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ELASTIC CORD: A MODIFIED VERSION OF HOOKE’S LAW FOR SPRING 

 

EXPERIMENT SUMMARY 

Hooke’s law gives us the formula F=-kΔxi, where F (N) is the force created by the spring, k (N/m) 
is the spring constant, Δx (m) is the displacement from the equilibrium position of the spring and 
the minus sign indicates that the force by the spring is in the opposite direction as the direction of 
the displacement. The goal of this experiment is to examine a similar relationship between force 
by a certain type of elastic cord and its displacement. In particular, given a cord length, we carry 
out many experiments by hanging objects with different masses on one end of the cord while the 
other end is hung fixed. When a mass stays still, the force by the cord and the weight of the object 
are equal in magnitude. For each mass, we measure the displacement of the cord from its 
equilibrium length. Then, we plot the force by the cord against the displacement for each mass to 
find out the cord constant and the function of Δx. Since each cord length corresponds to a cord 
constant, we are able to find the relationship between cord lengths and the corresponding cord 
constants by varying cord lengths and repeat these experiments. We find that the formula 
representing this relationship 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. Specifically, 
1.58(L-0.85) is the formula to compute cord constant corresponding to a cord length of L (m). The 
data collected fits this relationship really well with R2=0.99 and standard error of 0.015 (N/m). 
This formula also matches our expectation that the greater the length, the smaller the cord constant. 
Since the power of Δx fluctuates with a mean value of 0.74 and a standard deviation of 0.03 (4%), 
we set it to be 0.74 (a scalar).  

 

 

 

 

 

 

 



DIAGRAM: EXPERIMENT SETUP 

 

Figure 1: Experiment setup to find the relationship between force by the cord and its 
displacement (given a specific cord length). We first measure the equilibrium length of the cord 
and then hang some mass m at one end of it to see how much it is stretched out. Varying the 
masses, we collect data about stretches and their corresponding forces. Plotting this set of data 
gives us a formula describing the relationship between force by the cord and its displacement. 
Next, we change the length of the cord and repeat the experiment. With the new length, we also 
find another formula. Looking at all these formula lets us find the relationship between the cord 
length, cord constant and the function.  

 

 

 

 

 



QUATITATIVE DATA AND ANALYSIS 

The below tables and graphs show the relationship between the magnitude of the force and the 
displacement for specific lengths L of the cord. We do not propagate uncertainties for any of these 
data we collected since we did not measure any quantity more than one time.  

 L=0.200 m 

Mass (kg) 
(± 0.001) Force F (N) Displacement (m) 

(± 0.001) 
0.025 0.25 0.018 
0.045 0.44 0.033 
0.065 0.64 0.050 
0.075 0.74 0.060 
0.095 0.93 0.083 
0.115 1.13 0.110 
0.125 1.23 0.128 
0.145 1.42 0.162 

Table 1: Force F by the cord and its corresponding displacement. Setting the cord length to be 
0.200 m, we change the mass (kg) put on one end of the cord and measure the displacement (m).  

 

 

Graph 1: The relationship between F and its corresponding displacement. When we plot the data 
collected in Table 1, we find the curve F=6.46x0.79 that describes this relationship really well with 
R2=0.99. 
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L=0.276 m 

Mass (kg) 
(± 0.001) Force (F) Displacement (m) 

(± 0.001) 
0.025 0.25 0.020 
0.045 0.44 0.040 
0.065 0.64 0.065 
0.075 0.74 0.080 
0.095 0.93 0.110 
0.115 1.13 0.146 
0.125 1.23 0.167 
0.145 1.42 0.218 

Table 2: Force F by the cord and its corresponding displacement. Setting the cord length to be 
0.276 m, we change the mass (kg) put on one end of the cord and measure the displacement (m). 

 

 

Graph 2: The relationship between F and its corresponding displacement. When we plot the data 
collected in Table 2, we find the curve F=4.62x0.74 that describes this relationship really well with 
R2=0.99. 
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L=0.356 m 

Mass (kg) 
(± 0.001) Force (F) Displacement (m) 

(± 0.001) 
0.025 0.25 0.029 
0.045 0.44 0.058 
0.065 0.64 0.092 
0.075 0.74 0.112 
0.095 0.93 0.158 
0.115 1.13 0.208 
0.125 1.23 0.240 
0.145 1.42 0.301 

Table 3: Force F by the cord and its corresponding displacement. Setting the cord length to be 
0.356 m, we change the mass (kg) put on one end of the cord and measure the displacement (m).  

 

 

Graph 3: The relationship between F and its corresponding displacement. When we plot the data 
collected in Table 3, we find the curve F=3.64x0.75 that describes this relationship really well with 
R2=0.99. 
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L=0.394 m 

Mass (kg) 
(± 0.001) Force (F) Displacement (m) 

(± 0.001) 
0.025 0.25 0.030 
0.045 0.44 0.059 
0.065 0.64 0.098 
0.075 0.74 0.119 
0.095 0.93 0.166 
0.115 1.13 0.226 
0.125 1.23 0.256 
0.145 1.42 0.326 

Table 4: Force F by the cord and its corresponding displacement. Setting the cord length to be 
0.394 m, we change the mass (kg) put on one end of the cord and measure the displacement (m).  

 

 

Graph 4: The relationship between F and its corresponding displacement. When we plot the data 
collected in Table 4, we find the curve F=3.37x0.73 that describes this relationship really well with 
R2=0.99. 
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L=0.494 m 

Mass (kg) 
(± 0.001) Force (F) Displacement (m) 

(± 0.001) 
0.025 0.25 0.037 
0.045 0.44 0.075 
0.065 0.64 0.122 
0.075 0.74 0.147 
0.095 0.93 0.210 
0.115 1.13 0.280 
0.125 1.23 0.321 
0.145 1.42 0.414 

Table 5: Force F by the cord and its corresponding displacement. Setting the cord length to be 
0.494 m, we change the mass (kg) put on one end of the cord and measure the displacement (m).  

 

 

Graph 5: The relationship between F and its corresponding displacement. When we plot the data 
collected in Table 5, we find the curve F=2.84x0.73 that describes this relationship really well with 
R2=0.99. 

 

 

 

 

 

 

y = 2.84x0.73

R² = 0.99

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

0.000 0.050 0.100 0.150 0.200 0.250 0.300 0.350 0.400 0.450

Fo
rc

e 
y 

(N
)

Displacement x (m)

Force vs. displacement (L=0.494 m)



L=0.694 m 

Mass (kg) 
(± 0.001) Force (F) Displacement (m) 

(± 0.001) 
0.025 0.25 0.050 
0.045 0.44 0.100 
0.065 0.64 0.162 
0.075 0.74 0.200 
0.095 0.93 0.278 
0.115 1.13 0.375 
0.125 1.23 0.435 
0.145 1.42 0.557 

Table 6: Force F by the cord and its corresponding displacement. Setting the cord length to be 
0.694 m, we change the mass (kg) put on one end of the cord and measure the displacement (m).  

 

 

Graph 6: The relationship between F and its corresponding displacement. When we plot the data 
collected in Table 6, we find the curve F=2.29x0.73 that describes this relationship really well with 
R2=0.99. 
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L=0.772 m 

Mass (kg) 
(± 0.001) Force (F) Displacement (m) 

(± 0.001) 
0.025 0.25 0.056 
0.045 0.44 0.118 
0.065 0.64 0.194 
0.075 0.74 0.235 
0.095 0.93 0.344 
0.115 1.13 0.462 
0.125 1.23 0.534 
0.145 1.42 0.680 

Table 7: Force F by the cord and its corresponding displacement. Setting the cord length to be 
0.772 m, we change the mass (kg) put on one end of the cord and measure the displacement (m).  

 

 

Graph 7: The relationship between F and its corresponding displacement. When we plot the data 
collected in Table 7, we find the curve F=1.94x0.70 that describes this relationship really well with 
R2=0.99. 
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As we have seen, for each cord length, there is a different relationship between the force by the 
cord and its displacement. Since we want to find a general formula that takes into account how a 
change in L results in a change in the cord constant and the function of the displacement, we 
summarize these data in Table 8 below.  

Relationship between length and cord constant  

  

Length L (m) 
(± 0.001) Cord constant (N/m) Power of the function 

(±0.045) 
0.200 6.46 0.79 
0.276 4.62 0.74 
0.356 3.64 0.75 
0.394 3.37 0.73 
0.494 2.84 0.73 
0.694 2.29 0.73 
0.772 1.94 0.7 

Average   0.74 

Standard deviation   0.03 

Table 8: Cord length L, cord constant and the power of the function relating force F and its 
corresponding displacement. Gathering information about the relationship between force F by a 
cord of specific length and its displacement, we have a relationship between cord length and cord 
constant, which is a negative correlation. However, there is little relationship between cord length 
and the power of the function.  

 

Graph 8: The relationship between cord length L and cord constant. The curve Y=1.58L-0.85, 
where L is the cord length (m) and Y is the cord constant, fits our data really well with R2=0.99.  

After finding a function that represents the relationship between cord length and cord constant, we 
check how well our data matches the prediction of the function by looking at the following table.  
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Table 9: The measured value vs. the predicted value by our 
formula.  This table shows how well our function matches the 
data by looking at the difference between our measured values 
of cord constant vs. the predicted values. Error are expressed in 
terms of percentage.  

 

 

 

 

Also, running regression for the first and the second column, we find the standard error to be 0.015 
(N/m), which is small enough to show that our function Y=1.58L-0.85 approximates the data really 
well.  

Now, we look at the power plotted against length L and see that there is little correlation. Instead, 
5 out of 7 points cluster around the power values of 0.73 and 0.74. Therefore, we decide to take 
the average of these power value and set it to be the power in our final formula. We find that the 
average is 0.74 and the standard deviation is 0.03, which is pretty low.  

 

Graph 9: The relationship between cord length L and function power. Little correlation can be 
seen between the two variables. 

In conclusion, the formula we find that describes the relationship between force by the cord and 
its displacement 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. 

Pledge: On my honor, I have neither given nor received any unauthorized aid on this report.  
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Cord constant 
Error 
(%) Measured 

(N/m) 
Predicted 

(N/m) 
 6.46 6.21 4 
4.62 4.72 2 
3.64 3.80 4 
3.37 3.49 3 
2.84 2.88 1 
2.29 2.16 6 
1.94 1.97 4 


