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Methodology
· Ensure equipment is set up correctly, using a spirit level to check that the beam is flat. 
· Add the mass holder(100g) with no additional mass and measure L1 and L2 from, with L being the length of the spring.   
· Measure the angle between the weight and the string.
· Repeat this 5 times adding 100g each time.
· Repeat the experiment. 

























Disicussion
2.1 Results
[image: ]

2.2 Precision
One issue during this practical was precision. As the ruler could measure to only one millimetre it was not possible to be more precise than that. For example if there was a reading between 2 mm marks it would not be possible to determine the exact length so rounding would be required. However for an experiment such as this it is not really necessary to be more precise than that so the reliability should be ok. 
2.3 Accuracy
Accuracy is how close the measured value is to the actual known value. This is achieved by using instruments which are calibrated correctly and by using the instruments correctly. In this experiment there were no definite known value for the length of the spring and the angle of the string at each mass, so accuracy won’t play a massive role here. Any anomalies would be down to human error i.e. incorrect use of the equipment.
2.4 Reliability
Reliability is a measure of how consistent the results are. For example if you repeated this experiment a number of times you would expect to get similar values at each mass each time you run the experiment. For example lengths of 33mm, 34mm, 31mm and 32mm would be reliable as they are all roughly the same. However lengths of 30mm, 32mm, 40mm and 47mm would not be reliable because there is too much variation in the results. 



2.5 Validity
Validity is essential a question of is this correctly measuring what it is set out to measure? For example to find the volume of a shape you would do length x width x height. If you used the correct measurements for these then it would be valid. However if you were to do length x mass x height then it would be irrelevant and so not valid. 
2.6 Dependent and independent variables
The independent variable is the variable which is changed itself. For example in this experiment it would be the mass. The dependent variable is the variable which is effected by the independent variable. In this case there are 2, one being the length of the spring and the other being the angle of the string. 
2.7 Control variables
A control variable is a variable that must be kept the same throughout the experiment to ensure that any results are in fact due to the independent variable. For example one from this experiment would be the position of the mass hanger on the string. It needed to be at the centre point of the string so both sides were similar measurements. If this changed at all during the experiment then the results would not be valid. 

























Graphical analysis

3.1 Graph of mass vs length 

As shown in the graph the correlation between the mass and the length is a positive one because as the mass increases so does the length. There were no anomalies in these results as the line of best fit passes through of gets very close to all of the values. 
To find the gradient of the graph the change in Y divided by the change in X is used.  The mass used will be 100g and 200g for the change in X. 200-100=100=change in X. 
· Length at 200g=96mm  
· Length at 100g=69mm
Change in Y= 96-69=27
Gradient= 27/100=0.27
Knowing the gradient means that the equation of this line can now be discovered. If the line of best fit is carried on it would cross the Y axis at the 48mm mark, this is the value for c in y=mx+c. The value of x can be seen of the graph where the line of best fit crosses the x axis. This is seen to be        -200g. Now all that’s left to find the equation is to plug the numbers in.
y=mx+c
y=(0.27)(-200)+48=-6


3.1.2 Graph of mass vs angle
With this graph there are clear differences with the first. As the mass increases the angle in fact decreases creating a negative correlation. 
It is possible to calculate the gradient of this line also by doing the change in y value divided by the change in x value.
Change in x=100g
Change in y= 108-100=8
Gradient= 8/100=0.08
It is therefore possible to find the equation of the line through y=mx+c. 
m=0.08 
[image: ]Line crosses y axis at 113 so c=113. 
By extending the graph it is seen that the line crosses the x axis at 1650

[image: ]This means that the equation of this straight line is y=(0.8x1650)+113
                                                                                            y= 1320+113=1433
Both graphs show indirect proportion as neither has a line which passes through the origin, therefore C is not equal to 0. 
Uncertainties and error
4.1 Systematic and random error
In this experiment there would have been little systematic eror as the true value of the spring length or string angle are not known for definite. Also zero error would have been ruled out as the measuring tools were not electronic they didn’t have to be set to zero in that sense but just used in the correct way. 
However random error could possibly have occurred during this experiment. For example the technique used to measure throughout the experiment may have improved as it went on. To reduce the impacts of this error two tests were run and a mean was calculated at the end. Also a Vernier calliper could have been used instead of a ruler to obtain a more precise measurement. 

4.2 Range, probable error and uncertainties 
To calculate the range the lowest value for a reading is subtracted from the highest value. 
· 100g: 72-66=4mm(range) Uncertainty= Range÷2= 4/2=±2
· 200g: 99-94=5mm(range) Uncertainty= 5÷2= ±2.5 
· 300g: 126-118= 8mm(range) Uncertainty= 8÷2=±4
· 400g: 147-139=8mm(range) Uncertainty= 8÷2=±4
· 500g: 168-164=4mm(range) Uncertainty= 4÷2=±2
· 600g: 192-183=9mm(range) Uncertainty= 9÷2=±4.5 

4.2.1 Percentage uncertainties 
Percentage uncertainty= (probable error÷measurement)x100
· 100g: (2÷69)x100=2.9%
· 200g: (2.5÷96)x100=2.6%
· 300: (4÷121)x100=3.3%
· 400g: (4÷143)x100=2.8%
· 500g: (2÷166)x100= 1.20%
· 600g: (4.5÷188)x100= 2.39%


Line of best fit for mean angle vs mass

Ѳm(°)	100	200	300	400	500	600	109	100	90	86	79	74	Mass(g)


Ѳm(°)



Line of best fit for length vs Mass

Lm(mm)	100	200	300	400	500	600	69	96	120	143	166	188	Mass(g)


Mean Length(mm)
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Reading 1 Reding 2 Derived data

Mass(g) L1(mm) L2(mm) Ѳ(°) L1(mm) L2(mm) Ѳ(°) Lm(mm) Ѳm(°) M/Cos(Ѳm/2)

100 66 67 111 72 71 107 69 109 118.8

200 95 96 100 99 94 100 96 100 149.3

300 120 119 90 126 118 90 120 90 171

400 141 139 85 147 143 86 143 86 195.5

500 166 164 80 168 165 78 166 79 215.1

600 186 183 75 192 190 72 188 74 235.4


