
Lab 9. Work and Energy

Goals

• To apply the concept of work to each of the forces acting on an object pulled up an incline
at constant speed.

• To compare the total work on an object to the change in its kinetic energy as a first step in
the application of the so-called Work-Energy Theorem.

Introduction

The notion of ÒworkÓ has a special meaning in physics. When the applied force is constant in
magnitude and direction, and the motion is along a straight line, the formula for work reduces
to:

W = Fd cos θ = (F cos θ)d = F (d cos θ) (9.1)

where F is the magnitude of the force, d is the magnitude of the displacement, and θ is the angle
between the force vector and the displacement vector. As magnitudes, F and d are always positive
quantities, so the sign of the work is determined by the factor of cos θ.

If the force is not constant, then one must sum the work done over each of a series of very small dis-
placements, where the force is approximately constant over each small displacement. In calculus,
this process is described in terms of integration.

The concept of work is most useful for point particles in the presence of conservative forces (no
friction). Because work is a scalar and forces are vectors, problems that can be solved using the
work concept are usually easier to solve by using work than by using NewtonÕs Second Law.

Work done on a cart moving at constant velocity

Carefully place the wooden block on edge under the end of the track opposite the pulley so that
the track is at an angle of 4–5°. Hint: “Hooking” the small rubber feet on the bottom of the track
over the edge of the block will keep the track from slipping and changing the angle if the track
is bumped. Determine the angle of the ramp to within about one-tenth of a degree. A protractor
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canÕt be read accurately enough; use some trigonometry! Measure the mass of the cart and the
mass of one of the black steel bars. A steel bar will be placed in the cart for this experiment.

Work done by you on the cart with spring scale parallel to track

Using the small spring scale held parallel to the ramp, pull the cart with the steel bar on board
at a slow constant velocity up the ramp a distance of 0.5 m. From the definition of work in your
textbook or the Introduction above, calculate the work done by you in pulling the cart up the
ramp. Be careful of units! The gram readings of the spring scale need to be converted to newtons
appropriately.

Repeat the measurement as you carefully lower the cart down the ramp at constant velocity.

Work done by you on the cart with spring scale inclined 60° to track

Pull the cart up the track through the 0.5 m distance at constant velocity while holding the spring
scale at an angle of 60° with respect to the ramp. Again calculate the work done by you in pulling
the cart up the ramp. Compare these values and comment on the results.

Repeat the measurement as you carefully lower the cart down the ramp at constant velocity.

Work done by gravity on the cart as it moves up and down the ramp

Draw a free-body force diagram of the cart being pulled up the ramp. (Ignore friction.) You have
already computed the work you did as the cart was pulled up the ramp. Now calculate the work
done by each of the other forces. Show the steps of your analysis carefully here and be careful of
signs.

Repeat the free-body diagram and work calculations for the cart as it moves down the ramp. Use
a table to show the values of the work done by each force acting on the cart for the 0¡ and 60¡
orientations of the spring balance. Sum the values of the work to find the total work done by all
the forces acting on the cart for each of the two cases.

When a net force begins to act on an object at rest, the object begins to move. One can argue
mathematically (see your textbook for the details) that the work done on the object (neglecting
friction) is equal to the change in its kinetic energy if we define the kinetic energy to be mv2/2,
where m is the mass of the object and v is its speed. Remember that the net force on the cart is
zero when it moves with constant velocity.

Based on the Work-Energy Theorem, what total work would you expect for each case? Did your
calculated total work values behave in accordance with these expectations? Make quantitative
comparisons between your expected and experimental results. Explain.

Applying the Work-Energy theorem to an accelerating cart

Before beginning this investigation, level the track. Then add or subtract paper clips on the end
of the string as necessary to cancel the frictional forces acting on the pulley and cart as the cart
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moves toward the pulley end of the track. When you have achieved the correct balance between
the weight of the paper clips and the friction, the net force on the cart will be very close to zero.
Then the acceleration of the cart should also be very close to zero. (What will the velocity-time
graph look like if the acceleration is zero?) Give the cart a gentle push toward the pulley and use
DataStudio with the Smart Pulley sensor to measure the acceleration. Adjust the number of paper
clips as necessary to “fine-tune” the apparatus, so that the average acceleration is as close to zero
as possible.

Place a 20-g mass on the end of the string in addition to the paper clips. The net force on the
system (cart plus hanging mass) is now the weight of the 20-g mass. As the cart moves and the 20-
g hanging mass descends, work is done by the gravitational force on the cart-hanging mass system.
Is work done by any other forces acting on the system? Remember that we have “cancelled out”
the frictional force with the paper clips, so friction need not be considered here.

Move the cart to the end of the track opposite the pulley and release it from rest. Click the “Start”
button in DataStudio a couple seconds before releasing the cart. This ensures that you get some
data before the cart is released. With the Smart Pulley, DataStudio defines the position of the cart
at the beginning of data collection to be zero. This will be helpful below.

Take appropriate data to address the question of whether the total work done on the system is
equal to the change in kinetic energy. Note that the computer can calculate the total work done
since the system was released from rest and the instantaneous value of the kinetic energy in real
time as the cart moves. Use the “Calculate” function of DataStudio found on the main toolbar to
define expressions for the work done on the system and for the kinetic energy. Your TA can assist if
necessary. Be sure to show the reasoning used to get these expressions in your lab notes. These
defined quantities can then be displayed on a graph just like other measured quantities. Displaying
the work and the kinetic energy on the same graph provides the simplest method for comparing the
two as a function of time.

Print out the results and discuss your findings. Be sure to address the issue of “change in kinetic
energy” versus just “kinetic energy.” Are they ever the same?

Applying the Work-Energy theorem to a simple pendulum

You are provided with a simple pendulum consisting of a small cylindrical mass hanging on the
end of a string. The goal here is to predict and to measure the speed of the cylindrical mass as
it passes through the vertical position after it is pulled back to some initial angle and released
from rest. While NewtonÕs Second Law definitely applies to this system, the math is complicated
because the acceleration of the mass along the arc is not constant. None of the kinetic equations for
constant acceleration apply. Using work and energy is the simplest method to solve this problem.
To make the prediction, we need to compute the total work done on the mass by all of the forces
acting on it as it moves along the circular arc from its original launch position to the bottom of the
arc, where the string is oriented vertically.

Draw a free-body force diagram of the cylindrical mass just after it is released, identifying clearly
all the forces acting on it. Ignore air friction, because it is very small at the speeds attained by
the mass. Express the work done by each force that appears on your free-body diagram in terms
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of symbols (not numbers). Remember that work is done when an object is displaced along the
direction of the applied force. From the expression for total work, you should now be able to write
a general mathematical expression for the speed of the mass as it passes through the bottom of the
arc.

The photogate must be positioned carefully to determine the speed of the cylindrical mass as it
swings through the bottom of the arc. Configure DataStudio to make this measurement. Remem-
ber to enter the appropriate “flag length” in the Photogate Setup window so that DataStudio can
calculate the velocity correctly.

Take the necessary measurements to calculate the total work done on the bob as it moves from its
initial position to the bottom of its arc. Start with the string oriented approximately 45° relative
to the vertical. Draw a diagram showing your experimental setup and indicate on the diagram the
values of any measured quantities you need to compute the work done on the bob. Then use the
Work-Energy Theorem to predict the speed of the mass at the bottom. Finally, make at least three
speed measurements with DataStudio, releasing the bob from the same initial position. Explain in
detail your experimental procedure. Show and explain all of your numerical calculations.

Compare the experimental average speed to your prediction from the Work-Energy Theorem using
the experimental standard deviation. How many standard deviations is your experimental value
from your prediction? If your experimental and predicted values differ by more than three standard
deviations, carefully check your calculations and procedures for possible errors.

Summary

Now that you have explored the notion of work and the Work-Energy Theorem, summarize what
you have learned and state your overall conclusions for this lab.

Before you leave the lab please:
Quit all computer applications you may have open.
Place equipment back in the plastic tray as you found it.
Report any problems or suggest improvements to your TA.


