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A Dynamic Approach to Investigating the Spring Coefficient 

 

I. Experiment Summary 

 

The experiment conducted below is the second leg of the Bungee Experiment. In this dynamic 

experiment, we determined the spring coefficient of the latex cord to be used in the bungee experiment 

in terms of both the equilibrium length and mass. Three different lengths Xeq of our latex cord were used 

with 4 different hanging masses m. All the masses were dropped from height h = 2.82 m and the 

displacement of each string with each mass was measured. Using the principle of conservation of 

energy, the average effective K constant was measured for each height and the uncertainty for the 

spring coefficient was determined to be ±0.09 N/m. Two graphs representing the equilibrium length Xeq 

vs. the effective spring constant k as well as the mass m vs. the effective spring constant k were then 

constructed. From this, we found two models by determining the best fit as that of the power function. 

Our first model, K = 1.5159Xeq
-0.907 expresses the spring coefficient K as a function of equilibrium length 

Xeq. The uncertainty associated with this model was found to be ±0.035 N/m. Our second model, K = 

1.1566m-0.246 helps us determine the spring coefficient K as a function of mass m and had an uncertainty 

of ±0.076 N/m. Regression analysis was also run on both models. A fractional error of 0.0945 was found 

for the model K = 1.5159Xeq
-0.907 while the second model K = 1.1566m-0.246 gave a fractional error of 

0.349. From both our manual calculations for error and the regression analysis, we can see that the 

model for K as a function of equilibrium length Xeq has a lower error than the model for K with a function 

of mass m. The general source of error in this experiment is most likely measurement issues especially 

with regards to the CMV free app. We will now continue to explore the relationship between these two 

models in order to establish a model with variables for both the equilibrium length Xeq and mass m. 

 

 

II. Methods 

In order to find the value for the spring coefficient k of our string we conducted the following 

experiment. 

 

Figure 1: Methods Diagram. A latex string was suspended with a mass on it as shown below from a 

stand with a 2.82 m height and the equilibrium length Xeq of the string was measured. This was done for 

3 different lengths of Xeq = 0.469 m, Xeq = 0.647 m and Xeq = 0.825 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 attached mass was dropped from the 2.82 m height of the stand.The displacement △Xave was found 

by subtracting the extension of the spring from its equilibrium length by using a tape measure and the 

CMV Free app. Three trials were run for each equilibrium length – mass pair. A Newton’s force diagram 

depicted below shows that only the force of the string Fs and the weight mg are acting on the objects. 

The energy components present are depicted as well. 

 

 

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 cord 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). 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. 

The uncertainty for the average displacement △Xave was found by finding the largest standard deviation 

of the individual △X values. Similar calculations were performed to find the uncertainty of the initial 

bungee length Xeq. This data was then used to calculate the spring constant using the principle of 

conservation of energy. 

 

Initial Length of 
the Bungee, Xeq 
(±0.01 m) 

Average Displacement, △Xave, of the Bungee (±0.17 m) 

mass, m = 0.03 
(±0.001 kg) 

mass, m = 0.05 
(±0.001 kg) 

mass, m = 0.07 
(±0.001 kg) 

mass, m = 0.10 
(±0.001 kg) 

0.469 0.370 0.597 0.797 1.05 

0.647 0.450 0.759 1.03 1.36 

0.825 0.594 1.06 1.32 1.93 



 

Figure 3: Calculated Spring Coefficient K. Using the principle of conservation of energy, the K values 

were calculated. As pictured in Figure 1, the kinetic energy components are zero and thus the equation 

mghA = ½ K(△X)2 + mghB was used, with the left hand of the equation representing the initial state of our 

system and the right hand side showing the final state of our system as it hit its maximum displacement. 

As we can see from the table below, as the mass and equilibrium length increase, the K values seem to 

decrease in value as well. The uncertainty for the spring coefficient K was calculated by finding the 

largest standard deviation of the individual K values. 

Initial Length of 
the Bungee, Xeq 
(±0.01 m) 

Spring Coefficient, K, of the Bungee (±0.09 N/m)  

mass, m = 0.03 
(±0.001 kg) 

mass, m = 0.05 
(±0.001 kg) 

mass, m = 0.07 
(±0.001 kg) 

mass, m = 0.10 
(±0.001 kg) 

0.469 3.61 2.93 2.73 2.69 

0.647 2.46 2.39 2.18 2.13 

0.825 2.37 1.65 1.69 1.45 
 

 

Figure 4: Equilibrium Length Xeq vs. Spring Coefficient K. The graph below shows the equilibrium length 

Xeq vs. the effective spring constant k. The K values obtained above were averaged by equilibrium length 

Xeq and depicted below. The power equation K = 1.5159Xeq
-0.907 was obtained and the graph was not 

forced through the zero intercept. The uncertainty of our model was found to be ±0.035 N/m. This was 

found by taking the standard deviation of the difference between our original K values and the K values 

obtained from the power equation below. Regression analysis also gave a fractional error of 0.0946 for 

this model. 
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Figure 5: Mass m vs. Effective Spring Constant K. The graph below shows the mass m hung on the 

bungee cords vs. the effective spring constants obtained. The K values obtained for each mass and 

equilibrium pairing were averaged by mass m and depicted below. The power equation K = 1.1566m-0.246 

was obtained and the graph was not forced through the zero intercept. The uncertainty of our model 

was found to be ±0.076 N/m. This was found by taking the standard deviation of the difference between 

our original K values and the K values obtained from the power equation below. A fractional error of 

0.345 was also found using regression analysis. 

 

 

Quantitative Analysis 

The experimental value of interest in this leg of the experiment is to find a model for the spring 

coefficient K of the string in a dynamic scenario. The latex string does not act as a perfect string thus the 

K value varies by mass, equilibrium length as well as dynamic vs. static experiments. In this experiment, 

for each length, Xeq = 0.469 m, Xeq = 0.647 m and Xeq = 0.825 m, masses m = 0.03 kg, m = 0.05 kg, m = 

0.07 kg and m = 0.1 kg were attached at the bottom of the cord and dropped dynamically from a height 

of 2.82 m. Before the drop, the mass is at rest and thus only has potential energy PE = mghA. After the 

drop, the mass is instantaneously at rest at its maximum displacement and thus has a potential energy 

of PE = ½ K(△X)2 + mghB. It is necessary to include mghB because our mass did not actually hit the ground 

and thus still had local gravitational potential energy. Using the principle of conservation of energy these 

two equations were set equal and twelve K values were calculated for each mass-equilibrium length 

pairing. 

The uncertainty of the masses m (±0.001 kg) are due to the uncertainty related to the scale. The 

uncertainty for equilibrium length Xeq (±0.01 m) and average displacement △Xave (±0.17 m) in figures 1 

and 2 were found by taking the largest standard deviation between the individual equilibrium length 

values and individual average displacements respectively. The uncertainty for the spring coefficient K 

(±0.09 N/m) was calculated by finding the largest standard deviation of the individual K values. 

K = 1.1566m-0.246
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As can be seen in figure 1, as the mass and equilibrium length increased, the K value decreased. 

To find out the exact relationship, we graphed our K values against the equilibrium length and the 

masses separately as shown in figures 4 and 5. We found two equations by determining the best fit as 

that of the power function (the polynomial equation was deemed unrealistic because higher values of 

Xeq and m would result in uncharacteristically high K values). Our first model, K = 1.5159Xeq
-0.907 expresses 

the spring coefficient K as a function of equilibrium length Xeq. The uncertainty associated with this 

model was found to be ±0.035 N/m by taking the standard deviation of the difference between our 

original K values and the K values obtained from the power equation below. Our second model, K = 

1.1566m-0.246 helps us determine the spring coefficient K as a function of equilibrium mass m. This model 

was found to have an uncertainty of ±0.076 N/m by the same method used above. The “accepted” value 

in the above uncertainty calculations were the K values originally calculated and the “experimental” 

value is the K values calculated from the models. 

To further assess our models, we ran 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 0.0945 was found for the model K = 1.5159Xeq
-0.907 while the second model K = 

1.1566m-0.246 gave a fractional error of 0.349. From both our manual calculations for error and the 

regression analysis, we can see that the model for K as a function of equilibrium length Xeq has a lower 

error than the model for K with a function of mass m. The most likely source of error in this experiment 

is the measurement of our X values using the CMV Free app. Using these two models and our knowledge 

about the bungee experiment, we will work on combining these two so we have an equation as both a 

function of mass and equilibrium length.  

 

  


