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To investigate how the angle between two strings varies as the load they are supporting is increased. 
This is required to produce an experimental report in addition to answering a set of questions based upon the data and a hypothetical set of data. 
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Equipment Required
· Stand
· Metre Rule
· 2 springs
· Length of string
· Set of weights – 100-gram hanger and 5 separate 100-gram weights
· 12” Rule
· Protractor
· Writing implement
· Paper to record results

The apparatus has been assembled ready as shown in Figure 1, with M = 100g
[image: ]
For each load of mass M, make two measurements of l1 and l2, the lengths of the springs including the end loops, and two measurements of angle θ as shown in Figure 1. A table with ten data columns will be needed to record the measurements, including three columns for derived data.
Ensure that the mass hanger is positioned at the mark on the string before making each measurement.
· Measure l1, l2 and angle θ and record these data in the table for M = 100 g.
· Add 100 g to the mass hanger (M = 200 g) and then measure and record l1, l2 and θ.
· Repeat the previous step up to and including M = 600 g.
· Remove the load from the string and remove the slotted masses. Place the mass hanger on the string at its original position.
· Repeat the whole experiment increasing M from 100 g to 600 g as before.
· For each value of M calculate L, the mean of measurements l1 and l2 values and θm, the mean value of θ.
Record these data in the table.
· For each value of M, calculate  . Record these data in the table.
· Plot a graph of L on the y-axis against,  starting the scale on both axes at zero.
· Draw the best fit straight line.
· Extrapolate the best fit line back to the L axis.
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	Mass
	Reading 1
	Reading 2
	Derived Data

	
	Length 1
	Length 2
	Angle 
	Length 1
	Length 2
	Angle 
	Length Mean
	Angle 
	Mass Cos(θm/2)

	/g
	/mm
	/mm
	/Deg
	/mm
	/mm
	/Deg
	/mm
	/Deg
	

	0
	50
	50
	180
	50
	50
	180
	50
	180
	0.00

	100
	70
	70
	105
	69
	66
	106
	68.75
	105.5
	165.21

	200
	96
	94
	95
	95
	95
	98
	95
	96.5
	300.35

	300
	116
	118
	87
	120
	116
	90
	117.5
	88.5
	418.82

	400
	140
	141
	83
	142
	138
	85
	140.25
	84
	538.25

	500
	160
	160
	78
	165
	160
	76
	161.25
	77
	638.89

	600
	180
	180
	75
	186
	180
	75
	181.5
	75
	756.28
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Direct Proportion
It can be seen on the graph that the two quantities are not proportional as the straight line does not pass through the origin.
Systematic error
It can be seen on the results table that there are two significant readings that probably display systematic error, these are the results in the reading 2 length 1 measurement for 500g and 600g mass. The first is the 165mm reading where the other 3 reading are all 160mm. The second is 186mm reading where the other 3 are 180mm. 
Since systematic error can be caused by using incorrectly calibrated measuring equipment or by a poor technique employed by the operator.
When these readings were taken it is known that the operator was suffering from the flu and had “the shakes” while taking these readings. This can explain the two erroneous readings.
Uncertainty or probable error
When taking the 2 identified systematic errors, it can be shown their uncertainty. The rule use in this experiment had a precision of 1mm.
a. For the 500g measurements the range is 5mm, giving an uncertainty of ±2.5mm
b. For the 600g measurements the range is 6mm, giving an uncertainty ±3mm
Gradient
The 2 red lines on the graph allows us to measure the gradient.


						      = 1.225 m
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When the results of the experiment were plotted on a graph and a trend line plotted, it can be seen that this is a straight line and the equation y=mx+c can be formed. 
The y-intercept is at 30mm point above the origin.
The gradient is 1.225m
This can be proved by inserting values from the graph from the x axis into the formula

				            Y = 520
By then cross referencing the 520 on to the y axis it can be seen that the straight line passes through this point on the graph
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2.In an experiment similar to the one you performed in stage 1 an unknown load, of weight, W, was supported by two strings kept in tension by equal masses, m, hung from their free ends, with each string passing over a frictionless pully. The arrangement was symmetrical and is shown in Figure 1.

[image: ]
The distance x was kept constant throughout the experiment. The length y was measured for different values of m. The results are shown in the table.
The distance between the strings at the pulleys, x = 0.500 m
	
	
	
	
	
	

	
	m/kg
	y/m
	

	

	

	
	0.250
	0.736
	0.462
	0.532
	

	
	0.275
	0.484
	1.067
	0.584
	

	
	0.300
	0.400
	1.563
	0.641
	

	
	0.325
	0.360
	1.929
	0.695
	

	
	0.350
	0.339
	2.175
	0.740
	

	
	0.375
	0.322
	2.411 
	0.793 
	

	
	0.400
	0.308
	 2.635
	0.856 
	

	
	
	
	
	
	





2 (a). Figure 2 shows the three forces acting through the point at which the strings are attached to the load. The weight of the load is W and the tension in each string is mg, where g is gravitational field strength.
[image: ]

2 (a) (i) By resolving the forces vertically show that 
Where  is the angle between each string and the vertical.
COS Φ = 2mg/w
mg COS Φ + mg COS Φ = W




2 (a) (ii) Complete the table on previous page.

2 (a) (iii) Complete the graph on the following page by plotting the missing two points and drawing a straight line of best fit.




2 (b) (i) Determine the gradient of your graph.


						      = 0.47 m

2 (b) (ii) The equation for the straight line is  
Given that g = 9.81 Nkg-1 , determine a value for W.



			W = 7.193 Kg




2 (c) The uncertainty in the measurement of x was  1 mm and the uncertainty in the measurement of y was 2mm. Calculate the percentage uncertainty in  for m = 0.300 kg.


	
% Uncertainty = 16%






2 (d) (i) Explain the term systematic error.
This is caused by poor measurement style and/or by using instruments that have not be calibrated or incorrectly calibrated


2 (d) (ii) There may be a systematic error in this experiment because of friction in the pulleys. When the measurements were taken, increasing values of m were used. State and explain how friction in the pulleys would have affected the measured values of y.
If there was any friction in the pulleys then the string will not move as far as it should have done when the extra weight was added. This happens because the friction in the pulley would resist the rotational movement of the pully therefore the string may not move as far as it should giving the systematic error.
Three forces in Equilibrum

Mass Cos(θm/2)	0	100	200	300	400	500	600	0	165.20897609330538	300.35366674256716	418.81779430290788	538.25309184255048	638.88932874269949	756.28344840615864	Mass (g)


Length (mm)



0.53200000000000003	0.58399999999999996	0.64100000000000001	0.69499999999999995	0.74	0.79334413128535253	0.85603126065517321	0.25	0.27500000000000002	0.3	0.32500000000000001	0.35	0.375	0.4	1/(√(4−) (𝑥/𝑦)^2 )


m/kg
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