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Modeling the “Spring” Constant as a Function of Equilibrium Length and Mass for an Elastic 
Cord 

 
In this experiment, we examined the relationship between the equilibrium length of an elastic 
cord and the k value (the elastic equivalent of the spring constant in Hooke’s Law), as well as the 
relationship between the amount of mass attached to the cord and the k value. By doing this, we 
were able to find functions to evaluate k at specific equilibrium lengths or mass values. This will 
be crucial for using the law of conservation of energy for the actual bungee jumper scenario. To 
calculate these functions for k, we started by tying off a portion of the elastic cord so that the 
equilibrium length of the cord would be fixed and attached massive hangers ranging from 0.05 
kg to 0.17 kg and measured the displacement of the cord. We then readjusted the cord to a 
different equilibrium length and repeated this process of hanging various masses on the end at 
this new length and one additional length. Using the Hooke’s Law relationship, we then 
calculated the k values of each “trial” by diving the weight of the hangers by the displacement of 
the hangers. The resulting values of interest are the functions for k based on mass and 
equilibrium length: 

k(m) = (-32.016m + 7.6464) + xe (22.525m – 4.7607) 
k(xe) = (-3.9889xe + 6.8992) + m (12.617xe – 22.423) 

 
with k(m) representing k as a function of the mass of the hanger/object and k(xe) representing k 
as a function of the set equilibrium length. The greatest source of uncertainty in these functions 
are those associated with the coefficients of m in the k(m) function                                
(−32.016 ± 5.4657	𝑎𝑛𝑑	22.525 ± 5.5611). Based on these functions, we will be able to 
determine the “spring” constant for our elastic cord when a given mass (such as that of an egg) is 
hung from the cord at a given equilibrium length. 
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Figure 1. Experimental setup for measuring the displacement of the masses hanging from the 
elastic cord. For convenience, a hanger is only depicted for the xe2 configuration, but hangers 
were placed on each configuration for data collection.  
 
Figure 1 shows the experimental setup used in determining the displacement of the hanging 
masses. We chose three distinct equilibrium lengths (xe1= 0.63 m, xe2= 0.805 m, and xe3= 1.038 
m) to hang vertically from a hook. We then hung five different known masses (m1= 0.05 kg, m2= 
0.07 kg, m3= 0.1 kg, m4= 0.12 kg, m5= 0.15 kg or 0.17 kg for xe1) from each length and 
measured the displacement from the equilibrium length without any hanging mass to the new 
equilibrium length with the hanging mass. The displacement was then used in the relationship 
 

𝑘 = 	
𝑚𝑔
𝑥  

 
to find the resulting k values for each mass and equilibrium length combination.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Raw data for determining the k values of the elastic cord. Each individual value is 
listed to depict the k-values varying with mass and equilibrium separately. For this set of data, k 
was calculated by multiplying the mass of the hanger be the acceleration due to gravity, and that 
value was divided by the displacement of the hanger when attached to the elastic cord.  
 
 
 
 

mass	in	kg xe	in	m x	in	m k	(mg/x)	in	N/m
0.05 0.630 0.128 3.832
0.07 0.630 0.200 3.434
0.1 0.630 0.318 3.085

0.12 0.630 0.524 2.247
0.17 0.630 0.755 2.209
0.05 0.805 0.161 3.047
0.07 0.805 0.252 2.725
0.1 0.805 0.423 2.319

0.12 0.805 0.562 2.095
0.15 0.805 0.818 1.799
0.05 1.038 0.208 2.358
0.07 1.038 0.322 2.133
0.1 1.038 0.534 1.837

0.12 1.038 0.716 1.644
0.15 1.038 1.02 1.443
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a. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b. 

 
Figure 3 a and b. Graphical representation of the spring constants as a function of (a) mass and 
(b) equilibrium length. All masses are measured in kilograms and all equilibrium lengths are 
measured in meters.  
 
Figure 2 shows the raw data collected for displacement of the hanging masses, as well as the 
calculated k values based on the mass and displacement. There are no averages or standard 
deviations included in the data because each point has to be treated individually because both 
mass and equilibrium length are being varied. The averages and standard deviations of this data 
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would not yield meaningful information for analysis. Figure 3a is the graphical representation of 
k as a function of mass. After measuring displacement of the hanging masses and calculating 
individual k values by dividing the weight by the measured displacements, we were able to graph 
these individual values. The trend lines are based on the five different masses each hung from 
one predetermined equilibrium point. For example, you can see that the data points in blue show 
how for the equilibrium length xe = 0.63m, the k value decreases as mass increases. Conversely, 
for figure 3b in which the graph represents k as a function of equilibrium length, the data points 
in blue show that for the predetermined mass of m = 0.05 kg, k values decrease as equilibrium 
length increases.  
 
In order to find our experimental “value” of interest, we first determined that the relationships 
between k and mass and equilibrium length were best modeled by a linear model. This was 
determined by running an Excel regression analysis on the trend line for m = 0.05 kg in Figure 
3b. This showed us that the standard deviation for the slope when using a linear model was less 
than that when using a quadratic (0.4323 < 0.7056). For convenience, we assumed that this was 
true for each mass, not just the 0.05 kg mass. Once we had obtained the graphs and acquired the 
slope and intercept values from the trend lines, we were able to take those slope and intercept 
values, plot them on a different graph, and use the resulting trend line equations from those 
graphs as functions for determining the slope and intercepts for the original graphs in Figure 3. 
Using the model skeleton: 
 

k(m) = a(m) xe + b(m) 
k(xe) = a(xe)m + b(xe) 

 
where a indicates the equation for the slope and b indicates the equation for the intercept, we 
obtain the functions for k: 
 

k(m) = (-32.016m + 7.6464) + xe (22.525m – 4.7607) 
k(xe) = (-3.9889xe + 6.8992) + m (12.617xe – 22.423) 

 
which are our experimental values of interest. The functions themselves are our “values” of 
interest because they will be used to evaluate the expected k-value of the elastic cord when the 
mass and equilibrium length of our bungee egg scenario are applied. Because these k values are 
specific to this elastic cord and based on mass and equilibrium positions determined by us, there 
are no “accepted” values to which they can be compared. A meaningful test for determining the 
acceptability of these equations would be to go back and repeat the experiment, but this time 
using masses and equilibrium positions not used during the first run of the experiment to see if 
these previously untested data points would give us consistent information. Ideally, this 
repetition would produce the same results and we would be more confident in the acceptability 
of the equations.  
 
The most significant sources of uncertainty are those related to the slopes of the functions for the 
slope and intercept of k as a function of mass. Numerically for k(m), the standard deviations for 
the terms 22.525 and -32.016 are 5.5611 and 5.4657, respectively. For k(ex), the standard 
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deviations for the terms 12.617 and -3.9889 are only 0.83736 and 0.29634 respectively, which 
would provide a significantly smaller source of uncertainty. These uncertainties were obtained 
by running an Excel regression analysis on the slope and intercept values for both functions of k.  

 
The most important thing to come of this experiment was finding functions for the k value based 
on two different variables. Moving forward, this will be helpful when utilizing conservation of 
energy and determining what to set as the initial equilibrium length of the elastic cord in order to 
keep the jumper safe. 


