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[bookmark: _Toc210984555]Introduction 
A flywheel is a mechanical wheel thing used to store energy in the form of rotation it is commonly found in engineering systems such as engines, where it helps maintain a steady motion. The basic idea is that energy can be transferred into the flywheel and then released when required.
This experiment looks at how energy is transferred from a falling mass into a rotating flywheel. When an object is held at a height it has gravitational potential energy. Once released, this energy begins to convert into kinetic energy as the object moves. In this setup the falling mass causes the flywheel to rotate, meaning energy is being transferred between different forms.
The main aim of the experiment was to see how effectively this transfer takes place. the relationship between potential energy and kinetic energy was investigated. It was also important to observe how changing the mass affected the motion of the system.
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Energy transfer is a key concept in both physics and engineering. One of the main principles is the conservation of energy, which states that energy cannot be created or destroyed only changed from one form to another.
Gravitational potential energy depends on the height and mass of an object. The higher or heavier the object the more energy it has stored. This energy is usually calculated using the equation PE = mgh.
Kinetic energy, on the other hand, is related to movement. Any object that is moving has kinetic energy, and this depends on both its mass and velocity. The equation KE = ½mv² is commonly used to calculate this.
In systems like flywheels, energy is stored as rotational kinetic energy rather than linear motion. Flywheels are used in real-world applications to smooth out energy fluctuations, for example in car engines or energy storage systems.
However, in practice, systems are never perfectly efficient. Some energy is always lost, usually due to friction or air resistance. Because of this, the amount of kinetic energy measured is often lower than the initial potential energy. This experiment helps to show how these losses affect a real system.
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The experiment was carried out using a flywheel apparatus attached to a frame. A string was wrapped around the flywheel and connected to a hanging mass.
To begin with, the system was checked to make sure everything was secure and aligned properly. A mass was then attached and raised to a fixed height of roughly 0.24 to 0.25 metres. Once released, the mass fell and caused the flywheel to spin.
The time taken for the mass to fall was recorded using a stopwatch. This was repeated three times for each mass to make the results more reliable. The same process was then carried out for different masses, ranging from 0.1 kg to 0.5 kg.
Although care was taken to keep the conditions consistent, there were still some small variations, particularly when releasing the mass and starting the timer.
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	Mass (kg)
	T1 (s)
	T2 (s)
	T3 (s)
	Average Time (s)
	Height (m)

	0.1
	5.35
	4.66
	4.28
	4.68
	0.24

	0.2
	3.26
	3.31
	3.53
	3.36
	0.25

	0.3
	2.63
	3.08
	2.33
	2.68
	0.25

	0.4
	2.33
	2.35
	2.30
	2.32
	0.25

	0.5
	1.74
	1.97
	2.16
	1.95
	0.23


From the table, it can be seen that the time taken generally decreases as the mass increases. This suggests that heavier masses fall faster in this setup.
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The data collected was used to work out several values, including potential energy, acceleration, velocity, and kinetic energy.
Potential energy was calculated using PE = mgh. As expected, larger masses resulted in higher potential energy values because of the direct relationship with mass.
Acceleration was found using the equation a = 2s / t². When the calculations were carried out, it became clear that acceleration increased as the mass increased. This makes sense, as a greater force is acting on the system.
Velocity was then calculated using v = at. Again, higher masses produced higher velocities due to the increased acceleration.
Kinetic energy was calculated using KE = ½mv². Although KE increased with mass, it was still lower than the corresponding potential energy values. This indicates that not all of the energy was transferred successfully.

[bookmark: _Toc210984560]Combined Results & Analysis / Discussion Conclusion 
Overall, the results followed a pattern that was expected. Increasing the mass led to faster movement and more energy being transferred into the flywheel. This can be seen clearly in the decreasing time values as the mass increases, which suggests that the system accelerates more when a larger force is applied.
However, one thing that stands out is that the kinetic energy is always lower than the potential energy. This means some of the energy is being lost somewhere in the system. The difference between these values becomes more noticeable when looking at smaller masses, where the system appears less efficient.
There are a few likely reasons for this. Friction in the flywheel bearings is probably the main one, as it slows things down slightly and reduces the amount of energy that can be transferred. Air resistance could also have a small effect, although probably not a huge one in this setup. Some energy is also likely lost as heat when parts are moving against each other, especially where the string contacts the wheel.
It also seemed like the system worked slightly better with higher masses. This could be because the larger force makes the effect of friction less noticeable in comparison. In other words, the losses are still there, but they have less impact on the overall motion.
Another point worth mentioning is that the results were not perfectly consistent across all trials. There are small differences between the three time readings for each mass, which suggests that the experiment had some level of uncertainty. This could be due to slight variations in how the mass was released or how quickly the stopwatch was started and stopped.
So while the theory says energy should be fully transferred, the experiment shows that in real life, it doesn’t quite work like that. Instead, it gives a more realistic view of how energy systems behave, including their limitations.
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There were a few things that could have affected the results, and these need to be considered when looking at the accuracy of the experiment.
Using a stopwatch is not the most accurate method, as reaction time can easily add small errors. Even a delay of a fraction of a second can change the calculated acceleration quite a lot, especially for the smaller masses where the times are longer. This means some of the calculated values may not be completely precise.
Also, releasing the mass by hand meant it wasn’t always exactly the same each time. Sometimes the mass may have been given a slight push or not released cleanly, which would affect how quickly it started moving. This could explain some of the variation seen between repeated trials.
Friction in the system was another factor that couldn’t really be controlled. The bearings, pulley, and string all create resistance, and this would reduce the overall energy transfer. Over time, wear and tear on the equipment could also change how much friction is present, which adds another source of inconsistency.
Another possible issue is the measurement of height. If the height was not exactly the same each time, this would affect the potential energy calculation and therefore impact the comparison with kinetic energy.
To improve the experiment, better timing equipment could be used, such as light gates or digital sensors, which would remove human reaction time errors. A mechanical release system would also help ensure the mass is dropped in the same way each time.
If the experiment was extended further, it could be useful to test a wider range of masses or use different flywheel designs. Measuring the rotational speed directly would also give a better understanding of how the energy is being stored and transferred within the system.
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