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A level Physics for AQA [Answers] 

 

Forces and Motion: Stress, strain and the Young Modulus 
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Materials 
 

 
 

The force produces an equal and opposite force at the support (Newton’s third). 

 

Hooke’s Law states ‘The extension ‘e’ is directly proportional to the force applied (F). 

 

F = ke 

 

Where k = stiffness constant 

 

When applied to a stretching (or compressing) spring, k is called the spring stiffness or 

spring constant 

 

The value of k is the same value whether the forces are tensile or compressive.  k is dependent 

on the material being used. 

 

You can improve the accuracy of the length measurements using a setsquare and by taking the 

readings at eye level to reduce parallax errors.  You might also measure the mass of each 

slotted mass using a digital balance.  To obtain reliable results, aim to take at least six 

different readings and repeat each one. 
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Here a load is applied to a metal wire and the corresponding extension plotted on a graph.  

Notice how the dependent variable for this experiment (extension) has unusually been plotted 

along the x-axis. 

 

When the extension is in direct proportion to the load applied the metal is elastic.  This means 

that the wire will return to its natural length ‘l’ when the load has been removed. 

 

When the load becomes great enough and the wire no longer exhibits elasticity, a point ‘E’ on 

the graph is reached called the elastic limit.  

 

Beyond this any further increase in load will cause the wire to become permanently stretched.  

When all the force is removed, the material will be longer than at the start. 

 

NB. Some materials e.g. rubber only obey Hooke’s law for really small extensions. 

 

Force meters 

 

Hooke’s Law is used in the design and calibration of simple force meters or Newton meters, 

often used for weighing.  Such spring-loaded scales are useful in situations where scales must 

be mobile or robust and easy to repair.  They are used to monitor babies’ growth in clinics in 

developing countries. 

 

Question: The extension of the spring in the force meter is 12 mm when a cygnet with mass = 

4.0kg is weighed. Predict the extension of the spring when a cygnet of 6.0 kg is weighed.  

State any assumptions made. 

18mm presuming a direct proportional relationship between mass and extension. 

 

Question 2: Determine the force constant of the spring in Nm-1 

F = kx therefore k = F / x = (6.0kg x 9.81N/kg) / 18.0 x 10-3m = _______ Nm-1 
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Elasticity 
 

 

 
Plasticity 

 

(1) After stretching the material is permanently deformed and longer than its original length. 

(2) The atoms do not return to their original position after the load is removed. 

(3) Some atoms move to a greater or lesser extent relative to each other 

A material stretched past its elastic limit shows plastic deformation. 
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Exam questions: 
 

Worked example: Four identical wires support a shell of mass 14.00kg.  The original length 

of each wire was 1.800m.  When attached to the shelf, the length of each wire is 1.804m.  

Calculate the force constant of each wire. 

 

Step 1: Select the correct equation to calculate the force F acting on each wire. 

 

The weight W of the shelf can be calculated using W = mg; assume that this weight is shared 

equally amongst the four wires. 

 

F = weight / 4 = [14.00 x 9.81] / 4 = 34.3 N 

 

Step 2: Determine the extension ‘x’ of each wire. 

 

x = new length – original length = 1.804 – 1.800 = 0.004m 

 

Step 3: select the correct equation to calculate ‘k’  

 

F = kx 

 

34.3 = k x 0.004 

 

k = [34.3] / 0.004 = 9 x 104 Nm-1 (1SF) 

 

The force constant of each wire is 9 x 104 Nm-1 (1SF) 
 

(1) A metal guitar string stretches 4.0mm when a 10N force is applied. 

 

(a) If the string obeys Hooke’s law, how far will the string stretch with a 15N force? 

6mm 

 

(b) Calculate the stiffness constant for this string in Nm-1. 

F = kx therefore k = F / x = 10N / 4.0 x 10-3m = _______ Nm-1 

 

(c) The string is tightened beyond its elastic limit.  What would be noticed about the string? 

When you stop tightening the string it will not return back to its original length. 

 

(2) A rubber band is 6.0cm long.  When it is loaded with 2.5N, its length becomes 10.4cm.  

Further loading increases its length to 16.2cm when the force is 5.0N. 

 

Does the rubber band obey Hooke’s law when the force on it is 5.0N?  Justify your answer 

with a suitable calculation. (HINT: whilst elastic, the gradient i.e. K should be constant). 

F = kx therefore k = F / x = 2.5N / [(10.4 – 6.0) x 10-2 m] = _______ Nm-1 

Once you calculate k now use it again in F = kx so x = 5.0N / k and this should equal  

(16.2 – 10.4) x 10-2m is Hooke’s Law is being obeyed. 

 

(3) Draw a graph showing the extension of a rubber band using the results in the table below: 

 

Load (N) 0 1 2 3 4 5 6 7 8 9 

Extension (m) 0.01 0.02 0.03 0.04 0.06 0.08 0.11 0.14 0.17 0.30 
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(a) Calculate the stiffness [force] constant 

To do this, calculate the gradient of the straight-line part of your line of best fit where F = Y-

axis and extension x = x-axis. 

 

(b) Mark on your graph the elastic limit 

This is when the straight-line part of your line of best-fit starts to curve upwards. 

 

(a) Determine the range of loads over which the band is elastic and plastic 

The range of loads [N] corresponding to the straight-line part of the graph = band is elastic. 

The range of loads [N] corresponding to the curving part of the graph = band is plastic. 

 
(4) The graph below shows the force ‘F’ against compression [not extension i.e. the greater 

‘x’ the more the rod compresses.  Compare the behaviour of the two rods. 

 
‘B’ shows a much greater extension than ‘A’ for equivalent loads. 

(5) The elastic limit of a wire is at 5.0N.  When a force of 2.5N is applied the wire has an 

extension of 4mm.  Sketch a force-extension graph for this wire in the box below: 

 
 

 



AS Physics AQA Mike Walker BSc (Hons) 

 7 

(6) A spring is compressed by 5mm by a force of 4.0N. 

 

(a) Calculate the force constant of the spring. 

F = kx therefore k = F / x = 2.5N / [5.0 x 10-3 m] = _______ Nm-1 

 

(b) Calculate the force applied when its compression is 32 mm.  Say any assumptions made. 

Remember 32mm = 32 x 10-3m  

The value of k is the same value whether the forces are tensile or compressive.   

Use F = kx 

 

(7) The table below shows the results obtained for a spring in the experiment described in the 

previous question.  Repeat readings could not be taken in this experiment because the spring 

was stretched beyond its elastic limit. 

 

Mass attached to the spring / g Length of spring L / 10-2 m F = mg = Newtons 

100 4.3 0.100 kg x 9.81N/kg 

200 8.6  

300 13.0  

400 17.1  

500 21.6  

600 28.1  

700 37.0  

 

(a) Complete the column for F (Newtons) acting on the spring by calculating F = mg where 

mass in kg and g = 9.81 ms-2 first example given 

(b) Plot a graph of force F against length of spring L below: 

Do this yourself 
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(c) Explain how the graph shows that the spring obeys Hooke’s law and state the value of the 

force at the elastic limit. 

This can be shown by the straight-line direct proportionality relationship. 

 

(d) Determine the force constant of the spring in Nm-1 

Calculate the gradient [when you do this make sure that the change in mass is multiplied by 

‘g’ in order to get Newtons].  Then calculate the inverse of the gradient to work out the force 

constant. 

 

(8) A 200 mm long spring is suspended vertically.  The length of the spring increases to 

294mm when a mass of 280g is attached to it. 

 

(a) Calculate the force constant of the spring. 

F = kx therefore k = F / x = (280 x 9.81) N / (294 x 10-3) m = _______ Nm-1 

(b) A second, identical spring is suspended alongside the first spring and both are attached to 

a rod of negligible mass. 

 
(a) Calculate the combined force constant of this parallel arrangement.  Explain your answer. 

(280 x 9.81) N shared by 2 = ______ Newons.  However, because hookes Law is being 

applied to each spring which now has half the original weight applied to them that was 

applied to a single spring, then each will extend to half the extension demonstrated by a single 

spring.  As a result, the combined force constant of the parallel arrangement will be the same 

as with a single spring. 

(b) Calculate the combined force constant when the same springs are joined end-to-end in a 

series arrangement.  Explain your answer. 

When a load is applied [consider the weight of each spring as negligible], each spring will 

extend the same amount as when there is a single spring.  According to k = F / x, if we double 

the extension then the force constant, k will halve. 
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Stress and Strain 
 

Question: Complete the sentences using the words that follow: 

 

If a pair of oppositely directed forces acts on an object, they can deform it (change its shape). 

 

If this pair of forces stretches the material, they are tensile, 

 

If this pair of forces compresses the material they are compressive, 

 

The term ‘stress’ is applied to the forces / unit area, causing extension or contraction.. 

 

Stress = Force applied (F) / Cross Sectional Area (m2) = Nm-2 or Pascals (Pa). 

 

If we apply tensile forces, the object gets bigger (extends) and the stress value is given a 

positive value (tensile stress).  Tensile forces are considered as positive. 

 

If we apply compressive forces, the object gets smaller (contracts) and the stress value is 

given a negative value (compressive stress).  Compressive forces are considered as negative. 

 

Strain refers to the extension or contraction due to these pairs of external forces. 

 

 

Strain = Change in length (extension) / original length of material (no units)  

 
UTS refers to Ultimate Tensile Stress (UTS).  This is the maximum stress that the material 

can withstand before it extends and breaks at point B.  This occurs when the atoms have 

separated so much that bonds are broken and the material breaks. 
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Elastic Strain Energy is the energy stored in a stretched material! 
 

 
Energy is transferred into potential elastic strain energy into that spring when it is extended by 

a load (force). 

 

Work done (Joules or N/m) = Force (N) x distance / extension (m) 

 

In the previous graph, the average load applied to the spring = ½ Force (N).  This is because 

we start with zero force and build up to a maximum. 

 

According to the equation, for this example we get work done (Joules) = ½ Fe 

 

This is equivalent to the area under the graph. 

 

Summary to calculate the potential elastic strain energy in a spring / stretched material 

 

(1) Draw a load (force) x extension line graph. 

(2) Calculate the area under that graph. 

 

Developing this technique using Hooke’s Law 

 

Now when we want to determine the stiffness constant of a material such as a wire, we add 

increasing loads and measure the resulting extension.  We then draw a graph as before of load 

against extension and calculate ‘k’ from the gradient. 

 

As a result, we know two relationships for this technique: 

 

Elastic strain energy (E) = ½ Fe 

 

Hooke’s law states that F= ke and therefore, E = ½ ke2 
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If the material is stretched beyond the elastic limit, some work is done separating atoms.  This 

is not stored as strain energy and is not available when the force is released. 

 

In order to calculate stress i.e. force / cross sectional area, you will need some practice 

converting mm into m in order to evaluate cross-sectional areas in m2 

 

Question: Complete the following table First one has been done for you 

 

Diameter / d (mm) 

 

Diameter / d (m) d2 [π d2] / 4 

1.00 

 

1 x 10-3 (1 x 10-3) x (1 x 10-3) [π x (1 x 10-3) x (1 x 10-3)] / 4 

2.30 

 

   

2.90 

 

   

1.06 

 

   

1.07 

 

   

1.09 

 

   

2.01 

 

   

2.04 

 

   

2.44 

 

   

3.01 

 

   

 

Exam question: 

 

(1) A steel wire is 2.00m long.  When a 300N force is applied to the wire, it stretches 4.0mm.  

The wire has a cross-section with a diameter of 1.0mm. 

 

(a) What is the cross-sectional area of the wire? 

[π x (1 x 10-3) x (1 x 10-3)] / 4 

 

(b) Calculate the tensile stress in the wire. 

Stress i.e. force / cross sectional area = 300N / [π x (1 x 10-3) x (1 x 10-3)] / 4 

 

(c) Calculate the tensile strain of the wire. 

Strain = Change in length (extension) / original length of material (no units) = 4.00 x 10-3 / 2 

 

(2) A copper wire (which obeys Hooke’s law) is stretched by 3.0mm when a force of 50N is 

applied. 

 

(a) Calculate the stiffness constant for this wire in Nm-1. 

F = kx therefore k = F / x = 50N / (3.0 x 10-3) 

(b) What is the value of the elastic strain energy in the stretched wire? 

Once you have calculated the value for ‘k’ put this into E = ½ ke2 where e = 3.0 x 10-3m 



AS Physics AQA Mike Walker BSc (Hons) 

 12 

(3) A pinball machine contains a spring, which is used to fire a small, 12g metal ball to start 

the game.  The spring has a stiffness constant of 40.8Nm-1  It is compressed by 5cm and then 

released to fire the ball. 

 

The maximum possible speed of the ball is: (a) 1.86ms-1  (b) 2.96ms-1  (c) 4.12ms-1  

 (d) 8.50ms-1 

E = ½ ke2 = ½ mv2 therefore v = [(ke2) / m]-2 then just substitute your different values of  

m = 12g = 12 x 10-3kg and k =  40.8Nm-1 and e = 5 x 10-2m 

 

(4) A rope has a cross-sectional area of 8.0 x 10-3m2.  A tensile force is applied to the rope and 

slowly increased.  The rope breaks when a force of 2.0 x 105N is applied.  Calculate the 

breaking stress of the material. 

Stress = Force applied (F) / Cross Sectional Area (m2) = Nm-2 or Pascals (Pa).  Then 

substitute your values 

 

(5) A force of 67N is applied to a wire with a cross-sectional area of 3.0 x 10-6m2.  Calculate 

the stress on the wire. 

Stress = Force applied (F) / Cross Sectional Area (m2) = Nm-2 or Pascals (Pa).  Then 

substitute your values 

(6) A rope has an original length of 15.0cm.  A force is applied and its length becomes 

15.6cm.  Calculate the strain on the rope. 

Extension = 0.6cm = 0.6 x 10-2 m = 6 x 10-3 m 

Strain = Change in length (extension) / original length of material 

(7) Calculate the elastic potential energy stored in a spring when a force of 15N produces an 

extension of 1.9cm. 

Use gravitational potential energy = mgh as this is converted into elastic potential energy 

(8) The strain on a rope is equal to 0.06.  The rope has an original length of 30cm.  What was 

the extension produced by the load? 

Strain = extension / original length therefore extension = strain x original length 

(9) The stress on a wire is equal to 56Nm-2.  The area over which the load acts is equal to 3.0 

x 10-6m2.  What is the load applied? 

Stress = force / area therefore force (load) = stress x area 

(10) A wire with a cross-sectional area of 1.7 x 10-7m2 has a breaking stress of 4.0 x 108 Pa.  

What is the minimum force needed to break the wire. 

Stress = force / area therefore force (load) = stress x area 

(11) What is the difference between the following pairs of terms? 

(a) Tensile stress and compressive stress 

Tensile stress refers to the forces per unit area that cause a material to stretch.  Compressive 

stress refers to the forces per unit area that cause a material to compress. 

(b) Tensile strain and compressive strain 

Tensile strain refers to the extension produced relative to the original length that occurs when 

a material stretches.  Compressive strain refers to the compression produced relative to the 

original length that occurs when a material compresses. 

(c) Ultimate Tensile Stress (UTS) and breaking stress 

Ultimate tensile stress refers to the forces per unit area that cause a material to stretch beyond 

the elastic limit and breaks.  Ultimate tensile stress refers to the forces per unit area that cause 

a material to break.   

(12) Explain how to determine the elastic strain energy stored by a stretched material when 

the load is 12 Newtons. 

The stiffness constant k can be calculated from force / load i.e. 12N = k x extension [provided 

12 Newton is within the elastic limit].  We can then use elastic potential strain energy = ½ke2 
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(13) 234 Joules are stored in a stretched material, which has an extension of 1.7cm.  What is 

the material’s stiffness constant? 

Elastic potential strain energy E = ½ke2 

Therefore k = 2E / e2 

(14) A spring has a spring constant = 30Nm-1.  Calculate: 

 

(a) The extension of the spring when the load (tension in spring) is equal to 12N 

Rearrange load (N) = tension forces in spring = k x extension 

 

(b) The tension in the spring when it extended by 0.60m from its unstretched length. 

Use tension forces in spring = k x extension 

 

Worked example: Firing a spring 

 

A compressible spring of force constant k = 50Nm-1 and mass 4.0 g is placed around a short 

horizontal rod [diagram below].  The spring is compressed by 8.0cm and then released. 

 
(a) Calculate the elastic potential energy in the spring when compressed. 

(b) Calculate the speed of the spring immediately after it has fully extended.  State any 

assumptions made. 

 

Answer:  

 

(a) Step 1: Write down all the quantities given in this question in SI units. 

 

k = 50Nm-1, m = 4.0 x 10-3kg, x = 0.08m 

 

Step 2: Select the equation for the energy stored in the spring and calculate it. 

E = ½ kx2 = ½ x 50 x 0.082 = 0.16 Joules. 

 

(b) Step 3: Assume all the elastic potential energy in the spring is transferred to its kinetic 

energy.  Therefore Kinetic energy = ½ mv2 = 0.16 Joules 

 

Step 4: v = [(2 KE / m)] 1/2 =  [(2 x 0.16) / (4.0 x 10-3)] 1/2 = 8.9 m/s (2SF) 

 

(15) A rubber band is extended by 15cm by a force of 18N.  Estimate the energy stored in the 

stretched rubber band.  Remember 15cm = 15 x 10-2m 

 

Elastic potential strain energy = ½ke2 
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(16) The energy stored in a stretched cable is 1.5 joules when it is extended by 2.0mm.  

Calculate the force constant of the wire.  

 

Remember 2.0mm = 2.0 x 10-3m 

Rearrange Elastic potential strain energy E = ½ke2 

Therefore k = 2E / e2  

 
(17) The graph shows a force-extension graph for a spring.  Calculate the work done on the 

spring when its extension changes from 5.0cm to 15cm.  

 

This is an extension = 10.0cm = 10.0 x 10-2m 

Work done on the spring = elastic potential energy put into the spring = E = ½ke2 

[Alternatively work out the area under the graph over this extension range] 

 

(18) A spring of mass 8.0g has a force constant of 120Nm-1.  It is placed upright on a 

horizontal table and compressed by 4.0cm.  It is then released and it jumps vertically above 

the table.  Calculate the maximum height gained by the spring above the table.  State any 

assumptions made. 

 

Assume E = ½ke2 = ½ mv2 = mgh 

 

Then ke2 = mgh 

 

Then h = ke2 / mg 
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(19) The following springs support the same weight, W.  They are arranged in parallel with 

each other. 

 
The extension ‘e’ of each spring is the same. 

 

Now the force needed to stretch P, Fp = kp e 

 

And the force needed to stretch Q, Fq = kq e 

 

Where kp and kq are the spring constants of spring P and spring Q, respectively.. 

 

Now the weight W is supported by both springs and W = Fp + Fq = kp e + kq e 

 

Therefore W = Fp + Fq = e [kp + kq] = 2 e kp = 2 e kq 

 

Where Fp = Fq = ½ W and in this case kp = kq 

 

Question: Consider 2 springs in parallel as before.  The two springs are identical and are both 

300mm long originally.  A 50N weight is attached and they both become 325mm in length.  

Calculate the following. 

(a) The tension (force) in each spring. 

The spring constants are the same as they are identical springs 

W = 10N = 2 x force in each spring.  Therefore force in each spring = 5Newton 

(b) The extension of each spring 

325mm – 300mm = 25 x 10-3m 

(c) The spring constant of each spring and the effective spring constant of both.  

W = Fp + Fq = e [k + k] = 2 e k = 2 e k = 10N = (2 x 25 x 10-3) x k 

The effective spring constant of both = 2k because W = 2k.e 
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(d) The elastic potential energy stored in each spring. 

E = ½ke2 

 

Now consider two springs connected together in series as in the diagram below; 

 
The tension in each spring this time is the same and equal to the weight ‘W’. 

 

Therefore for spring P, W = kp e (spring P) 

 

And for spring Q, W = kq e (spring Q) 

 

Where kp and kq are the spring constants of spring P and spring Q, respectively 

 

Therefore e (spring P) = W / Kp 

 

And e (spring Q) = W / kq 

 

Also the total extension = W / k  

 

Where k = effective spring constant of both springs combined. 

 

We can therefore say that:  
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Total extension = e (spring P) + e (spring Q) = W / k  = W / Kp + W / kq 

 

Therefore 1/ktotal = 1/kp + 1/kq so  = (kq + kp) / kq.kp 

 

So ktotal = kq.kp / (kq + kp) 

 

Question: Remember the 2 springs in parallel in the previous question.  The two springs were 

identical and were both 300mm long originally.  A 50N weight was attached and they both 

became 325mm in length.   

 

Now consider that these same two springs are attached in series instead of in parallel and 

calculate the following: 

 

(a) The tension in each spring = 50N / 2 = 25N 

 

(b) The extension produced in each spring 

25 x 10-3m 

 

(c) Is the spring constant the same or has it changed? 

The spring constant for each spring always stays the same.  The fact that they both extended 

the same amount shows that the force was equally distributed by half to each spring. 

Also the total extension = W / k  

k = W / 2 x extension of each spring = 50N / (2 x 25 x 10-3m) 

(d) The elastic potential energy in each spring. 

Total E (of both springs) = ½k (2 x 25 x 10-3m ) 2 

 

(e) The effective spring constant of the two springs. 

25N = kp x 25 x 10-3m 

 

The Young Modulus 

 

When you apply a load to stretch a material it will experience both stress and strain.  Now the 

extension produced (strain) is in direct proportion to the force applied (stress). 

 

Therefore tensile stress is in direct proportion to tensile strain  

Therefore we can define a constant called the Young Modulus,  

 

E = tensile stress / tensile strain 

 

Young Modulus, E = tensile stress / tensile strain = [F / A] / [e / l] 

 

Where, F = force in Newtons 

A = cross-sectional area in m2 

L = initial length in m 

E = extension in m 

 

N / m2 x m / m = N / m2 = N / m2 or pascals which is the unit for the Young modulus. 

 

The Young modulus has to be calculated by engineers who need to ensure that materials used 

in their products can withstand forces sufficiently. 
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The experimental determination of the Young modulus 

 

 
Firstly choose a wire that is as long and as thin as possible.  This will produce the maximum 

extension for a given weight and increase the accuracy of the results. 

 

The wire is fixed at one end and the smallest weight possible attached at the other, which 

makes the wire straight and taught.  A marker on the wire is then used to determine the 

starting point with reference to the ruler. 

 

Weights are then added and for each the extension measured.  The extension is given by the 

difference between the new reading shown by the marker on the ruler and the unstretched 

length. 

 

The cross-sectional area of the wire can be calculated with a micrometer.  This measures the 

diameter very accurately in mm.   

 

It is important to take an average diameter of the wire thickness in several places before 

calculating an average cross-sectional area. 
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The Young modulus is found from the gradient of a Stress – Strain line graph 

 

 
E = tensile stress / tensile strain 

 

Therefore, the Young modulus is equal to the area under the graph 

 

In addition, lets consider the average stress = ½ x maximum stress applied (N / m2) 

 

If multiplied against the maximum strain (no units), we get N / m2 

 

Now consider Nm / m3.  This is the same as N / m2 and is equivalent to Joules / unit volume 

and also the area under the graph! 

 

The area under a Stress-Strain line graph is equivalent to the strain energy stored per 

1cm3 of wire. 

 

Therefore, energy = ½ x stress x strain 

 

The stiffness of different materials can be compared using the gradient of the stress-strain 

line, which is equal to the Young modulus of the material. 

 

The strength of a material can be determined by its ultimate tensile stress (UTS), which is its 

maximum stress before breaking. 

 

A brittle material snaps once it reaches its UTS.  It does not stretch any further. 

 

A ductile material can be extended well beyond its elastic limit and shows a high degree of 

plasticity.  Aero planes are engineered to exploit the useful properties of these materials.  

Their wings are made of aluminium alloy that is both strong and stiff (high Young modulus).  

The rotor blades in its jet engine are made from ceramics that can withstand high 

temperatures and are very strong. Ceramics are brittle and show no plastic deformation.  The 

tyres of planes are made from rubber, which is a polymeric material.  Rubber has elastic 

properties and is an excellent shock absorber. 
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Question: Compare the different materials.  Explain which is the stiffest, most strong, most 

brittle and most ductile. 

 
___________________________________________________________________________ 

 

More about Stress and Strain 

 

What happens when the entire load is removed from a stretched piece of material?  Can we 

produce an unloading graph?  Such as graph for a metal wire is shown below: 
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Up to the elastic limit, the unloading curve (actually a straight line) is the same as the loading 

curve.  After the elastic limit, the unloading curve is below the loading curve. 

 

Notice that once the metal exhibits plasticity it does not return to its original length once the 

entire load has been removed. 

 

Question: Can you explain this? 

The atoms in the wire have been separated so much that bonds to adjacent atoms have been 

broken and new bonds to atoms further away have been formed. 

 

This second graph shows the loading and unloading curve of a rubber band. 

 

 
 

Even though the elastic limit has not been exceeded, this time, the unloading curve is below 

the loading curve.  However, notice that the rubber band does return back to its original 

length. 

 

The area under loading curve represents the work done stretching the rubber band i.e. the 

elastic strain potential energy transferred into the rubber band (grey and blue region). 

 

The work done by the rubber band unstretching i.e. moving the atoms back to their original 

equilibrium positions are being pulled apart is less than the work done against the attractive 

bonding forces keeping them close together. 

 

Question: Sketch on this graph an unloading curve once the elastic limit has been exceeded.  

Why doesn’t the band return back to its original length once totally unloaded? (Shown with 

blue line on the graph). 

 

Molecules have become untangled and pulled apart so the length of the band after unloading 

will be longer than its original length. 
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Rubber bands do not obey Hookes law.  The rubber band will return to its original length after 

the force is removed – elastic deformation – but the loading and unloading curves are both 

curved and are different. 

 

The ‘loop’ formed by the loading and unloading curves is called a hysteresis loop. 

 

The graph showing the loading and unloading curves for a polythene strip.  It is not elastic 

and shows total plasticity. 

 

 
Question: Why is the blue area under the unloading curve smaller for the polythene than the 

rubber band? 

The area under the line represents the elastic potential energy.  Polythene does not extend as 

much as an elastic band and therefore does not have as much elastic potential energy. 

 

Warming up 
 

Rubber consists of squashed and tangled long-chain molecules.  These can be untangled 

easily with small forces, but once straightened they require large forces to extend any further. 

 

Rubber is an elastic material, but is poor at storing energy.  This makes it an ideal material for 

aeroplane tyres.  Aeroplane tyres suffer sudden impact forces during landing.  Their material 

makes landings smooth.  The temperature of an aeroplane tyre can increase by as much as 

1000 C during landing. 

 

Question 1: Suggest how the shape of the loading curve for rubber shown in the graph below 

can be explained by the structure of rubber. 

The greater the gradient the more load is required to produce an extension.  The shape of the 

loading curve therefore implies that initially a high load is needed to cause and extension and 

then a smaller load is needed for the same extension. 
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Question 2: Explain what is meant by the statement ‘Rubber is an elastic material, but is poor 

at storing energy’. 

The area under the line represents the elastic potential energy.    This therefore implies that a 

relatively high load is required to produce an extension. 

Question 3: Use the force-extension graph to explain why aero plane tyres; 

 

[a] Reduce the bumpiness of landings. 

As the rubber in the tyres gets compressed upon landing it stores energy of collision as elastic 

potential energy. 

 

[b] Warm up during landing. 

As energy is converted from kinetic energy into elastic potential energy during the rubber tyre 

compressing, heat is produced at the same time. 

 

Exam questions:  

 

(1) Rubber is an elastic material.  Explain what this means. 

Unloading the rubber returns to its original length. 

 

(2) Explain why a rubber band does not have a force constant. 

Extension is not in direct proportion to the load applied. 
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(3) Use the force-extension graph for a bungee cord below to estimate the thermal energy 

released, when the cord is stretched by 0.4m, and returns to its original length. 

 
 

Load = k x extension therefore k = load / extension = 40.0 / 0.4 = 400 Nm-1    

Grey part of the above graph 

(1) A steel wire has an original length of 1.2m and an average diameter of 1.2mm  

= 1.2 x 10-3m.  What is the cross-sectional area of the wire? 

Use (πd2 / 4) m-2 

 

(2) A tensile force of 30N is applied to the wire.  What is the stress on the wire? 

Stress = Force applied (F) / Cross Sectional Area (m2) = 30N / (πd2 / 4) m-2 = Nm-2 or Pa.   

(3) The wire extends by 0.13mm.  What is the strain on the wire? 

Strain = Change in length (extension) / original length of material 

Strain = (0.13 x 10-3m / 1.2m) 

(4) Calculate the Young modulus of the steel. 

E = tensile stress / tensile strain 

 

Young Modulus, E = tensile stress / tensile strain = [F / A] / [e / l] 

 

Where, F = force in Newtons 

A = cross-sectional area in m2 

L = initial length in m 

E = extension in m 

 

(5) A wire has a cross-sectional area of 8.1 x 10-7m2 and a Young modulus of 3.4 x 108Pa.  A 

force of 100N is applied to the wire. 

(a) Calculate the stress on the wire. 

Stress = Force applied (F) / Cross Sectional Area (m2) 

(b) Calculate the strain on the wire. 

Young Modulus, E = tensile stress / tensile strain   

Which means that tensile strain = E = tensile stress / Young Modulus, E 

(c) The wire extends by 0.7mm.  What was the original length of the wire? 

Strain = Change in length (extension) / original length of material 

Hence original length of material = Change in length (extension) / Strain 
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(6) What are the units of the following? 

 

(a) Stiffness constant = k = Nm-1 

(b) Tensile stress = Nm-2 

(c) Tensile strain = m1.m-1 = no units 

(d) Young’s modulus= Nm-2 

 

(7) Explain how you would measure the Young modulus of a wire. 

The Young modulus is found from the gradient of a Stress – Strain line graph. 

 

(8) On a straight stress-strain graph line graph, what does the following indicate? 

 

(a) The gradient: Young modulus 

 

(b) The area under the graph: The energy stored per 1cm3 of wire. 

 

(9) A crane is fitted with a steel cable.  The diameter of the cable is 2.5mm and the length of 

30m is used to lift a boulder of weight 4000N off the ground. 

 

Calculate the extension of the cable when it supports the boulder. 

 

The Young modulus for steel = 2.1 x 1011Pa. 

Now strain = extension / original length of the wire.  Therefore if we can measure the strain, 

we can measure the strain, then we can measure the extension. 

 

Young modulus = stress / strain 

Therefore strain = stress / Young modulus 

And we can work out stress from stress = Force / cross-sectional area. 

 

(10) Calculate the stress in a wire of diameter 0.5mm when the tension (tensile force) = 50N. 

Remember Stress = force / cross-sectional area (and 0.5mm = 0.5 x 10-3m). 

 

(11) A weight was attached to a wire supported by a beam. The weight = 1678N and the wire 

was 145cm long and 0.9mm in diameter.  The wire extended by 1.8mm. 

 

Calculate the Young modulus of the wire material. 

(a) Stress = Force / cross-sectional area = 1678N / πd2/4 and d = 0.9x 10-3m 

(b) Strain = extension / original length  

And original length = 145 x 10-2m and extension = 1.8 x 10-3m 

(c) Young modulus = Stress / strain 

(12) If the wire obeyed Hooke’s law, how much elastic potential energy was stored in the 

wire? 

In the last question Force = 1678N and extension = 1.8 x 10-3m.  We can therefore calculate 

‘k’ from force = k x extension.  We can then use E = ½ ke2 

 

(13) An object of mass 0.150kg is attached to the lower end of a vertical wire.  Its natural 

length equals 400mm and becomes 400.6mm when stretched with the load.  It has a cross-

sectional area = 8.1 x 10-7m2. 

Assuming it still obeys Hooke’s law, calculate the following: 

(a) Stiffness constant. 

Load = k x extension therefore k = load / extension = (0.150 x 9.81N) / (0.6 x 10-3) 
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(b) The elastic potential energy in the wire. 

Use E = ½ kx2 

 

(c) The tensile stress 

Stress = Force / cross sectional area  

= (0.150 x 9.81N)  / (πd2/4) = (0.150 x 9.81N)  / (8.1 x 10-7m2). 

(d) The tensile strain 

Strain = extension / original length = (0.6 x 10-3) m / (400 x 10-3) m 

(e) The Young modulus 

Young Modulus, E = tensile stress / tensile strain   

 

(14) A steel wire is stretched elastically.  For a load of 80N, the wire extends by 3.6mm.  The 

original length of the wire was 2.50m and the average diameter is 0.6mm. 

(a) Calculate the cross-sectional area of the wire in m2. 

(πd2/4) where d = 3.6 x 10-3m 

(b) Find the tensile stress applied to the wire. 

Stress = Force / cross sectional area  

= (80N)  / (πd2/4) 

(c) Calculate the tensile strain of the wire. 

Strain = extension / original length = (3.6 x 10-3) m / 2.5 m 

(d) What is the value of the Young modulus for steel? 

Young Modulus, E = tensile stress / tensile strain   

 

(15) The Young modulus for copper is 1.3 x 1011 Nm-2. 

(a) If the stress on a copper wire is 2.6 x 108 Nm-2, what is the strain? 

Young Modulus, E = tensile stress / tensile strain  

Therefore strain = tensile stress / Young modulus 

(b) If the load applied to the copper wire is 100N, what is the cross-sectional area of the wire? 

Stress = Force / cross sectional area 

Therefore cross-sectional area = Force / stress 

(c) Calculate the strain energy per unit volume for this loaded wire. 

Young Modulus, E = tensile stress / tensile strain  

Therefore strain = tensile stress / Young modulus 

 

(16) Calculate the stress in a wire (diameter 0.45mm) when the tension is 60N; 

Stress = Force applied (F) / Cross Sectional Area (m2) = 60N / (πd2/4) 

Remember that d = 0.45mm = 0.45 x 10-3m = 4.5 x 10-4m 

(17) Complete the following table: 

 

 

Wire Force 

applied  

/tension 

/ N 

Diamet

er of 

wire 

(mm) 

Stress 

(N/m2) 

Original 

length of 

wire (m) 

Length 

of wire 

after 

load is 

applied 

(m) 

Extension 

(m) 

Strain Young’s 

modulus 

Strain energy 

stored in wire 

(joules) 

A 50 1.2 50N / 

(πd2/4) 

5.0 5.002 0.002m 0.002 / 

5.0 

Stress/ 

Strain 

(50N x 

0.002m) / 2 

B 60 1.3  5.0 5.003     

C 70 1.4  5.0 5.004     

D 80 1.5  5.0 5.005     

e 90 1.6  5.0 5.006     
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(18) An elastic cord when unstretched = 1.9m.  It has a cross sectional area of 0.70mm2 (hint 

– calculate the number of mm2 in 1m2).  The cord is stretched to 2.0m. 

1 m2= 1000mm x 1000mm = 106 mm2 

Therefore 1mm2 = 1 / 106 m2 

Therefore 0.70mm2 = 0.70 / 106 m2 

If Hooke’s law is obeyed for this range and the cross-sectional area remains constant, 

calculate the following (Young’s modulus = 2.0 x 107Pa). 

(a) The tension in the cord at this extension. 

Strain = extension / original length = 0.1m / 1.9m 

Young Modulus, E = tensile stress / tensile strain so we can work out the stress 

Stress = tension force / cross sectional area 

Therefore tension force [answer} = stress x cross-sectional area  

(b) The energy stored in the cord at this extension. 

k = tension force / extension 

Then use elastic potential energy = ½ x k x e2 

A material with a large Young modulus is stiffer than one with a smaller Young modulus. 

(18) A wire is suspended from a support as in the diagram. 

 
 

Loads are added and the extension is measured each time. 

Load / N 

 

0 25 53 71 83 89 94 100 72 50 16 0 

Extension / mm 

 

0 2.2 4.7 6.4 7.5 8.2 9.6 13.0 10.1 8.0 4.7 3.3 
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(a) Plot a graph of load (y-axis) against extension (x-axis) both for increasing and decreasing 

loads. 

 

(b) How does the shape of the graph inform us about the behaviour of the material in the 

wire? 

Explain this after plotting the graph. 

(c) Use the graph to determine the Young modulus for the material of the wire. 

Choose any particular load and from the line of best fit determine the extension [converted 

into metres].  The natural length of the wire = 3.0m.  We can therefore determine the strain.  

We know the load in Newtons and we can determine the cross-sectional area. 

 

(19) Two wires are suspended from a support as in the diagram. 

. 

(a) The wires are clamped together and the extension of each wire is the same.  Let Es be the 

young modulus for steel and EB the young modulus for brass. 

Fs = tension forces in steel 

FB = tension forces in brass 

Es = Fs / area m2 

EB = FB / area m2 

Show that Es / EB = Fs / FB 

Es / FB = (Stress [steel] / strain [steel]) / (stress [brass] / strain [brass]) 

= (Stress [steel] / strain [steel]) x (strain [brass]/ stress [brass]) 

But both metals are under the same strain which cancels out 

Therefore Es / FB = (Stress [steel] / stress [brass]) 

The cross sectional areas in the stress formula for both steel and brass are the same which also 

cancels out leaving Es / EB = Fs / FB 
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(b) The mass M produces a total force = 15N.  Show that the magnitude of the force Fs = 

10N. 

Therefore Fs + FB = 15N 

Young modulus for steel = 2.0 x 1011 Pa 

Young modulus for brass = 1.0 x 1011 Pa 

First calculate Es / EB = (2.0 x 1011 Pa) / (1.0 x 1011 Pa) = 2 = Fs / FB  

And Fs + FB = 15N 

But Fs = 2 FB  

Therefore 3 FB = 15N so FB = 5N 

Therefore Fs = 10N as expected 

(c) Determine the extension produced in either wire. 

Young modulus [steel] = Stress / Strain therefore strain [steel] = Stress / Young modulus steel  

You now need to calculate the stress in the steel and then we can calculate the strain [steel] 

From this strain = extension / original length which will allow us to calculate the extension. 

(20) This is a lorry of mass 1.5 x 103kg.  It is parked on a weighing platform, which 

compresses the spring, by 0.040m. 

 

 
 

 

Calculate the energy stored in the spring 

Gravitational Potential Energy = mgh = energy stored in spring 

 

Worked example: Crane cable 

 

An object of weight 790N is suspended vertically from a crane on a steel cable 5.0m long and 

6.0mm in diameter.  The Young modulus of the material of the cable is 2.0 x 1011 Pa.  

Calculate the extension of the cable. 

 

Step 1: Select the equation for the stress in the cable and calculate it.  Remember to convert 

the diameter into metres when calculating the cross sectional area. 

 

Stress (σ) = F / A = F / π r2 = 790 / [π x (3.0 x 10-3]2 = 2.794 x 107 Pa 
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Step 2: Rearrange the equation for Young modulus to calculate the strain of the cable. 

 

Strain (ε) = σ / E = (2.794 x 107) / (2.0 x 1011) = 1.397 x 10-4 Pa 

 

Step 3: Calculate the extension ‘x’.  Rearrange the equation first to make ‘x’ the subject. 

 

ε = x / L  Therefore x = ε l = 1.397 x 10-4 x 5.0 = 7.0 x 10-4 m (2SF) 

 

The extension of the cable is about 0.7mm. 

 

 

Determining the Young modulus of a wire 

 

 
 

• The diameter ‘d’ of the wire can be measured using a micrometer. 

• The cross-sectional area ‘A’ of the wire can be calculated from A = π d2 / 4 

• Average measurements from several places along the wire 

• The tensile force F acting on the wire can be calculated from F = mg 

• After applying each additional mass the extension is calculated using x = extended 

length – original length L. 

• You can improve accuracy by taking readings for at least six different masses, and 

repeating them. 

• The stress and strain values for each load are calculated and used to plot a stress-strain 

graph. 

• The Young modulus can be determined from the gradient of the linear section of the 

graph. 
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A brittle material shows elastic behaviour up to its breaking point without plastic deformation. 

 
Question: Explain the above graph: 

Both materials show elastic deformation over the range of loads applied to them in the graph.  

As the force per unit cross-sectional area i.e. stress increases, the extension relative to the 

original length of the material i.e. strain, increases in direct proportion.  However, a much 

greater force per cross-sectional area is needed to produce extension in the cast iron than the 

glass. 

 

Polymeric materials are materials that consist of long molecular chains.  They behave 

differently depending on molecular structure and temperature.  Both rubber and polythene can 

stretch a great deal before breaking, but rubber shows elastic behaviour and polythene shows 

plastic behaviour. 
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Summary questions 

 

(1) Explain what is meant by ultimate tensile strength of a material? 

The strength of a material can be determined by its ultimate tensile stress (UTS), which is its 

maximum stress before breaking. 

 

A brittle material snaps once it reaches its UTS.  It does not stretch any further. 

 

(2) A metal wire has a diameter of 0.20mm.  A force of 6.3N changes its length from 1.035m 

to 1.048m.  Calculate the Young modulus of the metal. 

Young modulus = stress / strain 

Stress = Force / cross sectional area where diameter = 0.20 x 10-3m 

Strain = extension / original length  

 

(3) The ultimate tensile strength of a metal is 220Mpa.  Calculate the maximum force that can 

be applied on a wire of diameter 1.2mm made from this metal. 

Ultimate tensile strength or stress = 220 000 000 N / m2 = Force / area 

To calculate the area use πd2/4 where d = 1.2 x 10-3m 

Then rearrange to calculate the force. 

 

(4): Show that the Young modulus E of a material can be calculated using the equation: 

 

E = FL / Ax 

 

Where F is the force applied, L is the original length of the wire. x = extension of the wire, 

and A is the cross-sectional area of the wire. 

Stress / strain = E = (F/A) / x / L  

By inversing x / L and multiplying by F/A 

We get E = (F/A) / x / L = FL / Ax 
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Practice questions 
(1) (a) Describe how you can determine the force constant of an extendable helical spring in 

the laboratory. 

Mention all details about adding loads to the spring and measuring extension.  Plot a graph of 

load / force (Y-axis) against extension (x-axis) and calculate the gradient. 

(1) (b) (i): Sketch a graph to show the variation of elastic potential energy E for a spring with 

extension x below: 

 
(1) (b) (ii): The energy stored in a spring is 0.10 joules when it has an extension of 6.0cm.  

Calculate the energy stored when the extension is 9.0cm.  Explain your answer. 

Use E = ½ ke2 to calculate the value of k.  Then use this value to find the new value of E 

(2) A glider of mass 0.18kg is placed on a horizontal frictionless air track.  One end of the 

glider is attached to a compressible spring of force constant 50Nm-1.  The glider is pushed 

against a fixed support so that the spring compresses by 0.070m.  The glider is then released. 

 

 
(a) Calculate the horizontal acceleration of the glider immediately after releasing. 

Force (compression) = k x compression = 50Nm-1 x 0.070m 

Once we know the force of compression = F =ma and a = F / m 

(b) After release, the spring exerts a force on the glider for a time of 0.094 seconds.  Calculate 

the average rate of work done by the spring on the glider. 

s = distance glider moves under this force = ut + ½ at2 and u =0ms-1 

Work done = force applied x distance traveled  

(3) A metal wire is suspended from a tall ceiling.  The wire has diameter of 0.90 plus or 

minus 0.01mm and length 2.500m.  A mass of 8.00kg hung from its lower end produces an  

extension of 4.0mm. 

(a) Calculate the absolute uncertainty in the value of the cross-sectional area. 

Substitute (0.90 plus or minus 0.01) x 10-3m = d into your cross-sectional area i.e. πd2/4 
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(b) Calculate the Young modulus of the metal.  State any assumptions made. 

We assume that with mass = 8.00kg and force = (8.00 x 9.81) N then the metal is still 

showing elasticity. Then Young modulus = [(8.00 x 9.81) N] / (πd2/4) 

Don’t forget to use both values for ‘d’ 

 

(c) (i) Sketch the stress against strain graph for a ductile metal (red) and brittle metal (blue) on 

the axes below. 

 
(c) (i): Describe the behaviour of the ductile material as it is stretched. 

Ductile materials are easily stretched at relatively low loads. 

 

(4) (a): Define tensile stress and tensile strain. 

Tensile stress = Force stretching length of material / cross-sectional area 

Tensile strain = Increase in length (extension) / original length of material 

 

A metal wire has a length of 1.80m and cross-sectional area 1.92 x 10-7 m2.  It is extended by 

a force of 12.0N.  The metal has a Young modulus of 2.00GPa. 

 

(4) (b) (i): Calculate the extension of the wire. 

Young modulus [steel] = Stress / Strain therefore strain [steel] = Stress / Young modulus steel  

You now need to calculate the stress in the steel and then we can calculate the strain [steel] 

From this strain = extension / original length which will allow us to calculate the extension. 

 

(4) (b) (ii): A second wire made from the same metal has the same length but twice the 

diameter.  State and explain whether the extension of this second wire under the same force is 

greater, the same or less than the first wire. 

Stress is indirectly proportional to the cross sectional area i.e d2 

Now if we have d becomes 2d  

Then stress is indirectly proportional to 4 d2 

Therefore the force per cross-sectional area becomes ¼ of its previous value and so the 

extension becomes ¼ of its original value. 
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(5) (a): The graph below shows the force F against extension x for a spring. 

 

 
State what is represented by: 

 

(a) The gradient of the graph = stiffness or force constant = k 

(b)  The area under the graph = elastic potential energy 

 

(5) (b): A spring has a force constant of 160Nm-1.  The energy stored in the spring is used to 

propel an object of mass 80g.  The spring is compressed by 7.2cm = 7.2 x 10-2m and then 

released. 

 

(5) (b) (i): Calculate the energy stored in the spring. 

E = ½ ke2 

 

(5) (b) (ii): Calculate the initial speed of the object leaving the spring, assuming 60% of the 

energy stored in the spring is transferred as kinetic energy of the object. 

Assume that 60% of the energy stored in the spring is converted to kinetic energy i.e. multiply 

the value you found for E by 0.6.   

Then rearrange ½ mv2 = E and remember that 80g = 80 x 10-3kg 

 

(6) (a): A spring shows elastic behaviour when it is subjected to forces.  State what is meant 

by the term elastic. 

If something is elastic, then it demonstrates the following two properties. 

(a) There is a direct proportional relationship between the force applied and the extension 

produced. 

(b) When the load is removed so too is the extension in length that the load produces. 
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(6) (b): The diagram shows two springs A and B, connected in series and supporting a weight 

of 16N.  The force constant of each spring is shown. 

 

 
(6) (b) (i): Determine the total extension of the two springs.  State any assumptions made. 

 

For spring A, W = k (spring ‘A’) x e  

 

Therefore e for spring ‘A’ = 16N / 20Nm-1  

 

For spring B, W = k (spring ‘B’) x e  

 

Therefore e for spring ‘B’ = 16N / 60Nm-1 

 

Then add together these two extensions to get the total extension for the two springs. 

 

We have to assume that both extensions are within the elastic limit of the two springs. 

 

 (6) (b) (ii): Determine the force constant of combination of these springs. 

1/ktotal = 1/kA + 1/kB so  = (kA + kB) / kA.kB 

Therefore k total = kA.kB / (kA + kB) 

 

(7) (a): State Hooke’s law. 

Within the elastic limit of a material, there is a direct proportional relationship between the 

load applied to a material and the extension it produces. 
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(7) (b): Define the force constant of a spring. 

This is the force in Newtons acting per 1 metre length of the material i.e. Nm-1 

 

(7) (c):  Describe how you can determine the force constant of an extendable spring in the 

laboratory.  In your description pay particular attention to 

 

• How the apparatus is used. 

• What measurements are taken. 

• How the data is analysed. 

Do this yourself 

 

(7) (d):  The diagram shows the variation of force F with extension for a spring. 

 

 
(7) (d) (i):  Explain how the graph showing Hooke’s law is obeyed. 

Up to an extension of 85 mm, the extension is in direct proportion to the load applied. 

 

(7) (d) (ii):  Determine the force constant of the spring. 

This is the force in Newtons acting per 1 metre length of the material i.e. Nm-1 

 

(7) (d) (iii):  Determine the energy stored in the spring when it’s extension is 85mm.  

This can be determined using the force constant or the area under the graph. 

Energy stored in the spring = ½ x 12 x 85 x 10-3m 

 

(8) (a): Define tensile stress and tensile strain. 

Stress refers to the force acting on a material per 1 metre squared cross sectional area. 

Strain refers to the extension relative to the original length of the material. 

(8) (b): Derive the units for stress in base units. 

N / m2 = Nm-2 = Pascals 

 

(8) (c): A group of students are carrying out an experiment to determine the Young modulus 

of a metal wire.  The wire has an original length of 1.640m and it is suspended vertically from 

a support.  The wire is loaded in steps of 10.0N up to 50.0N and then unloaded. 
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The table below shows the results from this experiment. 

 

 Loading the wire Unloading the wire 

Force F / N extension x / mm extension x / mm 

0.0 0.00 0.00 

10.0 0.50 0.49 

20.0 1.01 1.00 

30.0 1.49 1.50 

40.0 2.00 1.99 

50.0 2.52 2.52 

 

(8) (c) (i):  use the table to describe the behaviour of the wire when forces up to 50.0N are 

added to it. 

There is a direct proportional relationship between load and extension.  For each 10N of load 

there appears to be an extension of approximately 0.50mm up to forces of 50.0N.  The 

material is within its elastic limit. 

(8) (c) (ii): Name the most likely instrument used to determine the extension of the wire. 

Accurate ruler 

(8) (c) (iii):  The cross-sectional area of the wire is 3.2 x 10-7 m2.  Use the value of the 

extension for the force of 50.0N to calculate a value for the Young modulus of the metal. 

Use Young modulus = Force / cross-sectional area. 

(8) (c) (iv):  Describe how the table of results can be used to plot a graph and hence determine 

a precise value for the Young modulus of the metal. 

Load = Y-axis and extension in metres = X-axis.  The Young modulus = gradient of the 

straight-line part of the line of best fit within the elastic limit. 

(9) (a):  Define the Young modulus. 

Young modulus = the force required per cross-sectional area of the material to produce 

relative changes in the length of that material. 

(9) (b) Consider two wires on a violin labeled A and G.  The two wires are both 500mm long 

between the pegs and support.  The 500mm length of wire labeled G has a mass of 2.0 x 10-3 

kg.  The density of steel is 7.8 x 103 kgm-3. 

(9) (b) (i): Show that the cross-sectional area of wire G is 5.1 x 10-7m2 

Density of steel = mass / volume 

We know the density of steel and the mass of string G.  We can therefore determine the 

volume of string G.  Next volume of string G = cross-sectional area x length (metres).  From 

this we can rearrange the expression and determine the cross-sectional area.  

(9) (b) (ii): The wires are put under tension by turning wooden pegs.  Show that the Young 

modulus of the steel is 2.0 x 1011Pa. 

We know the force and the cross-sectional area so we can calculate the stress. 

We know the extension and the original length, so we can calculate the strain. 

Finally Young’s modulus equals Stress / Strain. 

(9) (b) (iii): Wire A has a diameter that is half that of wire G.  Determine the tension required 

for wire A to produce an extension of 16 x 10-4m. 

Young modulus of steel = stress / strain 

We know the values of the Young modulus and from the extension of 16 x 10-4m and original 

length = 500 x 10-3m we know the value of the strain.  We can then determine the value of 

stress.  By substituting a new value for the cross sectional area into the stress equation, we can 

determine the tension force required. 

(9) (b) (iv): State the law that has been assumed in the calculations in (ii) and (iii). 

The use of the Young modulus equation is needed. For both equations assumes that it is the 

same value for the Young’s modulus for both strings. 
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(10): The graph below shows the force F against extension x for a metal wire. 

 
(10) (a): State the value of the force and extension at the elastic limit of the wire. 

Looks from the graph to be at about 48N and 0.2 x 10-3m. 

 

(10) (b): Calculate the elastic potential energy for the wire when its extension is 0.20 x 10-3m. 

 

k = 48N / 0.20 x 10-3m 

 

(10) (c): The Young modulus of the metal is 1.2 x 1011 Pa and the length of the wire is 1.82m. 

 

Use the previous graph to determine the cross-sectional area of the wire. 

 

Strain = (0.20 x 10-3m) / 1.82 

 

Young modulus = stress / strain and from this we can work out the stress 

 

Finally Stress = Force / cross-sectional area so cross-sectional area  

 

Therefore cross-sectional area = Force / stress so substitute value of 48N in and this is the 

answer 
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(11) The diagram below shows an arrangement used by a student to investigate the energy 

stored in a compressible spring 

 
 

(11) (a): The spring is compressed by a distance x and then released.  It climbs a vertical 

height h along the rod. Show that h is directly proportional to x2 

Elastic strain energy E = ½ ke2 = ½ kx2. This is transferred or equals GPE = mgh 

 

Hence ½ kx2 = mgh 

 

Since, m,g and k are constants, then this implies that h is directly proportional to x2 

 

(11) (b): The graph below shows h against x2 for the spring. 

 
(11) (b) (i): Use the graph to predict the height h when x = 2.0cm.  State any assumptions 

made. Assume we are still within the elastic range for the material. 
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From the graph each 0.5 / 10-4m2 = 0.2m (height) 

2.0cm = 2.0 x 10-2m = x 

x2 = 4.0 x 10-4 m2 

Therefore 8 x 0.2m = 1.6m 

 

(11) (b) (i): The mass of the spring is 8.0g.  Use the graph to determine the force constant of 

the spring. Remember h = 1.6m and x2 = 4.0 x 10-4 m2 

8.0g = 8.0 x 10-3kg 

½ kx2 = mgh 

Hence k = (2 mgh) / x2 

The Behaviour of Solids 
 

Question: Complete the following table using the words that follow: 

 

Feature characteristic 

of solids 

Comments 

Brittle, These materials do not deform either elastically or plastically.  They simply 

snap when a sufficient force is applied to them.  Subsequent to this cracks 

may appear. 

Brittle, Examples of materials showing this property include chocolate and 

ceramics.  Pieces break off leaving the rest unchanged. 

 

Ductile If these materials are pulled they can extend outwards into long thin wires 

which retain their original strength. 

 

Ductile An example is copper, which is also electrically conductive.  These 

materials can be used to make long flexible wire cables. 

 

Malleable Hammer and roll these materials and they will change shape accordingly.  

However, unlike ductile materials, they may not keep their strength. 

 

Malleable Any metal has this property.  They can be shaped into rings e.g. gold or 

silver.  They can also be shaped into complex shapes such as musical 

instruments or even cannons (brass). 

Hard, These materials do not scratch easily.  They are resistant to cutting, 

indentation (becoming dented) and abrasion (scratching). 

 

Hard Hardened steel can be used for cutting tools.  Diamond can reinforce the 

tips of drill bits. 

 

Stiff, These materials are difficult to stretch and bend.  They retain their shape 

readily and resist forces that try to change this.  They have a high Young’s 

modulus (High stress values needed to produce each unit of strain value). 

Stiff Safety helmets and safety boots need to have this property.  If they change 

their shape then a human skull underneath could suffer damage. 

 

Tough These materials can absorb a lot of energy before breaking. 

 

 

Tough Polymers such as Polythene can be made very tough. 
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Question: Complete the following table using the letters on the line graph. 

 

Letter on graph Comment 

 

A 

 

Over this range of stress values the strain increases in a direct proportional 

relationship (Hooke’s law).  Furthermore, the material is behaving elastically and 

when the entire load is removed, the material will resume back to its natural length. 

 

 

P 

 

This is called the point of proportionality.  Beyond this point the material will no 

longer obey Hooke’s law.  However, it may still be elastic (Stress ranges over 

section B). 

 

 

B 

 

Over this range of stress values the strain does not increase in a direct proportional 

relationship (disobeys Hooke’s law).  The line graph becomes curved. However, 

the material is still elastic. 

 

 

E 

 

This point is called the elastic limit.  At this point any material subjected to this 

stress will start to behave plastically.  Furthermore any further increase in stress 

and the material will also no longer return to its original length after the entire load 

has been removed (C). 

 

C 

 

Over this range of stress values the strain does not increase in a direct proportional 

relationship (disobeys Hooke’s law).  The line graph becomes curved. Furthermore, 

the material is no longer elastic and is plastic. 

 

 

Y 

 

This is the yield point. At this point the material will suddenly start to stretch in an 

uncontrolled manner without any further increase in load.  This is the stress at 

which a large amount of plastic deformation occurs with a constant or reduced load. 
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Mechanics (2) 

 

 
Across 

1. To calculate the stiffness constant of a material or the spring constant of a spring calculate 

this from a load versus extension line graph. 

4. This type of potential energy is stored in an object when stretched or compressed. 

6. Young stated that stress divided by strain could be used to calculate a quantity, which he 

gave his own name to. 

7. The property whereby a material can be stretched but then does not return to its original 

length when the load is removed. 

8. This material can have a very high stiffness constant and does not demonstrate elasticity 

but total plasticity. 

11. This law states that the extension produced when a material is stretched is in direct 

proportion to the load applied. 

13. Calculate this under a graph of stress against strain and you can determine the amount of 

elastic strain potential energy in a stretched material. 

14. The force applied to a material, which causes it to stretch. 

 

Down 

2. The property whereby a material can be stretched and then return to its original length 

when the load is removed. 

3. Force divided by cross sectional area. 
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5.Hooke’s law applies not only for the stretching of a material but also when it is subject to 

this. 

8. The unit that stress is expressed in which is another term for a Newton per square metre. 

9. When calculating strain we divide this by the original length. 

10. Is the strain of a stretched material expressed in any particular unit? 

12. At this point the material will suddenly start to stretch in an uncontrolled manner without 

any further increase in load.  This is the stress at which a large amount of plastic deformation 

occurs with a constant or reduced load. 

 

Exam questions: 

 

(1) How would you describe a material that can be easily shaped without losing strength, and 

is resistant to tearing? 

___________________________________________________________________________ 

 

(2) Hardened steel is a hard, brittle form of steel made by heating it up slowly and then 

quenching it in cold water. 

 

Write down one application in which hardened steel could be used.  Explain why it would be 

useful in this context. 

___________________________________________________________________________ 

 

(3) Riding helmets are designed to protect a rider’s head from injury should they fall off their 

horse. 

 

Describe three properties of a material that would be suitable for a riding helmet.   

Explain why each of these properties is advantageous. 

___________________________________________________________________________ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 


