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[bookmark: _Toc536291586]Rationale
This experiment was set up to investigate how the angle between two strings varies as the load they are subjected to is increased. 
[bookmark: _Toc536291587][image: Ankylosaurus]hypothesis
Going into this experiment it is expected that the outcome of this experiment will go along the following lines: 
Both the additional length and decreased angles to be uniform if subjected to an equal amount of increased mass in every step. Therefore, similar increases in length and decreases in angle will be observed for every mass added. It would only be expected for this to differ if the spring is overcome by the mass.
[bookmark: _Toc536291588]APPARATUS SET UP2|TWO
[bookmark: _Toc536291589]equipment used
1 x metre rule
2 x springs
1 x clamp stand
1 x length of string
1 x protractor
1 x roll of cellotape
1 x spirit level
1 x 30cm rule
1 x 50g mass hanger
11 x 50g mass

[bookmark: _Toc536291590]
set up
The apparatus was set up as shown in this picture:
[image: ]

The clamp stand is stood upright on a level surface. The metre rule is the clamped to the stand, and, using the spirit level, it is adjusted until horizontal. It is also ensured that it is central (50cm) on the clamp. A length of string is then cellotaped to the rule at 30cm distance from the centre on either side of the clamp. This string is used to attach the spring on either end, this was achieved by tying a knot in the string. A length of string that, with no weight added, held itself taught and at 180 degrees (horizontal) when attached to both springs is tied to the springs.
The mass hanger and masses are then left ready to be used in the experiment.
[bookmark: _Toc536291591]method
As per the above picture, the first mass to be added is the mass hanger. After adding the mass the user needs to either steady the mass or wait for the equipment to reach equilibrium before taking any measurements. 
[image: ]


The measurements taken are shown here as: l1 (length of left hand spring), l2 (length of right hand spring), Ѳ(angle between the 2 springs).
The lengths are measured using the 30 cm rule. Once the mass has steadied itself and there is no residual motion the measurement can be taken as per the figure above. This is simply done by putting eye level at the same height as the spring, and measuring against the rule. The same is replicated on both sides.
The angle is done in a similar fashion but with the protractor provided. The 0 degree lined up with one of the springs and the reading taken at the other side. The mass must be in equilibrium for this measurement also.
For this experiment each measurement was taken twice and recorded on a table.
These measurements were then replicated with increasing masses added to the hanger. Measurements were taken at every additional 100g (2x 50g masses). 
The first mass recorded was 100g and measurements were taken every 100g up to and including 600g.



[bookmark: _Toc536291592]results


[image: ]
Length Average (mm)



The results were taken as per the method section, and then a mean was taken of the 2 results of each measurement as set out previously. A mean is calculated by adding together all of the results, and then dividing that number by the number of results taken. For example, in the table above, for the 600g mass the angles recorded were 80 degrees and 80 degrees. So then 80+80=160, then divide this by 2 as the measurement was taken twice. This gives a mean angle of 80 degrees.
The last column, and bottom axis of the table, relate to the actual droop of the string from initial level. 





[bookmark: _Toc536291593]conclusion
In conclusion, looking at the results, it is evident that the hypothesis has been proven correct in this instance. The best fit line is a near perfect straight line through the data points and the results have a positive linear relationship as the line moves further up the scale in both dimensions. Any inconsistencies in these readings can be readily assigned to either a lack of precision on the equipment, or imperfect eye level whilst reading the measurements. For more accurate measurements it would be worth using more precise, and calibrated measuring equipment, such as Vernier calipers for the length. There are also many more precise manners of measuring angles than a protractor that reads in increments of single degrees, including digital laser angle gauges.
An equation of y=mx+c can be derived from the data here. Where: c is the y axis intercept and m is the gradient, then y=0.1806x+42.486. m=0.1806 and c=42.486. This can be used to calculate any part of the graph, within tolerances, as long as the spring is not overloaded.
The length of each spring increased uniformly based on equal additional mass applied in each instance, and the angle, theta, decreased uniformly under the same circumstances.

[bookmark: _Toc536291594]Part 2 answers


2)
a)
i) For this the Cah part of SohCahToa will be used. This means that Cos Ѳ=w/2mg . the reason that it is divided by 2 as well is because we are finding half of W, otherwise we would be trying to find 2 x Ѳ. So, as Cos Ѳ=w/2mg we can then transpose this to mCosѲ=W/2g, then for m, m=W/2gCosѲ




ii) 
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iii)








2)
b)
i) gradient  = 	y-step (Δy)
	            x-step (Δx)
Therefore using the largest and smallest values for x and y we can come up with the following equation:
(0.4-0.25)/(0.856-0.532)
Therefore gradient = 0.15/0.324=0.463 to 3dp
ii)
 [image: ] 
Therefore we can transpose this for W as the subject.
Therefore 
Therefore for the highest value of the tables x axis w=(0.4)x(9.81)/0.856
Therefore W=4.584N as W is the weight.
c)
Percentage uncertainty=  x 100%
So for x: x=500mm, probable error = 1mm therefore 1/500=0.2% uncertainty
For y: y=400mm, probable error =2mm therefore 2/400= 0.5% uncertainty
To get x/y the values are added together to equal 0.7%
Then to square this the values are multiplied by the power, so 0.7x2=1.4% uncertainty
Therefore the uncertainty percentage for when m=0.300m is 1.563m ±1.4%

d)
i) Systematic Error is the term used to describe incorrect use of equipment or incorrectly calibrated equipment being used. These results may produce a trend but the results themselves will be inaccurate.


ii)
If friction were a factor in this experiment then there is the possibility that the additional mass added at m would not be able to sufficiently overcome the frictional force at the pulleys. This would result in measurements that would not be repeatable with different equipment. The likelihood is that the y measurement would be too long compared to a frictionless system.
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