Purpose
This experiment was designed to measure the spring constant of a spring using two methods: Static which is a method of measuring the spring’s extension as a function of force applied and Dynamic which is a method that uses angular frequency of a mass oscillation on a spring. 
Theory
For the first part of the experiment (the static method) a set of different masses were hung from a spring, disregard the mass of the hanger and set the force sensor to zero after hanging the hanger. From Hooke’s law, it is known that Force and extension of the spring (during the spring’s elastic limit) are related by the equation: F = Kx where k is the spring constant. The rule of liberalization which is a method of rearranging equations if needed (for dynamic method) can enable the equation to be matched up to a linear relationship y = mx + b with F as y, k as slope and x which is the extension as the independent variable. But since the motion sensor reads the value of the position, the value of x which is the extension can be calculated by the formula: x = position – original length, note that original length is the length of the spring with hanger attached but without any mass hung. Perform the consistency test between the expected y intercept and the actual y intercept of the F vs x graph by: 
[image: ] and [image: ]
The error on x is pre-set to 0.014 this is because since x is a result of the equation given above the error propagation for sum and difference can be used to get this value. The general formula is: 
[image: ]
The second part of the experiment (the dynamic method) uses frequency of oscillation to measure the spring constant. The relation between the frequency of oscillation and the spring constant can be derived through the following way:
From Hooke’s law: F = Kx	Form Newton’s second law F = ma						hence: kx = ma	its known that a = x from rotational motion                                                 therefore  = k/m and considering the mass of the holder and the spring this equation is further stretched to:
 [image: ] And this is linearalized to: [image: ]with  as the dependent variable and M as the independent variable.
So the value of the slope is 1/kd so the value of kd is the multiplication inverse of the slope. The error on kd is calculated by: 
[image: ]
To find the average of the values, check the consistency by:
 [image: ]
And apply the respective calculations for inconsistent if the result is greater than two or consistent if otherwise. 
Sample calculations on Bav are based on statistical method of finding the mean and the error associated with it is based on infinite statistics. The rules of infinite statistics are:
[image: ]so error of the mean is: [image: ]
 is calculated by just taking the inverse of the square of Bav and its error is determined by the error propagation of this equation which follows the rule:
[image: ]
Apparatus
[image: ]			[image: ]Figure 01: Interface						Figure 02: Spring

[image: ]                               [image: C:\Users\Bruck\Documents\PHYS 1003\lab\spring constant\Untitled.png]
 Figure 03: Set of masses (reading error: ±1 g)               Figure 04: motion detector (reading error ±0.01 m)
[image: C:\Users\Bruck\Documents\PHYS 1003\lab\spring constant\Untitled 2.png]                                  [image: ]Figure 05: Force sensor (reading error ±0.05 N)                 Figure 06: Test apparatus general setup
Observation												Table 01: Observation table for the data collected from graphs
	Method 
	Graph
	𝑺𝒍𝒐𝒑𝒆 ± 𝝈𝒔𝒍𝒐𝒑𝒆
	𝒀−𝒊𝒏𝒕𝒆𝒓𝒄𝒆𝒑𝒕  ± 𝝈𝒚−𝒊𝒏𝒕𝒆𝒓𝒄𝒆𝒑𝒕

	Static
	𝐹𝑜𝑟𝑐𝑒   vs   𝑃𝑜𝑠𝑖𝑡𝑖𝑜𝑛
	(-15.79 ± 0.2853) N/m
	(12.44 ± 0.1470) N

	Static
	𝐹𝑜𝑟𝑐𝑒   vs   𝑥
	(15.79 ± 0.2853) N/m
	(0.4037 ± 0.09888) N

	Dynamic
	1/2   vs  M
	(0.06287 ± 0.001226) s2/rad2/Kg
	(0.005412 ± 0.0007978) s2/rad2


All data can be located in Table 02, 03, 04 and Figures 07, 08, 09
Calculation
Static method
Error on x
To find the error on x, refer to the original equation to find the value of x which is:
	X = POSITION – ORIGIONAL LENGHT
An equation was used to find the value of x so perform error propagation for sum or difference which is: 

[image: ]

Error on position is the reading error of the motion detector which is 0.01			                     Error of the original length is also the reading error of the motion detector = 0.01 
So apply the equation: 
		


Consistency test on y
All numerical results and their respective errors should be rounded up or down to the appropriate significant figures hence:
Expected y intercept- (0 ± 0) N/m (y1)             y intercept of the force vs x graph- (0.40 ± 0.1) N (y2)
                         												
Error on y1 is assumed to be 0 so:
		 = 0.40 N
		    = 0.1 N (to 1 sig.fig)
		


Dynamic method
Spring constant () =  
                          [image: ]
	  = 0.31086  
         ≈ 0.311  = 0.3 N/m (to 1 sig.fig)
Therefore the dynamic spring constant is: (15.9 ± 0.3) N/m

Note: rad on the units can be ignored since it is unit less, so kg/s2 is the same as N/m which is the SI for the spring constant

Comparing the results
First do the consistency test
Ks and its error is the slope of the F Vs X graph and its error respectively hence it should be rounded up or down to appropriate number of significant figures:
Ks = (15.79 ± 0.29) N/m

	
                  = 0.110 N/m 
                     


To find the average:
		
	 (to 2 sig.figs)
Therefore the average value of the spring constant is: (15.845 ± 0.018) N/m
Sample calculations for 𝐵𝑎𝑣±𝜎𝐵𝑎𝑣 and 1/𝜔2 ±𝜎1/𝜔2 
Bav for when a mass of 0.6100 was hung: 

	 

Since there are there values of angular frequency calculated, statistical error should be used to determine the value of  and since there are only 3 measurements use infinite statistics: 
			 
[image: ]
So  3.33 × 10-4 rad/s
Calculations for  when a mass of 0.700 mass was hung:
	 
 Since   is determined by a calculation of   then error propagation of products and quotients can be used so:
 
		=  =  0.00039 s2/rad2

Graphs
The following pages depict:
· Force Vs length graph
· Force Vs extension graph
· Angular frequency Vs mass graph









Result
Table 05: General results Table (see calculations section)
	 
	Spring Constant

	Static
	 (15.79 ± 0.29) N/m

	Dynamic
	 (15.9 ± 0.3) N/m

	Average
	 (15.845 ± 0.018) N/m

	Consistency
	Consistent

	
	



Table 06: Static Method Results (see calculations and graphs)
	 
	Static Method

	Error on X
	0.014 m

	Sample X
	 (0.155 ± 0.014) m

	Consistency test between y int. and expected y int.
	Inconsistent                                                          .



Discussion
The objectives of this experiment were met as the spring constant of the spring were calculated through both static and dynamic method. 
In the static method, when Hooke’s equation is linearalized, the expected value of b which is the y intercept is zero because when there is no force acting on the spring the extension should also be zero hence the graph should pass through the origin. The error is obviously also going to be zero. When this value is tested with the y intercept of the actual force versus extension graph is not equal to zero. The y intercept the graph of the force versus extension is only going to be zero for an ideal spring. There are errors related to the measurements which affect the experiment’s results and also alter the value of the y intercept; for example, the error on x is calculated to be 0.014 and there also is going to be a reading error of 0.05N on the force sensor. One more reason could be the spring did not come to a full stop when the new length of the spring was recorded by the motion sensor so this can be avoided by giving sufficient time until the spring comes to rest then keep the recordings, but evidently this takes much more time. 
Regarding the dynamic method, when the equation relating angular frequency to the spring constant is lineralized, the intercept portion of the original equation is ignored because it doesn’t change the slope, meaning the slope is totally unaffected by the y intercept so it can be dropped. 
The dynamic method, the mass of the spring and the mass of the holder do not need to be known because as shown in the linearized equations, those values only relate to the intercept and not the slope of the graph. The value of kd which is calculated by inversing the slope, has nothing to do with the intercept of the graph (figure 09 shown in appendix). Hence the mass of the spring and the holder don’t necessary have to be known.  
Considering the consistency test between the two spring constants, the results were consistent so this means that the procedure is justified and that the systemic errors are minimised. Bu there are some random errors which may be caused by again side movements of the spring while it was in harmonic motion this could be hard to avoid but if reduced the results may be less error prone. 
These experiments are based on different theories and use different instruments to collect data, so the results of the experiment are not expected to the same. From the results table it can be seen that the uncertainty of the spring constant obtained using the static method has 3 decimal places while the one by dynamic method has one decimal place. Hence, the static method is more precise. However, the spring constant obtained by the dynamic method uses only one instrument to collect data and each set is collected three times so this method is trusted than the static method. To increase the accuracy of this experiment different technique can be used to reduce the systemic errors like using a lighter holder for the mass or using a more sensitive motion or force sensor. The precision can be increased by reducing the random errors for example reducing side movement of the spring while its length is measured or while it’s in harmonic motion.
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