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[bookmark: _Toc27162369]Introduction
I have decided to conduct an experiment to investigate the energy that can be stored in a flywheel. Using an appropriate method and appropriate apparatus, I will record the results I need to be able to carry out the calculations needed to find both the potential energy and the kinetic energy stored in the flywheel. I intend to take readings for varied loads on the flywheel in order to observe how adding additional loads to the flywheel affects the amount of energy it stores.
[bookmark: _Toc27162370]Experimental Procedure
I set up the apparatus so that I had the weight hanger attached to the pulley (which was connected to the flywheel) by a string. At the bottom of the weight hanger I attached a guide so that I could read the height off the rule. Once everything was set up, I added nine 10g weights onto the hanger to bring the total mass up to 100g. with the weights in place I turned the flywheel so that the hanger would rise to the point where the guide indicated a height of 280mm on the rule. This is the height from which I would allow the weights to drop each time which I have named h1.
[image: ]
[image: ]When I was ready, I let go of the flywheel and let the weights drop. I would allow the weights to drop to the 0mm position and then bounce back up to the highest point, where I would catch the weights and reset them to the 280mm (h1) position. As the weights dropped, I recorded both the time it took for the weights to fall and return to the highest position as well as the height reached by the weights after the rebound. I have named the highest point h2 and the time taken to fall and reach the highest point t.
After this I repeated the process a further two times so that I could calculate an average result for both the time taken (t) and the maximum height reached after rebound (h2). This way I would receive a more accurate and justified result for both. Once I had taken all my measurements, I added a further 100g worth of weights to the hanger to bring the total weight up to 200g. I repeated the whole process again for the 200g, including taking three measurements instead of just one. After this I also took measurements for 300g, 400g and 500g worth of weights.
[image: ]
[bookmark: _Toc27162371]Results
After conducting the experiment, these were the results that I came out with:[image: ]

The results from the table which were recorded during the experiment are t (the time taken to fall and rise, in seconds) and h2 (the highest point reached after rebound, in metres). Other than the combined mass of the weights (m, in kg), everything else in the table was calculated from the results after the experiment took place.
Creating the results table in excel allowed me to use equations to make calculating the results far quicker and easier than calculating everything separate and entering it all manually. For instance, to calculate the velocity (v, in m/s) I used the straightforward equation =G3*H3, which multiplied the acceleration in (a, in m/s squared) in column H by the falling time (tf, in seconds) in column G to produce an answer. I then dragged the box with the answer in downwards to highlight the rest of the column below in order to automatically calculate the answers for each set of results. A more complex example of this would be the equation I used to calculate the angular velocity (w, in rad/s) which was =2*PI()*I3/0.0408. This equation works by multiplying the result for linear velocity (v) in the I column over 0.0408 (the circumference of the pulley) by 2 and by pi to get a result.
By using the appropriate equations, I was able to gather all the relevant data present in the table. However, to calculate the KE I would need to find the inertia value, which would be difficult to find by using equations alone. To find the inertia value, I plotted a graph of the (mg-ma)r values against the a/r values. The line on the graph I created in excel provided me with the inertia value (0.0061 in this case) I required, which I then put into an equation (1/2Iw2) in order to find the values for the KE.

[bookmark: _Toc27162372]Analysis
Looking back at my results, there is a clear trend shown throughout the results table. This trend shows that as the weight increased, most of the other figures, for instance that of velocity (linear and angular), acceleration, (mg-ma)r and a/r values, also increased. Not all the figures increased; the time taken to rise and fall (and to just fall) as well as the maximum rebound hight decreased. This however would be due to the higher acceleration (in the case of the times) which was caused by a higher amount of potential energy. In the case of the highest points reached after falling, it would be the additional mass on the string that brought the figures for rebound hight down.
One thing I have noticed about my results is that there is a noticeably large difference between the results for the 100g mass and the 200g mass compared to the differences between the other masses. To demonstrate this, I have calculated an average figure for the differences between times taken to fall and rise which came out to be 0.64 seconds, the difference between the 100g and 200g masses was 1.49 seconds which is 0.85 seconds greater than the average. This has led me to believe that the results recorded for the 100g mass were anomalous, for the results I received for it are noticeably larger than that of the other masses. 
The results for the graph show a straight diagonal line of positive correlation. This is to be expected as both the results for the (mg-ma)r values and the a/r values show larger figures for the increasing level of mass on the string. It is as a result of this that the line of the graph appears to go diagonally upwards, even despite the first set of figures potentially being anomalous.
After conducting some research, I have found some examples of similar experiments conducted to find the kinetic energy and/or inertia values of a flywheel. A diagram I have found on one website I viewed shows the basic layout for the apparatus used in the experiment.
[image: ]
(Ranjan, 2019)
The diagram shows a mass hanging from an axle connected to a flywheel in a similar setup to that which I used to conduct my experiment. A list of apparatus used is also given, which consists of mostly the same equipment. I also found a similar diagram on another website that lists some of the apparatus used as ‘a flywheel along with apparatus like weight hanger, slotted weights, metre scale and we can even keep a stopwatch’ (Byju’s, 2019)
[image: ]
(Byju’s, 2019)
Considering that both these diagrams show a similar setup to that which I have used, I think the method I used to obtain my results was an effective method.
From my research I have noticed that there are multiple different equations and methods used to obtain some of the calculations I have made. However, the equations used to find potential energy and kinetic energy I have found as mgh and 1/2Iw2 (Byju’s, 2019) , which are the equations that I have made use of to calculate these figures.
As for my results, I have found a graph similar to the one that I created to find the inertia value. Although the figures shown on both axis are noticeably larger than that of my graph, the graph shows a diagonal line of positive correlation in the same way that my graph does. Also, although the figure they received for the inertia value was different to mine (as a different experiment it is unlikely to generate identical figures to mine), it was still a similar figure (0.0056 for theirs, 0.0061 for mine). This similarity has led me to believe that my results must be reasonably accurate, and that the method of using a graph to find the inertia value works.
[image: ]
(Pintão, Carlos & Filho, Moacir & Grandini, Carlos & Hessel, Roberto, 2004)
 
[bookmark: _Toc27162373]Conclusion
To conclude, I carried out this experiment to investigate the energy (potential and kinetic) stored within a flywheel. This I have achieved by first recording the time taken for various masses on a string to fall and rise to their highest positions as well as the value for the highest position. 
With the results I recorded (after repeating each recording twice), I created a spreadsheet into which I entered my results. From here I was able to use the appropriate equations to calculate figures for the potential energy (and pe loss), the falling time, the acceleration, the linear and angular velocities as well as the (mg-ma)r and a/r values. Using the last two of those values, I was able to plot a graph in order to find the inertia value of the flywheel, which I then used to calculate the kinetic energy stored in each instance. 
After this, I analysed my data and found clear trends in the data as I would have expected, with figures for energy (both potential and kinetic), velocity (both angular and linear) and most other values increasing every time more mass was added. The results on the graph also reflect this, showing a clear positive correlation. I also did some research in order to justify the methods I used to obtain my results and data.
[bookmark: _Toc27162374]Evaluation
Overall, I am satisfied with the way my experiment has gone and with the results and data I was able to generate from it. The experiment I conducted went mostly to plan and I never faced many problems or difficulties during it. My results I have found mostly make sense and have generated figures which have shown the trends that I expected. 
Although I have been satisfied with the outcomes of the experiment, there are however ways in which I could improve on it. For one thing, there were likely slight human errors and inaccuracies made when conducting the experiment. These could include taking inaccurate readings from the rule for the height reached and slow reaction times resulting in timing inaccuracies. If I were to conduct this experiment again, one method that can be used to improve on this would be to use a slow-motion camera to record the weights falling and rising to the highest point. This way we would be able to record the times and heights more accurately.
Another issue may have been with the length of the string altering due to excessive use during the experiment, causing further inaccuracies. To solve this issue I could probably use a tougher string or wire which would be less likely to alter in length (at least by a smaller amount) and also less likely to break. 
Finally, I would go back and find new values for the times and heights reached for the 100g mass. This is because the difference between the results for the 100g and 200g masses was significantly larger than the differences between all the other weights, which has led me to believe that the results for the 100g mass were anomalous. Therefore, it would probably be beneficial to take those readings again in order to confirm whether the results were anomalous or not.
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0 0 0 0 0 0 0 0 0 0 0 0 0

0.1 0.27468 4.57 0.249 0.981 0.030411 2.418903592 0.047854294 0.115755 17.82622 0.006345 7.362199 0.969211

0.2 0.54936 3.08 0.242 1.962 0.074556 1.65210728 0.102584452 0.169481 26.09994 0.01262 15.78222 2.077681

0.3 0.82404 2.87 0.239 2.943 0.120663 1.548362235 0.116791945 0.180836 27.84872 0.018902 17.96799 2.36543

0.4 1.09872 2.46 0.238 3.924 0.164808 1.32972973 0.158354815 0.210569 32.42757 0.025094 24.36228 3.207219

0.5 1.3734 2 0.236 4.905 0.21582 1.085271318 0.237728571 0.258 39.73191 0.03111 36.57363 4.814805
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