and the earth, by which we
exchange momentum. There is no external force on the me-earth system, so the system’s
total momentum (me and the earth) is conserved.
i)
How does my momentum change during the three seconds and thereafter? My
downward momentum increases and then at the end suddenly changes back to zero
from a short, intense normal force.
ii)
Why should this be the case? Using a momentum lens, the earth’s momentum is
equal and opposite to mine, but we don’t notice this motion because the mass of the
earth is so large that changes speed imperceptibly.
iii)
Can you make a rough graph of my momentum as a function of time from 0 seconds
to 4 seconds?

iv)

Is momentum conserved during this process? Did I break the law of conservation of
momentum? The total momentum of the me-earth system remains constant.
v)
If it’s true that momentum inside of a closed system must be conserved, please
describe the full system we’re talking about here. Again, the system is the me-earth
system.
b) Energy:
i)
Please identify energy transitions or state why there are none. The gravitational
potential energy of me and the earth transitions to kinetic energy, and then to
thermal energy.
ii)
What is the energy at the very beginning? What is the form of energy at the very
end? See above.
iii)
Was energy conserved? Please describe. Energy is conserved but changes form.
c) Forces:
i)
Is there a force or forces acting on me? Please identify. There is an attractive
gravitational force between me and the earth, and there is a repulsive normal force
between us at the end.
ii)
I’ve defined a force as an interaction between two bodies whereby momentum is
transferred. Can you identify two bodies? What do we mean by momentum is
transferred? What is happening? Attractive gravitational force imparts equal and
opposite momenta onto me and the earth as we fall together. The repulsive normal
force exchanges these momenta back so that each again has momentum of zero.
d) Kinematics:
i)
Can you describe my motion? What might my speed look like as a function of time.
Can you make a speed vs time graph? With constant acceleration, my velocity – time
graph should be a straight line with a negate slope of ~10 m/s2.
ii)
Can you describe my height as a function of time? Can you make a height vs time
graph? The slope of this graph is the velocity, which is becoming more and more
negative, so the graph curves downward in a parabolic shape.

14. Imagine a 5 kg box sliding down a
frictionless curved track at the edge of
a 60 m high cliff as shown at right. We
would like to know how fast it’s going
at the bottom. Neglect air friction.
a) Describe using each of the four
lenses, what is happening in this
process.
b) Which lens is the most helpful to
find the final speed of the block at
the end?
c) Please find out the speed at the
bottom of the track.

Now imagine that there are two other tracks that the box could use as shown at right, bottom.
d) Which track should we use for the
fastest final speed, or would all three
tracks yield the same final speed?
Which lens do you look at this
problem through? Please explain
your answer.
e) How about if we wanted to know
which was going the fastest half way
down the total length of its path?
f) If three identical frictionless boxes
were released at the top of each
track, which would get to the bottom
first, or would it be the same for all
of them? Please explain your answer in terms of which lens you used.

A

B

C

The most useful lens is the energy lens because potential energy is being converted to kinetic energy
as the box descends. Thus A, B, and C tracks all result in the same final speed because the same
amount of potential energy is lost. Half way through, the box on C would have lost the most
potential energy, so it would have the greatest amount of kinetic energy and thus the greatest
speed. In fact, the box on C would have the greatest speed throughout the trip, so it would finish
first, then the box on B, then A would finish last.
The other interesting lens (in my opinion) is the momentum lens. The momentum of the box changes
significantly… so there must be an outside force with who? The EARTH! So we recognize that the
earth must have acquired the opposite change of momentum as the cart gained. We see this in the
class demo when the track is a cart on wheels rather than connected to the earth… the cart recoils in
the opposite direction as the cart.

