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Figure 1: Experimental Set-up. Masses were attached to a bungee and dropped from a position 
0 where the cord possessed no tension to a final position. The displacement was marked as the 
distance from 0 to the farthest drop measurement. Video recording analyzed the position. The 
motion of the mass downward can be seen as a change from potential energy to kinetic energy. 
The lowest position before the bungee pulls the mass is the maximum tension value.  

 

Summary 

 Physically one can observe that a cord has a different resistance to pull at different 
lengths. This relationship is not included at Hooke’s law, but is crucial when computing the 
behavior of a bungee cord. An alternative equation can be made which includes the correlative 
term in Hooke’s law: PE=(a/2)*k*(x^2). The variable “a” represents the change of k at different 
lengths. The method of inquiry attempted to control PE to find some displacement, because 
Hooke’s law holds true if displacement values do not alter by much. This was done by dropping 
weights attached to the cord from a h position (2.18 m). Displacement was considered when 
potential energy was recovered at the bottom peak of motion. Video recording captured the 
bottom peak of motion. These displacements and potential energy values were inserted into 
Hooke’s law to find some k for each cord length. The k values and cord lengths were graphed to 
find a correlation, and a regression analysis was conducted to ensure correlation accuracy. The 
correlation coefficient that connected K with cord length is – 1.6697. 

 Error could include cord degradation over time. Through the trials a lot of force was 
applied on the cord, which may alter displacement values. Premeasurement of displacement 
values in the future could make this apparent and something to consider in future equations. The 
equations found make calculating a bungee cord behavior predictable. The cord length and k-
value finds some correlation which consists in the same equation as mass and length.  
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Table 1: Maximum Stretch for Different Equilibrium Lengths and Masses. Masses have 
observed equilibrium lengths and were dropped from a position of 0. The masses were chosen to 
not stretch the cord and alter the properties of the cord. Each stretch value was subtracted from 
equilibrium length and the measurement of the hook to achieve some final displacement value. 
The final displacement value was then squared to adhere to hook’s law. 

 

 

 

mgh X^2 at .225 X^2 at .401 X^2 at .685 
0.748 0.175 0.279 0.395 
1.18 0.25 0.429 0.735 
1.60 0.355 0.589 0.985 
2.03 0.445 0.729 1.275 
2.24 0.495 0.809 1.405 

k 1.24 0.726 0.44 
r^2 0.992 0.999 0.997 

 

Table 2: Potential Energy and respective K-values. Potential energy was calculated for each 
cord length by taking the final stretch values above and multiplying them by 9.81 and the height 
of the rig (2.18 m). These values correlated to some squared distances and k-values according to 
Hooke’s law. The slope of these lines provides a value which equals 1/2K. Multiplication of the 

 
Equilibrium Length  

.225 m .401 m .685 m .225 m .401 m .685 m  
Maximum Stretch (in meters) Final Displacement (in meters^2) 

Mass ±(0.13 𝑚𝑚) ±(0.21 𝑚𝑚) ±(0.41 𝑚𝑚) ±(0.09 𝑚𝑚) ±(0.24 𝑚𝑚) ±(0.75 𝑚𝑚) 
0.035 0.48 0.76 1.16 0.030625 0.077841 0.156025 
0.055 0.555 0.91 1.5 0.0625 0.184041 0.540225 
0.075 0.66 1.07 1.75 0.126025 0.346921 0.970225 
0.095 0.75 1.21 2.04 0.198025 0.531441 1.625625 
0.105 0.8 1.29 2.17 0.245025 0.654481 1.974025 



slope by 2 provides the k-value of the cord at the specific cord length. The accuracy of the k is 
shown by the high r^2 values. Analysis of the cord length and k provides a relationship by which 
a potential energy can equate to any displacement value.  

 

 

Graph 1: K-value vs Equilibrium length. This graph represents the correlation between cord 
length and the k-constant, which is the equation y=-1.6697x. The accuracy of this correlation 
comes from the high R^2 value. The negative slope reinforces the observation of the cord being 
easier to pull at longer lengths. The addition of 1.5316 to the equation can be neglected because 
it has no physical meaning to the cord. It is a byproduct of the negative slope.  

The experimental value of interest is the slope -1.6697 from the graph above which represents 
the correlation of length and k. This number allows Hooke’s law to be more applicable to any 
stretch and fits into the equation: PE = (a/2)kx^2, where a is -1.6697. 

Error Analysis 

Regression analysis was used to test the accuracy of linear fits. The three k-value calculations fit 
with a value of 0.992, 0.997, 0.999. The analysis of length and k contained a lower r^2, but still a 
relatively high one at 0.914. Therefore, linear correlations can be described with confidence. 
Accuracy of displacement measurements were measured by standard deviations, which were low 
relative to the high lengths in question.   

y = -1.6697x + 1.5316
R² = 0.9139
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