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DOES OUR HOOKES MODEL FOR THE BUNGEE CORD  

GIVE US GOOD PREDICTION? 

 

EXPERIMENT SUMMARY 

Last experiment, we found out a formula describing the relationship between the stretch of the 
elastic cord and the force applied to it. The formula is 

F = -1.58(L-0.85)(Δx)0.74i, 

where F (N) is the force by the cord, 1.58(L-0.85) (N/m) is the cord constant corresponding to length 
L (m) and Δx (m) is the displacement from the equilibrium position of the cord. The data collected 
fits this relationship really well with R2=0.99 and standard error of 0.015 (N/m).  

For this lab, we use the formula to find the potential energy function associated with the stretch of 
the cord, which is  

PEc = 0.9(L-0.85)x1.74, 

where x (m) is the displacement of the cord from the equilibrium, L (m) is the cord length and PEc 
(J) is the potential energy. Using the CWE theorem to describe the motion behavior, we have PEi 

+ KEi = PEf + KEf where PEi and KEi are the initial potential and kinetic energy and PEf  and KEf 
are the final potential and kinetic energy. If so, KEi = KEf =0 (J) and hence, PEi = PEf. Equivalently, 
mgy = 0.9(L-0.85)x1.74 + mgy’, where m (kg) is the mass of the object, y (m) is the height we drop 
the object from, g (m/s2) is the gravitational acceleration (≈ 9.81 m/s2), L (m) is the cord length 
and x is the stretch of the cord at the final position. Clearly, we have y=L+x+y’ and so mgy = 
0.9(L-0.85)(y-L-y’)1.74 + mgy’. (1) 

As we can see, if we pick L and y, the equation gives us y’, called the predicted measurement of 
how close the object is to the floor. The goal of our experiment is to compare how well our 
prediction matches the real situation. We drop an object of mass 0.1 kg (tied with a cord) at height 
y=1.653 m and record the position where the cord is at its maximum stretch (video recording) 
(More about the setup is mentioned in the next section). The quantitative analysis shows that our 
prediction matches the data really well with the percentage error of at most 6.3% while the standard 
deviation of the real y’ is at most 0.03 m. The source of uncertainty in our data is mainly from the 
slight displacement of the cord after each sub-trial. If we ignore the later sub-trials, then our 
percentage error is within 3%.  

 

 



DIAGRAM: EXPERIMENT SETUP 

 

Figure 1. Experiment setup. We drop the object mass m=0.1 kg at height y=1.653 m and record 
the position where the stretch is at its maximum. This gives us a value of y’. Comparing the real 
y’ value to our prediction gives us an idea of how close to life our model is.  

 

QUANTITATIVE ANALYSIS AND UNCERTAINTY EVALUATION 

1. Data collected and comparison table 

Our experiment consists of four trials, each of which has three sub-trials. The object we used has 
mass m = 0.1 kg. We first pick the height we drop the object y = 1.653 (m). For each trial, we 
choose a length L. Using formula (1), we have a prediction about y’. Measuring the true value of 
y’ and comparing it to the prediction tells us how well our model fit the real situation.  Table 1 
below summarizes all the data we collected.  



Cord 
length  

Expected 
distance to 

floor 

Sub-trial 
1 

Sub-trial 
2 

Sub-trial 
3 Average 

of real y' 
(m) 

Standard 
deviation 

of real 
y’s (m) 

Percentage 
error (%) 

L (m) 
(±0.001) 

Expected y' 
(m) 

Real y' 
(m) 

(±0.001) 

Real y' 
(m) 

(±0.001) 

Real y' 
(m)  

(±0.001) 
0.480 0.300 0.291 0.281 0.271 0.281 0.010 6.3 
0.440 0.400 0.391 0.411 0.370 0.391 0.021 2.3 
0.400 0.500 0.491 0.471 0.461 0.474 0.015 5.1 
0.366 0.600 0.591 0.586 0.641 0.606 0.030 -1.0 

Table 1. Expected y’ vs real y’. In comparing the expected y’ to real y’, we in fact compare the 
average of our real values of y’ collected from three sub-trials to the expected y’. The last column 
indicates how well our prediction fits the real situation while the next-to-last column shows how 
repeatable our three values of real y’.  

 

 

 

 

 

 

 

Table 2. Expected y’ vs real y’ (sub-trial 1). In this table we only consider the real y’ from sub-
trial 1 since we believe that it is the most accurate one due to the below reasoning.  

Note that as we increase the length L, our error also increases. Graph 1 illustrates this relationship 
between length L and the percentage error.  

Cord 
length  

Expected 
distance 
to floor 

Trial 1 
Percentage 

error (%) 
L (m) 

(±0.001) 
Expected 

y' (m) 

Real y' 
(m) 

(±0.001) 
0.480 0.300 0.291 3.00 
0.440 0.400 0.391 2.25 
0.400 0.500 0.491 1.80 
0.366 0.600 0.591 1.50 



 

Graph 1. The relationship between length L and percentage error. The line matches our data 
pretty well with R2=0.97. The function predicts that as we increase the cord length, the percentage 
error also increases, which does make sense. 

2. Experimental interest 

Our experiment goal is to compare values in the 2nd column to 6th column in Table 1. Our criteria 
to evaluate how well our prediction matches the data is based on the percentage error (our 
experimental interest variable). The percentage error is computed using the formula:  

Percentage error (%) = 100*(Expected y’-Average of real y’)/ Expected y’. 

Table 2 presents this information.  

3. Uncertainty evaluation:  

Each sub-trial gives us a value of real y’. The standard deviation of these values are in order 0.010 
(m), 0.021 (m), 0.015 (m), 0.030 (m) which are quite small and so the data is repeatable. 
Comparing our prediction of y’ and real y’ (column 2 and column 6, respectively), we find the 
percentage error of 6.3 %, 2.3 %, 5.1 % and -1%, which are also in acceptable range (≈ 5%). 
Hence, we can conclude that our model predicts the real situation pretty well. One source of the 
uncertainty is that after the first sub-trial, our cord is slightly displaced and hence, our L is not 
preserved. This explains why the general trend of our data from sub-trial 2 and sub-trial 3 are less 
close to our prediction than data from sub-trial 1. To make this point clear, assume that we only 
consider data from the first sub-trial and ignore the other two.  Table 2 below summarizes what 
we have. Clearly, our percentage error is very consistent of about 2%, lower than what we have 
above.  

Pledge: On my honor, I have neither given nor received any unauthorized aid on this report.  

 

 

L = 13.025e - 3.3526
R² = 0.9709
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