
Lab 12. Spring-Mass Oscillations

Goals

• To determine experimentally whether the supplied spring obeys Hooke’s law, and if so, to
calculate its spring constant.

• To determine the spring constant by another method, namely, by observing how the oscilla-
tion frequency changes as the mass hanging on the end of the spring is varied.

• To add additional air resistance to the oscillating system and compare the resulting displace-
ment as a function of time with the theoretical prediction given.

Introduction

If you hang a mass from the bottom end of a spring, then pull the mass down and release it, the
mass will oscillate up and down. In this experiment we explore the nature of the force exerted
by a “real” spring when it stretches. We determine if the resulting force oscillation is “simple
harmonic” and examine the effect of energy loss on its motion. The term “simple harmonic”
is applied to oscillatory motion that can be characterized by a sinusoidal function; that is, the
displacement follows a simple sine or cosine function.

This lab makes extensive use of curve fitting routines, where the computer fits a model to your
experimental data. Normally a model that omits important features of the experiment will fail to
describe the data well. Unfortunately, making a model more complex can give it the ability to
fit data for which the theory does not apply. (Some models can “fit an elephant”!) One defense
against this is to examine any predictions of the model (or theory) for reasonableness.

Force exerted by a stretched spring

In this exercise, you are to plot the force exerted by a spring as a function of its “stretch” (not
the overall length). Suspend the spring from a force sensor. Start by adding a 50-g mass to the
mass hanger, which also has a mass of 50 g, to make a total of 100 g of mass hanging from the
spring. Then increase the hanging mass in 100 g increments up to a total of 1200 g. Devise a
method to measure the stretch of the spring. Then take the data. Remember to zero the force
sensor appropriately and to use SI units.

From your graph determine a mathematical equation relating the spring force to the stretch of
the spring. Compare your result to the Hooke’s Law model described in your textbook. Can you
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characterize your real spring with a unique value of the spring constant (sometimes called the force
constant) as in Hooke’s Law? Based on your data and analysis, how “ideal” is your spring?

Spring-mass oscillations (neglect damping)

Applying Newton’s Second Law to a mass hanging on a “massless” spring that can be modeled by
Hooke’s Law, one finds that:

M
d2x
d2t

=−kx that is, ma = F (12.1)

where m is the mass hanging on the spring and x is the distance the spring has been stretched from
its equilibrium position with the mass hanging at rest.

What does the function x(t) that satisfies Equation 12.1 look like? Guessing happens to be a “tried
and true” technique for solving so-called differential equations. What common function do we
know whose second derivative gives us the original function back again except with a minus sign?
Hint: Try a function like x(t) = Acos(Gt). Under what conditions does it satisfy the equality of
Equation 12.1?

From your knowledge of oscillatory motion you should recognize that G corresponds to the angular
frequency of oscillation (often represented by the Greek letter ω). And of course, the angular
frequency in radians/sec is just 2π times the ordinary frequency in Hz.

Experiment set-up

Hopefully you are convinced you that the spring you are using is well described by Hooke’s Law.
Since the spring force is directly proportional to the displacement from equilibrium, Equation 12.1
implies that both the displacement and the spring force should be sinusoidal for the oscillating
mass.

Hang a 1-kg mass from the spring and set up the force sensor to measure the force oscillations.
Increase the sampling rate of the force sensor to 20 Hz. Zero the force sensor when the mass is
hanging at equilibrium. Displace the mass about 5 cm from its rest position and release it. Display
the force on a graph. Select 10 or 15 seconds of data showing the oscillation using the “Highlight
range of active points” tool in the toolbar across the top of the of the Display Area. Then select the
“Sine: Asin(ωt +φ)+C” function from the “Apply selected curve fits from active data” menu in
the tool bar across the top of the Display Area. This tells the software to attempt fitting a function
of the form Asin(ωt− φ)+C to your data, where A is the amplitude of the oscillation, ω is the
angular frequency of the oscillation, φ adjusts the phase of the sine wave to accommodate positive
or negative values of the function at time t = 0, and C accounts for small errors in taring the force
sensor.

After this operation, Capstone should display a curved “best-fit” line follows the selected data and
the values of the constants A, ω , φ , and C (and their uncertainties) as determined by a least squares
technique. Comment on how accurately the fitted sinusoidal function matches your actual data. (If
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the curve fit fails, it generally does a very poor job of describing your data. If your curve fit fails,
discuss the situation with your TA.) If the uncertainty of ω is less than the least significant digit
of the best fit value, increase the precision of your data in the Data Summary tool from the Tools
Palette. The value of the period of the oscillation is equal to 2π/ω . Check to make sure that the
period value calculated from ω is reasonable. For instance, you can estimate the period using a
watch or the computer clock over several periods. When a curve fitting routine makes an error, it is
usually a large one. You do not need a very precise period measurement to perform a useful check
on the results of the curve fitting routine.

Perform a simple test of the effect of amplitude on the period of oscillation by displacing the
mass about 20 cm from its equilibrium position and releasing it. Display the force on a graph and
fit the Sine function to this data. Again comment on how accurately the fitted function matches
the data and note the value of the period of oscillation. Based on this limited data, how does
the oscillation period depend on the amplitude of the oscillation? Compare this behavior with
the effect of amplitude on the period of the simple pendulum, which you measured in an earlier
lab.

Effect of mass on the oscillation period

Vary the total hanging mass including the mass of the 50-g hanger from 200 g to 1200 g, deter-
mining the period of the oscillation for each mass value using the techniques from the previous
section. It is a good idea to zero the force sensor with the mass at equilibrium prior to each run.
For an ideal spring, the angular frequency, ω , of an oscillating spring-mass system is related to the
spring constant, k, and the hanging mass, m, by the relation:

ω =

(
k
m

)1/2

(12.2)

We hope to determine k by measuring the period ω as a function of the mass m on the end of
the spring. Because the slope of a line can be determined with low uncertainties, we want to
modify Equation 12.2 to get the equation of a line with slope k. Solve Equation 12.2 for the mass,
m. Show/explain why making a graph of m (on the vertical axis) as a function of 1/ω2 (on the
horizontal axis) should be a straight line with a slope value equal to the spring constant, k, and a
vertical axis intercept of zero. Make such a graph with your data. Compare the slope value of your
graph with the spring constant determined using forces measurements. Do they agree within the
uncertainty limits of each? Does your graph have a zero intercept as predicted by the analysis of
an ideal spring? What is the intercept value and corresponding uncertainty? What are the units of
the intercept value?

Hooke’s Law applies to “ideal”, that is, massless springs. For ideal springs, the oscillation period
goes to zero as the hanging mass is reduced to zero. Thus the oscillation frequency would approach
infinity as the hanging mass approaches zero. Remove the hanging mass from your spring, stretch
it a small amount (0.5–1.0 cm), and let it go. Is the oscillation frequency of your spring by itself
infinite? How does it differ from an ideal spring?

When m (on the vertical axis) is plotted as a function of 1/ω2 (on the horizontal axis), the intercept
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value will be negative with a magnitude known as the “effective mass of the spring.” Using energy
considerations and some simplifying assumptions, one can show that the effective mass should be
about one-third of the total mass of the spring. How close is the magnitude of your intercept value
to one-third of your spring mass?

Spring-mass oscillations with damping

The term “damping” is just a short way of saying that there are frictional forces which convert the
mechanical energy (potential and kinetic) of a system into heat. In our case we will use a thin piece
of cardboard moving back and forth through the air to provide damping. The cardboard piece has
a small hole punched in the middle allowing it to slide over the top of the mass hanger. Then you
can place any additional mass on top of the cardboard piece to hold it firmly in place. For this
part of the experiment, put a total of 500 ± 5 g (including the mass of the cardboard and the 50-g
hanger; record the actual value used) hanging on the spring.

With the hanging mass and cardboard in place stretch the spring downward 8–10 cm from equi-
librium and release it. Use Capstone to plot the force as a function of time for 40–60 s. You will
notice that the amplitude of the oscillation decreases significantly during the experiment due to the
damping effect of air on the piece of cardboard.

As discussed in your textbook, when the damping force is relatively small and proportional to the
velocity of the object, the oscillations can be described by a sinusoidal function with an ampli-
tude that decreases exponentially (that is a negative power of e). We can check whether this is
true for the present system by fitting such a function to our data and determining whether it fits
appropriately.

After selecting about 50 s of your data with the “Highlight range of active points” tool (enough
to show the decay clearly), choose the “Damped Sine: Ae^(-Bt)(sin(ωt + φ)) + C” option from
the “Apply selected curve fits from active data” menu. This tells the software to attempt fitting a
function of the form Ae−Bt sin(ωt−φ)+C to your data. The value of “B” is the decay constant for
the decay. The time τ = 1/B is the time required for the amplitude of the oscillation to decrease
from its value of A (at time t = 0) to A/e≈ A/3 (at time t = τ).

When the fit is done, the actual “best-fit” values of the four constants will be shown in the fit
window to the left of your initial guesses and also in a small box within the graph window. Uncer-
tainties (in the form of standard errors) will also be displayed for each value. In the graph window
check to make sure that the fitted function actually does a good job of fitting the data. If the ampli-
tude or phase of the fitted function differs significantly from the data (check this carefully!), then
you will need to choose some other initial values of the constants and try again.

How closely does the fitted curve match your actual data? You may wish to expand the time scale
of a portion of your data so the fitted curve and the actual data can be seen more clearly and print
it out to support your conclusions here. Estimate the time required for the oscillation amplitude to
reach 1/e of its initial amplitude using a watch or the computer clock. Is the value of B reported by
the damped sine fit consistent with your estimate? Again, a precise estimate is not required.

Compare the period of the damped pendulum with the period without damping, but with the same
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total mass (± 5 g) on the end of the spring. Use your uncertainties in making this comparison.
Explain any differences you see. You may want compare the oscillation frequencies with and
without damping using the relationship for damped oscillations given in your textbook. To do this,
you will have to covert the B you measured to the equation for the damping constant used in the
text.

Summary

Summarize your findings.

Curve fitting routines are powerful tools in science and engineering. They are simple examples of
computer models or simulations. Normally one derives a model from theoretical considerations,
then tests it against experiment. If the model is missing important features, it will generally fail
to describe the data well. Unfortunately, making a model more complex can give it the ability to
fit data for which the theory does not apply. The best defense against this is usually to examine
predictions of the model for reasonableness, as you did above when you checked to see if the
output parameters ω and B were reasonable.

Grading Rubric
No Effort Progressing Expectation Exemplary

AA
Is able to
extract the
information
from
representation
correctly
Labs: 1-12

No visible attempt is
made to extract
information from the
experimental setup.

Information that is
extracted contains errors
such as labeling
quantities incorrectly,
mixing up initial and
final states, choosing a
wrong system, etc.
Physical quantities have
no subscripts (when
those are needed).

Most of the information
is extracted correctly, but
not all of the information.
For example physical
quantities are represented
with numbers and there
are no units. Or
directions are missing.
Subscripts for physical
quantities are either
missing or inconsistent.

All necessary
information has been
extracted correctly, and
written in a
comprehensible way.
Objects, systems,
physical quantities,
initial and final states,
etc. are identified
correctly and units are
correct. Physical
quantities have consistent
and informative
subscripts.

AB
Is able to
construct new
representations
from previous
representations
Labs: 1-12

No attempt is made to
construct a different
representation.

Representations are
attempted, but omits or
uses incorrect
information (i.e. labels,
variables) or the
representation does not
agree with the
information used.

Representations are
constructed with all
given (or understood)
information and contain
no major flaws.

Representations are
constructed with all
given (or understood)
information and offer
deeper insight due to
choices made in how to
represent the
information.
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No Effort Progressing Expectation Exemplary

AC
Is able to
evaluate the
consistency of
different
representations
and modify
them when
necessary
Labs: 2-10, 12

No representation is
made to evaluate the
consistency.

At least one
representation is made
but there are major
discrepancies between
the constructed
representation and the
given experimental setup.
There is no attempt to
explain consistency.

Representations created
agree with each other but
may have slight
discrepancies with the
given experimental
representation. Or there
is inadequate explanation
of the consistency.

All representations, both
created and given, are in
agreement with each
other and the
explanations of the
consistency are provided.

AE
Force Diagram
Labs: 1-12

No representation is
constructed.

Force Diagram is
constructed but contains
major errors such as
mislabeled or not labeled
force vectors, length of
vectors, wrong direction,
extra incorrect vectors
are added, or vectors are
missing.

Force Diagram contains
no errors in vectors but
lacks a key feature such
as labels of forces with
two subscripts vectors
are not drawn from
single point, or axes are
missing.

The diagram contains no
errors and each force is
labeled so that it is
clearly understood what
each force represents.
Vectors are scaled
precisely.

AF
Sketch
Labs: 1, 4, 5, 7-9, 11, 12

No representation is
constructed.

Sketch is drawn but it is
incomplete with no
physical quantities
labeled, or important
information is missing,
or it contains wrong
information, or
coordinate axes are
missing.

Sketch has no incorrect
information but has
either a few missing
labels of given quantities.
Subscripts are missing or
inconsistent. Majority of
key items are drawn.

Sketch contains all key
items with correct
labeling of all physical
quantities have consistent
subscripts; axes are
drawn and labeled
correctly.

AG
Mathematical
Labs: 2-5, 7-12

No representation is
constructed.

Mathematical
representation lacks the
algebraic part (the
student plugged the
numbers right away) has
the wrong concepts being
applied, signs are
incorrect, or progression
is unclear.

No error is found in the
reasoning, however they
may not have fully
completed steps to solve
problem or one needs
effort to comprehend the
progression.

Mathematical
representation contains
no errors and it is easy to
see progression of the
first step to the last step
in solving the equation.
The solver evaluated the
mathematical
representation with
comparison to physical
reality.

AI
Graph
Labs: 1, 2, 4-8, 10-12

No graph is present. A graph is present but the
axes are not labeled.
There is no scale on the
axes. The data points are
connected.

The graph is present and
axes are labeled but the
axes do not correspond to
the independent and
dependent variable or the
scale is not accurate. The
data points are not
connected but there is no
trend-line.

The graph has correctly
labeled axes,
independent variable is
along the horizontal axis
and the scale is accurate.
The trend-line is correct,
with formula clearly
indicated.
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No Effort Progressing Expectation Exemplary

BA
Is able to
identify the
phenomenon to
be investigated
Labs: 1-3, 6, 10-12

No phenomenon is
mentioned.

The description of the
phenomenon to be
investigated is confusing,
or it is not the
phenomena of interest.

The description of the
phenomenon is vague or
incomplete but can be
understood in broader
context.

The phenomenon to be
investigated is clearly
stated.

BB
Is able to design
a reliable
experiment that
investigates the
phenomenon
Labs: 1, 2, 6, 12

The experiment does not
investigate the
phenomenon.

The experiment may not
yield any interesting
patterns.

Some important aspects
of the phenomenon will
not be observable but
experiment does reveal
some surface level
information.

The experiment might
yield interesting patterns
relevant to the
investigation of the
phenomenon.

BC
Is able to decide
what physical
quantities are to
be measured
and identify
independent
and dependent
variables
Labs: 1, 2, 6, 11, 12

The physical quantities
are irrelevant.

Only some of physical
quantities are relevant or
independent and
dependent variables are
not identified.

The physical quantities
are relevant. A small
fraction of independent
and dependent variables
are misidentified.

The physical quantities
are relevant and
independent and
dependent variables are
identified.

BD
Is able to
describe how to
use available
equipment to
make
measurements
Labs: 1, 2, 6, 11, 12

At least one of the
chosen measurements
cannot be made with the
available equipment.

All chosen measurements
can be made, but no
details are given about
how it is done.

All chosen
measurements can be
made, but the details of
how it is done are vague
or incomplete, repeating
measurements would
require prior knowledge.

All chosen measurements
can be made and all
details of how it is done
are clearly provided.

BE
Is able to
describe what is
observed
concisely, both
in words and by
means of a
picture of the
experimental
setup.
Labs: 1-3, 6, 11, 12

No description is
mentioned.

A description is
incomplete. No labeled
sketch is present. Or,
observations are adjusted
to fit expectations.

A description is
complete, but mixed up
with explanations or
pattern. OR The sketch is
present but relies upon
description to
understand.

Clearly describes what
happens in the
experiments both
verbally and with a
sketch. Provides other
representations when
necessary (tables and
graphs).
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No Effort Progressing Expectation Exemplary

BF
Is able to
identify the
shortcomings in
an experiment
and suggest
improvements
Labs: 1, 2, 6, 11, 12

No attempt is made to
identify any
shortcomings of the
experimental.

The shortcomings are
described vaguely and no
suggestions for
improvements are made.

Not all aspects of the
design are considered in
terms of shortcomings or
improvements, but some
have been identified and
discussed.

All major shortcomings
of the experiment are
identified and reasonable
suggestions for
improvement are made.
Justification is provided
for certainty of no
shortcomings in the rare
case there are none.

BG
Is able to
identify a
pattern in the
data
Labs: 1-3, 6, 10-12

No attempt is made to
search for a pattern

The pattern described is
irrelevant or inconsistent
with the data.

The pattern has minor
errors or omissions. OR
Terms labelled as
proportional lack clarity-
is the proportionality
linear, quadratic, etc.

The patterns represents
the relevant trend in the
data. When possible, the
trend is described in
words.

BH
Is able to
represent a
pattern
mathematically
Labs: 1, 2, 6, 10-12

No attempt is made to
represent a pattern
mathematically

The mathematical
expression does not
represent the trend.

No analysis of how well
the expression agrees
with the data is included,
OR some features of the
pattern are missing.

The expression
represents the trend
completely and an
analysis of how well it
agrees with the data is
included.

BI
Is able to devise
an explanation
for an observed
pattern
Labs: 1-3, 6, 10-12

No attempt is made to
explain the observed
pattern.

An explanation is vague,
not testable, or
contradicts the pattern.

An explanation
contradicts previous
knowledge or the
reasoning is flawed.

A reasonable explanation
is made. It is testable and
it explains the observed
pattern.

CA
Is able to
identify the
hypothesis to be
tested
Labs: 4, 5, 7-9, 12

No mention is made of a
hypothesis.

An attempt is made to
identify the hypothesis to
be tested but is described
in a confusing manner.

The hypothesis to be
tested is described but
there are minor
omissions or vague
details.

The hypothesis is clearly
stated.

CC
Is able to make
a reasonable
prediction
based on a
hypothesis
Labs: 4, 5, 7-9, 12

No prediction is made.
The experiment is not
treated as a testing
experiment.

• A prediction is made
but it is identical to the
hypothesis OR

• Prediction is made
based on a source
unrelated to
hypothesis being
tested OR

• is completely
inconsistent with
hypothesis being
tested OR

• Prediction is unrelated
to the context of the
designed experiment.

Prediction follows from
hypothesis but is flawed
because
• relevant experimental

assumptions are not
considered and/or

• prediction is
incomplete or
somewhat inconsistent
with hypothesis and/or

• prediction is
somewhat inconsistent
with the experiment.

A prediction is made that
• follows from

hypothesis,
• is distinct from the

hypothesis,
• accurately describes

the expected outcome
of the designed
experiment,

• incorporates relevant
assumptions if needed.
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No Effort Progressing Expectation Exemplary

CD
Is able to
identify the
assumptions
made in making
the prediction
Labs: 4, 5, 7-9, 12

No attempt is made to
identify any assumptions.

An attempt is made to
identify assumptions, but
the assumptions are
irrelevant or are confused
with the hypothesis.

Relevant assumptions are
identified but are not
properly evaluated for
significance in making
the prediction.

Sufficient assumptions
are correctly identified,
and are noted to indicate
significance to the
prediction that is made.

CE
Is able to
determine
specifically the
way in which
assumptions
might affect the
prediction
Labs: 4, 5, 7-9, 12

No attempt is made to
determine the effects of
assumptions.

The effects of
assumptions are
mentioned but are
described vaguely.

The effects of
assumptions are
determined, but no
attempt is made to
validate them.

The effects of the
assumptions are
determined and the
assumptions are
validated.

CF
Is able to decide
whether the
prediction and
the outcome
agree/disagree
Labs: 4, 5, 7-9, 124, 5, 7-9,
12

No mention of whether
the prediction and
outcome agree/disagree.

A decision about the
agreement/disagreement
is made but is not
consistent with the
outcome of the
experiment.

A reasonable decision
about the
agreement/disagreement
is made but experimental
uncertainty is not
properly taken into
account.

A reasonable decision
about the
agreement/disagreement
is made and experimental
uncertainty is taken into
account.

CG
Is able to make
a reasonable
judgment about
the hypothesis
Labs: 4, 5, 7-9, 12

No judgment is made
about the hypothesis.

A judgment is made but
is not consistent with the
outcome of the
experiment.

A judgment is made, is
consistent with the
outcome of the
experiment, but
assumptions are not
taken into account.

A judgment is made,
consistent with the
experimental outcome,
and assumptions are
taken into account.

GD
Is able to record
and represent
data in a
meaningful way
Labs: 1-12

Data are either absent or
incomprehensible.

Some important data are
absent or
incomprehensible. They
are not organized in
tables or the tables are
not labeled properly.

All important data are
present, but recorded in a
way that requires some
effort to comprehend.
The tables are labeled but
labels are confusing.

All important data are
present, organized, and
recorded clearly. The
tables are labeled and
placed in a logical order.

GE
Is able to
analyze data
appropriately
Labs: 1-12

No attempt is made to
analyze the data.

An attempt is made to
analyze the data, but it is
either seriously flawed or
inappropriate.

The analysis is
appropriate but it
contains minor errors or
omissions.

The analysis is
appropriate, complete,
and correct.
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No Effort Progressing Expectation Exemplary

IA
Is able to
conduct a unit
analysis to test
the
self-consistency
of an equation
Labs: 1-12

No meaningful attempt is
made to identify the units
of each quantity in an
equation.

An attempt is made to
identify the units of each
quantity, but the student
does not compare the
units of each term to test
for self-consistency of
the equation.

An attempt is made to
check the units of each
term in the equation, but
the student either
mis-remembered a
quantity’s unit, and/or
made an algebraic error
in the analysis.

The student correctly
conducts a unit analysis
to test the self-
consistency of the
equation.

EXIT TICKET:
� Quit Capstone and any other software you have been using.
� Straighten up your lab station. Put all equipment where it was at start of lab.
� Report any problems or suggest improvements to your TA.
� Have TA validate Exit Ticket Complete.


