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Experimental Procedure

s There are no inherent risks to this experiment, always be mindful of your actions and their
consequences to remain safe in a laboratory environment;

¢ Following the guidance notes the equipment was assembled taking care to match the locations
of all the components upon the Work Panel. Said components were as follows:

o Flywheel

Pulley

Bearing Block

Magnetic Rule

Weight Hanger

Plastic Hanger Guide

Selection of masses to total including the hanger 100g through to 500g in 100g

increments

o Length of string to allow travel of maximum 290mm when unspooled. operating
range 280mim
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The above components were supplied by TecQuipment Ltd within the Potential and
Kinetic Energy Kit ES9 (TecQuipment, n.d.)

o When placing the magnetic rule we were careful to avoid any parallax errors setting the
maximum vertical negative displacement as Ocm horizontal to the free hanging weight. The
hanger had a total mass of 100g.

o The weight was lifted through 28cm using the bottom edge of the hanger and the ruler to
ensure a consistent release height. (BBC Bitesizesn.d:)




The flywheel was used to hold the position of the weight before coordinating its release, a
finger lightly held the flywheel lifting off carefully to minimise any forces imparted on the
system.
Two operators initiated the stopwatch and released the flywheel individually.
The maximum height achieved on the return stroke was recorded and the stopwatch paused at
this peak.
These values were recorded for 3 repeats to produce an average value for calculations and to
give an insight into potential outlier results.
In accordance with the brief the following equations were implemented to calculate the
energy moving throughout the system:

o Potential Energy = Mass . Gravity . Height

o Weight = Mass . Gravity

o Potential Energy Loss (adjusted) =
Drop Height

" Drop Height . Peak Height
Drop Height

Drop Height. Peak Height
Drop Height

Time to fall?

o Linear Velocity = Linear Aceleration.Time to fall
2. PI. Linear Velocity

Circumfrence of pulley
Linear Aceleration

Radius of pulley

Mass . Gravity ( Height lost on rebound)

o Falling Time = Total Time .

o Linear Aceleration =

o Angular Aceleration =

o Angular Velocity =

Torque = Mass . Radius of pulley.(Gravity — Aceleration)
Kinetic Energy = % .Moment of Inertia. Angular Acelleration?®




Results

Mass kg 2kg kg Akg Skg
Time Height |Time Height |Time Height |Time Height |Time Height
4.33s 24m 345 249 m 2.555 246 m 2,285 242 m 2.25 .235m
AA7el 38 m 3.43s .25 m 2,735 .25m 2,155 24m 2.02s| .237m
4.47s 24m 3.255 248 m 2.64 s .23 m 2,135 243 m 2.5 234 m
Average 441s .239m 3.365 249 m 2,645 249 m 2,19s 242 m 2.07s .235m

Table 1 Results

Having recorded the time and height Potential Energy. Potential Energy Loss (adjusted) & Mass .
Gravity can be calculated. The results below are the product of our experiment.

) Potential Energy | Time to fall and rise Height lost on Potential Energy Loss
s {m) Weight (m-g] (PE) ) rebound (h) adjusted
kg 1N .27) 4.41s 041m .022)
.2kg 2.N .55) 3.36s .031m .032)
kg 29N .82) 2645 .031m .049)
kg 39N 1.1) 2.19s J038m .081)
.5kg 4.9N 1.37) 2.07s .045m .119)

Table 2 Initial calculations

Using these values: Falling Time, Linear Acceleration, Velocity, Torque, Angular Acceleration and

Kinetic Energy were calculated.

Time to fall Linear Linear Velocity | Angular Velocity Torque Angular Aceleration (a) Kenetic
(t) Aceleration (a) (v) (w) Energy (KE)
2.38s .05 m/sh2 12 m/s 18.13 rad/s .006 nm 7.63rad/s"2 .08)
1.78s .09 m/s"2 16 m/s 24,22 rad/s .013 nm 13.62 rad/s"2 14)
14s 14m/fsh2 .2m/s 30.81rad/s .019 nm 22.03 rad/s"2 22)
1.17s .2m/fs 2 24 m/s 36.7 rad/s .025 nm 31.27 rad/s"2 32)
1.13s .22 m/s"2 .25m/s 38.24 rad/s .031 nm 33.94 rad/s"2 .34)

Table 3 Further calculations




Analysis
Having plotted Torque against Angular Acceleration upon the graph excel will generate a trendline

and display the equation for said line. Using the form y = m.x + ¢, the value of the Moment of
Inertia is 0.0009 kg. m?.

This is just shy of double the supplied value of 0.0004696 kg. m?.

Moment of Inertia
.035nm
.03 nm y = 0.0009x + 7E-05 s

025 nm e

.02 nm

.015nm

Torque (T)

.01nm
.005 nm

.nm
.rad/s"2 5.rad/s"2 10.rad/s"2 15, rad/s"2 20. rad/s"2 25. rad/s"2 30.rad/s"2 35. rad/s"2 40. rad/s"2
AngularAceleration (o)

The scatter is not significantly varied with no major outliers visible, having said that the
quantity of results reduces confidence in the results as the line is only composed of 5
averages.

Effect of weight upon peak return height
252 m

25m
248 m
246 m
244 m

.242m

Peak Return Height

.24m
238 m
236m

.234m
.N 1.N 2.N 3.N 4. N 5.N 6.N

Weight

The increased velocity brought by increased weight initially caused the flywheel to operate
more effectively as it span faster. The potential energy did not continuously cause the weight
to rise higher on its return sweep. After roughly 2.2N the opposite effect was felt increasing
the load did not lead to less energy being spent.




Friction = Coefficient of Friction.Mass.Gravity
Increasing mass increased friction leaching energy.

Inaccuracies where introduced to the values taken as the string would stretch under load,
the string was calibrated with the rule-fer 100g once at 5009 the calibration was out.

Further Work

Re-run experiment using highspeed camera recording times based on release of the weight, an
algorithm could be built to automatically identity the point of release and the maximum height
achieved on the return stroke. Reducing the number of people involved and the time spent on notation
and physically reading measurements would allow for an increased number of runs to be performed
within a session.

Perhaps a this could be achieved more simply using an electromagnet to release the flywheel, a button
could release it whilst starting the camera this would require the analyst to only identify the peak
height and record its value and the timestamp of the video. This would ensure no forces are imparted
on the release. A whiteboard could be placed in the shot to note the repeat number & mass.

Lessen weight increase to produce a broader range of data points to analyse for example 50g instead
of 100g. The smaller the increments the more accurate the moment of inertia calculation should be.

Replace string with a similarly flexible cable with a higher tensile strength to reduce any stretch
which oceurs at maximum displacement. Steel wire, Nylon Fishing line, Kevlar thread

Better bearing block would reduce friction theoretically bringing the value for Inertia and the
discrepancy between Kinetic energy and Potential energy closer to the values expected.
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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-
() 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
) 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.
PRACT ICAL 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

) 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

0) 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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