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EXPERIMENT SUMMARY 
 
In the current experiment, we sought to develop a model to describe the relationship between the 
effective spring constant, keff, and cord length of a bungee cord. As we prepare for the “Bungee 
Challenge”, in which we will attach a raw egg to a bungee cord and drop it from a balcony, it is 
important to model the properties of the cord. Ultimately, we hope to understand the force 
exerted on the egg as a function of displacement and attempt to minimize this force. In the 
present experiment, Newton’s second law, F = ma, where F is the total force exerted on an 
object, m is the mass of the object, and a is acceleration, as well as the equation for the force 
exerted by a spring (Hooke’s law), Fspring = keffΔx, where keff is the spring constant and Δx is the 
displacement of a spring from its equilibrium length, were the initial theoretical basis of our 
analyses. However, we recognized that our bungee cord may not represent an ideal spring and 
therefore may deviate from Hooke’s law. To develop a model of keff as a function of cord length, 
we measured displacement for five different masses using three different cord lengths. We tied 
the top of the cord to a horizontal clamp and formed a loop at the bottom, allowing us to attach a 
weight. Equilibrium length (l) was measured from the top of the clamp to the bottom of the loop 
using a tape measure. We then attached five different masses and measured vertical 
displacement, Δx. We assumed that, at equilibrium, the force of gravity, mg, is equal in 
magnitude to the force exerted by the cord. Therefore, we plotted mg versus Δx and fit the data 
with a linear function, where the slope represented keff. After calculating a value of keff for each 
of the three cord lengths, we fit keff versus equilibrium length with a quadratic function, keff = 
14.32l2 - 23.94l + 11.88, providing a model of keff as a function of cord length. 
 
To evaluate the accuracy of our model, we inserted three known equilibrium lengths into the 
quadratic function, allowing us to calculate three keff values. We then fit calculated keff versus 
equilibrium length with a linear function. Because the slope, 1.01 (± 0.02) N, minimized the 
uncertainty in keff and was equal to 1 within experimental error, our model had acceptable 
reliability. However, to further examine the error in our model, we should measure vertical 
displacement by five different masses for a novel cord length and extract keff from the graph of 
mg versus Δx. This observed value of keff can be compared to the predicted value of keff from our 
model. If the predicted and observed values agree within experimental error, then the accuracy of 
our model would be validated. In the current experiment, the most significant source of error was 
stretching of the cord throughout experimentation. After attaching a weight to the bottom of the 
cord, equilibrium length increased. Although we attempted to mitigate this error by removing the 
first several trials from our analyses, the cord should be pre-stretched prior to experimentation in 
future experiments. Future experiments should also explore possible quadratic and cubic 
relationships for mg versus Δx to calculate keff for the bungee cord. We used linear functions in 
all analyses for simplicity, assuming that a linear function would provide a sufficient 
approximation of keff. However, quadratic and cubic functions minimized the error in keff when 
compared to a linear function and should therefore be more thoroughly explored.  
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Fig. 1: Measuring displacement for different cord lengths. To develop a model to describe the 
relationship between spring constant and cord length, we measured displacement for five 
different masses using three different cord lengths. We tied the top of the cord to a horizontal 
clamp and fashioned a loop at the bottom, such that a weight could be attached. Initial position 
(xi) was measured from the top of the clamp to the bottom of the loop using a tape measure. We 
then attached a weight and measured the final position (xf). Initial and final positions were 
measured three times for each mass. Displacement (Δx) was calculated by subtracting xi from xf. 
We assumed that, at equilibrium, the force of gravity (mg) is equal in magnitude to the force 
exerted by the cord (keffΔx), allowing us to calculate an effective spring constant for each cord 
length.  
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QUANTITATIVE DATA AND ANALYSIS 
 

Fig. 2: Vertical displacement of three cord lengths by mass. To develop a model to describe 
the relationship between spring constant and cord length, we measured displacement for five 
different masses using three different cord lengths. For each cord length, initial position (xi) and 
final position (xf) were measured three times for each mass, for a total of 15 trials. The 
equilibrium length, l, for each cord is the average of xi measurements. The largest standard 
deviation of individual l values is reported as the uncertainty associated with l. Please note that 
each l value is listed five times, as displacement was measured for five different masses. Each 
mass was measured three times, and these three measurements were averaged. The largest 
standard deviation of the individual m values is reported as the uncertainty associated with m. To 
calculate mg, each mass measurement was converted to kilograms and multiplied by 9.8 m/s2. 
For the uncertainty associated with mg, the uncertainty in m was divided by 1000, then 
multiplied by 9.8. Displacement, Δx, was calculated by subtracting xi from xf. Displacement 
increased as mass increased; for each mass, displacement also increased as cord length increased. 
For the uncertainty associated with Δx, minimum and maximum values were calculated using 
minimum and maximum values of xi and xf. The largest range between minimum and maximum 
values was divided by two and is reported as the uncertainty associated with Δx.  
  

equilibrium length l (m) 
(± 0.003 m) 

mass m (g) 
(± 0.06 g)  

force of gravity mg (N) 
(± 0.0006 N) 

displacement Δx (m) 
(± 0.007 m) 

0.892 149.57 1.47 0.861 
0.892  99.90 0.98 0.460 
0.892  69.90 0.69 0.269 
0.892  59.90 0.59 0.213 
0.892  54.90 0.54 0.191 
0.540 149.57 1.47 0.527 
0.540  99.90 0.98 0.281 
0.540  69.90 0.69 0.166 
0.540  59.90 0.59 0.137 
0.540  54.90 0.54 0.123 
0.243 149.57 1.47 0.238 
0.243  99.90 0.98 0.127 
0.243  69.90 0.69 0.078 
0.243  59.90 0.59 0.063 
0.243  54.90 0.54 0.055 



 
Fig. 3: Force of gravity vs. vertical displacement for cord length 1. The average equilibrium 
length was 0.892 (± 0.001) m. We assumed that, at equilibrium, the force exerted by the cord 
(keffΔx) is equal in magnitude to the force of gravity, mg. The force of gravity, mg, versus 
displacement, Δx, was fit with a linear function. The y-intercept was set to zero. The slope, 1.9 
(± 0.2) N/m, represents the effective spring constant, keff, for cord length 1. Uncertainty in slope 
was obtained by Excel regression analysis. Although quadratic and cubic functions minimized 
the error in keff when compared to a linear function, coefficients varied widely by cord length, 
increasing the complexity of modeling changes in keff. As a result, linear functions were used in 
all analyses. 
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Fig. 4: Force of gravity vs. vertical displacement for cord length 2. The average equilibrium 
length was 0.540 (± 0.003) m. We assumed that, at equilibrium, the force exerted by the cord 
(keffΔx) is equal in magnitude to the force of gravity, mg. The force of gravity, mg, versus 
displacement, Δx, was fit with a linear function. The y-intercept was set to zero. The slope, 3.1 
(± 0.3) N/m, represents the effective spring constant, keff, for cord length 2. Uncertainty in slope 
was obtained by Excel regression analysis.  
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Fig. 5: Force of gravity vs. vertical displacement for cord length 3. The average equilibrium 
length was 0.243 (± 0.003) m. We assumed that, at equilibrium, the force exerted by the cord 
(keffΔx) is equal in magnitude to the force of gravity, mg. The force of gravity, mg, versus 
displacement, Δx, was fit with a linear function. The y-intercept was set to zero. The slope, 6.9 
(± 0.6) N/m, represents the effective spring constant, keff, for cord length 3. Uncertainty in slope 
was obtained by Excel regression analysis.  
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Fig. 6: Spring constant vs. equilibrium length of cord. We sought to develop a model to 
predict the effective spring constant for different lengths of cord. Effective spring constant, keff 
versus equilibrium length, l, of cord, was fit with a quadratic function. keff decreased as l 
increased. Because our model was quadratic, Excel regression analysis could not be used to 
evaluate the error in each coefficient. To provide error analysis, three known values of 
equilibrium length were inserted into the quadratic function to calculate three values of keff. The 
slope of the graph of calculated keff vs. equilibrium length was 1.01 (± 0.02) N. A quadratic 
equation minimized error when compared to a linear model. 
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Primary Quantitative Results 
 
Our primary result was a model of the effective spring constant, keff, as a function of cord length. 
As we prepare for the “Bungee Challenge”, in which we will attach a raw egg to a bungee cord 
and drop it from a balcony, it is important to understand the force exerted on the egg as a 
function of displacement and attempt to minimize this force. To develop our model, we 
calculated keff from the vertical displacement of the bungee cord, Δx, by five different masses for 
three cord lengths. We assumed that, at equilibrium, the force of gravity, mg, is equal to the force 
exerted by the cord, keffΔx. The uncertainty in each keff value was obtained by Excel regression 
analysis. We then fit keff versus cord length, l, with a quadratic function to obtain our model: 
 
keff = 14.32l2 - 23.94l + 11.88 
 
 
Quantitative Error Analysis 
 
To examine the error in our model, we inserted three known equilibrium lengths into the 
quadratic function, allowing us to calculate three keff values. We then fit calculated keff vs. 
equilibrium length with a linear function. The uncertainty in the slope, 1.01 (± 0.02) N was 
obtained by Excel regression analysis. Because the error term was minimized by a quadratic 
function, this was the most appropriate model to predict keff as a function of cord length. Further, 
the slope of calculated keff vs. equilibrium length agreed with 1 within experimental error, and 
was therefore appropriately reliable.  
 
To more rigorously evaluate the error in our model, we should measure vertical displacement by 
five different masses for a new, untested cord length and calculate keff from the slope of mg vs. 
Δx. We should also calculate keff using our quadratic model. If the predicted and observed values 
of keff agree within experimental error, then the accuracy of our model would be validated. 
 
There are several potential sources of error in the present experiment. First, after hanging a mass 
from the cord, the cord stretched, altering its equilibrium length. Although we attempted to 
mitigate this error by removing the first several trials from our analyses, it remains possible that 
equilibrium length of the cord changed during experimentation. In future experiments, the cord 
should be stretched prior to experimentation to minimize changes in equilibrium length. 
Additionally, the loop at the bottom of the cord loosened during experimentation. When the 
experimenters attempted to tighten the knot, the size of the loop changed. Thus, we noticed a 
change in equilibrium length after making this adjustment. Although we could not re-start testing 
due to time constraints, this is a significant source of error in the current experiment. In the 
future, knots should be tightly tied to prevent changes during experimentation.  
 
 
 
 
On my honor, I have neither given nor received any unacknowledged aid on this assignment. I 
consulted the lab manual. 


