
 
 
 
 

Investigating the Relationship Between Spring Constant and Length in a Bungee Cord 
 
In this experiment, we were interested in deepening our understanding of how a bungee cord’s 
spring constant is affected by the length of the bungee cord. This value is of interest regarding 
our overall goal of dropping an egg using a bungee cord to drop an egg without breaking the egg. 
The conceptual basis for this experiment is the formula, fspring = -k(Δx), where k is the spring 
constant and Δx is the change in the length of the bungee cord. 
 
For every trial, we used a mass of .135 kg, because that is approximately the mass of an egg. The 
independent variable in this experiment was the initial length of the bungee cord. The dependent 
variable we measured was the distance the bungee cord stretched when the mass, which was kept 
constant, was hung on the end of the cord. Using this delta x, we calculated the spring constant, 
k, for each length of string.  
 
We found that the spring constant varied with each initial length of the cord. A longer initial 
length of the string corresponded with a greater delta x. As delta x increased, the spring constant 
(k) decreased with a value of y = 0.7471e-1.627x, or in other words, the spring constant (k) was 
found to be approximately 0.7471e(-1.627x), where x is the initial length of the bungee cord. 
 
 

 
 
 
  
 
 
 
 
 
 
 
 
 
 

Figure 1: Diagram of Experimental Variables Above depicts the two lengths of the bungee 
cord for one experimental trial. Xinitial is the length of the upstretched bungee cord, the 
independent variable that changed during every trial. When a constant mass of .135kg was hung 
on the end of the bungee cord, the xfinal is the distance the bungee cord stretched. Additionally, 
the Δx is evident in the depiction because it is the distance of xfinal – xinitial. It is important to note 
that the mass used in every trial was .125 kg during every trial.  
 



Trial xinitial (m) Xfinal (m) Δx  Spring 
constant (k) 

1 1.115 2.095 .98 .138 
2 1.0 1.902 .902 .150 
3 .895 1.69 .798 .170 
4 .80 1.47 .668 .202 
5 .665 1.25 .584 .231 
6 .541 1.03 .491 .275 
7 .443 .842 .399 .338 
8 .319 .627 .308 .438 
9 .18 .381 .201 .672 

 
Figure 2: Measurements of xinitial, xfinal, Δx, and the Spring Constant (k) Above is the raw data 
collected in addition to the calculated Δx and spring constant values for each of our nine trials. 
The Δx was calculated by subtracting the xinitial from the xfinal. The spring constant was calculated 
by dividing the constant mass of .135kg by the Δx.  
 
 
 

 
Figure 3: Graph of Δx. vs. xinitial The values of Δx were graphed against the values of xinitial, and 
the results demonstrate that as the initial length of the bungee cord increased, the Δx 
corresponding to the hanging mass increased in a linear way, shown in the formula y = 0.8861x. 
Due to this relationship between Δx and xinitial, the data analysis can progress in assessing the 
relationship between xinitial and the spring constant (k), although Δx is the value used in the 
formula to determine the spring constant (k).  
 
 



 
 
Figure 4: Quantitative Results Relating Spring Constant (k) and xinitial Pictured above is the 
best-fit trendline for the set of our data relating spring constant (k) and xinitial values for each of 
our nine trials. Although imperfect, we found that the closest formula to encompassing all of our 
data points to be y = 0.7471e(-1.627x), or in other words, the spring constant (k) was found to be 
approximately 0.7471e(-1.627x), where x is the initial length of the bungee cord. It is significant to 
note that the value of (.18, .67) is somewhat an outlier in this set of data, perhaps because as the 
length of the initial bungee cord grew smaller, the fractional error in measurement increased and 
our measurements became less accurate.  
 
 
 
 Standard Error Fractional Error  Standard Deviation 
Δx 1.98% 1.24%  
Spring Constant (k) 12.8% 45.83% 4.4% 

 
Figure 5: Propagating Uncertainty Using the regression analysis tool, values of standard error, 
fractional error, and standard deviation were found for both the Δx and the spring constant (k).  
 
Because of the above values, we decided to test the formula y = 0.7471e(-1.627x). We took a new 
length of the bungee cord, 1.13m, hung the .135kg mass on the cord, and measured the xfinal. The 
experimentally calculated value of k was .131. Calculating the theoretical value of k using our 
formula, our value of k was .104. The experimentally calculated value and the theoretically 
calculated value were different by .027, which is within the standard deviation of 4.4%. These 
results are encouraging because our experimental value fell within the uncertainty of the spring 
constant (k) as calculated theoretically by our formula. While our formula is not perfect, it is 
sufficient in predicting the k value within the standard deviation.  
 
Our primary experimental value of interest and our most important results is the equation relating 
spring constant (k) and xinitial values:  

y = 0.7471e(-1.627x) 

 
This equation allows us to observe the relationship between initial length of the bungee cord (x) 
and the spring constant (y). In other words, the spring constant (k) was found to be 
approximately 0.7471e(-1.627x), where x is the initial length of the bungee cord. These results are 



significant because they allow us to have further insight regarding the physical properties of our 
bungee cord. As the initial, upstretched length of the bungee cord increases, the k value 
decreases in a way expressed in the formula above; however, these results do not encompass the 
increased velocity as an egg would be falling from a balcony. The results of this experiment will 
not accurately predict the initial length of a bungee cord if the egg is dropped.  
 
Our most significant source of uncertainty is the fractional error as the initial length of the cord 
decreases. This error can be overcome by increasing all of the overall initial lengths of the 
bungee cords for each trial.  
 
Our experiment successfully related the initial length of the bungee cord with the spring constant 
of the bungee cord, which decreased as demonstrated by the formula y = 0.7471e(-1.627x). The 
results of this experiment could be expanded by performing different, additional experiments. 
For example, keeping the initial length of the cord constant while varying the hanging mass 
could reveal the relationship between these two values. Additionally, it would be beneficial to 
drop an egg form different heights and evaluate how velocity affects the spring constant of the 
bungee cord. Our results imply that generally, as one increases the initial length of the bungee 
cord, the spring constant decreases.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


