









































































































DEFORMATION OF SOLIDS
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© UCLES 2012 9702/13/O/N/12  

24 A trolley is held at rest between two steel springs. 

 

P Q

 

 

Each spring has an unstretched length of 0.10 m. 
 

Spring P has spring constant 60 N m–1

. 

Spring Q has spring constant 120 N m–1

. 

 

Spring P has an extension of 0.40 m. 
 

What is the extension of spring Q? 

A 0.10 m B 0.20 m C 0.30 m D 0.80 m 
 

 

25 A lift is supported by two steel cables, each of length 10 m and diameter 0.5 cm. 
 

The lift drops 1 mm when a man of mass 80 kg steps into the lift. 
 

What is the best estimate of the value of the Young modulus of the steel? 

A 2 × 10
10 N m–2

 

B 4 × 10
10 N m–2

 

C 2 × 10
11 N m–2

 

D 4 × 10
11 N m–2
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20 A bolt is subjected to a tensile force, as shown. 
 

d2d

X
Y

tensile
force

tensile
force

bolt

 
 

The bolt has a circular cross-section. At end X the diameter is 2d. At end Y the diameter is d. 
 

What is the ratio 
X at stress

 Yat stress ? 

A 0.25 B 0.50 C 2.0 D 4.0 
 
 
21 A rectangular block of steel supporting a very large component of a bridge has a height of 15 cm 

and a cross-section of 20 cm × 12 cm. It is designed to compress 1 mm when under maximum, 
evenly distributed, load. 

 
The Young modulus of steel is 2.0 × 1011

 N m–2. 
 

What is the maximum load it can support? 

A 32 MN B 56 GN C 720 GN D 32 TN 
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20 The diagram shows a simplified model of a building with four identical heavy floors. 
 

top rods

bottom rods

middle rods
floors

 
 

The spacing of the bottom floor from the ground is twice that of the spacing between the floors. 
Between each floor are equal numbers of vertical steel supporting rods of negligible mass 
compared with the floors. The rods are of different diameters so that the stress in each rod is the 
same. 

 

What is the ratio diameter of bottom rods
diameter of top rods

? 

A 2 B 4 C 8 D 16 
 
 
21 The Achilles tendon in a rabbit’s leg is stretched when the rabbit jumps. 
 

The graph shows the variation with tension of the length of the tendon. 
 

40

38

36

34

32

30
0 100 200 300 400 500

length / mm

tension / N  
 

What is the strain energy in the tendon when the tension is 400 N? 

A 0.40 J B 0.80 J C 2.4 J D 7.4 J 
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© UCLES 2017 9702/13/M/J/17 [Turn over 

19 Two springs X and Y stretch elastically. The graphs show the variation with extension x of the 

force F applied to each spring. 

 

20

0
0 10

F / N

spring X

80

0
0 5

F / N

x / cm x / cm

spring Y

 

 

Which statement is correct? 

A When each spring is given the same extension, the energy stored in Y is 4 times the energy 

stored in X. 

B When each spring is given the same extension, the energy stored in Y is 8 times the energy 

stored in X. 

C When the same force is applied to each spring, the energy stored in Y is 4 times the energy 

stored in X. 

D When the same force is applied to each spring, the energy stored in Y is 8 times the energy 

stored in X. 

 

 

20 The diagram shows the force-extension graph for a steel wire, up to its breaking point. 
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What is the best estimate of the work done to break the wire? 

A 2.1 J B 2.3 J C 2.4 J D 2.5 J 
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© UCLES 2014 9702/13/O/N/14 [Turn over 

23 What is meant by the ultimate tensile stress of a material? 

A the maximum force that can be applied to a bar of the material before it bends 

B the maximum inter-atomic force before the atomic bonds of the material break 

C the maximum stretching force per unit cross-sectional area before the material breaks 

D the maximum tensile force in a wire of the material before it breaks 

 

 

24 The graph shows the behaviour of a sample of a metal when it is stretched until it starts to 

undergo plastic deformation.  

 

550
500

10.0 12.00
0

extension / mm

force / N

X 
Y 

 

 

What is the total work done in stretching the sample from zero to 12.0 mm extension? 
Simplify the calculation by treating the curve XY as a straight line. 

A 3.30 J B 3.55 J C 3.60 J D 6.60 J 
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19 In an experiment to measure the Young modulus of a metal, a wire of the metal of diameter 
0.25 mm is clamped, as shown. 

 

F

clamp

pulley

wire

marker

scale

pulley

 
 

The wire passes from a clamp, around a frictionless pulley, and then to a second frictionless 
pulley where loads F are applied to it. A marker is attached to the wire so that the total length of 
wire between the clamp and the marker is initially 3.70 m. A scale is fixed near to this marker. 

 
The graph shows how the reading on the scale varies with F. 
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6.0
5.0
4.0
3.0
2.0
1.0

0
0 2 4 6 8 10

marker position
on scale / mm

F / N  
 

What is the Young modulus of the metal? 

A 5.5 × 1010
 Pa 

B 9.4 × 1010
 Pa 

C 1.6 × 1011
 Pa 

D 2.2 × 1011
 Pa 
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21 A composite rod is made by attaching a glass-reinforced plastic rod and a nylon rod end to end, 

as shown. 

 

1.00 m 1.00 m

glass-reinforced plastic 
Ep = 40 GPa

nylon
En = 2.0 GPa

 

 

The rods have the same cross-sectional area and each rod is 1.00 m in length. The Young 
modulus Ep of the plastic is 40 GPa and the Young modulus En of the nylon is 2.0 GPa. 

 

The composite rod will break when its total extension reaches 3.0 mm. 
 

What is the greatest tensile stress that can be applied to the composite rod before it breaks? 

A 7.1 × 10
–14 Pa 

B 7.1 × 10
–2 Pa 

C 5.7 × 10
6 Pa 

D 5.7 × 10
9 Pa 
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21 A metal wire is attached at one end to a fixed point and a load is hung from the other end so that 

the wire hangs vertically. The load is increased from zero to 20 N. This causes the wire to extend 
elastically by 5.0 mm. The load is then reduced to 12 N and the extension decreases to 3.0 mm. 

 

0 3.0 5.0

extension / mm

load / N

20

0

12

 

 

How much strain energy is released during the unloading process? 

A 0.8 × 10
–2 J B 1.8 × 10

–2 J C 2.4 × 10
–2 J D 3.2 × 10

–2 J 
 

 








