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Title: Bungee 2 – Modeling the Dynamic Behavior of Bungee Cords 

Experiment Summary 

In this experiment, we attempted to obtain a model of how the dynamic behavior of bungee cords 
changes when the length of the bungee cord is changed. The basis for our experiment was our 
understanding of the CWE Theorem. 

For this experiment, we tied single elastic cords of different lengths to a pole, and allowed them 
to hang freely, measuring their equilibrium length. We then attached a mass of a specific weight, 
and held it with the top of the mass at the top of the pole. We then allowed the mass to drop, and 
measured its height at the very bottom of the drop where the mass was not moving. This implied 
that at this stationary point in time, the elastic force of the cord was equal to the weight of the 
hanging mass. We established this height as y=0. Using this recorded maximum extension length 
of the bungee cord, we calculated the height from this point to the top of the drop, as well as the 
Δx by subtracting the equilibrium length from the height. We repeated this process with 4 
different masses for each initial bungee length, using 4 different bungee lengths. 

Using our knowledge of the CWE Theorem, we knew that utilizing our coordinate system where 
y=0 at the point of max extension of the bungee cord, the gravitational potential energy of the 
mass at the top of the drop was equal to the elastic potential energy of the mass at the bottom of 
the drop. Thus, mgh = ½(kΔx^2). Using this knowledge, we plotted 2mgh vs. Δx^2, knowing 
that the slope would give us the k-value for that specific bungee length. This k-value 
characterizes the behavior of the bungee cord of each specific length. Since we wanted to obtain 
the general relationship between the length of the bungee cord and its k-value, we graphed the 
obtained k-values vs. the equilibrium length of the bungee to find the relationship between the 
two. We found that the linearized version of this relationship was k vs. 1/x_eq. 

The experimental value of interest we obtained was the relationship between the k value of the 
elastic cord and its length, which we found to be k = 1.3268(1/x_eq) + 0.0204. Knowing this 
relationship allows us to be able to calculate the k-value of any elastic cord of any given length, 
which will help us to obtain the best possible model for our egg drop experiment. This value was 
obtained by graphing our calculated k-values of each equilibrium length against 1/x_eq in order 
to find the general relationship between the two. The uncertainty of this relationship was 
obtained through excel regression analysis of this graph. We found that the constant for this 
graph was 1.3268 N/m (±0.08 N/m) with an uncertainty of 6.05%. 

Our calculated relationship between k and the length of the elastic cord agreed with our data 
from our previous static experiments, showing that k was inversely proportional to the length of 
the bungee cord. The most significant source of uncertainty for our experiment was the Δx for 
each set of masses and equilibrium lengths. To mitigate this uncertainty, we could have been 
more precise in our measurements of length, as well as made sure to not leave any weights 
hanging on the elastic cord so as to prevent any permanent stretching that would affect our 
results. 
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The most important outcome from this experiment is our obtained relationship between the k-
value of the elastic cord and its length. We will be able to use this relationship to model our egg 
drop experiment and create a working bungee model.  Since the CWE Theorem will hold true in 
our egg drop experiment, we will know that mgh = ½(kΔx^2), and therefore that Δx= 
(2mgh/k)^(1/2).  Additionally, we will know that we want our equilibrium length of elastic cord 
plus its displacement to be less than or equal to our drop height, thus h = x_eq + Δx. We can 
then plug in (2mgh/k)^(1/2), giving us h = x_eq + (2mgh/k)^(1/2). Since we now know an 
equation for k (1.3268(1/x_eq) + 0.0204), we can also plug that into the equation.  Then, the 
only unknown variable in the equation will be x_eq, which we can solve for, and alter based on 
our uncertainty in our value. We can then use this calculated bungee cord length to drop our egg, 
and hopefully get as close to the floor as we can without it cracking. 

Diagrams 

Figure 1: Experimental Design Diagram 

- We set up our experiment by first attaching the bungee cord of a fixed length to the pole, 
and then attaching a weight to the bottom of it. In (a), we held the weight at the top of the 
pole, measuring from the very top of the weight.  In (b), we let go of the weight, allowing 
it to drop, extending the bungee cord. In (c), we measured the maximum extension of the 
bungee cord when the force of the bungee cord was equal to the force of gravity, again 
measuring from the top of the weight. We set this point to be our y=0 point. Using the 
CWE Theorem, we knew that the gravitational potential energy at the top of the drop 
would be equal to the elastic bungee potential energy at the very bottom of the drop.  We 
used mgh = ½(kΔx^2) to calculate the k value for our elastic bungee cord. M was equal 
to the mass of the weight, g is the downward acceleration due to gravity, h was the 
distance between the maximum extension of the elastic cord and the top of the pole, and 
Δx was equal to the difference between the maximum extension of the cord and its 
equilibrium length. 
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Figure 2: Calculating the Spring Constant for a Bungee Length of .33m 

- This table shows the data recorded using a bungee cord of length .33m, and measuring 
the height from the maximum extension of the bungee cord dropping masses of different 
lengths. Δx was calculated by subtracting the bungee cord length from the height. We 
were very careful to set our y=0 position to be at the very bottom of the drop, so that the 
gravitational potential energy at the top of the drop would be equal to the elastic cord 
potential energy at y=0. 

 

 

 

 

 

 

 

Equilibrium 
Length (m) 
(±0.01m) 

Δx (m) 
(±0.01m) 

Height h 
(m) 
(±0.01m) 

Mass m 
(kg) 
(±0.001kg) 

0.33 0.778 1.088 0.11 
0.33 0.645 0.955 0.09 
0.33 0.524 0.834 0.07 
0.33 0.361 0.671 0.05 
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Figure 3: Calculating the Spring Constant for a Bungee Length of .43m 

- Same as Figure 2 using a bungee length of .43m 

Equilibrium 
Length (m) 
(±0.01m) 

Δx (m) 
(±0.01m) 

Height h 
(m) 
(±0.01m) 

Mass m 
(kg) 
(±0.001kg) 

0.43 0.981 1.391 0.11 
0.43 0.822 1.232 0.09 
0.43 0.651 1.061 0.07 
0.43 0.485 0.895 0.05 

Figure 4: Calculating the Spring Constant for a Bungee Length of .52m 

- Same as Figure 2 using a bungee length of .52m 

Equilibrium 
Length (m) 
(±0.01m) 

Δx (m) 
(±0.01m) 

Height h 
(m) 
(±0.01m) 

Mass m 
(kg) 
(±0.001kg) 

0.52 1.204 1.704 0.11 
0.52 1.05 1.55 0.09 
0.52 0.792 1.292 0.07 
0.52 0.578 1.078 0.05 

Figure 5: Calculating the Spring Constant for a Bungee Length of .61m 

- Same as Figure 2 using a bungee length of .61m 

Equilibrium 
Length (m) 
(±0.01m) 

Δx (m) 
(±0.01m) 

Height h 
(m) 
(±0.01m) 

Mass m 
(kg) 
(±0.001kg) 

0.61 1.459 2.049 0.11 
0.61 1.201 1.791 0.09 
0.61 0.957 1.547 0.07 
0.61 0.719 1.309 0.05 
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Figure 6: Graphing 2mgh vs. Δx^2 for a bungee length of .33m 

- The calculated k value constant was 3.9934 N/m^2 (±0.053 N/m^2), calculated through 
excel regression analysis. The percent uncertainty of this constant was 1.48%, which was 
also calculated through regression analysis. 

 

Figure 7: Graphing 2mgh vs. Δx^2 for a bungee length of .43m 

- The calculated k value constant was 3.2041 N/m^2 (±0.029 N/m^2), calculated through 
excel regression analysis. The percent uncertainty of this constant was 0.997%, which 
was also calculated through regression analysis. 
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Figure 8: Graphing 2mgh vs. Δx^2 for a bungee length of .52m 

- Since we knew that given our coordinate system, we can assume mgh = ½(kΔx^2). Since 
we wanted to find the k value for this system, we graphed 2mgh vs. Δx^2, knowing that 
the slope of this graph would give us our desired k value. The calculated k value constant 
was 2.568 N/m^2 (±0.092 N/m^2), calculated through excel regression analysis. The 
percent uncertainty of this constant was 4.00%, which was also calculated through 
regression analysis. 

  

Figure 9: Graphing 2mgh vs. Δx^2 for a bungee length of .61m 

- The calculated k value constant was 2.1489 N/m^2 (±0.041 N/m^2), calculated through 
excel regression analysis. The percent uncertainty of this constant was 2.13%, which was 
also calculated through regression analysis. 
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Figure 10: Graphing k vs. 1/x_eq 

- Since we were trying to find the relationship between the k value of the elastic cord and 
the length of the elastic cord, we decided to graph k vs. x_eq, and found that the 
linearized version of this data was k vs. 1/x_eq. We found that the constant for this graph 
was 1.3268 N/m (±0.08 N/m) with an uncertainty of 6.05% calculated through excel 
regression analysis. 

 

 

Quantitative Results 

The experimental value of interest we obtained was the relationship between the k value of the 
elastic cord and its length, which we found to be k = 1.3268(1/x_eq) + 0.0204. Knowing this 
relationship allows us to be able to calculate the k-value of any elastic cord of any given length, 
which will help us to obtain the best possible model for our egg drop experiment. This value was 
obtained by graphing our calculated k-values of each equilibrium length against 1/x_eq in order 
to find the general relationship between the two. The uncertainty of this relationship was 
obtained through excel regression analysis of this graph. We found that the constant for this 
graph was 1.3268 N/m (±0.08 N/m) with an uncertainty of 6.05%. 

There is no accepted or comparison value of the k-value for the bungee cord, because it varies 
based on the length of the bungee cord. The uncertainty in our calculated model was 6.05%, 
which was relatively low, which serves as an acceptable model for our bungee experiment. A 
way to test our model for error would be to pick a bungee cord length, and calculate our 
proposed k-value by plugging it in to our model. We could then repeat the process used in our 
experiment by dropping masses of different weights using this bungee cord length, and using the 
CWE Theorem to calculate the k-value for that length. We could then compare our predicted k-
value with the experimentally calculated k-value to determine the accuracy of our model. 
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