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[bookmark: _Toc536364649]Introduction
This experiment has been performed to investigate the theory of three forces in equilibrium as shown in Fig 1. The experiment will test this theory by measuring how the angle between two strings varies as the load they are supporting is increased. The purpose of this experiment is to show how the theory of forces in equilibrium works in a real engineering scenario. Once the experiment was complete, the results were used with the equation  to produce the resultant force. 



[bookmark: _Toc536364400]Figure 1 – The Experiment [1]
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To construct this experiment you will need the following items:
· retort stand
· boss clamp
· 1m wooden rule
· 2 x springs, attached 0.6m apart
· 0.3m rule
· Protractor
· Spirit level
· 0.5Kg mass hanger 
· 11 x 0.5Kg slotted masses
· Pen and paper to record your results
Once you have all the equipment ready, you will need to set up the experiment. First, you will need to place the stand where you plan on testing this experiment and attach the boss clamp to the top of the stand, checking that it is fitted securely. Take the 1m wooden rule and fit it into the boss clamp, at its centre point of 0.5m. Using the spirit level, check that the 1m rule is level and balanced as to reduce the errors when measuring the angle of the string. Securely attach one spring at the 0.2m and another at the 0.8m mark, and measure that there is 0.6m between the two springs. The string between them should be tightly fitted and be set at an angle of 180°.
The measurements of the length of the springs should be taken at eye level using the transparent 0.3m rule and the measurements of the angle, of the string should be measured using the hand-held protractor which should also be taken at eye level to reduce errors. The uncertainty of measuring equipment is considered to be half of the smallest measurement. Consequently, the measurements made with the rules should be taken within ± 0.5mm. The protractor’s precision is 1°, so the uncertainty of the measurements should be taken within ± 0.5° 
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To record this experiment, a table of results must be plotted to take measurements of the mass that will be hung, the length of each spring, and the angle of the string. Check that you have all the required equipment and that the apparatus is correctly setup. To help reduce uncertainties before beginning the experiment, use a spirit level on the metre rule to check that it is level and check that the measurement between the springs is correct. Record the data the experiment at rest, without mass. Record the original length of each spring, and the angle of the string which should be 180° this will help reduce uncertainties.
The 0.5Kg mass hanger should be hung at the centre of the string and a 0.5Kg slotted mass added for a total of 1Kg. Before recording the measurements wait until the springs have stopped oscillating. Measure the length of spring one (L1) at eye level from the top of the spring to the bottom of it using the 0.3m rule and record the data. Measure the length of spring two (L2) at eye level from end to end using the 0.3m rule and record the result. Using the protractor, at eye level, measure the angle of the string (Θ) and record the result. Add 0.1Kg of mass to the hanger and repeat the process until a total of 6Kg mass is reached. To get good quality results that are more reliable the experiment must be attempted twice. 
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[bookmark: _GoBack]The experiment produced 3 measurement results per 0.1Kg of mass which was added as shown in Table 1.  Using the data produced from Table 1, 3 equations were derived as shown in Table 2. Lm was calculated from the mean average length of the springs for both readings for each 1Kg of mass added. Θm was calculated from the mean average angle of the string for each 1Kg of mass added.
For each 1Kg of mass    was also calculated to show the resultant force.
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	Reading 1
	
	Reading 2
	
	

	Mass (g)
	L1 (mm)
	L2 (mm)
	Θ (°)
	L1 (mm)
	L2 (mm)
	Θ (°)

	100
	82
	75
	116
	80
	75
	119

	200
	107
	108
	108
	107
	104
	106

	300
	132
	128
	96
	132
	128
	98

	400
	157
	152
	90
	154
	150
	91

	500
	176
	170
	86
	174
	172
	84

	600
	198
	193
	79
	198
	194
	82
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	Average Data
	
	





	Lm (mm)
	Θm (°)
	

	78
	117.5
	192.7624

	106.5
	107
	336.2346

	130
	97
	452.7481

	153.25
	90.5
	568.1699

	173
	85
	678.1709

	195.75
	80.5
	786.1301



Data gathered in Table 2 was used to create a graph of   against Lm to show the correlation between the two forces as shown in Fig 2. The resultant of the equation is shown within 4 Decimal places.

[bookmark: _Toc536364401]Figure 2- Graph of mass/(cos(Θm/2)) against Length Mean Average
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The results shown in table 1, show us that as mass is loaded the length of the springs increases but the angle of the string decreases.  Using the derived data as shown in Table 2 the mean average of length was calculated and the mean average angle was calculated and manipulated through the equation. The graph in Fig 2 shows the correlation between the length of the springs and the resultant force acting against the mass, showing that the longer the springs, the stronger the resultant force. A line of best fit was used, and it shows us that the original length of the springs at rest would have been 0.04m length with a precision of ± 0.5mm. Using the data in Table 2 and Fig 2, we can form an equation of that y = 5.06x - 203.08, this shows us that the data outputs a straight line and has a gradient of 5.06 and intercept of -203.08. Using this equation, we can reliably estimate the resultant force increases as mass is increased onto the experiment. There are slight discrepancies in the data but are likely caused by a systematic error of measurements as they slightly differ from the trend found in the equation of y = 5.06x – 203. 
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