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BUNGEE PART 2: DETERMINING THE EMPIRICAL AND THEORETICAL 
RELATIONSHIP BETWEEN INITIAL BUNGEE LENGTH AND DYNAMIC 

EQUILIBRIUM POSITION  
 

This experiment examines the empirical and theoretical relationship between the initial 
length of a bungee cord and the dynamic equilibrium length of cord for a bungee-mass system. 
The purpose of this experiment is two-fold: 1.) to experimentally determine a model representing 
the rate at which dynamic equilibrium increases with respect to initial length and 2) to derive a 
theoretical relationship using a CWE analytical approach and test the accuracy of this model 
using our data collected. Modeling and deriving this relationship allows for an empirical and 
theoretical approach to determine the appropriate initial bungee length required for successful 
navigation of the bungee drop challenge. Our prediction as to how the initial bungee length 
relates to the dynamic equilibrium length is founded from previous conclusions from Bungee 
Part 1. Because our results displayed an increase in the resistive force of bungee as initial length 
was decreased, an increase in the initial length of bungee would presumably coincide with an 
increase in the dynamic equilibrium length. 
 

Three trials were run in which a bungee-mass system of set mass with initial cord lengths 
0.25, 0.5, 0.6, and 0.75 m was dropped 3 times at a given initial length. The dynamic equilibrium 
length was collected using slow-motion video and recorded.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Schematic Representation of Small-Scale Bungee Drop: A Bungee-Mass System was 
dropped from an Initial Position XI and the Dynamic Equilibrium Length D/Xf was recorded 
using a tape measure and slow-motion camera.  
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PART 1: EMPIRICAL MODEL 
 

Initial bungee length versus dynamic equilibrium length was plotted on excel and 
linearized with a best-fit function. The data and graphs for each distinct mass are as follows  
 
 
TRIAL 1: Mass = 0.05 Kg 
 
 

 
 
Initial	Length	(m)			 1	 2	 3	 Average	Dynamic	Equilibrium	(m)	 St	Deviation		

0.25	 0.605	 0.61	 0.615	 0.460	 0.005	
0.5	 1.115	 1.116	 1.11	 0.964	 0.003	
0.6	 1.365	 1.367	 1.365	 1.216	 0.001	
0.75	 1.642	 1.635	 1.634	 1.487	 0.004	

 
Figure 1, Table 1. Rate at Which Dynamic Equilibrium Length Changes With Respect to 
Initial Bungee Length and Corresponding Data: Table 1 displays the dynamic equilibrium 
length values collected for a given initial length for a mass system of 0.05Kg. The positions 
recorded under columns 1, 2, and 3 give the value at which the end point of the system reaches 
dynamic equilibrium. Because only the behavior of the bungee cord is of interest, a distance of 
0.15 m- the length from the point of bungee attachment to the endpoint of the system- was 
subtracted from the final average dynamic equilibrium value. Although there is a relatively low 
standard deviation of measurement for dynamic equilibrium length, there seems to be some 
fluctuation of experimental data from the linearized trend line. This result is consistent with the 
other two trials. 
 
TRIAL 2: Mass = 0.075 Kg 

XEq =	2.0767L	- 0.0587
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Initial	Length		 1	 2	 3	 Average	Dynamic	Equilibrium	(m)	 St	Deviation		

0.25	 0.735	 0.740	 0.745	 0.59	 0.005	
0.5	 1.355	 1.352	 1.351	 1.203	 0.002	
0.6	 1.665	 1.670	 1.671	 1.519	 0.003	
0.75	 2.010	 2.000	 2.009	 1.856	 0.005	

 
Figure 2, Table 2. Rate at Which Dynamic Equilibrium Length Changes With Respect to 
Initial Bungee Length and Corresponding Data 
 
TRIAL 3: Mass = 0.1 Kg 
 
 

 
 
Initial	Length	(m)	 1	 2	 3	 Average	Dynamic	Equilibrium	(m)	 St	Deviation		

0.25	 0.865	 0.863	 0.867	 0.715	 0.002	
0.5	 1.607	 1.600	 1.609	 1.455	 0.005	
0.6	 2.000	 1.987	 1.993	 1.843	 0.007	

 
Figure 3, Table 3. Rate at Which Dynamic Equilibrium Length Changes With Respect to 
Initial Bungee Length and Corresponding Data 

XEq	=	2.5604L	- 0.0523
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XEq	=	3.1733L	- 0.0901
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Our experimental equations of interest obtained from the three trials are the best fit functions:  
 
1. XEq = 2.0767L - 0.0587 
 
Where the standard error for the intercept and slope obtained using Excel’s Regression Analysis 
are reported to be 0.037 and 0.067 respectively. 
 
2. XEq = 2.5604L - 0.0523 
 
Where the standard error for the intercept and slope obtained using Excel’s Regression Analysis 
are reported to be 0.048 and 0.087 respectively. 
 
AND 3. XEq = 3.1733L - 0.0901 
  
Where the standard error for the intercept and slope obtained using Excel’s Regression Analysis 
are reported to be 0.097 and 0.20 respectively. 
 

Given these three functions, substituting in the appropriate values for the desired dynamic 
equilibrium length (approximated to be 8-9m for the bungee drop challenge) will allow for 
determination of the proper initial length of bungee needed for a best-bungee drop experience. 
Our results concur with our prediction that an increase in the bungee cord length will coincide 
with an increase in the dynamic equilibrium length. While the model obtained from trial 3 is 
most closely related to the anticipated mass that will be present during the bungee drop 
challenge, it has the greatest estimated error of slope for the three functions. Further exploration 
will be needed in order to determine which trial best represents the bungee drop challenge, or 
how these three trials can be combined to give a function best representing the dynamic 
equilibrium length as it relates to variable initial lengths.  
 
 
PART 2: THEORETICAL  
 

The CWE theorem offers another approach to examine and predict the dynamics of an 
optimal bungee-egg drop. The theoretical model from which an appropriate initial length can be 
obtained given a dynamic equilibrium length is derived using concepts from the CWE theorem 
as well as our empirically determined equation modeling the way with which the K-Value of a 
static bungee-mass system changes with respect to initial length (bungee 1). The equations are as 
follows: 
 

MgD=1/2k(D-L)2 

 

Where D represents the experimentally collected dynamic equilibrium length, L represents the 
initial cord length 
 

k=1.47L-0.85 
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Where k decreases with respect to L- the initial bungee length. Combining these two equations 
yields the final function: 
 

MgD=1/2(1.47L-.085)(D-L)2 

 
Plugging the experimentally determined dynamic equilibrium lengths into our final 

derived equation allows for determination of an initial length based on our model which we can 
then compare to the actual initial length used within the experiment. 
 

The following tables represent the calculated cord values for a given dynamic equilibrium 
length-obtained from the three trials. These values were then compared to the reported initial 
cord lengths measured at the time of experimentation and percent error was calculated. 
 
Trial 1: 0.05Kg 
 

Initial	Cord	Length	
(m)	+-0.002	

Dynamic	Equilibrium	Length	
(m)	+-0.005	

Calculated	Cord	
Length	(m)	 Percent	Error	

0.25	 0.46	 0.252	 0.80%	
0.5	 0.964	 0.413	 17.40%	
0.6	 1.216	 0.529	 11.80%	
0.75	 1.487	 0.737	 1.73%	

 
Trial 2: 0.075Kg 
 

Initial	Cord	Length	
(m)	+-0.002	

Dynamic	Equilibrium	Length	
(m)	+-0.005	

Calculated	Cord	
Length	(m)	 Percent	Error	

0.25	 0.59	 0.201	 19.60%	
0.5	 1.203	 0.519	 3.80%	
0.6	 1.519	 0.557	 7.17%	
0.75	 1.856	 0.692	 7.73%	

 
Trial 3: 0.1Kg 
 

Initial	Cord	Length	
(m)	+-0.002	

Dynamic	Equilibrium	Length	
(m)	+-0.005	

Calculated	Cord	
Length	(m)	 Percent	Error	

0.25	 0.715	 0.211	 15.60%	
0.5	 1.455	 0.457	 8.60%	
0.6	 1.843	 0.639	 6.50%	

  
Tables 1-3. Calculated Initial Cord Length Given Experimentally Determined Dynamic 
Equilibrium Position 
 
Our experimental values of interest are the calculated cord lengths presented in the table above. 
Note the range of the calculated percent error 0.80%-19.60%. These values indicate the error 
needed to be taken into account in our final calculations for an optimal bungee drop. Our results 
again support our initial predictions. 
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CONCLUSION: 
 
From this data, the following theoretical and empirical models representing the relationship 
between dynamic equilibrium and initial cord length were obtained: 
 
XEq = 2.0767L - 0.0587 
XEq = 2.5604L - 0.0523 
XEq = 3.1733L - 0.0901 
 
MgD=1/2k(D-L)2 

 

Given the significant variation between the three empirical models, the theoretical 
approach utilizing the CWE may serve as the superior way to quantitatively determine the initial 
length for our final bungee drop. The reported error could be taken into account by subtracting 
the average of all percent errors or the highest reported percent error from our final calculated 
initial length.   

The most significant sources of error include the viewing angle through which the 
dynamic equilibrium measurements were obtained, gradual wearing out of the bungee cord, and 
the point of attachment of the bungee cord to the measuring apparatus (cord was pinched using 
washer and bolt as opposed to using knot at connection point). Further examination into how 
these potential sources of error did or did not affect the data would be needed for a more precise 
and accurate model. Improved methodology- such as increasing the range of initial lengths tested 
for our model- would also serve to mitigate the significant reported error. 

 Given these results, we are now equipped with a model to predict an appropriate initial 
length within a margin of error for our bungee drop. 
 


