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Rationale
	An experiment has been conducted in order to investigate “how the angle between two strings varies as the load they are supporting is increased.” The aim is to prove that the added mass changes the angle between the two strings, whether proportionally or disproportionally depending on the amount of mass that is added.
Apparatus set up
	The set up consists of two springs, a piece of light, inextensible string (this must be strong enough as to not to deform or stretch and light enough as to not affect the extension of the springs as this would cause unreliable data), a metre rule, a weight hangar of mass 100g and five 100g weights that are compatible with the weight hangar. Also required will be a stand to support the ruler and weights, and some sticky tape to ensure the springs do not move on the ruler. To measure the deformity within the springs, a ruler is used. To measure the angle θ, a protractor is used.
	The ruler is set horizontally on the stand with enough height to support the fully extended springs, the string and the weights. For the sake of accuracy, this was levelled with a spirit level. The springs are then taped equidistantly to the ruler so they can’t move during the experiment and the string is tied to the bottom of each spring. A marker pen should be used to mark the centre of the string to ensure the weights are placed at the same point each time, this will make sure the data is consistent. The 100g weight hanger is then hung on the centre point of the string. At this point the experiment is ready to conduct.
Method
	Mark down four columns, Mass (g), L1(mm), L2(mm), θ(deg). Below these make 6 rows, the Mass column should read 100, 200, 300, 400, 500, 600. The other columns will hold the measurements. Ensure that the 100g weight is stationary (not bouncing or swinging) as this will affect the results. Measurements must be taken +-1 mm, +-1 gram and +1 degree. This will provide the highest level of precision for the measuring apparatus that is being used. The test will be conducted over 6 different increments of weight and all measurements will be taken two times, this will increase the reliability of the results. Use the ruler to take a measurement in mm for each spring from end to end. To do this, line up the 0 on the ruler with one end of the spring, aligning it to the other end. Ensure your eyes are horizontally level with the other end of the spring and look which point is lined up with the other end of the spring. The ruler will note down centimetres. Multiply this figure by 10 and add how many lines are in between the two nearest centimetre figures. Add these on to get the value in mm; If the measurement is in-between two mm marks use the closest one, do not mark down decimals. Note these measurements down as L1 and L2 (one measurement for each spring) in the row with mass 100g. Use the protractor to measure the angle of the string using the weight hanger as the axis. To do this, hold the centre of the protractor level with the weight hanger and line up the bottom line with the string. Read the number that the string on the other side of the weight hanger lines up with.
	Place a 100g weight onto the weight hanger and steady it, ensuring that is does not swing or bounce. Take the measurements the same as before and note them down in the column below. Repeat these actions another four times until the columns from 100g-600g are filled in. Remove the weight hangar and allow the string to steady itself. Remove the weights from the hangar and put it back in place, ensuring it is exactly back in the centre of the string. Repeat the whole experiment giving you two full sets of data. These will be averaged to give a more reliable set of results.


Results
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Fig.1. First set of results
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Fig.2. Second set of results
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Fig.3. Averages of results, with( θ(cos)) and   (M(cos))
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[bookmark: _Hlk536392760]Fig.4. Graph of L over  

Fig.5. Graph of L over  with a non-linear trendline
Conclusions
[bookmark: _GoBack]	The data shows that there is a direct positive correlation between the length of the springs and the subsequent angle in the centre of the string. This shows that the mass directly affects the angle. There is a linear correlation showed by the line of best fit in fig.4 of gradient 0.15. This is derived from the equation (y2-y1)/(x2-x1). (205-79)/(953.41-117.28). (126)/(836.13). Therefore m = 0.15. Paired with the y intersect 67.84 an equation for a straight line can be shown using the equation y=mx+c where m is equal to the gradient and c is equal to the y intercept. This gives the equation y=0.15x+67.84.  However, it could be said that the line of best fit would not be linear. This is shown in fig.5. Using this curved line of best fit instead, assuming the results are accurate and reliable, all the points are in contact with one smooth curve. For this reason, it is likely that the results are not linear. What this means is that although the increase of mass does indeed still cause the angle to increase, it does so less each time more mass is added. This could be to do with the spring starting to become over-extended and so becoming harder to extend the longer it gets. This would show why the graph is slowly flattening out. For this reason, it seems clear that the line of best fit would not be linear. The largest uncertainty experienced was in the first set of results (fig.1) where with 600g of mass, there was a range of 16mm within the two springs. This would make the probable error +-8mm. With the equipment provided this is an acceptable level of precision. There was also a slight systematic error causing one spring (L1) to be consistently longer than the other (L2). This is likely either due to one spring being worn or the weight hanger not being completely central on the string. It seems clear that by taking an average of all the results rather than using measurements from each spring individually, this error would have evened itself out. Due to this being consistent and averaged. The accuracy is unlikely to be dramatically affected.
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Mass (g) l1 (mm) l2 (mm) θ (Deg)

100 80 75 62

200 110 105 77

300 139 128 85

400 159 153 92

500 184 176 97

600 214 198 102


image2.emf
Mass (g) l1 (mm) l2 (mm) θ (Deg)

100 82 77 64

200 109 104 78

300 143 134 87

400 163 156 92

500 192 180 97

600 208 200 102


image3.emf
Mass (g) L (mm) Aveθ (Deg) Aveθ (cos) M (COS)

100 79 63 0.85 117.28

200 107 78 0.78 256.45

300 136 86 0.73 410.20

400 158 92 0.69 575.82

500 183 97 0.66 754.58

600 205 102 0.63 953.41
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