Hooke’s Law

Introduction

In this experiment, we will study the elastic properties of a spring and of a rubber band and we
will measure how closely they follow Hooke’s Law. Our present interest is in whether or not
the data will fit on a linear trend line. A good fit indicates that the object (spring or rubber
band) obeys Hooke’s Law. Hooke’s Law states that the restoring force is a linear function of
the displacement from equilibrium.
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Equipment
Computer with MS Excel Slotted weights Balance
Coil spring Weight hanger Rod & Table Clamp
Rubber band Meter stick Spring Clamp
Theory

To deform a material requires the application of a force. Some materials deform more easily
than others. Materials that return to their original dimensions after the deforming force has
been removed are called elastic. All materials exhibit some degree of elasticity but not always
in sufficient quantity to be useful from a practical sense.

The elasticity property makes its presence known through a restoring force that opposes the
deformation force and tries to maintain the original dimensions of the material.

We will be considering elasticity in only one dimension. The restoring force is proportional to

the magnitude of the deformation. This can be expressed in an equation known as Hooke’s
Law after the discoverer of the effect, Robert Hooke.

F=-kx Equation 1
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The variable X represents the magnitude of the distortion or displacement from equilibrium as
exhibited in the stretching of a spring or rubber band. The factor k is the proportionality
constant and the minus sign indicates that the direction of the force is in the direction opposite
that of the displacement, i.e. it is a restoring force.

Experimental Procedure: (Refer to Figure 1)

I. The Spring

a. Mount the spring so that it hangs vertically with the small end up. Attach a 50 g mass to
the hanger. This separates the coils and is your “zero” load. DO NOT COUNT THIS 50g
OR THE WEIGHT HANGER AS PART OF THE “LOAD.” This is the one lab where
you can neglect the mass of the weight hanger.

b. Mount the meter stick vertically in its holder with the numbers increasing towards the
floor and place the meter stick on the floor. Adjust the clamp holding the spring so that the
bottom of the weight hanger is sufficiently high off the ground when the heaviest load was
applied. The meter stick reading that is aligned with the bottom of the weight hanger (with
the 50g “zero” load) is your Reference Point — record the value below in the Data Table.

c. Now, add mass to the weight hanger, in multiples of 50 g units, until you have added 300
g. Record the meter stick reading of the bottom of the weight hanger after each mass has
been added. Calculate the amount of stretch by subtracting the Reference Point value from
your meter stick reading. Record this Stretch value in the Data Table below.

d. After all the masses have been added, remove them 100 grams at a time and record the
meter stick readings after each change as before. This is done as a quick check on the
repeatability of your data and to ensure that your Reference Point has not shifted.

I1. The Rubber Band

a. Now, mount the rubber band in place of the spring and repeat the above experiment.
Steps Ia. through Id.
CAUTION:
¢ Do not stretch the rubber band with your hands before the experiment.

¢ Do not allow the hanger to oscillate, but hold it in position with your hand while the
load is being changed.

Data Analysis: (Load Data on the y-axis and the Stretch data on the x-axis.)
1. Construct a graph of Load vs. Stretch for the Spring. Choose the best-fit trend line.
Determine the equation of the line and its correlation coefficient.
Analyze your graph.
e Does the Spring obey Hooke’s Law?
e What characteristic of its Load vs. Stretch graph tells you this?

2. Construct a graph of Load vs. Stretch for the Rubber Band. Choose the best-fit trend line.
Determine the equation of the line and its correlation coefficient.
Analyze your graph
¢ Does the Rubber Band obey Hooke’s Law?
e What characteristic of its Load vs. Stretch graph tells you this?

20a-Hooke's Law -2- Revised: 4/17/07



Lab Report
Your report should follow the instruction in the document “Format for Formal Lab Reports.”

Incorporate the lab handout at the back of your written report with the Data Tables completed.
Answer all questions and show sample calculations in the report itself or on a separate sheet
of paper, but not in the lab handout.

In your analysis list at least three sources of error. Quantitatively describe the relative sizes of
these errors and estimate the relative impact they would have on your experimental results.

Data Table

Reference Point - Spring (RPS):

Reference Point — Rubber Band (RPR):

(cm) - for “zero” load

(cm) - for “zero” load

Spring Rubber Band
Load (grams) | Meter stick | Stretch (em) | Load (grams) | Meter stick Stretch (cm)
Reading (Reading-RPS) Reading (Reading-RPR)
(cm) (cm)
Loading Loading
0 Ref Pt - Spring 0.0 0 Ref Pt - RB 0.0
50 50
100 100
150 150
200 200
250 250
300 300
Unloading Unloading
200 200
100 100
0 0

20a-Hooke's Law

Revised: 4/17/07




