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1 Introduction

The aims of this experiment are:

e To show that the square root of the length of string is proportional to the period of one full
oscillation of the pendulum bob.
* To prove that mass is independent of the period (T)

2 Hypothesis

The prediction for this experiment is that the shorter the string, the faster the swings are completed.
This prediction will be backed up by using an equation to work out the theoretical period, which can
then be analyzed and compared with the actual measurement of the period.

(Parks, 2000)

3 "Experimental Procedure

The experiment which will be investigated in this report could have some small mistakes and limiting
factors which are outlined below

Measurements are being taken by eye.

Swings are being counted manually.

The experiment is only done once per pendulum.
The string is assumed to be frictionless.

S

3.1 Equipment

The equipment needed for this experiment are:

e 2x Base plates

e 1x Back plate

¢ 1xTop plate

®  2x 1m string

e 1x Light pendulum bob

* 1x Heavier pendulum bob
e IxImrule

e 1xStopwatch




3.2 Example Set-up

Images n labelling

3.3 Method

To Start the experiment the equipment needs to be set-up as seen above. Before any data can be
collected, two blank tables need to be drawn up, one for the light pendulum, one for the heavier
pendulum (see below).

Thecretical Period
=

i e i i
Length (I} (m) Length Time for 50 swings (seconds) | Actual Period (T) - ! Szl
/Leng T=2n 7 (2::)

The starting measurement for the string is 0.5m the final measurement is 0.2m being decreased each
time by 0.05m. The experiment is done by pulling the bob to the edge of the backplate and letting it
swing. The stopwatch starts when the bob has been released and stops when 50 full swings have been
completed, this is all repeated for the second pendulum with a larger mass bob.




Once the experiment has been completed and the results taken down, the equations seen in the table
need to be completed in order to create the graphs. For the theoretical period equation g is the
acceleration due to gravity, this has been calculated to be 9.81m/s"2 (Anonymous, 2019)

4 Results
4.1 Reswits Tables

Light Pendulum

Theoretical Period

—_— T
Length (I} (m] y Length Time tor 50 swings (seconds)  Actual Period (T) T =21 i (2—)2

T

9

0.50 071 70.83 1.42 1.42 0.050
0.45 0.67 67.44 1.35 1.35 0.0465
0.10 0.63 63.29 1.27 1.27 0.011
0.35 0.59 59.52 1.19 1.1¢ 0.036
0.30 0.55 35.70 1.11 1.1C 0.031
0.25 0.50 50.50 1.01 1.00 0.025
.20 0.45 45.57 0.91 0.90 0.021

Heavy Pendulum

Theoretical Perind
Length (I} (m) vm Time for 50 swings (seconds) | Actual Period (T) T — 21 l_ IE 2
g
0.50 0.711 69.60 1.39 1.42 0.049
0.45 0.67 67.50 1.35 1.35 0.046
0.40 0.63 63.97 1.28 1.27 0.042
0.35 0.59 59.77 1.20 1.19 0.036
0.30 0.55 55.58 1.11 1.10 0.031
0.25 0.50 51.10 1.02 1.00 0.026
0.20 0.45 46.18 0.92 0.90 0.022




4.2 Results Graphs

Theoretical Period vs. Actual Period with Lightest pendulum
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Theoretical Period vs. Actual Period with heaviest pendulum
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5 Analysis

From the first set of data for the light pendulum bob the hypothesis has been proven to be correct,
this can be seen from the first two graphs that were produced. Working out the theoretical period
gives us data that the actual period should match, the first graph shows the points to be very close, if
not, the same between theoretical data and the actual data. The trendline for the actual data from
the first graph shows uncertainties or errors in the data itself this is due to the fact it does not intercept
(0,0). The second graph for the light bob is used for finding gravity(g), this was done by plotting a graph




with Length against (T/2m)*2, the gradient of the trendline for this graph is then calculated with
Y=mx+c to see if it matches the previously noted measurement of 9.81m/sA2 (Anonymous, 2019), as
can be seen from the graph the gradient of this trendline is very close to the value of gravity so this
proves the hypothesis correct.

From the second set of data for the heavy pendulum bob the hypothesis is also proven to be correct,
in a similar way to the light pendulum the theoretical data and the actual data are very similar. The
trendline for the actual period data is shown to have uncertainties or errors due to the factit doesnot
intercept (0,0). Like the light pendulum a second graph is used for finding gravity(g). The trendline
gradient for this set of data was calculated with Y=mx=c, the same way as on the light pendulum
previously, this the gradient not only similar to the wanted result of 9.81m/s*2 (Anonymous;2019),
but also very close to the light pendulum gradient.

6 Conclusion

The experiment met the expectations and predictions set out beforehand. The data that was collected
showed the relationship between the length of the string and the period of oscillation was
proportional to one another, as the length of the string decreased the time of an oscillation decreased
with it, and the data also showed the mass of the bob had little to no effect on the actual period (T),
this can be seen from the similarities between the data collected in both tables, any differences could
be errors or uncertainties in the experiment.

To verify the data from this experiment a different research paper was read with different lengths of
string but with a very similar results graph trendline:

Length vs Time"2
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The conclusion from this report is the length of the pendulum is directly proportional to the period of
oscillation. (life, 2013).




7 Evaluation

Even though the data for this experiment proved the hypothesis correct some errors could have been
made and have been seen through the trendlines and points on the graphs, this is seen more in the
heavy bob data. The 1* and 3™ period readings are further out than the trendline making the data
unreliable. Any errors and uncertainties in the data could have been avoided with the use of digital
equipment E.g. A digital scope to measure the timings of each swing. Some of the errors could have
been caused by human error as most of the measurements were taken by eye, to reduce the effect of
these errors the experiment could have been done twice or even three times and an average of each
period taken instead, a further point to reduce the effect of errors would be to continue the
experiment further with the lengths of string E.g. continuing the length to 1m.

8 Further Work

To help back tip the pervious theory, that showed the length of the string being directly proportional
to the Period, a metronome could be used. A metronome is a simple pendulum that has been
inverted to swing above with a weight on either end of a rod. The weight on the bottom of the
metronome pendulum is slid up or down the rod to increase the period of oscillations (aweld98,
2016), this is similar to the pendulum see in the experiment but is more precise as the metronome
has the measurements written on the rod, while adding an oscilloscope would reduce as many
human errors as possible. The data from both experiments could then be compared together to see
how similar the trendlines are, thereby proving the theory.

If the experiment was to be done again, any errors would need to be reduced or removed
completely. The experiment itself can be made more accurate with the help of digital equipment
such as:

* An oscilloscope for accurately measuring the period,

* Measuring the angle of the start to make sure it starts at the same point each time,
e Taking more measurements at the length intervals and calculate an average,

¢ Doing two different experiments and comparing results to prove theories correct.
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Do you mean that the period is independent of the mass?
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I think this is just a continuation of your introduction. No need for a new chapter.
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Would be nice if it was linket to a diagram.
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QM Images need labelling | & Skils Prof P
Images should be labelled, 'Figure 1: Title (citation)' underneath the object, and then be referred
to accordingly in the body of the text.
QM Table needs labelling | s Skills Prof P

Tables should be labelled 'Table 1:Title (citation)' underneath the object and then referred to
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accordingly in the text.
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Nice, do you think there is enough information here for the reader to recreate your results?
Also you need to cite the guidelines given out in class.
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Results | == Skils Prof P
Results chapter should only include the raw data from your experimental procedure and the
spread sheet should go into your Analysis chapter.

Comment 8 | s Skills Prof P
No need for this sub heading.
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Every column needs units.
QM Table needs labelling | g Skills Prof P
Tables should be labelled 'Table 1:Title (citation)' underneath the object and then referred to
accordingly in the text.
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QM Graphical data needs labelling | # Cognitive

Graphs should be labelled 'Figure 1:Title (citation)' underneath the object and then referred to
accordingly in the text.

Comment9 | = Cognitive
Nice gradient!
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@ Comment10 | : Cognitive
Nice!
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, Comment 11 | = Literature
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I'm not keen on this anonymous citation, find a more credible one.

Comment 12 | £ Cognitive
Good. What about the gradient?
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Could you have taken these into account in your calculations?

QM Justify text both sides of the page | = Skils Prof P

QM Capital letter/s | s  Skills Prof P

@ Comment13 | & K&U

Some citations and images woul be nice here.
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, Comment 14

Lovely effort. Need to get your structure a bit more professional, and make sure you have all
the correct units where they should be. Your citations and coroborration is all pretty close.

, Comment 15 | = Literature
Text books?



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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