Spring Surprise! #1







Name _______________. 
1) Prediction: The harder you pull on a spring, the longer you make it. What will a graph of the Force vs. Length of spring look like? Explain.

 


A).
B) 




C) 


D)
Students benefit from predicting the shape of a graph before collecting data. It increases their understanding of graph shapes and gives them an opportunity to apply their existing mental models of the physics. 
Most students in this case will draw a straight line going through the origin. However, there will be an intercept on the x axis that is the original length of the spring. Allowing them to make this ‘mistake’ will increase their attention to the difference between x (length) and x (change in length or stretch).
In this unit we are interested in storing energy, which depends on the change in spring length.  That is what will be measured in the experiment. 

2) Observation: Apply a force by attaching masses to the spring. Calculate the force in N using F = mg. 
 Measure the increase in length in metres. Make five well-spaced measurements and graph your results.
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	x (m)
	
	
	
	
	


3) Analysis: 

a) Graph your data using Excel.  Sketch it. What is the equation of the trendline and the R2 value?

Graphing by hand takes a lot of time. I used an old long spring that was used 
to show wave pulses – but was damaged in parts by over stretching. https://boreal.com/store/catalog/product.jsp?catalog_number=160513  
I cut the spring into lengths from 4 cm to 6 cm. One end was bent at 90 
to make a hook and the other was bent at 180 to be able to attach to a 
nail on the end of a board for firing. The k values range from 60 N/m to 120 N/m. 

Each spring should produce a straight line with a different slope. There will be a very small intercept but it should be set to zero because there should be no stretch when there is no force. The intercept is a result of small errors in measurement. 
b)  The slope is called the Hooke’s Law constant and is usually given the symbol k. What is a simple adjective that is equivalent to k?

Stiffness is best adjective. Stretchiness is the opposite. Strength is similar to stiffness – but has a specific meaning in physics referring to what force will break it. Elasticity is a word that refers to how well int conderves energy and will return to its original length. 
c)  Hooke’s law is F = k x. What is the difference between x and x? 

This is reemphasizing the difference between the length and the amount it stretched by. 
4) Calculation: A spring has a Hooke’s law constant of 72 N/m.

a) Calculate how much its length will increase if you add 375 g to it.


mg = kx

x = (0.375)(9.8)/72 = 0.051 m = 5.1 cm.   

This is a good time to remind them about significant digits. They will only be able to measure the spring lengths to the nearest mm – so it makes no sense to include more digits. 
b) You want the spring to stretch by 12.2 cm. Calculate how much mass you will need to add to it. 

mg  = kx

m = kx/g = (72)(0.122)/(9.8) = 0.896 kg = 896 g ~ 900 g

The masses only come in multiples of ten, so a 500-g mass and two 200-g masses would be used.  

c) Calculate how much its length will increase by if you add 42 kg to it.

This is impossible. The stretch would be 42 x 9.8/72 = 5.7 m. The spring would break or become a wire with very different properties before it reached that length! Hooek’s Law is only valid within a certain range.
5) Summarize what the equation means in a sentence that is not just a simple word by word translation.

The harder you pull on a spring the further it will stretch and doubling the force doubles the stretch. A stiffer spring will stretch less.
6) Contest: Contest: Do this work on another piece of paper.

a) Write your names on the paper.

b) Take a different spring and determine its spring constant without graphing. Show your steps.

c) The spring will be hung on a piece of wood. Calculate how far the spring will stretch when  ____ kg is added. Show your steps. 

d) As soon as you are done, bring the sheet and spring to the test area. Mark where the bottom of the hook will be and test it. 

The worksheet will be marked out of 5. You only get a 5/5 if the contest is completed and the predicted length is sufficiently close to the actual length.  The contest can be repeated if time allows. 
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