CAMBRIDGE INTERNATIONAL AS & A LEVEL PHYSICS - 9702

PHYSICS

EXAM QUESTION PACK

6 DEFORMATION OF SOLIDS

— —

STEMUP



https://stemup.co.uk

These questions belong to
CIE, not to us.

The examination questions, mark schemes and examiner comments in this pack
were written and published by Cambridge International (CIE). They are past
assessment materials, reproduced here so that students can revise from them.

What we do not own

STEMUP is not affiliated with CIE and does not own, and makes no claim to own, any of
the question, mark scheme or examiner report material in this pack. CIE has not
endorsed, approved or been involved in the production of it. CIE and the qualification
titles used here belong to their respective owners and appear for identification only.

Where to find the originals

CIE publishes its past papers, mark schemes and examiner reports. Always check the
current syllabus at cambridgeinternational.org before you revise.

If you hold the rights to any material in this pack and would like it amended or
removed, contact admin@stemup.co.uk and we will act on it.

STEMUP.CO.UK


https://stemup.co.uk

Chapter 7

Deformation of solids

7.1 Stress and strain
638. 9702_m20_qgp_12 Q: 19

A composite rod is made by attaching a glass-reinforced plastic rod and a nylon rod end to end,
as shown.

1.00m 1.00m

—c ., )—
\

glass-reinforced plastic nylon
E,=40GPa E, =2.0GPa

The rods have the same cross-sectional area and each rod is 1.00m in length. The Young
modulus E; of the plastic is 40 GPa and the Young modulus E, 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 29x10°Pa

B 5.7x10°Pa

C 29x10°Pa

D 57x10°Pa
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639. 9702_s20_qgp_11

: 16

CHAPTER 7. DEFORMATION OF SOLIDS

A mass attached to the lower end of a spring bounces up and down.

At which points in the path of the mass do the gravitational potential energy of the mass (GPE),
the elastic potential energy in the spring (EPE) and the kinetic energy of the mass (KE) have their

highest values?

GPE EPE KE
A bottom middle top
B bottom top middle
C top bottom middle
D top bottom top
640. 9702_s20_gp_11 Q: 20

A tensile force is used to extend a sample of a material. The force is then removed.

The variation with strain of the applied stress is shown on the graph.

Which point on the graph could represent the elastic limit for the material?

stress

A

strain
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641. 9702_s20_qp_12 Q: 18

An elastic cord of unstretched total length 16.0cm and cross-sectional area 2.0 x 10°m? is held
horizontally by two smooth pins a distance 8.0 cm apart.

The cord obeys Hooke’s law. A load of mass 0.40Kkg is suspended centrally on the cord. The
angle between the two sides of the cord supporting the load is 60°.

. unstretched cord . .
pin pin pin

\r / ﬁ/ é_‘- 8.0cm _;é pin

l 8.0cm i

-

mass 0.40kg

What is the Young modulus of the cord material?

A 57x10°Pa B 1.1x10°Pa C 23x10°Pa D 3.9x10°Pa
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642. 9702_s20_qp_12 Q: 19

CHAPTER 7. DEFORMATION OF SOLIDS

A student is investigating the mechanical properties of a metal. He applies different loads to a
long thin wire up to its breaking point, and measures the extension of the wire for each load. He

then plots a graph of stress against strain.

/J
stress 4
/10°Pa ,//
“ //
1—/
0 T T
0 10 20 30 40
strain/ 102

The student repeats the experiment with a wire made from the same metal, with twice the original

length and half the diameter.

Which graph is obtained?

A
stress 4 "
/10°Pa 4 _
P
2 e
1 //
0 T
0 20 40 60 80
strain/ 10728
C
stress 16 "
/10°Pa 4, e
P
8 7
4 //
0 T
0 20 40 60 80
strain/ 10728

B
I~
stress 4
/10°Pa 4 ,//
2 ,/
1 / /
0 T T
0 10 20 30 40
strain/ 1072
D
-
stress 16 /
/10%Pa 12 1
8 ,/
4 //
0 T T

0 10 20 30 40

strain/1072
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643. 9702_s20_qp_13 Q: 20

The diagram shows a simplified model of a building with four identical heavy floors.

/ — top rods
floors<—

| middle rods

|

| — bottom rods

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 2
diameter of top rods

A 2 B 4 cC 8 D 16

644. 9702_mi19_qp_12 Q: 19

A metal wire, fixed at one end, has length 7 and cross-sectional area A. The wire extends a
distance e when mass m is hung from the other end of the wire.

What is an expression for the Young Modulus E of the metal?

A E:ﬂl B E:m_gf C E:ﬁ D E:%
e Ae / Al
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645. 9702_mi19_qp_12 Q: 20

A spring has a spring constant of 6.0Ncm . It is joined to another spring whose spring constant
is 4.0Ncm™. A load of 80N is suspended from this composite spring.

PSS

6.0Ncm™
4.0Ncm™
load
80N
What is the extension of this composite spring?
A 8.0cm B 16cm C 17cm D 33cm

646. 9702_s19_qp_11 Q: 20

A spring of original length 100 mm is compressed by a force. The graph shows the variation of the
compressing force F with the length L of the spring.

12
FIN 19

8

o N O BRoO

40 50 60 70 80 90 100

L/mm

What is the energy stored in the spring when the length is 70 mm?

A 0.090J B 021J c 027J D 063J
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647. 9702_s19_qp_11 Q: 21

A 0.80 m length of steel wire and a 1.4 m length of brass wire are joined together. The combined
wires are suspended from a fixed support and a force of 40N is applied, as shown.

i

steel

brass

Y40N
The Young modulus of steel is 2.0 x 10" Pa.
The Young modulus of brass is 1.0 x 10" Pa.
Each wire has a cross-sectional area of 2.4 x 10°m?.
The wires obey Hooke's law.

What is the total extension? Ignore the weights of the wires.

A 17x10"m B 3.0x10*m € 39x10"m D 9.0x10*m
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648. 9702_s19_qp_12 Q: 18

CHAPTER 7. DEFORMATION OF SOLIDS

A bungee jumper jumps off a high bridge, when attached to it by a long elastic rope which obeys

Hooke’s law.

The gravitational potential energy of the jumper is measured relative to the lowest point reached

by the jumper.

Which graph shows the variation of the gravitational potential energy of the jumper, and the
elastic potential energy in the rope, with the vertical distance fallen from the top of the bridge?

A
energy

0 vertical -
distance fallen

energy |

0 vertical -
distance fallen

energy

energy

0 vertical -
distance fallen

0 vertical

distance fallen

key

elastic potential
energy in rope

—————— gravitational potential
energy of jumper

649. 9702_s19_qp_12 Q: 20

A wire X is stretched by a force and gains elastic potential energy E.

The same force is applied to wire Y of the same material, with the same initial length but twice the
diameter of wire X. Both wires obey Hooke’s law.

What is the gain in elastic potential energy of wire Y?

A 025E B 05E

Cc

2E D 4E



https://stemup.co.uk

7.1. STRESS AND STRAIN 309

650. 9702_s19_qp_13 Q: 11

A picture is suspended from a nail by a single cord connected to two points X and Y on the
picture. There is negligible friction between the cord and the nail so that the tension in both sides
of the cord is the same. The picture hangs symmetrically, as shown.

pictu re— |

The tension in the cord is T. The angle between the cord and the vertical is & on both sides.
Which statement is correct?

A Increasing the length of the cord, with points X and Y in the same place on the picture, would
reduce the tension in the cord.

B Moving points X and Y further apart on the picture while keeping the length of the cord
constant would reduce the tension in the cord.

C Moving points X and Y to the top edge of the picture while keeping their distance apart
constant and the length of the cord constant would reduce the tension in the cord.

D The weight of the picture is equal to T cosé.

651. 9702_s19_qp_13 Q: 19

Four solid steel rods, each of length 2.0m and cross-sectional area 250 mm?, equally support an
object weighing 10kN. The weight of the object causes the rods to contract by 0.10mm. The rods
obey Hooke's law.

What is the Young moedulus of steel?
A 20x10®Nm™
B 20x10"Nm?
C 8.0x10°Nm™
D 80x10"Nm™
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652. 9702_wi19_qp_11 Q: 19

An extension—force graph for a spring is shown.

15 - mmmmmmmmommmmmemnoeoo

extension/cm

force/N

What is the spring constant of the spring?

A 0.025Nm™ B 040Nm™ C 25Nm™ D 40Nm™

653. 9702_wi19_qp_12 Q: 18

The graph shows the effect of applying a force of up to 5.0N to a spring.

144
spring length/cm

114

10

force/N
The spring obeys Hooke’s law for forces up to 7.0N.

What is the total extension of the spring produced by a 7.0N force?
A 42cm B 5.6cm C 15cm D 20cm
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654. 9702_wi19_qp_13 Q: 19

The stress—strain graph for a wire is shown.

stress/ 108 Pa

P R

0 1.4
strain/107%

What is the Young modulus of the material of the wire?
A 6.7x10"Pa

B 6.7x10°Pa

C 15x10°Pa

D 15x10"Pa

655. 9702_mi18_qp_12 Q: 20

The diagram shows a large crane on a construction site lifting a cube-shaped load at a constant
speed.

yd o

cable
crane —__ | load
v v 7

A model is made of the crane, its load and the cable supporting the load.

The material used for each part of the model is the same as that in the full-size crane, cable and
load. The model is one tenth full-size in all linear dimensions.

What is the ratio Stressin the cable on the full-size crane -
stress in the cable on the model crane

A 0.1 B 1 c 10 D 100
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656. 9702_s18_qp_11 Q: 18

The diagram shows a wire of diameter D and length L that is firmly clamped at one end between
two blocks of wood. A load is applied to the wire which extends its length by x.

Eﬂ/ blocks of wood

/wire

_—load

A second wire is made of the same material, but of diameter 2D and length 3L. Both wires cbey
Hooke’s law.

What is the extension of the second wire when the same load is applied?

Agx ng Cix D§x
3 4 3 2
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657. 9702_s18_qp_11 Q: 19

Two wires, one made of brass and the other of steel, are stretched in an experiment. Both wires
obey Hooke’s law during this experiment.

The Young modulus for brass is less than the Young modulus for steel.

Which graph shows how the stress varies with strain for both wires in this experiment?

A B
A A
stress steel stress steel
brass brass
0 > 0 >
0 strain 0 strain
C D
A A
stress brass stress brass
steel steel
0 > 0 >
0 strain 0 strain

658. 9702_s18_qp_12 Q: 20

An elastic material with Young modulus E is subjected to a tensile stress S. Hooke's law is
obeyed.

What is the expression for the elastic energy stored per unit volume of the material?

2 2
E B 2 c S p S

282 s2 E 2F
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659. 9702_s18_qp_12 Q: 21

The graph shows the length of a spring as it is stretched by an increasing load.

15 =
length/cm HHH pEmBECocms
=TT mEs
10+
5
0
0 0.1 0.2 0.3 0.4 0.5
load/N
What is the spring constant of the spring?
A 0.080Nm™ B 013Nm™ C 27Nm” D 80Nm™

660. 9702_s18_qp_13 Q: 18

Data for a steel wire on an electric guitar are listed.

diameter = 5.0 x 10™*m
Young modulus = 2.0 x 10" Pa

tension = 20N
The wire snhaps and contracts elastically. Assume the wire obeys Hooke’s law.

By what percentage does the length [ of a piece of the wire contract?

A 13x10%% B 51x10%% € 13x10%% D 51x102%

STEMUP.CO.UK
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661. 9702_wi8_qp_11 Q: 16

An 8.00N weight is attached to the lower end of a spring which is fixed at its upper end. The
weight is initially held at rest at position X and the spring is unstretched. The weight is then

released and falls to position Y, which is 4.00cm below X. The weight oscillates and then
eventually comes to rest at O, which is 2.00cm below X.

7

8.00N
spring position after final position after
unstretched initial drop many oscillations

How much energy is lost from the system?

A 0.04J B 0.08J C 0.16J D 032J



https://stemup.co.uk

316 CHAPTER 7. DEFORMATION OF SOLIDS

662. 9702_wil8_qp_11 Q: 18

Two wires X and Y are made from the same material. Wire Y has twice the diameter and
experiences twice the tension of wire X. The wires obey Hocke’s law and have the same original
length.

wire X wire Y
diameter d diameter 2d
tension T
tension 2T

Wire X has extension e.
What is the extension of wire Y?

A & B & C e D 2e
4 2

663. 9702_wil8_qp_11 Q: 19

What is represented by the gradient of a graph of force (vertical axis) against extension
(horizontal axis) for a wire obeying Hooke's law?

A elastic limit
B spring constant
C stress
D

Young modulus
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664. 9702_wi8_qp_12 Q: 20

A metal cylinder is able to withstand a compressive force of 4.0 kN without deforming plastically.

4.0kN—(

(J——4.0kN

317

The cylinder has cross-sectional area A and would be at its elastic limit when a stress o is

applied.

What is a possible pair of values for A and ¢?

Alm? o/MPa
A 1.5%x107° 50
B 1.5x107° 80
c 75x10° 50
D 7.5x 107 80
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665. 9702_wi18_qp_13 Q: 19

In an experiment to measure the Young modulus of a metal, a wire of the metal of diameter
0.25mm is clamped, as shown.

wire

pu”ey{) / El/clamp

pulley
mafker/@ q/
F

scale

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.

8.0

marker position 7.0
onscale/mm 6.0

504 —
4.0
3.0
2.0
1.0
0 1
0 2 4 6 8 10

FIN

What is the Young modulus of the metal?
A 55x10"Pa
B 94x10"Pa
C 1.6x10"Pa
D 22x10"Pa
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666. 9702_ml17_qp_12 Q: 20

319

Two wires X and Y are made of different metals. The Young modulus of wire X is twice that of

wire Y. The diameter of wire X is half that of wire Y.

The wires are extended with the same strain and obey Hooke's law.

What is the ratio tensionin wire X -
tensionin wire Y

1
A 8

1
B 2

667. 9702_s17_qp_11

Q: 20

A wire of diameter d and length [ hangs vertically from a fixed point. The wire is extended by
hanging a mass M on its end. The Young modulus of the wire is E. The acceleration of free fall

isg.

Which equation is used to determine the extension x of the wire?

Mgl
nd2E

Mi

A x=
nd2E

668. 9702_s17_qp_12

What are the units of stress, strain and the Young modulus?

Q: 20

. Young
stress strain
modulus
A newton metre pascal
B newton no unit newton
C pascal metre newton
D pascal no unit pascal
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Two wires with the same Young modulus E and cross-sectional area A, but different lengths L,

669. 9702_s17_qp_13 Q: 18

CHAPTER 7. DEFORMATION OF SOLIDS

are subject to different tensile forces F. The extension e of each wire is the same.

The column headings in the table show four different quantities.

Which quantities have the same value and which quantities have different values for the two

wires?
FL Ae E
e L FL
A different different same
B different same same
C same different different
D same different same

670. 9702_wl7_qp_12 Q: 20

A bolt is subjected to a tensile force, as shown.

tensile
force

X

bolt

!

- 2d

|

The bolt has a circular cross-section

What is the ratio StressatY ,
stressat X

A 025

B 0.50

tensile
force

. At end X the diameter is 2d. At end Y the diameter is d.

A rectangular block of steel supporting a very large component of a bridge has a height of 15¢cm
and a cross-section of 20cm x 12cm. It is designed to compress 1 mm when under maximum,

671. 9702_wil7_qgp_12 Q: 21

evenly distributed, load.

The Young modulus of steel is 2.0 x 10" Nm™.

What is the maximum load it can support?

A 32MN

B 56GN

C 720GN

D 32TN
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672. 9702_m16_qp_12

The Young modulus of steel is twice that of copper.

Q: 19

321

A 50cm length of copper wire of diameter 2.0 mm is joined to a 50cm length of steel wire of

diameter 1.0 mm, making a combination wire of length 1.0m, as shown.

copper wire

fixed support

steel wire

The combination wire is stretched by a weight added to its end. Both the copper and the steel
wires obey Hooke’s law.

What is the ratio

A 4

extension of steel wire

extension of copper wire

B 2

Cc

?

1

0.5

673. 9702_s16_qp_11

Q: 20

A number of identical springs are joined in four arrangements.

Which arrangement has the same spring constant as a single spring?

A

load

B

load

C

load

load
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674. 9702_s16_qp_12 Q: 20

A spring balance consists of a spring of length 20.0 cm with a hook attached.
When a fish of mass 3.0kg is suspended from the hook, the new length of the spring is 27.0cm.

What is the spring constant of the spring?

A 42Nm™ B 43Nm™ C 110Nm™ D 420Nm™

675. 9702_s16_qp_13 Q: 21

A metal wire of cross-sectional area 0.20 mm? hangs vertically from a fixed point. A load of 84N is
then attached to the lower end of the wire. The wire obeys Hooke’s law and increases in length
by 0.30%.

What is the Young modulus of the metal of the wire?
A 1.4x10°Pa
B 1.4x10°Pa
C 1.4x10°Pa
D 1.4x10"Pa

676. 9702_s16_gp_13 Q: 22
The diagram shows a beam supported on two pivots.
2=
Y
Which statement describes the state of the top surface X and of the bottom surface Y?
A Both X and Y are in compression.
B Both X andY are in tension.
C Xisin compression and Y is in tension.
D

X is in tension and Y is in compression.
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677. 9702_wl6_qp_11 Q: 22

A copper wire hangs vertically from a fixed point. A load is attached to the lower end of the wire
producing an extension x. The wire obeys Hooke’s law.

Which single change gives an extension 2x?

A Halve the cross-sectional area of the wire.
B Halve the diameter of the wire.

C Halve the length of the wire.
D

Halve the load on the wire.

678. 9702_wl6_qp_12 Q: 22

Four solid steel rods, each of length 2.0 m and cross-sectional area 250 mm?, equally support an
object weighing 10kN. The weight of the object causes the rods to contract by 0.10 mm.

What is the Young modulus of steel?
A 20x10°Nm™

B 20x10"Nm™

C 80x10°Nm3

D 80x10"Nm™

679. 9702_wil6_qp_13 Q: 22

A copper wire hangs vertically from a fixed point. A load is attached to the lower end of the wire
producing an extension x. The wire obeys Hooke’s law.

Which single change gives an extension 2x?

A Halve the cross-sectional area of the wire.
B Halve the diameter of the wire.

C Halve the length of the wire.
D

Halve the load on the wire.
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680. 9702_s15_qgp_12 Q: 21

To determine the Young modulus of a wire, several measurements are taken.

In which row can the measurement not be taken directly with the stated apparatus?

measurement apparatus
A area of cross-section of wire micrometer screw gauge
B extension of wire vernier scale
C mass of load applied to wire electronic balance
D original length of wire metre rule

681. 9702_s15_qp_12 Q: 23

The diagram represents a steel tube with wall thickness w which is small in comparison with the
diameter of the tube.

~

The tube is under tension, caused by a force T, parallel to the axis of the tube. To reduce the
stress in the material of the tube, it is proposed to thicken the wall.

The tube diameter and the tension being constant, which wall thickness gives half the stress?

A% B 2w C 2w D 4w
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682. 9702_s15_qp_13 Q: 22

A steel bar of circular cross-section is under tension T, as shown.

The diameter of the wide portion is double the diameter of the narrow portion.

) T o
What is the value of stress in the wide portion
stressin the narrow portion '

A 025 B 0.50 Cc 20 D 40

683. 9702_s15_qp_13 Q: 24

The diagram shows the stress-strain graph for bone.

stress 2
/108N m~2

0 0.5 1.0 1.5

strain/%
What is the Young modulus of bone?

A 1x10°Nm™
2 x 10°Nm™
1 x 108 Nm™>

o O W

2x 108N m™
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7.2 Elastic and plastic behaviour
684. 9702_m20_qp_12 Q: 20

The graph shows the non-linear force—extension curve for a wire made from a new composite
material.

FIN
100 === P

0 1.0 2.0
x/mm

What is the best estimate of the work done in stretching the wire to point P?

A 0.09J B 0.10J c 0.11d D 0.20J

685. 9702_s20_qgp_11 Q: 21

A tensile force is applied to an unstretched rubber band, causing it to stretch. The tensile force is
then removed.

Which statement about the rubber band must be correct?

A If the rubber band stretches elastically and plastically, all the work done by the force is
converted to thermal energy in the rubber.

B If the rubber band stretches elastically, it obeys Hooke’s law.

If the rubber band stretches elastically, the gradient of the force—extension graph represents
the work done by the force.

D If the rubber band stretches plastically, the rubber band will be longer after the force is
removed than it was before the force is applied.

686. 9702_s20_gp_12 Q: 20
Which statement describes what is meant by the plastic deformation of a material?
A It always obeys Hooke’s law.
B It does not return to its original length when the extending force is removed.
C It never obeys Hooke’s law.
D

It returns to its original length when the extending force is removed.



https://stemup.co.uk

7.2. ELASTIC AND PLASTIC BEHAVIOUR 327

687. 9702_s20_qp_13 Q: 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
length/mm

38

36 =

34

32

30

0 100 200 300 400 500
tension/N

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

A 040J B 0.80J C 24J D 74J

688. 9702_m19_qp_12 Q: 13

A uniform horizontal heam OX, 4.0m long and weighing 100N, is hinged at a wall at point O. It is
supported by a cord XY which is attached to the wall at Y.

avs
Y
7 cord
/
0 30°
//" = X
7 4.0m

What is the tension in the cord?

A 50N B 58N C 86N D 100N
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689. 9702_m19_qgp_12 Q: 21

The graph shows the extension of a sample of a type of rubber as different loads F are applied
and then gradually removed.

100

FIN
80 —

60 /

40

20 /
0 1 |
0 4 8 12 16

extension/mm

What is the best estimate of the strain energy in the rubber when a load of 80 N is applied?

A 040J B 0.64J C 0.88J D 13J
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690. 9702_s19_qp_12 Q: 22

The stress-strain graphs for loading and unloading four different materials are shown.

Which material exhibits purely elastic behaviour?

stress

stress

A

Y

loading

unloading

0 strain
C

Y

loading

|- unloading

y

-

strain

B
stress loading
unloading
0 -
strain
D
stress loading
unloading
0 =
strain

329



https://stemup.co.uk

330 CHAPTER 7. DEFORMATION OF SOLIDS

691. 9702_s19_qp_13 Q: 20

A wire is attached at one end to a fixed point. A tensile force F is applied to the other end of the
wire, causing it to extend. This is shown on the graph by the line OSP.

The force F is then gradually reduced to zero and the wire contracts. This is shown on the graph
by the line PQ.

P

S

.
s

O Q T R extension

Which area on the graph represents the work done by the wire as it contracts?

A OSTO B OSPRO C QPRQ D OSPQO

692. 9702_w19_qp_11 Q: 20

A wire is extended by a force. The graph shows how the extension of the wire varies with the
force applied.

20/ S R
extension .
N
0O EP EQ
0 T f
0 w 2W
force

Initially a force W gives an extension d. The force is then increased to 2W. This increases the
extension to 2d.

Which area of the graph represents the work done by the farce when the force increases from W
to 2W?

A ORQ B OQRS C ORS D TMRS
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693. 9702_wil9_qp_12 Q: 19

A rubber cord hangs from a rigid support. A weight attached to its lower end is gradually
increased from zero, and then gradually reduced to zero.

/ r §
L force
stretchin
rubber g
cord—__|
) contraction
weight \E
0 ==
0 extension

The force—extension curve for contraction is below the force—extension curve for stretching.
What does the shaded area between the curves represent?

A the elastic potential energy stored in the rubber cord

B the thermal energy dissipated in the rubber cord

C the work done on the rubber cord during stretching
D

the work done by the rubber cord during contraction
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694. 9702_wi19_qp_13 Q: 20

The diagram shows a force—extension graph for a rubber band as the band is extended and then
the stretching force is decreased to zero.

|

force rubber
band

ext?«

rubber
band
contracts

0

Y

0 extension

What can be deduced from the graph?

A

B
c
D

The rubber band does not return to its original length when the force is decreased to zero.
The rubber band obeys Hooke’s law for the extensions shown.
The rubber band remains elastic for the extensions shown.

The shaded area represents the work done in extending the rubber band.

695. 9702_mi18_qp_12 Q: 19

The force-extension graph of a metal wire is shown.

At which peint on the graph does the metal wire stop obeying Hooke’s law?

A
force

0 >
0 extension
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696. 9702_s18_qp_13 Q: 19

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

R i
extension/cm

2.0

force/kN

What is the strain energy in the spring when the extension is 4.0cm?

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



https://stemup.co.uk

334 CHAPTER 7. DEFORMATION OF SOLIDS

697. 9702_wi8_qp_11 Q: 20

Forces are applied to the ends of a rod so that its length increases. The variation with load L of
the extension e of the rod is shown.

)
e

The point P is the elastic limit.

Which shaded area represents the work done during the plastic deformation of the rod?

A B
A A
e 1 e
p P
0 I‘—- 0 TN
0 L 0 L
C D
| A
e e }
_________________ P P
0 - 0 1 \:
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698. 9702_wi8_qp_12 Q: 21

A wire has both elastic and plastic properties. When it is slowly loaded, its extension varies with
load as shown by line OXY. The removal of the load is represented by line YZ. This creates areas
P, Q and R on the graph.

load X

o)
0 -
0 VA extension

Which area represents the maximum elastic potential energy stored in the wire?

A P B Q C Q+R D R

699. 9702_wi18_qp_13 Q: 20

A scientist is investigating the properties of a new material. She plots a force-extension graph for
the material up to its breaking point.

A
force

0 P &>

0 extension

Which statement must be correct?

A The area under the graph from P to R is the strain energy stored in the material.
B The area under the graph from P to R is the work done in stretching the material.
C The material stretches elastically from Q to R.
D

The material stretches plastically from P to Q.
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700. 9702_m17_qgp_12 Q: 21

A weight of 120kN is placed on top of a metal column. The length of the column is compressed
by 0.25 mm. The column obeys Hooke’s law when compressed.

How much energy is stored in the compressed column?

A 15J B 30J C 15kd D 30kJ

701. 9702_s17_qgp_11 Q: 21

The variation of the compression of a spring with the force applied to it is shown in the graph.

5.0
compression
/cm
3.0
2.0
1.0
/!
0

0 20 40 6.0 8.0 100

force /N
A block slides along a horizontal frictionless surface towards the spring, as shown.

spring

block —_~

The block is brought to rest by the spring. When the spring reaches a compression of 4.0cm, all
of the Kkinetic energy of the block is transferred to the elastic potential energy of the spring.

What is the kinetic energy of the block when it first makes contact with the spring?

A 0.16J B 0.32J c 16J D 32J
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702. 9702_s17_qp_12 Q: 19

A cable on a suspension bridge supports a weight of 19.3 x 10°N. This weight causes the cable
to stretch by 47 mm.

A lorry crossing the bridge then increases the force on the cable to 23.3 x 10°N. The
force-extension graph for the cable is shown.

233 x10° 4-—------mmmmmm e

force/N 19.3 x 105 4--cccoemm

1
I
1
1
1
|
1
I
I
I
I
1
1
|
T

0 47 57
extension/mm

What is the increase in strain energy in the cable when the lorry is crossing the bridge?

A 21kJ B 23kJ C 45kJ D 66kJ
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703. 9702_s17_qp_12 Q: 21

A rubber band is stretched and then relaxed to its original length. The diagram shows the
force-extension graph for this process.

\
force 9
P |
area X — |
R /‘/ area'Y
04> S
0

extension

As the force is increased, the curve follows the path OPQ to extension e. As the force is reduced,
the curve follows the path QRO to return to zero extension.

The area labelled X is between the curves OPQ and QRO. The area labelled Y is bounded by the
curve QRO and the horizontal axis.

Which statement about the process is correct?

A

B
C
D

Area X is the energy which heats the band as it is stretched to extension e.
(Area X + area Y) is the minimum energy required to stretch the band to extension e.
Area X is the elastic potential energy stored in the band when it is stretched to extension e.

(Area Y — area X) is the net work done on the band during the process.
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704. 9702_s17_qp_13 Q: 19

Two springs X and Y stretch elastically. The graphs show the variation with extension x of the
force F applied to each spring.

spring X spring Y

20 -----mmmmmmmme s 80------=-=-=mmnn-
FIN

x/cm x/cm

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.

705. 9702_s17_qp_13 Q: 20

The diagram shows the force-extension graph for a steel wire, up to its breaking point.

250+
force/N

200

150

100

50

extension/mm

What is the best estimate of the work done to break the wire?

A 21J B 23J c 24J D 25J
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706. 9702_wil7_qp_11 Q: 20

CHAPTER 7. DEFORMATION OF SOLIDS

A spring is loaded with weights. When the weights are removed, the spring returns to its original
length.

The spring is then loaded with heavier weights. When the weights are removed, the spring is
longer than it was originally.

Which types of deformation are shown by this experiment?

A

B
c
D

both elastic and plastic deformation
elastic deformation only
neither elastic nor plastic deformation

plastic deformation only

707. 9702_wl7_qp_11 Q: 21

The stress-strain graph for a metal is shown.

2 —_
stress
/ GPa

0

T
0.005

1
0.010

strain

What is the strain energy per unit volume of a rod made from this metal when the strain of the rod
is 0.0107

A

10kdm™ B 100kJm™ o]

1.0MIm™= D 10MJm™
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708. 9702_wil7_qp_13 Q: 20

A sample of metal is subjected to a force which increases to a maximum value and then
decreases back to zero. A force-extension graph for the sample is shown.

A
force

extension

When the sample contracts, it follows the same force-extension curve as when it was being
stretched.

What is the behaviour of the metal between X and Y?
A both elastic and plastic

B not elastic and not plastic

C plastic but not elastic
D

elastic but not plastic

709. 9702_wl7_qp_13 Q: 21

A load is hung from the end of a metal wire. The load is increased and the wire stretches
elastically. The table shows the length of the wire for different loads.

load/kN length/mm
0 500.0
1.0 502.0
2.0 504.0
3.0 506.0
4.0 508.0

When the load is 4.0kN, what is the strain energy stored in the wire?

A 16J B 32J C 10kJ D 20kJ
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710. 9702_mi16_qp_12 Q: 18
A metal wire is stretched by a load. The force-extension graph is shown.

A
force

0 -~
0 extension

What is represented by the area under the whole graph?

A the change in gravitational potential energy of the wire

B the energy that would be released from the wire if the final load was removed

C the energy transferred into heat energy in the wire

D

the work done in stretching the wire

711. 9702_s16_qgp_11 Q: 21

A sample of material is stretched by a tensile force to a point beyond its elastic limit. The tensile
force is then reduced to zero. The graph of force against extension is shown below.

A
force

z

0 >
0 extension

=<

Which area represents the net work done on the sample?

A X B X+Y C Y+Z D Z
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712. 9702_s16_qp_12 Q: 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 5.0mm. The load is then reduced to 12N and the extension decreases to 3.0mm.

load/N

20 |--mmmm s ,

12} == ool :

0 3.0 5.0

extension/mm

How much strain energy is released during the unloading process?

A 08x1072J B 1.8x102J C 24x1072J D 3.2x1072J

713. 9702_s16_qp_13 Q: 20

The diagram shows the force-extension graph for a sample of material. The sample is stretched
and then returns to its original length.

A

force

area P
area Q

area R

extension

Which area represents the work done to stretch the sample?

A P+Q B Ponly C Q+R D Ronly
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714. 9702_wil6_qgp_11

CHAPTER 7. DEFORMATION OF SOLIDS

A metal wire is stretched to breaking point and the force-extension graph is plotted.

Which graph is correctly labelled with the elastic region, the plastic region and the area
representing the work done to stretch the wire until it breaks?

force/N

force/N

A
plastic
4 elastic region
region
i/work done
0 extension/m
C
plastic
J elastic region
region
i work done
0 extension/m

force/N

force/N

B
elastic
A plastic region
region
work done
0 extension/m
D
plastic
| elastic region
region
work done
0 extension/m
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715. 9702_wil6_qp_12 Q: 21

345

Which force-extension graph shows plastic deformation of a sample of material?

force

force

A B
A
force
- 0 >
extension 0 extension
C D
A
force
o 0 o
extension 0 extension
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716. 9702_wl6_qp_13 Q: 21

CHAPTER 7. DEFORMATION OF SOLIDS

A metal wire is stretched to breaking point and the force-extension graph is plotted.

Which graph is correctly labelled with the elastic region, the plastic region and the area
representing the work done to stretch the wire until it breaks?

force /N

force/N

A
plastic
) elastic region
region
i/work done
0 extension/m
C
plastic
| elastic region
region
i work done
0 extension/m

force /N

force/N

B
elastic
A plastic region
region
work done
0 extension/m
D
plastic
| elastic region
region
work done
0 extension/m
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717. 9702_s15_gp_11 Q: 22
The graph shown was plotted in an experiment on a metal wire.

A

Y

0 >
0 X

The shaded area represents the total strain energy stored in stretching the wire.

How should the axes be labelled?

Y X
A force extension
B mass extension
C strain energy
D stress strain

718. 9702_s15_qp_11 Q: 23

The variation with applied force of the extension of a spring is shown in the graph.

80+----------------
force/N
6.0+---------------3
40---------5
2.0+----

0

0 1.0 20 30 40
extension/cm

When there is no force applied to the spring, it has a length of 1.0cm.

What is the increase in the strain energy stored in the spring when its length is increased from
2.0cmto 3.0cm?

A 0.020J B 0.030J C 0.040J D 0.050J
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719. 9702_s15_qp_12 Q: 22

A long, thin metal wire is suspended from a fixed support and hangs vertically. Masses are
suspended from its lower end.

The load on the lower end is increased from zero and then decreased again back to zero.

The diagram shows the force-extension graph produced.

A

/
o
N4

0 4 >
0 extension

Where on the graph would the elastic limit be found?

A anywhere between point R and point S
B just beyond point S

C exactly at point S
D

exactly at point T

720. 9702_s15_qp_13 Q: 23

The graph shows the non-linear force-extension curve for a wire made from a new composite
material.

FIN
100 ---=-=---=-=mm-mm-on-oo2 P
0 T i
0 1.0 2.0

x/mm

What could be the value of the strain energy stored in the wire when it is stretched elastically to
point P?

A 0.09J B 0.10J c 0.11J D 0.20J
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Paper 1 Multiple Choice Answers: Deformation of Solids

Question Paper Q. No. Answer
638 9702_m20_qgp_12 19 B
639 9702_s20_qgp_1 16 C
640 9702_s20_qgp_N 20 B
641 9702_s20_qgp_12 18 C
642 9702_s20_qgp_12 19 B
643 9702_s20_qgp_13 20 A
644 9702_m19_qgp_12 19 B
645 9702_mI19_qgp_12 20 D
646 9702_s19_qgp_1 20 A
647 9702_s19_qgp_1 21 B
648 9702_s19_qgp_12 18 A
649 9702_s19_qgp_12 20 A
650 9702_s19_qgp_13 1 A
651 9702_s19_qgp_13 19 B
652 9702_wl19_qgp_T 19 D
653 9702_w19_qgp_12 18 A
654 9702_w19_qgp_13 19 D
655 9702_mIi8_qp_12 20 C
656 9702_s18_qgp_1 18 B
657 9702_s18_qgp_ 19 B
658 9702_s18_qgp_12 20 D
659 9702_s18_qgp_12 21 D
660 9702_s18_qgp_13 18 D
661 9702_wl18_qp_N 16 B
662 9702_wl18_qp_N 18 B
663 9702_wl18_qp_N 19 B
664 9702_wl18_qgp_12 20 D
665 9702_w18_qgp_13 19 D
666 9702_m17_qgp_12 20 B
667 9702_s17_gp_1 20 D
668 9702_s17_qp_12 20 D
669 9702_s17_qgp_13 18 D
670 9702_wl17_qgp_12 20 D
671 9702_wl17_qgp_12 21 A
672 9702_ml6_qgp_12 19 B
673 9702_sl6_qgp_ 20 C
674 9702_s16_qgp_12 20 D
675 9702_s16_qgp_13 21 D
676 9702_s16_qp_13 22 C
677 9702_wl6_qgp_T1 22 A
678 9702_wl6_qgp_12 22 B
679 9702_wl16_qgp_13 22 A
680 9702_sl5_qgp_12 21 A
681 9702_sl5_qgp_12 23 C
682 9702_s15_qgp_13 22 A
683 9702_s15_qgp_13 24 D
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Paper 1 Multiple Choice Answers: Deformation of Solids (continued)

Question Paper Q. No. Answer
684 9702_m20_qgp_12 20 Cc
685 9702_s20_qgp_N 21 D
686 9702_s20_qgp_12 20 B
687 9702_s20_qp_13 21 A
688 9702_mI19_qp_12 13 D
689 9702_mI19_qgp_12 21 Cc
690 9702_s19_qgp_12 22 B
691 9702_s19_qgp_13 20 C
692 9702_w19_qp_N 20 D
693 9702_w19_qgp_12 19 B
694 9702_w19_qp_13 20 c
695 9702_mIi8_qp_12 19 A
696 9702_s18_gp_13 19 C
697 9702_w18_qgp_T1 20 C
698 9702_w18_qp_12 21 D
699 9702_w18_qgp_13 20 B
700 9702_m17_qp_12 2 A
701 9702_s17_qgp_T1 21 A
702 9702_s17_qgp_12 19 A
703 9702_s17_qgp_12 21 B
704 9702_s17_qgp_13 19 B
705 9702_s17_qp_13 20 A
706 9702_wl7_qgp_ 20 A
707 9702_wl7_qgp_N 21 D
708 9702_wl17_gp_13 20 D
709 9702_w17_qp_13 2] A
710 9702_ml6_qp_12 18 D
7n 9702_sl6_qgp_N 21 B
712 9702_s16_qp_12 2 D
713 9702_sl6_qgp_13 20 Cc
714 9702_wl6_qgp_N 21 D
715 9702_wl6_qp_12 21 D
716 9702_wl6_qp_13 21 D
n7 9702_s15_qgp_N 22 A
718 9702_s15_qgp_T1 23 B
719 9702_s15_qgp_12 22 B
720 9702_s15_qp_13 23 Cc
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7.1 Stress and strain
104. 9702_m20 qp_ 22 Q: 3

(a) State what is meant by work done.

kite
d4.4ms!
spee S

skier ground

------------ horizontal

Fig. 3.1 (not to scale)

The skier moves in a straight line along the ground with a constant speed of 4.4ms™". The
wire is at an angle of 30° to the horizontal. The tension in the wire is 140 N.

(i) Calculate the work done by the tension to move the skier for a time of 30s.

WOrk doNe = L. J [3]

(ii) The weight of the skier is 860N. The vertical component of the tension in the wire and

the weight of the skier combine so that the skier exerts a downward pressure on the
ground of 2400 Pa.

Determine the total area of the skis in contact with the ground.
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(iii) The wire attached to the kite is uniform. The stress in the wire is 9.6 x 10°Pa.

Calculate the diameter of the wire.

diameter = . m [2]

(c) The variation with extension x of the tension F in the wire in (b) is shown in Fig. 3.2.

300
FIN B
250 7

200 T 4

A

150 >

100 aa

50 F

0

0 0.20 0.40 0.60 0.80
Xx/mm

Fig. 3.2
A gust of wind increases the tension in the wire from 140N to 210N.

Calculate the change in the strain energy stored in the wire.

change in strain energy = ... J [3]

[Total: 12]

STEMUP.CO.UK
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105. 9702 w19 qp 23 Q: 4

Aball X moves along a horizontal frictionless surface and collides with another ball Y, as illustrated
in Fig. 4.1.

%x
0.300kg & _

P ~
@f's.oo ms-!
0.200kg BEFORE COLLISION AFTER COLLISION
Fig. 4.1 (not to scale) Fig. 4.2 (not to scale)

Ball X has mass 0.300kg and initial velocity v, at an angle of 60.0° to line AB.
Ball Y has mass 0.200kg and initial velocity 6.00m s~ at an angle of 60.0° to line AB.
The balls stick together during the collision and then travel along line AB, as illustrated in Fig. 4.2.

(@) (i) Calculate, to three significant figures, the component of the initial momentum of ball Y
that is perpendicular to line AB.

component of MOMENTUM = ..........ocooiiiiiiiiieee e, kgms™ [2]

(ii) By considering the component of the initial momentum of each ball perpendicular to
line AB, calculate, to three significant figures, vy.

(ili) Show that the speed of the two balls after the collision is 2.4ms.

[2]
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(b) The two balls continue moving together along the horizontal frictionless surface towards a
spring, as illustrated in Fig. 4.3.

balls of total spring of spring constant 72N m-"
mass 0.500kg 4
2.4ms
—_—
horizontal
surface

Fig. 4.3

The balls hit the spring and remain stuck together as they decelerate to rest. All the Kinetic
energy of the balls is converted into elastic potential energy of the spring. The energy E
stored in the spring is given by

1,2
E=—kx
2

where k is the spring constant of the spring and x is its compression.
The spring obeys Hooke’s law and has a spring constant of 7Z2Nm-1.

(i) Determine the maximum compression of the spring caused by the two balls.

Maximum COMPIESSION = ......uveviveeee e e e sre e ee e s e s m [3]
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(i) On Fig. 4.4, sketch graphs to show the variation with compression x of the spring, from
zero to maximum compression, of:

1. the magnitude of the deceleration a of the balls
2. the Kinetic energy E, of the balls.

Numerical values are not required.

A A
a Ek

3]
Fig. 4.4

[Total: 11]
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106. 9702_ml18 qp 22 Q:3

(a) For the deformation of a wire under tension, define

(i) stress,

(b) A wire is fixed at one end so that it hangs vertically. The wire is given an extension x by
suspending a load F from its free end. The variation of Fwith x is shown in Fig. 3.1.

8
FIN
7

0 01 02 03 04 05 06 07 08
x/mm

Fig. 3.1
The wire has cross-sectional area 9.4 x 10-8m?2 and original length 2.5m.

(i) Describe how measurements can be taken to determine accurately the cross-sectional
area of the wire.

STEMUP.CO.UK
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(ii) Determine the Young modulus E of the material of the wire.

(iii) Use Fig. 3.1 to calculate the increase in the energy stored in the wire when the load is
increased from 2.0N to 4.0N.

INCrease iN ENEIGY = ..oooiiiieee e e J[2]

(c) The wire in (b) is replaced by a new wire of the same material. The new wire has twice the
length and twice the diameter of the old wire. The new wire also obeys Hooke’s law.

On Fig. 3.1, sketch the variation with extension x of the load F for the new wire from x=0 to
x=0.80mm. 2]

[Total: 11]
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107. 9702_s18 qp_21 Q: 2

(a) State Newton’s first law of motion.

(b) A block of weight 15N hangs by a wire from a remotely controlled aircraft, as shown in

Fig. 2.1.

aircraft
wire

block
weight 15N

Fig. 2.1

The aircraft is used to move the block only in a vertical direction. The force on the block due
to air resistance is negligible.

The variation with time ¢ of the vertical velocity v of the block is shown in Fig. 2.2.
The velocity is taken to be positive in the upward direction.

4.0

3.0

\\}

v/ms

2.0 7

AN

1.0

AN
N\

Fig. 2.2

STEMUP.CO.UK
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(i) Determine, for the block,

1. the displacement from time =010 t=3.0s,

magnitude of displacement = ...............coiirii e m

direction of displacement .........ooooviiviiiie e

[3]

2. the change in gravitational potential energy from time {=0to t=3.0s.
change in gravitational potential energy = ... J[2]

(ii) Calculate the magnitude of the acceleration of the block at time t=2.0s.
acceleration = ..o ms—= [2]

(iii) Use your answer in (b)(ii) to show that the tension T in the wire at time t=2.0sis 20N.
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(iv) The wire has a cross-sectional area of 2.8 x 107°m# and is made from metal of Young
modulus 1.7 x 10'" Pa. The wire obeys Hooke’s law.

Calculate the strain of the wire at time t=2.0s.

Strain = oo [3]
(v) Atsome time after = 3.0s the tension in the wire has a constant value of 15N.

State and explain whether it is possible to deduce that the block is moving vertically
after t=3.0s.

[Total: 15]
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108. 9702 _s18 qp 22 Q: 5

A solid cylinder is lifted out of oil by a wire attached to a motor. Fig. 5.1 shows two different
positions X and Y of the cylinder during the lifting process.

beam
¢ ) motor
wire \
cylinder at
position Y
: velocity
surface of oil T 0.020ms-"

cylinder at
position X

Fig. 5.1
The motor is fixed to an overhead beam.
The cylinder has cross-sectional area 0.018 m?, length 1.2m and weight 560 N.
The density of the oil is 940kgm=3,

Throughout the lifting process, the cylinder moves vertically upwards with a constant velocity of
0.020ms™". The viscous force of the oil acting on the cylinder is negligible.

(a) Calculate the density of the cylinder.

AENSIY = vt kgm=3[2]

(b) For the cylinder at position X, show that the upthrust due to the oil is 200N.

[2]

STEMUP.CO.UK
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(c) Calculate, for the moving cylinder at position X,

(i) the tension in the wire,

TENSION = ..o N [1]

(i) the power output of the motor.

(d) The cylinder is raised with constant velocity from position X to position Y.

(i) State and explain the variation, if any, of the power output of the motor as the cylinder is
raised. Numerical values are not required.

(ii) The rate of energy output of the motor is less than the rate of increase of gravitational
potential energy of the cylinder. Without calculation, explain this difference.

[Total: 11]
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109. 9702 w18 qp 23 Q: 1

(@) Mass, length and time are all SI base quantities.

State two other SI base quantities.

(b) A wire hangs between two fixed points, as shown in Fig. 1.1.

point 17° ~ point

Fig. 1.1 (not to scale)

A child’s swing is made by connecting a car tyre to the wire using a rope and a hook. The
system is in equilibrium with the wire hanging at an angle of 17° to the horizontal. The tension
in the wire is 150 N. Assume that the rope and hook have negligible weight.

(i) Determine the weight of the tyre.
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(ii) The wire has a cross-sectional area of 7.5mm# and is made of metal of Young modulus
2.1 x 10" Pa. The wire obeys Hooke’s law.

Calculate, for the wire,

1. the stress,

stress =

2. the strain.

strain =

[Total: 8]
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110. 9702_s17_qp_22 Q: 3

The Young modulus of the material of a wire can be determined using the apparatus shown in Fig.
3.1.

| .
clamp wire marker on wire
C X
— pulley
| scale S [ v F
bench | |
masses
Fig. 3.1

One end of the wire is clamped at C and a marker is attached to the wire above a scale S. A force
to extend the wire is applied by attaching masses to the other end of the wire.

The reading X of the marker on the scale S is determined for different forces F applied to the end
of the wire. The variation with X of Fis shown in Fig. 3.2.

40

F/N

30

M,

20

\
\\

10

2.0 4.0 6.0 8.0 10.0 12.0
X/mm

Fig. 3.2
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(@) The length of the wire from C to the marker for F=0 is 3.50m. The diameter of the wire is
0.38mm.

Use the gradient of the line in Fig. 3.2 to determine the Young modulus E of the material of
the wire in TPa.

T e TPa [3]
(b) The experiment is repeated with a thicker wire of the same material and length.

State how the range of the force F must be changed to obtain the same range of scale
readings as in Fig. 3.2.

[Total: 4]
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111.9702_ w17 _qp_21 Q: 4

(a) Define strain.

(b) Awire is designed to ensure that its strain does not exceed 4.0 x 10~* when a force of 8.0kN

is applied. The Young modulus of the metal of the wire is 2.1 x 10" Pa. It may be assumed
that the wire obeys Hooke’s law.

For a force of 8.0kN, calculate, for the wire,

(i) the maximum stress,

Maximum StresSs = ... Pa [2]

(ii) the minimum cross-sectional area.

Minimum cross-sectional area = ... m2 [2]

[Total: 5]
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112. 9702_ w17 _qp 22 Q: 3

A spring is attached at one end to a fixed point and hangs vertically with a cube attached to the
other end. The cube is initially held so that the spring has zero extension, as shown in Fig. 3.1.

spring with
Zero extension
cube
weight 4.0N
1 5.1cm
5.1cm
water . |
; -3 .0cm
density 1000 kgm - _
Fig. 3.1 Fig. 3.2

The cube has weight 4.0N and sides of length 5.1cm. The cube is released and sinks into water
as the spring extends. The cube reaches equilibrium with its base at a depth of 7.0cm below the
water surface, as shown in Fig. 3.2.

The density of the water is 1000kgm™3.

(a) Calculate the difference in the pressure exerted by the water on the bottom face and on the
top face of the cube.

difference in PreSSUre = oo Pa [2]

(b) Use your answer in (a) to show that the upthrust on the cube is 1.3N.

(2]

203
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(c) Calculate the force exerted on the spring by the cube when it is in equilibrium in the water.

(d) The spring obeys Hooke’s law and has a spring constant of 30Nm=".

Determine the initial height above the water surface of the base of the cube before it was
released.

height above surface = ..........ccccoceviiiiiiiiieeee e, cm [3]
(e) The cube in the water is released from the spring.

(i) Determine the initial acceleration of the cube.

water.

[Total: 12]
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113.9702_s16_qp_22 Q: 3

(a) Define the Young modulus.

(b) The Young modulus of steel is 1.9 x 10! Pa. The Young modulus of copper is 1.2 x 101! Pa.

A steel wire and a copper wire each have the same cross-sectional area and length. The two
wires are each extended by equal forces.

(i) Use the definition of the Young modulus to determine the ratio

extension of the copper wire
extension of the steel wire

(ii) The two wires are each extended by a force. Both wires obey Hooke’s law.

On Fig. 3.1, sketch a graph for each wire to show the variation with extension of the
force.

Label the line for steel with the letter S and the line for copper with the letter C.

A

force

0 . .
0 extension

Fig. 3.1

(1]

[Total: 5]
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114. 9702_w16_qp_ 22 Q: 3

(a) State the two conditions for an object to be in equilibrium.

(b) A uniform beam AC is attached to a vertical wall at end A. The beam is held horizontal by a
rigid bar BD, as shown in Fig. 3.1.

7

5 0.30m , 0.10m |
A ’ L C

wire
wall o —

b | bucket

7

Y 12N

Fig. 3.1 (not to scale)

The beam is of length 0.40m and weight W. An empty bucket of weight 12N is suspended
by a light metal wire from end C. The bar exerts a force on the beam of 33N at 52° to the
horizontal. The beam is in equilibrium.

(i) Calculate the vertical component of the force exerted by the bar on the beam.

component of the force = ... N [1]

(ii) By taking moments about A, calculate the weight W of the beam.
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(¢) The metal of the wire in (b) has a Young modulus of 2.0 x 10'"Pa.
Initially the bucket is empty. When the bucket is filled with paint of weight 78N, the strain of
the wire increases by 7.5 x 107, The wire obeys Hooke’s law.
Calculate, for the wire,

(i) the increase in stress due to the addition of the paint,

increase iN stress = ... Pa [2]

(ii) its diameter.

diameter = . m [3]

[Total: 11]
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7.2 Elastic and plastic behaviour
115. 9702_s20_qp_23 Q: 3

(a) State the principle of moments.

(b) In a bicycle shop, two wheels hang from a horizontal uniform rod AC, as shown in Fig. 3.1.

ceiling

0.45m. 1.40m . 0.75m

wall §

Fig. 3.1 (not to scale)
The rod has weight 19N and is freely hinged to a wall at end A. The other end C of the rod is
attached by a vertical elastic cord to the ceiling. The centre of gravity of the rod is at point B.
The weight of each wheel is W and the tension in the cord is 22 N.

(i) By taking moments about end A, show that the weight W of each wheel is 14 N.

(2]

(ii) Determine the magnitude and the direction of the force acting on the rod at end A.

MAagnitude = .o N

AIreCHON oo
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(c¢) The unstretched length of the cord in (b) is 0.25m. The variation with length L of the tension F
in the cord is shown in Fig. 3.2.

60

50

FIN

40

30

20

10

0 0.25 0.50 0.75 1.00
L/m

Fig. 3.2
(i) State and explain whether Fig. 3.2 suggests that the cord obeys Hooke’s law.

(ii) Calculate the spring constant k of the cord.

(ili) On Fig. 3.2, shade the area that represents the work done to extend the cord when the
tension is increased from F = 0to F = 40N. [1]

[Total: 11]
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116. 9702_w20_qp 21 Q: 4

(a) Define, for a wire:

(i) stress

(b) (i) A school experiment is performed on a metal wire to determine the Young modulus of
the metal. A force is applied to one end of the wire which is fixed at the other end. The
variation of the force F with extension x of the wire is shown in Fig. 4.1.

F

AN

N

N

S

=
Y

Fig. 41
The maximum force applied to the wire is F,.

The gradient of the graph line in Fig. 4.1 is G. The wire has initial length L and
cross-sectional area A.

Determine an expression, in terms of A, G and L, for the Young modulus E of the metal.
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(ii) A student repeats the experiment in (b)(i) using a new wire that has twice the diameter of
the first wire. The initial length of the wire and the metal of the wire are unchanged.

On Fig. 4.1, draw the graph line representing the new wire for the force increasing from
F=0toF=F,. [2]

(iii) Another student repeats the original experiment in (b)(i), increasing the force beyond F,
to a new maximum force F,. The new graph obtained is shown in Fig. 4.2.

F, L]
F _

F1 p

» 4

L/
d
/
yd
7
,l
0 !
0
X
Fig. 4.2

1. On Fig. 4.2, shade an area that represents the work done to extend the wire when
the force is increased from F, to F,. [1]

2. Explain how the student can check that the elastic limit of the wire was not exceeded
when force F, was applied.

(iv) Each student in the class performs the experiment in (b)(i). The teacher describes the
values of the Young modulus calculated by the students as having high accuracy and
low precision.

Explain what is meant by low precision.

[Total: 9]
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117.9702_w20_qp 22 Q: 3

(a) A spring is fixed at one end and is compressed by applying a force to the other end. The
variation of the force F acting on the spring with its compression x is shown in Fig. 3.1.

m

0 ;
x/m 0.045

Fig. 3.1

A compression of 0.045m is produced when a force F, acts on the spring. The spring has a
spring constant of 800Nm™".

(i) Determine F,.

(ii) Use Fig. 3.1 to show that, for a compression of 0.045m, the elastic potential energy of
the spring is 0.81J.

(2]

(b) A child’s toy uses the spring in (a) to launch a ball of mass 0.020kg vertically into the air. The

ball is initially held against one end of the spring which has a compression of 0.045m. The

spring is then released to launch the ball. The kinetic energy of the ball as it leaves the toy is
0.72J.

(i) The toy converts the elastic potential energy of the spring into the kinetic energy of the
ball. Use the information in (a)(ii) to calculate the percentage efficiency of this conversion.

efficiency = % [1]
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(ii) Determine the initial momentum of the ball as it leaves the toy.

MOMENTUM = L.t Ns [3]

(c) The ballin (b) leaves the toy at point A and moves vertically upwards through the air. Point B is
the position of the ball when it is at maximum height h above point A, as illustrated in Fig. 3.2.

ball reaches maximum i
height at point B

h
ball at point A

kinetic energy 0.72J A
mass 0.020kg \O -
Fig. 3.2 (not to scale)
The gravitational potential energy of the ball increases by 0.60J as it moves from A to B.

(i) Calculate h.

(ii) Determine the average force due to air resistance acting on the ball for its movement
from A to B.

average force = ... N [2]

STEMUP.CO.UK
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(ili) When there is air resistance, the ball takes time T to move from A to B.

State and explain whether the time taken for the ball to move from A to its maximum
height will be more than, less than or equal to time T if there is no air resistance.

[Total: 13]
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118. 9702_w20_qp_ 23 Q: 4

(a) State Hooke’s law.

(b) A spring is fixed at one end. A compressive force F is applied to the other end. The variation
of the force F with the compression x of the spring is shown in Fig. 4.1.

8
FIN I I I il
6
4
,I
2 -~
0
0 4 8 12 1
x/cm
Fig. 4.1

Show that the elastic potential energy of the spring is 0.64 J when its compression is 16.0cm.

(2]
(c) The spring in (b) is used to project a toy car along a track from point X to point Y, as illustrated
in Fig. 4.2.
toy car
mass 0.076 kg
vertical loop
con_wpressed 612m of track
spring
horizontal
fixed track
block \
>N N
I 4 1 I
X! ' Y

0.30m ' 0.25m

Fig. 4.2 (not to scale)

The spring is initially given a compression of 16.0cm. The car of mass 0.076 kg is held against
one end of the compressed spring. When the spring is released it projects the car forward.
The car leaves the spring at point X with kinetic energy that is equal to the initial elastic
potential energy of the compressed spring.
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The car follows the track around a vertical loop of radius 0.12m and then passes point Y.
Assume that friction and air resistance are negligible.

Calculate:

(i) the speed of the car at X

(ii) the kinetic energy of the car when it is at the top of the loop

Kinetic ENergy = .o J [3]

(iii) the speed of the car at Y.

(d) In practice, a resistive force due to friction and air resistance acts on the car so that its kinetic
energy at Y is 0.23 J less than its kinetic energy at X.

Determine the average resistive force acting on the car for its movement from X to Y.

average resistive force = ... N [3]

[Total: 12]
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119. 9702 s19 _qp_21 Q: 3

The variation with extension x of the force F acting on a spring is shown in Fig. 3.1.

5.0

40
FIN N AN AR R NP g

3.0 T ] I i .

2.0 HEEEE o

1.0

7

0
0 0.05 0.10 0.15 0.20 0.25 0.30 0.35
x/m

Fig. 3.1

The spring of unstretched length 0.40m has one end attached to a fixed point, as shown in Fig. 3.2.

vl
unstretched
spring
0.40m
0.72m
block -
moving l
block,
downwards weight 2.5N
Fig. 3.2 Fig. 3.3

A block of weight 2.5N is then attached to the spring. The block is then released and begins to
move downwards. At one instant, as the block is continuing to move downwards, the spring has a
length of 0.72m, as shown in Fig. 3.3.

Assume that the air resistance and the mass of the spring are both negligible.

STEMUP.CO.UK
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(@) For the change in length of the spring from 0.40m to 0.72m:

(i) use Fig. 3.1 to show that the increase in elastic potential energy of the spring is 0.64 J

(2]

(ii) calculate the decrease in gravitational potential energy of the block of weight 2.5N.

decrease in potential eNergy = ... J[2]

(b) Use the information in (a)(i) and your answer in (a)(ii) to determine, for the instant when the
length of the spring is 0.72m:

(i) the Kinetic energy of the block

KINETIC ENEIgY = .o J[1]

(i) the speed of the block.

[Total: 7]
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120. 9702_s18 qp_23 Q: 4

(a) Define the Young modulus of a material.

............................................................................................................................................... [1]
(b) A metal rod is compressed, as shown in Fig. 4.1.
rod
F——> [———F
| L |
Fig. 4.1
The variation with compressive force F of the length L of the rod is shown in Fig. 4.2.
151
150 +=2 u
L/mm TS R
149 =g ]
148 SEREEsae e
147
146
145
0 10 20 30 40 50 60 70 80 90
F/kN
Fig. 4.2
Use Fig. 4.2 to
(i) determine the spring constant k of the rod,
K= e Nm=1[2]
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(ii) determine the strain energy stored in the rod for F = 90kN.

Strain €NErgy = ...ooooiiiiiiee e J [3]

(c) The rod in (b) has cross-sectional area A and is made of metal of Young modulus E. It is now
replaced by a new rod of the same original length. The new rod has cross-sectional area A/3

and is made of metal of Young modulus 2E. The compression of the new rod obeys Hooke’s
law.

On Fig. 4.2, sketch the variation with F of the length L for the new rod from F=0to F=90kN.
(2]

[Total: 8]
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121. 9702_ml7_qp_ 22 Q:2

(a) State the principle of conservation of momentum.

(b) Two blocks, A and B, are on a horizontal frictionless surface. The blocks are joined together
by a spring, as shown in Fig. 2.1.

block A block B
mass 4.0kg ) mass 6.0kg X
\ spring \ horizontal
" frictionless
surface
e e e
Fig. 2.1

Block A has mass 4.0kg and block B has mass 6.0kg.

The variation of the tension F with the extension x of the spring is shown in Fig. 2.2.

15.0 p
FIN -~
10.0 —
9=
I ,//’
50 »
0
0 2.0 4.0 6.0 8.0 10.0
x/cm

Fig. 2.2
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The two blocks are held apart so that the spring has an extension of 8.0cm.

(i) Show that the elastic potential energy of the spring at an extension of 8.0cm is 0.48J.

(2]

(ii) The blocks are released from rest at the same instant. When the extension of the spring
becomes zero, block A has speed v, and block B has speed v;.

For the instant when the extension of the spring becomes zero,

1. use conservation of momentum to show that

kinetic energy of block A
kinetic energy of block B

1.5

3]
2. use the information in (b)(i) and (b)(ii)1 to determine the kinetic energy of block A. It

may be assumed that the spring has negligible kinetic energy and that air resistance
is negligible.

kinetic energy of bIOCK A = ... e J[2]
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(iii) The blocks are released at time t=0.

On Fig. 2.3, sketch a graph to show how the momentum of block A varies with time ¢ until
the extension of the spring becomes zero.

Numerical values of momentum and time are not required.

A

momentum

time t

Fig. 2.3
[2]

[Total: 11]
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122. 9702_s17_qp_23 Q: 4

A spring is supported so that it hangs vertically, as shown in Fig. 4.1.

7

spring

mass M

Fig. 4.1

Different masses are attached to the lower end of the spring. The extension x of the spring is
measured for each mass M. The variation with x of M is shown in Fig. 4.2.

150
M/g »
100
’l
50
[
0 . ]
0 40 80 120 160 200

Xx/mm

Fig. 4.2

(a) State and explain whether the spring obeys Hooke’s law.

............................................................................................................................................... [1]
(b) State the form of energy stored in the spring due to the addition of the masses.

............................................................................................................................................... 1]
(c) Describe how to determine whether the extension of the spring is elastic.

............................................................................................................................................... [1]
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(d) Calculate the work done on the spring as it is extended from x = 40.0mm to x = 160mm.

WOFK dONE = ..o J [3]

[Total: 6]
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123.9702_m16_qp 22 Q: 3

(a) State whatis meant by

(i) work done,

(b) A block of mass 0.40kg slides in a straight line with a constant speed of 0.30ms~! along a
horizontal surface, as shown in Fig. 3.1.

_ spring
block 0.30ms 1

mass 0.40kg

Fig. 3.1

The block hits a spring and decelerates. The speed of the block becomes zero when the
spring is compressed by 8.0cm.

(i) Calculate the initial kinetic energy of the block.

kinetic energy = ..o J 2]


https://stemup.co.uk

7.2. ELASTIC AND PLASTIC BEHAVIOUR 227

(ii) The variation of the compression x of the spring with the force F applied to the spring is
shown in Fig. 3.2.

8O :
x/cm :

0 -

0 Fuax F

Fig. 3.2
Use your answer in (b)(i) to determine the maximum force F,,, exerted on the spring by

the block.
Explain your working.

(ifi) Calculate the maximum deceleration of the block.

deceleration = .......c.ocooveiieeeeeeeeee e ms=2 [1]
(iv) State and explain whether the block is in equilibrium

1. before it hits the spring,

2. when its speed becomes zero.
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(¢) The energy E stored in a spring is given by
E =S kx?
where kis the spring constant of the spring and x is its compression.

The mass m of the block in (b) is now varied. The initial speed of the block remains constant
and the spring continues to obey Hooke’s law.

On Fig. 3.3, sketch the variation of the maximum compression x, of the spring with mass m.

% A

o
3Y

Fig. 3.3 (2]

[Total: 12]
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124. 9702_s16_qp_21 Q: 4

(a) State what is meant by elastic potential energy.

(b) A spring is extended by applying a force. The variation with extension x of the force F is
shown in Fig. 4.1 for the range of values of x from 20cm to 40cm.

11.0

hN

10.0

S

9.0

N

F/N

N

7.0

N

6.0

N

5.0

20 30
x/cm

Fig. 4.1

(i) Use data from Fig. 4.1 to show that the spring obeys Hooke’s law for this range of
extensions.
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(ii) Use Fig. 4.1 to calculate

1. the spring constant,

SPFNG CONSIANT = ... Nm=[2]

2. the work done extending the spring from x = 20cm to x =40cm.

WOFK dONE = ..oiiiiiiiiiiie e e J [3]
(c) A force is applied to the spring in (b) to give an extension of 50cm.

State how you would check that the spring has not exceeded its elastic limit.

[Total: 9]
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125. 9702_w16_qp 21 Q:3

(a) State Hooke’s law.

30
F/N b T
20
r/‘
10 -
r”
0
0 10 20 3.0 40 5.0
x/cm
Fig. 3.1

The spring is fixed to the closed end of a horizontal tube. A block is pushed into the tube so
that the spring is compressed, as shown in Fig. 3.2.

block
spring tube /mass 0.025kg
/
— T
' 4.0cm
BEFORE AFTER i

Fig. 3.2 (not to scale)
The compression of the spring is 4.0cm. The mass of the block is 0.025kg.

(i) Calculate the spring constant of the spring.

SPriNG CONSIANt = .....ovcveeiie e Nm~[2]
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(ii) Show that the work done to compress the spring by 4.0cm is 0.48J.

(2]

(iii) The block is now released and accelerates along the tube as the spring returns to its
original length. The block leaves the end of the tube with a speed of 6.0ms™".

1. Calculate the kinetic energy of the block as it leaves the end of the tube.

KINetic energy = ..o J[2]
2. Assume that the spring has negligible kinetic energy as the block leaves the tube.

Determine the average resistive force acting against the block as it moves along the
tube.

resistive force = ......ccocciiiiie N [3]

(iv) Determine the efficiency of the transfer of elastic potential energy from the spring to the
kinetic energy of the block.

effiCieNCY = .o [2]

[Total: 12]
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126. 9702_w16_qp 23 Q: 3

(a) State Hooke'’s law.

30
F/N L T
20 .
A
10 <
0 pZd N
0 10 20 3.0 40 5.0
x/cm
Fig. 3.1

The spring is fixed to the closed end of a horizontal tube. A block is pushed into the tube so
that the spring is compressed, as shown in Fig. 3.2.

block
spring tube /mass 0.025kg
/
— T
' 4.0cm
BEFORE AFTER i

Fig. 3.2 (not to scale)
The compression of the spring is 4.0cm. The mass of the block is 0.025kg.

(i) Calculate the spring constant of the spring.

SPriNG CONSIANt = .....oovivieeee e Nm~[2]
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(i) Show that the work done to compress the spring by 4.0cm is 0.48J.

(2]

(iii) The block is now released and accelerates along the tube as the spring returns to its
original length. The block leaves the end of the tube with a speed of 6.0ms™".

1. Calculate the kinetic energy of the block as it leaves the end of the tube.

Kinetic energy = ..o J[2]
2. Assume that the spring has negligible kinetic energy as the block leaves the tube.

Determine the average resistive force acting against the block as it moves along the
tube.

resistive force = ..o N [3]

(iv) Determine the efficiency of the transfer of elastic potential energy from the spring to the
kinetic energy of the block.

effiCieNCY = .o [2]

[Total: 12]
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127. 9702_s15_qp_21 Q: 4

A spring is kept horizontal by attaching it to points A and B, as shown in Fig. 4.1.

slider spring
cart, mass 1.7k{\ v /suppon
A B
0O O
Fig. 4.1

Point A is on a movable slider and point B is on a fixed support. A cart of mass 1.7 kg has horizontal
velocity vtowards the slider. The cart collides with the slider. The spring is compressed as the cart
comes to rest. The variation of compression x of the spring with force F exerted on the spring is
shown in Fig. 4.2.

45
/
/
/’
3.5
,/
’l
FIN
,/
v
2.5
Vi
d
Vi
,,,,7@,,,,,,,,,,,,,,,,,,,A,,
vd
1.5
0.5 1.0 1.5 2.0
x/cm
Fig. 4.2

Fig. 4.2 shows the compression of the spring for F = 1.5N to F = 4.5N. The cart comes to rest
when Fis 4.5N.

(a) UseFig.4.2to

(i) show that the compression of the spring obeys Hooke’s law,
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(ii) determine the spring constant of the spring,

SPNG CONSIANT = ...vveiiee et Nm=[2]

(iii) determine the elastic potential energy E, stored in the spring due to the cart being
brought to rest.

(b) Calculate the speed v of the cart as it makes contact with the slider. Assume that all the
kinetic energy of the cart is converted to the elastic potential energy of the spring.
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128. 9702 w15 _qp 22 Q:3

A trolley T moves at speed 1.2ms™' along a horizontal frictionless surface. The trolley collides with
a stationary block on the end of a fixed spring, as shown in Fig. 3.1.

1.2ms block

fixed end
of spring

7

horizontal frictionless surface

Fig. 3.1
The mass of T is 250g. T compresses the spring by 5.4cm as it comes to rest.
The relationship between the force F applied to the block and the compression x of the spring is
shown in Fig. 3.2.

6.0

5.0

AN

x/cm

4.0 HHHA

3.0

N

2.0

Y

1.0

0 2.0 4.0 6.0
FIN

Fig. 3.2
(a) Use Fig. 3.2 to determine

(i) the spring constant of the spring,

SPING CONSIANE = ....ooveeee e Nm=[2]
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(ii) the work done by T compressing the spring by 5.4cm.

work done = J[2]

(b) The spring then expands and causes T to move in a direction opposite to its initial direction.
At the time that T loses contact with the block, it is moving at a speed of 0.75ms™".

From the time that T is in contact with the block,

(i) describe the energy changes,

(ii) determine the change in momentum of T.

change in momentum =
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560 APPENDIX A. ANSWERS
103. 9702 s15_qp_ 23 Q: 3
(a) (power =) work done / time (taken) or rate of work done A1 [1]
(b) () F~-R=ma C1
F =1500x 0.82 + 1200 C1
=2400 (2430)N A1 [3]
(ii) P =Fv c1
= (2430 x 22) =53000 (53500) W A1 2]
(c) (there is maximum power from car and) resistive force = force produced by
car hence no acceleration
or
suggestion in terms of power produced by car and power
wasted to overcome resistive force B1 [1]
104. 9702_m20 qp_ 22 Q: 3
Answer Mark
(a) force x displacement in the direction of the force B1

(b)(i) displacement = 4.4 x 30 c1
work done = 140 cos 30° x 4.4 x 30 c1

=1.6x104J A1

(b)i) |p=FIA c1
F =860 - 140 sin 30° (= 790) c1
A= 790/2400 A

=0.33m?

(b)ii) | g=F/AorF/nr2or4F/nd? c1
9.6x105=4x 140/ nd? A1
d=43x%102m

Answer Mark

(c) E = V4Fx or “kx? or area under graph c1

(A)E =% % (140 + 210) X 0.20 x 1073 c1

or

(A)E = (Vax 210 % 0.60 x 10-3) — (% x 140 x 0.40 x 10-3)

or

(A)E = (140 x 0.20 % 10°3) + (V5 x 0.20 x 10-3 x 70)

or

(A)E = [¥5x3.5 x 105 (0.60 x 10-3)2 ] — [Vo x 3.5 x 105 (0.40 x 10-3)2 ]

AE=0.035J A1

STEMUP.CO.UK
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561

Answer Mark

@l |p=mv c1

=0.2(00) = 6.(00) x sin 60(.0)° or 0.2(00) x 6.(00) x cos 30(.0)° A1
=1.04 kgms™'

(a)(ii) 0.300 x v x sin 60.0°= 1.04 A1
v =4.00ms™!

(a)(iii) 0.30 x 4.0 x cos 60° or 0.20 x 6.0 x cos 60° or (0.30 + 0.20)v or 0.50v c1
0.30 x 4.0 x cos 60° + 0.20 x 6.0 x cos 60° = (0.30 + 0.20)v or 0.50v A1
sov=24ms!

(b)(i) E =1mv? c1
% x0.50%x242=Y x 72 x X c1
x=0.20m A1

(b)(ii) 1. straight line from the origin sloping upwards B1
2. line drawn from a positive value of Ei at x = 0 to a positive value of xat £, =0 M1

line has an increasing downwards slope A1
106. 9702_ml18 qgp 22 Q:3
Answer Mark

(a)(i) force / (cross-sectional) area B1

(a)(ii) extension / original length B1

(b)(i) measure / determine/ find diameter B1
using a micrometer / digital calipers B1
several measurements in different places / along the wire / around the circumference (and average them) B1

(b)) | E =ol/eor E=FL/Axor E=gradient x (L/A) c1
E =(4x25)/(0.8x107%) x (9.4 x 107%)

=1.3x10"Pa A1
Answer Mark
(b)(iii) E = %Fx or E = Ykx * or E = area under graph c1
E="%x (2+4) x 0.4 x 107
or E=(%x4x0.8x107) - (% x 2 x 0.4x107)

or E=[% x 5000 x (0.8x107% ] - [ % x 5000 x (0.4x107%?]
E=12x107J A1
(c) straight line from the origin and above the original line M1
straight line passes through (0.80, 8.0) A1
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107. 9702_s18 qp_21 Q: 2

APPENDIX A. ANSWERS

Answer Mark
(a) a body continues at (rest or) constant velocity unless acted upon by a resultant force B1
(b)()1. | from 0-2s, distance = %2 x 2 x 6.8 (= 6.8 m) c1
?rg?n 2-3s, distance =% x1x3.4(=1.7m)
magnitude of displacement = 5.1m A1
direction of displacement is down(wards) B1
(b)()2. | (AE) = mgah or (E)=mgh or (E)= Wh c1
(A)E =15x5.1 A1
=(=)77J
(b)ii) a =(v—u)/t or a=gradient or a=dv/dt c1
a=34ms? A1
(b)(iii) T-W=ma or T-mg=ma Cc1
T =15+ (15/9.81) x 3.4 = 20N or 20.2N A1
(b)(iv) E=Fl/As or E=cleé andc=F/A c1
£=20/(28x10%x 1.7 x 10™) c1
=42x10° A1
(b)(v) block is in equilibrium/has no resultant force B1
block could be stationary (or have constant velocity/speed) B1
(so no, not possible to deduce)
108. 9702_s18 qp 22 Q: 5
Answer Mark
(a) p=miVv c1
=(560/9.81)/(1.2 x 0.018) A1
=2600kgm™
(b) (A)p=940x9.81x 1.2 c1
(upthrust =) 940 x 9.81 x 1.2 x 0.018 =200 N A1
(e)(i) tension =560 — 200 A1
= 360N
(e)(ii) P=Fv c1
=360 x 0.020 A1
=7.2W
(d)(i) upthrust decreases B1
tension (in wire) increases M1
power (output of motor) increases A1
(d)(ii) there is work done (on the cylinder) by the upthrust B1
cG)rF’E of oil decreases (as it fills the space left by cylinder and so total energy is conserved)
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Answer Mark
(a) current B2
temperature
(allow amount of substance, luminous intensity)
any two correct answers, 1 mark each
(b)(i) W=2x (150 x sin17°) or 2 x (150 x cos73°) c1
W=288N A1
(b)) |1. 0 =FI/A c1
=150/(7.5 x 107%) Al
=20x10"Pa
2.¢ =clE c1
=2.0x107/(2.1 x 10" A1l
=95x 10"
110. 9702_s17_qp_22 Q: 3
Answer Mark
(@) E = stress/strain or (F/A)/(e/1) C1
= [gradient x 3.5]/[r x (0.19 x 1073y Cc1
e.g. E=[{(40 — 5)/ ([11.6— 3.2] x 10)} x 3.5]/[x x (0.19 x 10°)]
;:{170 % 3.5]/[r % (0.19 x 1073
E (=1.3 x 10"") = 0.13 TPa (allow answers in range 0.120-0.136 TPa) A1
(b) a larger range of F required or range greater than 35 N B1
111. 9702_wi17_qp_21 Q: 4
Answer Mark
(a) (strain =) extension/ original length B1
(b)) |E=ole c1
maximum stress =2.1x 10" x 4.0 x 107* Al
=84x10"Pa
(b)ii) c=F/A c1
minimum area = 8.0 x 10°/8.4 x 10 A1
=95x 10°m?
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112. 9702_wl7_qp_ 22 Q: 3

APPENDIX A. ANSWERS

Answer Mark
(a) p=1000x9.81x 7.0 x 102 or 1000 x 9.81 x 1.9 x 1072 c1
Ap =1000 x 9.81 x (7.0 x 1072 - 1.9 x 107) or 686 — 186 A1
=500Pa
(b) F=pAor(A)F=Apx A c1
upthrust = 500 x (5.1 x 102> = 1.3N A1
S:Jthrust = (686 — 186) x (5.1 x107%)>=1.3N

3::thrust =1000 x 9.81 x 5.1 x10? x (5.1 x 102/ =1.3N

(c) force =4.0-1.3 A1
=27N
Answer Mark
(d) extension/x/e =2.7/30 c1
=0.09(m) or 9(cm) Cc1
height above surface =9-7 A1
=2cm
(e)(i) mass =4.0/9.81 c1
acceleration =2.7/(4.0/9.81) A1
=6.6ms”

(e)ii) viscous force increases (and then becomes constant) M1
(weight and upthrust constant so) acceleration decreases (to zero) A1

113.9702_s16_qp_22 Q: 3

(@) Young modulus = stress/strain

(b) () E=(FxD)I(Axe) or e=(FxD)/(AxE)

(if) two straight lines from (0,0) with S having the steepest gradient

eox 1/E
or
ratio ec/es = Es/Ec or (1.9 x 10')/(1.2 x 10"") or 19/12

(ratio =) 1.6 (1.58)

B1

B1

C1

A1

B1

(1]

(3]
(1]
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114. 9702_w16_qp_ 22 Q: 3

(a) resultant force (in any direction) is zero
resultant moment/torque (about any point) is zero

(b) (i)

(ii)

(c) (i)

(ii)

force = 33 sin 52° or 33 cos 38°
=26N

26x0.30 or Wx020 or 12x0.40
26 x 0.30 = (W x 0.20) + (12 x 0.40)

W=15N

E=AclAe or E=ocle

Ao =2.0x10" x7.5x107*
=1.5x10°Pa

Ao=AF/A or o=FIA
A=78/15x10° (=5.2x 107" m?
52x107" =nd?/4

d=8.1x10"m

B1
B1

A1

C1

C1

A1

C1

Al

C1

C1

A1

(2]

(1]

(3]

(2]

(3]

565

115. 9702_s20 qp_23 Q: 3

Answer Mark

(a) for a body in (rotational) equilibrium B1

sum/total of clockwise moments about a point = sum/total of anticlockwise moments about the (same) point B1

(b)i) | (Wx0.45) or (19x1.3) or (Wx1.85) or (22 x2.6) c1

(Wx0.45) + (19 x 1.3) + (Wx 1.85) = (22 x 2.6) so W= 14N A1

(b)(ii) | magnitude =19 + 14 + 14 - 22 A1

=25N

direction: vertically upwards A1

(c)(i) the extension is zero when the force is zero B1

graph is a straight line and (so) Hooke’s law obeyed B1

(c)(ii) k=F/x or k= gradient c1

e.g. k=60/(1.00 -0.25) A1
k=80Nm"!

(c)(iii) | area shaded below graph line between L = 0.25mand L =0.75m B1
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116. 9702_w20_qp 21 Q: 4

Answer Mark

(a)(i) (stress =) force / cross-sectional area B1

(a)(ii) | (strain =) extension/ original length B1
(b)i) | E =FL/Ax c1
=GL/A A1
(b)(ii) | straight line from origin above the original line M1
line ends at point (4 small squares, Fi). A1
(b)(iii) | 1. shaded area below the graph line and between the two vertical dashed lines B1
2. remove the force/F/F,; and the wire goes back to original length/zero extension B1
(b)(iv) | values have a large range B1
117. 9702_w20_qp_22 Q: 3
Answer Mark

(@)i) |F=kx c1
Fy =800x0.045 A1

=36N

(a)ii) (E =) %kx*> or “%Fx or area under graph Cc1
% x 800 x (0.045)? or % x 36 x 0.045 = 0.81 (J) A1

(b)i) | efficiency = (0.72/0.81) x 100 A1

=89%

(b)(ii) E =1mv? Cc1
p=mv Cc1
0.72=%x0.020%xv2 and p=0.020 x v A1
p=017Ns

(e)(i) (A)E = mg(A)h c1
h=0.60/(0.020x9.81)=3.1m A1

(c)ii) F=(0.72-0.60)/3.1 Cc1

=0.039N A1

(c)(iii) resultant force on ball is less (than that with air resistance) so time (taken) is more (than T) B1

STEMUP.CO.UK
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118. 9702_w20_qp_ 23 Q: 4

567

Answer Mark
(@) compression/extension is proportional to force (provided limit of proportionality is not exceeded) B1
(b) (E) = ¥%Fx or kx? or area under graph Cc1
=1 x8x16x 102=0.64 (J) A1
or
=% x50 x (16 x 1072y = 0.64 (J)

(c)(i) (E) = Yomv? Cc1
0.64 = % x 0.076 x v? A1
v=41ms"'

(e)ii) | (A)E) = mg(a)h c1

=0.076x 9.81x0.24 Cc1
(=0.18(J))
kinetic energy = 0.64 —0.18 A1
=046J

(c)(iii) v=41ms A1

(d) W=Fs Cc1
d=0.30+(2n x0.12) +0.25 (= 1.3m) Cc1
F=023/13 A1
=0.18N
119. 9702 s19 _qp_21 Q:3

Answer Mark
(@)(i) E =%Fx or E="%kx? or E = area under graph c1
E =%x40x0.32=0.64J or E=%x12.5x (0.32) =0.64J A1
(a)ii) | E =mgh or E=Wh c1

=25x%x0.32
=0.80J A1

(b)(i) kinetic energy =0.80-0.64 A1

=0.16J

(b)(ii) | E="vmv? c1

0.16 =% x (2.5/9.81) x 2
v=11ms’! A1

STEMUP.CO.UK
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120. 9702_s18 qp_23 Q: 4

Answer Mark

(a) (Young modulus =) stress/strain B1

(b)i) | k=FJ/AL or 1/gradient c1

=00 x 10°/(2 x 10°%) (or other point on line) A1
=4.5x10'Nm""'

(b)ii) | E =1%FAL or E=%k(ALY c1
=1%x90x10°x2x107 or % x4.5x10" x (2 x 1073 c1
=90J A1

(c) straight line starting from (0, 150) and below original line M1
line ends at (90, 147) A1
121. 9702_ml17_qp_22 Q: 2

Answer Mark
(a) sum/total momentum of bedies is constant M1

gfj_m.’m momentum of bodies before = sum/total momentum of bodies after
for an isolated/closed system/no (resultant) external force A1
(b)()) EPE = area under graph or %Fx or Yok and F = kx Cc1
energy =% x 12.0 x 8.0 x 102 = 0.48J Al

Z;ergy =1 x 150 x (8.0 x 1072 = 0.48J
(b)(ii)1 40va=6.0vs c1
Ex = vsmv? c1
ratio = %(%]l =15 or ratio = % x (15)° =15 A
(b)(ii)2 048 = Ex of A+ Ex of B c1
= Ex of A+ (Exof A/ 1.5)=5/3 x Exof A
Ex of A=0.29 (0.288)J A1
(b)(iii) curve starts from origin and has decreasing gradient M1
final gradient of graph line is zero A1
122. 9702 s17_qp 23 Q: 4
Answer Mark

(@) the straight line does not go through the origin/the force is not proportional to extension (so does not obey Hooke's law) A1
(b) elastic potential energy B1
(c) remove the force/masses and the spring returns to its original length if elastic B1
(d) work done is represented by/linked to area under the line (x g) c1
work =1 (145 + 70) x 107 x 9.81 x 120 x 107 c1
=0.13 (0.127)J A1
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123.9702_m16_qp 22 Q: 3

(a) (i) (work =) force x distance moved in the direction of the force. B1

(ii) the energy stored (in an object) due to extension/compression/change of shape B1

(b) (i) Ex=%mv? C1
=0.5 x 0.40 x 0.30%

=1.8x102(J) A1

(ii) (change in) kinetic energy = work done on spring/(change in) elastic potential energy C1

1.8 x 1072="1 x F x 0.080 C1
Fuax = 0.45 (N) A1
(ili) a=F/m=0.45/040
=1.1(ms™?) Al
(iv) 1. constant velocity/resultant force is zero, so in equilibrium B1
2. decelerating/resultant force is not zero, so not in equilibrium B1
(¢) curved line from the origin M1

with decreasing gradient A1
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124. 9702 s16_qp_ 21 Q: 4
(a) the energy (stored) in a body due to its extension/compression/deformation/
change in shape/size B1 [1]
(b) (i) two values of F/x are calculated which are the same
e.g. 10.4/40 =0.26 and 6.5/25 = 0.26 B1
or
ratio of two forces and the ratio of the corresponding two extensions are
calculated which are the same
e.g.5.2/10.4=0.5and 20/40 =0.5 (B1)

or

gradient of graph line calculated and coordinates of one point on the

line used with straight line equation y = mx + cto showc=0 (B1)
(so) force is proportional to extension (and so Hooke’s law obeyed) B1 [2]
(b) (ii) 1. k=F/xork=gradient C1

gradient or values from a single point used e.g. k = 10.4/(40 x 107%)

k=26Nm" Al [2]

2. work done area under graph
or YaFx or Ya(Fa + F1)(x2 — X1)

or Yk or Vak(x2® — X1%) C1
= ¥%x104x04-%x52x0.2 C1

orax(5.2+10.4) x 20 x 1072

or Vs x 26 x (0.4% — 0.22)

=16J Al [3]

(¢) remove the force and the spring goes back to its original length B1 [1]
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125. 9702 w16 _qp_ 21 Q: 3
(a) force/load is proportional to extension/compression (provided proportionality limit
is not exceeded)
(b) (i) k=F/x or k=gradient
k=600Nm™
(i) (W=)%kx* or (W=)%Fx or (W=)area under graph
(W=) 0.5 x 600 x (0.040) =0.48J or (W=)0.5x 24 x0.040 =0.48J
(iiiy 1. (Ex =)v-mV?
= % x 0.025 x 6.0°
=045J
2. (work done against resistive force =) 0.48 — 0.45 [= 0.03(0)J]
average resistive force = 0.030/0.040
=0.75N
(iv) efficiency = [useful energy out/total energy in] (x100)
=[0.45/0.48] (x100)

=0.94 or 94%

B1

C1

A1

C1

Al

C1

A1

C1

C1

A1

C1

A1

(1]

(2]

(2]

(2]

(3]

(2]
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126. 9702_w16_qp 23 Q: 3

(a) force/load is proportional to extension/compression (provided proportionality limit

is not exceeded) B1 [1]

(b) (i) k=F/x or k=gradient C1
k=600Nm™ Al [2]

(i) (W=)%kx* or (W=)%Fx or (W=)area under graph C1
(W=) 0.5 x 600 x (0.040) =0.48J or (W=)0.5x24x0.040=0.48J Al [2]

(iiiy 1. (Ex =)¥2m/ C1

=% x 0.025 x 6.0°

=045J Al [2]
2. (work done against resistive force =) 0.48 — 0.45 [= 0.03(0)J] C1
average resistive force = 0.030/0.040 C1

=0.75N Al [3]
(iv) efficiency = [useful energy out/total energy in] (x100) C1

=1[0.45/0.48] (x100)

=0.94 or 94% Al [2]

127. 9702_s15_qp_21 Q: 4

(a) (i) two sets of co-ordinates taken to determine a constant value (F/x) M1

F/x constant hence obeys Hooke's law Al [2]
or

gradient calculated and one point on line used (M1)

to show no intercept hence obeys Hooke's law (A1)

(ii) gradient or one point on line used e.g. 4.5/1.8 x 107 C1
(k=)250Nm™ A1 [2]

(iii) work done or Ep = area under graph or VsFx or Ykx? C1

=0.5x45%1.8x1072 0r0.5 x 250 x (1.8 x 107%)* C1
=0.041 (0.0405)J A1 [3]

(b) KE = "smv?
%mv? = 0.0405 or KE = 0.0405 (J) C1

(v=1[2 x 0.0405/1.7]"% =) 0.22 (0.218) ms™ Al [2]
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128. 9702 w15 _qp 22 Q:3

573

(a) (i) k=F/xor1/gradient C1
(k=4.4/(5.4 x 102)=) 81 (81.48)Nm™ Al [2]
(ii) work done = area under line or "4Fx or Vzkx C1
(=0.5x4.4x54x107=)0.12 (0.119)J Al [2]
(b) (i) kinetic energy/E, of trolley/T (and block) changes to EPE/strain
energy/elastic energy of spring B1
EPE changes to KE of trolley/T and KE of block or to give lower KE to trolley  B1  [2]
(ii) change in momentum =m(v + u) C1
=0.25(0.75 + 1.2) = 0.49 (0.488)N's A1 [2]
129. 9702 w20 qp_21 Q: 5
Answer Mark
(@ v=AIT c1
or
v=fiand f=1/T
v =8.0%102/0.40 Al
=0.20ms!
(b) I A2 c1
ratio = 22/ 42 c1
=025 A1
130. 9702_w15_qp 21 Q:2
(a) ps = 10™"%(s)or T=4 x50 x 10'%(s) B1
v=fiorv=A4/T C1
A =3.0x10%x4x50x 107" C1
=0.06(0)m Al [4]
(b) 1500 = 3.0 x 10% x 4 x time-base setting or T=5 x 10°%s C1
time-base setting = 1.3 (1.25)uscm™ Al [2]
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1 Which of the following correctly defines the terms stress, strain and Young modulus? 9702/1/M//02/Q22

stress strain Young modulus

(force) x (area) | (extension) x (original length) | (stress) / (strain)

(
(stress) x (strain)

(force) x (area extension) / (original length)

)

)| (
(force) / (area) | (extension)/ (original length) | (stress) / (strain)

)

O 0O w >

(force) / (area

(extension) x (original length) | (stress) x (strain)

2 A wire is stretched by 8 mm when a load of 60 N is applied. s7oz1muoza2s

What will be the extension of a wire of the same material having four times the cross-sectional
area and twice the original length, when the same load is applied?

A 2mm B 4mm C 8mm D 16 mm

3 The tension in a spring of natural length [, is first increased from zero to T, , causing the length to
increase to l,. The tension is then reduced to T, causing the length to decrease to [, (as shown).

9702/1/M/1J102/Q24

tension \R U M
T
T, S V N
0 L Q P S
0 Iy I [, length

Which area of the graph represents the work done by the spring during this reduction in length?

A MLP B MNQP C MNSR D MPLU

4 Two springs P and Q both obey Hooke’s law. They have spring constants 2k and k respectively.

The springs are stretched, separately, by a force that is gradually increased from zero up to a
certain maximum value, the same for each spring. The work done in stretching spring P is W,
and the work done in stretching spring Q is W, 670011/O/N02/024

How is WP related to WQ?

Wq C  W,=2w, D W,=4W,

=

_1 _
A W, =W, B W=

Elastic Properties


https://stemup.co.uk

5 The variation of the extension x of a spring with applied force F is shown.  s7o2i1i0mi02i023

F

Which shaded area represents the work done when the extension is increased from x, to x,?

A B C D

6 A suspended copper wire is gradually loaded until it is stretched just beyond the elastic limit, and it
is then gradually unloaded. 9702/01/MAJ/03/Q19

Which graph (with arrows indicating the sequence) best illustrates the variation of the tensile
stress with longitudinal strain?

A B C D

A A A A
stress stress stress stress

0 strain 0 strain 0 strain 0 strain

/
o
/

7 What is the ultimate tensile stress of a material?  s70201mu03/021

A the stress at which the material becomes ductile
B the stress at which the material breaks
C the stress at which the material deforms plastically

D the stress at which the material reaches its elastic limit

Elastic Properties
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3

8 A beam, the wdght of which may be neglected,is supported by threeidentical springs. When a

weight W is hung from the middle of the beam, the extension of each spring is x.

original position
of the beam

The middle spring and the weight are removed.

What is the extension when a weight of 2W is hung from the middle of the beam?
3x 4x

A o B 3 C 2x D 3x

9 What is the Young modulus of a metal?  s7oz010n08/021

extension/ force

B force/extension
C strain/stress
D stress/strain

9702/01/M/J/03/Q22

10 The graph shows how the extension of a spring varies with the force used to stretch it. s7o201/0n031022

extension/cm 4.0 f---mmmmmmmmmommomom oo oo

2.0

0 T T
0 10 20 30

force/kN

What is the strain energy stored in the spring when the extension is 4.0cm?

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

Elastic Properties
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11 The graph shown was plotted in an experiment on a metal wire. 9702/01/M/J/04/Q22

Y |

\

X

The shaded area represents the total strain energy stored in stretching the wire.

How should the axes be labelled?

Y X
A force extension
B mass extension
C strain energy
D stress strain

12 Nylon breaks when the stress within it reaches 1 x 10° Pa. 9702/01/M/J/04/Q23

Which range includes the heaviest load that could be lifted by a nylon thread of diameter 1 mm?

A

B
Cc
D

13 The table shows a load applied to four wires and the cross-sectional area of each. 9702/01/0/N/04/Q22

2N to 20N

20N to 200N
200N to 2000N

2000N to 20000N

Which of the wires is subjected to the greatest stress?

load/N cross-sectional
area/mm?
A 1500 0.25
B 2000 1.0
c 3000 0.56
D 5000 23

Elastic Properties


https://stemup.co.uk

5

14 The force F required to extend a sample of rubber by a distance x is found to vary as shown.

9702/01/0/N/04/Q23
FIN

40 -
30 -
20 -
10

0 T T T T T >
0 1 2 3 4 5 x/m

The energy stored in the rubber for an extension of 5m is

less than 100 J.

B 100J.
C between 100 J and 200J.
D more than 200 J.

15 A number of similar springs, each having the same spring constant, are joined in three
arrangements X, Y and Z. The same load is applied to each. 9702/01/M/J/05/Q20

X Y Z

1
'

What is the order of increasing extension for these arrangements?

smallest ———» largest
A X Y z
B z X Y
Cc z Y X
D Y X z

Elastic Properties
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16  Cylindrical samples of steel, glass and rubber are each subjected to a gradually increasing tensile

force F. The extensions e are measured and graphs are plotted as shown below. 9702/01/M/J/05/Q21
F A F A F A
O0 e= 0O e= 00 e=
graph X graph 'Y graph Z

Which row correctly relates the graphs to the materials?

steel glass rubber
A X Y z
B X z Y
Cc Y X z
D Y z X

17 Two steel wires P and Q have lengths [ and 21 respectively, and cross-sectional areas A and g

respectively. Both wires obey Hooke’s law. 9702/01/M1J/05/Q22

What is the ratio M when both wires are stretched to the same extension?
tensionin Q

2 4
A B o 1 D 1

a1 1
4 2

18 In describing the behaviour of a spring, the spring constant is used. 9702/01/M/J/06/Q21
Different loads are used to extend the spring by different amounts.

To find the spring constant, which quantities are required?

A the elastic limit and the loads
B the elastic limit, extensions and the length of the spring
C the loads and the extensions of the spring

D the loads and the length of the spring

19 What is the unit of the Young modulus? 9702/01/0/N/06/Q23

A Nm’ B Nm C Nm? D Nm?

Elastic Properties
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20 A wire stretches 8 mm under a load of 60N. 9702/01/0/N/05/Q21

A second wire of the same material, with half the diameter and a quarter of the original length of
the first wire, is stretched by the same load.

Assuming that Hooke’s law is obeyed, what is the extension of this wire?

A 1mm B 4mm C 8mm D 16mm

21 A ductile material is stretched by a tensile force to a point beyond its elastic limit. The tensile
force is then reduced to zero. The graph of force against extension is shown below.  9702/01/0/N/05/Q20

A
force

z

|
|
|
|
|
Y |
|
|
|
|
|
|

0

»
.

0 extension

Which area represents the net work done on the sample?

A X B X+Y C Y+Z D Z

22 The graph shows the behaviour of a sample of a metal when it is stretched until it starts to
undergo plastic deformation. 9702/01/M/J/06/Q22

A
force/N

550 4——————————————————— Y
500 4 ----—----—--—--—"- ¢

0 10.0 12.0
extension/mm

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

A 3.30J B 3.55J C 3.60J D 6.60J

Elastic Properties
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23 What is represented by the gradient of a graph of force (vertical axis) against extension
(horizontal axis)? 9702/01/0/N/06/Q22

24

25

A

B
C
D

elastic limit
spring constant
stress

the Young modulus

A piece of copper is drawn into a continuous wire. 9702/01/M/J/07/Q17

What behaviour is the copper exhibiting?

A

B
Cc
D

brittle only
elastic only
plastic only

both brittle and elastic

The force-extension graph of a particular sample of rubber as a load is applied and then removed
is shown. 9702/01/M/J/07/Q18

force

0

A

0 extension

What does the shaded area represent?

A

B
o
D

the energy transformed into heat during the complete cycle
the recoverable elastic potential energy stored at maximum extension
the work done on the sample while loading

the work done on the sample while unloading

Elastic Properties
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26 A spring of unextended length 0.50 m is stretched by a force of 2.0 N to a new length of 0.90 m.
The variation of its length with tension is as shown. 9702/01/M//07/Q19

A
2.0 ,
tension/N i
|
|
|
|
|
|
|
i
|
0 f >
0 0.50 length/m 0.90
How much strain energy is stored in the spring?
A 040J B 0.80J C 0.90J D 1.8J

27 A simple crane consists of a rigid vertical pillar supporting a horizontal beam. 9702/01/M/4/07/Q20

A weight W is lifted by a rope at the end of the beam.

What are the forces at points X, Y and Z due to the weight W?

compression

compression

force at X force atY force at Z
A tension compression tension
B tension tension compression
C compression tension compression
D

compression

Elastic Properties
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28 What is plastic deformation? 9702/01/0/N/07/Q19

A Plastic deformation occurs when strain is not proportional to stress but when the load is
removed the material returns to its original length.

B Plastic deformation occurs if, when the load is removed, the material contracts but a
permanent stretching has occurred.

Plastic deformation occurs until the extension is no longer proportional to the load.

Plastic deformation occurs when the material extends so that strain is directly proportional to
stress.
29 The graph shows how the length of a particular rubber cord varies as force is applied. 9702/01/0/N/07/Q20

0.40
length/m

force/N 25

What is the maximum strain energy in this deformed rubber cord?
A 25J B 5.0J CcC 75J D 10J

30 The Young modulus of steel is determined using a length of steel wire and is found to have the
value E.

Another experiment is carried out using a wire of the same steel, but of twice the length and half
the diameter.

What value is obtained for the Young modulus in the second experiment? 9702/01/M/J/08/Q24

A 1E B 1E C E D 2E

31 Which properties best describe modelling clay? 9702/01/0/N/08/Q19
A Drittle and ductile
B ductile and elastic
C elastic and plastic
D

plastic and ductile

Elastic Properties


https://stemup.co.uk

11

32 A sample of metal is subjected to a force which increases to a maximum value and then

33

decreases back to zero. A force-extension graph for the sample is shown. 9702/01/M/4/08/Q22

A

force

extension

When the sample contracts it follows the same force-extension curve as when it was being
stretched.

What is the behaviour of the metal between X and Y?

A both elastic and plastic
B elastic but not plastic

C plastic but not elastic
D

not elastic and not plastic

A spring of original length 100mm is compressed by a force. The graph shows the variation of the
length L of the spring with the compressing force F. 9702/01/M/J/08/Q23

12

10

FIN

40 50 60 70 80 90 100

L/mm

What is the energy stored in the spring when the length is 70mm?

A 0.090J B 021J c 0.27J D 0.63J

Elastic Properties
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34 Why does the pressure of a gas increase when the gas is compressed at constant temperature?

35

36

37

A The gas molecules collide more often with each other.

B The gas molecules expand under pressure.

C The gas molecules hit the walls of the container more frequently.
D

The gas molecules travel faster.

Four materials are formed into rods of the same dimensions. 9702/01/M/J/09/Q19
At room temperature, which can sustain the largest plastic deformation?

A the ductile material aluminium
B the brittle material carbon

C the brittle material glass
D

the ductile material steel

Two steel wires P and Q have lengths [ and 21 respectively, and cross-sectional areas A and g

respectively. Both wires obey Hooke’s law. 9702/01/M/J/09/Q20

tensioninP

What is the ratio ———————— when both wires are stretched to the same extension?
tensionin Q
A 1 B 1 c 2 b 4
4 2 1 1

A rubber band is stretched by hanging weights on it and the force-extension graph is plotted from
the results. 9702/01/M1J/09/Q21

20

force/N

15 V4

10

0 10 20 30
extension/cm

What is the best estimate of the strain energy stored in the rubber band when it is extended
30cm?

A 20J B 26J c 51J D 200J

Elastic Properties
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38 A number of similar springs, each having the same spring constant, are joined in four
arrangements. The same load is applied to each.

Which arrangement gives the greatest extension?

A B C D
/ Ve

’e 'e

= =

(=) =

= =

Pp<= P —

-, )

39 The graphs show how force varies with extension and stress varies with strain for the loading of a
metal wire. 9702/01/0/N/08/Q22

A A
force stress

Y

0 > 0
extension

strain

The Young modulus for this wire is equal to

A the gradient of the force-extension graph.
B the area between the force-extension graph and the extension axis.
C the gradient of the stress-strain graph.

D the area between the stress-strain graph and the strain axis.

40 For a wire, Hooke’s law is obeyed for a tension F and extension x. The Young modulus for the
material of the wire is E.

Which expression represents the elastic strain energy stored in the wire?

A 1Ex B Ex C 1Fx D Fx

Elastic Properties
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41 Which row best defines elastic and plastic behaviour of a material? 9702/11/0/N/09/Q20

elastic behaviour of a material plastic behaviour of a material
A extends only within the limit of proportionality extends beyond the limit of proportionality
B has a linear force-extension curve has a horizontal force-extension curve
C obeys Hooke’s Law extends continuously under a steady load
D returns to its original shape and size suffers permanent deformation

42 The graph shows the non-linear force-extension curve for a wire made from a new composite
material. 9702/11/0/N/09/Q21

F/N A
100-------------mmmmmm - P
0 T —>
0 1.0 2.0
x/mm

What could be the value of the strain energy stored in the wire when it is stretched to point P?

A 0.09J B 0.10J c 0.11J D 0.20J

43 A steel string on an electric guitar has the following properties. 9702/11/0/N/09/Q22

diameter = 5.0 x 10™*m
Young modulus = 2.0 x 10" Pa

tension = 20N
The string snaps, and contracts elastically.
By what percentage does a length [ of a piece of the string contract?

A 51x10*% B 51x10%% € 13x10%% D 13x102%

44 Which row best defines elastic and plastic behaviour of a material? 9702/12/0/N/09/Q19

elastic behaviour of a material plastic behaviour of a material
A | extends only within the limit of proportionality extends beyond the limit of proportionality
B has a linear force-extension curve has a horizontal force-extension curve
C obeys Hooke’s Law extends continuously under a steady load
D returns to its original shape and size suffers permanent deformation

Elastic Properties
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45 The graph shows the non-linear force-extension curve for a wire made from a new composite
material. 9702/12/0/N/09/Q20

FIN A
L P
0 T —
0 1.0 2.0

x/mm

What could be the value of the strain energy stored in the wire when it is stretched to point P?

A 0.09J B 0.10J c 0.11J D 0.20J

46 A steel string on an electric guitar has the following properties. 9702/12/0/N/09/Q21

diameter = 5.0 x 10*m
Young modulus = 2.0 x 10" Pa

tension = 20N
The string snaps, and contracts elastically.
By what percentage does a length [ of a piece of the string contract?
A 51x10%% B 51x10°% € 13x10*% D 1.3x107%
47 In stress-strain experiments on metal wires, the stress axis is often marked in units of 10® Pa and

the strain axis is marked as a percentage. This is shown for a particular wire in the diagram.

9702/11/M/J/10/Q19
3 — e
stress/10%Pa

0 T T T T
o 1 2 3 4 5

strain/ %

What is the value of the Young modulus for the material of the wire?

A 60x10Pa B 75x10%Pa C 15x10°Pa D 6.0x10°Pa

Elastic Properties
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48 A spring is compressed by a force. The graph shows the compressing force F plotted against the
length L of the spring. 9702/11/M1J/10/Q20

12
F/N 10
8
6
4
2
0
40 50 60 70 80 90 100
L/mm
What is the spring constant of this spring?
A 02Nm™ B 5Nm” C 100Nm™ D 200Nm™

49 Which graph represents the force-extension relationship of a rubber band that is stretched almost
to its breaking point? 9702/11/MJ/10/Q21

A B
A A
force force
00 > 00 >
extension extension
C D
A A
force force
00 > 00 >
extension extension

Elastic Properties
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50 A spring is compressed by a force. The graph shows the compressing force F plotted against the
length L of the spring. 9702/12/M/J/10/Q19

12
FIN
8
6
4
2
0
40 50 60 70 80 90 100
L/mm
What is the spring constant of this spring?
A 02Nm™ B 5Nm™ C 100Nm™ D 200Nm™

51 Which graph represents the force-extension relationship of a rubber band that is stretched almost
to its breaking point? 9702/12/M/J/10/Q20

A B
A A
force force
00 > 00 >
extension extension
C D
A A
force force
00 > 00 >
extension extension

Elastic Properties
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52 In stress-strain experiments on metal wires, the stress axis is often marked in units of 10® Pa and
the strain axis is marked as a percentage. This is shown for a particular wire in the diagram.

9702/12/M/J/10/Q21
R ET TR R

stress/108Pa

N
|

0 T T T T
o 1 2 3 4 5

strain/%
What is the value of the Young modulus for the material of the wire?
A 60x10'Pa B 75x10°Pa C 15x10°Pa D 6.0x10°Pa

53  Which graph represents the force-extension relationship of a rubber band that is stretched almost
to its breaking point? 9702/13/M1J/10/Q19

A B
A A
force force
O0 > O0 >
extension extension
C D
A A
force force
O0 > 00 >
extension extension

54 In which order of magnitude are the frequencies of electromagnetic waves in the visible
spectrum?  g702/12M10/11/Q25

A 10"%Hz B 10"Hz C 10™Hz D 10"Hz

Elastic Properties
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55 In stress-strain experiments on metal wires, the stress axis is often marked in units of 10® Pa and
the strain axis is marked as a percentage. This is shown for a particular wire in the diagram.

9702/13/M/J/10/Q20
3 — e
stress/108Pa

N
|

0 T T T T
o 1 2 3 4 5

strain/ %

What is the value of the Young modulus for the material of the wire?

A 60x10Pa B 75x10®Pa C 15x10°Pa D 6.0x10°Pa

56 A spring is compressed by a force. The graph shows the compressing force F plotted against the
length L of the spring. 9702/13/M/J/10/Q21

12
FI/N 10
8
6
4
2
0
40 50 60 70 80 90 100
L/mm
What is the spring constant of this spring?
A 02Nm™ B 5Nm™ C 100Nm™ D 200Nm™

57 Using monochromatic light, interference fringes are produced on a screen placed a distance D
from a pair of slits of separation a. The separation of the fringes is x. 9702/13/M/J/10/Q22

Both a and D are now doubled.
What is the new fringe separation?

A B x C 2x D 4x

X
2

58 The pressure at sea level is approximately 100 000 Pa. The density of sea water is 1030kgm™.

What is the approximate pressure 80 m below the surface of the sea? 9702/12/0/N/10/Q20

A 100 000Pa B 180 000Pa C 800 000Pa D 900 000Pa
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59 The graph shows how force depends on extension for a certain spring. 9702/11/0/N/10/Qz1

10.0
FIN

8.0

6.0

4.0

2.0

0.0
0 10 20 30 40 50

extension/mm

What is the energy stored in the spring when the extension is 30 mm?

A 0.095J B 0.19J C 0.25J D 0.95J

60 A wire consists of a 3.0m length of metal X joined to a 1.0m length of metal Y. 9702/11/0/N/10/Q22

The cross-sectional area of the wire is uniform.

/

X 3.0m

load

A load hung from the wire causes metal X to stretch by 1.5mm and metal Y to stretch by 1.0mm.

The same load is then hung from a second wire of the same cross-section, consisting of 1.0m of
metal X and 3.0m of metal Y.

What is the total extension of this second wire?

A 25mm B 3.5mm C 4.8mm D 50mm

Elastic Properties
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62

21

Two wires P and Q are made from the same material. 9702/12/0/N/10/Q21

Wire P is initially twice the diameter and twice the length of wire Q. The same force, applied to
each wire, causes the wires to extend elastically.

What is the ratio of the extension in P to that in Q?

A % B 1 cC 2 D 4

To determine the mass of food in a pan, a scale is used that has high sensitivity for small masses
but low sensitivity for large masses. 9702/12/0/N/10/Q22

To do this, two springs are used, each with a different spring constant k. One of the springs has a
low spring constant and the other has a high spring constant.

Which arrangement of springs would be suitable?

A B
/
low k rigid box low k
high k high k
D
/ /
high k rigid box low k high k
low k

Elastic Properties
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64

65

22

The graph shows how force depends on extension for a certain spring.  g702/13/0/N/10/Q19
10.0

FIN

8.0

6.0

4.0

20

0.0

0 10 20 30 40 50
extension/mm

What is the energy stored in the spring when the extension is 30 mm?

A 0.095J B 0.19J C 0.25J D 0.95J

The Mariana Trench in the Pacific Ocean has a depth of about 10km.  9702/13/0/N/10/Q20

Assuming that sea water is incompressible and has a density of about 1020 kg m~, what would
be the approximate pressure at that depth?

A 10°Pa B 10°Pa C 10'Pa D 10%Pa

A wire consists of a 3.0m length of metal X joined to a 1.0m length of metal Y. 9702/13/0/N/10/Q21

The cross-sectional area of the wire is uniform.
/

X 3.0m

A load hung from the wire causes metal X to stretch by 1.5mm and metal Y to stretch by 1.0mm.

The same load is then hung from a second wire of the same cross-section, consisting of 1.0m of
metal X and 3.0m of metal Y.

What is the total extension of this second wire?

A 25mm B 3.5mm C 4.8mm D 50mm

Elastic Properties
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66 A long, thin metal wire is suspended from a fixed support and hangs vertically. Masses are
suspended from its lower end. 9702/11/M/J/11/Q20

The load on the lower end is increased from zero and then decreased again back to zero.

The diagram shows the force-extension graph produced.

A

force

"/

R

»
!

extension

¢
00 Y

Where on the graph would the elastic limit be found?

A anywhere between point R and point S
B beyond point S but before point T

C exactly at point S

D exactlyatpointT

67 The Young modulus E can be determined from measurements made when a wire is stretched.

Which quantities would be measured in order to determine E? 9702/11/M/J/11/Q21

A mass of original length , , , )
. . diameter of wire extension of wire
stretching load of wire
B mass of new length cross-sectional , ,
. . . diameter of wire
stretching load of wire area of wire
C mass of wire original length cross-sectional new length
of wire area of wire of wire
D mass of wire new length _ _ _ _
of wire diameter of wire extension of wire

68 The behaviour of a wire under tensile stress may be described in terms of the Young modulus E
of the material of the wire and of the force per unit extension k of the wire. 9702/12/M1J/11/Q23

For a wire of length L and cross-sectional area A, what is the relation between E and k?

E:A

A E=A B £=KA c E=kb D
KA

kL L A
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69 The diagram shows the structure of part of a mattress.

70

71

spring—|

load).

Which change will not have the desired effect?

A

B
C
D

The Young modulus E can be determined from measurements made when a wire is stretched.

using more layers of springs

using more springs per unit area

using springs with a smaller spring constant

using springs made from wire with a smaller Young modulus

9702/12/M/J/11/Q24

The manufacturer wants to design a softer mattress (one which will compress more for the same

| layer 1

| layer 2

Which quantities would be measured in order to determine E?  9702/13/M/J/11/Q20

A mass of original length ) ) , ,
. . diameter of wire extension of wire
stretching load of wire
B mass of new length cross-sectional , ,
. . . diameter of wire
stretching load of wire area of wire
C mass of wire original length cross-sectional new length
of wire area of wire of wire
D mass of wire new length _ _ _ _
of wire diameter of wire extension of wire

The Young modulus of steel is determined using a length of steel wire and is found to have the
value E. 9702/11/0/N/11/Q23

Another experiment is carried out using a wire of the same steel, but of half the length and half

the diameter.

What value is obtained for the Young modulus in the second experiment?

A

1E B E

C 2E

D 4E

Elastic Properties
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72 A rubber band is stretched and then relaxed to its original length. The diagram shows the
force-extension graph for this process. 9702/11/0/N/11/Q24

A
force 9
P |
area X — i
R /E/ area’Y
0 .
0O o >

extension

As the force is increased, the curve follows the path OPQ to extension e. As the force is reduced,
the curve follows the path QRO to return to zero extension.

The area labelled X is between the curves OPQ and QRO. The area labelled Y is bounded by the
curve QRO and the horizontal axis.

Which statement about the process is correct?

A Area X is the energy which heats the band as it is stretched to e.

B (Area X + area Y) is the minimum energy required to stretch the band to e.

C Area X is the elastic potential energy stored in the band when it is stretched to e.
D

(Area Y — area X) is the net work done on the band during the process.

73 When describing the behaviour of a spring, the spring constant is used. 9702/11/0/N/11/Q25
Different loads are used to extend the spring by different amounts.

To find the spring constant, which quantities are required?

A the elastic limit and the loads

B the elastic limit, extensions and the length of the spring
C the loads and the extensions of the spring
D

the loads and the length of the spring
74 The Young modulus of steel is determined using a length of steel wire and is found to have the
value E.

Another experiment is carried out using a wire of the same steel, but of half the length and half
the diameter.

What value is obtained for the Young modulus in the second experiment?  9702/13/0/N/11/Q21

A 1E B E C 2E D 4E

Elastic Properties
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75 A metal cube of side [is placed in a vice and compressed elastically by two opposing forces F.
9702/11/0/N/11/Q26

1 metal cube

How will Al, the amount of compression, relate to 1?

A Alocllz B Aloc% C Alxl D Alc 2

76 The graph shows the relationship between stress and strain for three wires of the same linear
dimensions but made from different materials. 9702/12/0/N/11/Q21

A P
stress Q

05 T >
00.1 1.0
strain

Which statements are correct?

1 The extension of P is approximately twice that of Q for the same stress.
2 The ratio of the Young modulus for P to that of Q is approximately two.

3  For strain less than 0.1, R obeys Hooke’s law.

A 1,2and3 B 1and3only C€C 2and3only D 2only

77 Which property of a metal wire depends on its Young modulus? 9702/13/MIJ12/Q22
A ductility
B elastic limit
C spring constant
D

ultimate tensile stress

Elastic Properties
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78 The graph shows the effect of applying a force of up to 5N to a spring. 9702/12/0/N/11/Q22

A
14-

spring length/cm

11+

10 T
0 5

force/N

Y

What is the total increase in length produced by a 7 N force, assuming the spring obeys Hooke’s

law?
A 42cm B 5.6cm C 152cm D 19.6cm
79 The following force-extension graphs are drawn to the same scale. 9702/12/0/N/11/Q23

Which graph represents the deformed object with the greatest amount of elastic potential energy?

A B
A A
force force
00 g 00 g
extension extension
C D
A A
force force
00 > 00 >
extension extension
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80 A rubber band is stretched and then relaxed to its original length. The diagram shows the
force-extension graph for this process. 9702/13/0/N/11/Q22

A
force (?
P !
area X —
R / areaY
0 .
0O o >

extension

As the force is increased, the curve follows the path OPQ to extension e. As the force is reduced,
the curve follows the path QRO to return to zero extension.

The area labelled X is between the curves OPQ and QRO. The area labelled Y is bounded by the
curve QRO and the horizontal axis.

Which statement about the process is correct?

A Area X is the energy which heats the band as it is stretched to e.

B (Area X + area ) is the minimum energy required to stretch the band to e.

C Area X is the elastic potential energy stored in the band when it is stretched to e.
D

(Area Y — area X) is the net work done on the band during the process.

81 Which property of a metal wire depends on its Young modulus? 9702/11/M/J/12/Q23
A ductility
B elastic limit
C spring constant
D

ultimate tensile stress

82  What is represented by the gradient of a graph of force (vertical axis) against extension
(horizontal axis)? 9702/11/MIJ/12/Q25

A elastic limit
B spring constant
C stress
D

Young modulus

Elastic Properties
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83 The diagram shows a wire of diameter D and length L that is firmly clamped at one end between
two blocks of wood. A load is applied to the wire which causes it to extend by an amount x.

9702/11/M/J/12/Q24
F—\ —/<| _blocks of wood

By how much would a wire of the same material, but of diameter 2D and length 3L, extend when
the same load is applied?

A X B

wln
EN[)
>
(@]
(NEN
x
w)
Njw
>

84 The graph is a force-extension graph for a wire that is being stretched. 9702/12/M1J/12/Q24

30

force/N p——
25 —auEl

20

15

0 5 10 15 20
extension/mm

How much work needs to be done by the tensile force, to two significant figures, to cause an
extension of 7.0mm?

A 0.088J B 0.12J C 0.53J D 120J

85 A wire stretches 8mm under a load of 60 N. 970212IMIJ112/Q25

A second wire of the same material, with half the diameter and a quarter of the original length of
the first wire, is stretched by the same load.

Assuming that Hooke’s law is obeyed, what is the extension of this wire?

A 1mm B 4mm C 8mm D 16mm

Elastic Properties
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87

88

30

What is represented by the gradient of a graph of force (vertical axis) against extension
(horizontal axis)? 9702/13/M/J/12/Q20
A elastic limit

spring constant

B
C stress
D

Young modulus

The diagram shows a wire of diameter D and length L that is firmly clamped at one end between
two blocks of wood. A load is applied to the wire which causes it to extend by an amount x.

9702/13/M/J/12/Q21
E\ ] _blocks of wood

By how much would a wire of the same material, but of diameter 2D and length 3L, extend when
the same load is applied?

A 2x B 3x (03

[R]EN
x
O

Njw
>

The diagram shows the force-extension graphs for two materials, of the same dimensions, loaded
to fracture. 9702/12/0/N/12/Q26

force

0 >
extension

What describes the behaviour of the materials?
A Both materials are brittle.

B Both materials obey Hooke’s law.

C Both materials are plastic.
D

Both materials have the same ultimate tensile stress.

Elastic Properties
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89 What leads to the conclusion that the movement of molecules is random? 9702/12/0/N/12/Q25
A evaporation of water at room temperature
conduction of electricity in water

convection currents in air

O O W

motion of dust particles in air

90 Two wires, X and Y, are made from different metals and have different dimensions. The Young
modulus of wire X is twice that of wire Y. The diameter of wire X is half that of wire Y. 570,/12/0/n/12/027

Both wires are extended with equal strain and obey Hooke’s law.

What is the ratio tensioninwire X o
tensionin wire Y

A

1
2

(o] N

91 The diagram shows two identical loudspeakers driven in phase by a common audio-frequency
source. 9702/12/0/N/12/Q28

X
A

) ) loud
identical

loudspeakers
quiet

» loud

quiet

audio-frequency
source loud

Y

Y

When a student moves along line XY, she notices that there are variations in the loudness of the
sound. The regions in which the sound is heard are alternately loud and quiet as indicated on the
diagram.

How may the distance between loud regions be reduced?

A decreasing the distance a between the speakers

B increasing distance d

C increasing the frequency of the audio-frequency source
D

increasing the power output from the audio-frequency source

Elastic Properties
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32

Three springs are arranged vertically as shown. 9702/11/0/N/12/Q23
7 e
P Q
% R
w

Springs P and Q are identical and have spring constant k. Spring R has spring constant 3k.

What is the increase in the overall length of the arrangement when a force W is applied as
shown?

w C
K

A W B
6 k

kW D 4kwW

w |
N [N

The diagram shows the stress-strain graph for two wires X and Y of different materials up to their

breaking points. Both wires have the same initial dimensions. 9702/11/0/NM2/Q24
A
stress X
Y
0 >
0 strain

Which statement is not correct?
A Material X extends elastically.
Material X extends more than material Y when loaded with the same force.

Material X has a larger ultimate tensile stress.

O O W

Material X is brittle.

Elastic Properties


https://stemup.co.uk

33

94 A steel wire and a brass wire are joined end to end and are hung vertically with the steel wire
attached to a point on the ceiling. The steel wire is twice as long as the brass wire and has half

95

96

the diameter.

9702/11/0/N/12/Q25

A large mass is hung from the end of the brass wire so that both wires are stretched elastically.

The Young modulus for steel is 2.0 x 10" Pa and for brass is 1.0 x 10" Pa.

What is the ratio of the extension of the steel to the extension of the brass?

A 2 B 4 Cc 8 D 16

A trolley is held at rest between two steel springs.
‘ P Q \

Each spring has an unstretched length of 0.10m.

Spring P has spring constant 60N m™.
Spring Q has spring constant 120N m™.

Spring P has an extension of 0.40m.

What is the extension of spring Q?

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

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

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

What is the best estimate of the value of the Young modulus of the steel?
A 2x10"°Nm™

B 4x10""Nm™

C 2x10"Nm?

D 4x10"Nm?

Elastic Properties
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97 The stress-strain graphs for four different materials are shown below. 9702/11/M/J/13/Q22

Which diagram shows the stress-strain graph for a ductile metal?

A B
A A
stress stress
0 > 0 >
0 strain 0 strain
C D
A A
stress J stress
0 > 0 >
0 strain 0 strain

98 A number of identical springs, each having the same spring constant, are joined in four
arrangements. A different load is applied to each arrangement. 9702/11/M/J/13/Q23

Which arrangement has the largest extension?

A B Cc D
| |
| 6*N S*N
Y
2N |

v

1N
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99 A rubber cord hangs from a rigid support. A weight attached
increased from zero, and then gradually reduced to zero.

LLL L

rubber
cord—__|

P

weight\g

force

A

stretching

35

to its lower end is gradually

contraction

»
>

extension

9702/12/M/J/13/Q22

The force-extension curve for contraction is below the force-extension curve for stretching.

What does the shaded area between the curves represent?

A the amount of elastic energy stored in the rubber

the amount of thermal energy dissipated in the rubber

B
C the work done on the rubber cord during stretching
D

the work done by the rubber cord during contraction

100 The diagram shows a large crane on a construction site lifting a cube-shaped load.

o

/ 7\
crane—__|
ST S S S S S S /

cable

load

A model is made of the crane, its load and the cable supporting the load.

9702/12/M1J/13/Q23

The material used for each part of the model is the same as that in the full-size crane, cable and
load. The model is one tenth full-size in all linear dimensions.

What is the ratio stress in the cable on the full-size crane ?

stress in the cable on the model crane

A 10° B 10

Cc

101 What is the unit of the Young modulus?

A Nm™’ B Nm

Elastic Properties
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102 The diagram shows a large crane on a construction site lifting a cube-shaped load.  9702/13/MJ/13/Q19

-

/  ——

cable

crane
i load

/

A model is made of the crane, its load and the cable supporting the load.

The material used for each part of the model is the same as that in the full-size crane, cable and
load. The model is one tenth full-size in all linear dimensions.

What is the ratio extension of the cable on the full-size crane 2
extension of the cable on the model crane

A 10° B 10' c 10? D 10°

103 Which graph represents the force-extension relationship of a rubber band that is stretched almost to

its breaking point? 9702/13/M/J/13/Q20
A B
A A
force force
0O > 00 >
extension extension
C D
A A
force force
0O > 0O >
extension extension
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104 A spring is stretched over a range within which elastic deformation occurs. Its spring constant is
3.0Ncm™. 9702/13/M/J/13/Q21

Which row, for the stated applied force, gives the correct extension and strain energy?

force extension strain energy
IN /cm /md
A 3.0 1.0 1.5
B 6.0 2.0 120
Cc 12.0 3.0 180
D 24.0 8.0 960

105 A spring of unextended length 40 mm is suspended from a fixed point. A load of 16N is applied to
the free end of the spring. This causes the spring to extend so that its final length is five times its
original length. The spring obeys Hooke’s Law. 9702/13/M/J/13/Q15

What is the energy stored in the spring due to this extension?

A 13J B 16J C 26J D 32J

106 Which properties best describe modelling clay? 9702/11/0/N/13/Q23
A Drittle and ductile
B ductile and elastic
C elastic and plastic
D

plastic and ductile

107 A steel spring has a spring constant of 150Nm™". When a 25N weight is hung from the spring, it
has a stretched length of 55cm.

9702/11/0/N/13/Q24
What was the original length of the spring?
A 0.38m B 049m C 061m D 0.72m
108 A lift is supported by two steel cables each of length 20 m. 9702/13/0/N/13/Q22

Each of the cables consists of 100 parallel steel wires, each wire of cross-sectional area
3.2 x 10°m? The Young modulus of steel is 2.1 x 10""Nm™,

Which distance does the lift move downward when a man of mass 70kg steps into it?

A 0.010mm B 0.020mm C 0.10mm D 0.20mm
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109 The stress-strain graphs for three different materials are shown, not drawn to the same scales.

9702/11/M1J/14/Q20
1 2
/ A A
stress stress stress
0 > 0 > 0 r>
0 strain 0 strain 0 strain
The three materials are copper, rubber and glass.
Which materials are represented by the graphs?
1 2 3
A copper glass rubber
B copper rubber glass
C glass copper rubber
D glass rubber copper
110 The graph is a load-extension graph for a wire undergoing elastic deformation. 9702/11/M/J/14/Q21

How much work is done on the wire to increase the extension from 10 mm to 20 mm?

6

load/kg

A 0.028J

B 0.184J

10

C 0.28J

15 20

extension/mm

D 0.37J

Elastic Properties
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111 What is equal to the Young modulus of a material that is extended elastically within the limit of
proportionality?

9702/13/0/N/13/Q23
A area under the force-extension graph

B area under the stress-strain graph

C gradient of the force-extension graph
D

gradient of the stress-strain graph

112 A sample of metal is subjected to a force which increases to a maximum value and then

decreases back to zero. A force-extension graph for the sample is shown. 9702/12/M1J/14/Q19
A
force
Y
X
0 >
0 .
extension

When the sample contracts it follows the same force-extension curve as when it was being
stretched.

What is the behaviour of the metal between X and Y?
A both elastic and plastic

B not elastic and not plastic

C plastic but not elastic
D

elastic but not plastic

113 An elastic material with a Young modulus E is subjected to a tensile stress S. Hooke’s Law is
obeyed. 9702/13/M/J114/Q23

What is the expression for the elastic energy stored per unit volume of the material?
2

S?2 B
2E E 282 S2
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114 The graph shows the length of a spring as it is stretched by an increasing load. 9702/12/M/1J/14/Q20
15 T
length/cm =T

10+

5

0

0 0.1 0.2 0.3 0.4 0.5
load/N

What is the spring constant?

A 80Nm’ B 27Nm™ C 013Nm™ D 0.080Nm™

115 A composite rod is made by attaching a glass-reinforced plastic rod and a nylon rod end to end,

as shown. 9702/12/M/J/14/Q21
1.00m o 1.00m
—L ( . )—
glass-reinforced plastic nylon
E,=40GPa E, =2.0GPa

The rods have the same cross-sectional area and each rod is 1.00m in length. The Young
modulus E; of the plastic is 40 GPa and the Young modulus E, 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 71x10™"Pa
B 7.1x10?2Pa

C 5.7x10°Pa
D 57x10°Pa
116 The Mariana Trench in the Pacific Ocean has a depth of about 10 km. 9702/13/M/J/14/Q22

Assuming that sea water is incompressible and has a density of about 1020 kg m™, what would
be the approximate pressure at that depth?

A 10°Pa B 10°Pa C 10"Pa D 10%Pa

Elastic Properties
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117 Cylindrical samples of steel, glass and rubber are each subjected to a gradually increasing tensile
force F. The extensions e are measured and graphs are plotted as shown below.

FA F A

graph X graphY

Which row correctly relates the graphs to the materials?

steel glass rubber
A X Y z
B X z Y
Cc Y X z
D Y z X

E

3

9702/13/M/J/14/Q24

Y

graph Z

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

undergo plastic deformation.

A
force/N
550 --------mmmmmmmemmooeoo Y
500' ””””””””””””””” :x i
0 ; ; >
0 10.0 12.0

extension/mm

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 3.30J B 3.55J C 3.60J D 6.60J

Elastic Properties
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119 What is meant by the ultimate tensile stress of a material? 9702/13/0/N/14/Q23

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

120 Two springs, one with spring constant k; = 4kNm™ and the other with spring constant
k, = 2kNm™, are connected as shown. 9702/13/0/N/14/Q25

load
80N

What is the total extension of the springs when supporting a load of 80N?

A 1.3cm B 4cm C 6cm D 60cm

121 The stress-strain graph for a glass rod, up to the point at which it breaks, is shown below.

\ 9702/11/0/N/14/Q20
A

stress

strain

Which statement about the glass rod is correct?

A Hooke’s law is obeyed for all values of stress up to the breaking point.
B The glass is ductile.

C The glass shows plastic deformation.

D

When the cross-sectional area of the rod is doubled, the ultimate tensile stress of the rod is
halved.

Elastic Properties
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122 A steel bar of circular cross-section is under tension T, as shown. 9702/13/M/J/15/Q22

123

124

The diameter of the wide portion is double the diameter of the narrow portion.

T () ) T
¢ _Stress in the wide portion -,
stress in the narrow portion

A 025 B 0.50 C 20 D 40

What is the value o

A rubber band is stretched by hanging weights on it and the force-extension graph is plotted from
the results. 9702/11/0/N14/Q21

20

force/N
15

10

N
AN

0 10 20 30
extension/cm

What is the best estimate of the strain energy stored in the rubber band when it is extended
30cm?

A 18J B 26J c 51J D 200J

To determine the Young modulus of a wire, several measurements are taken. 9702/12/M/J/15/Q21

In which row can the measurement not be taken directly with the stated apparatus?

measurement apparatus
A area of cross-section of wire micrometer screw gauge
B extension of wire vernier scale
C mass of load applied to wire electronic balance
D original length of wire metre rule

Elastic Properties
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125 The graph shows the non-linear force-extension curve for a wire made from a new composite

material. 9702/13/M/J/15/Q23
F/N
100-----------—-----mm- -2 P
0 T I
0 1.0 2.0
X/ mm

What could be the value of the strain energy stored in the wire when it is stretched elastically to

point P?
A 0.09J B 0.10J c 011J D 0.20J
126 The diagram shows the stress-strain graph for bone. 9702/13IM/J/15/Q24
stress 2
/10°Nm2
1
0
0 0.5 1.0 1.5

strain/%
What is the Young modulus of bone?

A 1x10°Nm™

B 2x10°Nm™
C 1x108Nm™
D 2x108Nm™
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127 A long, thin metal wire is suspended from a fixed support and hangs vertically. Masses are
suspended from its lower end.

9702/12/M/J/15/Q22

The load on the lower end is increased from zero and then decreased again back to zero.

The diagram shows the force-extension graph produced.

force

R

0

S AT

"/

»

0

-

extension

Where on the graph would the elastic limit be found?

A anywhere between point R and point S

just beyond point S

B
C exactly at point S
D

exactly at point T

128 The graph shown was plotted in an experiment on a metal wire.

The shaded area represents the total strain energy stored in stretching the wire.

A
Y

How should the axes be labelled?

Y X
A force extension
B mass extension
C strain energy
D stress strain

Elastic Properties
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129 The diagram represents a steel tube with wall thickness w which is small in comparison with the
diameter of the tube. 9702/12/MIJH15/Q23

The tube is under tension, caused by a force T, parallel to the axis of the tube. To reduce the
stress in the material of the tube, it is proposed to thicken the wall.

The tube diameter and the tension being constant, which wall thickness gives half the stress?

A% B 2w cC 2w D 4w

130 The variation with applied force of the extension of a spring is shown in the graph. ~ 9702/11/M/J/15/Q23

80------ -
force/N

6.0

40F--------3

2.0~

0

0O 1.0 20 3.0 40
extension/cm

When there is no force applied to the spring, it has a length of 1.0cm.

What is the increase in the strain energy stored in the spring when its length is increased from
2.0cmto 3.0cm?

A 0.020J B 0.030J C 0.040J D 0.050J
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Q1.

3 (a) Fig. 3.1 shows the variation with tensile force of the extension of a copper wire.

extension A

0 force

Fig. 3.1

(i) State whether copper is a ductile, brittle or polymeric material.

(ii) 1. On Fig.3.1, mark with the letter L the point on the line beyond which Hooke's
law does not apply.

2, State how the spring constant for the wire may be obtained from Fig. 3.1.

[
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(b) A copper wire is fixed at one end and passes over a pulley. A mass hangs from the free
end of the wire, as shown in Fig. 3.2,

2.5m

pointer

copper wire

mass

Fig.3.2
The length of wire between the fixed end and the pulley is 2.5 m. When the mass on the

wire is increased by 6.0kg, a pointer attached to the pulley rotates through an angle of
6.5°. The pulley, of diameter 3.0 cm, is rough so that the wire does not slide over it.

(i) For this increase in mass,

1. show that the wire extends by 0.17 cm,

STEMUP.CO.UK
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2. calculate the increase in strain of the wire.

iNcrease in strain = ...oveve e eeeiieerananes

[4]

(ii) The area of cross-section of the wire is 7.9x10"m2. Calculate the increase in
stress produced by the increase in load.

increase instress = ......cooeeeeeveeevenvnnnn..... Pa [3]

STEMUP.CO.UK
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(iii) Use your answers to (i) 2 and (ii) to determine the Young modulus of copper.

Young modulus = ......coirvrrvnrinsenrmnnrnreen.. P2 [2]

(iv) Suggest how you could check that the elastic limit of the wire is not exceeded when
the extra load is added.

i A1

Q2.

4 A glass fibre of length 0.24 m and area of cross-section 7.9 x 10~" m? is tested until it breaks.
The variation with load F of the extension x of the fibre is shown in Fig. 4.1.

4
x/104m |
3
2
1F
0 20 40 60 80
FIN
Fig. 4.1
4
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(a) State whether glass is ductile, brittle or polymeric.

...................................................................................................................................... [1
(b) Use Fig. 4.1 to determine, for this sample of glass,

(I} the ultimate tensile stress,

ultimate tensile stress = ... Pa [2]
{ff) the Young modulus,

Young modulus = .......oiiiiiiiie e Pa [3]

(ifi) the maximum strain energy stored in the fibre before it breaks.

maximum strain energy = ... J [2]
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{c) A hard ball and a soft ball, with equal masses and volumes, are thrown at a glass
window. The balls hit the window at the same speed. Suggest why the hard ball is more
likely than the soft ball to break the glass window.

Q3.

5 Fig.5.1 shows the variation with force F of the extension x of a spring as the force is
increased to £ and then decreased to zero.

A
L e
F
L e i
N . :
| :
| :
0 I |
1 1 .
0 X X,

Fig. 5.1
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(a) State, with a reason, whether the spring is undergoing an elastic change.

..................................................................................................................................... 1]
{(b) The extension of the spring is increased from x, to x,.
Show that the work W done in extending the spring is given by
W= 5k(x2 - x?),
where kis the spring constant.
(3]

(c) A trolley of mass 8509 is held between two fixed points by means of identical springs,
as shown inFig.5.2.

trolley spring
// / /
S /-_’/ . .- % s p
Fig. 5.2

When the trolley is in equilibrium, the springs are each extended by 4.5 cm. Each spring
has a spring constant 16 Ncm™ .

The trolley is moved a distance of 1.5 cm along the direction of the springs. This causes
the extension of one spring to be increased and the extension of the other spring to be
decreased. The trolley is then released. The trolley accelerates and reaches its
maximum speed at the equilibrium position.

Assuming that the springs obey Hooke’s law, use the expression in (b) to determine the
maximum speed of the trolley.
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Q4.

2 A spring is placed on a flat surface and different weights are placed on it, as shown in For

Fig. 2.1. Examiners
Lise

weights

[ 1
__spring

Fig. 2.1

STEMUP.CO.UK
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The variation with weight of the compression of the spring is shown in Fig. 2.2.

4 7
compression
/fcm
3
2.
1
0 ........
0 10 20 30 40

weight /N

Fig. 2.2

The elastic limit of the spring has not been exceeded.

(a) (i) Determine the spring constant k of the spring.

STEMUP.CO.UK
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{iijy Deduce that the strain energy stored in the spring is 0.49 Jfor a compression of
3.5cm.

(2]

(b) Two trolleys, of masses 800g and 2400¢q, are free to move on a horizontal table. The
spring in (a) is placed between the trolleys and the trolleys are tied together using thread
so that the compression of the spring is 3.5 cm, as shown in Fig. 2.3.

thread
spring .
trolley trolley
mass 8009 ~__ _~mass 24009
i / i 7

Initially, the trolleys are not moving.
The thread is then cut and the trolleys move apart.

(i) Deduce that the ratio

speed of trolley of mass 800 g
speed of trolley of mass 2400 g

is equal to 3.0.

[2]

10

Fo
Exami,
Ll


https://stemup.co.uk

(if} Use the answers in (a)(ii) and (b){i) to calculate the speed of the trolley of mass 2

800g. Examine
Lse
1T - ms~ [3]
Q5.
4 (a) (i) Define the terms For
Examiners
1. tensile stress, Use
.............................................................................................................................. [1]

.............................................................................................................................. [1]
3. the Young modulus
.............................................................................................................................. [1]
(if) Suggest why the Young modulus is not used to describe the deformation of a liquid
or a gas.
.............................................................................................................................. [1]

11
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{(b) The change AVinthe volume V of some water when the pressure on the water increases
by Ap is given by the expression

Ogﬂ

ap=22x10° 57,

where Ap is measured in pascal.

In many applications, water is assumed to be incompressible.
By reference to the expression, justify this assumption.

(c) Normal atmospheric pressure is 1.01 x 10° Pa.
Divers in water of density 1.08 x 10°kgm— frequently use an approximation that every = !

10m increase in depth of water is equivalent to one atmosphere increase in pressure.
Determine the percentage error in this approximation.

Q6.

4 A spring having spring constant k£ hangs vertically from a fixed point. A load of weight L, when ;
hung from the spring. causes an extension e. The elastic limit of the spring is not exceeded. &
{

(a) State

{f) what is meant by an elastic deformation,

(if) the relation between k, L and e.
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(b) Some identical springs, each with spring constant k, are arranged as shown in Fig. 4.1.

arrangement total extension spring constant of
arrangement
=
il‘ﬂ_‘l:;
l ................................................
S
P
f

s l o }
= =
= K-::_
= 2
c‘;\ |

o

13
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The load on each ofthe arrangements is L.
For each arrangement in Fig. 4.1, complete the table by determining
(i) the total extension in terms of e,

(if) the spring constant in terms of k.

[5]

Q7.
3 (a) The variation with extension x of the tension Fin a spring is shown in Fig.3.1.
200
F/IN
150
100+—-
50
0k
0
xlem
Fig. 3.1
14
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Use Fig. 3.1 to calculate the energy stored in the spring for an extension of 4.0cm.
Explain your working.

ENEIOVS covamemsvorsmeman i e TE R BT J[3]

(b} The springin (a) is used to join together two frictionless trolleys A and B of mass M, and p
M, respectively, as shown in Fig. 3.2. Eran

spring

trolley A \ trolley B
mass M mass Mo

Fig. 3.2

The trolleys rest on a horizontal surface and are held apart so that the spring is
extended.

The trolleys are then released.

15
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(i) Explain why, as the extension of the spring is reduced, the momentum of trolley A
is equal in magnitude but opposite in direction to the momentum of trolley B.

(if) Atthe instant when the extension of the spring is zero, trolley A has speed V, and
trolley B has speed V..
Write down

1. an equation, based on momentum, to relate V, and \/.,,

2. an equation to relate the initial energy E stored in the spring to the final
energies of the trolleys.

16
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(iliy 1. Show that the kinetic energy E_ of an object of mass m is related to its
momentum p by the expression

= P

E AL
K 2m

[1]

2. Trolley A has a larger mass than trolley B.
Use your answer in (ii} part 1 to deduce which trolley, A or B, has the larger
kinetic energy at the instant when the extension of the spring is zero.

Q8.

17

Exa
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5

(a) Tensile forces are applied to opposite ends of a copper rod so that the rod is stretched.
The variation with stress of the strain of the rod is shown in Fig. 5.1.

2.5

stress /10% Pa

2.0

1.5

1.0

0.5 A

strain / 102

(I} Use Fig. 5.1 to determine the Young modulus of copper.

Young modulus = ... Pa [3]

(i} OnFig. 5.1, sketch aline to show the variation with stress of the strain of the rod as

the stress is reduced from 2.5 x 10° Pa to zero. No further calculations are expected.

[1]

18

STEMUP.CO.UK


https://stemup.co.uk

(b) The walls of the tyres on a car are macde of a rubber compound.
The variation with stress of the strain of a specimen of this rubber compound is shown &
in Fig. 5.2.

stress

0 —
0 strain

Fig. 5.2

As the car moves, the walls of the tyres bend and straighten continuously.

Use Fig. 5.2 to explain why the walls of the tyres become warm.

19
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4 (a) Define, for a wire,

(I} stress,

(b) A wire of length 1.70m hangs vertically from a fixed point, as shown in Fig.4.1.

Ll

wire

25.0N

Fig. 4.1

The wire has cross-sectional area 5.74 x 10%m? and is made of a material that has a
Young modulus of 1.60 x 10'" Pa. A load of 25.0N is hung from the wire.

(i} Calculate the extension of the wire.

exXtension = ..., m [3]
(i} The same load is hung from a second wire of the same material. This wire is

twice the length but the same volume as the first wire. State and explain how the
extension of the second wire compares with that of the first wire.

20
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4 A student measures the Young modulus of a metal in the form of a wire.

(a) Describe, with the aid of a diagram, the apparatus that could be used.
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{c) Describe how the measurements taken can be used to determine the Young modulus. £

Exam
.......................................................................................................................................... U
..................................................................................................................................... [4]
Q11.
4 (a) State Hooke’s Law. o
.......................................................................................................................................... "
...................................................................................................................................... 1

(b) A spring is compressed by applying a force. The variation with compression x of the
force Fis shownin Fig.4.1.

60
FIN
40—
20
0 |

0 10 20 30 40 50

22
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(i) Calculate the spring constant.

spring constant = ..., Nm-' [1]

(if) Show that the work done in compressing the spring by 36 mm is 0.81 J.

[2]

{c) A child’s toy uses the spring in (b} to shoot a small ball vertically upwards. The ball has
a mass of 25g. The toy is shown in Fig.4.2.

spring

ball - -é.—/—triggerfrelease for spring

Fig. 4.2
(i) The spring in the toy is compressed by 36mm. The spring is released.

Assume all the strain energy in the spring is converted to kinetic energy of the ball.
Using the result in (b)(ii), calculate the speed with which the ball leaves the spring.

23
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(ii) Determine the compression of the spring required for the ball to leave the spring
with twice the speed determined in {i).

COMPression = ...oooviiiiiee e mm [2]

(iii) Determine the ratio

maximum possible height for compression in (i)
maximum possible height for compression in (ii)

ratio = ..o [2]
Q12.
3 One end of a spring is fixed to a support. A mass is attached to the other end of the spring. A
The arrangement is shown in Fig. 3.1. Exam
U

é mass

Fig. 3.1

(a) The mass is in equilibrium. Explain, by reference to the forces acting on the mass, what
is meant by equilibrium.

24
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(b) The mass is pulled down and then released at time f = 0. The mass oscillates up and
down. The variation with t of the displacement of the mass d is shown in Fig. 3.2.

RV i e I
d/10~m ENEEEEES REEe .-
4.0 -

20

—4.0

6.0

Fig. 3.2

Use Fig. 3.2 to state atime, one in each case, when

(I} the mass is at maximum speed,
(if) the elastic potential energy stored in the spring is a maximum,

(ifi) the mass is in equilibrium.

(¢} The arrangement shown in Fig. 3.3 is used to determine the length 7 of a spring when
different masses M are attached to the spring. Ex

—

1

é mass

Fig. 3.3

The variation with mass M of 7is shown in Fig. 3 4.

25
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351

30

/it R aaaaEan as=adnunny

2m A

3 4
19 !
R S A O [ AR A R
1: ey ow
4 N 4
i L1l
{ 1

(0] eannnan s ana s

0 0.10 0.20 0.30 0.40 0.50
Mikg
Fig.3.4
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(i) State and explain whether the spring obeys Hooke's law. For

Examin
Lige

(i) Show that the force constant of the spring is 26Nm™'.

(2]

(iif) A mass of 0.40kg is attached to the spring. Calculate the energy stored in the
spring.

BNETgY S .ounnemammsnsrsvsad [9]

Q13.

27
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5

(a) Define the Young modulus.

{(b) A load Fis suspended from a fixed point by a steel wire. The variation with extension x
of Ffor the wire is shown in Fig. 5.1.

6.0
5.0

4.0

FIN 30

Fig. 5.1

0.20 0.30

X /mm

(i) State two quantities, other than the gradient of the graph in Fig. 5.1, that are
required in order to determine the Young modulus of steel.

(ii) Describe how the quantities you listed in (i) may be measured.

28
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(iii) A load of 3.0N is applied to the wire. Use Fig. 5.1 to calculate the energy stored in

Fon
the wire. Examit
Usi
BNEIGY T oo J[2]
(c) A copper wire has the same original dimensions as the steel wire. The Young modulus
for steel is 2.2 x 10'"Nm~2 and for copper is 1.1 x 10" Nm2.
On Fig. 5.1, sketch the variation with x of F for the copper wire for extensions up to
0.25mm. The copper wire is not extended beyond its limit of proportionality. [2]
Q14.
1 Energy is stored in a metal wire that is extended elastically.
(a) Explain what is meant by extended elastically.
..................................................................................................................................... [2]
Q15.
4 (a) Define A
Exami
(i) stress, th
.............................................................................................................................. [1
(if) strain.
.............................................................................................................................. [1

{(b) The Young modulus of the metal of a wire is 0.17 TPa. The cross-sectional area of the
wire is 0.18mmZ,

The wire is extended by a force F. This causes the length of the wire to be increased by
0.095%.

29
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Q16.

(i)

Calculate

(i) the stress,

the force F.

30

SHrESS = e
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9  An aluminium wire of length 1.8 m and areaof cross-section 1.7 x 10-®m?2 has one end fixed

to a rigid support. A small weight hangs from the free end, as illustrated in Fig. 9.1.

Af Bt Sl dd A A ALAS,

A

1.8m

Fig. 9.1

The resistance of the wire is 0.030 Q and the Young modulus of aluminium is 7.1 x 10'°Pa.

The load on the wire is increased by 25 N.

(a) Calculate

(i) the increase in stress,

INCFOBSA: = e o e e R

31
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(ii) the change in length of the wire.

(b) Assuming that the area of cross-section of the wire does nct change when the load is
increased, determine the change in resistance of the wire.

Q17.

5 (a) A metal wire has an unstretched length L and area of cross-section A. When the wire

supports a load F, the wire extends by an amount AL. The wire oheys Hooke's law. Ea
Write down expressions, interms of L, A, Fand AL, for
(i} the applied stress,

(ii) the tensile strain in the wire,

(iii) the Young modulus of the material of the wire.

32
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(b) A steel wire of uniform cross-sectional area 7.9 x 10~ m“ is heated to a temperature of
650 K. It is then clamped between two rigid supports, as shown in Fig. 5.1.

0.62m

T wire

Fig. 5.1

The wire is straight but not under tension and the length between the supports is
0.62m. The wire is then allowed to cool to 300K.

When the wire is allowed to contract freely, a 1.00 m length of the wire decreases in
length by 0.012 mm for every 1K decrease in temperature.

() Show that the change in length of the wire, if it were allowed to contract as it cools
from 650K to 300K, would be 2.6 mm.

[2]

(i) The Young modulus of steel is 2.0 x 10" Pa. Calculate the tension in the wire at
300 K, assuming that the wire obeys Hooke’s law.

tension = i N [2]

33

i
Exami
Lis



https://stemup.co.uk

(ifi) The ultimate tensile stress of steel is 250 MPa. Use this information and your
answer in (ii) to suggest whether the wire will, in practice, break as it cools.

A straight wire of unstretched length L has an electrical resistance R. When it is stretched by

aforce F, the wire extends by an amount AL and the resistance increases by AR. The area of Ex,.,;
cross-section A of the wire may be assumed to remain constant. b

(a) (i) State the relation between R, L, A and the resistivity p of the material of the wire.

AR
(if} Show that the fractional change in resistance R is equal to the strain in the wire.

(2]

34
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(b) A steel wire has area of cross-section 1.20 x 10~ m? and a resistance of 4.17 Q.
The Young modulus of steel is 2.10x 10'! Pa.

The tension in the wire is increased from zero to 72.0 N. The wire obeys Hooke’s law at
these values of tension.

Determine the strain in the wire and hence its change in resistance. Express your
answer to an appropriate number of significant figures.

Q19.

4 A sample of material in the form of a cylindrical rod has length L and uniform area of
cross-section A. The rod undergoes an increasing tensile stress until it breaks.
Fig. 4.1 shows the variation with stress of the strain in the rod.

0.024
stan ||

S fbreaking |
R ot HHH TS

0.01 | | | /

pad

0 .

0 5 10

stress/10% Pa

Fig. 4.1
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(a) State whether the material of the rod is ductile, brittle or polymeric.

{b) Determine the Young modulus of the material of the rod.

Young Modulus = Lo Pa [2]

(c) A second cylindrical rod of the same material has a spherical bubble in it, as illustrated
in Fig. 4.2.

cylindrical rod bubble

1.9){103N-|—< '; & 19X 10N

cross-sectional area
3.2x 1079 m?

Fig. 4.2

The rod has an area of cross-section of 3.2x10°m? and is stretched by forces of
magnitude 1.9x10°N.

By reference to Fig. 4.1, calculate the maximum area of cross-section of the bubble
such that the rod does not break.

36
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(d) A straight rod of the same material is bent as shown in Fig. 4.3.

Fig. 4.3
Suggest why a thin rod can bend more than a thick rod without breaking.

Q20.

4 A uniform wire has length L and area of cross-section A.
The wire is fixed at one end so that it hangs vertically with a load attached to its free end, as &
shown in Fig. 4.1.

__load W
—

Fig. 4.1

When the load of magnitude W is attached to the wire, it extends by an amount e. The elastic
limit of the wire is not exceeded.

The material of the wire has resistivity p.

37
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(a) (i) Explain whatis meant by extends elastically.

............................................................................................................................ [2]
(if} Write down expressions, interms of L, A, W, p and e for
1. the resistance R of the unstretched wire,
R e [1]
2. the Young modulus E of the wire.
E S e, [1]

(b) A steel wire has resistance 0.44 Q. Steel has resistivity 9.2 x 10-9Qm. For
A load of 34N hung from the end of the wire causes an extension of 7.7 x 10~ m. &T‘;ZI
Using your answers in (a){ii), calculate the Young modulus E of steel.

E S! cosvnmsinmssnaneas e Pa [3]

Q21.

38
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4 (a) Explain what is meant by sfrain energy (elastic potential energy).

(b) A spring that obeys Hooke’s law has a spring constant k.

Show that the energy £ stored in the spring when it has been extended elastically by an
amount x is given by

e
E—z—kx.

[3]

(c) A light spring of unextended length 14.2 cm is suspended vertically from a fixed point,
as illustrated in Fig. 4.1.

fixed point fixed point fixed point

Fig. 4.1 Fig. 4.2 Fig. 4.3

39
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A mass of weight 3.8N is hung from the end of the spring, as shown in Fig. 4.2.
The length of the spring is now 16.3 cm.

An additional force Fthen extends the spring so that its length becomes 17.8cm, as
shown inFig. 4.3.

The spring obeys Hooke's law and the elastic limit of the spring is not exceeded.

(i) Showthat the spring constant of the spring is 1.8Ncm'.

(1]

(if) Forthe extension of the spring from a length of 16.3cm to a length of 17.8cm,

Ex
1. calculate the change in the gravitational potential energy of the mass on the

spring,

change iN BNErgY = ..o J [2]

40
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2. show that the change in elastic potential energy of the spring is 0.077 J,

(1
3. determine the work done by the force F.
WORICHORE S oo oieecon st wemsecie eson s s s sie J [1]
Q22.
4 (a) A uniform wire has length L and constant area of cross-section A. For
The material of the wire has Young modulus £ and resistivity p. Examiner
A tension Finthe wire causes its length to increase by AL. tse

For this wire, state expressions, in terms of L, A, F, AL and p for

(i} the stress g,

............................................................................................................................ [1]
(ii) the strain ¢,
............................................................................................................................ 1
(fii) the Young modulus E,
............................................................................................................................ 11
(iv) the resistance R.
............................................................................................................................ 1]

41
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(b) One end of a metal wire of length 2.6 m and constant area of cross-section 3.8 x 107 m?
is attached to a fixed point, as shown in Fig. 4.1.

wire — |

2.6m

load _
30N —F -1

Fig. 4.1

The Young modulus of the material of the wire is 7.0 x 10'"Pa and its resistivity

is2.6 x107°Qm. E
A load of 30N is attached to the lower end of the wire. Assume that the area of
cross-section of the wire does not change.

For this load of 30N,

(I} showthat the extension of the wire is 2.9mm,

[

42
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(if) calculate the change in resistance of the wire.

CNEN G 8= s s S S Q [2]
{c) The resistance of the wire changes with the applied load.

Comment on the suggestion that this change of resistance could be used to measure
the magnitude of the load on the wire.

Q23.

4 (a) A metal wire has spring constant k. Forces are applied to the ends of the wire to extend
it within the limit of Hooke’s law.
Show that, for an extension x, the strain energy £ stored in the wire is given by

E=Lixz

Ra—

[4]

43
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(b} The wire in (a) is now extended beyond its elastic limit. The forces causing the extension
are then removed.
The variation with extension x of the tension F in the wire is shown in Fig. 4.1.

80

L O e |

ol
FIN /

N P

N

Energy E. is expended to cause a permanent extension of the wire.

(i) OnFig.4.1, shade the area that represents the energy E.. [1]

(ii) Use Fig. 4.1 to calculate the energy E-. A

| Gram
Lis
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Q24.

5 A spring hangs vertically from a fixed point and a mass of 94 g is suspended from the spring,

stretching the spring as shown in Fig. 5.1. Ece
_mass
~ 949
Fig. 5.1 Fig. 5.2 Fig. 5.3
The mass is raised vertically so that the length of the spring is its unextended length. This is
illustrated in Fig. 5.2.
The mass is then released. The mass moves through a vertical distance of 2.6cm before
temporarily coming to rest. This position is illustrated in Fig. 5.3.
(a) State which diagram, Fig. 5.1, Fig. 5.2 or Fig. 5.3, illustrates the position of the mass

such that
(i) the mass has maximum gravitational potential energy,

............................................................................................................................ [1
(if) the spring has maximum strain energy.

............................................................................................................................ [1

(b) Briefly describe the variation of the kinetic energy of the mass as the mass falls from its
highest position (Fig. 5.2) to its lowest position (Fig. 5.3).

45
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Q25.

(¢} The strain energy £ stored inthe spring is given by the expression
= 1ix2
E 2kx
where k is the spring constant and x is the extension of the spring.
Forthe mass moving between the positions shown in Fig. 5.2 and Fig. 5.3,

(i) calculate the change in the gravitational potential energy of the mass,

change = J [2]

(ii) determine the extension of the spring at which the strain energy is half its maximum
value.

extension = cm [3]

6 (a) State Hooke's law.

46
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(b) The variation with extension x of the force F for a spring A is shown in Fig. 6.1.

8.0

6.0

FIN

4.0

ol I

B aanaamnm
0
0 2 4 6 8 10
x/10~<m
Fig. 6.1

The point L onthe graph is the elastic limit of the spring.
(i} Describe the meaning of elastic limit.

............................................................................................................................. [1]
(i) Calculate the spring constant &, for spring A.

Ky = e, Nm-" [1]

47
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(iii) Calculate the work done in extending the spring with a force of 6.4 N.

WOrK done = ... J[2]

(c) ;: s%c;nd spring B of spring constant 2k, is now joined to spring A, as shown in
ig.6.2.

spring A

spring B
64N

Fig. 6.2

A force of 6.4 N extends the combination of springs.
For the combination of springs, calculate

(i) the total extension,

Y4 =T L] o o N S O m [1]

(ii) the spring constant.

spring constant = ...........coocii i Nm~ [1]

Q26.
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3 (a) Define
(i) stress,

.............................................................................................................................. [1]
(i) strain.
.............................................................................................................................. 1]
(b) Explain the term elastic im#.
...................................................................................................................................... [1]
(c) Explain the term uftimate tensile stress.
...................................................................................................................................... [2]

(d) (1) A ductile material in the form of a wire is stretched up to its breaking point. On
Fig. 3.1, sketch the variation with extension x of the stretching force F.

F A

Fig. 3.1
[2]

49
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(i} On Fig. 3.2, sketch the variation with x of F for a brittle material up to its breaking E
point. Exam

F A

Fig. 3.2
[1]

(e} (i) Explainthe features of the graphs in (d) that show the characteristics of ductile and
brittle materials.

(if} The force Fis removed from the materials in (d) just before the breaking point is
reached. Describe the subsequent change in the extension for

1. the ductile material,

Q27.

50
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5 (a) Explain what is meant by plastic deformation.

(b) A copper wire of uniform cross-sectional area 1.54 x 10-°m? and length 1.75m has a
breaking stress of 2.20 x 10 Pa. The Young modulus of copper is 1.20 x 10''Pa.

(i} Calculate the breaking force of the wire.

breaking force = ..o N [2]

(i) A stress of 9.0 x 107 Pa is applied to the wire. Calculate the extension.

extension = ..., m [2]

(c) Explain why it is not appropriate to use the Young modulus to determine the extension
when the breaking force is applied.

Q28.
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(a) State Hooke's law.

(b) A spring is attached to a support and hangs vertically, as shown in Fig. 6.1. An object M
of mass 0.41kg is attached to the lower end of the spring. The spring extends until M is
at rest at R.

spring

The spring constant of the spring is 25Nm~". Show that the extension of the spring is
about 0.16m.

(2]
(¢} The object M in Fig. 6.1 is pulled down a further 0.060m to S and is then released.
For M, just as it is released,
(i) state the forces acting on M,
.............................................................................................................................. [1]
(ii) calculate the acceleration of M.
acceleration = ... ms [3]

52
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(d) Describe and explain the energy changes from the time the object M in Fig. 6.1 is
released to the time it first returns to R.

53
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QL.

3 @ s [ | BT B1
fiiY! Lshownatendof straightline ... e e B1
fiiY2 reciprocal of gradient of straight line region .......ccoceeeeneeeiee e B1

(b) ()1 circumference = 3x cm Orarc =18 .o C1

extension = (6.5/360) x 3= = 1.5 sin (or tan}6.5..........M1

fi)2 strain = extension/lenath......... .o e e C1
=(0.17/250

SR 1 S [0 R Al

[{1}] (=L (01 00 = 1= L = 1= DT %
S 60 X OBWMT O X A0 i e i s C1
ST A X N0 PA et e e senenee e eens AT

{iii) Young modulus = stress/strain ... s C1
= (744 x 107}/(6.8 x 10°Y)
SR I B [0 L =7 TS Al
{iv) remove extra load and see if pointer returns to original position or
wire returns to original lenath ... e B1
Q2.
4 {a) brittle B1
{b) (i) stress =forcelarea C1
=60/(7.9 x 107
=7.6 x 107 Pa A1
{il) Young modulus = stress/strain C1
limiting strain = 0.03/24 (= 1.25 x 107%) Cc1
Young modulus = (7.6 x 107)/(1.25 x 107% = 6.1 x 10"" Pa A1
{iii) energy = ¥ x 60 x 3.0 x 107 C1
=90x10%J A1
ic) If hard, ball does not deform (much) B1
and either (all} kinetic eneray converted to strain enerqy B1
If soft, &, becomes strain energy of ball and window B1
(no mention of strain energy, max 2 marks)
or impulse for hard ball takes place over shorter time (B1)
larger force/greater stress (B1)
Q3.

131

[41

131

121

Ml

Ml

2]

[31

[2]

31
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§ (a) no hysteresis loop/no permanent deformation
(do not allow ‘force proportional to extension’)
s0 elastic change

{b) work done = area under graph line OR average force x distance

= YoFx YalFo + Fi)(X2 — x1)

F = kx, so work done = = %k Vak(Xs + X)X — X¢)
work done = k(X2 — x4%)

{c) gain in energy of trolley = 4k(0.0607 — 0.045%) + %k(0.030% — 0.045%)

=0.36J
kinetic energy = % x 0.85 x v = 0.36
v=092ms™
Q4.
2 (a) (i) kisthe reciprocal of the gradient of the graph
k=1{32/(4x107%) = }800Nm™
(i) either enerqy = average force x extension or Vikx’
or area under graph line
eneray = % x 800 % (3.5x 102 or % x28x3.5x1072
energy = 0.49J
{b} (i} momentum before cutting thread = momentum after
0=2400x V-800xv
viv=30
(iiy energy stored in spring = kinetic energy of trolleys
049 = % x24 x(;v}2+%><0.3 x v
v =09ms"
(if only one trolfey considered, or masses combined, alfow max 1 mark)
Q5.
4 ({a) (i) 1. stress = force/(cross-sectional) area
2. strain = extension / griginal length
3. Young modulus = stress / strain
(ratios must be clear in each answer)
{ii}y either fluids cannot be deformed in one direction / cannot be stretched
or fluids can only have volume change
or no fixed shape
{b) either unless Apis verylarge or 2.2 x 10%is a large number
AVis very small or AV/Vis very small, (so ‘incompressible’}
{c) Ap = hpg
1.01x 10° = hx 1.08 x 10° x 9.81
h =953m
Abhlh = 047710 or 047/9.53
error = 4.7% or 4.9% or 5%
Q6.

M1

AD

B1
A1
A1
A0

C1
C1

C1
A1

B1
B1
B1

B1

M1
Al

C1

Al

C1

C1
M1

C1
A0

C1
C1

Al

M
M
M

M

121

[31

M1

[31

[4]

121

121

121

131
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4 (a) (i) change of shape /size / length / dimension ..o Cc1
when (deforming) force is removed, returns to original shape / size A1

........................................................................................... B1

B 28 vvcnanrn e e e e e e e s B
Yok ...(allow e.C. . from exXtension) ......ceeeeeeeeeeeeeeeeee e e B1

e and 2k

:‘2‘ e ...(alfow e.c.f. from extension in part 2)

:k ...(allow e.c.f. from extension)

Q7.

3 (a) either enerqgy (stored)work done represented by area under graph
or enerqy = average force x extension
energy = %% x 180 x 4.0 x 1072
36J

n

(b) (i) either momentum before release is zero ... M1
so sum of momenta (of trolleys) after release iszero  ..................... A1
or force = rate of change of momentum (M1}
force on trolleys equal and opposite (A1)
or impulse = change in momentum (M1)
impulse on each equal and opposite (A1)

(ii] 1 M-] V1 - MQVQ
2 E=SG MVPRBNEVEY o o o s s e v e s B1

(iiiy 1 5 =¥mv? and p = mv combined to qive
E=p%/2m

2 msmaller, Exis larqger because pis the same/constant
so trolley B

Q8.

5 (a) (1) Youngmodulus =stress/strain ..o s C1
data chosen using pointin linearregionofqraph ...l M1
Young modulus = (2.1 x 108%(1.9 x 107%)
= 1 X A0 T P oo e Al

{iiy This mark was removed from the assessment, owing to a power-of-ten
inconsistency in the printed question paper.

{b) area between lines represents energy/area under curve represents enerqy .. M1
when rubber is stretched and then released/two areas are different ............ Al
this enerqy seen as thermal energy/heating/difference represents energy
released as heat

121
M

151

13l

121
el
M1

M

M

131

131
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Qo.

4

Q10.

4

Q11.

(a)

(b)

(a)

(b)

(c)

{i) stressis force / area
(if} strain is extension / original lenath

(i E=[F/Al+[e/]]
e=(25x 1.7}/ (5.74 x 1078 x 1.6 x 10™")
e=46x10"m

(i} A becomes A/2 or stress is doubled
e o« [/ A or substitution into full formula
total extension increase is 4e

clamped horizontal wire over pulley or vertical wire attached to ceiling with mass
attached
details: reference mark on wire with fixed scale alongside

measure original length of wire to reference mark with metre ruler / tape

measure diameter with micrometer / digital calipers

measure initial and final reading (for extension) with metre ruler or other suitable
scale

measure / record mass or weight used for the extension

qood physics method:

measure diameter in several places / remove load and check wire returns to
original length / take several readings with different loads

MAX of 4 points

determine extension from final and initial readings
plot a graph of force against extension

determine gradient of graph for Ff e

calculate area from ncf / 4

calculate Efrom E=F [/ e A or gradient x [/ A

MAX of 4 points

B1
B1
C1
A1

B1
B1
A1

B1
B1

(B1)
(B1)
(B81)
(B81)
(B81)

B4
(B1)
(B1)
(B1)
(B81)
(B81)

B4

M1
Ml

13l

13l

121

[41

[41
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4 (a) force is proportional to extension B1 1]

{b) (i) gradient of graph determined (e.q. 50 / 40 x107% )= 1250 Nm™" Al M
(i) W=1%kx¥ or W = final force x extension M1
=0.5 x 1250 x (36 x 1072 or 0.5 x 45 x 36 x 107* M1
=0.81J AQ  [2]
fc) (i) 0.81=1m? C1
v =8.0(8.0498) ms™ Al [2]
iy 4=xKE/4=xWDor3.24J C1
hence twice the compression =72 mm Al [2]
fiiiy Max height is when all KE or WD
or elastic PE is converted to GPE C1
ratio = 1/4 or 0.25 Al 2]
Q12.
3 (a) Resultant force (and resultant torque) is zero B1
Weight (down) = force from/due to spring (up) B1 2]
{b) (i) 0.2, 0.6, 1.0s (one of these) A1 M1
(iiy 0, 0.8s(one of these) Al M
{(iliy 0.2, 0.6, 1.0s (one of these) A1 M1
fc) (i} Hooke’s law: extension is proportional to the force (not mass) B1
Linear/straight line graph hence obeys Hooke's law B1 [2]
{ily Use of the gradient (not just F = kx) C1
K =(0.4%98)/15 %1072 M1
=26(.1) Nm™ Al 2]
(iii} either enerqy =areatoleftofline or energy =% ke’ |
=1 x [(0.4 x 9.8)/15 x 1072 x (15 x 10722 C1
=0.294J (allow 2 5.f) A1 [31
Q13.
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5 (a) E =stress/ strain

b M 1. diameter [ cross sectional area / radius
2. original length

{iiy measure original length with a metre ruler / tape

measure the diameter with micrometer (screw gauge)

allow digital vernier calipers
{iiiy energy = % Fe or area under graph or % kx*
=1%x%x025%x10%x3=38%10"%)

{e} straight line through origin below original line
line through (0.25, 1.5)

Q14.
1 (a) the wire returns to its original length {not ‘shape’)
when the load is removed
Q15.

4 (a) (i) stress =force / cross-sectional area
(i} strain = extension / original length
{b) (i) E = stress/ strain
E=0.17 x 10"
stress =0.17 x 102 x 0.095/ 100
=1.6(2) x 10°Pa

{ii}y force = (stress x area) = 1.615 x 10® x 0.18 x 107°
=29(.1)N

Q16.

B1

B1
B1
B1

C1
A1

M1
A1

M1
A1

B1

B1

C1

C1
Al

C1
A1

M

M

[2]

[21

121

121

M
M

[41

121
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9@ O

(ii)

(b)

Q17.

SHEHE © Fulidl v v o inas s

Il

25 / (1.7 x 1075

stress = E x strain

147 x10" = 7.1x 10" x (Al/1.8)

L B T L
R =plld OR Rl coctisinminsiiisfinmmmmamaremnmsnsas
50, ARSR = AITE oooiiimnsrsonsssennsasnssmmsnssmssssmsessmanmymnn
AR = (3.7x107%/1.8)x0.03 = 62x10°Q ..............

May calculate p =2.833... x 10*Qm
giving new R as 3.0006167 x 102 Q
hence AR - full credit possible

However, if rounds off p as2.83 x 10* Q m,
then Rpew < Roia!
Allow 1 mark only for R < L

5 (a) () F/A

(i) AL/L

(ili)FL/A AL

(b) (i) AL =0.012 x 0.62 x 350

=26 mm

(i) 2.0 x 10" = (Fx 0.62)/(7.9 x 107 x 2.6 x 10°%)

F=660N

LAT IO PR s (do not allow 1 sig fig) ..............

Al
Cl
Al  [4]

cl
Cl
Al [3]

B1
B1
B1 [3]
M2
A0 [2]
Cc1
Al [2]
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(iii)either stress when cold = 660/(7.9 x 107) = 840 MPa

Q18.

Q19.

Q20.

or tension at uts =198 N
either this is greater than the ultimate tensile stress
or tension at uts is less then tension in f{ii)

the wire will snap

M1

Al

A1

[31

{Allow possibility for the two ‘A’ marks to be scored as long as some quantitative

answer — even if incorrect — has been given for the ‘M’ mark)

fal (i} R=d/A
{ily strain=AL/L

either AR = pAL /A or R « L with ¢ and A constant

dividing, AR/ R=AL/L

(b} Young modulus = stress / strain
strain =72.0/(1.20 x 107 x 2.10 x 10™)
=286 x10% (alfow 1/350
AR=286x10%x4.17=1.19x10%Q
answer given to 3 siq. fiq

(a) brittle

{b} Young modulus = stress / strain
= (9.5 x 10°)/0.013
=7.3 x 10'° Pa (alfow + 0.1 x 10" Pa)

{c) stress =force/ area
(minimum) area = (1.9 x 10%)/ (9.5 x 10%)

=20x10°%m?
(max) area of cross-section = (3.2 — 2.0} x 107
=12x10%m?

{d) when bent, ‘top’ and ‘bottom’ edges have different extensions

with thick rod, difference is qreater (than with a thin rod)
50 breaks with less bending

B1
B1
B1
A0

c1
C1

A1
A1

B1

Cc1

Al

C1

C1
Al
M1

A1
A0

131

[51

M

[21

131

[21
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4 ({a) (i) returnsto original shape /! size flength efC. .o B1
when load / distorting forces / weight / strain is removed ..B1 [2]
L Y s I T e B1 [11
2 E=WL/Ae ..B1 M1
[ ) T Y ¥ C1
= (34x044) / (T.7x10*x8.2x10%) ..C1
T =~ A AR A1 (3]
[Total: 71
Q21.
4  {a) ability to do WOTK oot eeeeeeeeee e eeeeeemnnnnnas B1
as a result of a change of shape of an object/stretched etc ... B1 [2]
{b} work = averaqe force xdistance moved (in direction ofthe force) ... B1
either work = Y2x Fxx
or work is area under F/x graph whichis YaFx ..o B
SOWOIK / @NEIAY = YoKXT oo e e e e eee s ee e e e eeesemeeeeenn A0 [3]
A . 3.8
{c) (i) spring constant = 331 ..M1
L N L, A0 ]
() 1AE: = MQAR OF WAB e e e e es e se e rese s e snne s ssnnas C1
= 3.8 x 1.5 x 107
2AE; = Vox 1.8 x 107 (0.036% — 0.0212) oo M1
DT o e o S e S A0 M
3 work done = 0.077 - 0.057
= 00200 consnrirernr i s Al ]
{allow e.c.f. if AEs > AER)
[Total: 101
Q22.
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4 (a) (i F/A

(i) AL/L

(iii} allow FL/AAL

(iv) allow oL/A or p(L+ALY/A

(b) (i) AL =FL/EA

=(30 x 2.6)}/(7.0 x 10" x 3.8 x 107)
=293 % 10°m =2.93 mm

(i) AR=pAL/A

=(26%x10%x293x10%)/(3.8 x 107)
=20x10%Q

{c) chanqe in resistance is (very) small
so method is not appropriate

Q23.
4 (a) energy = average force x extension
=Yx Fxx
(Hooke’s law) extension proportional to (applied) force
hence F = kx
so E = Yk

(b} (i} correct area shaded
(i) 1.0 cm? represents 1.0mJ or correct units used in calculation
Es=64%+02mJ
(for answer > £0.2mJ but = £0.4mJ, then allow 2/3 marks)

{iiiy arrangement of atoms / molecules is changed

Q24.

10

B1

B1

B1

B1

M1
AQ

C1

Al

M1

C1

B1

M1
M1
Ml
Ml

!

121

2]

[41

il

[31

M


https://stemup.co.uk

5 (a) (i) Fig. 5.2

(i} Fig. 5.3

{b) kinetic energy increases from zero then decreases to zero

(¢} (i) AE. = mgAh/mgh

nwmn

0.024J

(i) either 0.024= 1% kx (2.6 x 1072)?
0.012= Yk x d*
d =0.018m
=1.8cm

Q25.

94 x 107 x 9.8 x 2.6 x 107

or

using g = 10 then -1

% kd® = Yk x (2.6 x 10727 — Lekd®
kd® = sk x (2.6 x 107

d =0.018m
=1.8cm

6 (a) extension is proportional to force (for small extensions)

{b) (i) point beyond which (the spring) does not return to its original length when the

load is removed

(i) aradient of graph = 80Nm™

{iil) work done is area under graph / % Fx/ ¥ kx*
=0.5x%6.4 x 0.08 = 0.256 (allow 0.26) J

{c) (i) extension=0.08+0.04=0.12m

(il spring constant =6.4/0.12=53.3Nm™

Q26.

3 (a) (i} stress =force / (cross-sectional) area

{ii} strain = extension / original length or change in length / griginal length

{b) point beyond which material does not return to the original length / shape / size

when the load / force is removed

11

B1

B1
A1
C1
Al
Al

A1

B1

B1

B1

B1

B1

B1

C1
A1

C1

A1

M

M

Ml

121

[kl
Rl

M
M

M

M

M

M

121

[31
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{c) UTS s the maximum force / original cross-sectional area
wire is able to support f before it breaks

allow one: maximum stress the wire is able to support / before it breaks
{d) (i) straightline from (0,0}
correct shape in plastic region
{ii} only a straight line from (0,0)
{e) (i} ductile: initially force proportional to extension then a large extension for

small change in force
brittle: force proportional to extension until it breaks

{iiy 1. does not return to its original length / permanent extension (as entered

plastic reqion)

2. returns to original length / no extension {(as no plastic region / still in

elastic region)

Q27.

M1
A1

M1
A1

B1

B1
B1

B1

B1

[2]

121

M

121

2]

5 (a) when the load is removed then the wire / body object does not return to its original shape /

length
{b) (i) stress =force/area
F =220 x 10° x 1.54 x 107° = 340 (338.8)N
(iiy E=(Fx/(Axe)
e=(90x 105 x1.75/ (1.2 x 10"y =1.31 x 107*m

{c) the stress is no longer proportional to the extension

Q28.

6 (a) extension is proportional to force / load

(b F=mg
x=(mg/k)=0.41x981/25=(4.02/25)
x=0.16m

{c) (iy weight and (reaction) force from spring (which is equal to tension in spring)

(iy F—weight or 0.06 x 25 =ma
F=0.2209 x 25 = 5.52 (N) or022x25=55
a=(552-041x9.81)/041 or1.5/0.41and (5.5 -4.02)
a=3.7(3.66)ms™2 gives 3.6 ms™2

{d) elastic potential enerqy / strain energy to kinetic enerqy and gravitational
potential enerqy
stretching / extension reduces and velocity increases / height increases

12

B1

Cc1
Al

C1
Al

B1

B1

C1

M1

A0
B1
c1

C1
A1

B1

M

121

121

M

M

[21

M

131

121
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Deformation of solids - 2018

1. 9702/11/M/J/18/No.18

The diagram shows a wire of diameter D and length L that is firmly clamped at one end between
two blocks of wood. A load is applied to the wire which extends its length by x.

m,/ blocks of wood

| __—wire

./ load

A second wire is made of the same material, but of diameter 2D and length 3L. Both wires obey
Hooke's law.

What is the extension of\? second wire when the same load is applied?
3

A 2y @—x c 4x D 3y f labe TE o e
3 4 | 3' 2 , " A‘LE
(m E=FL | xceft (D E=3FL Se._
',Z; - mate ! 5 k12 ' Lf AA M_,’L
TSN X 7 2 ( - BELE = 2 xC
K(b\ W ( ( Trbhtac, 33 (,;
B N [ = -
2. 9702/12/M/J/18/No.20 Nee %{TE | "EX
An elastic material with Young modulus E is subjected to a tensile stress S. Hooke's law is
obeyed.
What is the expression for the elastic energy stored per unit voluyof the material?
E 2E s? sz ' < A
She B == e~ = L)
252 s? E T "3 =
: : -+ Ep-ft
k dav-a. = £ d 02"(( ( ‘L_ / |
o g e Otired. S Ade
{ s \OV‘ ( ,——S\ = 4“2- »~
M H=s? SV"“S- AdC
Cvee, pands— Gv= ( . ( = Bt 4
g0 > T . { 2 AL ( A" TFL
L’F > Zc = e . ' = Foc
- ZAL- 2A(
— Wovilk Avne '
2 vwolup—e W ¢ o
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3. 9702/11/M/J/18/No.19

Two wires, one made of brass and the other of steel, are stretched in an experiment. Both wires
obey Hooke’s law during this experiment.

The Young modulus for brass is less than the Young modulus for steel. E, < =
gﬂ- 3% Stae ‘
Which graph shows how the stress varies with strain for both wires in this

experiment? x
A

<< SMW
[ A & =
[occbhacx
stress steel stress R s
Jvzeh,
brass brass / pletele' T
0 > 0 —>
0 strain 0 strain
(o D
/ A
stress brass stress brass
steel steel
0 - 0 -
0 strain 0 strain
4. 9702/13/M/)/18/No.18 - L
Data for a steel wire on an electric guitar are listed. H = i__
&
diameter =5.0 x 10*m -~ 2o % (
Young modulus = 2.0 x 10" Pa Iy x(I .o)«c."F)L)( Axio!
2
tension = 20N

. ) , ) X ool (-
The wire snaps and contracts elastically. Assume the wire obeys Hooke's law.

5 .
By what percentage does the length 1 of a piece of the wire contrg??’ “Z‘ = ©'bouf

A 13x10"% B 51x10"% C 13x107%% @5.1x10'2% N ©
— o:' O does) Xiew

C
2006

S Y

= S

2
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5. 9702/12/M/)/18/No.24
The graph shows the length of a spring as it is stretched by an increasing load.

15
length/cm
10
5
0
0 0.1 0.2 0.3 0.4 0.5
load/N
What is the spring constant of the spring? / ince f— - (&(&i - .
P =
A 0.080Nm™ B 0.13Nm™ C 27Nm™ @ 8.0Nm™
i Bl . Oy S
= BonNm!
g
6. 9702/13/M/J/18/No.19
The graph shows how the extension of a spring varies with the force used to stretch it.
TP e e E=1 Fx-
, : 3
extension/cm i -
g : =1 xBoooOX 00
: ¥ -
g | = Cov =
i i
|~ Chavar forrs fromm
0 T T f
0 10 20 30 KN \:‘0\ M
force/kN CT3 Sy lwwo

— Cl~a ar G fo ma
What is the strain energy in the spring when thg-€xtension is 4.0cm? o

A 60J B 120J @GOOJ D 1200J

STEMUP.CO.UK Page 3 of 4
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7. 9702/12/F/M /18/No.19
The force-extension graph of a metal wire is shown.

At which point on the graph does the metal wire stop obeying Hooke's law?

A
force

D
/C

~. B

A

0 -
0 extension

8.  9702/12/F/M /18/No.20

The diagram shows a large crane on a construction site lifting a cube-shaped load at a constant
speed.

Wl

cable

crane
T load

SR TR LTI T LE LA LH AL EL LR AL TA LA

A model is made of the crane, its load and the cable supporting the load.

The material used for each part of the model is the same as that in the full-size crane, cable and
load. The model is one tenth full-size in all linear dimensions.

What is the ratio Stressin the cable on the full-size crane -,
stress in the cable on the modgtcrane

A 0.1 B 1 @10 D 100

STEMUP.CO.UK Page 4 of 4
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Deformation of Solid — 2021 AS

1. June/2021/Paper_11/No.19

The spring constants of four springs are determined by plotting the following graphs of force F
against extension x.

104----------5 204----------; 1004----------5 104----------
FIN FIN

1
0 4 0 0.1 0 0.5
x/mm x/mm x/mm x/mm

Which order of the graphs shows decreasing spring constants?

A 2515354
B 3545251
C 4525153
D

4 535251

2. June/2021/Paper_12/No.19
A steel bar of circular cross-section is under tension T, as shown.

The diameter of the wide portion is double the diameter of the narrow portion.
T () T ) T
o

stressin the wide portion .,
stress in the narrow portion -

A 025 B 0.50 c 20 D 40

What is the value of
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3. June/2021/Paper_11/No.20

Forces are applied to the ends of a rod so that its length increases. The variation with force F of
the extension e of the rod is shown.

A
e

The point P is the elastic limit.

Which shaded area represents the work done during the plastic deformation of the rod?

A B
A . _
e : e
P ] P
0 - 0 =
0 F 0 F
Cc D
b A
e e |
_________________ P P
O > O 1 I.‘
0 F 0 F

4, June/2021/Paper_12/No.20
Two guitar strings are stretched by tensile forces.

String X is stretched by a tensile force F that causes an extension x.
String Y is stretched by a tensile force 2F that causes an extension 2x.

The strings obey Hooke'’s law.

strain energy in stretched string X "

What is the ratio : . . ;
strain energy in stretched string Y

A 4 B 2 C

NN

1
2
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5. Nov/2021/Paper_11/No.19

A metal wire, of cross-sectional area A and unstretched length 7, is subjected to stress o. As a
result it has strain =

Which expression gives the Young modulus of the metal?

A £ B A c = p <L
o ol g cA
6. Nov/2021/Paper_11/No.20
Two identical springs are connected in parallel.
A weight of 8.0N is hung from the combination, as shown.
8
force/N /
6 /
4 7
2 /
/
0
0 2 4 6 8 10
8.0N length/cm

The graph shows the variation with length of the force applied to one of the springs.
What is the strain energy in one of the springs?

A 0.060J B 0.12J C 0.14J D 0.24J
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7. Nov/2021/Paper_12/No.21
Three springs are arranged vertically as shown.

l w
Springs P and Q are identical and each has spring constant k. Spring R has spring constant 3k.

What is the increase in the overall length of the arrangement when a force W is applied as

shown?
A 2W B 4W c Lww D 4kW
6 k 3 k 2
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Nov/2021/Paper_12/No.22
A length of metal wire is attached to a fixed point and hangs vertically. Masses are then
suspended from the wire. Assume that the cross-sectional area of the wire remains constant.

fixed point
/metal wire

é/masses

A stress—strain graph for the wire is plotted, as shown.

\
stress

0 >
0 strain

What is represented by the shaded area under the graph?
A strain energy in the wire

strain energy in the wire

B
cross-sectional area of the wire
C strain energy in the wire
original length of the wire
D strain energy in the wire

original volume of the wire


https://stemup.co.uk

9.

Nov/2021/Paper_13/No.20

Which spring combination has an overall spring constant of 8.0 Nm™"'?

A

extension
=0.20m

extension
=0.20m

1.6N

Cc

extension extension
=0.075m =0.075m

extension
=0.15m

1.8N

extension
=0.075m

extension
=0.075m

extension
=0.075m

extension
=0.075m

extension
=0.075m

extension
=0.075m
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10. Nov/2021/Paper_13/No.21
A metal wire is stretched to breaking point and the force—extension graph is plotted.

Which graph is correctly labelled with the elastic region, the plastic region and the area
representing the work done to stretch the wire until it breaks?

A B
plastic elastic
| elastic region | plastic region
region region
force 9 force g
/E/ work done work done
0 ' & 0 =
0 extension 0 extension
C D
plastic plastic
) elastic region 4 elastic region
region region
force 9 force 9
i work done work done
0 I > 0 -
0 extension 0 extension
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Deformation of Solid — 2021 AS

1. Nov/2021/Paper_21/No.3
(a) Auniform metal bar, initially unstretched, has sides of length w, x and y, as shown in Fig. 3.1.

Fig. 3.1

The bar is now stretched by a tensile force F applied to the shaded ends. The changes in
the lengths x and y are negligible. The bar now has sides of length x, y and z, as shown in
Fig. 3.2.

F

Fig. 3.2
Determine expressions, in terms of some or all of F, w, x, y and z, for:

(i) the stress o applied to the bar by the tensile force

STEMUP.CO.UK
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(iii) the Young modulus E of the metal from which the bar is made.

(b) A copper wire is stretched by a tensile force that gradually increases from 0 to 280N. The
variation with extension of the tensile force is shown in Fig. 3.3.

320
force/N u
240 Zamun
l'/‘
/
160 /
80 /
rd
y
0
0 2 4 6 8 10 12

extension/mm

Fig. 3.3
(i) State the maximum extension of the wire for which it obeys Hooke's law.
extension = ... mm [1]

(ii) Use Fig. 3.3 to determine the strain energy in the wire when the tensile force is 120N.

Strain @Nergy = ..o J [3]
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(iii) Explain why the work done in stretching the wire to an extension of 12 mm is not equal to
the energy recovered when the tensile force is removed.

[Total: 10]

2. March/2021/Paper_22/No.3
A spring is extended by a force. The variation with extension x of the force F is shown in Fig. 3.1.

8.0

6.0 P .
FIN L.

4.0 ‘l"

2.0 —

0 »
0 1.0 2.0 3.0 4.0 50
x/em
Fig. 3.1

(a) State the name of the law that relates the force and extension of the spring shown in Fig. 3.1.
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(b) Determine:

(i) the spring constant, in Nm™1, of the spring

spring constant =

(ii) the strain energy (elastic potential energy) in the spring when the extension is 4.0cm.

strain energy =

(¢) One end of the spring is attached to a fixed point. A cylinder that is submerged in a liquid is
now suspended from the other end of the spring, as shown in Fig. 3.2.

fixed point
spring,
extension 4.0cm
3 - cylinder,
L cross-sectional area
1.2x1073m?
, ' cylinder,
cylinder, | weight 6.20N
length
5.8cm
-1---- ligquid
,.J—-"//f
\, /
Fig. 3.2

The cylinder has length 5.8cm, cross-sectional area 1.2 x 1073m? and weight 6.20N. The
cylinder is in equilibrium when the extension of the spring is 4.0cm.

4
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(i) Show that the upthrust acting on the cylinder is 0.60 N.

[1]
(i) Calculate the difference in pressure between the bottom face and the top face of the
cylinder.
difference in pressure = ... Pa [2]
(iii) Calculate the density of the liquid.
density = ... kgm™ [2]
(d) The liquid in (c) is replaced by another liquid of greater density.
State the effect, if any, of this change on:
(i) the upthrust acting on the cylinder
..................................................................................................................................... [1]
(i) the extension of the spring.
..................................................................................................................................... [1]

[Total: 12]

5
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Deformation of Solid — 2023 June AS Physics 9702

1.

June/2023/Paper_9702/11/No.18
A lamp is suspended in equilibrium from a fixed support by three long identical wires.

wireS=—_ | fixed support

( ! _lamp

The weight of the lamp causes each wire to have an extension of 0.40cm. The height h of the
lamp above the floor is measured.

!

The middle wire suddenly breaks and the lamp falls a small distance as the extensions of the
remaining two wires increase. The wires obey Hooke's law.

When the lamp is in equilibrium, the height h of the lamp above the floor is measured again.

What is the difference between the two values of h?

A 020cm B 027cm C 040cm D 0.60cm

June/2023/Paper_9702/11/No.19
The force—extension graph for a spring is shown.

I
force

0 =
0 extension

What represents the work done to extend the spring?

A the area under the graph

B the gradient of the graph

C the reciprocal of the gradient of the graph
D

twice the area under the graph
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3. June/2023/Paper_9702/12/No.18
What is meant by the spring constant of a spring?

A extension per unit force
1 x force x extension

B
C force x extension
D

force per unit extension

4. June/2023/Paper_9702/12/No.19

A child holds a thin metal wire that is attached to a kite. The graph shows how the extension of
the wire varies with its tension.

150"
tension/N

100---=--=----=

50—

1 f
0 0.15 030 045

extension/mm

A gust of wind increases the tension from 100N to 150 N.

What is the change in the elastic potential energy of the wire caused by the gust of wind?

A 38mJ B 19mJ C 34mJ D 38mJ

5. June/2023/Paper_9702/13/No.18
A metal wire has length 5.2m and diameter 1.0mm. The metal has Young modulus 360 GPa.

The wire is fixed at one end and a force is applied to the other end. The force extends the wire by
7.2mm. The wire obeys Hooke's law.

What is the force applied to the wire?

A 12x10°N
B 3.9x10°N
C 5.0x10°N
D 1.6x10°N

2
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6. June/2023/Paper_9702/13/No.19
The graph shows how the length of a spring varies with the force applied to it.

force

The spring has unstretched length L,. When a force F is applied, the spring has length L.

What is the work done in stretching the spring to length L,?

A LFL B lFLi-L) C FL D F(Li—Lo)

3
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7. June/2023/Paper_9702/22/No.4
A spring is suspended from a fixed point at one end. The spring is extended by a vertical force
applied to the other end. The variation of the applied force F with the length L of the spring is
shown in Fig. 4.1.

12

10 /
FIN 4

F.

0 4 8 12 16 20 24
L/em

Fig. 4.1
For the spring:
(a) state the name of the law that gives the relationship between the force and the extension
- [1]

(b) determine the spring constant, in Nm™"

spring constant = ... Nm™ [2]


https://stemup.co.uk

(c) determine the elastic potential energy when F = 6.0N.

elastic potential energy = ... d [2]

[Total: 5]

5
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8. June/2023/Paper_9702/23/No.6
(a) Define the Young modulus.

- [1]

(b) A uniform wire is suspended from a fixed support. Masses are added to the other end of the
wire, as shown in Fig. 6.1.

fixed support
wire— |

%\ masses

Fig. 6.1 (not to scale)

The variation of the length [ of the wire with the force F applied to the wire by the masses is
shown in Fig. 6.2.

2.003
I/m A

2.002

2.001

2.000

1.999

1.998
0 10 20 30

FIN

Fig. 6.2
The cross-sectional area of the wire is 0.95mm?2.

(i) Determine the unstretched length of the wire.

unstretched length = ... m [1]

6
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(if) For an applied force F of 30N, determine:

e the stress in the wire

SITESS = oottt P

e the strain of the wire.

SN = e e

(3]

[Total: 5]

7
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9. March/2023/Paper_9702/12/No.18

A spring has an unstretched length of 4.50cm. The spring is fixed at one end and a force of
35.0N is applied to the other end so that the spring extends.

The spring obeys Hooke's law and has a spring constant of 420N m™.

What is the strain of the extended spring?

A 0.019 B 0.083 Cc 185 D 267

10. March/2023/Paper_9702/12/No.19

A wire is fixed at one end and extended by a force that is applied to the other end. The force is
slowly increased from zero and then slowly decreased back to zero.

The force—extension graph for the wire is shown.

A
force

0 —
0 extension

The graph line for the wire being loaded is the same as the graph line for the wire being
unloaded.

Which statement describes the deformation of the wire?
A ltis both elastic and plastic.

B Itis elastic only.

C ltis neither elastic nor plastic.

D

It is plastic only.
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11. March/2023/Paper_9702/22/No.2a (i)
A motor uses a wire to raise a block, as illustrated in Fig. 2.1.

motor

Z-——————— - wire
/

? block,
" weight 1.4 x 10°N

Fig. 2.1 (not to scale)
The base of the block takes a time of 0.49s to move vertically upwards from level X to level Y at a
constant speed of 0.64ms™". During this time the wire has a strain of 0.0012. The wire is made of
metal of Young modulus 2.2 x 10" Pa and has a uniform cross-section.
The block has a weight of 1.4 x 10*N. Assume that the weight of the wire is negligible.

(a) Calculate:

(i) the cross-sectional area A of the wire

AZ oo T2 [2]

9
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Deformation of Solid — 2023 Nov AS Physics 9702

1. Nov/2023/Paper_9702/11/No.18

An elastic cord of unstretched total length 16.0cm and cross-sectional area 2.0 x 10°m? is held
horizontally by two smooth pins a distance 8.0 cm apart.

The cord obeys Hooke’s law. A load of mass 0.40kg is suspended centrally on the cord. The
angle between the two sides of the cord supporting the load is 60°.

unstretched cord

pin | pin pin

8.0cm

Y

cord

What is the Young modulus of the cord material?

8.0cm
60°

mass 0.40kg

A 57x10°Pa B 1.1x10°Pa C 23x10°Pa D 3.9x10°Pa

2. Nov/2023/Paper_9702/11/No.19

Which force—extension graph shows plastic deformation of a sample of material?

A

B
A [ )
force force
0 - 0 -
0 extension 0 extension
C D
i A
force force
0 - 0 -
0 extension 0 extension
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Nov/2023/Paper_ 9702/12/No.18

Three identical springs, each with the same spring constant, are connected together in four
different arrangements, as shown.

Which arrangement has the largest combined spring constant?

A B Cc D

Nov/2023/Paper_ 9702/12/No.19
The force—extension graph for a wire is shown.

force

e e e

0

0 extension

Which row could identify the labels X, Y and Z?

limit of region of elastic region of plastic
proportionality deformation deformation
A X Y z
B z Y X
Cc Y z X
D z X Y
2
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5. Nov/2023/Paper_9702/13/No.18

A copper wire of diameter 1.6 mm is stretched within its limit of proportionality by a tensile force of
430N.

The Young modulus of copper is 130 GPa.
What is the strain in the wire?

A 41+107 B 13x107° c 16x10° D 52x10°°

6. Nov/2023/Paper_9702/13/No.19

Compressive forces are applied normally to the end faces of a cylinder of initial length L. The

cylinder is compressed by the forces so that its length decreases to 0.6L. After the compressive
forces are removed, the cylinder’s length increases to 0.8L.

cylinder
(I ) -] e )
| = = : i-l—h-i i-l—h-i
L 0.6L 0.8L
before compressive compressive after compressive
forces applied forces applied forces removed

What describes the deformation of the cylinder when its length was 0.6L7
A both elastic and plastic

B elastic only

C plastic only
D

neither elastic nor plastic

3
STEMUP.CO.UK
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7. Nov/2023/Paper_9702/21/No.2(c)

A hot-air balloon floats just above the ground. The balloon is stationary and is held in place by a
vertical rope, as shown in Fig. 2.1.

balloon

ground

Fig. 2.1

The balloon has a weight W of 3.39 x 104N. The tension T in the rope is 4.00 x 102N.
Upthrust U acts on the balloon.
The density of the surrounding air is 1.23kgm=.

4
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(¢) Before the balloon is released, the rope holding the balloon has a strain of 2.4 x 1075,
The rope has an unstretched length of 2.5m. The rope obeys Hooke's law.

(i) Show that the extension of the rope is 6.0 x 10™°m.

(1]

(ii) Calculate the elastic potential energy E, of the rope.

(ili) The rope holding the balloon is replaced with a new one of the same original length and
cross-sectional area. The tension is unchanged and the new rope also obeys Hooke's
law.

The new rope is made from a material of a lower Young modulus.

State and explain the effect of the lower Young modulus on the elastic potential energy
of the rope.

5
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8. Nov/2023/Paper_9702/22/No.3
A vertical rod is fixed to the horizontal surface of a table, as shown in Fig. 3.1.

rod

surface of sprin
table :/ pring

]
b
[l

ooy
L

Fig. 3.1 (not to scale)
A spring of mass 7.5q is able to slide along the full length of the rod.
The spring is first pushed against the surface of the table so that it has an initial compression of
2.1cm. The spring is then suddenly released so that it leaves the surface of the table with a kinetic
energy of 0.048 J and then moves up the rod.
Assume that the spring obeys Hooke's law and that the initial elastic potential energy of the
compressed spring is equal to the kinetic energy of the spring as it leaves the surface of the table.

Air resistance is negligible.

(a) By using the initial elastic potential energy of the compressed spring, calculate its spring
constant.

SPriNg CONSEANT = .....eoeeeieeeeecee e Nm™ [2]

(b) Calculate the speed of the spring as it leaves the surface of the table.

6
STEMUP.CO.UK


https://stemup.co.uk

(c) The spring rises to its maximum height up the rod from the surface of the table. This causes
the gravitational potential energy of the spring to increase by 0.039J.

(i) Calculate, for this movement of the spring, the increase in height of the spring after
leaving the surface of the table.

increase in height = ... e m [2]

(ii) Calculate the average frictional force exerted by the rod on the spring as it rises.

average frictional force = ... N [2]

(d) The rod is replaced by another rod that exerts negligible frictional force on the moving spring.
The initial compression x of the spring is now varied in order to vary the maximum increase
in height Ah of the spring after leaving the surface of the table. Assume that the spring obeys
Hooke's law for all compressions.

On Fig. 3.2, sketch a graph to show the variation with x of Ah. Numerical values are not
required.

Ah

Fig. 3.2
(2]

[Total: 10]

7
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9. Nov/2023/Paper_9702/23/No.4

Fig. 4.1 shows the variation with extension x of the tensile force F for two wires, G and H, made
from the same material.

3.5 m

3.0 1 G

FIN - -
2.5 ~

2.0 r

15 —7] -

1.0 - -

0 01 0.2 0.3 04 0.5 0.6
x/mm

Fig. 4.1
The elastic limit has not been exceeded for G or H.
(a) For the lines in Fig. 4.1:

(i) state what is represented by the gradient

(b) Wires G and H are joined together end-to-end to form a composite wire of negligible weight.
The composite wire hangs vertically from a fixed support.
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A block of weight of 2.0N is attached to the end of the wire, as shown in Fig. 4.2.

FIIV4
G
L ]
fixed
support H block,
/weight 2.0N
Fig. 4.2
(i) Use Fig. 4.1 to determine:
e the extension xg of wire G
Xa = st s s s s mm
e the extension x,; of wire H.
X = e mm
(1]
(i) Calculate the total elastic potential energy E, of the composite wire due to the weight of
the block.
B = J [2]
(ifi) The original length of wire G is L and the original length of wire H is 1.5L.
Calculate the ratio
cross-sectional area of wire G
cross-sectional area of wire H’
FAti0 = oo [3]
[Total: 9]
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