AQA AS Physics A
Unit 2 
D Ewart

Materials
Density
Learning objectives:

· How do we define density?
· What is the unit of density?

· How do we measure the density of an object?

The mass of individual atoms and how closely they are packed together can be "felt" on an every day level - it is called the density of the material. 


Write this formula in symbols:

Density is important in every day life, for example if your textbook was made of solid gold it would have a mass of 5.5 kg! Clearly a problem to use! The same applies to power cables, they are made of aluminium as it is lighter than steel and so the pylons are strong enough to hold them up.

The table below shows the density of some common materials.

	Material
	Density (kgm-3)

	Air
	

	hydrogen
	

	Water
	

	Aluminium
	

	Iron
	

	Lead
	

	Gold
	


Example

Calculate the weight of a gold ingot of dimensions (20 x 10 x 4) cm

Units 
mass:

1 kg = 1000 grams

length:
 
1m = 100 cm = 1000mm

volume:
1m3 = 106 cm3
density:
1000 kgm-3 = 106g/106cm3 = 1 g/cm3
Describe how you could measure the density of the following:

1. A regular solid

2. A liquid

3. A stone (irregular shape)

Density of alloys

What is an alloy?

Derive formulas for the mass and density of an alloy

Summary questions pg 163
Springs
Learning objectives:
· Is there any limit to the linear graph of force against extension for a spring?
· What is the meaning of a spring constant, and in what unit is it measured?

· If the extension of a spring is doubled, how much more energy does it store?

Hooke’s Law

Variation of extension ((L) with force applied (F) – Hooke’s Law

The simplest form of variation of the extension of an object when a force is applied is known as Hooke’s Law, proposed by Robert Hooke, the founder of the Royal Society, in 1676. He showed that:
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This shows that the extension is directly proportional to the applied force – doubling the force will double the extension. If a graph of force is plotted against extension a straight line will be obtained (Figure 1).

This is the kind of graph that you would get if you loaded a helical spring or a copper wire as long as you kept the loads fairly small. Where F = k(L a molecule displaced from its original position (by squashing or stretching the material) will try and return to its original position. If released it will oscillate about that position with simple harmonic motion.

The constant k is known as the elastic constant for the material and is defined as F/(L. The units for k are Nm-1.

Worked example
A spring of natural length 15cm is extended by 3cm by a force of 6N. Calculate (a) the spring constant and (b) the length of the spring if a force of 18N is applied.
Spring combinations
Springs in parallel
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Springs in series
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The energy stored in a spring (pg 166)
Elastic potential energy is stored in a stretched spring, show how you derive the formula to relate the force, length and the energy.
Summary questions pg 166
Deformation of solids
Learning objectives:
· How is stress related to force, and strain to extension?
· What is meant by tensile?

· Why do we bother with stress and strain, when force and extension are more easily measured?

When a force acts on a body it can change its shape - the amount of deformation will depend on a number of things:

(a) the size of the specimen



(b) the size of the force

(c) the material of which the specimen is made

Define the terms elasticity, tensile and compressive.

Sketch the tension – extension graphs for a spring, rubber band and polythene strip.
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Now there are many important cases where the deformation is important such as bridge design, buildings, flying buttresses in a cathedral, a belly flop on water and the use of oil in the hydraulics of car brakes, even the tension in your belt to hold up your skirt or trousers!

Many materials behave as you would expect - they stretch steadily as the force on them increases but some behave oddly - the silly putty - a small force - it creeps, a larger force and it bounces and a very large force and it shatters. How elastic do your socks and tights have to be and what about your skin itself! Rubber is elastic at room temperature but if it is cooled to the temperature of liquid nitrogen it shatters when hit with a hammer.

Basic examples and uses of elasticity

Rubber bands, Clothes, Balls, Aircraft wings flexing, Bridges, Skin, Steel girders, Bats such as cricket, Glass, Lift cables, Bouncy castle, Trainers, Fishing line.

Tensile Stress

A stress is a measure of the cause of the deformation produced by a force:


Breaking stress

The maximum stress that a material can stand before it breaks is called the breaking stress. There are two types of breaking stress

(a) compressive breaking stress - the maximum squashing stress before fracture

(b) tensile breaking stress - the maximum stretching stress before fracture

Some examples of both of these are given in the following table

	Material
	
	Compressive breaking stress/ MPa
	
	Tensile breaking stress/MPa

	Steel
	
	552
	
	400 - 800

	Rubber
	
	
	
	2.1

	Granite
	
	145
	
	4.8

	Concrete
	
	21
	
	2.1

	Oak
	
	59
	
	117

	Porcelain
	
	552
	
	55

	Bone (compact)
	
	170
	
	120

	Nylon
	
	
	
	70

	Glass
	
	
	
	3.5 - 150

	Carbon fibre
	
	
	
	1000

	Cast iron
	
	
	
	30 - 140


Tensile Strain

Strain is a measure of the deformation produced by the stress.

Strain has no units as it is simply a ratio of two similar quantities

The extension of a wire under tension may be measured using Searle’s apparatus. Describe how this apparatus is used (pg 167)
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Stress v strain for a metal wire.

Label the graph on the previous page with the important points P, E, Y1, Y2, UTS, B
What does each of these points represent?
Use the information on pg 168 & 169 to describe each section of the graph – from 0 to P, beyond P and beyond Y2. (Make sure you include a definition of the Young modulus)

From 0 to P
Beyond P

Beyond Y2
Stress-strain curves

Define the terms stiffness, strength, brittle, ductile.
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Summary Questions pg 169
More about stress and strain
Learning objectives:

· If a metal wire is stretched to a point below its elastic limit and then unloaded, does it return to its original length?

· What happens when a metal wire is stretched beyond its elastic limit and then unloaded?

· How does the deformation of other materials such as rubber and polythene compare with a metal wire?

Loading and unloading of different materials 

Sketch the loading and subsequent unloading curves for each of the materials below. Make some notes beside each of your graphs (pg170)
Metal wire





Rubber


Polythene

Strain Energy
The area under the line of a force-extension graph is equal to the work done to stretch the wire.  The work done to deform an object is referred to as strain energy.

Consider the energy changes for each of the three material above when each material is loaded then unloaded.

Metal Wire (or spring)

Example

A spring of natural length 30 cm is extended to 36cm by a force of 5N. Calculate the energy stored in the spring.

Rubber band
Rubber is a polymer and so consists of many long chain molecules. When the rubber is in an unstretched (relaxed) state these molecules are tangled up as shown in Figure 1(a). As a steadily increasing force is applied these molecules begin to straighten out (Figure 1(b)) – the bonds between adjacent chains are broken. These bonds are relatively weak compared with the bonds along each chain molecule. During this untangling and while the bonds are breaking the rubber warms.  


Eventually all the molecules have been straightened (Figure.1(c). Up to this point it is quite easy to extend the rubber because all that was being done was to untangle the chains and break the weak bonds between them. However when the molecules are straightened it becomes much more difficult. This state can be noticed easily by using a rubber band since when this point is reached the surface of the rubber becomes whiter and rougher.

As the rubber is allowed to relax by slowly removing the force the chains of molecules intertwine again but the cross links do not completely reform. The heat energy produced during stretching is not recovered. Plotting a graph of force against extension the amount of energy converted to heat within the specimen can be found. (Figure 2).

Area: 

OABDO energy given to band during stretching

PCBD energy released from band during contraction

OABCPO energy converted to heat within the band

OP permanent extension of band

Using a rubber band about 2mm wide and 20cm long and a maximum load of 15N the energy converted to heat is of the order of 0.5 - 1 J.

Polythene

Summary questions pg 171
Examination-style questions Pg 172/173
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Strain = change in size/original size








Stress = Force per unit area       units are Nm-2 or Pa.
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Hooke’s Law      


 Force = constant x extension  


F = k(L
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Density is defined as:         Density = mass /volume             units kgm-3
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