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Bungee Part 2: A Dynamic Perspective 

 In this lab, we aim to find a working definition for the relationship of mass and equilibrium 

length of the bungee cord to the spring constant in the potential energy of a spring function. If we can 

find a function to define k in this manner, then that k function can be used to estimate the energy of a 

system based off of the following equations: 

𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝑜𝑓 𝑎 𝑆𝑝𝑟𝑖𝑛𝑔 = 𝑃𝐸 =
1

2
𝑘𝑥2 =  

1

2
𝑘(𝑙 − 𝑥𝑒)2 

 Knowing the equation of the potential energy of a spring, the x term can be expanded to the 

length of the distance the egg travels vertically (l) and the equilibrium length. While this equation is 

useful, we can infer that k will not remain constant with a changing mass or equilibrium length. To find a 

way to represent this change in k, the following equations can be used as a model: 

𝑃𝐸 =  
1

2
𝑘(𝑙 − 𝑥𝑒)2 

𝑘 =  𝛼(𝑥𝑒)𝑚 +  𝛽(𝑥𝑒) 

This will allow us to observe the change in k as the mass and equilibrium length. Then, the two 

functions can be combined to find the following relationship: 

𝑃𝐸 =  
1

2
[𝛼(𝑥𝑒)𝑚 +  𝛽(𝑥𝑒)𝑚](𝑙 − 𝑥𝑒)2 

 Once we know the mass and height of the drop, then this equation can be used to figure out the 

desired equilibrium length of the bungee cord for the drop. 

 

 In this experiment, we dropped 3 different weights attached to the cord at 3 different 

equilibrium lengths from the same height, making 9 total trials. Using COACH MY VIDEO, the final 

position before the weight shot back up (where PE of spring is highest and KE of mass is zero) was 

collected for each trial.  The lowest position was then used to find the potential energy of the weight at 

the bottom of the drop (PE = mgh). Assuming all of the energy lost to external forces in the fall is 

negligible, then we can assume that the change in potential of the weight (ΔPEweight = mghfinal -mghinitial) is 

equal to the magnitude of the potential energy of the bungee cord. The individual k values can be 

plotted for each different mass and equilibrium length, and the changes in those k values can be 

approximated to find a relationship. 

 We obtained the following equation to model the change in k: 

𝑘 =  (2974.2𝑥𝑒  − 881.2)𝑚2 − 10.67𝑥𝑒  + 3.69 ± 1.9 𝑁/𝑚 



 The wide margin of uncertainty, however, may indicate that this may not be the best fitting 

model. Most of the k values obtained were between 1 to 4 N/m, which may indicate that an uncertainty 

of ±1.9 𝑁/𝑚 may indicate a poor fit. 

 

 

Figure 1: Changes in potential energy during a drop. The equilibrium length of the bungee was 

recorded, and 3 different masses (0.05 kg, 0.10 kg, 0.12 kg) were dropped one at a time from a 

designated height (h= 2.337 m). This was done 3 times for 3 different equilibrium lengths (0.388 m, 0.485 

m, 0.555 m). The final heights were used to calculate the change in equilibrium position for the potential 

energy of the spring.  

 

Xequilibrium (m) 
(±0.01 m) 

Average mass mavg (kg2) 
(±0.006 kg2) 

Average PE of spring  
(J) 

(±0.91 J) 

Average Spring constant 
kavg 

(N/m) 
(±0.50 N/m) 

0.388 0.009 1.14 3.20 

0.485 0.009 1.36 2.83 

0.555  0.009 1.51 2.67 

Table 1: Change in PE with a change in equilibrium length. As the equilibrium length increased, the 

spring constants tended to decrease. The average mass was the average mass of each of the three 

different masses used. 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 2: Change in K with an increasing squared mass. The graph above shows an inverse trend 

between k and the squared mass (m2). The squared mass was used instead of the regular mass because 

it had a better fit to a linear model as suggested by R2 values and standard error of the Regression Tool 

Pack in Excel. 

 

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(𝑥𝑒) = 𝑙𝑖𝑛𝑒𝑎𝑟 𝑚𝑜𝑑𝑒𝑙 𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑡ℎ𝑒 𝑠𝑙𝑜𝑝𝑒𝑠 𝑜𝑓 𝐹𝑖𝑔𝑢𝑟𝑒 2 

𝛼(𝑥𝑒) =  2974.2𝑥𝑒  − 881.2 

𝛽(𝑥𝑒) = 𝑙𝑖𝑛𝑒𝑎𝑟 𝑚𝑜𝑑𝑒𝑙 𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑡ℎ𝑒 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡𝑠 𝑜𝑓 𝐹𝑖𝑔𝑢𝑟𝑒 2 

𝛽(𝑥𝑒) =  −10.67𝑥𝑒  + 3.69 

Knowing these two equations, we can now write k in terms of both mass and equilibrium length. 

𝑘 =  𝛼(𝑥𝑒)𝑚2 +  𝛽(𝑥𝑒) 

𝑘 =  (2974.2𝑥𝑒  − 881.2)𝑚2 +  (−10.67𝑥𝑒  + 3.69) 

𝑘 =  (2974.2𝑥𝑒  − 881.2)𝑚2 − 10.67𝑥𝑒  + 3.69 ± 1.9 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 from a dynamic perspective, 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 and the value calculated by the model. 

k = 303.33m2 - 0.6517

k = 488.42m2 - 1.0215

k = 811.8m2 - 2.5132
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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 in terms of energy 

and dynamics, not just based off of the forces.  The relationship can be represented mathematically by 

the following equation: 

𝑘 =  (2974.2𝑥𝑒  − 881.2)𝑚2 − 10.67𝑥𝑒  + 3.69 ± 1.9 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 ±1.9 𝑁/𝑚 for k 

values typically close to 3 can indicate wide margin of uncertainty or error. This may indicate that a large 

source of uncertainty may come from energy lost while the weight was falling in the form of heat or 

sound. 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. 
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