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Laboratory 10: Conservation of Energy — Prelab

1 Cart attached to a suspended mass

A 0.600kg cart can slide along a horizontal
frictionless track as illustrated in Fig. 1. The cart
is attached to a 0.200kg suspended masspiece, Masspiece
which is released from rest at a height of 0.60 m
above the floor. These are released and the sus-
pended masspiece eventually hits the floor. Con-
sider the motion from when the cart is released
until just before the suspended masspiece hits the
floor.

Figure 1: Cart and suspended masspiece.

a) Determine the change in gravitational potential energy of the cart, AUgay cart,
the change in gravitational potential energy for the masspiece AUgray susp, and the
change in kinetic energy for the entire system A Kiotal-

b) Determine the speeds of the cart and the masspiece just before the masspiece hits
the ground.

c) The tension in the string is a not a conservative force. The total work done
by the tension in the string is Wstring total — Wstring on cart T Wstring on susp where
Witring on cart is the work done by the string on the cart and Wiiring on susp is the
work done by the string on the suspended masspiece. How are these related (equal,
one is larger, ...) to each other? What does this imply for the total work done by
the string?






Laboratory 10: Conservation of Energy — Activity

The mechanical energy of a physical system obeys

AE = Wy (1)

where AF = Ey — E; is the change in mechanical energy from an initial instant to a
final instant and Wy is the work done by all the non-conservative forces between these
instants. If W,. = 0 then

AFE = 0. (2)

and thus E; = E;. This is the law of conservation of energy.

In this experiment, you will consider en-
ergy conservation for the system illustrated in
Fig. 2. The cart and suspended masspiece will
be released from rest and allowed to accelerate Masspiece
until the suspended masspiece hits the floor.
The task will be to determine the change in
total energy from the moment of release (the
initial moment) to the moment just before the
suspended masspiece hits the floor (the final
moment).

Here, the mechanical energy of the system is

Cart,

Figure 2: Cart and suspended masspiece.

Etotal = Ktotal + Ugrav total (3)

where Kiqia1 is the kinetic energy of all parts of the system and Ugray total is the gravita-
tional potential energy of all parts of the system at any single moment. It can be shown
that, ideally in this situation, Wy = 0 and thus AF}., = 0. Then Eq. (3) implies that
conservation of energy is equivalent to

‘ AI(total = _AUgraV total (4)

where
AI(total = Ktotal = Ktotali (5)
AUvgrav total = Ugrav total f — Ugrav total 4+ (6)

Various measurements enable calculation of the energies involved, and ultimately the
conservation of mechanical energy, via Eq. (4) can be checked.



1 Theory and Experimental Design

The cart and suspended masspiece will be released from rest. Consider the initial
instant to be that at which the cart is released and the final instant to be that imme-
diately before the suspended masspiece hits the floor. Recall that the version of energy
conservation that we aim to check is AKigal = —AUgray total Over the period between
initial and final instants. Consider first, the gravitational potential energy.

a)
b)

Use Eq. 2 and Eq. 3 to derive Eq. 4.

Describe how to determine a numerical value for AUgray total. Your description
should include a list of the quantities that you need to measure (e.g. which mass is
involved, etc,...) and a procedure for calculating AUgyay total from these measured
numbers.

Now consider the kinetic energy.

c)
d)

e)

f)

g)

h)

Is AK for the cart positive, negative or zero?
Is AK for the masspiece positive, negative or zero?

Describe how to determine a numerical value for AK;y,. Your description should
include a list of the quantities that you need to measure (e.g. which mass is involved,
etc,...) and a procedure for calculating A Ky, from these measured numbers.

Describe how you will use measured values for AKiga and AUgray total to check
energy conservation.

You will need to measure the velocity of the cart at the instant before the suspended
masspiece hits the floor. Explain, using physics, why it is sufficient to measure the
velocity of the cart after the masspieces have hit the floor.

You will be supplied with a cart, suspended masspieces and an electronic timer
which can measure the speed of the cart. Briefly describe how you could use these
to construct an experiment to verify that the mechanical energy is conserved in the
scenario considered here.

2 Experiment

a)
b)

c)

d)

Level the track and adjust the pulley so that the string runs horizontally and freely.

Attach the photogate trigger (plexiglas sheet with black stripes) to the cart and
check, by running it through the photogate, that the detector is triggering on the
5cm long black strip.

Place the photogate so that it triggers shortly after the moment at which the sus-
pended masspiece has hit the floor.

Open Capstone, and connect the photogate using One photogate single flag. Arrange
a digits window to display Time in Gate. This will display the time that the black
strip takes to pass through the photogate.



e) Hold the cart at rest near the end of the track opposite the pulley. Measure the dis-
tance from the base of the masspiece hanger to the floor. Start the photogate timer,
release the cart and record the duration for which the black strip interrupted the
photogate. It may be a good idea to catch the cart after the cart passes through the
photogate to prevent the cart from bouncing off the track stop and passing through
the photogate a second time. Use your measured time to calculate the final speed
of the cart.

f) Calculate AKiota1 and AUgray total.- Describe whether the magnitudes of these are
the same, approximately the same, or substantially different. To get an idea of the
size of the discrepancy between them, determine the percentage difference via

’AKtotad’ - ’AUgrav total’
|AUgraV tota1|

x 100%.

g) Repeat parts e) and f) for two additional different suspended masses.

3 Conclusion

a) What does this experiment establish concerning mechanical energy?
b) Explain any discrepancies between your observations and the theoretical predic-
tions. For your explanation you should consider:
i) How accurately you were able to measure the quantities needed to carry out
the calculations.
ii) Whether there are any forces present that were not included in the energy
analysis.
iii) Whether there were any objects in the experiment whose motion was not in-
cluded in the analysis.

4 Report

The lab exercise that you have done was broken down into many small steps, whose
relationship to one another may not be obvious. In order to make sense of the entire
exercise, compile a brief, informal report describing the aims, methods and results;
excluding the data, a page should be enough. This may be written in bullet point form.
A guideline of what this might contain is:

o Introduction
— Describe the aim of the experiment. What is the question that it addresses?
e Set up and Theory

— Briefly describe/sketch the set up that can be used to meet the aim of the
experiment.

— Briefly describe what theory is useful for understanding the situation and what
it eventually predicts (include equations that form predictions). Include deriva-
tions that were essential.



e Frperiment
— Provide details of the experimental set up.
— Provide the experimental data and associated calculated quantities.

— Provide the data analysis.

e Conclusion and discussion
— Describe what the experiment showed. Did it verify something? If so, what?
Did it answer a question that was posed earlier? If so, how?

— Describe possible sources of error in this experiment. Be specific (stating that
“human error” is an issue without describing what human error and how it en-
tered is not acceptable). Describe, if possible, how such errors may be reduced.

— Describe the main conclusion of this experiment. What answer does it give?



