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Bungee Experiment: Investigating the Effective Spring Constant 

 

I. Experiment Summery 

 

The experiment conducted below is the first leg of the Bungee Experiment. The Bungee experiment is 
going to be dropping a raw egg in a bungee design from a height h and maintain the integrity of this egg. 
In the experiment conducted below, we determined the effective spring constant of the latex cord to be 
used in the bungee experiment. Five different lengths of our latex cord were used with 4 different 
hanging masses. For each length l = 0.325 m, l = 0.436 m, l = 0.754 m, l = 0.873 m and l = 1.396 m, mass 
m = 0.03 kg, m = 0.05 kg, m = 0.08 kg and m = 0.1 kg were attached at the bottom of the cord. The 
displacement of each string with each mass was measured. Using Hooke’s law Fspring = -K△X and Fg = 
mg, the average effective K constant was measured for each height. The uncertainty for the K values ± 
0.272 N/m was measured using standard deviation. A graph representing the equilibrium length l vs. the 
effective spring constant k was then constructed. This graph was linearized and two different trend lines 
were added and thus two equations were obtained. In order to determine whether the polynomial 
equation (K = 2.0342l2 - 6.0044l + 5.6309) or power equation (K = 1.689l-0.796) was more representative, 
regression analysis was run. The polynomial equation had a fractional error of 0.158 while the power 
equation had a 0.230 fractional error. This was calculated by dividing the standard error by the X 
variable coefficient. Manual calculations for the standard deviation were also calculated. A standard 
deviation of 0.001768 N/m was found between the original K value calculated and the K value obtained 
from the power equation. The standard deviation between the original K value and the K value obtained 
from the polynomial equation was 0.00007071 N/m. According to these two analysis, the polynomial 
equation K = 2.0342l2 - 6.0044l + 5.6309 is found to be a better model.  

However, further analysis shows that the polynomial equation does not work well with length l values 
much higher than our sampled data set. Both the polynomial and power equations graphs show that the 
first two K values at l = 0.325 m and l = 0.436 m do not fit the trend line as well. This is most likely due to 
measurement errors in the displacement △Xave. However, at the longer lengths l = 0.754 m, l = 0.873 m 
and l = 1.396 m, the trend line fit well for both equations. As length l grows, the polynomial equation will 
start increasing the K value which is unrealistic while the power equation does not. This is an important 
observation because the bungee cord experiment will be conducted using much longer lengths. As such, 
although the fractional error was a bit higher for the power equation, equation K = 1.689l-0.796 will still be 
our preferred equation to find good K values at longer lengths l.  



Armed with this knowledge, we will now continue to explore the acceleration aspect of the bungee cord 
experiment. Additionally, we will repeat our experiment for the first two lengths l = 0.325 m and l = 
0.436 to see if our results are consistent with these shorter lengths or if it is an issue of measurement 
error. 

 

II. Methods 

In order to find the value for the effective spring constant k of our string we conducted the following 
experiment. 

 

Figure 1: Methods Diagram – Vertical Suspension of Various Masses. A latex string of length l was 
suspended as shown below from a stand and the equilibrium length of the string was measured. This 
was done for 5 different lengths of l = 0.325 m, l = 0.436 m, l = 0.754 m, l = 0.873 m and l = 1.396 m. Four 
different masses were attached to the bottom end of each spring at mass m = 0.03 kg, m = 0.05 kg, m = 
0.08 kg and m = 0.1 kg. The displacement of each string with each mass was measured. A Newton’s force 
diagram depicted below shows that only the force of the string Fs and the weight w are acting on the 
objects. 

 

 

III. Quantitative Data and Analysis 

 



The data obtained from the above experiment is shown below. 

 

Figure 2: Raw data of Average Displacement. The table below presents the raw data for the average 
displacement △Xave of the bungee string as the mass and length of the cord varies. Relatively small 
weights were used so as not to exceed the elastic limit (limit of proportionality). The displacement △Xave 
was found by subtracting the extension of the spring from its equilibrium length. As can be seen below, 
the heavier object m = 0.10 kg resulted in a higher displacement △X than the lighter object m = 0.03 kg. 
This data was then used to calculate the spring constant using Newton’s Second Law and Hooke’s Law. 

Initial Length of 
the Bungee (m) 
(±0.002) m 

Average Displacement, △Xave, of the Bungee 
mass, m = 0.03 
(±0.0001) kg 

mass, m = 0.05 
(±0.0001) kg 

mass, m = 0.08 
(±0.0001) kg 

mass, m = 0.10 
(±0.0001) kg 

0.325 0.12 0.151 0.204 0.249 
0.436 0.099 0.135 0.199 0.257 
0.754 0.163 0.227 0.351 0.467 
0.873 0.176 0.249 0.393 0.514 
1.396 0.244 0.376 0.591 0.836 

 

 

Figure 3: Equilibrium Length vs. Effective Spring Constant K – Power Equation. The slope of 
displacement of the string △Xave vs. the weight w gives the effective spring constant k of the spring. 
Different average K values were obtained for each height. The graph below shows the equilibrium length 
l vs. the effective spring constant k. The power expression K = 1.689l-0.796 was obtained as shown below 
and the graph was not forced through the zero intercept. One can observe in the graph that the first two 
K values at l = 0.325 m and l = 0.436 m do not fit the trend line better. However, the longer lengths l = 
0.754 m, l = 0.873 m and l = 1.396 m fit in better within the trend line. The power equation works very 
well with longer lengths l. 



 

 

Figure 4: Equilibrium Length vs. Effective Spring Constant K – Power Equation. The graph below was 
similarly constructed as Figure 3 but a polynomial trend line was added. The polynomial equation K = 
2.034l2 - 6.0044l + 5.6309 was obtained. Similarly, one can observe in the graph that the first two K 
values at l = 0.325 m and l = 0.436 m do not fit the trend line better. However, the longer lengths l = 
0.754 m, l = 0.873 m and l = 1.396 m fit in better within the trend line. Regression analysis error analysis 
and manual standard deviation calculations were run to determine that the polynomial equation was a 
better estimate for smaller lengths than the power equation. However, longer lengths l will give larger 
(increasing) K values which are unrealistic. 

 

 

 

K = 1.689l-0.796
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Figure 5: Raw Effective Spring Constant K Values. The slope of displacement of the string △Xave vs. the 
weight w gives the calculated effective spring constant k of the spring. Different average K values were 
obtained for each height. Using the equations found above, K values were calculated for each initial 
length of the string as shown below. The polynomial equation was K = 2.034l2 - 6.0044l + 5.6309 and the 
power equation was K = 1.689l-0.796. As the table below shows, the values obtained from both equations 
are very similar to those calculated originally (further analysis can be found in the quantitative section). 
Additionally, we see that as the equilibrium length l increases our effective spring constant K decreases.  

 

Initial Length of the 
Bungee (m) 
(±0.002) m 

Calculated K values 
(±0.272) N/m 

Power Equation K 
values (±0.57) N/m 

Polynomial Equation K 
values (±0.39) N/m 

0.325 3.648  4.132 3.894 
0.436 3.768 3.270 3.400 
0.754 2.213 2.115 2.260 
0.873 1.928 1.882 1.939 
1.396 1.396 1.295 1.213 

 

Quantitative Analysis 

The experimental value of interest in this leg of the experiment is to find the effective spring constant K 
of the string we will be using for the Bungee experiment. The method described above was found to be 
the most effective method of measuring the K value based on the Forcing the Matter experiment (no 
frictional force). The latex string does not act as a perfect string. Thus various lengths and masses were 
used to gain a better understanding of the string’s qualities and its effective spring constant K. For each 
length l and mass m, the weight of the hanging mass was equated to the spring force (K△X). A linearized 
graph of the average displacement △Xave vs. the weight w of the object gave us our K values for each 
height and an uncertainty of ± 0.272 N/m was obtained using standard deviation. This data was not 
graphed because the graph showed multiple overlap between our different data points and therefore 
did not contribute any information visually. The K value obtained from this method was then plotted 
against the equilibrium length to find a general equation for obtaining a K value from any given length l 
(Figures 3 and 4).  

 

The graph depicted in figure 3 and 4 was not linearized because it did not make sense to force the line 
through the zero intercept. However, a trend line was added to find the best equation. Polynomial and 
power based equations were found to be the most accurate for the given data. The polynomial trend 
line gave us the equation K = 2.0342l2 - 6.0044l + 5.6309 while the power trend line gave us the equation 
K = 1.689l-0.796. In order to assess which one was correct, we run regression analysis on both. From the 
regression analysis, we calculated the fractional error for both by dividing the standard error by the X 
variable coefficient. A fractional error of 0.158 was found for the polynomial equation while a fractional 
error of 0.230 was found for the power equation. To confirm the results obtained from the regression 
analysis, we plugged in our equilibrium lengths into the equations manually. We then found the 



standard deviation between the K values obtained under each equation with the originally calculated K 
values. A standard deviation of 0.001768 N/m was found between the original K value calculated and 
the K value obtained from the power equation. The standard deviation between the original K value and 
the K value obtained from the polynomial equation was 0.00007071 N/m. 

The polynomial equation for the effective spring constant K = 2.0342l2 - 6.0044l + 5.6309 was found to 
be the best model to calculate our experimental value using the above two tests. Additionally, using the 
manual calculations, we know that our polynomial equation for the effective spring constant k will give 
us a K value with an uncertainty of 0.00007071 N/m which is really good. However, a polynomial 
equation in general forms a parabolic graph so as we approach much higher lengths l (e.g. 5m) our K 
value will increase  (K5m = 26.46 N/m) more than is realistically possible. Alternatively, the power 
equation gives a K value of 0.469 N/m for the same length l = 5m which is a more believable result as we 
have observed a decreasing trend in K value with our increasing length l in our data sets above. As such, 
although the fractional error was a bit higher for the power equation, it is still the preferred equation to 
find our effective spring constant K. The most likely source of error in this experiment is the 
measurement of our displacement. However, after considering the above analysis, the power equation 
K = 1.689l-0.796 will be used as we move forward.  

  


