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1.Introduction

This experimental report will also show how the angle between two strings changes when the weight that they are supporting increases. It will demonstrate Sir Isaac Newton’s Laws in effect. It will give a description and a diagram of the apparatus used as well as the method and the table for gathering data. The report will also show the data that was collected. The report will also show a graph displaying a best fit line for the derived data.
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2.A brief history of force

Force, in relation to physics, is any sort of influence to an objects motion or lack of motion. Force has both magnitude and direction which is known as a vector. The concept of force has been recognised since antiquity. As far back as Archimedes people have understood the relationship between moving and non-moving bodies. Archimedes even researched this knowledge prior to developing what we know as The Archimedes Principle. Aristotle put forward the idea of natural and un-natural or forced motion, this idea we followed until the 17th century where this was challenged and corrected by Galileo Galilei. Through his own research Galileo discovered that Aristotle’s theories were lacking, and created an experiment showing gravity acts upon everything equally and the deciding factor on their velocity would be an external force. It was Sir Isaac Newton who set out the laws that we still use to this day. Newton published his thesis in 1687 including the three laws of motion. Newtons first law states that an object in motion will carry on at its current velocity unless an external force is exerted upon the object. The second law is best characterised by the equation F=ma. The force to move an object is directly proportional to the mass of the object multiplied by the amount that it is accelerated. And the third and final law states that for every force applied to an object there will be an equal and opposite force applied at the same time (for every action there is an equal and opposite reaction). These laws are the fundamental laws that are used in nearly every aspect of the engineering world.
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3.Preperation and apparatus

The experiment was conducted in a controlled environment with the smallest number of variables possible. A clamp was set up on the table at a suitable height for the experiment. Within the grasp of the clamp, a one-meter ruler was placed and equidistant from the centre point a spring was suspended to the left and right. Attached to the other end of each spring was a piece of string which joined the two springs. On the table there were a selection of slotted masses and a mass hanger which had a mass 0.05kg, all the slotted masses had a mass of 0.05kg up to a total of 0.6 kg. On the desk there was also a 0.3m ruler and a protractor, the smallest unit of measurement on the ruler was one mm and, on the protractor, it was one degree. The 0.3m ruler was used to measure the extension of the springs and the protractor was used to measure the angle where the mass was hanging. The apparatus was set up in a similar way to the following diagram, which includes the location of the mass and where the measurements of the spring length were taken from and the angle between the two sides of the string: -
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The experiment begun when the mass hanger was suspended on the string as close to the centre as possible. As there was no mark on the string to define the centre point between the springs, it was placed as close to the previous measure point as possible for every subsequent measurement. Once the mass was suspended. The springs and the string oscillated and needed to be settled prior to taking the measurement. This was achieved by lowering the mass hanger while it was on the string and not releasing it until it reached the lowest point that it would go. 
Once the springs and string had stopped oscillating measurements were taken for each spring, using the ruler and measuring from the beginning of the loop at one end of the spring to the end of the loop on the other end of the spring. The measurements were taken from the same point each time a measurement was taken to ensure that they would be as accurate as possible with the equipment available. To help increase the accuracy of the measurement a piece of white paper was placed behind the ruler to help define the markings more clearly, as there was a contrast between the white of the paper and the black markings on the protractor. Also to eliminate anything in the background being mistaken for a marking as the ruler was transparent. Each measurement was taken twice to ensure they’re as accurate as possible.
After the measurements for the springs were taken the measurement for the angle was taken using the protractor. The measurements were taken from the same point each time and only used one side of the string each time, this was to ensure the measuring points were as close to the same in each measurement as possible. Again, to ensure that nothing in the background was mistaken for the markings on the protractor, a sheet of white paper was placed behind the protractor prior to measuring the angle each time to help ensure accuracy.
Each time a measurement was taken it was placed into a table showing the mass, L1(length of the first spring), L2(length of the second spring), Angle (measured from the L1 side), this was done for both readings. Once this was completed the mean for L1,L2 and the angle could be derived from the information that had been gathered.
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The results were placed into a table for both readings as well as the derived information.
The results were as follows: -
	
	Reading 1
	
	

	Mass (g)
	Length 1 (mm)
	Length 2 (mm)
	Angle (degree)

	100
	85
	69
	118

	200
	110
	95
	107

	300
	145
	119
	97

	400
	163
	145
	90

	500
	193
	162
	85

	600
	216
	188
	78



	
	Reading 2
	
	

	Mass (g)
	Length 1 (mm)
	Length 2 (mm)
	Angle (degree)

	100
	83
	68
	117

	200
	115
	92
	105

	300
	145
	116
	94

	400
	170
	140
	87

	500
	195
	167
	87

	600
	217
	185
	75



	
	Derived Data
	

	Mean of Length 1 and 2 from both readings (L)
	Mean angle from both readings (x)
	M/cos(x/2)

	76.25
	117.5
	192.76

	103
	106
	332.33

	131.25
	95.5
	446.19

	154.5
	88.5
	558.42

	179.25
	86
	683.66

	201.5
	76.5
	764.02



(“L” showing the mean length of all measurements of the spring, “x” showing the mean angel of all the measurements and “M” being the mass placed on the string.)

From these measurements a graph was made showing a best fit line for the data. With “L” on the “y” axis and M/cos(x/2) on the “x” axis.
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6.Explanation

	This data demonstrates all three of Sir Isaac Newton’s Laws, The string and springs remained in their state until a mass was applied to the string which caused them to move, the mass being the force due to the action of gravity accelerating it towards the ground. The springs and the strings at the same time began exerting a force of their own in the form of tension. This eventually caused the mass to stop descending and come to a stop. This demonstrates two of the laws mentioned as there is an equal and opposite reaction and the mass is prevented from continuing by an external force Using the equation w=mg, it will show the amount of force pulling down on the string for each mass measurement that was taken. From that information the force to pull the mass down can be determined. Using the last measurement as an example.
0.6kg x 9.81m/s (assuming gravity is acting at 9.81m/s) 
=5.886
=5.89N
Therefore, the force to pull down the mass of 0.6kg is 5.89N.
The force preventing the mass from descending any lower must be equal to the force pulling it down as the forces are in equilibrium when the measurements are taken therefore between the two springs the force of 5.89N is divided. The measurements do show that the division is not equal, there is more force on one spring then on the other. It also shows that the more mass that is applied the greater the distance the springs will extend. Extending the springs also increases the amount of potential energy that they contain. There are some discrepancies within the measurements, that is since they were measured with the human eye and the equipment that was used to measure them. 
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	If the experiment where to be done again some changes would need to be put into place. More precise equipment would be advantageous as this would refine the measurements for each spring to be more accurate. Using perhaps a laser guided device like a range finder for example which would be more precise than the human eye. 
During the measurement process, the only way to take the measurements was to hold the ruler or protractor with hands leaning on the table. This was not very accurate as a person’s hands can shake or move depending on their position when taking the measurement, if their position is awkward etc. 
Another downfall for having to lean on the desk was once the springs and string had stopped oscillating, leaning on the desk caused them to move again which caused an issue with measuring again. A suggestion for measuring would be to have another clamp or two set up so that it would be there to measure spring lengths and the angle on the string without having to lean on the desk and cause the spring and strings to oscillate again. Another suggestion for this would be to maybe place a scale behind the apparatus which would have the markings for the measurements already placed on there.
 As mentioned earlier the apparatus was placed on a desk within the laboratory. This caused numerous issues as mentioned earlier, to avoid this in the future perhaps a standalone clamp on the floor would be better, the floor is much more solid than a desk and less likely to move as much as the desk. The issue was compounded by nudges from others knocking the desk by accident and causing everything to oscillate once again.
[bookmark: _GoBack]A centre point on the string would help eliminate any errors in the location of where the mass hanger should be placed. This would attribute to some of the differences in the lengths between each spring as they were both the same length to begin. If the mass hanger was slightly off centre this would pull one side longer and the other side shorter.
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