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	Success Criteria
	To be able to state Hooke’s Law and explain what the spring constant is

	
	To be able to describe how springs behave in series and parallel

	
	To be able to derive the energy stored in a stretched material


Hooke’s Law 
If we take a metal wire or a spring and hang it from the ceiling it will have a natural, unstretched length of l metres. If we then attach masses to the bottom of the wire is will begin to increase in length (stretch). The amount of length it has increased by we will call the extension and represent by e.
If the extension increases proportionally to the force applied it follows Hooke’s Law:
The force needed to stretch a spring is directly proportional to the extension of the spring from its natural length
So it takes twice as much force to extend a spring twice as far and half the force to extend it half as far.


We can write this in equation form:	                              or          	
Here k is the constant that shows us how much extension in length we would get for a given force. It is called...
[image: ]
The Spring Constant 
The spring constant gives us an idea of the stiffness (or stretchiness) of the material. 

If we rearrange Hooke’s Law we get:  
If we record the length of a spring, add masses to the bottom and measure its extension we can plot a graph of force against extension. The gradient of this graph will be equal to the spring constant.
A small force causes a large extension the spring constant will be small – very stretchy
A large force causes a small extension the spring constant will be large – not stretchy
Spring Constant is measured in Newtons per metre, N/m
Springs in Series 
[image: ]The combined spring constant of spring A and spring B connected in series is given by:

 If A and B are identical this becomes: 



                       	
Since this gives us a smaller value for the spring constant, applying the same force produces a larger extension. 	It is stretchier
Springs in Parallel 
The combined spring constant of spring A and spring B connected in parallel is:

 so if A and B are identical this becomes:     


              	     
Since this gives us a larger value for the spring constant applying the same force produces a smaller extension. 	It is less stretchy
Energy Stored (Elastic Strain Energy)
We can calculate the energy stored in a stretched material by considering the work done on it.

We defined work done as the force x distance moved in the direction of the force or 	

Work done is equal to the energy transferred, in this case transferred to the material, so:	

The distance moved is the extension of the material, e, making the equation: 	

The force is not constant; it increases from zero to a maximum of F. The average force is given by: 	


 If we bring these terms together we get the equation which simplifies to:	
This is also equal to the area under the graph of force against extension.

We can write a second version of this equation by substituting our top equation of  into the one above.
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	Success Criteria
	To know what stress is, be able to explain it, calculate it and state its units

	
	To know what strain is, be able to explain it, calculate it and state its units

	
	To be able to calculate the elastic strain energy per unit volume


Deforming Solids 
Forces can be used to change the speed, direction and shape of an object. This section of Physics looks at using forces to change of shape of a solid object, either temporarily or permanently.
If a pair of forces are used to squash a material we say that they are compressive forces.
If a pair of forces is used to stretch a material we say that they are tensile forces.
Tensile Stress, σ 
Tensile stress is defined as the force applied per unit cross-sectional area (which is the same as pressure).
This is represented by the equations:


	 	
The largest tensile stress that can be applied to a material before it breaks is called the ultimate tensile stress (UTS). Nylon has an UTS of 85 MPa whilst Stainless steel has a value of 600 MPa and Kevlar a massive 3100 MPa
Stress is measured in Newtons per metre squared, N/m2 or N m-2
Stress can also be measured in Pascals, Pa
A tensile stress will cause a tensile strain. 	Stress causes Strain
Tensile Strain, ε
Tensile strain is a measure of how the extension of a material compares to the original, unstretched length.
This is represented by the equations:


		
Steel wire will undergo a strain of 0.01 before it breaks. This means it will stretch by 1% of its original length then break. Spider silk has a breaking strain of between 0.15 and 0.30, stretching by 30% before breaking
Strain has no units, it is a ratio of two lengths

[image: ]Stress-Strain Graphs
A stress-strain graph is very useful for comparing different materials.
Here we can see how the strain of two materials, a and b, changes when a stress is applied.
If we look at the dotted lines we can see that the same amount of stress causes a bigger strain in b than in a. This means that b will increase in length more than a (compared to their original lengths).

Elastic Strain Energy
We can build on the idea of energy stored from the previous  now that we know what stress and strain are. We can work out the amount of elastic strain energy that is stored per unit volume of the material.

It is given by the equation: 	
There are two routes we can take to arrive at this result:
Equations

If we start with the equation for the total energy stored in the material:	

The volume of the material is given by:	


Now divide the total energy stored by the volume:  which can be written as:  	

If we compare the equation to the equations we know for stress and strain we see that:	
Graphs
The area under a stress-strain graph gives us the elastic strain energy per unit volume (m3). The area is given by:




                or            	
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	Success Criteria
	To be able to calculate density and explain what it is

	
	To be able to explain what elastic, plastic, yield point, breaking stress, stiff, ductile and brittle are

	
	To be able to label these qualities on stress-strain graphs



Density, ρ  

Density is the mass per unit volume of a material, a measure of how much mass each cubic metre of volume contains. Density if given by the equation:
Where ρ is density, m is mass in kilograms and V is volume in metres cubed.
Density is measured in kilograms per metre cubed, kg/m3 or kg m-3
Elasticity 
Materials extend in length when a stress is applied to them (masses hung from them). A material can be described as elastic if it returns to its original length when the stress is removed. They obey Hooke’s Law as extension is proportional to the force applied.
Limit of Proportionality, P 
Up to this point the material obeys Hooke’s Law; extension is proportional to the force applied.
Elastic Limit, E 
The elastic limit is the final point where the material will return to its original length if we remove the stress which is causing the extension (take the masses off). There is no change to the shape or size of the material.
We say that the material acts plastically beyond its elastic limit.
Yield Point, Y
Beyond the elastic limit a point is reached where small increases in stress cause a massive increase in extension (strain). The material will not return to its original length and behaves like a plastic.
Plasticity 
Materials extend in length when a stress is applied to them (masses hung from them). A material can be described as plastic if it does not return to its original length when the stress is removed. There is a permanent change to its shape
Breaking Stress – Ultimate Tensile Strength, UTS
This is the maximum amount of stress that can be applied to the material without making it break. It is sometimes referred to as the strength of the material.
Breaking Point, B 
This is (surprisingly?) the point where the material breaks.
Stiffness 
If different materials were made into wires of equal dimensions, the stiffer materials bend the least.
Stiff materials have low flexibility
Ductility 
A ductile material can be easily and permanently stretched. Copper is a good example, it can easily be drawn out into thin wires. This can be seen in graph d below.
Brittleness 
A brittle material will extend obeying Hooke’s Law when a stress is applied to it. It will suddenly fracture with no warning sign of plastic deformation. Glass, pottery and chocolate are examples of brittle materials.
Stress-Strain Graphs 
[image: ]
In the first graph we see a material that stretches, shows plastic behaviour and eventually breaks.
In the second graph we can see that material a is stiffer than material b because the same stress causes a greater strain in b.
In the third graph we see materials c and e are brittle because they break without showing plastic behaviour.
The fourth graph shows how a material can be permanently deformed, the wire does not return to its original length when the stress is removed (the masses have been removed).
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	Success Criteria
	To know what the Young Modulus is, be able to explain it, calculate it and state its units

	
	To be able to describe an experiment for finding the Young Modulus

	
	To be able to calculate the Young Modulus from a stress-strain graph



The Young Modulus, E 
The Young Modulus can be thought of as the stiffness constant of a material, a measure of how much strain will result from a stress being applied to the material. It can be used to compare the stiffness of different materials even though their dimensions are not the same.
The Young Modulus only applies up to the limit of proportionality of a material.


	  	or in equation terms we have 	



We have equations for stress  and strain  which makes the equation look like this:  


An easier way of writing this is  which becomes: 	
The Young Modulus is measured in Newtons per metre squares, N/m2 or N m-2

Stress-Strain Graphs 
The Young Modulus of a material can be found from its stress-strain graph. 



Since, this becomes  for our graph. Our top equation stated that  so we see that the gradient of a stress-strain graph gives us the Young Modulus.
This only applied to the straight-line section of the graph, where gradient (and Young Modulus) are constant.

[image: ]Measuring the Young Modulus 
Here is a simple experimental set up for finding the Young Modulus of a material.

· A piece of wire is held by a G-clamp, sent over a pulley with the smallest mass attached to it. This should keep it straight without extending it.
· Measure the length from the clamp to the pointer. This is the original length (unstretched).
· Use a micrometer to measure the diameter of the wire in several places. Use this to calculate the cross-sectional area of the wire.
· [image: ]Add a mass to the loaded end of the wire.
· Record the extension by measuring how far the pointer has moved from its start position.
· Repeat for several masses but ensuring the elastic limit is not reached.
· Remove the masses, one at a time taking another set of reading of the extension.
· Calculate stress and strain for each mass.
· Plot a graph of stress against strain and calculate the gradient of the line which gives the Young Modulus.
· Here is a more precise way of finding the Young Modulus but involves taking the same measurements of extension and force applied. It is called Searle’s apparatus.

Lesson 1 questions – Spring constant
1	Fig 1.1 shows a spring that is fixed at one end and is hanging vertically.
[image: ]
ai)	Calculate the spring constant of the spring.



spring constant = …………….. unit ………. (3)
b)	The mass M is pulled down a further 150mm by a force F additional to its weight.

i)	Determine the force F.


F = ……………… N (1)
ii)	State any assumptions made.

…………………………………………………………………………………………………….

……………………………………………………………………………………………… (1)



Lesson 2 questions - Strain Energy
1)a)	State Hooke’s Law:

………………………………………………………………………………………………

………………………………………………………………………………………… (1)

b)	Fig 1.1 shows a graph of force F against extension e for a metal in the form of a wire. The cross sectional area of the wire is 1.80x10-7 m2 and its length is 1.70m.
[image: ]
fig 1.1
i)	Calculate the Young modulus of the metal.







Young modulus = …………… Unit……….. (5)

ii)	Calculate the energy stored in the wire when it extended by 1.60mm.







energy stored = ………………….. J
Total [9]


2	a)	Hooke’s Law states that F=kx. What do F, k and x represent?

………………………………………………………………………………………………

………………………………………………………………………………………………

………………………………………………………………………………………… (1)

b)	A spring is compressed by applying a force. Fig 2.1 shows the variation of force F with compression x.
[image: ]
Fig 2.1

i)	Calculate the spring constant.







spring constant = …………….. unit ……………. (2)

ii) Show that the work done in compressing the spring by 48mm is 2.9 J.






(2)







Lesson 3 questions - Young modulus

1	A strip of rubber originally 75 mm long is stretched until it is 100 mm long.
a)	What is the tensile strain?


Strain = ………….. (2)
b)	Why has the answer no units? 
..........................................................................................................................................
.....................................................................................................................................(1)
2.	The greatest tensile stress which steel of a particular sort can withstand without breaking is about 109 N m-2. A wire of cross-sectional area 0.01 mm2 is made of this steel. What is the greatest force that it can withstand? 


Force = …………. N (2)
4.	Find the minimum diameter of an alloy cable, tensile strength 75 MPa, needed to support a load of 15 kN.



diameter = ……………unit……. (3)
5.	Calculate the tensile stress in a suspension bridge supporting cable, of diameter of 50 mm, which pulls up on the roadway with a force of 4 kN. 



Stress = ………………. (3)
6.	Calculate the tensile stress in a nylon fishing line of diameter 0.36 mm which a fish is pulling with a force of 20 N


	
Stress = ………………. (3)



7.	A large crane has a steel lifting cable of diameter 36 mm. The steel used has a Young modulus of 200 GPa. When the crane is used to lift 20 kN, the unstretched cable length is 25.0 m. Calculate the extension of the cable. 



extension = ……………. unit ………. (4)
8	a) Define:
(i) stress

..........................................................................................................................................

.....................................................................................................................................(1)

(ii) strain

..........................................................................................................................................

.....................................................................................................................................(1)

b)
(i) Distinguish between elastic and plastic behavior when materials are stretched.

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

....................................................................................................................... (2)

(ii) Define elastic limit

..........................................................................................................................................

.....................................................................................................................................(1)

c)
(i) State the SI unit of the Youngs modulus.
unit =......................................(1)


(ii) Describe, with the aid of a diagram, an experiment to determine the Youngs modulus of steel in the form of a wire. Explain how to use your readings to obtain the Youngs modulus. 
















..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

................................................................................................................................... (7)



Lesson 4 questions – material properties
1)	Here is the graphical output from tensile testing of five materials: Perspex, polypropylene, aluminium, brass and mild steel.  Load is on the Y axis and extension is on the X axis. The extension is not to same scale as they vary a lot. 
[image: ]		[image: ]

[image: ]		[image: ]

[image: ]

a)	State which material has the highest elastic limit (yield load) and take a measurement of this value

…………………………………………………………………………………………………….

……………………………………………………………………………………………… (2)


b)	Which sample has the lowest maximum ultimate stress?

…………………………………………………………………………………………………….

……………………………………………………………………………………………… (1)
Total [3]

2	Three materials P, Q and R have force-extension graphs as shown in Fig 2.1.
[image: ]
Fig 2.1
State and explain which of these three materials you would choose for the following applications.
i)	making foundations of a building

…………………………………………………………………………………………………….

…………………………………………………………………………………………………….

…………………………………………………………………………………………………….

……………………………………………………………………………………………… (2)

ii)	forming into a wire

…………………………………………………………………………………………………….

…………………………………………………………………………………………………….

…………………………………………………………………………………………………….

……………………………………………………………………………………………… (2)

iii)	making an elastic rope (e.g. a bungee-jump rope)

…………………………………………………………………………………………………….

…………………………………………………………………………………………………….

……………………………………………………………………………………………… (2)

iv)	making a beam to support a roof

…………………………………………………………………………………………………….

…………………………………………………………………………………………………….

…………………………………………………………………………………………………….
[bookmark: _GoBack]
……………………………………………………………………………………………… (2)
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Fig 1.1

A mass M has been placéd on the free end of the spring and this has produced an extension
of 250 mm. The weight of the mass M is 2.00 N.

Fig. 1.2 shows how the force F applied to the spring varies with extension x up to an
extension of x = 250 mm.
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