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Figure 1: Diagram of 
Experimental Set-Up Used to 
Assess the “Bungee 
Constant” Under the 
Dynamic Conditions of a 
Drop. Eight masses, incrementing 

10g, from 100g to 170g were dropped 
from same height as where the 
bungee to which the masses were tied 
was attached. A tape measure was 
used to measure distance. The total 
distance the bungee extended during 
the decent is equal to the height of the 
fall (h). Δy is equal to h-the equilibrium 
length of the bungee cord. Three 
different equilibrium lengths were 
tested: 0.37, 0.57, and 0.745 m). To 
hang the cord and to hang the various 
masses used, a slip-knot was tied on 
both ends (minimizing the amount of 
bungee in the loops. The extension, 
Δx, of the cord was measured from the 

top of the bottom knot. 
 
 
 
 
 
 
 
 

 

EXPERIMENT SUMMARY: 
In the previous Bungee Lab, the large majority of people examined the static properties of the bungee cord they were 

provided. However, the name “bungee jump” in and of itself implies that there is a dynamic motion and a falling nature to the 
individual or (as is our case) object being subjected to the jump. Thus, it would be logical to compare the conclusions we derived of 
the static, hung weights to the experimental observations gleaned from a dropped weight. Furthermore, we set out to measure the 
change in the “bungee constant” recorded from a dropped mass as the equilibrium length (xeq) was altered.  

For our experiment, we analyzed three different bungee cord lengths: 0.37, 0.57, and 0.745 m. For each bungee length, 
eight masses spanning the possible mass of the egg (ranging from 100 g to 170g and incrementing by 10g) were dropped and the 
total extension was recorded using a slow motion video and a tape measure. This extension was designated as the height (h). Prior 
to being dropped, the energy possessed by the masses was completely in the form of gravitational potential energy (given by the 
equation PEgrav=mgh). Ideally, there would be no loss of energy when the mass was released. Rather, it would all be converted to 
kinetic energy until the fall reached the equilibrium length of the bungee cord. At which point, the kinetic energy would be gradually 
converted into mechanical potential energy (of the bungee cord) until the mass reaches its minimum height and stopped its 
downward trajectory. During the instant that the mass stops falling and before it bounces back up, its energy is completely stored as 
mechanical potential energy (given by the equation PEbungee= 0.5kΔy2). Δy is equal to h minus xeq. Thus, one can find the equation 
for the “bungee constant”, k by finding twice the slope of the line given by (mass x gravitational acceleration x height) divided by Δy2. 

Using regression analysis in excel, it was found that the relationship between the equilibrium length and the “bungee 
constant” (k) has linear correlation. This is given by the following equation k = -11.733 xeq + 13.143. The slope of the stated relation 
has a standard error of ± 1.65 N/m2 and the y-intercept has a standard error of ± 0.96 N/m. That said, only three equilibrium lengths 
were examined and in order to increase the confidence in the described linear relation, it would be necessary to test more bungee 
cords of varying lengths using the same weights and conditions.  
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QUANTITATIVE ANALYSIS: 
 

Table 1: Potential Energy of the 
Bungee and Extension of Bungee 
Cord by Dropped Mass and 
Equilibrium Length. The masses were 

converted to kg and then multiplied by g (9.81 
m/s2) and h to yield PEsystem. This was then 
equated to 0.5kΔy2, the PEtotal at the maximum 

extension (h). As Δy equals h – xeq, k can be 

calculated by finding twice the slope of the PE 
over Δy2 (Figure 2). Additionally, the uncertainty 

of PE was determined by calculating its 
standard error. Linear Regression of PE vs Δy2 

was run on all three bungee cord lengths and 
used to determine the relation between k and xeq 
(Table 2). 

 

 

Figure 2: Potential Energy, PE vs Total Extension squared, Δy2. The above figure is a scatter plot of the 

relationship between PE (J) and Δy2
 (m) for all three lengths of bungee cord tested. Trend lines were forced through the origin. 

Assuming that the PEmechanical of the bungee cord is modeled by 0.5 k Δy2, then k for each bungee length is equal to twice the slope. 

Additionally, if the bungee cords acted like ideal springs, then k would be constant regardless of length. However, there is a 

noticeable decrease in the bungee constant, k, as the equilibrium length increases. 

 

Table 2: Bungee Constant, k, and Associated Uncertainty 

for Each Length of Bungee Cord. These values were determined 

through linear regression analysis of PE plotted against Δy2
 (Table 1). The 

results of the regression yielded values equal to half of k. Thus, both k and 

the corresponding standard errors were multiplied by two and the products 

are found here. The uncertainty of k is presented as standard error. K was 

then plotted against xeq to visualize how the bungee constant changes in 

response to lengthening the bungee cord (Figure 3). 
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Figure 3: Bungee Constant, 
k vs Equilibrium Length, xeq. 

The data presented in Table 2 was 
both plotted on a scatter plot and 
analyzed via linear regression. As 
mentioned previously, there is a 
negative trend, signifying that as the 
equilibrium length increases, the 
bungee constant decreases. This 
means that as the length of the cord 
increases, it becomes easier to 
stretch the bungee cord. The linear 
regression calculated uncertainties in 
the form of standard error. The error 
for slope equals 1.65 N/m2. The error 
associated with the y-intercept equals 
0.96 N/m.  
 
 
 
 
 

Experimental Value of Interest: 
 
As previously stated, we set out to determine how the dynamic bungee constant may be dependent on equilibrium length of a 
bungee cord in the case of attached weights being dropped. In order to do this effectively, we opted against using Force to describe 
the observed phenomena. Rather, we used Potential Energy. Specifically, we analyzed the change from gravitational PE (prior to 
the fall) to mechanical PE (occurring at the point of maximum extension on the bungee) as there should theoretically be a 
conservation of energy. To establish a trend, we calculated the k constant for three distinct bungee lengths. The k values for 
equilibrium lengths 0.37, 0.57, 0.745 m are 8.97 (± 0.20), 6.10 (± 0.14), and 4.59 (± 0.11) N/m respectively. Furthermore, using 
these k values, we determined that the bungee cord’s equilibrium length is inversely proportional to the k constant. This is modeled 
by the equation, k (N/m) = (-11.733 ± 1.648 N/m2) xeq (m) + (13.143 ± 0.960 N/m). To further confirm this relation, it is necessary to 
use the same conditions to determine the dynamic bungee constant of additional bungee cords of various lengths. 
 
Calculated Values: 
           Bungee Constant (k) 
        Xeq = 0.37  k = 8.969 ± 0.203 N/m 
                       Xeq = 0.57  k = 6.099 ± 0.142 N/m 
                       Xeq = 0.745  k = 4.593 ± 0.107 N/m 
            K vs. xeq 
        Slope: -11.733 ± 1.648 N/m2  
                        y-intercept: 13.143 ± 0.960 N/m 
 

Error Analysis: 
 
We used Excel’s Linear Regression function to calculate the standard error (uncertainty) of the calculated dynamic bungee constant 
for each equilibrium length (Table 2) and for the linear relation between k and xeq. The following standard errors were determined: 
 
STANDARD ERRORS: 
           Bungee Constant (k) 
        Xeq = 0.37  0.203 N/m 
                       Xeq = 0.57  0.142 N/m 
                       Xeq = 0.745  0.107 N/m 
            K vs. xeq 
        Slope  1.648 N/m2  
                        y-intercept  0.960 N/m 
 
There is no “accepted value” for the relation of dynamic bungee constant to equilibrium length. That said, it is possible to test the 
validity of the linear relation we have constructed based upon our data and observations. For example, if we were to choose a mass 
and equilibrium length. This would leave a single variable, allowing us to solve for the maximum extension. If the measured h is 
within the uncertainty / standard error provided above, this would serve as a confirmation of our hypothesized linear correlation. 
Additionally, the bungee drop is essentially an example of the previously postulated test of validity. The only difference is that we 
would be given h rather than xeq.  


