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Relationship between initial length and dynamic spring constant 

The purpose of this experiment was to find the relationship between the initial length of the bungee 

cord, x0, and the dynamic spring constant, k. Once we find a way to quantify the relationship between x0 

and k we can predict the value of the dynamic spring constant of a bungee cord of any length given that 

the mass is approximately the same. The conceptional basis of this experimentation is that the bungee 

cord acts like a spring to a certain degree. Unlike a spring however, the spring constant k of the bungee 

cord will have a different value depending if the experiment is static or dynamic. The setup of our 

experiment is that we first measured the initial unweighted length x0 of the bungee cord which was 

varied from trial to trial. We then added a weight of 1.24N and released the cord and weight from an 

initial length. Using a video recording of the drop we measured the stretch length Δx of the bungee 

cord. Using assumptions about conservation of energy mgh=1/2kΔx2 and the data collected from each 

trial, we calculated the k value at each x0 value. The x0 values were then plot against the calculated k 

values. This graph was then fitted with a line of best fit which was a polynomial function.  

The relationship between x0 and k can be described by the equation 3.35x0
-1.03. The uncertainty of this 

equation was found by plotting the k values given by this function ktheoretical against the kactual value found 

for each trial. This graph had an expected slope of 1.00 and had a percent error of 4.09% based on a 

linear regression analysis. The most significant source of error in this experiment was that even with a 

video of the fall of the bungee cord plus the weight it was somewhat difficult to pinpoint the exact 

moment when the bungee cord stopped stretching. With a better, higher speed camera, we could have 

possibly found more exact values of Δx which would have result in more exact values of k and ultimately 

a more accurate equation of the relationship between x0 and k. The most important experimental 

outcome is that we have an equation that can predict the k value of the bungee cord of a given length 

when the same weight is added. This k value can then be used to predict how far the bungee cord will 

stretch when about the same weight is dropped from a certain height. However, in our experiment the 

drop height was significantly smaller than that of the actual bungee experiment. It is unclear whether 

the equation will hold up a significantly larger initial drop height and then there much larger value of x0 
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Figure 1: Experimental set up. We measured the initial length x0 of the bungee cord without any added 

weight (in meters 0.3, 0.35, 0.44, 0.58, 074). We then added a weight of 1.24 N and dropped the bungee 

with the added weight from an initial height. We recorded the drops on video. We then watched the 

video and measured the stretch length Δx of the bungee cord.  

Figure 2: Initial and Dynamic Stretch Lengths and Spring Constant. We measured the initial length of 

the unweighted cord x0 and then measured the dynamic stretch length Δx when the weighted bungee 

cord was dropped from an initial drop using a video recording of the drop. Based on the change in 

gravitational potential energy -ΔPE from the top of the drop to the bottom of the drop we calculated the 

dynamic spring constant k, using the expression for potential energy of a spring ½km(Δx)2 and 

theconcept of conservation of energy, k=2gh0/(Δx)2. 
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Figure 3: Initial Length x0 vs. Spring Constant k. We plotted the initial length of the bungee cord against 

the calculated spring constant. The line of best fit was found to be a polynomial function k = 3.35x0
-1.03 

 

 

Figure 4: Theoretical Spring Constant vs. Actual Spring Constant. To test the experimental error of our 

equation k = 3.35x0
-1.03 found in figure 3, we plotted the theoretical spring constants given by the 

equation at a given initial length x0 vs. the spring constants we found based on experimental graphs. This 

graph yields a linear graph with a slope of 1.00. A linear regression of this graph shows that the x 

coefficient is 0.102 N/m while the standard error is 0.0416 N/m. The percent error is therefore 4.09%. 
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The experimental value of interest is the relationship between initial length x0 and the dynamic spring 

constant k. Based on this relationship we should be able to calculate the dynamic spring constant k 

based on any initial length x0. The relationship between x0 and k was found by plotting x0 against k which 

was calculated based on the stretch lengths Δx when a weight was dropped from an initial height and 

the principle of conservation of energy. We found the line of best fit of this graph. The measure of 

uncertainty was calculated by plotting the Theoretical Spring Constant ktheoretical vs. Actual Spring 

Constant kactual and running a linear regression on this graph. A percent error was then found by dividing 

the standard error by the coefficient of the x value. 

The relationship between initial length x0 and the dynamic spring constant k is given by the equation k = 

3.35x0
-1.03

 The percent error of this value is 4.09%. 

The relationship between initial length x0 and the dynamic spring constant k is given by the equation k = 

k=3.35x0
-1.03with a percent error of 4.09%. There is no accepted equation for this relationship as the 

nature of every bungee cord and therefore the relationship between x0 and k is different. Our equation 

of the relationship between x0 and k though was found to be accurate in the sense that the graph of the 

k values calculating using by this equation and an x0 value and the k values found during the experiment 

had a slope of 1.00 which is should. The percent error was also low with a percent error of only 4.09%. 

Another way to check the accuracy of our results is to compare the general trend we found between x0 

and k to what other groups who did similar experiments found.  

 

 

 

 

 

 

 


