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Hooke’s Law Laboratory Exercise
Robert Hooke (1635-1703) wrote that the business and design of the Royal Society is “To improve the knowledge of naturall things, and all useful Arts, Manufactures, Mechanick practises, Engynes and Inventions by Experiments… To examine all systems, theories, principles, hypotheses, elements, histories, and experiments of things naturall, mathematicall, and mechanicall, invented, recorded, or practised, by any considerable author ancient or modern.  In order to the compiling of a complete system of solid philosophy for explicating all phenomena produced by nature or art, and recording a rationall account of the causes of things.   All to advance the glory of God, the honour of the King, the royall founder of the Society, the benefit of his kingdom, and the generall good of mankind.” (Nickel 130-1)

Background

Automobile suspensions, playground toys and even retractable ball-point pens employ springs. Most springs have an easily predicted behavior when a force is applied. Consequently, the force that a spring applies to a body, as the spring is extended or compressed, can be mathematically determined. This type of relationship can be described by a number of mathematical relationships. In this lab, you will see which one describes the springs we are using.

Robert Hooke, a contemporary of Newton, tried to define a set of mathematical laws to predict the behavior of forces directed towards the center of something ('central forces', e.g. planetary gravity). He examined central forces that were inversely proportional to the distance between two objects. This linear relationship does not hold true in light of our present knowledge of planetary gravitation, but works well for springs.  Hooke's Law, as commonly used, states that the force a spring exerts on a body is directly proportional to the displacement of the system (extension of the spring). That is, F = -k x, where F is the force exerted, x is the extension of the spring, and k is the proportionality (or spring) constant that varies from spring to spring. (Other forms, applicable to collapsing balls and other systems, are F = - k x2, F = - k x3/2 and other powers of x.)
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Introduction & Theory
An important property of solids is their "stretchiness" or "squeeziness," which is called their elasticity. In the case of many solids, the amount of stretch or squeeze is proportional to the force causing the stretch or squeeze. This relationship can be expressed as: 

F ( x
which is read as "force is proportional to stretch (or squeeze)". To change this expression into an equation, a constant of proportionality must be included. The expression ends up taking the form: 

Fs = (k x
where k is the constant of proportionality (in this case, the spring constant). The value for k depends on the material being stretched or squeezed. This equation expresses what has come to be known as Hooke's Law. ***Your problem in this experiment is to see if the spring on the apparatus obeys Hooke's Law, and find the value of k for your spring.***

The spring potential energy, PEspring or Us , can be written as

Us = ½ k x2
Apparatus Used
The apparatus used consists of a weight holder attached to a spring. A pointer enables the student to mark the distance the spring moves when weights are placed on the weight holder. See Fig 1. 

Figure 1: Hooke's Law apparatus

Procedure
First, line up the pointer on the weight holder with the zero on the scale. Then hang a mass (in grams) on the scale and record the distance the pointer moves (in centimeters). Sight horizontally to read the position of the pointer along the scale (how does the mirror behind the scale help to do this?). Do this for 12 different masses, hanging the masses in ever increasing amounts and recording the information on your data table. Do not use more than 250 grams of mass when collecting your data. When you have completed your measurements, be sure to remove all masses from the spring so as not to leave it stretched for a prolonged period of time. 

Next, convert the masses you have recorded in grams to kilograms. Also convert the distance measurements you made in centimeters to meters. 

Finally, make a graph of force vs. stretch using your results (Using Excel is recommended: highlight the data, make a scatter “chart”, label axis, give title, then “add trendline” – linear, display eq & R2 (the closer to 1 this is the smaller the error) ) Force will go on the y-axis (vertical axis) and will be in newtons. Stretch will go on the x-axis (horizontal axis) and will be in meters. If your spring obeys Hooke’s Law, the points on your graph should lie along a nearly straight line. 

Lab Report Sections
Type your report (not your partners). Your report should have each of the following sections as subheadings. One report per person, i.e. everyone needs to have their own data.

PURPOSE
What is the purpose of the experiment? In one or two sentences, state what law or theory you are trying to prove. 

HISTORY
Give a brief discussion on the origin or early uses of the idea or the experiment. Explain who is first credited with discovering the law or performing the experiment and what was he or she trying to prove or disprove. 

THEORY
What is the reasoning behind the experiment? Give a brief explanation as to what your data and results should show under error free conditions (i.e., under theoretical conditions). List what formulas are needed to obtain results from your data? 

PROCEDURE
A step-by-step description of what you did to get your experimental data. Include a labeled diagram of your apparatus. Were there extra steps which you found necessary or different from those described in the lab write-up? 

DATA
Include your original data table with the instructor’s signature as well as your signature in ink. You may include a cleaned up version of your data table in your report, but the original data table still needs to be attached.  

RESULTS
What does the data show? Provide a brief discussion of its meaning. This is where any graphs, such as the one required by the Hooke's Law experiment, should be presented and analyzed. What is the likely degree of error in your results? You don't need to give an actual error percentage, but do tell whether you think the degree of error is insignificant (i.e., you can ignore it), minor (i.e., it is something to keep in mind), or significant (i.e., you lab partner really messed things up). Show all equations (i.e., the formulas you mentioned in your Theory section) and work out examples as to how you used them. Finally, number and answer all questions in complete sentences in paragraph form. 

CONCLUSION
Did you show what you set out to show (as mentioned in your Purpose section)? If not, then why not? Where did possible errors creep into your data? If your line of best fit has a y-intercept of something other than zero, that demonstrates error.  Explain a solution to this discrepancy.  Answer the questions presented in the lab.  How could any errors in your data be further minimized if you were to perform the experiment over again.

Questions

Type the answers to the following questions in complete sentences in the Results or Conclusions section of your lab report (it isn’t required to type equations/showing work). Please note that you are answering a question by putting Q_ in bold at the beginning of that sentence to make it easier to grade. Thanks. (E.g. Q1 The slope of my line of best fit is …I found this by…)


Q1: On your graph, draw in the "best fit" straight line and compute the slope of your line from (remember units)

slope = y/x= (F2 - F1)/(x2 - x1)

Q2: Explain why this slope is your best experimental value for k, the spring constant for your spring? (Hint: Think of how Hooke’s Law compares to a linear equation.)

Q3: Use your Hooke’s law equation to find the force of the spring for some value you didn’t measure.  Check to see if this fits in with the data/graph.

Q4: (A) Use your graph to predict what the extension of your spring would be if a 300 g mass were supported from the spring. 

(B) Why would your graph (if it could be extrapolated far enough) NOT give the correct distance your spring would extend under a load of 6.0 kg?  Would your spring support such an extension? 

Q5: How did the mirror-backed scale of the Hooke's Law apparatus help to make your measurements more accurate?  (Hint:  Think about one of the first concepts in we learned about in physics)

Q6: Explain why there is a negative sign in Hooke’s Law.

Q7: Calculate how much stored potential energy is in your spring under each weight load and fill in the last column of your data sheet with the values (in Joules, J=N(m) that you find.  Show work in results and discuss in conclusions.

Q8: Finally, list two practical or everyday applications of Hooke's Law. (Can you think of where springs are used in your world?)

Hooke’s Law Data Table

	 PRIVATE
Trial
	Mass
(in grams)
	Mass
(in kilograms)
	Force
(in newtons)
	Stretch
(in centimeters)
	Stretch
(in meters)
	Elastic
Potential
Energy
(in joules)

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	

	5
	
	
	
	
	
	

	6
	
	
	
	
	
	

	7
	
	
	
	
	
	

	8
	
	
	
	
	
	

	9
	
	
	
	
	
	

	10
	
	
	
	
	
	

	11
	
	
	
	
	
	

	12
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Equation for “Force” (weight):

    stretch x (m)  force (N)

	0.0093
	0.245

	0.0225
	0.490

	0.0415
	0.980

	0.0588
	1.225

	0.0710
	1.470






Equation for Elastic/Spring PE:
[image: image1.png]
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