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Analyzing the Stretch of a Bungee Cord with Potential Energy 

In our first bungee cord experiment, we characterized how the elasticity of our bungee changed with 
changes in equilibrium length when different masses were hung from the bungee.  We saw that an 
increase in equilibrium length resulted in a non-linear increase in the spring constant of the bungee.  
This experiment was conducted by hanging various weights from the bungee; however, we needed to 
discover more about how the length of the bungee changes when a mass is dropped with potential 
energy. 

Our goal for this experiment was to find a dynamic k-value.  We tested three separate equilibrium 
lengths in the bungee by tying knots in the bungee then hung the bungee and weight from a metal pole 
attached to the lab table.  Several masses were attached to the bungee with another knot for each of 
the different equilibrium lengths.  The mass was brought to a level equal to where the bungee was 
connected to the pole and then dropped.  The height of the drop was thus 2.18 m.  Video analysis was 
used to determine how far the bungee stretched after the weight was dropped.  A graph for each 
equilibrium length was made showing the gravitational potential energy (mgh) vs. spring potential 
energy (0.5x2).  The slope of this relationship gave us an average k-value for each equilibrium length.  A 
linear fit was determined to be the best way to approximate k.  The average k-value for each equilibrium 
length was then plotted against the equilibrium length of each bungee in Fig 5.  Since, the k-value did 
not decrease linearly with an increase in equilibrium length, a power fit was used.  The equation 
developed from our model was K = 1.3279x-1.865 ± 0.25 N/m.  This shows that there is a relatively small 
amount of uncertainty in the k-value that should be accounted for in the calculation of how far the egg 
will stretch the bungee.   



 

Fig. 1. Length of the Bungee at Equilibrium.  The bungee was initially examined hanging from the metal 
pole with no weight.  We measured the equilibrium length of the bungee, or the length it hung with no 
forces acting on it.  Three different equilibrium lengths were used.  We made these lengths by tying off 
the bungee at the top and allowed a portion of the bungee to hang down.  At equilibrium, there are no 
forces acting to extend the bungee past the length it hangs.  In addition to the 0.23 m bungee, the two 
other bungees of 0.40 and 0.69 are pictured.     
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Fig. 2. Displacement from Equilibrium when Dropped from Rest.  The masses were dropped from the 
top of the pole with each equilibrium length, and we measured the displacement from equilibrium by 
using video analysis with the tape measure in the background.  The equilibrium length was subtracted 
from the point where the mass stopped falling downward to determine the displacement from 
equilibrium.  At the top of the fall before the bungee is released, the mass has potential energy equal to 
mgh, but as the mass falls, the bungee resists its continued movement.  At the point where the bungee 
is fully extended, the bungee has potential energy as a spring equal to 0.5kx2.  The force of the bungee 
will be directed upward, as the bungee will now pull the mass back towards the equilibrium length.   
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Fig. 3.  Graph of the Gravitational Potential Energy vs. Spring Potential Energy.  This graph includes 
points from each of the three equilibrium lengths.  It shows how far the bungee stretched from the 
equilibrium length when a mass was dropped from rest at the same level of where the bungee was 
hung.  The slope of each line through each set of points shows the average k-value for each equilibrium 
length.  The blue line represents 0.23 m, the gray represents 0.40 m, and the oranges represents 0.69 m.  

Equilibrium Length (m) ± .005 (m) Average K-value (N/m) ± 1.04 (N/m) 
0.23 20.86 
0.40 7.76 
0.69 2.57 

Fig. 4. Equilibrium Length of the Bungee vs. The Average K-Value Predicted by the Model.  K-Value is 
the slope of the graph in Fig 3.  Uncertainty of the k-value was determined by finding the standard 
deviation of the standard error of each k-value obtained using excel regression analysis.       
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Fig. 5. Average K-Value vs. Equilibrium Length. This graph shows the slope of Fig. 3., which is the k-
value plotted against the equilibrium length of the bungee.  A power function was used to fit the points 
on the graph.  We obtained the equation K = 1.3279x-1.865 ± 0.25 N/m, which can be used to estimate the 
average dynamic k-value of any equilibrium length of our bungee.  Uncertainty of the k-value was 
determined by examining the difference between the average k-values we collected and the k-value 
predicted by the model below.  The standard deviation of the differences in k-values were then used to 
determine the uncertainty in our observations. 

 

The dynamic spring constant, k, represents our experimental value of interest.  The model developed in 
Fig. 5 can be used to approximate the dynamic k-value for any equilibrium length of the bungee. This 
dynamic k-value is applicable when a mass is dropped from rest on the bungee at some height, h.  The 
dynamic k-value is important, because it shows how hard the bungee pulls back on any weight attached 
to it that has been dropped with potential energy.  The k-value resists the additional stretch of the 
bungee from the equilibrium length.  The k-value does not increase in a linear fashion for an increase in 
equilibrium length, but our equation provides a useful characterization of how the bungee behaves in a 
dynamic situation.  Using this equation, we can determine the k-value for any equilibrium length of the 
bungee and then use the equation mgh=0.5kx2, solving for x, to predict how far the bungee will stretch 
from equilibrium.  

Our average k-values used to make this model were 20.86 ± 1.04 (N/m) at 0.23 (m), 7.76 ± 1.04 (N/m) at 
0.40 (m), and 2.58 ± 1.04 (N/m) at 0.69 (m).  Excel regression analysis was used to calculate the standard 
error of each average k-value from each equilibrium length.  The standard deviation of the three 
standard errors of each k-value was then calculated to determine the uncertainty in each average k-
value.   

The predicted k-values of our model were compared to the k-values observed in our experiment.  The 
difference between the predicted and observed k-values was determined for each equilibrium length 
and then the standard deviation of these three differences yielded the uncertainty of ±0.25 (N/m).  This 
standard deviation thus suggests there is a small bit of uncertainty in our k-value that we should pay 
attention to when we perform our calculation for the egg drop.  To test our model, we need to evaluate 
a different equilibrium length of the bungee using the same procedures from our experiment.  Thus, we 
should drop the same masses from the same height, but with a different length of the bungee.  If we get 
a k-value close to what our model would predict, then we can conclude our model has the ability to 
reliably estimate the dynamic k-value.   

Our model of K=1.3279x-1.865 ± 0.25 N/m shows how the dynamic k-value decreases as the equilibrium 
length of the bungee increases.  This makes sense as the bungee resists the motion of a dropped mass 
less with a longer equilibrium length.  Predicting the dynamic k-value will allow us to predict how far an 
object dropped with potential energy will cause the bungee to displace from equilibrium.  
Unfortunately, the more the bungee stretches the more this model is likely to break down, so we must 
take into account how we think the bungee will stretch more at greater equilibrium lengths.  Still, our 
model serves as a reliable estimator for the dynamic k-value.   


