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The purpose of this practical study is to investigate how the angle between two strings varies as a mass supported by string attached to two sets of springs is increased. The study will be looking at how the length of the springs varies and how the angle changes as weight is added incrementally.  This report will be analysing and will inform of the following; how apparatus is to be set up to conduct the investigation, the method carried out to perform a successful investigation, the calculations used to collect derived data with tables and graphs to illustrate these calculations and a conclusion of the results found from conducting the investigation.
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Before conducting the practical investigation the equipment needed lists as follows:
-Retort Stand
-Tape
-Boss Clamp
-1m wooden rule
-2x springs
-Length of string
-0.3m rule
-Protractor
-Spirit level
-0.05kg mass hanger
-11x 0.05kg slotted massed.
-Table for results data

The apparatus is set up as follows; place the retort stand on the desk, standing level on a flush surface with the boss clamp attached at the top. The 1 m wooden rule is fastened firmly at its centre to the boss clamp using a retaining screw, ensuring it is clamped securely. The wooden rule is then checked with a spirit level to ensure accuracy. The springs are attached to one another using a length of string ensuring a 0.6m length from loop to loop, the free ends of the springs are then attached firmly to the wooden rule 0.6m apart at both the 0.2m mark on the wooden rule and at the 0.8m mark. Once this apparatus is set up a spirit level is used once again to check that the wooden rule is flush and that the retort stand is plumb. The springs and the string are then checked for any discrepancies.
To ensure true readings, the weights and mass hanger must be weighed as to check their accuracy. The wooden rule, the 0.3m rule and protractor must also be checked for any inconsistencies. 
Once all apparatus is set up, a table for the results must be created in order to collect the results efficiently. This table needs to contain the following headings; mass (kg), length 1and length 2 (m), angle of string ( ̊ ). These headings are to be repeated as these results will be collected twice, to improve reliability. There will also be a heading of the mean of length (m) the mean of angles ( ̊ ) and the equation;     equation 2, however this is only headed once.
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Before conducting the experiment it is vital to check with a spirit level that the wooden rule is flush, check it is secure in the boss clamp and that the retort stand is stable and the string is attached firmly at the 0.2m mark and 0.8m mark.
Begin the experiment by firstly measuring the lengths of the springs (L1/L2) without supporting any mass, take these measurements at eye level and whilst resting elbows on the desk to ensure accuracy. These readings will be noted in the results table, when recording data in the table be sure that the units are in the correct format.
Secondly, add the 0.05kg mass hanger onto the centre line of the string and a 0.05kg slotted mass equating to 0.1Kg, when the springs have stopped oscillating take the measurements of the springs, record this data in the results table. Once again ensuring the apparatus is not moving take a reading of the angle between the two strings using a protractor and record this angle (° (in your table. 
This process needs to be repeated whilst incrementally adding 0.1kg of weight to the mass hanger up until and including 0.6kg of weight. It is vital that between each weight added the wooden rule is checked flush with a spirit level and that the position of the string on the wooden rule remains the same. Additionally it is paramount that all readings are taken at eye level and with steady measuring equipment.
Once these steps have been completed all slotted weights and the mass hanger must be removed from the string. The wooden rule is then once again checked flush and secure, the retort stand is checked plumb and the string is checked to be mounted at its correct point of 0.2m and 0.8m. When confident that all equipment is accurate the experiment is to be precisely repeated, once again noting the results in a table. 
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Once the data for your lengths and angles have been collected, this data must then be calculated into mean values. For the length this will be;
 reading1 L1+L2 + reading2 L1+L2/4     equation 1
 Once calculated note the mean value in the table. 
The mean value of the angles must also be calculated this is achieved by the same method
 Reading 1+ reading2/2.     Equation 1.1
Once these calculations have been made and the mean values of both the length and angles have been collected the following sum can be carried out;
   equation 2
 This sum needs to be repeated for each increment of added mass.
The data collected from these calculations is then represented in the graph below. 

Table 1. results table from experiment.
[image: ]
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Figure 1.graph derived from table 1 results
This graph is a representation of the derived data shown in the above table, Table 1.
As can be seen from this graph that there is an ascending linear result this shows that the experiment has been carried out successfully and that the results collected are reliable.
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Table 1.1. Uncertainties and percentage uncertainties of spring lengths.
[image: ]
The table above, Table1.1, represents the uncertainties of the spring length readings from the data collected. The units in this table are represented by grams (g) and millimetres (mm) as these are the precision increments of the instruments used to collect the data in the experiment. 

The table below, Table 1.2, represents the uncertainties of the angles collected from the data, the units in this table are in grams (g) and degrees (°) as these are the precision increments of the instruments used to collect the data.
Table 1.2 Uncertainties and percentage uncertainties of string angles.
[image: ]
In order to collect the most reliable data, uncertainties and percentage uncertainties must be calculated as this represents the constraints of the experiment.
As can be seen in table 1.1. The largest percentage of uncertainty is 3.5% and in table 1.2. The largest percentage of uncertainty is 4.1% as these results are both low this proves the reliability of the data collected.
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It is conclusive from the results gathered that the angle of the strings decreases and the length of the spring’s increase as the mass applied to the string is increased.  This is apparent from the positive straight line of best fit and consistent gradient. By using the results gathered it is possible to calculate the equation for a straight line, equation 3 
 y=mx+c.     equation 3
M=(y2-y1)/(x2-x1)
M=(0.184-0.094)/(0.75-0.30)
M=0.2
Using points x=0.30, y=0.094 to find C
0.094=0.2(0.30)+C
0.094=0.06+C
0.094-0.06=C
C=0.034
Therefore the equation of the line of best fit is;
 Y=0.2x+0.034     equation 3.1
Or as the experiment carried out is looking at the relationship between length, weight and angle the equation could be relabelled as such;
[bookmark: _GoBack] m=0.2(kg)+0.034     equation 3.2
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