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Introduction:

The group has been given the task to experiment the effects and changes of the energy of a flywheel when a changing mass is applied to it. To begin, energy in physical terms is the for doing work, for example take an engine, an engine creates a kinetic energy force by rotating all internal parts to provide drive for a vehicle, whilst doing this it is also creating and using heat energy by burning the fuel that is provided. When speaking about energy our group must remember the law of conservation of energy, this states that energy cannot be created or destroyed but only changed from one form into another, hence the change in fuel being burnt from a chemical energy into a kinetic energy providing force to turn over an engine. For this experiment we will be calculating the kinetic energy of the flywheel and the potential energy. The equation used for kinetic energy is “KE=1/2*M*V^2” or written as kinetic energy equals half the mass times the velocity squared. 
Our group is also going to calculate the potential energy in the system. Here is a brief description on what potential energy is “Potential energy is energy that is stored – or conserved - in an object or substance. This stored energy is based on the position, arrangement or state of the object or substance.” (Solarschools.net, 2019). Below is a brief diagram on the differences between kinetic and potential.
[image: Potential and Kinetic Diagram]
So, the picture above displays the differences between both energies. Potential energy is the energy stored in a system that is ready to be converted whilst obeying the conservation of energy law into another form of energy and in our groups case that was converted into kinetic energy when the flywheel was released from the tensioned string.
Before the group began the experiment our predictions when discussing the experiment were that the increase in weight would result in a reduced time taken for the flywheel to complete one full rotation. Our group came to this prediction due to the recalling newtons second law. Newtons second law is “F=MA” where the force equals the mass times by the acceleration, so our prediction came from the increasing mass number would result in a larger acceleration when the equation is re arranged to calculate the acceleration. (Physicsclassroom.com, 2019).



Experimental procedure:

To start setting up the groups experiment our group were given a set of guidance notes to follow and to be able to set up the apparatus correctly to prove the groups theories on the energy of a flywheel. Following the groups first step our next task was to construct the experiment and the equipment that was provided in the “ES9”. Our group began by providing each other with roles, our group decided it was best to have two members timing each rotation, one member looking at which height the flywheel reached and one member listing all results gathered in a well-constructed table, and we had one member constantly dropping the flywheel to reduce the human error factor throughout the experiment. After our group members had decided on everyone’s roles throughout the experiment two group members began constructing the apparatus as seen below.
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As displayed on the left this was the experimental setup our group was given to follow. 








This consisted of a length of string that was pre-cut by the lecturer, this string would be attached the weight hanger, the hanger itself weighed 100g so that would be the first measurement and the increments our group decided to use were 100g each time. The distance the hanger would travel was just below the 290mm mark in a vertical direction. Our group would also use a magnetic ruler that stuck parallel next to the dropping area to measure how high the flywheel would go to. The next piece of equipment our group used was the essential pulley block and flywheel, this would rotate and regather the string after each measurement was taken. To begin the experiment each group member got into they’re position and began taken measurements.




Calculations:

Once our group had gathered all results every member went on there own to calculate the results required to form their own results table. In order to begin creating this table each group member must calculate the average value for the heights and times gathered after redoing the experiment three times to allow an average to be calculated to provide more reliable results. One of the things our group must calculate is the kinetic energy, the equation used to do this would be KE= ½*M*V^2, in a worded term the is the kinetic energy is equal to half of the mass times by velocity squared. Another calculation that must be done was the potential energy and the change in potential energy, velocity, acceleration, (mg-ma)r and a/r values. If all calculations were done correctly and the experiment was completed with a low systematic error rate the graph displayed would show two reasonably straight lines, with a small distance between both lines.
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[image: ]Analysis:

The table above shows some of the results that the group had gathered when completeing this experiment, This shows the time to fall and rise calculation, the averaged out values of the height and the times collected, the potential energy of the system and the potentiall energy lost throughout the experiment taking place.
From carefully analysing the data gathered it is visible that our groups predictions at the start of the experiment were correct, it shows that there is a relationship between the mass and the accelaration and rate at which the weights fall. It seems the the heavier the weight applied the faster the weights dropped, this proves our prediction was correct by obeying newtons second law of motion, it shows a direct relationship between the mass and accelaration.
To calculate the total potential energy in the system the following equation was used PE=MGH, to calculate the total potential energy the system had before realeased, the height used was the totla height before it beign dropped as this is the point at which it has the highest ammount of potential energy. The next step then was to calculate the loss in potential energy once the experiment had commenced, the way to do this is to use the data gathered. The second height “h2” is the height to which the flywheel reached, this height was an average out of three measuremnts taken, So to calculate the loss in potential energy the group used the figure for the potenital energy before it had been dropped then calculated the potential energy with the secondary height and subtracted the energy before from the energy afterwards. As seen in the spreadsheet as “=SUM(B3)-C3”
[image: ]The next thing to calculate was the accelaration of the weight once they had been dropped, to calculate this the first height would be used and the falling time, The sum used to calculate this was “=SUM(E3/J3^2). As stated previously there is great diffucuilty to trying to find an accurate time to calculate the accelaration due to the equipment provied and used throughout this experiment.

The next task given was to calculate the angular accelaration of the flywheel, this is a vital part to calculate as a graph is needed to show the relationship between the torque and the angular accleration of the flywheel, the equation used to calculate angular accelaration is the accelaration of the system divided by the radius of the flywheel. The radius of the flywheel is 0.0065m. 
Due to using the radius of the flywheel the accelration would be measured in Radiuns per meter second squared instead of the linear motions meters per second squared.
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To complete the analysis section the graph must be included. This graph shows the torque against angular acceleration and the relationship between both. If the results gathered throughout the experiment are somewhat near accurate the graph should show two reasonably straight lines whilst also showing the gradient.
As seen below each line is reasonably straight which shows that the results gathered by doing this experiment are accurate, there are 2 points where there is to be believed some timing errors as 2 points stray away from the line of best fit, our group believes this is due to timing errors and a systematic error when measuring the height reached as both of these measurements contributed towards the graph. 



Conclusion:

To finish and conclude the findings of this experiment, the law of conservation of energy is obeyed and only gets transferred from one form into another, this experiment has also show that newtons laws of motion have been obeyed and proves the groups predictions from the start were correct. Newton’s second law of motion stayed in place as when the weight was increased the acceleration increased at a following rate. This resulted in a faster rotation in the flywheel and a shorter time for the weights to reach their maximum displacement.



















Evaluation:

To evaluate the experiment that has been completed it has shown that the results gathered did have slight errors throughout but they were only marginally incorrect as when the graph was displayed it showed that only 2 points weren’t on the line of best fit. This was due to the not so accurate measures taken when it came to timing and measuring the height at which the weights reached halfway through each rotation. Another issue I believe was apparent was that the string that had previously been used was not measured by any members of the group, this may have caused any of the errors displayed on the graph as it may have stretched slightly causing our readings to be incorrect. Another issue that may have arose would have been the weight stand, over time they may have been damaged and may have lost a small amount of weight, ideally the group should have weighed each individual weight and had a true reading so that errors could have been accounted for. But overall the prediction that was set was met and even including the systematic errors the group results were proven to be accurate.
















Further work:

To begin with the further work topic our group must compile the amount of systematic errors throughout the experiment. One major error that was a human error was the timing procedure. Two group members decided to use they’re phones which were both different phones, this may have caused a timing error throughout all our groups results. The main issue with this procedure was the human error that would have occurred, this is because each member reaction time would vary, and this would be throughout our group’s whole results findings. There are many ways to calculate the time taken for one oscillation, one realistic way to would be to use a light gate setup, this would provide a much more accurate reading which would eliminate the error in the timing using phones setup. If our group was to re do this experiment the group would strongly advise using light gates or any other more advanced system to eliminate the human reaction time error. Another error our group experienced when performing this experiment was that there was a significant amount of bouncing when larger weights were applied, this was due to the sting. One way to reduce the error here would be to use a rigid material that would experience less of a bounce when it reached its maximum distance from the flywheel. One way to improve this would be trying and testing multiple different materials like a steel sting or another type of string that didn’t bounce as much. By the string bouncing it cause’s a delay in time when it was returning to its maximum height, this would then have an effect on the time that our team members measured and would then provide an inconclusive result. Another significant error that may have occurred was the measuring technique we devised, our group had one member measure the height at which the weights reached when they were on the upwards travel after being dropped, the issue with this system is if that said team member cannot get a clear vision  of the ruler the measurements maybe be roughly 10-20 percent incorrect, that is quite a large margin which would completely change the results our group gathered from the correct results. One way to reduce this would be to also use light gates once again or even a marking system to show the exact height at which the weights reached.
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From looking at the data given from the experiment the pattern shows that more mass, faster the
weight hanger took to fall and rise. However, the time difference between 0.1kg and 0.2kg was
larger than the time difference between 0.4kg and 0.5kg. This is due to many factors, example of this
is when the weight hanger bounce reached 280mm the cord stretches exceeding the limit of
280mm. Also, the weight hanger bounce with more velocity having a harder impact causing the
weight hanger to wobble losing momentum. This theory is backed by results of the height showing
no difference from the results of 0.1kg and 0.5kg.

By gathering the results for the weight, height and time to fall and rise, an induvial is able to
calculate more factors to further his/her knowledge of energy the flywheel. An induvial of the group
is able to find the potential energy, potential energy loss potential energy loss adjusted.
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