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Investigation of Three Forces in Equilibrium
Ben Gilbert
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[bookmark: _GoBack]Rationale:
For this experiment I investigated how the angle between two strings varies as the load they are supporting is increased. This experiment will determine if there is a relationship between the mass, spring length and angle between strings. In my experiment I will use repeat readings to reduce the risk of random error and improve the accuracy of my results. 
Apparatus & Set-up: 
This experiment requires:
· Clamp stand
· Clamp
· Metre Rule
· 2 Springs
· Length of string 
· Mass hanger 
· Selection of masses 
· Clear plastic rule
· Protractor 
· Spirit level 
· Equipment to record results
[image: ]Figure 1 shows how the apparatus should be set up.








Method: 
Step 1: Setup the equipment as shown in figure 1 with the clamp holding the centre of the metre rule and using the spirit level to make sure the metre rule is level. Ensure that the two springs are attached an equal distance from each end of the rule. 
Step 2: Measure the length of the springs with no mass on the string
Step 3: Starting with a mass of 0.1kg place the mass hanger on the string in line with the 50cm mark on the metre rule and slowly let it drop. Once the mass hanger is at rest use the plastic rule to measure the length of each spring in millimetres and use the protractor to measure the angle θ as shown in the diagram. Record each of these measurements in a table. 
Step 4: Now increase the mass by another 0.1kg and repeat step 3. Continue to do this up to the value of 0.6kg with a 0.1kg resolution. 
Step 5: Remove all mass from the hanger and remove it from the string. Reset the apparatus and repeat the experiment recording all results in a table. 
Step 6: Once all the data has been collected use it to calculate a mean value for the length of the spring and θ for each mass value. Record these results in the table. 
Step 7: Next for each value of mass calculate  and record in the table.
Figure 2 below shows a blank version of the table I used in my experiment.
[image: ]

Results:
The table below shows the results from my experiment.
[image: ]
Below is a graph of my results with a line of best fit to show trends in the data. 

The next set of tables show the results with uncertainty and percentage uncertainty. 
The uncertainty in a single reading is equal to the probable error. This is determined by the precision of the measuring instrument. For example, the length of the spring is measured using a ruler which has a precision of 1mm. Therefore the uncertainty or probable error is equal to ±1mm. 
Percentage uncertainty   . 
[image: ]
[image: ]
To calculate uncertainty of a mean value you take the range of the measurements which is calculated by subtracting the smallest value from the largest. Then the uncertainty will be equal to half of the range. 
[image: ]
This table shows the uncertainty and percentage uncertainty in the mean values.

Conclusions:
Equation of line of best fit: To calculate my equation for my line of best fit I used the function built into excel to get the expression  . 
As the line of best fir is a straight line the equation had to be in the form of  where m represents the gradient of the line and c represents the y intercept. 
To work this out without using excel you would first need to work out the gradient of the line. This can be done by picking two points on the line and drawing a tringle connecting them.  The orange line represents the change in the value on the y axis and the blue for the x axis.
[image: ]∆y = change in y 
∆x = Change in x 

The equation for working out the gradient is   . 
Once a value for the gradient has been obtained the next thing to find out is the y intercept. The way to work this out is to sub values for y, x and m into the equation  
The values for x and y can be taken from any point on the line, therefore using one of the points used to obtain the value for the gradient and the gradient itself the equation can be solved to give a value for c . 

From my equation of my line of best fit I can determine that the data is not directly proportional as the line does not pass through the origin. However there is a positive correlation in the data. This is shown by the positive gradient in the line of best fit. 

Conclusions from measured data:
From the data that I gathered there are several clear observations that I can make. Firstly, as the mass is increased the values for L1 and L2 also increase meaning there is a positive correlation. On the other hand as the mass increases the value for θ decreases giving a negative correlation. 
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image3.emf
L1/mm L2/mm θ/° L1/mm L2/mm θ/°

0 50 50 180 50 50 180 50.0 180.0 0.0000

0.1 79 72 121 78 73 120 75.5 120.5 0.2015

0.2 105 99 109 106 100 108 102.5 108.5 0.3423

0.3 128 125 98 128 125 97 126.5 97.5 0.4550

0.4 152 150 92 152 147 91 150.3 91.5 0.5732

0.5 173 169 85 174 172 83 172.0 84.0 0.6728

0.6 196 193 81 193 192 81 193.5 81.0 0.7891
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050 30,01 200 174 = 057 172 = 058 83 = 120
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0.00 ±0.01 0.00 50.0 0 0.00 180.0 0 0.00 0.0000

0.10 ±0.01 10.00 75.5 ±

3

3.97 120.5 ±

1

0.83 0.2015

0.20 ±0.01 5.00 102.5 ±4 3.90 108.5 ±

1

0.92 0.3423

0.30 ±0.01 3.33 126.5 ±2 1.58 97.5 ±1 1.03 0.4550

0.40 ±0.01 2.50 150.3 ±3 2.00 91.5 ±1 1.09 0.5732

0.50 ±0.01 2.00 172.0 ±3 1.74 84.0 ±1 1.19 0.6728

0.60 ±0.01 1.67 193.5 ±2 1.03 81.0 ±1 1.23 0.7891
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Figure 1
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