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Eggsistential Crisis: Modeling the Behavior of an Elastic Cord in Freefall with Attached Mass 

The primary goal of our continuing studies of the bungee cord is to answer the question, to what extent 
does the spring constant of an elastic cord behave like that of an ideal spring? By developing a model for 
how the cord behaves, we can compare it to Hooke’s Law which says that for an ideal spring the force 
equals the spring constant multiplied by the displacement. In the first bungee experiment we tested how 
the static force on the elastic cord changed with relation to the length of the cord. The experiment at hand 
aimed to expound upon that by testing how the spring constant changes with respect to different 
unstretched static lengths of cord. The primary difference of this experiment is that it was tested 
dynamically. In other words, the mass was dropped from the height at which the cord was attached and 
the maximum stretch distance was recorded using slow motion video capture software.  Using this value, 
the gravitational force, Newton’s second law, and Hooke’s Law we derived an expression describing the 
forces to which the mass on the cord is subject: 𝑚𝑚𝑚𝑚 = −𝑘𝑘∆𝑦𝑦. That is, the gravitational force is equal to 
the negative spring constant multiplied by the vertical displacement. Using this formula, the spring 
constant was calculated.  For this particular experiment, the value of interest was the vertical 
displacement, or ∆𝑦𝑦. Using this value, the spring constant, k, can be calculated for each length of the 
bungee to which the mass is attached and dropped. The test at hand showed that as the static length of the 
bungee was increased, the spring constant decreased at a rate modeled by the equation,  y =
 482.39x−0.923.  In other words, as the static length of the bungee cord was increased, the k 
constant decreased. As the final bungee is approaching, this data proves very useful in being able 
to predict how the bungee is going to behave when put to the test with an egg. The leveling off 
seen in the graph shows that at increasing lengths the bungee begins to behave less like an ideal 
spring. This will help predict the k constant for the final bungee jump as we try to keep an egg of 
a previously unknown mass from colliding with the floor.  

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Diagram of the experimental 
design. The figure on the far left shows the 
mount with only the elastic cord at rest with 
nothing attached. The middle figure shows 
the mount with the weight attached to the 
figure displaying the location from which 
the mass was dropped. The figure on the 
right shows the bungee as it stretches as the 
mass is falling.  
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Unstretched 
Length y1 
(m) 

Fall 
Distance 
y2 (m) 

Change 
in 
vertical 
position 
∆𝒚𝒚 (m) 

Mass 
m (g) 

Force 
of 
gravity 
Fg (N) 

Spring 
Constant 
k (N/m) 

Avg 
∆𝒚𝒚 at 
Each 
Length 
(m)  

StDev Avg k 
at each 
length 
(N/m) 

StDev 

0.101 0.37 0.269 100 981 3646.8 0.26 0.00 3721.69 63.61 
0.101 0.365 0.264 100 981 3715.9 

    

0.101 0.359 0.258 100 981 3802.3 
    

0.195 0.61 0.415 100 981 2363.9 0.42 0.00 2335.94 22.71 
0.195 0.62 0.425 100 981 2308.2 

    

0.195 0.615 0.42 100 981 2335.7 
    

0.29 0.93 0.64 100 981 1532.8 0.64 0.00 1540.92 11.47 
0.29 0.92 0.63 100 981 1557.1 

    

0.29 0.93 0.64 100 981 1532.8 
    

0.4 1.23 0.83 100 981 1181.9 0.84 0.01 1167.97 11.35 
0.4 1.24 0.84 100 981 1167.9 

    

0.4 1.25 0.85 100 981 1154.1 
    

0.49 1.52 1.03 100 981 952.4 1.04 0.01 946.38 8.55 
0.49 1.52 1.03 100 981 952.4 

    

0.49 1.54 1.05 100 981 934.3 
    

0.6 1.83 1.23 100 981 797.6 1.26 0.02 776.79 14.69 
0.6 1.88 1.28 100 981 766.4 

    

0.6 1.88 1.28 100 981 766.4 
    

0.7 1.47 0.77 50 490.5 637.0 0.77 0.01 639.95 10.48 
0.7 1.45 0.75 50 490.5 654.0 

    

0.7 1.48 0.78 50 490.5 628.8 
    

0.8 1.64 0.84 50 490.5 583.9 0.84 0.01 583.98 5.68 
0.8 1.63 0.83 50 490.5 591.0 

    

0.8 1.65 0.85 50 490.5 577.1 
    

0.9 1.84 0.94 50 490.5 521.8 0.94 0.01 523.68 2.64 
0.9 1.83 0.93 50 490.5 527.4 

    

0.9 1.84 0.94 50 490.5 521.8 
    

 

Table 1: Raw data and calculated value of interest. The spring constant was calculated by dividing the 
force of gravity by the change in vertical position. Average values were used to visually represent the data 
in Figure 3.   

Fs 

 

 

 

 

 

Fg 

Figure 2: Free body diagram 
of the mass with forces acting 
upon it. The force of gravity 
causing the mass to fall towards 
the floor is resisted by the force 
of the spring in the opposite 
direction. 



 

 

 

 

 

 

 

 

In an ideal spring, Hooke’s Law assumes that there is a linear relationship between the length of the 
spring and the spring constant. However, in our initial experimentation it quickly became clear that the 
elastic cord did not behave exactly like an ideal spring. This experiment showed that with shorter lengths 
of elastic cord at rest, the spring constant followed more of a linear trend. However, as the length was 
increased, the calculated spring constant values decreased more slowly. It appears that the spring constant 
approaches a value around 500 as its unstretched length is increased because there appears to be some 
leveling off as the static length of the bungee approaches .7 m. This relationship is modeled by the 
equation,  y =  482.39x−0.923 with an R2 value of .9959. Standard deviation of the spring constant, k, is 
shown in Table 2 in such a manner to show its proportionality to the spring constant because there was a 
great deal of variance in the measure spring constants. 

When it comes time for the final launch, length of the unstretched cord to be attached to the egg being 
dropped will be chosen by extrapolating the data we collected here with the 100g and 50g weights.  The 
final drop height is around 8 or 9 meters, and according to this data, the spring constant ought to be 
around or slightly less than 500. Then using, 𝑚𝑚𝑚𝑚 = −𝑘𝑘∆𝑦𝑦 we will calculate ∆𝑦𝑦 from this data. If we have 
extrapolated properly, then the egg will not hit the ground.  
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Figure 3: Graph of spring constant and 
static length of the bungee. The test at 
hand showed that as the static length 
of the bungee was increased, the k 
constant decreased at a rate modeled 
by the equation,  y =  482.39x−0.923 
with an R2 value of .9959. The graph 
shows some leveling off as the static 
length of the bungee approaches .7 m.  

 


