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Bungee Experiment Part 1: Finding influences on a spring constant of a bungee cord 

 This experiment is the beginning step to creating an apparatus that will allow an egg to drop 

from about 8-9 meters high without hitting the ground or cracking from a large deceleration. In order to 

execute this, certain properties of the bungee cord must be understood before any testing can be done. 

Due to its elastic nature, the bungee cord has some properties of a harmonic oscillator, but damping 

forces and other factors prevent us from using the simple Fspring=-kx equation. Different masses will 

induce different values for the spring constant as well as different equilibrium positions. This lab aims to 

find a relationship between k and the changing masses and equilibrium positions. 

 To answer this question, we took the same bungee cord, and we recorded the change in 

position from equilibrium with different masses. The masses attached to the bungee were hung 

vertically as shown in Figure 1. We assumed that all other forces acting on the system were negligible 

besides the weight, so we set -kx=mg. We then calculated the k values for each mass-equilibrium 

position pair and ran regression analysis to try and find a way to define the change in k with respect to 

equilibrium position and mass of the attached object. We tested 5 different masses at 3 different 

equilibrium points. The relationship can be defined in terms: 

 

𝑘 =  𝛼(𝑚)𝑥𝑒 +  𝛽(𝑚) 

Where 𝛼(𝑚) and 𝛽(𝑚) are functions that relate k to the mass of the object for a given x 

equilibrium point. A linear regression will be run to show the relationship between the experimental k 

values and the equilibrium lengths for each of the 5 masses. Once those regressions are completed, two 

additional linear regressions will be run on the relationship between the mass and the slopes of the 5 

regressions (𝛼(𝑚)) and the intercepts of the 5 regressions (𝛽(𝑚)). 

The results give us a linear relationship between the changes in k and varying masses and 

equilibrium lengths. The equation, 𝑘 =  (1.27𝑚 − 3.52)𝑥𝑒 − 1.81𝑚 + 5.90 ± 1.31 𝑁/𝑚, has a large uncertainty 

as the masses get closer to that of the average egg and may not be the best model for our bungee cord 

experiment. 



 

Figure 1: Experimental design for calculating k values. The bungee cord was manipulated so that ut had 

different hanging lengths, and items of different masses were hung at each of the three equilibrium 

points tested. Dotted lines reffered to the cord when it is stretched past equilibrium, and the solid ine 

refers to the cord at its’s resting position. Once the change in position from the equilibrium point was 

measured for each mass, the k values were calculated by setting Fspring = Fgravity (-k(xfinal-xequilibrium) = mg). 

This was done for 5 different masses at 3 different equilibrium points. 

Xequilibrium (m) 
(±0.01 m) 

Average mass mavg (kg) 
(±0.05 kg) 

Average Spring constant kavg 

(N/m) 
(±0.72 N/m) 

0.63 0.102 2.96 

0.805 0.098 2.40 

1.038 0.098 1.88 

Figure 2: Change in average spring constant with the change in equilibrium position. For each 

equilibrium position, 5 different masses were hung to calculate k values for different masses. Overall, the 

average spring constant decreased as the equilibrium length became longer. The average mass for the 

first equilibrium position is different than the last two due to a fear of over stretching the cord and a 

smaller final mass was used for the last two. The uncertainty for the equilibrium position represents the 

range with which the cord moved up and down as we measured it. The uncertainties for both the 

average masses and average spring constants were calculated using the standard deviation function in 

Excel. 
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Figure 3: Changing k values with changing equilibrium positions. The data above represents the k 

values calculated changing as the xequilibrium position changed. The different colors represent the different 

masses tested and were fit with a linear model. As the equilibrium length increased, the k values 

decreased. Additionally, an increase in mass seemed to cause a decrease in k as well. 

 

The experimental value of interest is the equation calculated based off of the collected data to 

show how k changes as a function of both mass and equilibrium length. Shown are the ways we plan to 

approximate this relationship: 

𝛼(𝑚) = 𝑙𝑖𝑛𝑒𝑎𝑟 𝑚𝑜𝑑𝑒𝑙 𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑡ℎ𝑒 𝑠𝑙𝑜𝑝𝑒𝑠 𝑜𝑓 𝐹𝑖𝑔𝑢𝑟𝑒 3 

𝛼(𝑚) =  1.27𝑚 − 3.52 

𝛽(𝑚) = 𝑙𝑖𝑛𝑒𝑎𝑟 𝑚𝑜𝑑𝑒𝑙 𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑡ℎ𝑒 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡𝑠 𝑜𝑓 𝐹𝑖𝑔𝑢𝑟𝑒 3 

𝛽(𝑚) =  −1.81𝑚 + 5.90 

 Knowing these pieces, we can plug it into the overall function for the change in k. 

𝑘 =  𝛼(𝑚)𝑥𝑒 +  𝛽(𝑚) 

𝑘 =  (1.27𝑚 − 3.52)𝑥𝑒 + (−1.81𝑚 + 5.90) 

𝑘 =  (1.27𝑚 − 3.52)𝑥𝑒 − 1.81𝑚 + 5.90 ± 1.31 𝑁/𝑚 

This equation states that k is equal to the relationship between α as a function of mass times the 

x equilibrium length plus β as a function of mass, where α is a function of the change in the regression 

slope values for different masses and β is a function of the change in the regression slope values for 

different masses. The uncertainty was calculated by plugging all of the mass and equilibrium data points 

into the equation, and taking the largest difference between the experimental value (k = mg/ xfinal-

xequilibrium) and the value calculated by the model. 

k = -3.577x + 6.0276

k = -3.1537x + 5.3634

k = -3.0052x + 4.891

k = -1.5011x + 3.2325

k = -1.529x + 3.0297
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Since we are not considering either the experimental or the linear values to be the “true” 

expected values to calculate error, one proposed test to evaluate the error in this model is to take new 

masses and new equilibrium lengths and compare the experimental k values and the k values calculated 

by using the equation. 

Our most important results from this lab gives us a relationship between our spring constant of 

the bungee cord with a changing mass and changing equilibrium length of the cord.  The relationship can 

be represented mathematically by the following equation: 

𝑘 =  (1.27𝑚 − 3.52)𝑥𝑒 − 1.81𝑚 + 5.90 ± 1.31 𝑁/𝑚 

This equation will allow us to plug in certain length values and the mass of the egg to then use in 

our bungee experiment. The differences between the model equation and the experimental values of k 

became larger as the masses increased, which may be problematic. An uncertainty of ±1.31 𝑁/𝑚 for k 

values typically less than 3 can indicate wide margin of uncertainty or error. For the masses closest to 

that of what the egg will be, the experimental values of k were all less than the values calculated by the 

equation. This may indicate that a large source of uncertainty may come from damping forces on the 

system like air resistance that could influence the force components collected. To try and mitigate the 

error, we could take more measures with weights closer to that of the average egg, and then formulate 

a new equation. 

The most important aspect of this experiment is that we now have a function that will help us 

understand the change in k as it relates to mass and equilibrium length. The larger uncertainty, 

however, suggests that we will need to be cautious in using this as a defining relationship for our spring 

constant of the bungee cord. This could indicate that we may need to stay closer to the safer bounds of 

our uncertainty so that the egg does not crack. 
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