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[bookmark: _Toc128832138]Introduction
This will report will cover the theory of how an elastic band behaves in terms of its chemical structure and material properties. During the experiment, it was observed that the elastic band stretched at a longer distance in the beginning with lighter masses and that once heavier masses were applied the stretch was only increasing by a small amount. Further, once the heavier masses were added, the elastic band stretched by a very little distance and withstood a higher load of masses before failure than predicted. This is due to the elastic band’s chemical structure of tangled polymer chains and that the elastic band is a viscoelastic material. This term means that rubber is a viscous and elastic material, which describes a substance that resists deformation and returns to its original shape once a deformation force has been removed (Flexibility Research, 2021.). Further, it was observed that the elastic band could withstand a high load of masses without breaking, as rubber has a high tensile strength. This is where the material can undergo a large amount of stress by a pulling force without failure. 


[bookmark: _Toc128832139]Experimental Method
Equipment used in the experiment:
· A sturdy frame to hang the weights from
· Carabiner
· Length of rope
· A variety of masses 
· Mass hanger
· String
· Metre rule
· Elastic bands
· Scissors
Method:
1) Set up apparatus. To set up the apparatus, attach the length of rope to the frame and hook the carabiner to it to provide a strong support.
2) Hook the elastic band to the carabiner (as shown in figure 1.1) and place a mass of 0.107kg on the elastic band and record the length on an excel spreadsheet. Repeat this step with the varying masses up until a mass of 1kg (as shown in figure 1.2 and 2.0).
3) Next, place the mass hanger, which weighs 1kg, onto the elastic band (figure 1.0) to record the length created by a 1kg mass. Further, the health and safety aspects are required to be considered when recording the lengths used with heavier masses so that when the elastic band fails, it does not harm anyone or anything around it from falling.
4) Now, use the string to tie a long length of approximately 2 metres onto the mass hanger, and pull it through the carabiner to create a pulley system (figure 1.0 and 1.1). This is so that when the elastic band fails it does not drop onto the floor and scatter the masses, it will merely hang and from the string and not fall a significant amount.
5) Then, place a mass of 0.104kg (figure 2.0) and measure the length of the elastic band, ensuring the newly created pulley system does not affect the stretch of the band.
6) Repeat step 5 using the varied masses until the elastic band fails where a mass of 7.85kg is the maximum mass before failure (figure 2).  
7) Now using the excel spreadsheet with the recorded results, calculate the force, stretch, stress and strain.
8) The data on the excel spreadsheet can now be used to construct a force-stretch graph and a stress-strain graph in order to find the Young’s modulus of the elastic band.
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[bookmark: _Toc128832141]Analysis of Results
In order to calculate force and stretch for the force-stretch graph, the mass had to be multiplied by the acceleration due to gravity, which is 9.81m/s^2. This is due to Newton’s 2nd law and assumes the acceleration due to gravity is at a sea-level constant. Further, to calculate the stretch, the original length of the elastic band had to be subtracted from the length recorded. The relationship of the graph is that as the force created by the massed increased, the stretch of the elastic band increased at a decreasing rate until approximately 77N, which is the maximum force before failure. This point before failure is called the ultimate tensile strength, which was calculated to be 19252125 N/m^2.  
The stretch increased at a decreasing rate due to the chemical structure of an elastic band. An elastic band’s chemical make up are rows of tangled polymers close together, so when a force (which creates a stress) is applied to the elastic band these tangled polymers stretch until straightened. The straightening of these polymers occurs with a small amount of force, which is why the stretch increases as a relatively fast rate until the force is approximately 30N (figure 2.0). Once the polymers are straight, an increase in the load which is applied causes less of a stretch as the load is now creating a force for pulling each monomer apart slightly until failure (when the polymer chains snap). This is also caused by the creep, which is where a load is put on a body and deformation occurs with time. This occurs when the band has overcome its elastic limit and deformation will occur until failure. This causes the stretch to decrease with forces exceeding 30N (figure 2.0) as the creep deformation occurs at a slower rate than the extension of polymer chains (Viscoelasticity, n.d).     

In order to calculate stress for the stress-strain graph, the force is divided by the cross-sectional area of the rubber band. The cross-sectional area is the width multiplied by the depth. To calculate the strain, the change in length in divided by the original length (stretch/length of band with no masses). The relationship of this graph is that as the strain increased, the stress increased at a relatively steady rate until it reached approximately 3, then plateaus slightly until approximately 5. Then as the strain increased, the stress increased at an increasing rate until approximately 6.5. This stress-strain graph allows for the calculation of young’s modulus. Young’s modulus is calculated by dividing stress by strain, which is the gradient of the graph. Its was found that the elastic band has a young’s modulus of 2MN, which demonstrates that rubber is not a stiff material as it has a relatively low young’s modulus compared to other materials.
This relationship occurs because of hysteresis. Hysteresis is the difference in energy caused by the strain to create a stress in a material. The energy dissipated occurs in the form of heat (Instron, n.d). Hysteresis therefore causes a temperature rise in the material, which in turn causes the strain to rapidly increase with a small amount of stress applied up to a certain point (before other factors, such as chemical make-up, inhibit this). For example, This occurs in figure 2.1 from a strain of approximately 3 to 5 when the graph trendline plateaus.


[bookmark: _Toc128832142]Analysis of Experiment
In order to improve this experiment, the first thing that could’ve been done is to use masses that increase in a constant interval instead of using the mass increases shown in figure 2.0. This would ensure the trendline on the graphed results is more accurate and highlights the behaviour of the elastic band better, as it will display the point of elastic limit and breaking stress point more easily. In addition, the hanger for the carabiner used could not have the bar that sits in the middle of the two vertical beams (shown in figure 1.1), as this was found to cause problems with adding masses due to it causing an obstruction. Finally, additional masses placed onto the mass hanger could have been applied directly, instead of taking off the mass hanger, then adding masses and putting the hanger back onto the band. This is beneficial so fatigue in the elastic band is reduced. Fatigue is the weakening of a material due to the fluctuations of loads being applied, which will result in damage to the material’s structure causing a failure at an increased rate (Velling, 2020).
In addition, the experiment could be altered to increase the repeatability of the results gathered, so that there is a little change in results not caused by the nature of the sample used. The experiment will never be one-hundred-percent repeatable as the chemical structure of an individual elastic band is completely unique as the polymer chains are always arranged in a slightly different way. However, there are methods to further increase the repeatability of the results. A mean could be calculated by repeating the experiment with the same mass intervals three times. The results would the be added together and divided by three to find a mean value for the length of the elastic band. This would ensure that human error in recordings is reduced as there is an opportunity to observe any anomalies and exclude them from the calculation. Using this the standard deviation could have been included, this is useful to indicate the spread in results assuming they are normally distributed.


[bookmark: _Toc128832143]Discussion
The results obtained do establish the theory behind rubber properties. This is shown by figure 2.0, in accordance with the chemical characteristics of an elastic band. The stretch grew at a decreasing rate as the stretch increased because the chemical structure of an elastic band is composed of closely spaced rows of tangled polymers. When a stress is applied to the elastic band, these tangled polymers stretch until they're straight. Once straight, the load applies stress to the individual monomers pulling apart the polymers. Further, it was observed during the experiment that creep deformation (where deformation occurs with time as a load is placed onto a material) took place. This was demonstrated by cracks in the elastic band forming as the experiment was carried out. This created weak points which contributed to the failure of the elastic band.
If more time and money was allowed, I would repeat the experiment in order to calculate a mean result for the length of the band and find the standard deviation. This would ensure that there are less mistakes in recordings and there is an opportunity to observe any anomalous results and exclude them from any calculations. In addition, the elastic band used was from the reception desk, which means it was most likely used before. I would buy elastic bands instead of using a used elastic band, as the one that has been used could potentially already be fatigued slightly. This could create an anomaly in the ultimate tensile strength result as if the band had been fatigued by a significant amount, the results should be higher than calculated. However, it is near impossible to say whether this has occurred to the elastic band.


[bookmark: _Toc128832144]Conclusion
In conclusion, the experiment was a success as the results show a great representation of the theory behind a viscoelastic polymer. The graph in figure 2.0 shows that as the force created by the masses increased, the stretch of the elastic band increased at a decreasing rate until 77N, which is the maximum force before failure, also known as the ultimate tensile strength. This is due to the chemical structure of an elastic band, where rows of tangled polymers stretch until straightened. Further, the graph in figure 2.1 shows that as the strain increased, the stress increased at a steady rate until it reached approximately 3, then plateaus until approximately 5.5. This is due to hysteresis, which causes a temperature rise in the material and causes the strain to rapidly increase with a small amount of stress applied up to a certain point. Representation of hypothetical rubber properties are moreover shown because of this. Nevertheless, although the experiment was carried out to the best it could be, if more time and money was spent, I would repeat the experiment to calculate a mean result for the length of the band and find the standard deviation. I would also buy elastic bands instead of using a used elastic band, as fatigued elastic bands could create an anomaly in the ultimate tensile strength result. 
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