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Exploring the Spring Constant of an Elastic Cord in a Dynamic Experiment 

 For our current experiment, we wanted to extend the findings of our first experiment into 

the spring constant of the elastic cord by performing the experiment as a dynamic one rather than 

having the cord be static. Our aim was to perform an experiment that could be highly applicable 

to our bungee challenge where our cord will exhibit dynamic motion rather than being purely 

static. Because our experiment is dynamic, we needed to look into the changes of kinetic energy 

and potential energy of the string. By using the equations 𝐾𝐸#$%&'(	 =
+
,
𝑘∆𝑥, and 𝑃𝐸1 = 𝑚𝑔ℎ, 

we are able to determine the spring constant of the string even under dynamic conditions.  

 To perform this experiment, we first determined four equilibrium lengths at which would 

attach our mass hanger and four different masses that would be attached. For every trial, we 

brought the mass hanger up to the cord’s anchoring point (x = 0 m) and recorded the maximum 

point the cord stretched to after being released to determine the displacement of the cord. 

Because the gravitational potential energy of the cord at the dropping point will equal the 

kinetic energy of the cord as it falls, we can set the above equations (𝐾𝐸#$%&'(	 =
+
,
𝑘∆𝑥, and 

𝑃𝐸1 = 𝑚𝑔ℎ) equal to each other to solve for our spring constant k. To obtain the k values for each 

of our equilibrium lengths, we plotted the square of the displacement versus twice the gravitational 

potential energy (∆𝑥,	vs. 2𝑚𝑔ℎ). We then plotted the equilibrium lengths against our obtained 

spring constants to determine the relationship between the equilibrium length of the string and how 

that affected the dynamic spring constant. 

Our main measure of interest for this experiment was the spring constants of the spring for 

different equilibrium lengths. Our average values for the spring constant, which include 

uncertainty values obtained by taking the product of the spring constant and the linearized plot’s 

percent uncertainty, are for xeq = .33 m, k = 3.99 (± 0.24) N/m, for xeq = .43 m, k = 3.20 (± 0.19) 

N/m, for xeq = .52 m, k = 2.57 (± 0.16) N/m, and for xeq = .61 m, k = 2.15 (± 0.13) N/m.  
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Figure 1: Experimental Setup of the Elastic String. Shown are the locations of the four 
equilibrium points along the vertically hung string. A measuring tape was consistently held next 
to the string to obtain the displacement values when the masses were dropped from the anchoring 
point of the cord. 

Equilibrium 
Length 
xeq (m) 

(± 0.01 m) 

Displacement 
Δx (m) 

(± 0.01 m) 

Height 
h (m) 

(± 0.01 m) 

Mass 
m (kg) 

(± 0.001 kg) 

2(PEG) 
2mgh (J) 

(± 0.022 J) 

Spring Constant 
k (N/m) 

0.33 0.78 1.09 0.110 2.35 3.99 (± 0.24) 
0.33 0.65 0.96 0.090 1.69 3.99 (± 0.24) 
0.33 0.52 0.83 0.070 1.15 3.99 (± 0.24) 
0.33 0.36 0.67 0.050 0.66 3.99 (± 0.24) 
0.43 0.98 1.39 0.110 3.00 3.20 (± 0.19) 
0.43 0.82 1.23 0.090 2.18 3.20 (± 0.19) 
0.43 0.65 1.06 0.070 1.46 3.20 (± 0.19) 
0.43 0.49 0.90 0.050 0.88 3.20 (± 0.19) 
0.52 1.20 1.70 0.110 3.68 2.57 (± 0.16) 
0.52 1.05 1.55 0.090 2.74 2.57 (± 0.16) 
0.52 0.79 1.29 0.070 1.77 2.57 (± 0.16) 
0.52 0.58 1.08 0.050 1.06 2.57 (± 0.16) 
0.61 1.46 2.05 0.110 4.42 2.15 (± 0.13) 
0.61 1.20 1.79 0.090 3.16 2.15 (± 0.13) 
0.61 0.96 1.55 0.070 2.12 2.15 (± 0.13) 
0.61 0.72 1.31 0.050 1.28 2.15 (± 0.13) 
Figure 2: Spring Constants of the Elastic Cord at Different Equilibrium Lengths. For each of 

our equilibrium lengths, the spring constants were determined by running a linear trendline through 

the plots of the square of the displacement versus twice the gravitational potential energy.  
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Figure 3: Equilibrium Length versus the Spring Constant of the Elastic Cord. The equilibrium 
lengths that we measured and their associated spring constants were plotted to obtain the equation 
k = 1.32xeq

-1.01.  
 

 
Figure 4: Inverse Equilibrium Length versus the Spring Constant of the Elastic Cord. We  
linearized the above plot, which we obtained by plotting the inverse of the equilibrium lengths 
versus the spring constants. This plot revealed a percent uncertainty of 6.04% following linear 
regression analysis.  
 
 An error analysis of our experimental values against an accepted k-value is difficult to 

carry out. However, we can compare our linearized equations from our static experiment and our 

current dynamic experiment to see how closely they align. This is possible due to the fact that both 

k =	1.33xeq-1.01
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k =	1.33(1/xeq)+	0.02
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show an inverse relationship between equilibrium length and the k-value. By plugging in our 

equilibrium lengths that we used for this experiment (.33 m, .43 m, .52 m, and .61 m) into both 

equations, we found an average percent difference of 12.6%. Given that our static experiment’s 

equation had a percent uncertainty of 10.1% and our current dynamic experiment’s equation had 

a percent uncertainty of 6.04%, this average difference is within expectations. However, this high 

percent difference indicates that there may be some substantial error in our model. A possible 

solution to this is by running more static and dynamic trials.  

 The results that we obtained allowed us to gain more key information about the nature of 

our elastic cord in relation to its spring constant. What we learned from this experiment was that 

the inverse relationship between equilibrium length and the spring constant of the elastic cord 

continues to apply in dynamic cases (for the most part). Our goal is to use the values that we 

obtained from this experiment for the challenge to determine the amount of upstretched elastic 

cord that we want for the bungee challenge. 
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