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Hooke’s law

[image: image2.emf]When we stretch a piece of material, the particles (molecules) are being pulled into line or ‘straightened out’.  The forces between the particles sometimes try to pull the material back to its original shape.  If the material obeys Hooke’s Law then:

This will give a straight line when you plot stretching force (also called load) against the extension.   This also leads to the formula…







Elastic and plastic behaviour 

Q1. 
Fill in the gaps using these words: 
plastic, limit, elastic, do, stretch, do not, doubled
Hooke discovered that the more force that was put on materials the more they ______________ 
With some materials they also extended in a regular way 


-eg. if the force was __________________ so did the extension

this was true as long as their elastic  __________________ was not exceeded

If a material goes back to its original shape, it has ______________ behaviour. In this case the particles _____________ go back to their original positions.

If a material does not go back to its original shape, it has _______________ behaviour.  Now the particles _____________ go back to their original positions. 

Q2.
What is the unit of spring constant if force is in Newtons and extension in metres?  ____________
Stretching a steel wire or spring

Steel wires or steel springs behave similarly:
· They behave elastically up to the ‘elastic limit’ (also called the limit of proportionality). 
· If they are stretched beyond the ‘elastic limit’ they will exhibit ‘plastic’ behaviour and will have permanent deformation.

· If they are stretched too much they will eventually break!

Q3. 
Sketch the graph for a steel spring.  
Label the limit of proportionality, the breaking point, the elastic region and the plastic region.
Q4.
Sketch the shape of the force against extension graphs for wire, rubber and polythene:
Further questions
5. The graphs show how the extension changes with stretching force for four different materials.

a. Which two graphs show materials that follow Hooke’s law? 
………………………………………………………………………………………………

b. Which two graphs show materials that become less stiff as they are stretched?
………………………………………………………………………………………………

c. Which graph shows a material that maintains the same stiffness throughout?

………………………………………………………………………………………………

………………………………………………………………………………………………

6. A force of 20N stretches a spring by 0.5m.  The spring obeys Hooke’s law.

a. Calculate the spring constant including a suitable unit.

……………………………………………………………………………………………………………………………………………………

b. How much force must a man use to stretch it by 1.5m?
……………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………
6. A car has a weight of 24000N which is distributed equally over all four wheels.  Each wheel has a spring of spring constant 400N/cm. 

a. Determine the force through the spring on each wheel.

……………………………………………………………………………………………………………………………………………………
b. Calculate the compression of each spring when the car rests on the ground.

……………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………

7. In a spring experiment the results were as follows:

	Force (N)
	0
	1
	2
	3
	4
	5
	6
	7

	Length (mm)
	50
	58
	70
	74
	82
	90
	102
	125

	Extension (mm)
	
	
	
	
	
	
	
	


a. What is the length of the spring when unstretched?
……………………………………………………………………………………………………………………………………………………

b. Complete the ‘Extension’ row of the table

c. Plot a graph of extension against force.  Circle the anomalous point.

d. Mark the limit of proportionality on your graph (elastic limit).

e. What load would give an extension of 30mm?

……………………………………………………………………………………………………………………………………………………

f. What would be the spring length for a load of 4.5N?

……………………………………………………………………………………………………………………………………………………

g. Extension: Determine a value for the spring constant in this example.

……………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………………
The extension is directly proportional to the stretching force (load).





F = Force (N)


e = extension (m)


k = spring constant 





F = k e 





Force = spring constant  x  extension
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