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Q] (a) Distinguish between the structure of a metal and of a polymer.

i For
Examiner's
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..................................................................................................................................... [4]
(b) Latex is a natural form of rubber. It is a polymeric material.
(i) Describe the properties of a sample of latex.
&’properties of latex.
Mob: +074 5537387¢ / 33787500
E-mail:chiymre. muharmad@gmail.com
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Q2 (a) State Hooke's law.

For
Examiner’s
----------------------------------------------------------------------------------- Use

(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
atrest at R.
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The spring constant of the

the extension of the spring is
about 0.16 m.

(2]
(c) 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.
ACCEIEration = ..c.ovvvvvveeeeeeeeeeeeeeeeeenens ms=2[3]
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(d) Describe and explain the energy changes from the time the object M in Fig. 6.1 is

For
released to the time it first returns to R. Examiner’s

Use
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3 (a)

(d)

© UCLES 2011

Define

(i) stress,

(i) A ductile material in
Fig. 3.1, sketch the vanata

F i

Mob: +074 55373670 1 33787500
E-mall:chymrc.muahammad@gmail.com

Fig. 3.1
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(i) On Fig. 3.2, sketch the variation with x of F for a brittle material up to its breaking
point.

F A

Fig. 3.2
(1]

(e) (i) Explain the features of the graphs in (d) that show the characteristics of ductile and
brittle materials.

(ii) The force F is remov om-the materials in-{d) just before the breaking point is
reached. Describe the 'subsequent charge in the extension for

1. the ductile material,

For
Examiner's
Use
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i

4 (a) (i) Define the terms

For
Examiner's
1. tensile stress, Use
.............................................................................................................................. (1]
2. tensile strain,
.............................................................................................................................. [1]
3. the Young modulus
.............................................................................................................................. [1]
(i) Suggest why the Young modulus is not used to describe the deformation of a liquid
or a gas.
................................................................................................. [1]
(b) The change AVin the volume V of soméwater when the pressure on the water increases
Apis given by the expressiony 4 ¢ ¢ o7
by Apis given yteepessgr) ‘ ﬁﬁ%%g
G B L 205 i i
i . Eoh:
where Ap is measured in pascal:-
. . SRR S G R e s
In many applications, water'is assumed 16 be incompressible.
By reference to the expression, justify this assumption.
N Mob: +574 55373670 / 33787500
Eemlie yinre.mubhammad@gmati.com
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(c) Normal atmospheric pressure is 1.01 x 10° Pa. For
Examiner's
Divers in water of density 1.08 x 10%kgm-3 frequently use an approximation that every | Use
10m increase in depth of water is equivalent to one atmosphere increase in pressure.
Determine the percentage error in this approximation.
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. 5 (a) Define the Young modulus.

...................................................................................................................................................

.............................................................................................................................................. [1]
(b) Two wires P and Q of the same material and same original length [, are fixed so that they
hang vertically, as shown in Fig. 5.1. :
y L i L

Mob: +974 55373670 / 33787500
E-mail:chymrc. muhammad@gmail.com

The diameter of P is d and the diam  2d. The same force F is applied to the lower
end of each wire.

Show your working and determi

0] stress in P
stress in Q

FAHO = ovvvveee oo eeseess e eeesessesses e [2]
(ii) strainin P )
strain in Q
FAUO = v [2]

© UCLES 2014 9702/22/M/J114 [Turn over




{0 6 (@ Explain what is meant by plastic deformation. For
Examiner's
------------------------------------------------------------------------------------------------------------------------------------------ Use
..................................................................................................................................... 1
(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 108Pa. The Young modulus of copper is 1.20 x 10" Pa.
() Calculate the breaking force of the wire.
breaking force = ........ccocvviviccinciiiinn, N [2]
(i) A stress of 9.0 x 107 Pa is applied to the wire. Calculate the extension.
..................................... m [2]
. (c) Explain why it is not appropriate te'use-the:Young'modulus to determine the extension
when the breaking force is applied.
..................................................................................................................................... [1]

© UCLES 2012 9702/21/0/N12




0 7 A student measures the Young modulus of a metal in the form of a wire.

For
i Examiner’s
(a) Describe, with the aid of a diagram, the apparatus that could be used. Use
F
Mob: +974 55373670/ 33787500
E-mali:chymrc.muhammad@gmall.cont
E
.......... st eeeseees (4]
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(c) Describe how the measurements taken can be used to determine the Young modulus. For

Examiner's
Use
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08 (@) Define For

Examiner’s
(i) stress, Use

¥ st 843 R 43 R 5 RGBS« sy 1 4 A R 8 633 505 e 3 5 St & PRGISSE 83 S o el 5 [1]

(ii) strain.

.................... e eresssneeens | 1]

(b) The Young modulus of the metal of a wire is 0.17 TPa The cross-sectional area of the
wire is 0.18 mm?2.

The wire is extended by a force F. This causes the length of the wire to be increased by
0.095 %.

Calculate

(i) the stress,

SITESS = i rans Pa [4]

(ii) the force F.

© UCLES 2013 9702/23/M/J/13 [Turn over




09 (a) A uniform wire has length L and constant area of cross-section A.
The material of the wire has Young modulus E and resistivity p.
A tension F in the wire causes its length to increase by AL.
For this wire, state expressions, in terms of L, A, F, AL and p for

(i) the stress o,

............................................................................................................................ [1]
(ii) the strain ¢,
............................................................................................................................ [1]
(iii) the Young modulus E,
............................................................................................................................ [1]
(iv) the resistance R.
............................................................................................................................ (1

(b) One end of a metal wire o
is attached to a fixed poin

of cross-section 3.8 x 10~"m?

Fig. 4.1

© UCLES 2010 9702/21/0/IN/10

For
Examiner's
Use




The Young modulus of the material of the wire is 7.0 x 10'°Pa and its resistivity

F
is2.6x10°8Qm. Exam(;lger’s
A load of 30N is attached to the lower end of the wire. Assume that the area of Use

cross-section of the wire does not change.
For this load of 30N,

(i) show that the extension of the wire is 2.9mm,

(ii) calculate the change in resistance of the wire.

(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.

..........................................................................................................................................

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

slider spring
cart, mass 1.7kg 4 support
e
\\ \/
A B
[ONNGO)
Fig. 41

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.
4.5
'/
,J
FIN
Mob: +974 55373670/ 33787500
-mall:chyimre. muhzmmad@ymali.com
2.0
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.
(@) UseFig.4.2to
(i) show that the compression of the spring obeys Hooke's law,
) [2]

.......................................................................................................................................
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(i) determine the spring constant of the spring,
ks
SPriNG CONSLANt = ....cvvivierieiciieciceieeeeeee e Nm[2]
(iii) determine the elastic potential energy E, stored in the spring due to the cart being
brought to rest.
&*
................................................ JI3]
(b) Calculate the speed v of with the slider. Assume that all the
kinetic energy of the cart is : lastic potential energy of the spring.
SPEEU = ..cctiirieritarsrssenserissrvessansensnrenseres ms™ [2]
© UCLES 2015 9702/21/MIJN5 [Turn over




31 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-1 block
fixed end

7 / of spring
T ] -

P

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.

x/cm

Mob: +874 55372670/ 33787500
.-»..all:chymrc.muhammad@gman.cam

0 2.0 40 6.0

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

(i) the spring constant of the spring,

SPriNG CONSEANt = ....cocvveiiiiiiecreenrees e Nm[2]

© UCLES 2015 9702/22/Q/N/15




it

(i) the work done by T compressing the spring by 5.4cm.

work done =

(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,

() describe the energy changes,

(ii) determine the change in.mament

change in MOMEeNtUM = ..........cceevieinireenieniien e e see s Ns [2]

© UCLES 2015
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B

Lj 2 (a) State Hooke's law. For
Examiner’s
lllllllllll Dlllllllillllllllll-'llllll-l-.---ul-u--u-.-n.----cn----.---.---------.---.--------.....--------.....---------....--n--.---.... Use
..................................................................................................................................... [1]
(b) The variation with extension x of the force F for a spring A is shown in Fig. 6.1.
8.0 : ’,
L
6.0 Zamuur
FIN 4 £53
4.0 S -
’_/ tASHD 52
A ;] 5373870 33787500
lchyme fuhammad@omail.com
2.0
O Ve
0 2 8 10
x/102m
The point L on the graph is
() Describe the meaning of elastic limit.
............................................................................................................................. [1]
(i) Calculate the spring constant k, for spring A. -
Ky = oo Nm[1]

© UCLES 2011 9702/21/0/N/11 [Turn over




(i) Calculate the work done in extending the spring with a force of 6.4 N. For

Examiner’s
Use

WOrK done = ..o J[2]
(c) A second spring B of spring constant 2k, is now joined to spring A, as shown in
Fig. 6.2.
O\, N ,
spring A
. spring B

¥
A force of 6.4 N extends the combin

7

For the combination of sprfng‘“s

(i) the total extension,

EXIENSION = ..vvvreiveiiccivcir e m [1]

(i) the spring constant.

SPriNg CONStaNt = .........ccoovvveveenreceeeeeens Nm-1[1]

© UCLES 2011 9702/21/0/N/11




4

13 (a) A metalwire has spring constant k. Forces are applied to the ends of the wire to extend

F
it within the limit of Hooke's law. Bariiers
Show that, for an extension x, the strain energy E stored in the wire is given by Use
=1
E= §kx2.
[4]

(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
1
[l
60 £
FIN xl 5
Sop ! wH
a £E
ny ;@‘»
WY 2',?,
- !jr"f { EE
2 1 Q2
40 s 82
A\ P
= 2L
T 52
I =8
5
20
0
0 0.2 04 0.6 0.8 1.0

x/mm

Fig. 4.1
Energy Eg is expended to cause a permanent extension of the wire.

(i) On Fig. 4.1, shade the area that represents the energy Eg. [1]

©UCLES 2010 9702/22/0IN/10




(i) Use Fig. 4.1 to calculate the energy Eg.

For
Examiner's
Use
P — mJ [3]
- (iii) Suggest the change in the structure of the wire that is caused by the energy Eg.
.............................................................................................................................. (1]

© UCLES 2010 ' 9702/22/0IN/10 [Turn over




14 A spring is placed on a flat surface and different weights are
' Fig. 2.1.

weights

placed on it, as shown in

Fig. 2.1

The variation with weight of the compression of the spring is shown in Fig. 2.2.

4 - 7
! /.
. /l
compression
/cm T

2
ﬁ{ 4 "?b:k +074 55373670 1537575;{;'0
% : il chymrc.muhammad@gmatl.com
%&;

1

’/
/l
,/
/l
0
0 10 20 30 40
weight / N
Fig. 2.2
The elastic limit of the spring has not been exceeded.
(@ (i) Determine the spring constant k of the spring.
K= e, Nm [2]

© UCLES 2008 9702/02/M/J/08
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(i) Deduce that the strain energy stored in the spring is 0.49J for a compression of

For
3.5cm.

Examiner's
Use

(2]

(b) Two trolleys, of masses 8009 and 2400g, 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 3.5cm, as shown in Fig. 2.3.

thread
spring

trolley ] ] trolley
mass 800g ¥ mass 24009

() Deduce that the ratio

speed of trolley of mass 800 g
speed of trolley of mass 2400 g

is equal to 3.0.

(2]

© UCLES 2008 9702/02/Mm/J/08




(i) Use the answers in (a)(ii) and (b)(i) to calculate the speed of the trolley of mass For
800g. Examiner's

Use
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15 (@) The variation with xtension x of the tension F in a spring is shown in Fig. 3.1.

200
.4
FIN
74
)
150 i
P
RRAN
L A :ingwg'{@,f
4/ 4 A : O
+ : AN
7 EHAT %
oo : Fare) s
TG 8
# 5
» < ey
0 Keasueo €
: ' e-3074 55373676 ) 33787500
50 - < e.muheramad@grmail.com
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(b) The spring in (a) is used to join together two frictionless trolleys A and B of mass M, and For

M, respectively, as shown in Fig. 3.2. Examiner's
Use

spring

trolley A
mass M,

trolley B
mass M,

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.

() 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.

............................................

-----------------------------------------------

in
(i) Atthe instant when the extg

trolley B has speed V.
Write down

1. anequation, based on momentum, to relate V; and V,,

..................................................................................................................................

2. an equation to relate the initial energy E stored in the spring to the final
energies of the trolleys.

..................................................................................................................................

© UCLES 2010 9702/21/M1J110 [Turn over




(i) 1. Show that the kinetic energy E, of an object of mass m is related to its

For
momentum p by the expression i

Examiner’s
Use

(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.

© UCLES 2010 9702/21/M/J10




16 (@ State Hooke's Law.

For
v Examiner's
------------------------------------------------- ||.|:|||||'l|||n-np-|lln-u--.---.----;--.-----.--..v-----|.--'.----.--n-.-----.----.----- Use
..................................................................................................................................... [1]
(b) A spring is compressed by applying a force. The variation with compression x of the

force Fis shown in Fig. 4.1.

60

FIN
40 -
20 :
L 94155373670 / 33787500
-~ Lratal @gmail.com
O v
0 10 40 50
x/mm
* () Calculate the spring ¢
SPring CoNStant = ........ccocoovvvvvevoeiioieons Nm=[1]
(i) Show that the work done in compressing the spring by 36 mm is 0.81J.
[2]
© UCLES 2011 9702/23/M1JI11




(c) A child's toy uses the spring in (b) to shoot a small

ball vertically upwards. The ball has
a mass of 25¢. The toy is shown in Fig. 4.2.

For
Examiner's
Use

ball

trigger/release for spring

spring

Fig. 4.2

() The spring in the toy is compressed by 36 mm. 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.

(i) Determine the compression of {t

L or the ball to leave the spring
with twice the speed determined ir

COMPIESSION = .ovvireeeeeeeeeerereeeseseeeees o mm [2]

(iii) Determine the ratio

maximum possible height for compression in (i) .
maximum possible height for compression in (if)

.................................................

© UCLES 2011 9702/23/M/I11 [Turn over
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Examiner's
17 (a) Fig.3.1 shows the variation with tensile force of the extension of a copper wire. Yoo
- extension 4
Mob: +974 55373670 / 32787500
E-mall:chymyc. mubammad@gmail.com
0 -
0 force
Fig. 3.1
‘ () State whether copper is a ductile, brittle or polymeric material.
(i) 1. On Fig.3.1, mark with the oint on the line beyond which Hooke'’s
law does not apply.
2. State how the spring cons

9702/2M1403 [Turn over




For
Examiner's

(b) A copper wire is fixed at one end and passes over a pulley. A mass hangs from the free e
end of the wire, as shown in Fig. 3.2,

2.5m

L]
el
'
3
i
'

R |

-

/ ° - 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 wite extends’

. 2. calculate the increase in strain of the wire.

increase instrain = .........covuevevvnenn.. erreens

4
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1'5 8 The Young modulus of the material of a wire can be determined using the apparatus shown in Fig.

i 3.1.
clam ;
p\ wnre\ marker on wire
C X ulle
7 TTTTTTTTTT T y PY
- = _.scale F
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

20

-Mpbi-$#074 56373670 / 33787500
c.mub @gmali.com

10

% 4.0 6.0 80 10.0 12.0
X/mm

Fig. 3.2

- © UCLES 2017 9702/22/M/317




(@) 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.

Em i, 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 ‘changed to obtain the same range of scale

readings as in Fig. 3.2.

.....................................................................................................................
..........................................

........................................................

............................................

[Total: 4]
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. 'a Fig. 4.1 shows the values obtained in an experiment to determine the Young modulus E of a metal
1 9in'the form of a wire.

quantity value instrument
diameter d 0.48mm
length [ 1.768m
5.0N to 30.0N
load in 5.0N steps
extension e 0.25mmto 1.50mm
Fig. 4.1
(@ (@) Complete Fig. 4.1 with the name of an instrument that could be used to measure each of
the quantities. [3]
(i) Explain why a series of values of F, each with corresponding extension e, are measured.
...................................................................................................... [1]
(b) Explain how a series of re adings of tities given. in Fig. 4.1 is used to determine the
Young modulus of the metal. A-numeri fo not required.
............................................................................................................................................... [2]
'
© UCLES 2015 9702/23/M/JI5 [Turn over




, 20 (@) Define, for a wire, For
§ Examiner’s
(i) stress, Use
............................................................................................................................. [1]
(ii) strain.
............................................................................................................................. (1]
. (b) A wire of length 1.70m hangs vertically from a fixed point, as shown in Fig. 4.1.

wire —.—|

3 500
Mob: +974 55373670/ 3%787
E«maii:chym:c.muhammad@gma%kcom

The wire has cross-sectional:are: made of a material that has a

- Young modulus of 1.60 x 10" P ng from the wire.

(i) Calculate the extension of the wire.

EXIENSION = ..viiiiiiiecciee oo m [3]
(ii) 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.

..................................................................................................................................

© UCLES 2011 9702/21/MI1M1




21 (@) A metal wire has an unstretched length L and area of cross-section A. When the wire

v supports a load F, the wire extends by an amount AL. The wire obeys Hooke’s law. i

Examiner’s
Use

Write down expressions, in terms of L, A, F and AL, for

(i) the applied stress,

(b) A steel wire of uniform cross-sectional area 7.9 x 107 m2 is heated to a temperature of
B50K. It is then clamped between two rigid supports, as shown in Fig. 5.1.

0.62.m

¥

rigid ;
support . 7
T~ " o
«:// ! o ; 2 ‘
g % \wure

“Fig

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 300 K.

When the wire is allowed to contract freely, a 1.00 m length of the wire decreases in
length by 0.012mm for every 1 K decrease in temperature.

(i) Show that the change in length of the wire, if if were allowed to contract as it cools
from 650 K to 300 K, would be 2.6 mm.

2]

© UCLES 2004 9702/02/0/N/04




(i) The Young modulus of steel is 2.0 x 10'" Pa. Calculate the tension in the wire at

For
300 K, assuming that the wire obeys Hooke'’s law.

Examiner’s
Use

tension = N [2]

(iii) 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.

© UCLES 2004 9702/02/0/N/04 [TUI"I‘I over
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Examiner’s
Use

2 2 . An aluminium wire of length 1.8 m and area of cross-section 1.7 x 1076m? has one end fixed
to a rigid support. A small weight hangs from the free end, as illustrated in Fig. 9.1.

LLLLLLS LSS

1.8m

wire

H . 373670 1 33787500
| I Mab: +974 55373 ]
we ght E-mali:chymrc.mubsmmad@gmsli.com

Fig. 9.1

The resistance of the wire is 0.030Q and the Young modulus of aluminium is 7.1 x 101°Pa.

The load on the wire is increased-by-25N:

(a) Calculate

(i) the increase in stress

INCrease = ........ccoeeeieiieiieiiiiiee e, Pa

(ii) the change in length of the wire.
change = .........coocoiiii i, m
(4]

9702/2/0/N/02




For
Examiner’s

. , . u
(b) Assuming that the area of cross-section of the wire does not change when the load is g
increased, determine the change in resistance of the wire.

9702/2/0/N/02




23 (@ Force is a vector quantity. State three other vector quantities.

...............................................................................................................................................
...............................................................................................................................................

..............................................................................................................................................

Y

object

Fig. 3.1
The force Zis vertical and X is horizogtal force Yis at an angle @ to the horizontal. The
force Zis kept constant at 70N.
In an experiment, the maghitude o%
are adjusted so that the object remaigs:
Fig. 3.2 shows the variation of the 1
/’
1 30 ¥ pd
i yd
Ve
YIN 5
110 4 %g'
% ;
o = %gg
70 i%
50
0 20 40 60 80 100 120
X/N
Fig.3.2
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(i) Use Fig. 3.2 to estimate the magnitude of Yfor X = 0.

RS S TINS5 sainainn n2 ritis 0 s« o sy & 88 SXE 835 SN §§ TS S SR AES By 8 e £ eOARS A A [2]
(iii) The magnitude of Xis increased to 160 N. Use resolution of forces to calculate the value

of

1. angle 6,

°[2
§ R e O—— S— [2]

2. the magnitude of

Y 5 oo ssnmmossontnnn sesmursns oommsser snssnnsss e N [2]
(c) The angle ¢ decreases as X increases. Explain why the object cannot be in equilibrium for
6=0.
............ PRSPPSO i | |
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i e

? 4 (a) Tensile forces are applied to opposite ends of a copper rod so that the rod is stretched.

* 0 . . . ° o . F
i The variation with stress of the strain of the rod is shown in Fig. 5.1. Exam%er's
Use
2.5
stress /108 Pa Zans ‘
2.0 y = ““‘3
!I (;T;{- ! » 5
feg i —
1.5 e :
7 %) "S
7 Rast- - |
1p: 74 55375 . 5
y ratthimrd.muh: L i _\.Mm;:
1.0
N /
’/
0.5
Y,
7
/
4
0
0 4.0 5.0
strain / 1073
() Use Fig. 5.1 to determ ber.
Young modulus = ......ccccoviiiiiicieie e, Pa [3]
(i) On Fig. 5.1, sketch a line to show the variation with stress of the strain of the rod as
the stress is reduced from 2.5 x 108 Pa to zero. No further calculations are expected.
(1]
© UCLES 2010 9702/22IM/1J/10




(b) The walls of the tyres on a car are made of a rubber compound.

o . . ) : . For
The variation with stress of the strain of a specimen of this rubber compound is shown |Examiners
. in Fig. 5.2. Use
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 3@ become warm
kY
............................................................................................. (3]
© UCLES 2010 9702/22/M/3110 : [Turn over




spring
support

Fig. 4.1 (not to scale)

The spring is supported and stands vertically. The ball has a speed of 2.8ms~" as it makes contact
with the spring. The ball is brought to rest as the spring is compressed.

(@) Show that the kinetic energy of the ball as it makes contact with the spring is 0.16J.

[2]

(b) The variation of the force he compression x of the spring is

shown in Fig. 4.2.

FIN

10 .

3\

X

Fig. 4.2
The ball produces a maximum compression Xg when it comes to rest. The spring has a spring
constant of 800N m-".
Use Fig. 4.2 to

(i) calculate the compression X,

© UCLES 2014 9702/21/M/I1 4




(ii) shqw that not all the kinetic energy in (a) is converted into elastic potential energy in the
spring. ‘

(2]

© UCLES 2014 9702/21/M/1J/14 [Turn over




3

2 B Aglass fibre of length 0.24 m and area of cross-section 7.9x 10~" m? is tested until it breaks. For
The variation with load F of the extension x of the fibre is shown in Fig. 4.1. Exalrjniner's
Se
4
x/ 104 m
- 3
2 FbITeT4 55373670 33787500
HjattoiTT rad@gmali.com
1
OO 60 80
FIN
(a) State whether glass is ductile, brittle o”r@ﬁty eric.
CT ASSIFIED
......................................... A L e ]
(b) Use Fig. 4.1 to determine,
(i) the ultimate tensile stress,
ultimate tensile stress = .......ccccocveeeevverr e, Pa [2]

© UCLES 2005 9702/02/M/J/05




(ii) the Young modulus, Fo
’ r

Examiner's
Use

Young modulus = ........ccceeeeeeuverieiereee e, Pa [3]

(iii) the maximum strain energy stored in the fibre before it breaks.

~ (c) A hard ball and a soft ball, with &qual
window. The balls hit the window atlh@
likely than the soft ball to b reg?l& e

© UCLES 2005 9702/02/M/J/05 [Turn over




T A uniform wire has length L and area of cross-section A. For

i The wire is fixed at one end so that it hangs vertically with a load attached to its free end, as | Examiner's
shown in Fig. 4.1. Use
10ad W/ commetmmrcmaanimadagmatcon
Fig. 4.1
When the load of magnitude Wis 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.
(@ (i) Explain what is meant by extends elastically.
............................................................................................................................ [2]
(i) Write down expressions, in terms 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 = e [1]

© UCLES 2009 9702/21/0/N/Q9




(b) A steel wire has resistance 0.44 Q. Steel has resistivity 9.2 x 108Qm. For

Examiner's
A load of 34N hung from the end of the wire causes an extension of 7.7 x 10~*m. Use

Using your answers in (a)(ii), calculate the Young modulus E of steel.

© UCLES 2009 9702/21/0/N/09 [Turn over




"\3 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.

0.02

strain

0.01

© UCLES 2007

breaking
point
/'
ol
I /// :
/ .
9

“Niob| +874 55373670 / 33787500

mymmmuhammad@gmi!.com

10
stiess/ 108 Pa

Young moduluS = ...ccocevviiviniiiiiieniie e Pa [2]

9702/02/0/N/07

For
Examiner's
Use



(c) A second cylindrical rod of the same material has a spherical bubble in it, as illustrated
in Fig. 4.2.

For
Examiner's
Use
cylindrical rod bubble
/
1.9% 103 N <—n § 1.9x 103N
cross-sectional area
3.2x 1078 m?
Fig. 4.2
The rod has an area of cross-section of 3.20010°m? and is stretched by forces of
magnitude 1.90103N.
By reference to Fig. 4.1, calculate the maximum area of cross-section of the bubble
such that the rod does not break.
AMEA = oo m? [3]
(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.
..................................................................................................................................... (2]
© UCLES 2007 9702/02/0/N/07
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2 § A spring hangs vertically from a point P, as shown in Fig. 4.1.
P
metre ruie\ spring
R mass M
reading x— |
v
Fig. 4.1
A mass Mis attached to the lower end of the spring. The reading x from the metre rule is taken, as
shown in Fig. 4.1. Fig. 4.2 shows the relationship between x and M.

0.60

0.40
M/lkg

020 lh:‘ - 4674 55333670/33787500

2 .mut @ymait.com
0
20 30 32
x/cm
Fig. 4.2
(@ Explain how the apparatus in Fig. 4.1 may be used to determine the load on the spring at the
elastic limit.
............................................................................................................................................... [2]
(b) State and explain whether Fig. 4.2 suggests that the spring obeys Hooke's law.
............................................................................................................................................... [2]
© UCLES 2014 9702/23/M/J4




(c) Use Fig. 4.2 to determine the spring constant, in Nm~', of the spring.

SPring constant = ........cccouveeveevnvieerineeee e, Nm~1[3]

© UCLES 2014 9702/23/M/J/14 [Turn over




%0 (@) Define the Young modulus.

For
» Examiner's
-------------------------------------------------- |.‘-||‘||.|l|-'|||-.-|..'.--..-..'.-.....---.......---..--..---.----.---.|.--.---.----|. Use
...................................................................................................................................... [1]
(b) Aload Fis suspended from a fixed point by a steel wire. The variation with extension x
of F for the wire is shown in Fig. 5.1.
6.0
] R4 ?ANGE
5.0 ,/. .: T ’\{‘{gg\i:g}
¥ sy .
4.0 J
FIN 30 =
et - 14474 85473670 / 33787500
2.0 - Eeallish s Bamaileoy
1.0 =TT
- () =
0 0.30
x/mm
() State two quantities, other..
required in order to detefmine theoe
T O D es e
2. i R PIB SO 1o eeeeeeeeeeee e
(1]
(i) Describe how the quantities you listed in (i) may be measured.
.............................................................................................................................. [2]

© UCLES 2012 9702/22/M/J" 2




(iii) Aload of 3.0N is applied to the wire. Use Fig. 5.1 to calculate the energy stored in

. For
the wire.

Examiner’s
Use

ENEIGY = 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 101"Nm~2 and for copper is 1.1 x 10'"'Nm-2.

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]

& © UCLES 2012 9702/22/M/J112 [Turn over




2,
S

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

............................................................................................................................................... [1]
(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
,l
10.0
'/
/
I/
9.0
. F/N
8.0
7.0
6.0
)
,l
5.0
20 30
7 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.

-------------------------------------------------------------------------------------------------------------------------------------------
...........................................................................................................................................

.......................................................................................................................................

© UCLES 2016 ‘ 9702/21/M/J/16




(ii) Use Fig. 4.1 to calculate

1. the spring constant,

spring constant = ........ et Nm=[2]
2. the work done extending the spring from x = 20cm to x = 40cm.
= R | SO —— J [3]
(c) Aforce is applied to the spring in (b) to:give an extension of 50cm.
State how you would check th eaded its elastic limit.
............................................................................................................................................... [1]
[Total: 9]

© UCLES 2016 9702/21/M/J/16 [Turn over




32 (a) State Hooke's law.

...................................................................................................................................................

(b) The variation with compression x of the force F acting on a spring is shown in Fig. 3.1.

30
FIN -
20 ~
" / ’
10 o
E ,/ “
0
0 1.0 20 30 40 5.0
chm e Mob: +974 55373670/ 33787500
~-mali:chymroe.: muhammad@gmail.com
Fig. 3.1

The spring is fixed to the close end of a honzontal e. A block is pushed into the tube so

that the spring is compressed,”

Spring\ /tu ‘
Y

i} BEFORE
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 CONSEANt = .....ovoviiiieiiecree e Nm[2]

© UCLES 2016 9702/23/0/NM6




(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.

ible kinetic energy as the block leaves the tube.

2. Assume that the spring ha ble |
Ce acting against the block as it moves along the

Determine the average res
tube. » '

FESISHIVE fOICE = vvvvviiiiie et 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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33 (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
4.0k Ok
mass\ Okg spring mas\s 6.0kg horizontal
' . frictionless
surface
/ /s
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 >
F/N F
10.0 pza
» / ~
5.0 -
LA i Wbt +974 55373670 / 33787500
] Eepaiighymrc.mubsmmad@pmail.com
»Z
O 7 |
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 0.48.J.

(2]

(i) 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 Vg

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

1.

© UCLES 2017

use conservation of momentum to show that

kinetic energy of block A 15
kinetic energy of block B~

[3]

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= .....ooicviiiiiiccececeeerccer v, J[2]

9702/22/FIMI7 [Turn over




(ili) The blocks are released at time t= 0.

© UCLES 2017

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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34 A spring having spring constant k hangs vertically from a fixed point. A load of weight L, when

For
v hung from the spring, causes an extension e. The elastic limit of the spring is not exceeded. |xaminers
Use
(@) State
(i) what is meant by an elastic deformation,
............................................................................................................................ [2]
(i) the relation between k, L and e.
............................................................................................................................ [1]
Question 4 continues on page 10

© UCLES 2009 9702/21/M//09 [Turn over




(b) Some identical springs, each with spring constant k, are arranged as shown in Fig. 4.1.

arrangement

total extension

spring constant of
arrangement

&

Moh: +874 55373670 / 33787500
E-matl:chynujc muhsmmad@gmali.com

........................

Fig. 4.1

The load on each of the arrangements is L.

For each arrangement in Fig. 4.1, complete the table by determining

(i) the total extension in terms of e,

(i) the spring constant in terms of k.

© UCLES 2009

9702/21/M/Ji08
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%

3 5 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

() what is meant by an elastic deformation,

.................. s [2)]
(ii) the relation between k, L and e,
e sttt eete e et e s s s s ees e e ese s creresresesaeerssssasane [1]

© UCLES 2009 9702/22/M/4/09
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(b) Some identical springs, each with spring constant k, are arranged as shown in Fig. 4.1.

For
Examiner's
- Use
arrangement total extension spring constant of
arrangement

Mob! +874 55373670 / 33787500
E-mﬁﬂ:c1ymrt:,muhzsmmad@gmaii.com ;

gl gl

:
1

~ [

Fig. 4.1
The load on each of the arrangements is L.
For each arrangement in Fig. 4.1, complete the tab!e by determining
(i) the total extension in terms of e,

(ii) the spring constant in terms of k.

[5]

© UCLES 2009 9702/22/M/JI09 [Turn over




@ & (@) Explain what is meant by strain energy (elastic potential energy). For

Examiner’s
Use

..........................................................................................................................................

..........................................................................................................................................

(b) A spring that obeys Hooke's law has a spring constant k.

Show that the energy E stored in the spring when it has been extended elastically by an
amount x is given by -

E = 3kx2.

N —

[3]

© UCLES 2009 9702/22/0/N/09 [Turn over




(c) A light spring of unextended length 14.2cm is suspended vertically from a fixed point,
as illustrated in Fig. 4.1.

fixed point fixed point fixed point

LLE s LG

14.2¢cm

B35 17.8cm

Fig. 4.1 Fig. 4.2 Fig. 4.3

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 16.3cm.

An additional force F then extends the spring so that its length becomes 17.8cm, as
shown in Fig. 4.3.

The spring obeys Hooke's law and the elastic limit of the spring is not exceeded.

(i) Show that the spring constant of the spring is 1.8Ncm™',

(1]

© UCLES 2009 9702/22/0/N/09
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(ii) For the extension of the spring from a length of 16.3cm to a length of 17.8cm,

1.

2.

3.

© UCLES 2009

For
Examiner’s
calculate the change in the gravitational potential energy of the mass on the | Us
spring,
change iN eNergY = .oaoiummessismmmsssnmmessssanmos oo sawsnn J [2]
show that the change in elastic potential energy of the spring is 0.077J,
[1]
determine the work done by the force F.
WOTK dONE = ..ot J [1]
9702/22/0/N/09 [Turn over




31 Fig.5.1 shows the variation with force F of the extension x of a spring as the force is
increased to F5 and then decreased to zero.

Mob: +974 55373670 / 33787500

E-mail:chymre.muhammad@gmall.c o

where k is the spring constant.

© UCLES 2006
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elastic change.

131

For
Examiner's
Use




For
Examiner's

(c) Atrolley of mass 850g is held between two fixed points by means of identical springs, ve

as shown in Fig.5.2.

trolley spring

/ /

N
W

/ / /
G444 /

Fig. 5.2

N\

When the trolley is in equilibrium, the springs are each extended by 4.5 cm. Each spring
has a spring constant 16 Ncm™1.

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.

© UCLES 2006 9702/02/M/J/106 [Turn over




7

One end of a spring is fixed to a support. A mass is attached to the other end of the spring. | ,,

The arrangement is shown in Fig. 3.1. Examiner's
) . Use
:
. i—— mass
Fig. 3.1
(@) The mass is in equilibrium. Explain, by reference to the forces acting on the mass, what
is meant by equilibrium.
...................................................................................................................................... [2]
(b) The mass is pulled down f;éna then released at time't = 0. The mass oscillates up and
down. The variation with t of the dis i1t of the mass dis shown in Fig. 3.2,
6.0
* d/1072?m
4.0
2.0
OO 0.8 1.0
2.0 / L
-4.0 - -
-6.0
Fig. 3.2
- Use Fig. 3.2 to state a time, one in each case, when
(i) the mass is at maximum speed,
HME = e s [1]
(ii) the elastic potential energy stored in the spring is a maximum,
M = e s [1]
(i) the mass is in equilibrium.
lME = (o, s 1]

© UCLES 2012 9702/21/M/1J/12 [Turn over




8

(c) The arrangement shown in Fig. 3.3 is used to determine the length 1 of a spring when |

different masses M are attached to the spring. Examiner's
Use

Fig. 3.3

The variation with mass M of [is shown in Fig. 3.4.

35

30 y o

25

2/10‘2m . d

20

i‘:”f:’gﬁ ; .

15

10

0 0.10 0.20 0.30 0.40 0.50
Mikg

Fig. 3.4

© UCLES 2012 9702/21/M1IN2




9

(i) State and explain whether the spring obeys Hooke's law. For
Examiner's
------------------------------------------------------------------------- ' l--.'|-.-.---.----..----.-c--.---------------.---..-1'-.. Use

..................................................................................................................................

.............................................................................................................................. [2]
(i) Show that the force constant of the spring is 26 Nm~",

(2]
(iii) A mass of 0.40kg is attached to the spring. Calculate the energy stored in the

spring.

© UCLES 2012 9702/21/M/JN2 ; [Turn over
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- E
A spring is supported so that it hangs vertically, as shown in Fig. 4.1,
7
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.
b 150
M/g -
100
160 200
x/ mm
............................................................................................................................................... [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.
B s s womEees NS § U e s D ¥ SR R £ PRNAOORY  BFANA SRORS § § SRS 5 SRS 6§ VEIESES §5 3 MTRINES §rommrnnmn s rome 1]
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11

* (d) Calculate the work done on the spring as it is extended from x = 40.0mm to x = 160mm.
WOTK dONE = oo J [3]
[Total: 6]
© UCLES 2017 9702/23/MIJHT
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(a) State what is 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.

0.30ms™
block
mass 0.40kg

"B Mob: w974 85373670 / 337
i E.-man:chymmmuhummnd@g’nlasﬁﬁwm

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 = ...ccccoiveiieeiirerenceeresne e J [2]

© UCLES 2016 9702/22/F/M/16




9

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

804---------------
x/cm

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.

Fyag = +oooersseeeessssssssssssssssssssssssssssssssssssssases N [3]

(iii) Calculate the maximum deceleration of the block.

deceleration = .........ccceeveveeveeeeceerree 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.

....................................................................................................................................

© UCLES 2016 9702/22/F/M/16 [Turn over




10
(c) The energy E stored in a spring is given by

1
E= EkX2

where k is 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.

% )

Fig. 3.3 [2]

[Total: 12]

© UCLES 2016 9702/22/F/M/16




A spring hangs vertically from a fixed point and a mass of 94 g is suspended from the spring, For

stretching the spring as shown in Fig. 5.1. Examiner's
‘ Use

mass
9449

Mob: +974 55373874/ 32
E-mall:chymre.mubspfadd

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

such that

(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).
.................................................................................................................................... 1]

© UCLES 2010 9702/23/0/N/10




9

(c) The strain energy E stored in the spring is given by.the expression For

1 Examiner’s
E = Ekx2 Use

where k is the spring constant and x is the extension of the spring.

For the 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,

© UCLES 2010 9702/23/0/N/10 [Tu rn over




(@) With reference to the arrangement of atoms, distinguish between metals, polymers and

. For
amorphous solids. Examiner's
Use
metals: ......cccoevivieriiiinns SR § TN o vy s vy 8 sEms oSe S YOS VR § SRS RS A—
POIYIMETS. ..ot e e sa bbb st e s e e s e e et sreetnseseene
amorphous solids: ............ 5 A0S & 8 TR £ S WD 4 LABBIS §1 ST 5 gy e PEARE$ HEAS 9 NEAS 1 8 SRS

(b) On Fig. 3.1, sketch the variation with extension x of force F to distinguish between a
metal and a polymer.

A A
F F

metal bolymer

2]

© UCLES 2012 9702/22/0/IN/12 [Turn over
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