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The purpose of performing this experiment was to investigate how the angle between two strings varies as the load they are supporting is increased in weight (Task Instructions). The investigation, which was essentially about the impact of strain on coil springs, raised issues associated with Hooke’s law of elasticity. [1] Hooke’s law can be summarised as “the displacement or size of deformation in an object (dependant variable) is directly proportional to the deforming force or load (independent variable). [2] As long as the ensuing deformation is within the elastic tolerance of the object it will return to its original state or shape as soon as the load is withdrawn. [3] So, a practical example of Hooke’s law in action can, for example, be stated as follows: the imposition of a load or mass of 10 Newton’s per square centimetre will cause a spring to increase in length by 4 millimetres. Whereas, a load of 20 Newton’s per square centimetre will cause it to be increased in length by 8 millimetres. [4] Hooke’s law does not apply to all materials, but it does to metal springs which are the subject matter of this experiment. In order to test the relevance of Hooke’s law to this experiment it was necessary to demonstrate that the mass forces applied to the two springs and the distances they stretched were proportional 
to each other. The mass was, of course, acted upon by gravity which pulled downwards. Whereas, the force exerted by the springs pulled upwards. The hypothesis was that in response to the added mass weights the two springs would stretch until they reached the points where the upwards and downwards forces were proportionally equal. [5] If the forces were proportionally equal they could be said to be in equilibrium. 
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Apparatus set up.

To conduct the practical experiment a set of experimental instructions and the required apparatus were made available by the university. An initial stage involved examining the apparatus, which consisted of: Retort stand; Boss clamp; 1m wooden ruler; two coil springs, which were connected to two lengths of string; a 30cm ruler; Protractor; Spirit level; 0.05kg mass hanger, and 11x0.05kg slotted masses. A preliminary inspection established that all the necessary equipment was present and in good working order. Care was also taken to determine whether the apparatus had been set up correctly and securely with the Boss clamp at the top of the stand. To limit any uncertainty in the results, the apparatus was set flat and level and this remained so throughout the experiment.  
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During the course of the experiment the mass objects were always hung on the centre line of the apparatus. Before starting the experiment a number of tables were constructed so that all key data could eventually be recorded in a systematic way. Data was recorded using SI Units whenever this was possible. It was only feasible to record and calculate the results to the extent permitted by the measuring equipment, which in effect meant that the finest gauge of length was measured in millimetres (mm). It therefore followed that the measurements for the varying lengths of the two springs were taken and subsequently recorded in mm. Similarly, the mean values for the lengths of the springs were also recorded in mm. All angle measurements were recorded in degrees, including such mean values. In accordance with the task instructions no measurements were taken of the two strings used in the experiment. Throughout the experiment care was taken to remember that the mass hanger had a mass weight of 0.05. So, this calculation was included in each of the mm measurements recorded in the relevant tables. The initial angle Θ (theta) was measured and the results were also included in the relevant table. To ensure maximum accuracy the measuring equipment was kept stable whilst the measurements were taken. 




There were two major measuring stages. In the course of the first major measuring stage, a weight of 0.1kg was added to the mass hanger, which was achieved by removing it from the string and adding the additional mass. The mass hanger was then reattached to the string. The consequential strains on the two springs were recorded as data in column L1 of Figure 1 for the first spring and in column L2 for the second spring. In order to capture a valid range of data, further mass weights were added in five incremental steps with 0.1kg being added on each occasion, which meant that a total of 0.6kg was added to the mass hanger. For each value of M (mass) the calculation was based on the mathematical equation M/cos(Θm/2). At each step of this process, measurements were not taken until each spring had stopped oscillating. To comply with the Task Instructions and maximise reliability, the preceding major measuring process was repeated as a second major measuring stage of the experiment. Again, the process was started by adding 0.1kg to the mass hanger and then increasing the weight in incremental steps until a total of 0.6kg was achieved. The relevant measurements were recorded in columns L1(2nd) and L2 (2nd) of Figure 1. Again, in each instance, measurements were not taken until each spring had stopped oscillating. At every stage all readings were taken at eye level and directly in front of the measuring equipment. 





Column eight in Figure 1 was designed so that the L mean measurements of columns two, three, five and six (the incremental length measurements of the 2 springs during the two major measuring stages) could be recorded. Column four was designed to record the angle degree measurements for each step of the first major measuring stage of the experiment. The angle degree measurements for the second major measuring stage were to be recorded in column seven. Methodologically, it was intended that the mean angle degree measurements of columns four and seven were to be included in column nine. Finally, the table was constructed so that column ten would register the data calculated using the mathematical equation of M/cos(Θm/2).
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Figure 1 sets out the measurements taken of the lengths of the two springs during the first and second major measuring stages of the experiment. The results of the experiment were also outlined in graphical form in Figure 2.  In this instance, Figure 2 was designed in such a way that the L (mean) measurements in millimetres were set out in the y-axis (vertical), whereas the M/cos(0m/2) equation was set out in the x-axis (horizontal). Figure 2 shows that as mass was added incrementally to the mass hanger the strain on the springs was proportional as demonstrated by the blue linear best fit line. Figure 3 sets out the increasing lengths of the springs at the various steps of the first major measuring stage of the experiment. Similarly, figure 4 provides the same type of information, which was collected during the second major measuring stage of the experiment. In analysing the hard data a highly relevant trend was detected as shown in Figures 3 and 4. Specifically, each time a mass of 0.1kg was added to the mass hanger there was a proportional increase in the lengths of the two springs, when measured in millimetres. It is worth pointing out that the pattern ranged between +20mm and +27mm as shown in Figures 3 and 4. The significance of this pattern is addressed in the conclusions section of this report. 

It should be noted that a comparison of L1 and L2 (in columns two, three, five and six) indicated that the L2 spring had sustained a marginally greater strain than its counterpart, which is something that could adversely affect the angle if this trend continued when additional mass was added.
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	Mass
	L1
	L2
	θ
	L1 (2nd)
	L2 (2nd)
	θ (2nd)
	L (mean)
	θ (mean)
	M/cos(θm/2)

	(g)
	(mm)
	(mm)
	Degrees
	(mm)
	(mm)
	Degrees
	(mm)
	Degrees
	 

	100
	68
	76
	114
	69
	79
	115
	73
	114.5
	184.85

	200
	94
	102
	101
	95
	101
	102
	98
	101.5
	316.1

	300
	115
	128
	94
	116
	126
	96
	121
	95
	444.06

	400
	139
	149
	91
	140
	146
	91
	144
	91
	570.69

	500
	161
	172
	86
	160
	166
	88
	165
	87
	689.29

	600
	181
	189
	84
	182
	190
	82
	186
	83
	801.12
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 Figure 3

	Mass (g)
	L1
	L2
	Increase L1
	Increase L2

	100
	68
	76
	 
	 

	200
	94
	102
	26
	26

	300
	115
	128
	21
	26

	400
	139
	149
	24
	21

	500
	161
	172
	22
	23

	600
	181
	189
	20
	27
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	Mass (g)
	L1 (mm)
	L2 (mm)
	Increase L1
	Increase L2

	100
	69
	79
	 
	 

	200
	95
	101
	26
	22

	300
	116
	126
	21
	25

	400
	140
	146
	24
	20

	500
	160
	166
	20
	20

	600
	182
	190
	22
	24
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A significant finding of this experiment is that as incremental mass weights were added to the mass hanger there were proportional increases in the strain or stretch to the two springs. This demonstrated proportionality remained a factor throughout all the steps of the two major measuring stages of the experiment. This result is wholly consistent with the physical principles of Hooke’s law of elasticity. It was necessary also to consider the narrowing of the angle Θ which took place each time the mass was increased. The mean angle Θ narrowed from 114.5 degrees at 100 grams to 83 degrees at 600 grams. From 300 grams to 600 grams the angle narrowed by 4 degrees each time 100 grams was added (Figure 1). The narrowing of the angle between the two strings suggested that the springs might have reached the limit of their elasticity, which is something that requires further investigation. In engineering terms gauging an objects elasticity limit has great practical and safety implications. As soon as an object passes its elastic limit it is no longer in a state of equilibrium and loses its ability to resume its original shape. Additionally, there is the danger that it might start to disintegrate.
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Graph of L (mean) against M/cos(Θm/2)
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