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1 Introduction

The purpose of this practical study is to prove the theory for simple harmonic motion by
investigating the behaviour of a simple pendulum. A simple pendulum is a mass supported by
a massless string attached to a fixed axis. when the mass is at rest this the pendulums pomt of
equilibrium. The pendulum will be displaced to one side; this distance from the point of
equilibrium to the maximum displacement is called the amplitude. As the pendulum is
released a gravitational restorative force will affect it, which will enable the mass to
accelerate towards its point of equilibrium, 1t will pass this point twice before completing a
full oscillation. This is referred to as the pendulums period.

The study will be looking at two different pendulums of different mass and the time taken
for each pendulum to complete 50 oscillations whilst suspended at varying lengths from
0.2m-0.5m in increments of 0.05m all about the same axis. This report will inform how
apparatus 1s to be set up to conduct the investigation, the method carned out to perform a
successful investigation, the calculations used to collect derived data, the tables and graphs to
illustrate these calculations and a conclusion of the results found from conducting the

investigation.
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Figure 1.

Simple Pendulum (webassign,2013)
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2 Experimental Procedure

Before conducting the practical investigation, the apparatus needed lists as followed:

* A results table
o A simple harmonic motion kit EST as can be seen in Figures 2 and 3

This kit consisted of:

A work panel mounted on two support legs with fixing points.

A top plate with fixing points

Plastic nut and bolt fixings

A length of string

Two masses (pendulum balls) of different weights

A nut and bolt fixing with an eyelet to allow the string to pass through
Sticky tape

A metre rule

A magnetic 0.3m rule

A stopwatch
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Figure 2, Figure 3.

Simple harmonic motion kit ES7 contents lis Y 98T contents.
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Before conducting the experiment. it is vital to check that the apparatus is in good working
condition, set up correctly, and fixed firmly.




To set up the apparatus the top plate must be firmly fixed perpendicular to the work panel
making sure that an equal amount of holes are on either side of the top plate, this ensures that
the top plate is centred.

-

Figure 4. Setting up the top plate.

Starting with the lighter pendulum ball first, thread the string through the pendulum ball and
tie a knot to secure it in place. The other end of the string is then threaded through the eyelit
fixed in the centre of the top plate. using the metre rule, measure down from the underside of
the top plate to the bottom of the pendulum ball, making sure that the length 1s 0.5m as this 1s
the first required length for the experiment. It is paramount that measurements are taken at
eye level to ensure accurate results. See Figures 5 and 6.

Figure 5. Threading s.r;'ing through the eyelet Figure 6. Measuring the siving lengih.

Once this measurement has been noted, fasten the string m place at this length usmng sticky
tape over the top side of the eyelet bolt.




Using the 0.3m magnetic rule measure out 0.1m from the centre of the work panel. this
should be taken directly in line with the length of string supporting the pendulum ball whilst
at equilibrium. Once this measurement is written, use the magnetic rule to mark this distance
by attaching 1t in place. This will be the fixed amplitude of the pendulum for the experiment.
The rule will remain in this position for the entirety of the experiment as to ensure accurate
results. See Figures 7 and 8.

Figure 7. measuring the amplifude. Figure 8. Releasing pendulum ai desired amplitude.

Before carrying out the experiment draw up a table for your results. This table will be made
up of 5 columns and 8 rows. The first column will be for string lengths in metres, the second
column will be for string length squared, the third column is for the time taken for 50
oscillations, in seconds. The fourth column is for the actual period, this is calculated by
dividing the amount of time taken to complete the oscillations by the number of oscillations:

A fifth column 1s for the theoretical period which is a calculation of T = 21’5\"";*

With T being equal to 2 which is the radius of a circle and is a constant, multiplied by the

3 : : : ;
square root of — with | as the numerator representative of the length of the string and g as the
9

denominator for gravity which is also a constant. As length is the only variable in the
formula, we can infer that this is the sole factor that has a direct relationship with the period
of oscillation. This formula 1s used to compare the results taken for the actual period of

oscillations. A sixth final column 1s headed by the equauon(z—)z, with T being taken from the
m

theoretical penod calculated in the previous column.

Once these preliminary steps are ensured the experiment can commence. Have a partner on
hand with the stopwatch and with the length of string fixed at (0.5m push the pendulum ball to
an amplitude of 0.1m to one side marked by the magnetic rule. Count down from three and
simultaneously release the pendulum to swing freely and begin the stopwatch. Record the
time taken for the pendulum to complete 50 oscillations (from one side to the other and
back).

Once completed repeat the steps with lengths of 0.45m, 0.4m.0.35m.0.3m.0.25m and 0.2m.
Once these results have been noted the expeniment must be repeated entirety with the heavier
pendulum, again noting the results in a table.
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3 Results

Table 1. Results for light penduium

Table for light pendulum
. - : L : ! Ol
Length Vi me for 50 swin, Actual Period [ heoretical Period T = 2w v— {—)
g 2R
0.5] 0.707107 69 1.33; 1.418503353 0.048235016
045] 0.67082 66 1.32 1.34571044|  0.044135508
0.4] 0.652456 62 124 1.26874797 0.038947865
0.35] 0.591608 58 1.16 1.186805053 0.034084446
0.3] 0547723 53 1.06 1098767973 0.02846112
0.25 05 48 0.96 1.00303334 0.023344401
0.2] 0.847214 43 0.86 0.857140283 0.018734287
Table 2. Results for heavy pendulum
Table for heavy pendulum
1 Ty?
Length VI Time for 50 swings (s) | Actual Period [T) |Theoretical Period T = 2mv— (—)
g 2m.
0.5] 0.707107 70 14 1.418503353 0.04964738
045| 0.67082 66 1.32 1.34571044 0.044135508
0.4] 0.632456 62 1.24 1.26874797 0.038947853
0.35| 0.591608 58 1.16 1.186805053 0.034084446
0.3] 0.547723 54 1.08 1.098767973 0.028545257
025 035 50 1 1.00303334 0.025330236
0.2] 0.447214 44 0.88 0.897140293 0.018615781




4 Analysis

Actual vs. Theoretical Period for heavy pendulum
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Figure 8. Actual vs theoretical period for heavy pendulum

As can be determined from the results of figure 8, plotting the actual period T on the y axis
against the string length square root on the X axis, it is apparent that the findings have a linear
result demonstrating that as the length of string is increased the period increases also. The
data in this graph also demonstrates that the actual period and the theoretical period are
extremely close together proving that the experiment has been carried out successfully. As
the difference in the results 1s of such small margin, it is hkely caused by human error.
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Figure 9. Length (m) against (:_n')z

0.055

The results shown in graph 2 where length in (m) on the y axis is plotted against the equation

(;)2 on the x axis, the gradient is representative of the force of gravity which can be

resolved with the equationy = mx + c. Gravity 1s calculated here at a rate of 10.195ms~
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5 Conclusion
[t is conclusive from the results gathered that as the length of string increases so does the time
period irrespectively of the mass of the pendulum. This can be represented with the formula:

T = 2mv*>
g

A simple pendulum is regarded as a simple harmonic oscillator, as the restoring force is
proportional to the displacement (Walker, J. 2010) and for this reason can be described by the
simple harmonic oscillator equation;

2
(L) = Smaxcas(?n t)

However, it is stressed that this is only accurate within small angles as it is not a perfect
simple harmonic oscillator but extremely close to being such, and works extremely well
within these limitations. However at larger amplitudes the results will deviate further and
further away from accurate readings (Walker,J. 2010).

The length of string has a direct relationship with the period of time the pendulum takes to
complete an oscillation, as the pendulum 1s a mass rotating about a fixed axis this is due to
the moment of inertia of the mass. This can be seen from the equation [ = mr?, using length
as the radius (Fitzpatrick,R. 2006).

As the results gathered were within an experiment where the amplitude was small, 0.1m, the
results gathered are considered as accurate. The results determine that the mass of the
pendulum did not have an effect on the time period. As the mass 1s increased so is the
moment of inertia, it is calculated using the formula / = mi? ,which makes it more difficult
for the mass to angularly accelerate and therefore increases the time penod which could lead
vou to believe the time to complete an oscillation would increase. However, an increase in
mass also increases the gravitational force, using the formula f = mgsinf restoring the mass
back to equilibrium. Both of these effects cancel one another out, as the restoring force 1s
proportional to the displacement, (Nave. R.2017 )

On figure 9 the force of gravity 1s recorded as 10.195ms =2_this varies from the actual force
of gravity 9.81ms™2. It can be assumed that this is down to human errors within the
experiment as the time recordings may have been fractionally out as well as the amplitude of
the mass varying and the length of the string. Additionally, the twist of the string supporting
the mass could warp the pendulums path of travel and give inaccurate readings.
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6 Evaluation

In order to conduct a reliable experiment as possible, it is imperative to take certain measures
to prevent as much human error as possible. Whilst conducting the experiment consistency is
paramount. By allocating each job necessary to conduct the expenment to an individual and
using the same apparatus for each reading, ensure more results that are reliable. By keeping
roles consistently allocated to an individual, it prevents large differences in readings that could
oceur in the preparation due to personal preference and style of approach

11




Further work

The experiment conducted could be improved for accuracy of results by improving the
equipment used to carry out and measure the results gathered. These improvements would
help to eliminate any human error that may occur whilst conducting the experiment. The
areas | would improve upon would be the timing of the mechanism release, and the
consistency of the amplitude, the accuracy of the pendulum length and a solid pendulum
support as to alleviate any twists and to keep the pendulums path true.
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RUBRIC: NEW BACHELOR'S RUBRIC 0/0

LITERATURE 0/0

Engagement with literature (including reading, referencing, academic conventions and academic honesty)

FAIL 0-29% Little or no evidence of reading. Views and findings unsupported and non-
0) authoritative. Referencing conventions largely ignored.

UNSATISFACTORY  Poor engagement with essential reading. No evidence of wider reading. Reliance on
30-39% inappropriate sources, and/or indiscriminate use of sources. Heavily reliant on
) information gained through class contact. Inconsistent and weak use of referencing.

SATISFACTORY 40- Engagement with a limited range of mostly relevant and credible sources but with

49% some reliance on information gained through class contact. Some omissions and

() minor errors. Referencing conventions evident though not always applied accurately
or consistently.

GOOD 50-59% Engagement with an appropriate range of literature, including sources retrieved
) independently. Some over-reliance on texts rather than other sources. Referencing
may show minor inaccuracies or inconsistencies.

VERY GOOD 60-69% Engagement with a wide range of literature, including sources retrieved independently.
0) Selection of relevant and credible sources. Generally sound referencing, with no/very
few inaccuracies or inconsistencies.

EXCELLENT 70-79% Engagement with an extensive range of relevant and credible literature. Consistently
0) accurate application of referencing.

EXCEPTIONAL 80-  Exceptional engagement with an extensive range of relevant and credible literature.
100% High-level referencing skills consistently applied.

©)

K&U 0/0

Knowledge and understanding (Knowledge of the basic underlying concepts and principles of a subject.)

FAIL 0-29% Major gaps in knowledge and understanding of the basic underlying concepts and
0) principles of the subject matter. Inclusion of irrelevant material. Substantial
inaccuracies.

UNSATISFACTORY  Gaps in knowledge of the basic underlying concepts and principles, with flawed or
30-39% superficial understanding. Some significant inaccuracies and/or irrelevant material.

©)

SATISFACTORY 40- Limited knowledge and understanding of the basic underlying concepts and principles

49% within the subject area. Some elements may be missing.

0)

GOOD 50-59% Knowledge of the basic underlying concepts and principles is accurate with a good
) understanding of the field of study but lacks depth and/or breadth.

VERY GOOD 60-69% Competent knowledge of the basic underlying concepts and principles. Exhibits very
0) good understanding.



EXCELLENT 70-79% Excellent knowledge and understanding of the basic underlying concepts and
(0) principles of the subject.

EXCEPTIONAL 80-  Exceptional, detailed knowledge and understanding of the basic underlying concepts

100% and principles.
0)

COGNITIVE 0/0

Cognitive and intellectual skills (Evaluate underlying concepts and principles of a subject and interpret
qualitative and quantitative data in order to develop lines of argument and make sound judgements.)

FAIL 0-29% Wholly or almost wholly descriptive work. Little or no evaluation of the underlying
0) concepts and principles. Failure to develop arguments, leading to illogical or invalid
judgements. Minimal or no use of evidence to back up views.

UNSATISFACTORY  Largely descriptive work, with superficial evaluation of the underlying concepts and

30-39% principles. Weak interpretation of data, flawed development of arguments and

0) judgements. Information accepted uncritically, uses generalised statements made with
scant evidence and unsubstantiated opinions. Ideas sometimes illogical and
contradictory.

SATISFACTORY 40- Limited attempt at evaluation of the underlying concepts and principles, tending

49% towards description. Can interpret qualitative and quantitative data but with some

) errors. Some evidence to support emerging arguments and judgements but these may
be underdeveloped or with a little inconsistency / mis-interpretation.

GOOD 50-59% Good evaluation of the underlying concepts and principles. Can interpret qualitative
0) and quantitative data, with minor errors. An emerging ability to use evidence to
support the argument. Mostly valid arguments and logical judgements.

VERY GOOD 60-69% Sound evaluation of the underlying concepts and principles. Can interpret qualitative
0) and quantitative data accurately. Ability to devise arguments using evidence to make
mostly appropriate and valid judgements.

EXCELLENT 70-79% Excellent evaluation of the underlying concepts and principles. Can interpret
) qualitative and quantitative data accurately and with some insight. Excellent ability to
devise arguments using evidence and make appropriate and valid judgements.

EXCEPTIONAL 80-  Exceptional evaluation of the underlying concepts and principles based evidence.

100% Outstanding interpretation of qualitative and quantitative data. Exceptional ability to
) devise arguments using evidence and make wholly appropriate and valid judgements.
PRACTICAL 0/0

Practical skills (Different approaches to solving problems in particular contexts.)

FAIL 0-29% Limited or no use of taught, basic methods, materials, tools and/or techniques. Little
0) or no appreciation of the context of the application. Very weak evidence of different
approaches to problem-solving in particular contexts.



UNSATISFACTORY  Rudimentary application of taught, basic methods, materials, tools and/or techniques

30-39% but without consideration and competence. Flawed appreciation of the context of the
0) application. Weak evidence of different approaches to problem-solving in particular
contexts.

SATISFACTORY 40- An adequate awareness and mostly appropriate application of basic methods,

49% materials, tools and/or techniques. Basic appreciation of the context of the

0) application. Can identify problems in particular contexts and propose basic alternative
approaches or solutions though there may be errors.

GOOD 50-59% A good and appropriate application of basic methods, materials, tools and/or

) techniques. Clear appreciation of the context of the application. Good evidence of
different approaches to problem-solving in particular contexts and proposes mostly
appropriate solutions.

VERY GOOD 60-69% A very good application of a range of basic methods, materials, tools and/or

0) techniques. Very good consideration of the context of the application. Very good
evidence of different approaches to problem-solving in particular contexts and
proposes appropriate solutions.

EXCELLENT 70-79% An advanced application of a range of taught, basic methods, materials, tools and/or

) techniques. The context of the application is well considered, and insightful. Excellent
evidence of different approaches to problem-solving in particular contexts and
proposes appropriate solutions.

EXCEPTIONAL 80-  Exceptional levels of application and deployment skills in particular practical contexts.

100% Outstanding identification of problems in particular contexts and formulation of
) wholly appropriate, thoughtful solutions / different approaches.
SKILLS PROF P 0/0

Transferable skills for life and professional practice (Communicate the results of their study/work
accurately and reliably, and with structured and coherent arguments; the qualities needed for employment
requiring the exercise of some personal responsibility within a structured and managed environment.)

FAIL 0-29% Work is poorly structured, disorganised, inaccurate and/or confusingly expressed.

0) Very weak use of language and/or very inappropriate style. Failure to work effectively
individual or as part of a group. Little or no evidence of the skills for employment
requiring the exercise of some personal responsibility.

UNSATISFACTORY  Work is poorly presented in a disjointed manner. It is loosely, and at times

30-39% incoherently, structured, with information and ideas often poorly expressed. Weak

) use of language and/or inappropriate style. Flawed approach to individual or group
work, meeting only partial obligations to others. Limited evidence of the skills for
employment requiring the exercise of some personal responsibility.

SATISFACTORY 40- Mostly ordered presentation and structure in which relevant ideas / concepts are

49% reasonably expressed. Work may lack coherence and/or accuracy in places. Can work

) as part of a group, meeting most obligations to others but perhaps with limited
involvement in group activities. Demonstrates the basic skills for employment
requiring the exercise of some personal responsibility, with some areas of minor
weakness.



GOOD 50-59%
)

Mostly coherent, organised and accurate work, in a suitable structure and is for the
most part clearly expressed. Can work effectively independently and/or as part of a
team, with clear contribution to group activities. Demonstrates the skills for
employment requiring the exercise of some personal responsibility, with some areas
of strength and some of minor weakness.

VERY GOOD 60-69% Work is accurate, coherent, fluent, well-structured and organised. Can work

©)

EXCELLENT 70-79%
©)

EXCEPTIONAL 80-
100%

©)

effectively independently and/or as part of a team, with very good contribution to
group activities. Demonstrates very good skills for employment requiring the exercise
of some personal responsibility, with just occasional minor weakness.

Work is coherent, very fluent and is presented professionally. Can work effectively
independently and/or as part of a team, with an excellent contribution to group
activities. Demonstrates excellent skills for employment requiring the exercise of
some personal responsibility with an appetite for further development.

Work is accurate, exceptionally coherent, very fluent and presented well. Can work
effectively independently and/or as part of a team, with an exceptional contribution to
group activities. Demonstrates exceptional skills for employment requiring the
exercise of some personal responsibility with an appetite for further development.
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