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[bookmark: _Toc31058030]Introduction
[bookmark: _Toc31058031]Aims
· To gain relevant data from the completion of the experimental procedure
· To interpret data obtained resulting in the final values of the investigation being calculated
[bookmark: _Toc31058032]Objectives
· To follow specified methodology in the practical kit to accurately obtain data.
· To record repeat data points to ensure reliability of data collected.
· To put the data obtained into relevant equations.
· 
This report will encompass the findings of two main sections: the experimental procedure, and the calculation of data based upon that. Not only must primary data be discussed, but it must be compared with research and its correlation commented on simultaneously. As such, equations and further data manipulation will be covered, with 
[The aims and objectives of a report should be included within the introduction chapter. The introduction may also comment on the topics and sections that will be discussed in the report. It needs to set the scene for the report and then allow the main body to start.]


[bookmark: _Toc31058033]Literature Review/Research
Source one, the engineering science kit distributed by UWTSD and created by TecQuipment Limited, contains all relevant information required to carry out the experiment. It includes apparatus, methodology for the experimental procedure, methodology for the additional workings and information needed to use the necessary equations. It was developed for the exact purpose it was used for within the assignment. 

[bookmark: _Toc31058034]Methodology
[bookmark: _Toc31058035]Equipment
Initially, the apparatus for the equipment had to be set up. This required for the necessary equipment to first be gathered, which consisted of:
· Work panel,
· Pulley block,
· Flywheel,
· 300-millimetre magnetic rule,
· Weight hanger,
· 400g in 100g masses, 
· Length of cord,
· Stopwatch,
as specified by the experiment kit (UWTSD). If a specific methodology is being used, then references to sources detailing the methodology should be included in the methodology chapter. [image: ]
[bookmark: _Toc31060084]Figure 1 - Set Up Instructions and Apparatus (UWTSD)
[bookmark: _Toc31058036]Preparation 
For appropriate setup in preparation, the flywheel was attached to the pulley block; fastened in turn to the work panel to hold the flywheel aloft. One end of the cord was attached to the pulley block, with the weight hanger secured at the other end: hanging from the pulley block. The cord’s length was cut to sufficient length for the weight hanger to move vertically between 280mm and 290mm. The magnetic ruler was positioned so the bottom of the weight hanger, at maximum vertical travel, was aligned with the 0mm mark on the rule, to allow the calculation of bounce height (h2). 
[image: ]






[bookmark: _Toc31060085]Figure 2 – Actual Set Up
[bookmark: _Toc31058037]Method
Correct experimental procedure was started with weights added to the hanger to create 100g for the first increment. The experimental process was conducted for the initial increment as follows: 
1. The flywheel was wound to wrap the cord around the pulley, raising the bottom of the weight hanger to 280mm.
2. The flywheel was released allowing the weight hanger to drop; the stopwatch was initiated simultaneously.
3. Separate team members measured the h2, and the time taken to reach it on the stopwatch.
4. Steps 1-3 were repeated three times per mass, in 100g increments up until 500g and an average created to improve reliability. Anomalies were ignored when calculating averages. 
5. Raw results and averages plotted in results table. 
Equations
Once results were collated, further investigation was needed to fulfil the table and answer the questions presented. The potential energy (PE) was calculated using the equation

[bookmark: _Toc31059413]Equation 1
followed by the PE loss (adjusted) which was required as the weight hanger travelled in two directions. This would allow for analysis of discrepancies when investigating the kinetic energy (KE) of the hanger. The mg was calculated for use in later equations. Crucial values of falling time and acceleration were calculated next, using time and heights. The linear falling velocity was calculated as the acceleration multiplied by the falling time, creating:

[bookmark: _Toc31059414]Equation 2
Additionally values for the equation:

[bookmark: _Toc31059415]Equation 3
 were calculated as these are equivalent to the cord’s torque value. The equation:

[bookmark: _Toc31059416]Equation 4
gave the value for angular acceleration, which consequently meant the average value for total inertia, It, could be calculated when substituting (mg-ma)r for torque in the equation:

[bookmark: _Toc31059417]Equation 5
A graph with a/r on the x-axis was plotted, which meant that a value for I could be calculated from the gradient.
  

[bookmark: _Toc31058038]Results
[bookmark: _Toc31058039]Tables of Results
[bookmark: _Toc31058040]Recorded Data
[bookmark: _Toc31060104]Table 1 - Recorded data
	Mass (g)
	Total time (s)
	H2 (m)

	0
	0
	0

	0.1
	4.06
	0.24

	0.2
	3.25
	0.251

	0.3
	2.38
	0.254

	0.4
	1.93
	0.251

	0.5
	1.72
	0.241


These are the results recorded while carrying out the experiment. Mass increments were specified by the methodology, while the measured data sets are total time and h2. These results alone were used to obtain all other results in this experiment.
[bookmark: _Toc31058041]Fully Calculated Data
[bookmark: _Toc31060105]Table 2 - All data (including calculated)
[image: ]
Equations were used to calculate the remaining data sets, providing a full array as shown in Table 2. The excel spreadsheet displays all values in relation to each other, showing how the calculated results were found using the recorded data provided. All data sets, excluding those in Table 1, were calculated using the equations listed in the methodology.






[bookmark: _Toc31058042]Further Results 

[bookmark: _Toc31060086]Figure 3 - Specified Graph to find I
Using the collated data, the final set of results to be obtained were in the form of a graph. Plotting a/r on the y axis against (mg-ma)r on the x axis provides a positive gradient equivalent to 1/I, which can be rearranged to provide I, the inertia of the system. 
The trendline given by excel displays the equation and therefore the gradient: 1678.4. This equals 1/I, meaning I has a value of 1/1678.4 which is 5.96x10^-4. 


[bookmark: _Toc31058043]Analysis
[bookmark: _Toc31058044]Analysis of table
General trends are common across the data obtained. Most data sets follow a consistent increasing or decreasing trend, with the exception of only one. The recorded value for h2 increased for the first three weight increments, peaking at 0.254m at a weight of 0.3 before decreasing to 0.241m, close to its value for the lowest weight.  This is expected however, as the decrease can be attributed to the rigidity of the string causing a gyration at maximum drop, since the string suddenly becomes taut and so cannot travel further with the weight. 
[bookmark: _Toc31058046]Graphical Analysis
The graph follows a quite strong positive correlation, in which as the values upon the x axis increase so the values on the y axis. The line of best fit shows this further as it demonstrates the trend without the sudden dip shown in the regular graph at data point 3.

[bookmark: _Toc31058047]Evaluation
[bookmark: _Toc31058048]Methodology
The methodology was a very effective one, as supplied by the engineering science kit. The method itself provided a clear experimental procedure through which thorough experimentation and reliable data could be obtained. Particularly the way in which the ruler could be aligned with maximum drop allowed for accurate readings in terms of drop height and h2. 
However, the methodology could have been improved as there was room for human error and delays from reaction time. A key example of this was within the timing of the procedure, as this was achieved using a stopwatch and a separate team member dropping the weight hanger. This allowed for discrepancies in timing due to reaction times. A more accurate way would be to use laser gates or alternatively record the process and calculate the exact frame the drop began and the rebound ended, which would give greater accuracy with timings.
[bookmark: _Toc31058049]Results
[bookmark: _GoBack]
[bookmark: _Toc31058050]Issues and Deviations
e.g. results began to decrease because of non-linear movement/wobbling in the string


[bookmark: _Toc31058051]Conclusion & Further Work
[bookmark: _Toc31058052]Conclusions drawn from the experiment
· What the graphical correlations show
· What the results say about the experiment
· Conclusions about the deviation
[bookmark: _Toc31058053]Questions:
· Note relationship between mass applied and PE loss. Heavier masses should give greater PE loss. Why?
· Does value of I compare with nominal values
· Think about sources of error; what could show discrepancies in: PE+PE loss = KE
[bookmark: _Toc31058054]Further work
· Experimentation with less rigid rope i.e. bungie cord
· With a hanger that does not wobble so energy is not lost
· Smaller increments? 
· 

[bookmark: _Toc31058055] References
1 - https://moodle.uwtsd.ac.uk/pluginfile.php/324439/mod_resource/content/1/M4X00385_SEM1_CW_2019_2020.pdf    (accessed 18th November 2019) 
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Sources needed – 
· Supporting results trends
· Supporting conclusions
· 
The Trend in a/r as (mg-ma)r Increases


0	6.3E-3	1.26E-2	1.8800000000000001E-2	2.4799999999999999E-2	3.0800000000000001E-2	0	8.92	14.77	27.54	41.38	50.46	(mg-ma)r
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1 |Mass(kg) PEQ)  Time, Tt(s) h2(m) mg PE loss adjusted (1) Falling time, Tf (s) a (m/s"2 v(m/s)  w (rad/s) (mg-ma)r a/r KE

2 0 0 0 0 0 0 0 0 0 0 0 0 0

3 01 0275 406 024 0981 0.0058 219 0058 0127 1956 0.0063  8.92  0.074

4 02 0549 325 0251 1962 0.0143 171 0096 0164 2526 0.0126 1477  0.123

5 03 0824 238 0254 2943 0.0114 125 0179 0224 345 00188 2754 023

6 04 1009 193 0251  3.924 0.0169 102 0260 0274 422 00248 4138 0344

7 o5 1373 172 0241 4905 0.0279 0924 0328 0303  46.66 0.0308 5046  0.42
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