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Reading the mark scheme

B1 a mark that stands on its own – the point is either made or not.
M1 a method mark: the right approach, even if the number is wrong.
A1 an answer mark, and it usually needs its M mark first.
C1 a working mark on the way to the answer.

// separates answers the examiner accepts equally.
ecf = error carried forward: a later part is marked on your own earlier answer.
owtte = “or words to that effect” – the wording need not match.
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Question 21

9702/11 N25 • Q21 • 1 mark
A wire has an unstretched length of 2.00 m.
A stress of 1.6× 105 Pa is applied to the wire, and the new length of the wire is
2.10 m.
The wire obeys Hooke’s law.
What is the Young modulus of the wire? [1]

A 8.0× 103 Pa
B 7.8× 104 Pa
C 1.5× 105 Pa
D 3.2× 106 Pa
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Solution 21

A 8.0× 103 Pa

B 7.8× 104 Pa

C 1.5× 105 Pa

D 3.2× 106 Pa ✓

Why

The extension is 2.10− 2.00 = 0.10 m, so the strain is 0.10/2.00 = 0.050.
Young modulus is stress divided by strain.
E = 1.6× 105/0.050 = 3.2× 106 Pa.
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Question 21

9702/12 N25 • Q21 • 1 mark
A platform is supported by a spring. A box is placed onto the platform. The diagram
shows the spring before and after the box is placed onto it.
What is the term for the quantity marked as x? [1]

A compression
B load
C strain
D stress
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21 A platform is supported by a spring. A box is placed onto the platform. The diagram shows the 
spring before and after the box is placed onto it. 

 

x

before

spring

after

box

 
 

What is the term for the quantity marked as x? 

A compression 

B load 

C strain 

D stress 
 
 
22 A copper wire has length 1.7 m and uniform diameter 0.64 mm. 
 

The Young modulus of copper is 1.2  1011
 Pa. 

 
What is the spring constant of the wire? 

A 2.3  104
 N m–1 

B 9.1  104
 N m–1 

C 4.5  107
 N m–1 

D 7.1  107
 N m–1 

 
 
23 The graph shows how the extension of a spring varies with the force used to stretch it. 
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extension / cm
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0

 
 

What is the elastic potential energy of the spring when the extension is 4.0 cm? 

A 60 J B 120 J C 600 J D 1200 J 
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Solution 21

A compression ✓

B load
C strain
D stress

Why
The spring is shorter after the box is added, so x is the decrease in its length.
A change in length under a squashing load is the compression.
Load is the force itself, strain is a ratio with no unit, and stress is force per unit area.
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Question 22

9702/12 N25 • Q22 • 1 mark
A copper wire has length 1.7 m and uniform diameter 0.64 mm.
The Young modulus of copper is 1.2× 1011 Pa.
What is the spring constant of the wire? [1]

A 2.3× 104 N m−1

B 9.1× 104 N m−1

C 4.5× 107 N m−1

D 7.1× 107 N m−1
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Solution 22

A 2.3× 104 N m−1 ✓

B 9.1× 104 N m−1

C 4.5× 107 N m−1

D 7.1× 107 N m−1

Why

Rearranging E = (F/A)(L/x) gives the spring constant k = F/x = EA/L.
A = π(0.32× 10−3)2 = 3.22× 10−7 m2 – note the radius, not the diameter.
k = (1.2× 1011)(3.22× 10−7)/1.7 = 2.3× 104 N m−1.
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Question 20

9702/14 N25 • Q20 • 1 mark
A cylindrical steel rod with negligible weight has a diameter of 1.5 cm and a length of
5.2 cm.
The rod is firmly attached at the top end.
The rod is firmly attached to a machine at the other end that applies a constant force
of 363 N to the rod.
This causes the rod to extend to a length of 7.4 cm and to have a minimum diameter
of 0.60 cm in the position shown.
What is the maximum stress acting on the steel rod when the length is 7.4 cm? [1]

A 2.1× 106 Pa
B 3.2× 106 Pa
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Question 20

C 5.7× 106 Pa
D 1.3× 107 Pa
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18 The total energy supplied to an electric motor is E. Energy Q is wasted and the remaining energy 
does useful work. 

 
What is the efficiency of the motor? 
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19 An object travels between two points. The change in gravitational potential energy Ep of the 

object is given by 
 

Ep = mgh 
 

where m is the mass of the object, h is its change in height and g is the acceleration of free fall. 
 

What is a necessary condition in order for the above equation to be valid? 

A The object must have a constant acceleration of 9.81 m s–2. 

B The object must be travelling in a uniform gravitational field. 

C The object must be travelling only in a vertical direction. 

D The resultant force on the object must be equal to its weight. 
 
 
20 A cylindrical steel rod with negligible weight has a diameter of 1.5 cm and a length of 5.2 cm. 
 

The rod is firmly attached at the top end. 
 

The rod is firmly attached to a machine at the other end that applies a constant force of 363 N to 
the rod. 

 
This causes the rod to extend to a length of 7.4 cm and to have a minimum diameter of 0.60 cm in 
the position shown. 

 
unextended rod

5.2 cm

1.5 cm

extended rod

7.4 cm
minimum
diameter
of 0.60 cm

 
 

What is the maximum stress acting on the steel rod when the length is 7.4 cm? 

A 2.1  106
 Pa B 3.2  106

 Pa C 5.7  106
 Pa D 1.3  107

 Pa 
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Solution 20

A 2.1× 106 Pa

B 3.2× 106 Pa

C 5.7× 106 Pa

D 1.3× 107 Pa ✓

Why
Stress is force over area, so the maximum stress occurs where the area is smallest.
The narrowest point has diameter 0.60 cm, so A = π(0.30× 10−2)2 = 2.83× 10−5 m2.
σ = 363/(2.83× 10−5) = 1.3× 107 Pa; the original 1.5 cm diameter gives A.
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Question 23

9702/14 N25 • Q23 • 1 mark
Which expression gives the formula for the spring constant? [1]

A Fx
B 2Fx2

C F
x

D F
x2
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Solution 23

A Fx
B 2Fx2

C F
x ✓

D F
x2

Why

The spring constant is the force per unit extension, k = F/x.
It is the gradient of a force–extension graph.
A and B are products with the units of energy, not a ratio.
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Question 3

9702/21 N25 • Q3 • 9 marks
A wire has length L and cross-sectional area A. The wire is made from a metal that
has Young modulus E and resistivity ρ.
(a) Define the Young modulus of a material. [1]
(b)(i) State an expression, in terms of some or all of L, A, E and ρ, for the resistance
R0 of the wire. [1]
(b)(ii) Show that the spring constant k0 of the wire is given by

k0 =
EA
L

[2]
(c)(i) On Fig. 3.1, sketch the variation with F of the resistance R of the wire. [1]
(c)(ii) On Fig. 3.2, sketch the variation with F of the spring constant k of the wire.[1]
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Question 3

(d)(i) A copper wire of diameter 1.6mm has a resistance of 0.034Ω.
Show that the length of the wire is 3.8m. [1]
(d)(ii) Use the equation in (b)(ii) to determine the spring constant of the wire. [2]
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Solution 3

(a)

Mark scheme
ratio of stress to strain B1
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Solution 3

(b)(i)

Mark scheme
R0 = ρL / A A1
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Solution 3

(b)(ii) Worked steps

Put the two definitions side by side and eliminate the force and the extension.

Spring constant: k0 =
F
x

Young modulus: E =
stress
strain

=
F/A
x/L

=
FL
Ax

Group the same ratio: E =

(F
x

) L
A

=
k0L
A

So k0 =
EA
L

, as required.
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Solution 3

Mark scheme
k = F / x C1

E = FL / Ax = ((F / x) × (L / A)) = kL / A leading to k0 = EA / L A1
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Solution 3

(c)(i)

Worked steps

R =
ρL
A . Stretching the wire makes L larger and A smaller, so R rises.

Draw a straight line with a positive gradient, starting at (0,R0).

Mark scheme
straight line with positive gradient starting at (0, R0) B1
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Solution 3

(c)(ii)

Worked steps

k0 =
EA
L depends only on the material and the wire’s dimensions, not on the load.

Within the elastic limit the wire obeys Hooke’s law, so k does not change with F.
Draw a horizontal straight line starting at (0, k0).

Mark scheme
straight horizontal line starting at (0, k0) B1
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Solution 3

(d)(i) Worked steps

R =
ρL
A , so L =

RA
ρ

.

The diameter is 1.6 mm, so the radius is 0.80 mm and
A = π(0.80× 10−3)2 = 2.01× 10−6 m2.

L =
0.034× 2.01× 10−6

1.8× 10−8

L = 3.8 m, as required.
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Solution 3

Mark scheme
L = [0.034 × π × (0.80 × 10–3)2] / 1.8 × 10–8 = 3.8 (m) A1
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Solution 3

(d)(ii) Worked steps

k =
EA
L =

1.3× 1011 × 2.01× 10−6

3.8

k = 6.9× 104 N m−1
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Solution 3

Neater still: substituting L = RA/ρ gives k =
Eρ
R , so the area cancels and you never

need it — 1.3× 1011 × 1.8× 10−8

0.034
gives the same answer.

Mark scheme
k = [1.3 × 1011 × π × (0.80 × 10–3)2] / 3.8 or k = EA / [RA / ρ] = Eρ / R
= [1.3 × 1011 × 1.8 × 10–8] / 0.034 C1

k = 6.9 × 104 N m–1 A1
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Question 21

9702/11 J25 • Q21 • 1 mark
A student investigates a spring. The variation of the length of the spring with the force
applied to the spring is shown.
What is the spring constant of the spring? [1]

A 0.17 N m−1

B 0.25 N m−1

C 4.0 N m−1

D 6.0 N m−1
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20 A parachutist is falling at constant (terminal) velocity. 
 

Which statement is not correct? 

A Gravitational potential energy is converted into kinetic energy of the air. 

B Gravitational potential energy is converted into kinetic energy of the parachutist. 

C Gravitational potential energy is converted into thermal energy of the air. 

D Gravitational potential energy is converted into thermal energy of the parachutist. 
 
 
21 A student investigates a spring. The variation of the length of the spring with the force applied to 

the spring is shown. 
 

0.60

0.40

0.20

0

length / m

force / N
0 2.4

 
 

What is the spring constant of the spring? 

A 0.17 N m–1 B 0.25 N m–1 C 4.0 N m–1 D 6.0 N m–1 
 
 
22 The graph shows the variation with force of the extension of a wire. 
 

0
0

force

extension
P

Q

R increasing force

force decreasing

 
 

The force is gradually increased to a maximum at Q and then gradually decreased to zero at R. 
 

Which statement is correct? 

A Along the line PQ, the wire obeys Hooke’s law. 

B Along the line RP, the spring constant is equal to .
force

extension  

C The wire has elastic deformation at point Q. 

D The work done in stretching the wire to P is equal to (force  extension) at point P. 
 
 



Past-paper walk-through

Solution 21

A 0.17 N m−1

B 0.25 N m−1

C 4.0 N m−1

D 6.0 N m−1 ✓

Why
The graph plots length, not extension, so subtract the natural length first.
At F = 0 the length is 0.20 m and at F = 2.4 N it is 0.60 m, so the extension is 0.40 m.
k = F/x = 2.4/0.40 = 6.0 N m−1; C comes from dividing by the length 0.60 m instead.
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Question 22

9702/11 J25 • Q22 • 1 mark
The graph shows the variation with force of the extension of a wire.
The force is gradually increased to a maximum at Q and then gradually decreased to
zero at R.
Which statement is correct? [1]

A Along the line PQ, the wire obeys Hooke’s law.

B Along the line RP, the spring constant is equal to extension
force .

C The wire has elastic deformation at point Q.
D The work done in stretching the wire to P is equal to (force × extension) at
point P.
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20 A parachutist is falling at constant (terminal) velocity. 
 

Which statement is not correct? 

A Gravitational potential energy is converted into kinetic energy of the air. 

B Gravitational potential energy is converted into kinetic energy of the parachutist. 

C Gravitational potential energy is converted into thermal energy of the air. 

D Gravitational potential energy is converted into thermal energy of the parachutist. 
 
 
21 A student investigates a spring. The variation of the length of the spring with the force applied to 

the spring is shown. 
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What is the spring constant of the spring? 

A 0.17 N m–1 B 0.25 N m–1 C 4.0 N m–1 D 6.0 N m–1 
 
 
22 The graph shows the variation with force of the extension of a wire. 
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The force is gradually increased to a maximum at Q and then gradually decreased to zero at R. 
 

Which statement is correct? 

A Along the line PQ, the wire obeys Hooke’s law. 

B Along the line RP, the spring constant is equal to .
force

extension  

C The wire has elastic deformation at point Q. 

D The work done in stretching the wire to P is equal to (force  extension) at point P. 
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Solution 22

A Along the line PQ, the wire obeys Hooke’s law.

B Along the line RP, the spring constant is equal to extension
force .

C The wire has elastic deformation at point Q. ✓

D The work done in stretching the wire to P is equal to (force × extension) at point P.

Why
Both curves start and finish at the origin: when the force returns to zero, so does the
extension.
That means the wire recovers completely, so the deformation at Q is still elastic.
The loading line is curved, so Hooke’s law fails along PQ; note the axes are swapped, so the
work done to P is the area under the curve, not force × extension.
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Question 23

9702/11 J25 • Q23 • 1 mark
A uniform metal wire of length L and diameter d has spring constant k.
What is the Young modulus of the metal? [1]

A πd2

4kL

B πd2

kL

C kL
πd2

D 4kL
πd2
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Solution 23

A πd2

4kL

B πd2

kL

C kL
πd2

D 4kL
πd2 ✓

Why

Young modulus is stress over strain: E = (F/A)/(x/L) = (F/x)(L/A).
F/x is the spring constant k, and the area is A = πd2/4.
So E = kL/(πd2/4) = 4kL/πd2.
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Question 21
9702/12 J25 • Q21 • 1 mark
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19 A box of mass 4.9 kg is pushed at a constant velocity from point P at the bottom of an inclined 
plane to point Q at the top. 

 
The box is pushed by a force of 64 N acting parallel to the slope. 

 
The slope is inclined at an angle of 20° to the horizontal and the box moves through a vertical 
height of 5.8 m. 

 
Q

P20°

5.8 m

64 N

 
 

What is the work done against the frictional force acting on the block between P and Q? 

A 280 J B 810 J C 960 J D 1100 J 
 
 
20 Which expression gives the efficiency of a system? 

A 
outputenergy  useful
inputenergy  total

 

B 
inputenergy  total

outputenergy  wasted+outputenergy  useful
 

C 
inputenergy  total
outputenergy  useful

 

D 
inputenergy  total
outputenergy  wasted

 

 
 
21 A student has a copper wire and a steel wire with equal lengths and cross-sectional areas. 
 

The student hangs identical loads on the two wires. 
 

The extensions of the two wires are different. 
 

The student calculates the stress, strain and Young modulus of each wire. 
 

Which row identifies with a tick ( ) the calculated values that are equal for both wires? 
 

 stress strain Young modulus 

A    

B    

C    

D    
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19 A box of mass 4.9 kg is pushed at a constant velocity from point P at the bottom of an inclined 
plane to point Q at the top. 

 
The box is pushed by a force of 64 N acting parallel to the slope. 

 
The slope is inclined at an angle of 20° to the horizontal and the box moves through a vertical 
height of 5.8 m. 

 
Q

P20°

5.8 m

64 N

 
 

What is the work done against the frictional force acting on the block between P and Q? 

A 280 J B 810 J C 960 J D 1100 J 
 
 
20 Which expression gives the efficiency of a system? 

A 
outputenergy  useful
inputenergy  total

 

B 
inputenergy  total

outputenergy  wasted+outputenergy  useful
 

C 
inputenergy  total
outputenergy  useful

 

D 
inputenergy  total
outputenergy  wasted

 

 
 
21 A student has a copper wire and a steel wire with equal lengths and cross-sectional areas. 
 

The student hangs identical loads on the two wires. 
 

The extensions of the two wires are different. 
 

The student calculates the stress, strain and Young modulus of each wire. 
 

Which row identifies with a tick ( ) the calculated values that are equal for both wires? 
 

 stress strain Young modulus 

A    

B    

C    

D    
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Solution 21

Answer: A

Why

Stress is F/A, and both the load and the cross-section are the same, so the
stresses are equal.
The extensions differ and the lengths are equal, so the strains differ.
Young modulus is a property of the material, so copper and steel differ there
too.


