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Introduction
The aim of the experiment is to investigate how the angle between the string varies as the load they are supporting increases. This practical is designed to show that when a weight is added to the string that the tension on the spring, either side of this weight, is equal. To show that the forces acting on all the apparatus are in equilibrium. We are trying to prove that the forces are in equilibrium. 
Therefore, my hypothesis for this experiment is that when the mass on the string is increased, the angle decreases. And therefore the system is in equilibrium.
Apparatus
The apparatus needed for this experiment include:
· Retort stand
· Boss clamp
· 1m wooden rule
· Two springs, attached to the 1m rule 0.6m apart
· 0.3m rule
· Protractor
· Spirit level
· 0.05kg mass hanger
· 11 0.05kg slotted masses
· [image: ]string

Figure 1 shows the set-up of the apparatus for the experiment.

To achieve this, you should follow these steps:
1. Firstly, attach one end of your first spring to the 0.2m mark on the 1m rule with some cello tape, or similar.
2. Do the same with second spring but on the 0.8m mark on the 1m rule.
3. Next, tie one end of a piece of string to the other end of the first spring. 
4. Do the same to the other end of the string to the second spring.
5. Next, place the retort stand on a firm, level surface.
6. Attach the boss clamp to the top of this stand.
7. Place the 1m rule inside the clamp and tighten at the 0.5m mark.
8. Use the spirit level to determine that the 1m rule is level. 

Method
Follow this method to complete the experiment correctly:
1. Firstly, double check the apparatus is set up correctly, the boss clamp is at the top of the stand, and using the spirit level check the rule is level. Also check you have all apparatus available.
2. Next, construct a results table in order to record your data.
3. Begin by measuring the length of each spring at rest with no weights applied to the string, record these results in your table.
4. Apply a total of 0.1kg mass to the string, the mass hanger plus one 0.05kg mass. 
5. Make sure there is no restriction on the string to stop the hanger from moving along it, and that the hanger is in the centre mark, so in line with the stand.
6. Wait for the springs to stop oscillating before making any measurements.
7. Measure the total length of both the strings, including the loops, and record this in your table.
8. Then, take your protractor and measure the angle θ created by the string and the weight. Record this in your table.
9. When measuring the lengths and angle, make sure you do so at eye level to ensure that you get the correct measurement.
10. Add 0.1kg incrementally, repeating steps 6-8 at each time.
11. Do this until 0.6kg has been added to the applied to the string.

Results

	 
	Experiment 1
	Experiment 2
	Derived Data

	Mass (g)
	L1(mm)
	L2(mm)
	𝜭(deg.)
	L1(mm)
	L2(mm)
	𝜭(deg.)
	L(mm)
	𝜭m(deg.)
	M/(cos(𝜭m)/2)

	0
	53
	51
	0
	53
	51
	0
	52
	0
	0

	100
	75
	73
	121
	76
	73
	119
	74.25
	120
	200

	200
	102
	98
	110
	105
	98
	107
	101
	108.5
	342

	300
	126
	120
	98
	127
	119
	96
	123
	97
	453

	400
	149
	144
	92
	151
	142
	92
	146.5
	92
	576

	500
	171
	165
	85
	174
	162
	87
	168
	86
	684

	600
	194
	183
	79
	196
	187
	83
	190
	81
	789



Figure 2. – Results table


Percentage uncertainties:
(uncertainties calculated from results for 300g mass)
Length of string:-
Uncertainty = range/2 = 127-119/2 = 4
% uncertainty = uncertainty/mean x 100 = 4/123 = 3.25%
Angle:-
Uncertainty = range/2 = 98-96/2 = 1
% uncertainty = uncertainty/mean x 100 = 1/97 x 100 = 1.03%

[image: ]
Figure 3. Graph showing mean length against M/(cos(𝜭m)/2)

[bookmark: _GoBack]Conclusion
We set out to test what the affect would be on the angle between the string would be when the mass attached to the string was increased. Our results show that there is a negative correlation between the mass and the angle. This means when the mass was increased, the angle decreased. This therefore concludes that my hypothesis was correct.

Gradient of the line = change in y/change in x = 170-80/700-200 = 90/500 = 0.18
y-intercept:
y = mx + c
when y=80, x=200 and m=0.18.
then 80 = (0.18)200 + c
c = 80-36 = 44
Therefore, the equation of the line y = 0.18x + 44. The gradient is positive saying there is a positive correlation between the two sets of data. 

My results show that as the length of the springs increases, the angle 𝜭 decrease. This is reflected into the result of my graph. As the mean length increases, then the angle decreases therefore giving a larger value for M/(cos(𝜭m)/2). My graph also shows there is a positive linear relationship between the mean length of the spring and M/(cos(𝜭m)/2). This therefore shows that the forces acting on the apparatus are in equilibrium. This is because as the mass increases, the force on the two springs also increases to oppose the increase in mass to keep the system in equilibrium.

My results show that the experiment was reliable. This is because my data can be analysed to see that both times the experiment was carried out, the results are very similar. This therefore shows that the experiment performed and the results taken are reliable. 
There were many ways in which the experiment was performed to make it reliable. These included, repeating the experiment twice. This gave me two sets of data to compare and take an average. On comparing these two sets of data it shows the experiment was reliable as the results are very similar.
Other precautions taken to ensure the experiment was most reliable was that a spirit level was used to check the rule was flat and level. This ensured that the lengths of the two springs could be equal. Also, it was made sure there was no restriction on the string to stop the hanger from moving along it, and that the hanger was in the centre mark, so in line with the stand. This allowed the weight to move freely when more mass was added and that an equal amount of force was acting on the two springs. In addition, I waited for the springs to stop oscillating after the mass was added before making any measurements. This allowed me to make sure I had the most accurate value for the length of the spring. Finally, when taken measurements, I took them at eye level so that I got the correct reading. Also, the percentage uncertainties are very small therefore showing us that my conclusion is reliable.
In conclusion, there is a negative correlation between the two sets of data recorded. But this however, shows that the system is in equilibrium and therefore supports my hypothesis.
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