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Abstract of module: The objective of this module is to help students understand the 

importance of mechanical or material testing and to learn how to calculate various 

material properties through experiments.  Students will be introduced to this topic by 

finding the stiffness of three different springs using Hooke’s law. Springs with larger 

spring constants are stiffer which can equate to more strength. Students will be tasked 

with finding answers to the following questions:  What is the difference between 

compression and tension?  How do stretch and loading forces relate?  Looking at the 

slope, how can you tell which spring is the stiffest? 

 



 

 

Curriculum overview and notes for the instructor:  

The instructor will introduce the lecture in laymen language using examples from the 

students’ daily experience. An example for students with construction or contracting 

experience would be as follows:  “A horizontal I-beam is stronger when the web is 

vertical because most of the material is where the most strength is needed, in the top and 

bottom flanges. When supporting a load, one flange will be under tension and the other 

flange under compression. When the web is horizontal only the edges of the flanges play 

the important role.”  

 

Students will perform their experiments in a lab designed for students in groups of four.  

Each group will be given manuals and instructions to follow before performing their 

experiments.  Experiments will test various materials (like a rubber band and springs) 

under different masses (0g, 50g, 150g, 250g, and 350g, etc., up to 1kg).  Students will 

note the stretch or elongation for each load, plot a graph of force vs. stretch and 

investigate the following: 

• Do you get a straight line graph? Why or why not? 

• Are the graphs of the springs and rubber bands (or other materials) different?  

• Why doesn’t the rubber band behave exactly like the springs? 

• Why does rubber band does not return to it’s exact original shape after being 

stretched (I think we should remove this question unless you have a very fine 

measuring instrument that can measure this small change) 



• How do you calculate the slope of the line or curve you get? What information 

does your slope give? 

 

When an object is subjected to external forces, it undergoes changes in size or in shape or 

both. The changes depend on the bonding of the atoms in material. A spring can be 

stretched or compressed by external forces, while rubber bands require a different type of 

force to cause compression. 

 

 When a weight hangs from a spring, the spring stretches. Additional weight stretches it 

further. If the weights are removed, the spring returns to its original length. Therefore the 

spring is considered elastic. 

 

Some materials do not return to their original shape after the weight is removed (no 

matter how small the weight). These materials are inelastic material. Clay and/or putty 

are considered inelastic materials. 

 

When a weight (mass) is hung on a spring, a force (gravity) acts upon it. The stretch or 

compression (change in length) is directly proportional to the applied force. This 

relationship is given by Hooke’s law: F∞ d, F= Kxd where K is spring constant which 

shows the strength of the spring.  

 

If an elastic material is stretched or compressed beyond a certain amount, it will not 

return to its original state and will remain distorted. The distance beyond which 



permanent distortion occurs is called the elastic limit. Hooke’s law is valid as long as the 

force does not stretch or compress the material beyond it’s elastic limit.  

A simplified explanation is as follows.  According to Newton’s 2nd law:  

 

Net Force = Mass x Acceleration (F=mxa) 

Since the spring is stationary (reaches equilibrium), Acceleration = 0 

Net Force = 0 

 

Fspring  - Weight = 0 so, Fspring = Weight 

 

Using this concept, students can investigate Hooke’s law by measuring how much a 

spring stretches due to known forces. A convenient way to calculate the force is based on  

 

Weight = Mass x gravity (gravity is 9.8 m/s2). 

 

The stretch of the spring can be measured by noting the position of the end of the spring 

before and during the application of the force.  

 

The spring constant K = Fspring / Displacement  

Displacement = Change in length= Original spring length – Stretch in the spring 

 

By plotting a graph of force vs. displacement and calculating the slope of the graph, 

students can find spring constant K. Using different springs and comparing the value of 



the spring constants, Students can find out which spring is the strongest (stiffest). The 

spring with largest K is the strongest. 

 

 

Module Procedure:   

The instructor will begin the lesson using the discussion points outlined in the previously 

mentioned Students will be given the basic objective of the experiment (i.e. to measure 

the material properties of different springs). 

• Show students pictures of the lab set up using power point 

• The instructor shows the students what materials are available for the study 

• Instructor demonstrates how to measure the original length of the springs 

• Show the students to hang different masses from the spring and cal 

• Show the students to measure the stretch after hanging masses 

• Show the students to calculate the displacement of the spring using Stretch 

original length 

• Ask the students to proceed with the lab and record the data using a table, an 

example is provided below: 

 

Spring color:                   Original length of the Spring:       ( m) 

 

Mass (kg) Weight(N) Spring 
Force(N) 

Stretch of the 
Spring(m) 

Displacement 
of the 
Spring(m) 

     
 



 

• Students will record their data using at least 8 different masses. 

• Repeat the procedure with a different colored spring 

• Students will plot the graph of spring force vs. displacement of each spring 

Students then calculate the slope of the line (slope will give you the value of spring 

constant K) 

• Students repeat the same experiment using rubber bands 

• Students will need to evaluate the following: 

• Which Spring is the strongest (the spring with largest K is the strongest) 

• Students will compare and contrast the graphs of the springs and rubber bands.  

Questions for consideration include: 

o Why is the rubber band’s graph different than the spring’s graph? 

o Why doesn’t the rubber band behave like the spring? 

o Based on the graphs, how do you know that Hooke’s law does not hold for 

the rubber band ?  

 

 

List of Equipment and supplies needed : 

• 3 springs of different colors and stiffness 

• Ring stand clamps 

• Set of known masses 

• Rubber bands 

• C-clamps 



• Ring stand 

• Meter stick 

• Graph paper 

• Calculator 

• Color Pencils 
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