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The investigation of three forces in equilibrium

Aim
To investigated how the angle between two strings varies as the mass they are supporting increases. To examine the effects on two springs when increasing weight is applied. 
To find out if the two springs expand equally and in tandem? 
To find out if the angle of theta increases comparingly with the increases of mass?
Hypothesis
The theory is that the two springs should expand equally and work in tandem at the same strengths as long as they are measured accurately on the string, and the distance from the rule to the string, that the springs stops oscillating before being measured, the weight is accurately put in the middle of the string. This should also be the case for the measurements of theta.

Method

The equipment that is needed:
A wooden metre rule
A 0.3m clear rule
Protractor
A retort stand with a boss clamp
A spirit level 
Two springs which should be attached 0.6m apart
A 0.1kg mass hanger
10 x 0.05kg slotted masses
I also created a results table to record my data.



Before starting the experiment, you will need to create a results table to record data. (This is included in the report under table and graph). The results table should have 10 columns with the headings – (example below)
1. Mass (Kg) or (g)
Small heading with reading 1 then underneath =
2. Length 1 (M) or (mm)
3. Length 2 (M) or (mm)
4. [bookmark: _Hlk534568127]Angle  in degrees
Small heading with reading 2 then underneath =
5. Length 1
6. Length 2
7. Angle 
Last 3 columns will be for derived data
8. Average lengths (mean)
9. Average angle (mean)
10. Use the sum - 

[bookmark: _GoBack]Before starting make sure that all equipment is not defective in any way otherwise the results will not be accurate and cause systematic errors in the reading.
Ensure that both rules are flat and that you can read the numbers clearly.
Make sure the retort stand and boss clamp fit together and the clamp closes to keeps the wooden rule in place.
Put the clamp on the stand and fit the wooden rule accurately in the middle of the rule (0.5m).
Then use the spirit level to ensure that the rule is balanced and levelled horizontally. 
Attach one end of the springs securely with Sellotape 0.6 metres from either end of the wooden metre rule.
Attach the other ends of the spring each to an end of the string, ensuring that it hangs at 180 degrees to the horizontal.
First measure the springs including the loops, and the angle of theta with no mass then write your results in your table of results.
put the 0.1kg mass hanger and gently putting it on the string and making sure that it is in the centre line of the apparatus and wait for the spring to stop oscillating. 
Measure the spring on the left with the 0.3m clear rule, marked on figure 1 as L1 from the tip of the spring including the loop. Input your results on your table.
Then measure the spring on the right marked as L2 from tip to tip including the loop. Input your results on your table.
Now measure the angle of theta with the protractor either from left to right or right to left.
[bookmark: _Hlk534569357]Input your results on your table.
Repeat these steps for each 0.1kg mass added until you reach 0.6kg.
[1]                                      Measure each spring including the loops


Now take all the mass off the apparatus and repeat the above starting with no mass and writing your results under reading 2 until you reach 0.6kg.
Work out the mean (average) of l1 and l2 from reading 1 and reading 2 record this on your table.
Work out the mean of theta record this on your table.
Now use the sum -   for each mass and write the answer on your table                (under column 10).
Measurement for a straight line - Y= MX+C.
Using the results create the graph and add a line of best fit.
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Table and graph
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Analysis


As the graph shows there are some inconsistencies, this can be due to several reasons like hands shaking, tiredness, stress or not waiting for the springs or weight to stop oscillating completely before measuring. Uncertainties can be reduced by repeating the experiment, repeated results are the more reliable. Precise results have a lot of decimal places and accurate results lie close to the true reading.
Record the data using SI units eg using grams and mm instead of kg and metres makes the calculations easier and more simplified later.
To reduce uncertainties in single measurements, use the following calculation –


To reduce uncertainties for repeat measurements, use the following calculation –


When dealing with measurements of different units (mm, Kg, seconds, ampere ect) these would have to be converted to percentage to be able to find the uncertainties.
To convert these to a percentage uncertainty use the following calculation - 
%U= uncertainty ÷ measured value (mean/average measurement) × 100.
The results in the table below shows the range and uncertainties of the results taken of the experiment and results above.

	Length /mm 	
	
	

	Range
	Uncertainty

	0
	1

	2
	1

	3
	1.5

	4
	2

	11
	5.5

	7
	3.5

	9
	4.5


                             The uncertainty has a ± of 1mm

conclusion

To conclude make sure that all equipment is not defective this will ensure that there are no systematic errors in the results. Systematic errors is when errors occur through faulty equipment, uncalibrated equipment or equipment not being used correctly.
When reading the measurements coming down to the level of your rule will make it easier to read and more accurate, putting a plain piece of paper behind the apparatus helps to read the rule better.
Measuring the springs can be difficult as trying to keep the hand steady and read the measurements at the same time, having a small box or unit to rest the one hand on would make steadying the hands and reading the measurements easier and more accurate.
Repeating the experiment will result in a more reliable result. The theory of the hypothesis was close to say that the springs should expand equally, the results shows that they expanded accurately with the uncertainty precision of ±1mm, with some random errors which have been calculated to reduce their uncertainty.
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Task 2

In a experiment similar to the one you performed in stage 1 an unknown load, of weight, W, was supposedly by two string kept in tension by equal masses, m, hung from their free ends, with each string passing over a frictionless pulley. 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 = 0.500m
	m/kg
	y/m
	[image: ]
	[image: ]

	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







Figure 2 shows the three forces acting through a 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 the gravitational field strengths.

[image: ]
2 (a)(i)    By resolving the forces vertically show that [image: ]
               Where Ø is the angle between each string and the vertical.

Cos Ø =2mg/W
mg cos Ø + mg cos Ø = W

2 (a)(ii) complete the table below- 
[image: ]



2 (a)(iii) complete the graph below by plotting the two missing points and adding a straight line of best fit – 

[image: C:\Users\user\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\47407D67.tmp]




2 (b)(i)      Determine gradient of your graph.
    Gradient =



=0.475

2 (b)(ii)      The equation for the straight line is [image: ]
                  Given that [image: ] determine a value for W.

m = 0.300,   g = 9.81,    = 0.641

W = 4.591 Kg



2 (c)     The uncertainty in the measurement of x was ±1mm and the uncertainty in the measurement of y was ±2mm. calculate the percentage uncertainty in [image: ] for m = 0.300kg.


The percentage uncertainty =  




2 (d)(i)      Explain the term systematic error.
Systematic error is when repeated errors are made due to either faulty, incorrectly used or incorrectly calibrated equipment.  


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 the friction in the pulleys would have affected the measured values of y.
If there is friction in the pulleys the strings will be affected as they would not move accurately due to the resistance caused by the friction. The measurements to y would be affected as the friction would oppose the rotation of the pulleys.
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