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Year 12  

Physics Spring Term Homework Pack  

 

Name:     _________________________ 

Class:       _________________________ 

Teacher: _________________________ 

Our Spring Term Homework Programme. 
 

Due on [Friday]: 

Approximate 

Time 

Needed 

Is there help? 

Where can I find it? 

Week 

#1 

Homework 1: [10th Jan] 

 Mechanics 1 1 hour Goo.gl/N1NpEc 

Week 

#2 

Homework 2: [17th Jan] 

Mechanics 2 1 hour Goo.gl/N1NpEc 

Week 

#3 

Homework 3: [24th Jan] 

Mechanics 3 1 hour Goo.gl/N1NpEc 

Week 

#4 

Homework 4: [31st Jan] 

Mechanics 4 1 hour Goo.gl/N1NpEc 

Week 

#5 

Homework 5: [7th Feb] 

Material 1 1 hour Goo.gl/N1NpEc 

Week 

#6  

Homework 6: [14th Feb] 

Material 2 
1 hour Goo.gl/N1NpEc 

Week 

#7 - 

Half 

Term 

Homework 7: [28th Feb] 

Material 3 

Material 4 1 hour Goo.gl/N1NpEc 

Week 

#8 

Homework 8: [6th Mar] 

Material 5 1 hour Goo.gl/N1NpEc 

Week 

#9 

Homework 9: [13th Mar] 

Young modulus 1 1 hour Goo.gl/N1NpEc 

Week 

#10  

Homework 10: [20th Mar] 

Young modulus 2 1 hour Goo.gl/N1NpEc 

Week 

# 11 

Homework 11: [27th Mar] 

Young modulus 3 1 hour Goo.gl/N1NpEc 

Week 

#12 

Homework 12: [4th Apr] 

Young modulus 4 1 hour Goo.gl/N1NpEc 
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Homework #1.       DUE: [17th Jan]  

[Title] Mechanics 1 

Q1. 

Which row correctly states whether momentum, mass and velocity are scalar or vector 
quantities? 

  

  Momentum Mass Velocity   

A scalar scalar vector  

B vector scalar scalar  

C scalar vector scalar  

D vector scalar vector  

(Total 1 mark) 

Q2. 

Figure 1 shows a kite boarder holding a line that is attached to a kite. 

Figure 1 

  

The wind blows the kite and the kite boarder moves at a constant speed across a level 
water surface. The tension in the line is 720 N and the line makes an angle of 50° to the 
horizontal. 

(a)     (i)      Calculate the vertical component of the tension in the line. 

vertical component of tension ____________________ N 

(2) 

(ii)     The kite boarder has a mass of 58 kg. 
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Calculate the normal reaction of the board on the kite boarder. 

normal reaction ____________________ N 

(2) 

(iii)     Suggest how the answer to part (a)(ii) compares with the upthrust of the 
water on the board. 

Consider the board to have negligible mass. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(b)     Figure 2 shows the kite boarder about to perform a jump using a ramp. 

Figure 2 

  

The end of the ramp is 1.8 m above the water surface. The kite boarder leaves the 
ramp at a velocity of 12 m s−1 and at an angle of 17° to the horizontal. The kite 
boarder lets go of the line at the instant he leaves the ramp. 

Calculate the speed with which the kite boarder enters the water. 

Assume that the kite boarder is a point mass and ignore the effects of air resistance. 
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speed ____________________ m s−1 

(4) 

(Total 10 marks) 

Q3. 

(a)    Indicate with ticks (✓) in the table below which of the quantities are vectors and 
which are scalars.  

  

  Velocity Speed Distance Displacement 

vector         

scalar         

(2) 

(b)     A tennis ball is thrown vertically downwards and bounces on the ground. The ball 
leaves the hand with an initial speed of 1.5 m s–1 at a height of 0.65 m above the 
ground. The ball rebounds and is caught when travelling upwards with a speed of 
1.0 m s–1. 

Assume that air resistance is negligible. 

(i)      Show that the speed of the ball is about 4 m s–1 just before it strikes the 
ground. 

(3) 

(ii)     The ball is released at time t = 0. It hits the ground at time tA and is caught at 
time tB. On the graph, sketch a velocity−time graph for the vertical motion of 
the tennis ball from when it leaves the hand to when it returns. The initial 
velocity X and final velocity Y are marked. 

  

(3) 
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(c)     In a game of tennis, a ball is hit horizontally at a height of 1.2 m and travels a 
horizontal distance of 5.0 m before reaching the ground. The ball is at rest when hit. 

Calculate the initial horizontal velocity given to the ball when it was hit. 

  

  

  

  

  

horizontal velocity = ____________________ m s–1 

(3) 

(Total 11 marks) 

Q4. 

(a)     Figure 1 shows the arrangement of apparatus in an experiment to investigate the 
equilibrium of three forces. 

Figure 1 

  

The two pulleys are secured in a fixed position at the same height. The centres of 
the pulleys are separated by a horizontal distance x. Identical masses m are 
suspended by a continuous string which passes over both pulleys. A third mass M is 
suspended from the string at point A, equidistant from the pulleys. The strings that 
pass over the pulleys each make an angle θ to the vertical at point A, as shown in 
Figure 1. 

When the forces are in equilibrium the vertical distance d is measured. Mass M is 
varied and the system is allowed to come into equilibrium. For each M, the 
corresponding distance d is measured. 
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The results are shown in the table below. 
  

M / kg d / m 

 

0.100 0.035 0.087 

0.200 0.066 0.163 

0.300 0.105 0.254 

0.400 0.139 0.328 

0.500 0.183   

0.600 0.228   

(i)      Given that x = 0.800 m, complete the table above. 

(1) 

(ii)     Complete the graph in Figure 2 by plotting the two remaining points and 
drawing a best fit straight line. 

(2) 

(iii)    Determine the gradient of the graph in Figure 2. 

  

  

  

  

gradient = ____________________ 

(3) 

(iv)    (1)    Consider the forces that act at point A in Figure 1. By resolving these 
forces vertically, show that M = 2mcos θ. 

Figure 2 
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(1) 

(2)     Express cosθ in terms of d and x and hence show that the gradient of the 

graph is equal to . 

  

  

  

  

(2) 

(3)     Determine the value of m using your value for the gradient from (iii). 
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m = ____________________ 

(2) 

(v)     A student obtains different results for d when M is increased compared with 
those obtained when M is decreased. 

(1)     Suggest why these two sets of results do not agree. 

          ________________________________________________________ 

          ________________________________________________________ 

(1) 

(2)     State what the student should do with the results to take account of this 
problem. 

          ________________________________________________________ 

          ________________________________________________________ 

(1) 

(b)     An arrangement for investigating the equilibrium of forces is shown in Figure 1. 

Figure 1 
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In the arrangement shown in Figure 1, P and Q are identical masses of mass m. A 
student uses this arrangement to investigate the relationship between m and θ 
when the system of forces is in equilibrium. Weight W is constant. 
The student performs the investigation by marking the position of the strings when 
the forces are in equilibrium for different values of m. He does this by marking 
crosses on the sheet of white paper. 

(i)      The string is about 10 mm from the paper. Describe and explain a technique to 
mark accurately the string positions on the paper. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(ii)     The crosses on the paper are used to determine the directions of the strings. 
The results are shown full scale in Figure 2. 

(1)     Use Figure 2 and your protractor to measure θ as accurately as possible 
and calculate the percentage uncertainty in your answer. State the 
precision of the protractor you used. 
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precision of protractor = ____________________ 

  

  

  

  

θ = ____________________ 

  

  

  

  

percentage uncertainty = ____________________ % 

(3) 

(2)     Use Figure 2 and a ruler to determine θ using trigonometry. Show on 
Figure 2 the measurements you make. 

  

  

  

  

θ = ____________________ 

(2) 

(iii)    Theory suggests that W = 2mg cosθ. 
The student produces a set of results for different values of m and the 
corresponding values of θ. 
Suggest and explain a graphical way of testing this relationship between m 
and θ. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

Figure 2 
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(1) 

(Total 21 marks) 
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Homework #2.       DUE: [24th Jan]  

[Title] Mechanics 2 

Q1. 

A bird sits on a uniform rod suspended from vertical wires P and Q. 

  

The rod has a weight W and is 15.0 cm long. 
The weight of the bird is 2W and acts at a distance x from P. 

What is the value of x when the tension in P is half the tension in Q? 
  

A 7.50 cm   

B 10.0 cm   

C 11.3 cm   

D 15.0 cm   

(Total 1 mark) 

Q2. 

A non-uniform sign is 0.80 m long and has a weight of 18 N 
It is suspended from two vertical springs P and Q. The springs obey Hooke’s law and the 
spring constant of each spring is 240 N m–1 
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The top end of spring P is fixed and the top end of spring Q is adjusted until the sign is 
horizontal and in equilibrium. 

What is the extension of spring Q? 
  

A 0.014 m   

B 0.038 m   

C 0.049 m   

D 0.061 m   

(Total 1 mark) 

Q3. 

This question is about using a digital balance to investigate the force on a wire placed in a 
magnetic field when there is an electric current in the wire. 

A student carries out the procedure shown in Figure 1 and Figure 2. 
A metre ruler is pivoted at the 1.0 cm mark and a prism is placed on a digital balance. The 
free end of the ruler is raised and the balance is turned on and then set to zero, as shown 
in Figure 1. 

Figure 1 

 

The ruler is then supported by the prism with the apex of the prism at the 30.0 cm mark 
as shown in Figure 2. The height of the pivot is adjusted so that the ruler is horizontal. 

Figure 2 
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(a)     Deduce the mass of the ruler. 
State one assumption you make. 

mass of ruler = ____________________ g 

assumption _________________________________________________________ 

___________________________________________________________________ 

(3) 

(b)     The student attaches a uniform wire to the upper edge of the ruler, as shown in 
Figure 3. 

The ends of the wire are connected to terminal blocks P and Q which are fixed 
firmly to the bench. A power supply and an ammeter are connected between P and 
Q. 

These modifications cause the balance reading to increase slightly. 

A horizontal uniform magnetic field is applied, perpendicular to the wire, between 
the 85 cm and 90 cm marks, as shown in the close-up diagram in Figure 3. 

Figure 3 



 

 
Page 15 of 130 

 

The balance reading M is recorded for increasing values of current I. 
A graph of these data is shown in Figure 4. 

Figure 4 
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State and explain the direction of the horizontal uniform magnetic field. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(c)     It can be shown that B, the magnitude of the magnetic flux density of the horizontal 
uniform magnetic field, is given by 
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where 

σ = change in force acting on the prism per unit current in the wire 
L = length of the region where the magnetic field cuts through the wire. 

Determine B. 

B = ____________________ T 

(3) 

(d)     The experiment is repeated with the ruler pivoted at the 99.0 cm mark. 
Nothing else is changed from Figure 3. 

This arrangement is shown in Figure 5. 

Figure 5 

 

Tick (✔) one box in row 1 and one box in row 2 of the table to identify the effect, if 
any, on the magnitude of the forces acting on the apparatus as a certain current is 
passed through the wire. 

Tick (✔) one box in row 3 and one box in row 4 of the table to identify the effect, if 
any, on the graph produced for this modified experiment compared with the graph 
in Figure 4. 

  

  Reduced No effect Increased 

1 Force acting on the current-
carrying wire due to the 
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horizontal uniform magnetic 
field 

2 
Force acting on the prism due 
to the pivoted ruler 

      

3 Gradient of the graph       

4 
Vertical intercept of the 
graph 

      

(3) 

(e)     Figure 6 shows the balance being used to measure the forces between two wires. 
The connections joining these wires to the power supply are not shown. 

The pan of the balance moves a negligible amount during use and it supports a 
straight conducting wire X of horizontal length L. 
Terminal blocks are used to connect X into the circuit. The weight of these does not 
affect the balance reading. 
A second conducting wire Y is firmly supported a distance d above X. 

Show, by adding detail to Figure 6, the wire connections that complete the circuit. 
The currents in X and Y must have the same magnitude and be in the directions 
indicated. 

Figure 6 
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(2) 

(f)      The vertical force F on wire X due to the magnetic field produced by wire Y is given 
by 

 

where 

k is a constant 
d is the perpendicular distance between X and Y 
I is the current in the wires 

and 
L is the horizontal length of wire X. 

A student wants to measure k using the arrangement in Figure 6. 

The student is told that the following restrictions must apply: 

•        L is fixed 
•        I must not exceed 5.0 A 
•        the result for k must be obtained using a graphical method 
•        the experimental procedure must involve only one independent variable. 
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Explain what the student could do to find k. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(5) 

(Total 19 marks) 

Q4. 

Four rectangular loops of wire A, B, C and D are each placed in a uniform magnetic field of 
the same flux density B. The direction of the magnetic field is parallel to the plane of the 
loops as shown. 

When a current of 1 A is passed through each of the loops, magnetic forces act on them. 
The lengths of the sides of the loops are as shown. 
Which loop experiences the largest couple? 
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A B C D 

(Total 1 mark) 

Q5. 

The diagram shows a uniform metre ruler of weight 1.5 N pivoted 15 cm from one end for 
use as a simple balance. 

 

A scale pan of weight 0.5 N is placed at the end of the ruler and an object of unknown 
weight is placed in the pan. The ruler moves to a steady horizontal position when a 
weight of 2.5 N is added at a distance of 60 cm from the pivot as shown. 

What is the weight of the object? 
  

A 9.5 N  

B 10.0 N  

C 13.0 N  

D 13.5 N  

(Total 1 mark) 

Q6. 

A car wheel nut can be loosened by applying a force of 200 N on the end of a bar of 
length 0.8 m as in X. A car mechanic is capable of applying forces of 500 N simultaneously 
in opposite directions on the ends of a wheel wrench as in Y. 

 
X                                                        Y         

What is the minimum length l of the wrench which would be needed for him to loosen 
the nut? 

  

A 0.16 m  



 

 
Page 22 of 130 

B 0.32 m  

C 0.48 m  

D 0.64 m  

(Total 1 mark) 

Q7. 

The diagram below shows a vase placed on a uniform shelf that is supported by a steel 
wire. 

  

The mass of the vase is 0.65 kg and the mass of the shelf is 2.0 kg. The shelf is hinged at A. 
The steel wire is attached to the shelf 0.30 m from A and is at an angle of 30° to the shelf. 
The other end of the steel wire is attached to the wall. 

(a)     State the principle of moments. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(b)     Show, by taking moments about A, that the tension in the steel wire is about 50 N. 

(4) 
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(c)     The cross-sectional area of the steel wire is 7.8 × 10−7 m2. The steel has a Young 
modulus of 180 GPa. 

Calculate the tensile strain of the steel wire when it is holding up the shelf and the 
vase. 

tensile strain =____________________ 

(2) 

(Total 8 marks) 

Q8. 

A shaduf is a device used to lift water from a well. It consists of an upright support to 
which a uniform beam is pivoted. It can be assumed that the weight of the beam is 
negligible. On one end of the beam is a counterweight, and on the other a bucket which 
can hold the water. 

Figure 1 shows a diagram of a typical shaduf. 

Figure 1 

  

The counterweight is of uniform material and has a weight of 50 N. It is 0.60 m long. 

(a)     Calculate the moment of the counterweight about the pivot when the beam is 
horizontal. 
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moment = _______________ N m 

(2) 

(b)     The bucket has a weight of 120 N and has a capacity of 0.16 m3. When the bucket is 
half full, a force is required at the end of the beam to lift the bucket and water. 

Calculate the value of this force when the beam is horizontal. 

density of water = 1000 kg m−3 

additional force = _______________ N 

(5) 

(c)     Explain how the force in part (b) would be different if the weight of the beam is not 
considered to be negligible. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(Total 10 marks) 

Q9. 

A light uniform rigid bar is pivoted at its centre. Forces act on the bar at its ends and at 
the centre. 

Which diagram shows the bar in equilibrium? 
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A  

B  

C  

D  

(Total 1 mark) 
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Homework #3.       DUE: [31th Jan]  

[Title] Mechanics 3 

Q1. 

Figure 1 shows the apparatus used by a student in an experiment to measure the 
acceleration due to gravity, g. 

Figure 1 

 

In the experiment: 

•        a block is used to raise one end of the air track as shown in Figure 1 

•        an air-track glider is released from rest near the raised end of the air track and 
passes through the first light gate and then through the second light gate 

•        a piece of card of length d fitted to the air-track glider interrupts a light beam as the 
air-track glider passes through each light gate 

•        a data logger records the time taken by the piece of card to pass through each light 
gate and also the time for the piece of card to travel from one light gate to the 
other. 

(a)     Table 1 gives measurements made with the light gates as shown in Figure 1. 

Table 1 
  

Time to pass through 
first light gate / s 

Time to pass through 
second light gate / s 

Time to travel from 
first to second light 

gate / s 

0.50 0.40 1.19 

The length d of the piece of card is 10.0 cm 

Assume there is negligible change in velocity while the air-track glider passes 
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through a light gate. 

Determine the acceleration a of the air-track glider. 

a = ____________________ m s–2 

(3) 

(b)     Two further sets of readings, A and B, are taken each with the light gates in different 
positions along the air track. 
Assume the acceleration is the same in each set. 

Table 2 shows these additional sets of results. 

Table 2 
  

Set 
Time to pass through 

first light gate / s 
Time to pass through 
second light gate / s 

Time to travel from 
first to second light 

gate / s 

A 0.61 0.42 1.77 

B 0.55 0.37 2.11 

Explain how the data in Table 2 show that the distance between the light gates in 
set B is greater than in set A. 

Assume there is negligible change in velocity while the air-track glider passes 
through a light gate. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
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(2) 

(c)     Additional values for the acceleration of the air-track glider are obtained by further 
raising the end of the air track by using a stack consisting of identical blocks. 
Adding each block to the stack raises the end of the air track by the same distance. 

Figure 2 is a graph of these results showing how a varies with n, the number of 
blocks in the stack. 

Figure 2 

 

Draw a suitable best-fit straight line on Figure 2 and determine G, the gradient of 
your line. 

G = ____________________ 

(2) 

(d)     It can be shown that, for the apparatus used by the student, g is equal to 

  where h is the thickness of each block used in the experiment. 
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The student obtains a value for g of 9.8 m s–2 

Calculate h. 

h = ____________________ m 

(1) 

(e)     Explain how you could find out, without drawing another graph, whether the data 
presented in the graph in Figure 2 support the suggestion that a is directly 
proportional to n. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(Total 9 marks) 

Q2. 

A girl is bouncing on a trampoline. 

Assuming that air resistance is negligible, her acceleration 
  

A is zero when she is at maximum height.   

B is constant when she is in the air.   

C changes direction as she rises and then falls.   

D is maximum just before she lands on the trampoline.   

(Total 1 mark) 

Q3. 

An aircraft is flying due north through still air with a speed v 
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The aircraft enters a region where the wind is blowing with a speed u from a direction 
which makes an angle of θ with due south. 

  

What is the time taken for the aircraft to fly a distance D due north of its current position 
in this windy region? 

  

A 
  

  

B 
  

  

C 
  

  

D 
  

  

(Total 1 mark) 

Q4. 

Which row gives two features of graphs that provide the same information? 
  

  Feature 1 Feature 2   

A 
Gradient of a 
displacement–time graph 

Area under a velocity–
time graph  

B 
Gradient of a 
displacement–time graph 

Area under an 
acceleration–time graph  
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C 
Gradient of a velocity–
time graph 

Area under a 
displacement–time graph  

D 
Gradient of a velocity–
time graph 

Area under an 
acceleration–time graph  

(Total 1 mark) 

Q5. 

A car is designed to break the land speed record. The thrust exerted on the car is 230 kN 
at one instant of its motion. The mass of the car at this instant is 11 000 kg. 

(a)     The acceleration of the car at this instant is 2.9 m s−2. 

Calculate the air resistance acting on the car. 

air resistance =__________________ N 

(3) 

(b)     The thrust on the car remains constant as the speed increases. 

Explain why the acceleration decreases and eventually reaches zero. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(c)     A supersonic car is attempting to break the land speed record on a horizontal track. 
When it is travelling at 320 m s−1, a small part P that is 1.5 m above the ground 
becomes detached from the car. The initial vertical velocity of P is 2.5 m s−1 in the 
upwards direction. 

Calculate the time taken for the small part P to reach the ground. 
Assume that air resistance has a negligible effect on the vertical motion. 
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time =______________________s 

(3) 

(d)     The graph below shows the path that P would follow from the instant that it 
became detached if there were no air resistance in the horizontal direction. 

  

In practice, air resistance is not negligible in the horizontal direction. 

Draw, on the graph, a line to show the path that P would follow assuming that air 
resistance only affects motion in the horizontal direction. 

(2) 

(e)     Explain your answer to part (d), including the reason why air resistance is negligible 
in the vertical direction. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 12 marks) 
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Q6. 

Horizontal escape lanes made of loose gravel have been constructed at the side of some 
roads on steep hills so that vehicles can stop safely when their brakes fail. 

The graph shows an engineer’s prediction of how the speed of an unpowered vehicle of 
mass 1.8 × 104 kg will vary with time as the vehicle comes to rest in an escape lane. 

 

(a)     Determine the force decelerating the vehicle 2.0 s after entering the escape lane. 

force decelerating the vehicle = ____________________ N 

(3) 

(b)     Deduce whether a lane of length 85 m is long enough to stop the vehicle, assuming 
that the engineer’s graph is correct. 

___________________________________________________________________ 

___________________________________________________________________ 
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(3) 

(c)     Discuss the energy transfers that take place when a vehicle is decelerated in an 
escape lane. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(d)     An alternative to an escape lane containing gravel is an escape lane that consists of 
a ramp. An escape ramp is a straight road with a concrete surface that has a 
constant upward gradient. 

One escape ramp makes an angle of 25° to the horizontal and is 85 m long. 

Deduce whether this escape ramp is sufficient to stop the vehicle. 

Assume that any frictional forces and air resistance that decelerate the vehicle are 
negligible. 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(e)     Discuss whether an escape lane containing gravel or an escape ramp would provide 
the safer experience for the driver of the vehicle as it comes to rest. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
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___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(Total 12 marks) 

Q7. 

Figure 1 shows a model of a system being designed to move concrete building blocks 
from an upper to a lower level. 

Figure 1 

 

The model consists of two identical trolleys of mass M on a ramp which is at 35° to the 
horizontal. The trolleys are connected by a wire that passes around a pulley of negligible 
mass at the top of the ramp. 

Two concrete blocks each of mass m are loaded onto trolley A at the top of the ramp. The 
trolley is released and accelerates to the bottom of the ramp where it is stopped by a 
flexible buffer. The blocks are unloaded from trolley A and two blocks are loaded onto 
trolley B that is now at the top of the ramp. The trolleys are released and the process is 
repeated. 

Figure 2 shows the side view of trolley A when it is moving down the ramp. 

Figure 2 
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(a)     The tension in the wire when the trolleys are moving is T. 

Draw and label arrows on Figure 2 to represent the magnitudes and directions of 
any forces and components of forces that act on trolley A parallel to the ramp as it 
travels down the ramp. 

(1) 

(b)     Assume that no friction acts at the axle of the pulley or at the axles of 
the trolleys and that air resistance is negligible. 

Show that the acceleration a of trolley B along the ramp is given by 

 

  

  

  

(2) 

(c)     Compare the momentum of loaded trolley A as it moves downwards with the 
momentum of loaded trolley B. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(d)     In practice, for safety reasons there is a friction brake in the pulley that provides a 
resistive force to reduce the acceleration to 25% of the maximum possible 
acceleration. 

The distance travelled for each journey down the ramp is 9.0 m. 

The following data apply to the arrangement. 

Mass of a trolley M = 95 kg 

Mass of a concrete block m = 30 kg 

Calculate the time taken for a loaded trolley to travel down the ramp. 
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time = ____________________ s 

(3) 

(e)     It takes 12 s to remove the blocks from the lower trolley and reload the upper 
trolley. 

Calculate the number of blocks that can be transferred to the lower level in 30 
minutes. 

number = ____________________  

(2) 

(Total 10 marks) 

Q8. 

A mass of 2.5 kg is released from rest at X and slides down a ramp, of height 3.0 m, to 
point Y as shown. 

  

When the mass reaches Y at the bottom of the ramp it has a velocity of 5.0 m s–1. 

What is the average frictional force between the mass and the ramp? 
  

A 8.5 N  

B 10.6 N  

C 14.7 N  

D 24.5 N  
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Homework #4.       DUE: [7th Feb]  

[Title] Mechanics 4 

Q1. 
Two spheres, P and Q, have the same volume but P has a greater mass. The spheres fall in air at 

their terminal velocities vP and vQ respectively. 

Which row states the relationship between vP and vQ and the reason? 

  

  
Relationship 

between vP and vQ 
Reason   

A vP = vQ 
Terminal velocity is unaffected 

by mass   

B vQ > vP 
The mass of Q is less and it 

accelerates more   

C vQ > vP 
P reaches equilibrium at a lower 

terminal velocity   

D vP > vQ 
Q reaches equilibrium at a lower 

terminal velocity   

(Total 1 mark) 
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Q2. 
A projectile is launched with a speed of 25 m s–1 at an angle of 35° to the horizontal, as shown in 
the diagram. 

  

Air resistance is negligible. 

What is the time taken for the projectile to return to the ground? 
  

A 1.5 s   

B 2.1 s   

C 2.9 s   

D 4.2 s   

(Total 1 mark) 

Q3. 
An electric wheelchair, powered by a battery, allows the user to move around independently. 

One type of electric wheelchair has a mass of 55 kg. The maximum distance it can travel on level 
ground is 12 km when carrying a user of mass 65 kg and travelling at its maximum speed of 
1.5 m s−1. 

The battery used has an emf of 12 V and can deliver 7.2 × 104 C as it discharges fully. 

(a)     Show that the average power output of the battery during the journey is about 100 W. 

  

(3) 

(b)     During the journey, forces due to friction and air resistance act on the wheelchair and its 
user. 

Assume that all the energy available in the battery is used to move the wheelchair and its 
user during the journey. 
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Calculate the total mean resistive force that acts on the wheelchair and its user. 

total mean resistive force = ____________________ N 

(2) 

The diagram below shows the wheelchair and its user travelling up a hill. The hill makes an angle 
of 4.5° to the horizontal. 

  

(c)     Calculate the force that gravity exerts on the wheelchair and its user parallel to the slope. 

force parallel to the slope = ____________________ N 

(1) 

(d)     Calculate the maximum speed of the wheelchair and its user when travelling up this hill 
when the power output of the battery is 100 W. 

Assume that the resistive forces due to friction and air resistance are the same as in part 
(b). 

maximum speed = ____________________ m s−1 

(2) 

(e)     Explain how and why the maximum range of the wheelchair on level ground is affected by 

•   the mass of the user 

•   the speed at which the wheelchair travels. 



 

 
Page 41 of 130 

Effect of mass _______________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Effect of speed ______________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(4) 

(Total 12 marks) 

Q4. 
A stone of mass 0.4 kg is projected horizontally at a speed of 6.0 m s−1 from the top of a wall, 5.0 
m above the surrounding ground. When it arrives at the ground its speed is 10 m s−1. 

How much energy is lost by the stone in falling through the air? 
  

A 2.4 J  

B 6.8 J  

C 12.8 J  

D 14.4 J  

(Total 1 mark) 

Q5. 
A projectile is launched some distance above the ground at an angle of 25° above the horizontal 
with a vertical component of velocity of 5.0 m s−1. Figure 1 shows the flight path of the projectile. 
The flight takes 1.3 s. 

Ignore the effects of air resistance throughout this question. 

Figure 1 



 

 
Page 42 of 130 

  

(a)     (i)      Show that the initial speed of the projectile is about 12 m s−1. 

  

(2) 

(ii)    Calculate the horizontal component of velocity as the projectile hits the ground. 

horizontal component of velocity = ____________________ m s−1 

(2) 

(b)     (i)      Calculate the maximum height above the starting point reached by the projectile. 
Give your answer to an appropriate number of significant figures. 

maximum height reached = ____________________ m 

(2) 

(ii)     Calculate the total horizontal distance travelled by the projectile from its starting 
point. 

horizontal distance = ____________________ m 

(1) 

(c)     (i)      Mark with an A on the flight path in Figure 1 the position where the speed of the 
projectile is greatest. 

(1) 
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(ii)     Mark with a B on the flight path in Figure 1 the position where the speed of the 
projectile is least. 

(1) 

(iii)    The projectile reaches its maximum height at time tH and finishes its flight at time tF. 

Draw on Figure 2 a graph to show how the magnitude of the vertical component of 
velocity of the projectile varies with time. Numerical values are not required. 

Figure 2 

  

(2) 

(Total 11 marks) 

Q6. 
The motion of a long jumper during a jump is similar to that of a projectile moving under gravity. 
The figure below shows the path of an athlete above the ground during a long jump from half-way 

through the jump at position A, to position B at which contact is made with sand on the ground. 

The athlete is travelling horizontally at A. 

  

(a)     During this part of the jump, the centre of mass of the athlete falls 1.2 m. 

(i)      Calculate the time between positions A and B. 
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time ____________________ s 

(3) 

(ii)     The athlete is moving horizontally at A with a velocity of 8.5 m s–1. Assume there is 

noair resistance. Calculate the horizontal displacement of the centre of mass from A 

to B. 

  

  

  

horizontal displacement ____________________ m 

(2) 

(b)     (i)      The athlete in the image above slides horizontally through the sand a distance of 0.35 
m before stopping. 

Calculate the time taken for the athlete to stop. Assume the horizontal component of 
the resistive force from the sand is constant. 

  

  

  

time ____________________ s 

(2) 

(ii)     The athlete has a mass of 75 kg. Calculate the horizontal component of the resistive 
force from the sand. 

  

  

  

horizontal component of resistive force ____________________ N 

(3) 

(Total 10 marks) 

Q7. 
The diagram shows the path of a projectile launched from ground level with a speed of 25 m s–1 at 
an angle of 42° to the horizontal. 
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What is the horizontal distance from the starting point of the projectile when it hits the ground? 
  

A 23 m  

B 32 m  

C 47 m  

D 63 m  

(Total 1 mark) 

Q8. 

A ballbearing X of mass 2m is projected vertically upwards with speed u. A ballbearing Y of mass 

m is projected at 30° to the horizontal with speed 2u at the same time. Air resistance is negligible. 

Which of the following statements is correct? 
  

A The horizontal component of Y's velocity is u.  

B The maximum height reached by Y is half that reached by X  

C X and Y reach the ground at the same time.  

D X reaches the ground first.  

(Total 1 mark) 

Q9. 
Figure 1 shows a golfer hitting a ball from the top of a cliff. The ball follows the path shown. The 
ball is hit with an initial velocity of 40 m s−1 at an angle of 30° above the horizontal, as shown. 
Assume that there is no air resistance. 

Figure 1 
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(a)     Calculate the initial vertical component of velocity of the ball. 

initial vertical component of velocity = ______________________________ m s−1 

(1) 

(b)     Draw on the diagram an arrow to show the direction of the force acting on the ball when it 
is at point X, the highest point of the flight. Label this arrow F. 

(1) 

(c)     At point Y the ball is level with its initial position. 

Show that the time taken to reach Y is about 4 s. 

(2) 

(d)     The total time of flight of the ball is 6.0 s. 

Show on Figure 2 how v, the vertical component of the velocity, changes throughout the 

whole 6.0 s. 

Figure 2 
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(3) 

(e)     Calculate the height h of the cliff. 

height _________________ m 

(3) 

(f)     In practice, the air resistance affects the path of the ball. 

Draw on Figure 1 the path the ball takes when air resistance is taken into account. 

(2) 

(Total 12 marks) 

Q10. 
Two identical balls, X and Y, are at the same height and a horizontal distance of 25 cm apart. 

X is projected horizontally with a velocity of 0.10 m s–1 towards Y at the same time that Y is 
released from rest. Both X and Y move freely in the absence of air resistance. 
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What is the distance between the balls 1.0 s later? 
  

A 0.15 m  

B 0.25 m  

C 2.4 m  

D 4.9 m  

(Total 1 mark) 
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Homework #5.       DUE: [14th Feb]  

[Title] Material 1 

Q1. 

(a)     Calculate the weight of an ice cube that has volume 4.0 × 10–6 m3 

density of ice = 920 kg m–3 

weight = ____________________ N 

(2) 

(b)     The diagram shows the ice cube floating in a beaker of water. 

 

When the ice cube is placed in the beaker, it displaces a volume of water causing 
the water level to rise. 
The weight of water displaced is equal to the weight of the ice cube. 

Calculate the volume of water displaced by the ice cube. 

density of water = 1000 kg m–3 

volume = ____________________ m3 

(1) 

(c)     The ice cube in the diagram is replaced by another cube also with volume 4.0 × 10–6 
m3 

This cube is made of ice containing a small piece of iron. 
The mass of water now displaced is 3.9 × 10–3 kg 

Calculate the volume of the piece of iron. 
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density of iron = 7800 kg m–3 

volume = ____________________ m3 

(3) 

(Total 6 marks) 

Q2. 

The table contains information on four wires. It shows the stiffness of each wire and the 
maximum strain energy stored in the wire when extended to the breaking point. 

Assume each wire has the same initial dimensions and obeys Hooke’s law. 

Which wire extends the least before reaching the breaking point? 
  

  Stiffness / N m–1 Maximum strain 
energy / J 

  

A 4.0 1   

B 9.0 1   

C 16 3   

D 25 3   

(Total 1 mark) 

Q3. 

Figure 1 shows a structure that supports a horizontal copper aerial wire W used for 
transmitting radio signals. 

Figure 1 
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The copper aerial wire is 12 m long and its area of cross-section is 1.6 × 10–5 m2. 
The tension in the copper aerial wire is 5.0 × 102 N. 

Young modulus of copper = 1.2 × 1011 Pa 

(a)     Show that the extension produced in a 12 m length of the aerial wire when the 
tension is 5.0 × 102 N is less than 4 mm. 

(2) 

(b)     The cables that support each mast are at an angle of 65° to the horizontal. 

Calculate the tension in each supporting cable so that there is no resultant 
horizontal force on either mast. 

tension = ____________________________ N 

(1) 

(c)     When wind blows, stationary waves can be formed on the aerial wire. 

Explain how stationary waves are produced and why only waves of specific 
frequencies can form on the aerial wire. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(4) 

(d)     Calculate the mass of a 1.0 m length of the aerial wire. 

Density of copper = 8900 kg m–3 
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mass = ____________________________ kg 

(1) 

(e)     Calculate the frequency of the wave when the third harmonic is formed on the 
aerial wire. 

frequency = ____________________________ Hz 

(2) 

(f)     Sketch, on Figure 2, the standing wave on the wire when the third harmonic is 
formed. 

Figure 2 

  

(1) 

(g)     High winds produce large amplitudes of vibration of the aerial wire. 

Explain why the wire may sag when the high wind stops. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 13 marks) 

Q4. 

A student adds a series of masses to a vertical metal wire of circular cross–section and 
measures the extension of the wire produced. The figure below is a force-extension graph 
of the data. 
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(a)     Mark on the figure the point P, the limit beyond which Hooke’s law is no longer 
obeyed. 

(1) 

(b)     Outline how the student can use these results and other measurements to 
determine the Young modulus of the wire. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(c)     When the wire has been extended to A, the masses are removed one by one and the 
extension re-measured. 

Draw, on the figure above, the shape of the graph that the student will obtain. 

(1) 

(d)     Explain why the graph has the shape you have drawn. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
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(2) 

(e)     The metal wire is used to make a cable of diameter 6.0 mm. The Young modulus of 
metal of the cable is 2.0 × 1011 Pa. 

Calculate the force necessary to produce a strain of 0.20% in the cable. 

  

  

  

force = ____________________ kN 

(3) 

(f)     The cable is used in a crane to lift a mass of 600 kg. 

Determine the maximum acceleration with which the mass can be lifted if the strain 
in the cable is not to exceed 0.20%. 

  

  

  

acceleration = ____________________ m s–2 

(3) 

(g)     An engineer redesigns the crane to lift a 1200 kg load at the same maximum 
acceleration. 

Discuss the changes that could be made to the cable of the crane to achieve this, 
without exceeding 0.20% strain. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(Total 16 marks) 
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Q5. 

A load of 3.0 N is attached to a spring of negligible mass and spring constant 15 N m–1. 

  

What is the energy stored in the spring? 
  

A 0.3 J  

B 0.6 J  

C 0.9 J  

D 1.2 J  

(Total 1 mark) 

Q6. 

Two separate wires X and Y have the same original length and cross-sectional area. 

The graph shows the extension ∆L produced in X and Y when the tensile force F applied to 
the wires is increased up to the point where they break. 

 

Which statement is incorrect? 
  

A 
For a given extension more energy is stored in X than 
in Y.  

B 
The Young modulus of the material of wire Y is greater 
than that of wire X.  
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C Both wire X and wire Y obey Hooke’s law.  

D Wire X has a greater breaking stress than wire Y.  

(Total 1 mark) 

Q7. 

The diagram shows an arrangement used by a student to investigate vibrations in a 
stretched nylon string of fixed length l. He measures how the frequency f of first-
harmonic vibrations for the string varies with the mass m suspended from it. 

 

The table shows the results of the experiment. 
  

  m / kg f / Hz 

  0.50 110 

  0.80 140 

  1.20 170 

(a)     Show that the data in the table are consistent with the relationship 

f ∝ √T 

where T is the tension in the nylon string. 

  

(2) 

(b)     The nylon string used has a density of 1150 kg m–3 and a uniform 
diameter of 5.0 × 10–4 m. 
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Determine the length l of the string used. 

l = ____________________ m 

(3) 

(c)     The student uses the relationship in question (a) to predict frequencies for tensions 
that are much larger than those used in the original experiment. 

Explain how the actual frequencies produced would be different from those that 
the student predicts. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 7 marks) 
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Homework #6.       DUE: [21th Feb]  

[Title] Material 2 

Q1. 

The diagram shows how the stress varies with strain for metal specimens X and Y which 
are different. Both specimens were stretched until they broke. 

  

Which of the following is incorrect? 
  

A X is stiffer than Y  

B X has a higher value of the Young modulus  

C X is more brittle than Y  

D Y has a lower maximum tensile stress than X  

(Total 1 mark) 

Q2. 

The overhead cables used to transmit electrical power by the National Grid usually consist 
of a central core of steel cables surrounded by a sheath of cables of low resistivity 
material, such as aluminium. 

  

What is the main purpose of the steel core? 

A       To force more current into the outer sheath. 

B       To provide additional current paths through the cables. 

C       To reduce the power lost from the cables. 
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D       To increase the mechanical strength of the cables. 

(Total 1 mark) 

Q3. 

Two vertical copper wires X and Y of equal length are joined as shown. Y has a greater 
diameter than X. A weight W is hung from the lower end of Y. 

  

Which of the following is correct? 

A       The strain in X is the same as that in Y.                                        

B       The stress in Y is greater than that in X.                                       

C       The tension in Y is the same as that in X.                                     

D       The elastic energy stored in X is less than that stored in Y.         

(Total 1 mark) 

Q4. 

(a)     Define the moment of a force about a point. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(b)     The diagram shows a gripper which is used for hand strengthening exercises. 



 

 
Page 60 of 130 

  

The diagram shows the gripper being squeezed. In this situation, the gripper is in 
equilibrium. The force produced by the fingers is equivalent to the single force X of 
magnitude 250 N acting in the direction shown above. A force, Y, is exerted by the 
spring which obeys Hooke’s law. 

(i)      Calculate the moment of force X about the pivot. State an appropriate unit. 

  

  

  

  

moment = ____________________ unit __________ 

(2) 

(ii)     Calculate force Y. 

  

  

  

  

force = ____________________ N 
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(2) 

(iii)    The extension of the spring is 15 mm. 

Calculate the spring constant k of the spring. Give your answer in N m–1. 

  

  

  

  

spring constant = ____________________ N m–1 

(2) 

(iv)    Calculate the work done on the spring to squeeze it to the position shown in 
the diagram. 

  

  

  

  

work done = ____________________ J 

(2) 

(Total 10 marks) 

Q5. 

(a)     State the law of conservation of energy. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(b)     The diagram shows a block on a horizontal table top initially held against a spring so 
that the spring is compressed. The other end of the spring is fixed to a wall. When 
released the block is pushed away by the spring. When the spring reaches its 
natural length the block leaves the spring and then slides along the table top. A 
constant frictional force acting between the moving block and the table top 
eventually brings the block to rest. 
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(i)      When the block leaves the spring, the block has a kinetic energy of 2.2 J. The 
mass of the block is 0.40 kg. 
Calculate the maximum velocity of the block. 

maximum velocity = ____________________ m s−1 

(1) 

(ii)     The block travels 1.2 m after leaving the spring before coming to rest. 
Show that the frictional force between the block and the table top is about 1.8 
N. 

(1) 

(iii)     The spring was initially compressed through 0.20 m. The constant frictional 
force acts on the block whenever it is moving. 
Calculate the elastic potential energy in the spring when in its initial 
compressed position. 
Assume the spring has negligible mass. 
State an appropriate unit for your answer. 
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elastic potential energy = __________ unit = _________ 

(3) 

(iv)     The force exerted on the block by the spring is proportional to the 
compression of the spring. 
Calculate the maximum force exerted on the block by the spring. 

maximum force = ____________________ N 

(1) 

(Total 8 marks) 

Q6. 

Two masses hang at rest from a spring, as shown in the diagram. The string separating the 
masses is burned through. 

  

Which of the following gives the accelerations of the two masses as the string breaks? 

acceleration of free fall = g 
  

  acceleration of 
1 kg mass upwards in 

m s–2 

acceleration of 
2 kg mass downwards 

in 
m s–2 

  

A 3 g 1 g  

B 2 g 2 g  

C 2 g 1 g  

D 1 g 1 g  

(Total 1 mark) 

Q7. 



 

 
Page 64 of 130 

The diagram below shows the tensile stress–tensile strain graphs for four materials, A, B, 
C and D, up to their breaking stress. 

  

(a)     State what is meant by tensile stress and tensile strain. 

tensile stress ________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

tensile strain ________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(b)     Identify a property of material A using evidence from the graph to support your 
choice. 

property ____________________________________________________________ 

evidence ___________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(c)     A cylindrical specimen of material A under test has a diameter of 1.5 × 10−4 m and a 
breaking stress of 1.3 GPa. 

Calculate the tensile force acting on the specimen at its breaking point. 
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tensile force = ____________________ N 

(3) 

(d)     Discuss which of the four materials shown on the graph is most suitable for each of 
the following applications: 

•        the cable supporting a lift in a tall building 
•        a rope or cable attached to a person doing a bungee jump. 

For each application, you should discuss the reason for your choice and why you 
rejected the other materials. 

(6) 

(Total 13 marks) 

Q8. 

A seismometer is a device that is used to record the movement of the ground during an 
earthquake. A simple seismometer is shown in the diagram. 

  

A heavy spherical ball is attached to a pivot by a rod so that the rod and ball can move in a 
vertical plane. The rod is suspended by a spring so that, in equilibrium, the spring is 
vertical and the rod is horizontal. A pen is attached to the ball. The pen draws a line on 
graph paper attached to a drum rotating about a vertical axis. Bolts secure the 
seismometer to the ground so that the frame of the seismometer moves during the 
earthquake. 

(a)     The ball is made of steel of density 8030 kg m−3 and has a diameter of 5.0 cm. 

Show that the weight of the ball is approximately 5 N. 
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(3) 

(b)     The distance from the surface of the ball to the pivot is 12.0 cm, as shown in the 
diagram above. 

Calculate the moment of the weight of the ball about the pivot when the rod is 
horizontal. Give an appropriate unit for your answer. 

moment = ____________________ unit = __________  

(3) 

(c)     The spring is attached at a distance of 8.0 cm from the pivot and the spring has a 
stiffness of 100 N m−1. 

Calculate the extension of the spring when the rod is horizontal and the spring is 
vertical. You may assume the mass of the pen and the mass of the rod are 
negligible. 

extension = ____________________ m  

(3) 

(d)     Before an earthquake occurs, the line being drawn on the graph paper is horizontal. 

Explain what happens to the line on the graph paper when an earthquake is 
detected and the frame of the seismometer accelerates rapidly downwards. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
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___________________________________________________________________ 

(2) 

(Total 11 marks) 
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Homework #7.       DUE: [28th Feb]  

[Title] Material 3 and Material 4 

Material 3  

Q1. 

An aerospace engineer has built two differently designed wings. One wing is made from 
an aluminium alloy and the other is made from a carbon fibre composite. 

The engineer tests a sample of each material by applying a varying stress. 

(a)     Tick (✓) two of the boxes in the table below to indicate which are properties of the 
material from which the wing is made. 

  

breaking stress   

stiffness constant, k   

tensile strain   

tensile stress   

Young modulus   

(1) 

(b)     Below is the stress−strain graph that the engineer obtains for the aluminium alloy. 
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(i)      The engineer has labelled a point Q on the graph. This is a point beyond which 
the behaviour of the material changes irreversibly. State the name for this 
point. 

______________________________________________________________ 

(1) 

(ii)     Use the graph to determine the Young modulus of the aluminium alloy. 
Show your working. 

  

  

  

  

Young modulus = ____________________ Pa 

(2) 

(c)     The engineer who carried out the experiment to obtain the stress−strain graph 
decided to stretch another sample to a strain of 0.10. She then gradually reduced 
the stress to zero. 

Show by drawing on the graph how you would expect the stress to vary with strain 
as the stress is reduced. 

(2) 

(d)     Calculate the volume of 25.0 kg of the aluminium alloy. 

density of aluminium alloy = 2.78 × 103 kg m–3. 

  

  

  

  

volume = ____________________ m3 

(1) 

(e)     1.28% of the aluminium alloy’s volume is copper. 
Calculate the mass of pure aluminium needed to make 25.0 kg of the aluminium 
alloy. 

density of pure aluminium = 2.70 × 103 kg m–3. 
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mass of pure aluminium = ____________________ kg 

(2) 

(Total 9 marks) 

Q2. 

The diagram below shows a bungee jumper of mass 75 kg about to step off a raised 
platform. The jumper comes to a halt for the first time when his centre of mass has fallen 
through a distance of 31 m. 
The bungee rope has an unextended length of 19 m and a stiffness of 380 N m–1. 

Ignore the effects of air resistance and the mass of the rope in this question. 
Treat the jumper as a point mass located at the centre of mass. 

  

(a)     (i)      Calculate the extension of the bungee rope when the centre of mass of the 
jumper has fallen through 31 m. 

  

  

extension ____________________ m 

(1) 

(ii)     Calculate the resultant force acting on the jumper when he reaches the lowest 
point in the jump. 
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resultant force ____________________ N 

(2) 

(b)     Calculate the extension of the rope when the jumper’s acceleration is zero. 

  

  

  

  

extension ____________________ m 

(2) 

(c)     The extension of the bungee rope is 5.0 m when the jumper’s centre of mass has 
fallen through a distance of 25 m. 

Use the principle of conservation of energy to calculate the speed of the jumper in 
this position. 

  

  

  

  

  

  

  

  

speed ____________________ m s–1 

(4) 

(d)     The bungee jump operator intends to use a bungee rope of the same unextended 
length but with a much greater stiffness. The rope is to be attached in the same way 
as before. 

Explain, with reference to the kinetic energy of the jumper, any safety concerns that 
may arise as the jumper is slowed down by the new rope. 
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___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(Total 12 marks) 

Q3. 

A manufacturer of springs tests the properties of a spring by measuring the load applied 
each time the extension is increased. The graph of load against extension is shown below. 

  

(a)     State Hooke’s law. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(b)     Calculate the spring constant, k, for the spring. State an appropriate unit. 
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spring constant ____________________ unit __________ 

(3) 

(c)     Use the graph to find the work done in extending the spring up to point B. 

  

  

  

work done ____________________ J 

(3) 

(d)     Beyond point A the spring undergoes plastic deformation. 

Explain the meaning of the term plastic deformation. 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(e)     When the spring reaches an extension of 0.045 m, the load on it is gradually 
reduced to zero. On the graph above sketch how the extension of the spring will 
vary with load as the load is reduced to zero. 

(2) 

(f)     Without further calculation, compare the total work done by the spring when the 
load is removed with the work that was done by the load in producing the extension 
of 0.045 m. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(Total 12 marks) 

Q4. 

A spring has a stiffness of 125 Nm–1. 
Calculate the extension of the spring when a weight of 8.0 N is suspended on it. 
Give your answer in metres. 
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extension of spring ______________________ m 

(Total 2 marks) 

Q5. 

The diagram below shows a tower crane that has two identical steel cables. The length of 
each steel cable is 35 m from the jib to the hook. 

  

(a)     Each cable has a mass of 4.8 kg per metre. Calculate the weight of a 35 m length of 
one cable. 

  

  

  

weight = ____________________ N 

(2) 

(b)     The cables would break if the crane attempted to lift a load of 1.5 × 106 N or more. 
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Calculate the breaking stress of one cable. 

cross-sectional area of each cable = 6.2 × 10−4 m2 

  

  

  

breaking stress = ____________________ Pa 

(2) 

(c)     When the crane supports a load each cable experiences a stress of 400 MPa. Each 
cable obeys Hooke’s law. Ignore the weight of the cables. 

Young modulus of steel = 2.1 × 1011 Pa 

(i)      Calculate the weight of the load. 

  

  

  

weight = ____________________ N 

(2) 

(ii)     The unstretched length of each cable is 35 m. 

Calculate the extension of each cable when supporting the load. 

  

  

extension = ____________________ m 

(3) 

(iii)    Calculate the combined stiffness constant, k, for the two cables. 

  

  

  

stiffness constant = ____________________ Nm–1 

(2) 

(iv)    Calculate the total energy stored in both stretched cables. 
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energy stored = ____________________ J 

(2) 

(Total 13 marks) 

Q6. 

Figure 1 shows an archer with a compound bow. 

Figure 1 

  

The force F required to bend the bow and the corresponding displacement d of the arrow 
are measured. 
Figure 2 shows the plot of F against d. 

Figure 2 

  

(a)     A novice pulls the string back so that the arrow is displaced by 0.20 m. An 
experienced archer pulls it back further so that the displacement is 0.40 m. 
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Suggest an advantage that this extra displacement gives to the experienced archer. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(b)     Estimate the elastic energy stored in the bow when the arrow is displaced by 0.50 
m. 

  

  

  

  

  

energy stored ____________________ J 

(3) 

(c)     Calculate the maximum possible speed of an arrow of mass 3.5 × 10–2 kg when it is 
released from a bow that stores 58 J of elastic energy. 

  

  

  

  

  

maximum possible speed ____________________ m s–1 

(3) 

(d)     State and explain the effect of air resistance on the motion of the arrow after it has 
been released from the bow. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 9 marks) 
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 Material 4 

Q1. 

The figure below shows a stress-strain graph for a copper wire. 

  

(a)     Define tensile strain. 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(b)     State the breaking stress of this copper wire. 

answer = ______________________ Pa 

(1) 

(c)     Mark on the figure above a point on the line where you consider plastic deformation 
may start. 
Label this point A. 

(1) 

(d)     Use the graph to calculate the Young modulus of copper. State an appropriate unit 
for your answer. 
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answer = ______________________ 

(3) 

(e)     The area under the line in a stress-strain graph represents the work done per unit 
volume to stretch the wire. 

(i)      Use the graph to find the work done per unit volume in stretching the wire to 
a strain of 3.0 × 10–3. 

  

  

answer = ______________________J m–3 

(2) 

(ii)     Calculate the work done to stretch a 0.015 kg sample of this wire to a strain of 
3.0 × 10–3. 

The density of copper = 8960 kg m–3. 

  

  

answer = ______________________J 

(2) 

(f)      A certain material has a Young modulus greater than copper and undergoes brittle 
fracture at a stress of 176 MPa. 

On the figure above draw a line showing the possible variation of stress with strain 
for this material. 

(2) 

(Total 12 marks) 

Q2. 

In a reverse bungee experience a ‘rider’ is catapulted high into the air. 
A designer creates a less extreme version for more timid participants, as shown in the 
figure below. 

The rider is strapped into a rigid harness attached to one end of an elastic rope PR. The 
rider and the rope behave in the same way as a mass-spring system. 

The rider is initially held at rest at ground level. The top end of the rope, P, is raised to 
stretch the rope. The rider is then released and moves upwards, reaching a maximum 
height when the rope is at its unstretched (natural) length. The rider then oscillates 
vertically until eventually coming to rest, suspended above the ground. 
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The rope has an unstretched length of 20 m. When stretched, the rope obeys Hooke’s law 
and has a stiffness of 92 Nm–1. In the following questions ignore the mass of the rope. 

(a)     (i)      The rider and harness have a total mass of 55 kg. 
Calculate the overall length of the rope when the rider comes to rest, 
suspended above the ground, at the end of the ride. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

overall length ______________________ m 

(3) 

(ii)     At the start of the ride, the lower end of the rope R is attached to the rigid 
harness at a point which is 2.6 m above the ground. 

The top end of the rope, P, has to be adjusted so that the rope just becomes 
unstretched when the rider is at the highest point of the ride. 
Determine the height of P above the ground. 
Neglect air resistance in this part of the question. 

______________________________________________________________ 

______________________________________________________________ 
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______________________________________________________________ 

height of point P ______________________ m 

(1) 

(b)     (i)      Show that the frequency of oscillation of the rider on the end of the rope 
is about 0.2 Hz. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(3) 

(ii)     Calculate the maximum speed reached by the rider when the amplitude of the 
oscillation is 4.2 m. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

maximum speed ______________________ ms–1 

(2) 

(iii)     In practice, air resistance has an effect. Sketch below, a graph showing how 
you would expect the velocity to vary with time over the first two complete 
oscillations, from the instant the rider was released from ground level. Take 
an upward velocity as being positive. 

Label the time axis with a suitable scale. No scale is required on the velocity 
axis. 
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(3) 

(c)     (i)      A rider of greater mass now uses the ride. Explain how the height of P has to 
be changed to produce the same initial amplitude of oscillations as that for 
the previous rider. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(3) 

(ii)     A safety officer examines the design of the ride and thinks that, if the end P of 
the rope is raised too high so that the rope is stretched too much at the start, 
there is a risk that the rider could hit the ground after the first oscillation and 
suffer an injury. 
Describe what would happen to the rider during the ride in this case and 
explain why, even if air resistance is negligible, the safety officer’s concerns 
are unfounded. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(3) 

(Total 18 marks) 

Q3. 
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A cable car system is used to transport people up a hill. The figure below shows a 
stationary cable car suspended from a steel cable of cross-sectional area 2.5 × 10–3 m2. 

  

(a)     The graph below is for a 10 m length of this steel cable. 

  

(i)      Draw a line of best fit on the graph. 

(2) 

(ii)     Use the graph to calculate the initial gradient, k, for this sample of the cable. 

  

  

  

answer = ______________________ N m–1 

(2) 
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(b)     The cable breaks when the extension of the sample reaches 7.0 mm. Calculate the 
breaking stress, stating an appropriate unit. 

  

  

  

  

  

answer = ______________________ 

(3) 

(c)     In a cable car system a 1000 m length of this cable is used. Calculate the extension of 
this cable when the tension is 150 kN. 

  

  

  

  

  

answer = ______________________m 

(2) 

(Total 9 marks) 

Q4. 

A rubber cord is used to provide mechanical resistance when performing fitness exercises. 
A scientist decided to test the properties of the cord to find out how effective it was for 
this purpose. The graph of load against extension is shown in the figure below for a 0.50 
m length of the cord. 
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Curve A shows loading and curve B shows unloading of the cord. 

(a)     State which feature of this graph confirms that the rubber cord is elastic. 

___________________________________________________________________ 

(1) 

(b)     Explaining your method, use the graph (curve A) to estimate the work done in 
producing an extension of 0.30 m. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

answer = ______________________ J 

(3) 

(c)     Assuming that line A is linear up to an extension of 0.040 m, calculate the Young 
modulus of the rubber for small strains. 

The cross-sectional area of the cord = 5.0 × 10–6 m2 

The unstretched length of the cord = 0.50 m 
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answer = ______________________ Pa 

(3) 

(d)     The scientist compared this cord with a steel spring that reached the same 
extension for the same maximum load without exceeding its limit of proportionality. 

(i)      On the figure above, draw the load-extension line for this spring up to a load 
of 50 N and label it C. 

(1) 

(ii)     With reference to the spring, explain what is meant by limit of proportionality. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(Total 9 marks) 

Q5. 

A mountain walker of weight 750 N climbs a height of 300 m in 40 minutes. 

(a)     Calculate the average power required due to the gravitational force on the walker 
during the climb. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

average power ______________________ W 

(3) 

(b)     The walker uses a spring loaded walking pole that changes in length by 15 mm when 
the full weight of the walker is applied to it. 

Calculate the stiffness of the spring in the pole. 
Give an appropriate unit for your answer. 

___________________________________________________________________ 

___________________________________________________________________ 
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___________________________________________________________________ 

___________________________________________________________________ 

spring stiffness ______________________ 

unit ______________________ 

(3) 

(Total 6 marks) 

Q6. 

A student investigated how the extension of a rubber cord varied with the force used to 
extend it. She measured the extension for successive increases of the force and then for 
successive decreases. The diagram below shows a graph of her results. 

  

(a)     (i)      Give a reason why the graph shows the rubber cord does not obey Hooke’s 
law. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(ii)     Give a reason why the graph shows the rubber cord does not exhibit plastic 
behaviour. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(iii)     What physical quantity is represented by the area shaded on the graph 
between the loading curve and the extension axis? 

______________________________________________________________ 

______________________________________________________________ 



 

 
Page 88 of 130 

(1) 

(b)     Describe, with the aid of a diagram, the procedure and the measurements you 
would make to carry out this investigation. 

The quality of your written answer will be assessed in this question. 

  

  

  

  

  

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(6) 

(Total 9 marks) 
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Homework #8.       DUE: [6th March]  

[Title] Material 5 

Q1. 

(a)     (i)      Describe the behaviour of a wire that obeys Hooke’s law. 

______________________________________________________________ 

______________________________________________________________ 

(ii)     Explain what is meant by the elastic limit of the wire. 

______________________________________________________________ 

______________________________________________________________ 

(iii)     Define the Young modulus of a material and state the unit in which it is 
measured. 

______________________________________________________________ 

______________________________________________________________ 

(5) 

(b)     A student is required to carry out an experiment and draw a suitable graph in order 
to obtain a value for the Young modulus of a material in the form of a wire. 
A long, uniform wire is suspended vertically and a weight, sufficient to make the 
wire taut, is fixed to the free end. The student increases the load gradually by 
adding known weights. As each weight is added, the extension of the wire is 
measured accurately. 

(i)      What other quantities must be measured before the value of the Young 
modulus can be obtained? 

______________________________________________________________ 

______________________________________________________________ 

(ii)     Explain how the student may obtain a value of the Young modulus. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 
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(iii)     How would a value for the elastic energy stored in the wire be found from the 
results? 

______________________________________________________________ 

______________________________________________________________ 

(6) 

(Total 11 marks) 

Q2. 

An aerial system consists of a horizontal copper wire of length 38 m supported between 
two masts, as shown in the figure below. The wire transmits electromagnetic waves when 
an alternating potential is applied to it at one end. 

  

(a)     The wavelength of the radiation transmitted from the wire is twice the length of the 
copper wire. Calculate the frequency of the transmitted radiation. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(b)     The ends of the copper wire are fixed to masts of height 12.0 m. The masts are held 
in a vertical position by cables, labelled P and Q, as shown in the figure above. 

(i)      P has a length of 14.0 m and the tension in it is 110 N. Calculate the tension in 
the copper wire. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 
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______________________________________________________________ 

(ii)     The copper wire has a diameter of 4.0 mm. Calculate the stress in the copper 
wire. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(iii)     Discuss whether the wire is in danger of breaking if it is stretched further due 
to movement of the top of the masts in strong winds. 

breaking stress of copper = 3.0 × 108 Pa 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(7) 

(Total 8 marks) 

Q3. 

(a)     State Hooke’s law for a material in the form of a wire and state the conditions under 
which this law applies. 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(b)     A length of steel wire and a length of brass wire are joined together. This 
combination is suspended from a fixed support and a force of 80 N is applied at the 
bottom end, as shown in the figure below. 
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Each wire has a cross-sectional area of 2.4 × 10–6 m2. 

length of the steel wire = 0.80 m 
length of the brass wire = 1.40 m 
the Young modulus for steel = 2.0 × 1011 Pa 
the Young modulus for brass = 1.0 × 1011 Pa 

(i)      Calculate the total extension produced when the force of 80 N is applied. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(ii)     Show that the mass of the combination wire = 4.4 × 10–2 kg. 

density of steel = 7.9 × 103 kg m–3 

density of brass = 8.5 × 103 kg m–3 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(7) 

(c)     A single brass wire has the same mass and the same cross-sectional area as the 
combination wire described in part (b). Calculate its length. 

___________________________________________________________________ 
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___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 11 marks) 

Q4. 

(a)     When determining the Young modulus for the material of a wire, a tensile stress is 
applied to the wire and the tensile strain is measured. 

(i)      State the meaning of 

tensile stress ___________________________________________________ 

______________________________________________________________ 

tensile strain ___________________________________________________ 

______________________________________________________________ 

(ii)     Define the Young modulus ________________________________________ 

______________________________________________________________ 

(3) 

(b)     The diagram below shows two wires, one made of steel and the other of brass, 
firmly clamped together at their ends. The wires have the same unstretched length 
and the same cross-sectional area. 
One of the clamped ends is fixed to a horizontal support and a mass M is suspended 
from the other end, so that the wires hang vertically. 

  

(i)      Since the wires are clamped together the extension of each wire will be the 
same.  
If ES is the Young modulus for steel and EB the Young modulus for brass, show 
that 
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where FS and FB are the respective forces in the steel and brass wire. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(ii)     The mass M produces a total force of 15 N. Show that the magnitude of the 
force  
FS = 10 N. 

the Young modulus for steel = 2.0 × 1011 Pa 
the Young modulus for brass = 1.0 × 1011 Pa 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(iii)     The cross-sectional area of each wire is 1.4 × 10–6 m2 and the unstretched 
length is 1.5 m. Determine the extension produced in either wire. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(6) 

(Total 9 marks) 

Q5. 

The diagram below shows a lorry of mass 1.2 × 103 kg parked on a platform used to weigh 
vehicles. The lorry compresses the spring that supports the platform by 0.030 m. 
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Calculate the energy stored in the spring. 

gravitational field strength g = 9.8 N kg–1 

Energy stored = ____________________ 

(Total 3 marks) 

Q6. 

(a)     The graph shows the variation of tensile stress with tensile strain for two wires X and 
Y, having the same dimensions, but made of different materials. The materials 
fracture at the points FX and FY respectively. 

  

You may be awarded marks for the quality of written communication provided in 
your answer to the following questions. 

State, with a reason for each, which material, X or Y, 

(i)      obeys Hooke’s law up to the point of fracture, 

______________________________________________________________ 

______________________________________________________________ 

(ii)     is the weaker material, 
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______________________________________________________________ 

______________________________________________________________ 

(iii)     is ductile, 

______________________________________________________________ 

______________________________________________________________ 

(iv)    has the greater elastic strain energy for a given tensile stress. 

______________________________________________________________ 

______________________________________________________________ 

(8) 

(b)     An elastic cord of unstretched length 160 mm has a cross-sectional area of 0.64 
mm2. The cord is stretched to a length of 190 mm. Assume that Hooke’s law is 
obeyed for this range and that the cross-sectional area remains constant. 

the Young modulus for the material of the cord = 2.0 × 107 Pa 

(i)      Calculate the tension in the cord at this extension. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(ii)     Calculate the energy stored in the cord at this extension. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(5) 

(Total 13 marks) 

Q7. 

(a)     Define the density of a material. 

___________________________________________________________________ 
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___________________________________________________________________ 

(1) 

(b)     Brass, an alloy of copper and zinc, consists of 70% by volume of copper and 30% by 
volume of zinc. 

density of copper    = 8.9 × 103 kg m–3 

density of zinc         = 7.1 × 103 kg m–3 

(i)      Determine the mass of copper and the mass of zinc required to make a rod of 
brass of volume 0.80 × 10–3 m3. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(ii)     Calculate the density of brass. 

______________________________________________________________ 

______________________________________________________________ 

(4) 

(Total 5 marks) 
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Homework #9.       DUE: [13th March]  

[Title] Young modulus 1 

Q1. 

A steel wire W has a length l and a circular cross-section of radius r. When W hangs 
vertically and a load is attached to the bottom end, it extends by e. 
Another wire X made from the same material has the same load attached to it. 

Which length and radius for X will produce an extension of  ? 
  

  Length of X Radius of X   

A 0.5l 2r   

B l 4r   

C 2l 2r   

D 4l 4r   

(Total 1 mark) 

Q2. 

An aerospace engineer has built two differently designed wings. One wing is made from 
an aluminium alloy and the other is made from a carbon fibre composite. 

The engineer tests a sample of each material by applying a varying stress. 

(a)     Tick (✓) two of the boxes in the table below to indicate which are properties of the 
material from which the wing is made. 

  

breaking stress   

stiffness constant, k   

tensile strain   

tensile stress   

Young modulus   

(1) 

(b)     Below is the stress−strain graph that the engineer obtains for the aluminium alloy. 
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(i)      The engineer has labelled a point Q on the graph. This is a point beyond which 
the behaviour of the material changes irreversibly. State the name for this 
point. 

______________________________________________________________ 

(1) 

(ii)     Use the graph to determine the Young modulus of the aluminium alloy. 
Show your working. 

  

  

  

  

Young modulus = ____________________ Pa 

(2) 

(c)     The engineer who carried out the experiment to obtain the stress−strain graph 
decided to stretch another sample to a strain of 0.10. She then gradually reduced 
the stress to zero. 

Show by drawing on the graph how you would expect the stress to vary with strain 
as the stress is reduced. 

(2) 

(d)     Calculate the volume of 25.0 kg of the aluminium alloy. 
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density of aluminium alloy = 2.78 × 103 kg m–3. 

  

  

  

  

volume = ____________________ m3 

(1) 

(e)     1.28% of the aluminium alloy’s volume is copper. 
Calculate the mass of pure aluminium needed to make 25.0 kg of the aluminium 
alloy. 

density of pure aluminium = 2.70 × 103 kg m–3. 

  

  

  

  

mass of pure aluminium = ____________________ kg 

(2) 

(Total 9 marks) 

Q3. 

This question is about the determination of the Young modulus of the metal of a wire. 

In an experiment, two vertical wires P and Q are suspended from a fixed support. The 
fixed part of a vernier scale is attached to P and the moving part of the scale is attached 
to Q. The divisions on the fixed part of the scale are in mm. 

An empty mass hanger is attached to Q and the scale is set to zero. A load is added to the 
mass hanger so that the extension of Q can be measured as shown in Figure 1. 

Figure 1 
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(a)     The reading on the vernier scale can be used to determine ∆l, the extension of Q. 

Determine ∆l using Figure 1. 

∆l = ____________________ mm 

(1) 

(b)     Figure 2 shows how ∆l varies with m, the mass added to the hanger. 
Determine the mass added to the hanger shown in Figure 1. 

Figure 2 
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mass = ____________________ kg 

(1) 

(c)     A student uses digital vernier callipers to measure the diameter of Q. She places Q 
between the jaws of the callipers and records the reading indicated. Without 
pressing the zero button she removes Q and closes the jaws. 

Views of the callipers before and after she closes the jaws are shown in Figure 3. 

Figure 3 
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Calculate the true diameter of Q. 

diameter = ____________________ mm 

(1) 

(d)     The original length of Q was 1.82 m. 

Determine the Young modulus of the metal in Q. 

Young modulus = ____________________ Pa 

(4) 

(e)     The student repeats her experiment using a wire of the same original length and 
metal but with a smaller diameter. 

Discuss two ways this change might affect the percentage uncertainty in her result 
for the Young modulus. 

1. _________________________________________________________________ 
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___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

2. _________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(4) 

(Total 11 marks) 

Q4. 

What cannot be used as a unit for the Young modulus? 
  

A N m–2 
 

B Pa  

C kg m–2 s–2 
 

D kg m–1 s–2 
 

(Total 1 mark) 

Q5. 

A sample of wire has a Young modulus E. A second sample of wire made from an identical 
material has three times the length and half the diameter of the first sample. 

What is the Young modulus of the second sample of wire in terms of E? 
  

A 0.25E  

B E  

C 6E  

D 12E  

(Total 1 mark) 

Q6. 

The term ultrasound refers to vibrations in a material that occur at frequencies too high 
to be detected by a human ear. When ultrasound waves move through a solid, both 
longitudinal and transverse vibrations may be involved. For the longitudinal vibrations in 
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a solid, the speed c of the ultrasound wave is given by 

 

where E is the Young modulus of the material and ρ is the density. Values for c and ρ are 
given in the table below. 

  

Substance c / m s−1 ρ / kg m−3 

glass 5100 2500 

sea water 1400 1000 

Ultrasound waves, like electromagnetic radiation, can travel through the surface between 
two materials. When all the energy is transmitted from one material to the other, the 
materials are said to be acoustically matched. This happens when ρc is the same for both 
materials. 

(a)     Calculate the magnitude of the Young modulus for glass. 

  

  

  

Young modulus = ____________________ 

(1) 

(b)     State your answer to (a) in terms of SI fundamental units. 

  

  

  

(1) 

(c)     The passage states that ’when ultrasound waves move through a solid both 
longitudinal and transverse vibrations may be involved’. 

State the difference between longitudinal and transverse waves. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
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(2) 

(d)     Show that when two materials are acoustically matched, the ratio of their Young 
moduli is equal to the ratio of their speeds of the ultrasound waves. 

  

  

  

  

  

(2) 

(e)     The wave speed in a material X is twice that in material Y. X and Y are acoustically 
matched. 

Determine the ratio of the densities of X and Y. 

  

  

X = ____________________ Y = ____________________ 

(1) 

(f)      Ultrasound waves obey the same laws of reflection and refraction as 
electromagnetic waves. 

Using data from Table 1, discuss the conditions for which total internal reflection 
can occur when ultrasound waves travel between glass and sea water. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(Total 10 marks) 



 

 
Page 107 of 130 

Q7. 

If lengths of rail track are laid down in cold weather, they may deform as they expand 
when the weather becomes warmer. Therefore, when rails are laid in cold weather they 
are stretched and fixed into place while still stretched. This is called pre-straining. 

The following data is typical for a length of steel rail: 

Young modulus of steel =                               2.0 × 1011 Pa 
cross sectional area of a length of rail =        7.5 × 10–3 m2 

amount of pre-strain =                                    2.5 × 10–5 for each kelvin rise in  
                                                                        temperature the rail is expected to  
                                                                        experience. 

A steel rail is laid when the temperature is 8 °C and the engineer decides to use a pre-
strain of 3.0 × 10–4. 

(a)     Calculate the tensile force required to produce the pre-strain in the rail required by 
the engineer. 

  

  

  

tensile force = ____________________ N 

(3) 

(b)     Calculate the elastic strain energy stored in a rail of unstressed length 45 m when 
pre-strained as in part (a) 

  

  

  

elastic strain energy = ____________________ J 

(2) 

(c)     Calculate the temperature at which the steel rail becomes unstressed. 

  

  

  

temperature = ____________________ °C 

(2) 

(d)     Explain why the engineer does not use the highest observed temperature at the 
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location of the railway track to determine the amount of pre-strain to use. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 9 marks) 

Q8. 

A wire of length L and cross-sectional area A is stretched a distance e by a tensile force. 
The Young modulus of the material of the wire is E. 

Which expression gives the elastic energy stored in the stretched wire? 
  

A 
 

 

B 
 

 

C 
 

 

D 
 

 

(Total 1 mark) 

Q9. 

The diagram below shows a vase placed on a uniform shelf that is supported by a steel 
wire. 

  

The mass of the vase is 0.65 kg and the mass of the shelf is 2.0 kg. The shelf is hinged at A. 
The steel wire is attached to the shelf 0.30 m from A and is at an angle of 30° to the shelf. 
The other end of the steel wire is attached to the wall. 
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(a)     State the principle of moments. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(b)     Show, by taking moments about A, that the tension in the steel wire is about 50 N. 

(4) 

(c)     The cross-sectional area of the steel wire is 7.8 × 10−7 m2. The steel has a Young 
modulus of 180 GPa. 

Calculate the tensile strain of the steel wire when it is holding up the shelf and the 
vase. 

tensile strain =____________________ 

(2) 

(Total 8 marks) 
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Homework #10.       DUE: [20th March]  

[Title] Young modulus 2 

Q1. 

The diagram below shows a tower crane that has two identical steel cables. The length of 
each steel cable is 35 m from the jib to the hook. 

  

(a)     Each cable has a mass of 4.8 kg per metre. Calculate the weight of a 35 m length of 
one cable. 

  

  

  

weight = ____________________ N 

(2) 

(b)     The cables would break if the crane attempted to lift a load of 1.5 × 106 N or more. 
Calculate the breaking stress of one cable. 

cross-sectional area of each cable = 6.2 × 10−4 m2 
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breaking stress = ____________________ Pa 

(2) 

(c)     When the crane supports a load each cable experiences a stress of 400 MPa. Each 
cable obeys Hooke’s law. Ignore the weight of the cables. 

Young modulus of steel = 2.1 × 1011 Pa 

(i)      Calculate the weight of the load. 

  

  

  

weight = ____________________ N 

(2) 

(ii)     The unstretched length of each cable is 35 m. 

Calculate the extension of each cable when supporting the load. 

  

  

extension = ____________________ m 

(3) 

(iii)    Calculate the combined stiffness constant, k, for the two cables. 

  

  

  

stiffness constant = ____________________ Nm–1 

(2) 

(iv)    Calculate the total energy stored in both stretched cables. 

  

  

  

energy stored = ____________________ J 

(2) 



 

 
Page 112 of 130 

(Total 13 marks) 

Q2. 

The table below shows the results of an experiment where a force was applied to a 
sample of metal. 

(a)     On the axes below, plot a graph of stress against strain using the data in the table. 
  

Strain 
/ 10–3 0 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 

10.0
0 

Stress 
/108 
Pa 

0 0.90 2.15 3.15 3.35 3.20 3.30 3.50 3.60 3.60 3.50 

  

(3) 

(b)     Use your graph to find the Young modulus of the metal. 

  

  

  

  

answer = ______________________ Pa 

(2) 
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(c)     A 3.0 m length of steel rod is going to be used in the construction of a bridge. The 
tension in the rod will be 10 kN and the rod must extend by no more than 1.0mm. 
Calculate the minimum cross-sectional area required for the rod. 

Young modulus of steel = 1.90 × 1011 Pa 

  

  

  

  

  

answer = ______________________ m2 

(3) 

(Total 8 marks) 

Q3. 

The diagram below shows a dockside crane that is used to lift a container of mass 22000 
kg from a cargo ship onto the quayside. The container is lifted by four identical ‘lifting’ 
cables attached to the top corners of the container. 

  

(a)     When the container is being raised, its centre of mass is at a horizontal distance 32 
m from the nearest vertical pillar PQ of the crane’s supporting frame. 

(i)      Assume the tension in each of the four lifting cables is the same. Calculate the 
tension in each cable when the container is lifted at constant velocity. 
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answer ____________________ N 

(2) 

(ii)     Calculate the moment of the container’s weight about the point Q on the 
quayside, stating an appropriate unit. 

  

  

  

answer ____________________ 

(3) 

(iii)     Describe and explain one feature of the crane that prevents it from toppling 
over when it is lifting a container. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(b)     Each cable has an area of cross–section of 3.8 × 10–4 m2. 

(i)      Calculate the tensile stress in each cable, stating an appropriate unit. 

  

  

  

  

answer ____________________ 

(3) 

(ii)     Just before the container shown in the diagram above was raised from the 
ship, the length of each lifting cable was 25 m. Show that each cable extended 
by 17 mm when the container was raised from the ship. 

Young modulus of steel = 2.1 × 1011 Pa 

  

  



 

 
Page 115 of 130 

  

  

(2) 

(Total 12 marks) 

Q4. 

A uniform wooden beam of mass 35.0 kg and length 5.52 m is supported by two identical 
vertical steel cables A and B attached at either end, as shown in Figure 1. 

  

Figure 1 

(a)     Calculate 

(i)      the weight of the beam, 

______________________________________________________________ 

(ii)     the tension in each cable. 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(b)     Each unstretched cable has a diameter of 8.26 mm and a length 2.50 m. Calculate 
the extension of each cable when supporting the beam. 

The Young modulus for steel = 2.10 × 1011 Pa 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(4) 

(c)     An object of mass 20.0 kg is hung from the beam 1.00 m from cable A, as shown in 
Figure 2. 
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Figure 2 

(i)      Show that the new tension in cable A is 332 N. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(ii)     Calculate the new tension in cable B. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(6) 

(Total 12 marks) 

Q5. 

(a)     (i)      Define the Young modulus for a material. 

______________________________________________________________ 

______________________________________________________________ 

(ii)     Explain what is meant by the elastic limit for a wire. 

______________________________________________________________ 
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______________________________________________________________ 

(2) 

(b)     A wire supported at its upper end, hangs vertically. The table shows readings 
obtained when stretching the wire by suspending masses from its lower end. 

  

load / N 0 2.0 4.0 6.0 7.0 8.0 9.0 10.0 10.5 

extension / 
mm 

0 1.2 2.4 3.6 4.2 4.9 5.7 7.0 8.0 

(i)      Plot a graph of load against extension. 

(One sheet of graph paper should be provided) 

(ii)     Indicate on your graph the region where Hooke’s law is obeyed. 

(iii)    The unstretched length of the wire is 1.6 m and the area of cross-section 
8.0 × 10–8 m2. Calculate the value of the Young modulus of the material. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(8) 

(c)     (i)      By considering the work done in stretching a wire, show that the energy stored 

is given by Fe, where F is the force producing an extension e. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(ii)     Calculate the energy stored in the wire in part (b) when the extension is 4.0 
mm. 

______________________________________________________________ 
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______________________________________________________________ 

______________________________________________________________ 

(4) 

(Total 14 marks) 
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Homework #11.       DUE: [27th March]  

[Title] Young modulus 3 

Q1. 

(a)     (i)      Draw and label suitable apparatus required for measuring the Young modulus 
of a material in the form of a long wire. 

(ii)     List the measurements you would make when using the apparatus described 
in part (i). 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(iii)    Describe briefly how the measurements listed in part (ii) would be carried out. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(iv)    Explain how you would calculate the Young modulus from your 
measurements. 

______________________________________________________________ 
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______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(13) 

(b)     A uniform heavy metal bar of weight 250 N is suspended by two vertical wires, 
supported at their upper ends from a horizontal surface, as shown. 

  

One wire is made of brass and the other of steel. The cross-sectional area of each 
wire is 2.5 ×10–7 m2 and the unstretched length of each wire is 2.0 m. 

   the Young modulus for brass = 1.0 × 1011 Pa 
   the Young modulus for steel = 2.0 × 1011 Pa 

(i)      If the tension, T, in each wire is 125 N, calculate the extension of the steel 
wire. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(ii)     Estimate how much lower the end A will be than the end B. 

______________________________________________________________ 

______________________________________________________________ 

(3) 

(Total 16 marks) 

Q2. 

As part of a quality check, a manufacturer of fishing line subjects a sample to a tensile 
test. The sample of line is 2.0 m long and is of constant circular cross-section of diameter 
0.50 mm. Hooke’s law is obeyed up to the point when the line has been extended by 
52mm at a tensile stress of 1.8 × 108 Pa. 



 

 
Page 121 of 130 

The maximum load the line can support before breaking is 45 N at an extension of 88 mm. 

(a)     Calculate 

(i)      the value of the Young modulus, 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(ii)     the breaking stress (assuming the cross-sectional area remains constant), 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(iii)    the breaking strain. 

______________________________________________________________ 

(5) 

(b)     Sketch a graph on the axes below to show how you expect the tensile stress to vary 
with strain. Mark the value of stress and corresponding strain at 

(i)      the limit of Hooke’s law, 

(ii)     the breaking point. 

  

(4) 

(Total 9 marks) 

Q3. 
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(a)     The Young modulus is defined as the ratio of tensile stress to tensile strain. Explain 
what is meant by each of the terms in italics. 

tensile stress ________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

tensile strain ________________________________________________________ 

___________________________________________________________________ 

(3) 

(b)     A long wire is suspended vertically and a load of 10 N is attached to its lower end. 
The extension of the wire is measured accurately. In order to obtain a value for the 
Young modulus of the material of the wire, two more quantities must be measured. 
State what these are and in each case indicate how an accurate measurement might 
be made. 

quantity 1 __________________________________________________________ 

method of measurement _______________________________________________ 

___________________________________________________________________ 

quantity 2 __________________________________________________________ 

method of measurement _______________________________________________ 

___________________________________________________________________ 

(4) 

(c)     Sketch below a graph showing how stress and strain are related for a ductile 
substance and label important features. 

  

(2) 

(Total 9 marks) 



 

 
Page 123 of 130 

Q4. 

(a)    State what is meant by the yield stress of a material. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(b)     A steel piano wire has a diameter of 1.8 × 10−3 m and a length of 1.55 m. When 
tightened to emit a note of the required frequency it extends by 1.3 × 10−3 m. The 
Young modulus of the steel is 2.1 × 1011 Pa. 

(i)      Calculate the force exerted on the frame of the piano by this wire. 

(3) 

(ii)     Calculate the strain energy stored in this stretched wire. 

(2) 

(Total 8 marks) 

Q5. 

The four bars A, B, C and D have diameters, lengths and loads as shown. They are all 
made of the same material. 

Which bar has the greatest extension? 

  

(Total 1 mark) 
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Homework #12.       DUE: [3rd April]  

[Title] Young modulus 4 

Q1. 

A gymnast does a hand-stand on a horizontal bar. The gymnast then rotates in a vertical 
circle with the bar as a pivot. The gymnast and bar remain rigid during the rotation and 
when friction and air resistance are negligible the gymnast returns to the original 
stationary position. 

Figure 1 shows the gymnast’s position at the start and Figure 2 shows the position after 
completing half the circle. 

  

  

Figure 1         Figure 2         

(a)     The gymnast has a mass of 70 kg and the centre of mass of the gymnast is 1.20 m 
from the axis of rotation. 

acceleration of free fall, g = 9.8 m s–2 

(i)      Show clearly how the principle of conservation of energy predicts a  
speed of 6.9 m s–1 for the centre of mass when in the position shown in Figure 
2. 

(3) 

(ii)     The maximum force on the arms of the gymnast occurs when in the position 
shown in Figure 2. 

Calculate the centripetal force required to produce circular motion of the 
gymnast when the centre of mass is moving at 6.9 m s–1. 

(2) 

(iii)    Determine the maximum tension in the arms of the gymnast when in the 
position shown in Figure 2. 

(1) 

(iv)    Sketch a graph to show how the vertical component of the force on the bar 
varies with the angle rotated through by the gymnast during the manoeuvre. 
Assume that a downward force is positive. 

Include the values for the initial force and the maximum force on the bar. 
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Only show the general shape between these values. 

  

(2) 

(b)     The bones in each forearm have a length of 0.25 m. The total cross-sectional area of 
the bones in both forearms is 1.2 × 10–3 m2 . The Young modulus of bone in 
compression is 1.6 × 1010 Pa. 

Assuming that the bones carry all the weight of the gymnast, calculate the 
reduction in length of the forearm bones when the gymnast is in the start position 
shown in Figure 1. 

(3) 

(Total 11 marks) 

Q2. 

Figure 1 and Figure 2 both show the side view of a steel bolt. 

  

Figure 1                                                Figure 2 

(a)     Show on Figure 1 forces acting on the bolt which would produce a tensile strain. 

(1) 

(b)     The ultimate tensile stress of steel is 5.0 × 108 Pa, the elastic limit is 2.5 × 108 Pa and 
the Young modulus of steel is 2.0 × 1011 Pa. 

Defining any terms used, state what is meant by: 

(i)      tensile stress; 

______________________________________________________________ 

______________________________________________________________ 
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(1) 

(ii)     tensile strain; 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(iii)    the elastic limit. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(c)     When the main engines of a space shuttle are fired, they develop a total thrust of 
4.5 × 106 N. In a test firing the shuttle is held to the launch pad by 8 steel bolts each 
of diameter 9.0 × 10–2 m. Using data given in (b): 

(i)      calculate the strain for each bolt during the test; 

(4) 

(ii)     determine the minimum number of bolts that could have been used when 
carrying out the test. 

(3) 

(Total 11 marks) 

Q3. 

The diagram below shows the rotor-blade arrangement used in a model helicopter. Each 
of the blades is 0.55 m long with a uniform cross-sectional area of 3.5 × 10−4 m2 and 
negligible mass. An end-cap of mass 1.5 kg is attached to the end of each blade. 
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(a)    (i)      Show that there is a force of about 7 kN acting on each end-cap when the 
blades rotate at 15 revolutions per second. 

(3) 

(ii)     State the direction in which the force acts on the end-cap. 

______________________________________________________________ 

(1) 

(iii)    Show that this force leads to a longitudinal stress in the blade of about 20 
MPa. 

(2) 

(iv)    Calculate the change in length of the blade as a result of its rotation. 

Young modulus of the blade material = 6.0 × 1010 Pa 

(2) 

(v)     Calculate the total strain energy stored in one of the blades due to its 
extension. 

(2) 

(b)     The model helicopter can be made to hover above a point on the ground by 
directing the air from the rotors vertically downwards at speed v. 

(i)      Show that the change in momentum of the air each second is Aρv2, where A is 
the area swept out by the blades in one revolution and ρ is the density of air. 

(2) 

(ii)     The model helicopter has a weight of 900 N. Calculate the speed of the air 
downwards when the helicopter has no vertical motion. 

Density of air = 1.3 kg m−3 

(3) 

(Total 15 marks) 

Q4. 

(a)     Explain why an engineer needs to consider the yield stress of a metal such as steel 
when deciding on its suitability for use in the construction of a building or a bridge. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(b)     In order to prevent the collapse of walls of old buildings a metal rod is often used to 
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tie opposite walls together, as shown below. 

  

In one case a steel tie rod of diameter 19 mm is used as shown above. When the 
nuts are tightened, the rod extends by 1.5 mm. The Young modulus of steel is 2.1 × 
1011 Pa. 

Calculate: 

(i)      the force exerted on the walls by the rod; 

(3) 

(ii)     the elastic strain energy in the rod when it is extended by 1.5 mm. 

(2) 

(Total 7 marks) 

Q5. 

One end of a steel wire of length 1.2 m and 2.0 mm diameter is attached to a rigid beam. 
A 25 g mass is attached to the free end of the steel wire and placed against the underside 
of the beam as shown. 

  

The 25 g mass is released and falls freely until the wire becomes taut. The kinetic energy 
of the falling mass is converted to elastic potential energy in the wire as the wire extends 
to a maximum of 1.0 mm. Energy converted to other forms is negligible. 

For maximum extension of the wire, complete parts (a) to (e). 

(a)     Show that the elastic potential energy stored by the extended wire is 0.29 J. 

___________________________________________________________________ 

___________________________________________________________________ 
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(b)     Calculate the tension in the wire. 

___________________________________________________________________ 

___________________________________________________________________ 

(c)     Calculate the stress in the wire. 

___________________________________________________________________ 

___________________________________________________________________ 

(d)     Calculate the strain of the wire. 

___________________________________________________________________ 

___________________________________________________________________ 

(e)     Hence, calculate the Young modulus for the steel of the wire. 

___________________________________________________________________ 

___________________________________________________________________ 

(Total 9 marks) 



 


