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The Bungee Challenge: Analyzing the Bungee Cord 
 

Summary and Objectives: 
 
The primary goal of this lab is to design a bungee drop of an egg that will stop as close to the 
ground as possible without causing any damage to the egg. With this being said, it is important to 
not let the egg make impact with the ground and to take into consideration the force exerted on 
the egg during the deceleration. To begin tacking these objectives, we decided that the most 
important aspect of this experiment is determining the properties of the bungee cord. Our 
experiment was treated very similar to those involving springs since the bungee acts in the same 
manner. We hung varying masses from our bungee cord to determine a “spring” constant based 
on the force of gravity. We were able to measure stretch distance within ±.002m which allowed 
us to calculate spring constants with an uncertainty of ±.3 kg/s2. The results from the first part of 
our experiment showed us that our bungee cord does not act like an ideal spring, making it 
difficult to calculate spring constants. However, we derived a method for formulating a 
polynomial equation, similar to y = 287.08x2 + 35.606x, to ultimately calculate an expected 
stretch length given an equilibrium length and mass. The results for which we could 
appropriately evaluate uncertainties and errors yielded strong values, which gives us confidence 
that our experiment was successful and we can use this information to safely complete the 
Bungee Challenge in the Great Hall. 
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Diagram 1: Mass Hanging from Bungee Cord. 
This diagram shows our group’s bungee cord 
being used to hang a mass. The forces acting upon 
the mass are shown with the Newton’s Second 
Law arrows. FB represents the force of the bungee 
cord pulling up on the mass, and FG signifies the 
force due to gravity on the mass. Trials were done 
with various lengths of bungee cord as well as 
different masses. Initial length of bungee cord was 
measured with a ruler. Similarly, stretch length 
was measured with a ruler. Masses were known by 
their designated labels on the object. The 
equilibrium “x” value was different for each value, 
but always set to equal 0 to calculate stretch 
length. ∆x represents the value of the stretch 
distance.  
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Quantitative Analysis: 
 
Once an appropriate experiment is designed to study the physical properties of our bungee cord, 
the next step is to calculate unknown information. Specifically, we hope to calculate a “spring” 
constant using known values and physics concepts. Our observed/known values for each trial 
include: mass, equilibrium spring length, spring stretch length, and acceleration due to gravity.  
 
Since the force of the bungee cord and the force due to gravity are the only two forces acting on 
the object, we can set the two forces equal to each other. With this, we are able to use the force 
of gravity and the stretch of the spring to calculate a spring constant.  
 

𝑊𝑒𝑖𝑔ℎ𝑡 = 𝑚𝑎𝑠𝑠	×	𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛	𝑑𝑢𝑒	𝑡𝑜	𝑔𝑟𝑎𝑣𝑖𝑡𝑦 = 𝑚𝑎𝑠𝑠 9.81  
 

𝑊𝑒𝑖𝑔ℎ𝑡 = 𝐹;<=>?@ = −𝑘 𝑥D − ∆𝑥 = −𝑘 0 − ∆𝑥  
 
The first aspect that we discussed regarding our actual test trial in the Great Hall was whether or 
not it would be optimal to “double up” the bungee cord. By that, I mean having two separate 
lengths of the bungee cord controlling the drop of our egg. To test that, we simply folded the 
bungee cord in half so that two lengths of the bungee cord would be attached to the masses in our 
trials. In order to hang our bungee cord from the stand, we needed to tie a knot in the top of the 
cord. Likewise, in order to attach the 50g hook to hold masses, we needed to tie a knot in the 
bottom of the bungee cord. In an attempt to be as accurate as possible, we recorded the stretch 
length of each segment divided by the knots. The “top” section is attached to the stand, the 
“middle” is the longest segment between the two knots, and the “bottom” section is attached to 
the mass.  
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∆x 
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0.05	 0.002	 0.028	 0.003	 0.002	 0.047	 0.002	 0.003	 0.020	 0.002	
0.1	 0.006	 0.067	 0.004	 0.005	 0.081	 0.004	 0.005	 0.044	 0.004	
0.15	 0.008	 0.114	 0.006	 0.009	 0.161	 0.006	 0.009	 0.074	 0.005	
0.2	 0.012	 0.185	 0.008	 0.012	 0.261	 0.008	 0.013	 0.115	 0.008	
0.25	 0.017	 0.270	 0.009	 0.017	 0.386	 0.011	 0.017	 0.166	 0.011	

Table 1: Stretch Lengths of Bungee After Mass Added. The masses were recorded by the value 
listed on the object. There is an uncertainty of ±.01kg. The stretch lengths, recorded in meters, 
were measured with a centimeter ruler. The uncertainty of these measurements is ±.002m. The 
stretch length was subtracted by the equilibrium length of that respective section to obtain the 
values seen in this table, recorded in meters. The uncertainty of these values is ±.002m. 
 
Our next step was to determine if the spring constant was consistent across all masses for each 
length. Using the equations above and the data in Table 1, we were able to calculate spring 
constants for each trial. For simplicity, we just used the middle segment of each trial because it 
would give us enough information to answer the question at hand. To calculate, we used the 
stretch lengths of “∆x Middle” and plugged those into the spring force equation, which equals 



the force due to gravity. To produce a “k” value, we multiplied mass times acceleration due to 
gravity (9.81 m/s2) then divided it by its respective ∆x value. The results are shown below: 
 
Xe	length	 0.05	kg	 0.1	kg	 0.15	kg	 0.2	kg	 0.25	kg	
0.395	m	 17.5	 14.6	 12.9	 10.6	 9.08	
0.604	m	 10.4	 12.1	 9.14	 7.52	 6.35	
0.254	m	 24.5	 22.3	 19.9	 17.1	 14.8	

Table 2: Spring Constants Calculated from Varying Masses and Equilibrium Lengths. This table 
shows the results of the calculations for spring constants based on the data for middle segment 
stretch length shown in Table 1-3. The units of the unlabeled values are kg/s2. 
 
The spring constants across each row theoretically should be the same, if the bungee acts like an 
ideal spring. Clearly, the bungee cord does not act like an ideal spring, as the values of the spring 
constant decrease as more mass is added. Therefore, we determined that averages, standard 
deviations, and uncertainties were unnecessary for this table since they would provide no 
additional beneficial information. We got the information that we intended to find: whether or 
not the bungee acts like an ideal spring. 
 
After discovering that the bungee may be a bit more difficult to analyze than we had previously 
hoped, we designed a second experiment in an attempt to gain some beneficial quantitative 
analysis of our bungee cord. For this second experiment, we decided to keep the mass constant 
across the trials and just change the length of the bungee cord. We are told in the pre-lab write-
up that the egg mass would be around 150 grams, so we chose this as our fixed mass. In an 
attempt to be more accurate, we decided to calculate the spring constants of each segment 
separately. We hoped this would allow us to be more accurate in calculating the stretch distance 
when we get to the actual test in the Great Hall. The data is shown below: 
 
 

Table 3: Top Segment Spring Constant Values 
with 150g Mass. This table shows the stretch 
distance from equilibrium after adding 150g mass 
of the top segment of the bungee cord. ∆x was 
measured with a centimeter ruler. Spring constant 
value was calculated by equation: (9.81*.15)/ ∆x. 
The uncertainty in the constant values is ±20 kg/s2. 

 
 

Table 4: Middle Segment Spring Constant Values 
with 150g Mass. This table shows the stretch 
distance from equilibrium after adding 150g mass 
of the top segment of the bungee cord. ∆x was 
measured with a centimeter ruler. Spring constant 
value was calculated by equation: (9.81*.15)/ ∆x. 
The uncertainty in the constant values is ±.3 kg/s2. 

 
 

Equilibrium	
Length	(m)	 ∆x (m)	

Spring	Constant	
( kg/s2)	

0.016	 0.009	 163.5	
0.016	 0.01	 147.15	
0.016	 0.01	 147.15	
0.016	 0.01	 147.15	

Equilibrium	
Length	(m)	 ∆x (m)	

Spring	Constant	
( kg/s2)	

0.216	 0.074	 19.89	
0.89	 0.096	 15.33	
0.423	 0.144	 10.22	
0.525	 0.177	 8.31	



Table 5: Bottom Segment Spring Constant Values 
with 150g Mass. This table shows the stretch 
distance from equilibrium after adding 150g mass 
of the top segment of the bungee cord. ∆x was 
measured with a centimeter ruler. Spring constant 
value was calculated by equation: (9.81*.15)/ ∆x. 
The uncertainty in the constant values is ±125  

kg/s2. 
 
Again, averages and standard deviations were determined to be unnecessary since there was a 
changing variable between each trial. These values would have provided us no beneficial 
information. The uncertainties for the top segment and bottom segment data sets seem 
abnormally large, however, this is due to the relative small measurement lengths to begin with. 
With that being said, we decided this would not matter much in the long run since we are most 
concerned with the data and uncertainty of the middle segment, which turned out really well. 
After gathering this data, we decided to attempt to formulate a few graphs to see if we could 
understand anything further through graphical analysis.  
 

 
Graph 1: Equilibrium Length Versus Stretch Length. This graph shows the relationship between 
the equilibrium lengths and stretch lengths for our trials with 150g mass attached to bungee cord. 
The equation for the trend line is shown on the side of the graph. The trend line and equation 
were formulated by Excel. This equation allows us to determine stretch length based on 
equilibrium length with 150g mass added. The y-intercept was set to equal zero.  
 
This relationship was particularly interesting due to its linear nature. With this linearized data set, 
we were able to run a regression analysis of this data to get the percent error inherent in our trend 
line. Using Excel’s regression analysis, the standard error value was 0.0067, and when divided 
by the x-variable coefficient produces and percent error of 1.97%. Based on this analysis, this 
graph appears to show a lot of information about how to determine the stretch length of the 
bungee cord at certain equilibrium lengths. However, we also have already established the 
constant is not the same over varying masses, even if bungee cord is at same length. Which 
means this graphical analysis can really only be applied to the scenario that the mass added to the 
bungee cord is very close to 150 grams.  

y	=	0.3379*∆	x
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Equilibrium	
Length	(m)	 ∆x (m)	

Spring	Constant	
( kg/s2)	

0.021	 0.003	 490.5	
0.022	 0.003	 490.5	
0.026	 0.005	 294.3	
0.027	 0.005	 294.3	



 

	
Graph 2: Mass Added Versus Stretch Length. This graph shows the relationship between the 
mass added and the stretch length of the bungee cord in the initial trials shown in Tables 1-3. The 
trend line for middle equilibrium length 21.6cm is the bottom, the trend line for middle 
equilibrium length 36.5cm is in the middle, and the trend line for middle equilibrium length 
56.5cm is on the top. A polynomial trend line was determined to be the best fit and the 3 
respective equations are shown on the side of the graph. The y-intercept was set to zero for all 
trend lines.  
 
Although this graph is not linearized, we found it particularly interesting due to hopeful 
applicability to our overall experiment. Since we have established that the bungee cord does not 
act like an ideal spring, it will not produce a linear relationship that yields a spring constant as 
the slope of the trend line. However, the data appears to show a strong polynomial relationship 
between mass added and stretch length, which could be very beneficial. The equations on the 
side of the graph allow us to calculate the stretch length of a bungee cord at a certain equilibrium 
length based on the mass added to it. All three of these trend lines appear to follow the same 
shape/route depending on their respective equilibrium lengths. The next step for our group was 
to hopefully find a relationship between the trend line coefficients and the equilibrium lengths.  
 

y	=	153.54x2 +	27.503x

y	=	287.08x2 +	35.606x

y	=	443.23x2 +	42.648x
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Graph 3: Equilibrium Length Versus Polynomial X2 Coefficient. This graph displays the linear 
relationship between equilibrium lengths and the coefficients of the “x2” factor of the polynomial 
equations in Graph 2. The trend line and its equation (shown on side of graph) were developed 
by Excel. The y-intercept value is set to equal zero. 
 

 
Graph 4: Equilibrium Length Versus Polynomial X Coefficient. This graph shows the linear 
relationship between equilibrium lengths and the coefficients of the “x” factor of the polynomial 
equations in Graph 2. The trend line and its equation (shown on side of graph) were developed 
by Excel.  
 
These relationships can be used to enhance the relationship discovered in Graph 2. Obviously the 
trend line equations determined in Graph 2 were only applicable to those exact data values, but 
with this relationship hopefully we can create a polynomial equation for any equilibrium length. 
Hopefully this will ultimately allow us to determine stretch length of our bungee cord based on 
any particular mass. Since both Graph 3 and Graph 4 were linear, we ran an Excel regression 

y	=	7.7814x
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y	=	0.4294x	+	18.849
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analysis to determine percent errors in our trend line and data. For Graph 3, the data analysis 
produced a standard error value of 0.324, and when divided by the x-variable coefficient it 
yielded a percent error of 3.92%. For Graph 4, the data analysis produced a standard error value 
of 0.054, and when divided by the x-variable coefficient it yielded a percent error of 12.5%. 
Clearly, the data for Graph 3 was a bit more consistent and accurate, but both data sets have 
relatively low percent errors and can be used for further analysis in this bungee challenge lab.  
 
Experiment Summary: 
 
The primary goal of this lab is to create an egg drop experiment, using bungee cord, that will 
allow the egg to stop its descent as close to the ground as possible without being damaged. 
However, impact with the ground is not the only thing that could damage the egg. A deceleration 
too quick could create enough force to damage the egg, so both factors must be taken into 
account. In this first leg of the lab, we determined that most important and essential aspect to 
being successful is accurately analyzing the properties of our bungee cord. To do so, we set up 
an experiment similar to those that would observe the properties of springs. We attached our 
bungee cord to a stand and hung various masses from it at different lengths of cord. Through lots 
of data recordings, observations, and analysis, we determined that our bungee does not behave 
like an ideal spring. Specifically, that its spring constant values to do not follow theoretical 
principle. Using the equations and the data in Table 1, we were able to calculate spring constants 
for each trial. In Table 2, the spring constants across each row theoretically should be the same, 
if the bungee acts like an ideal spring. We’ve established now that it does not act that way. After 
realizing this, we determined we needed to conduct different types of experiments to determine 
more information about our bungee cord. For a second experiment, we decided to keep the mass 
constant (150g) across the trials and just change the length of the bungee cord. We hoped this 
would allow us to be more accurate in calculating the stretch distance when we get to the actual 
test in the Great Hall. We first tried analyzing equilibrium length versus stretch length, but due to 
our non-ideal bungee it did not prove to be entirely too helpful. Next, we plotted mass added 
versus stretch length. This produced polynomial equations that could potentially allow us to 
calculate any stretch length if given a mass. To further understand the polynomial relationship, 
we examined the relationship between equilibrium lengths and the coefficients of the polynomial 
equations. This provided us with an equation for determining the “x2” coefficient, y = 7.7814x, 
as well as the “x” coefficient, y = 0.4294x + 18.849. With this information, we hope to be able to 
derive our own unique polynomial equation for our egg and bungee cord to accurately determine 
the stretch length. Standard deviations and uncertainty values were deemed unnecessary for 
many parts of this experiment since variables were changing and the values would have provided 
no additional support, or lack thereof, in our experiment. However, the regression analysis of our 
graphs did turn out very well for accepting our data as consistent. The percent error of the data 
for Graph 1 is 1.97%, is not necessary for Graph 2, for Graph 3 is 3.92%, and for Graph 4 it is 
12.5%. The most difficult part of the lab that we encountered was comparing our values to 
“accepted” values. Since the bungee does not act like an ideal spring, it is hard to experimentally 
calculate or analyze accepted/theoretical values. There is one potential way we can test our 
results and compare them to “accepted values.” If we choose a mass and height (preferably one 
similar to the possible aspects of our drop), then we can plug in those values to our equations to 
calculate a stretch length. After doing this, we can measure the actual stretch length that occurs 
in this scenario and compare the two values to determine our error. One of the potential errors 



that we discussed in this lab was the fact that the bungee may continue to act differently over the 
course of its use. It appeared to us that the bungee became “stretchier” after more and more use. 
This makes it difficult to create consistent results to develop the analysis off of. Furthermore, it 
makes it extremely difficult to develop an accepted/theoretical value when the nature of the 
bungee cord is changing constantly. Overall, we hope to use the information learned in this first 
part of the lab as a sturdy base for the future part of this Bungee Challenge.  
 
I have neither given nor received unauthorized aid on this lab. 
Pledge:  
 
 


