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7.1 Stress and strain
104. 9702_m20_qp_22 Q: 3

(a) State what is meant by work done.

d4.4ms
spee ms 140N

skier— R ~7\30. . horizontal ground q

Fig. 3.1 (not to scale) *\

The skier moves in a straight line along the ground wi
wire is at an angle of 30° to the horizontal. The tensi

tant speed of 4.4ms™". The
ire is T40N.

n

skier for a time of 30s.

(i) Calculate the work done by the tension to®

&

WOrk doNe = L. J [3]

(4

(ii) The wei r is 860N. The vertical component of the tension in the wire and
ier combine so that the skier exerts a downward pressure on 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 ;
250 =5 o

200
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150 >

100 o
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N\

o

0 0.20

0

ot
ok
o

.80
Xx/mm

A gust of wind increases the te e wire from 140N to 210N.
r)&

Calculate the chang irQ

*
&

*

nergy stored in the wire.

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

[Total: 12]
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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.

@Nx
0.300kg & _

re
e
@fg.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. 0

Ball Y has mass 0.200kg and initial velocity 6.00ms™" at an angle of 60.02
The balls stick together during the collision and then travel along line AB, &

o fine AB

strated in Fig. 4.2.

®
(@) (i) Calculate, to three significant figures, the component of { i omentum of ball Y

that is perpendicular to line AB.

component of

(ii) By considering the component itial momentum of each ball perpendicular to
line AB, calculate, to three signi

’ Vi oo ms=! [1]
ed of the two balls after the collision is 2.4ms1.

R &
(iiﬁ % Sfiow th
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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 : : —1
spring of spring constant 72N m
mass 0.500kg 4 pring ot spring
2.4ms
—_—
horizontal
surface XLY

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. 0
The spring obeys Hooke’s law and has a spring constant of 7Z2Nm-1.

(i) Determine the maximum compression of the spring caused alls.
maxir@mpression et e m [3]

?‘]'PapaCambridge
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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:

CHAPTER 7. DEFORMATION OF SOLIDS

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]

0‘ [Total: 11]

Fig. 4.4
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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. @

8

F/N

7 %)

(@]

|

0 |

2 03 04 05 06 07 08
x/mm

Fig. 3.1

g 4
The \Krilﬂiﬁas cr

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

nal area 9.4 x 10~8m2 and original length 2.5m.

?‘]'PapaCambridge
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(ii) Determine the Young modulus E of the material of the wire.

CHAPTER 7. DEFORMATION OF SOLIDS

(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 energy =/..

0\
material. The new wire has twice the

(c) The wire in (b) is replaced by a new wire of t
length and twice the diameter of the old .T w wire also obeys Hooke’s law.

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

Q [Total: 11]

?‘j_']'PapaCambridge



“PPapacambridoe

107. 9702_s18 qp_21 Q: 2

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

............................................................................................................................................... [1]
(b) A block of weight 15N hangs by a wire from a remotely controlled aircraft, as shown in
Fig. 2.1.
~aircraft
wire
block 0
I:I/ weight 15N

Fig. 2.1 °

The aircraft is used to move the block only in a vertical di%*e force on the block due

to air resistance is negligible.

The variation with time ¢ of the vertical velocity v of t shown in Fig. 2.2.

The velocity is taken to be positive in the upward direction:
4.0
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5.0 4

-6.0 7

Fig. 2.2
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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 .........ooooviiiiiiii e

2. the change in gravitational potential energy fromtime t=0to t=3

0\
(ii) Calculate the magnitude of the acceleration e block at time t=2.0s.

Q"’Qe

(ii) to show that the tension T in the wire at time t=2.0sis 20N.

change in gravitational potential ener

acceleration = ........coooooioe e ms—= [2]

(i) ggéggjr
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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.

SHaIN = e, [3]
(v) Atsome time after t=3.0s the tension in the wire has a constant value of 1

State and explain whether it is possible to deduce that the blocksis 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 0.018m?, length 1.2m ight 560N.
The density of the oil is 940kgm=3,
Throughout the lifting process, the cylinder moves verti pwards with a constant velocity of
0.020ms™". The viscous force of the oil acting on th er'is negligible.

(a) Calculate the density of the cylinder. <
Q AENSIY = vt kgm=3[2]

X, show that the upthrust due to the oil is 200N.

(b) For the cylinde

;4

*

[2]
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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.

POWEL = .ot L. W2
(d) The cylinder is raised with constant velocity from position X to position

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

___________________________________________________________________________________ &

(ii) The rate of energy output o
potential energy of the cyli

[Total: 11]

197
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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.

fixed 7 horizontal
point 17°

L/

Fig. 1.1 (not to scale) *\

A child’s swing is made by connecting a car tyre to the@ing a rope and a hook. The
system is in equilibrium with the wire hanging at an a to the horizontal. The tension

in the wire is 150 N. Assume that the rope and hoo negligible weight.

(i) Determine the weight of the tyre. :: 0

?‘]'PapaCambridge
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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,

SIESS = i Pa [2]

2. the 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 the end
of the wire. The variation with X of Fis shown in Fig. 3.2.

40
F/N
30
20
A | ]
7
10 d
D
/l
O-E | I
2. .0 6.0 8.0 10.0 12.0
X/mm
*
o ?’Q 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.

(b) The experiment is repeated with a thicker wire of the same material a

®
State how the range of the force F must be changed to obta@ me 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.

CHAPTER 7. DEFORMATION OF SOLIDS

(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,

(ii) the minimum cross-sectional area.

minimu

maximum stress = ....

ctional area =

[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 \
IS.1 cm
5.1¢cm
water . |
i -3 .0cm
density 1000 kgm - 1 z
Fig. 3.1 i
The cube has weight 4.0N and sides of length 5.1cm. The cube is re sinks into water
as the spring extends. The cube reaches equilibrium with its base at f 7.0cm below the

water surface, as shown in Fig. 3.2.

The density of the water is 1000kgm™3. p

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

ifference i PreSSUre = oo Pa [2]

(b) Use your ans
-

0'“

*

ow that the upthrust on the cube is 1.3N.

(2]

?‘]’PapaCambridge
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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 = ........................¢ ] S...... cm [3]

(e) The cube in the water is released from the spring. 0\

(i) Determine the initial acceleration of the cube. :*

Eration = .....oovioeeeeeeeeeeee e ms—2[2]

(ii) Describe and explain t% , it any, of the acceleration of the cube as it sinks in the

water. Q

[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

ratio = ....

obey Hooke’s law.

(ii) The two wires are each extended by a force. Both wi
On Fig. 3.1, sketch a graph for eac)‘@ ow the variation with extension of the

force.

Label the line for steel with the Iet@ﬁ the line for copper with the letter C.

Q’a’Q

S ¢
e
. 4
®
0 - -
0 extension
Fig. 3.1
(1]
[Total: 5]
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114. 9702_w16_qp_ 22 Q: 3

CHAPTER 7. DEFORMATION OF SOLIDS

(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
“ 0.30m , 0.10m |
A : - L C
B
wire
wall B
bucket
D —
iy
Y 12N

Fig. 3.1 (not to scale)

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

(i) Calculate the verQ nent of the force exerted by the bar on the beam.

e component of the force = ... N [1]
¢
(ii) B'ﬁaking ts about A, calculate the weight W of the beam.
W= N [3]

T"f"PapaCambridge
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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.

0@ F o m [3]
[Total: 11]
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CHAPTER 7. DEFORMATION OF SOLIDS

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
L\cord
0.45m. 1.40m . 0.75m
! ! 22N
wall
A B C Q
wheel wheel
w 19N w \

(i) By taking moments about end A

Q""'Q

at 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
AIreCtion ...cooviiii
(2]

E‘,.’PapaCambridge
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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

FIN 50

40

30

20

10

0 0.25 0.50 0.75 1.00
L/m

e
O

(i) State and explain whether Fig. 3.2 suggests that the cord o% oke’s law.

K= e Nm~' [2]
e area that represents the work done to extend the cord when the
from F=0to F=40N. [1]

[Total: 11]

(i) oo,

te@n isi
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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 end. The
variation of the force F with extension x of the wire is shown in Fig. 4.1.

F

1 |
F at b
A
4
/
4
A
"
/ H
0 >
0

0 x
The maximum force applied Q is Fy.

The gradient of the
cross-sectional a

in Fig. 4.1 is G. The wire has initial length L and

Determine n, in terms of A, G and L, for the Young modulus E of the metal.

L 2

0‘,‘

*

?‘]'PapaCambridge
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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.

N

N

: <

L J
00 \
X
Fig. 4.2 0

N

h\\.

N

1. On Fig. 4.2, shade an area that represent done to extend the wire when

the force is increased from F, to F,. [1]
2. Explain how the student can check t&elastic limit of the wire was not exceeded

when force F, was applied. 0

[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. @ng has a
spring constant of 800Nm™".

(i) Determine F,.

F.

(ii) Use Fig. 3.1 to show that, for a con@@O.MS m, the elastic potential energy of

the spring is 0.81J.

(b) Ac to ing in (a) to launch a ball of mass 0.020kg vertically into the air. The
ball‘is,Initiall nst one end of the spring which has a compression of 0.045m. The
springds then to launch the ball. The kinetic energy of the ball as it leaves the toy is
0.72J.

(2]

(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]

?‘]’PapaCambridge
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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.

B
ball reaches maximum ——*~"§ "~ 0
height at point B

h
ball at point A VS

kinetic energy 0.72J A
mass 0.020kg \O -

Fig. 3.2 (not to scale) 0

The gravitational potential energy of the ball increas 60J as it moves from A to B.

(i) Calculate h. o@

(ii) Determine t
from A to

L 2

0‘,’

*

force due to air resistance acting on the ball for its movement

average force = ... N [2]

?‘j_']'PapaCambridge
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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
F/N
6

2 <
x/cm

12 6
®
Fig. 4.1 (\
Show that the elastic potential energy of the spring is 0.64@& compression is 16.0cm.
a (2]
I car along a track from point X to point Y, as illustrated

]
0.076kg

(c) The spring in (b) is used to
in Fig. 4.2.

vertical loop
0.12m of track
horizontal
track
\ g
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.

?‘]’PapaCambridge
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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.

CHAPTER 7. DEFORMATION OF SOLIDS

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

(iii) the speed of the car at Y.

on and air resistance acts on the car so that its kinetic
ic energy at X.

(d) In practice, a resistive force due
energy at Y is 0.23J less th

Determine the av tive 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

217

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

5.0

4.0

FIN

3.0

2.0

1.0 -

”

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&oi

unstretched
spring
0.40m

°

A block of weight 2
move dowaward
length ob0.72m, a

®
Assume that the ai

ig. 3.3.

o’b

block
moving
downwards

<

in Fig. 3.2.

0.72m

block,
weight 25N

|

Fig. 3.3

ttached to the spring. The block is then released and begins to
t, as the block is continuing to move downwards, the spring has a

tance and the mass of the spring are both negligible.

?‘]'PapaCambridge
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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.
0\
decrease in potential energy = ........... b S J[2]

(b) Use the information in (a)(i) and your answer in (a)(ii) ine, for the instant when the

length of the spring is 0.72m:
Qetic ENEIGY = i J[1]
(ii) thespeedoftheb 0

(i) the Kinetic energy 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 lae—F
| L i
Fig. 4.1

The variation with compressive force F of the length L of the rod is shown in Ei
151
150 +=2 u

L/mm
149
148
147
146
1450 10 20 o 60 70 80 90
FI/kN
Qe Fig. 4.2
Use Fig. 4.2 to
(i) mi onstant k of the rod,
.4
20
K= e Nm=1[2]

?‘]'PapaCambridge
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(ii) determine the strain energy stored in the rod for F = 90kN.

CHAPTER 7. DEFORMATION OF SOLIDS

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 @ Hooke’s
law.

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

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

(a) State the principle of conservation of momentum.

221

(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 0
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 spri

N

wn in Fig. 2.2.

15.0 } ~
FIN b=
10.0 |
50
0_
0 4.0 6.0 8.0 10.0
? x/cm
R 2
ho g Fig. 2.2
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The two blocks are held apart so that the spring has an extension of 8.0cm.

CHAPTER 7. DEFORMATION OF SOLIDS

(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;.

1. use conservation of momentum to show that *

kinetic energy of block A \

kinetic energy of block B ~ 19 0 ;

°
e
N

(b)(i) and (b)(ii)1 to determine the kinetic energy of block A. It
t the spring has negligible Kinetic energy and that air resistance

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

2. use the infi
may b
€g
v

. 4

*

kinetic energy of bIOCK A = ... e J[2]

?‘]’PapaCambridge
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(iii) The blocks are released at time t=0.

223

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 0
[2]
b [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 1 0

M/qg » N
100 =
50
[
|
0 ; |
0 40 120 160 200
x/mm
ig. 4.2
(a) State and explain whet beys Hooke’s law.
............................................................................................................................ [1]
¢
(b) State for 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.

T1f]’Papa(.‘.ambridge
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123.9702_m16_qp 22 Q: 3

(a) State whatis meant by

(i) work done,

...................................................................................................................................... [1]
(ii) elastic potential energy.
...................................................................................................................................... [1]
(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
block 0.30[’”3_1 Spfing
mass 0.40kg

Fig. 3.1
The block hits a spring and deceleralesoa of the block becomes zero when the

spring is compressed by 8.0cm.

(i) Calculate the initial kinetic energ@e block.

kinetic energy = ..o J 2]

?‘]’PapaCambridge
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(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.

F, @ .............................................. N [3]
(ifi) Calculate the maximum deceleration of the block.

deceleration = .......c.ocooveiieeeeeeeeee e ms=2 [1]

*
(iv) Skie&j e er the block is in equilibrium

®
1. beforei

e spring,
2. when its speed becomes zero.

?‘]’PapaCambridge
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(¢) The energy E stored in a spring is given by

CHAPTER 7. DEFORMATION OF SOLIDS

12
E=§kx

where ks 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.

x A

<

\ [2]
0‘ [Total: 12]

Fig. 3.3
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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

9.0

F/N

8.0

N

7.0

N

6.0

N

30
x/cm

4 Fig. 4.1

(i) ‘lflseﬂata 4.1 to show that the spring obeys Hooke’s law for this range of
exténsions.

?‘]’PapaCambridge
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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.

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

(a) State Hooke’s law.

30 p
F/N b T
20 »
l/l
10 pza
'/’
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 bloc d into the tube so
that the spring is compressed, as shown in Fig. 3.2.

block
spring tube mass 0.02

- T
 4.0cm :
BEFORE 0 AFTER ! !

not to scale)

The compression of .0cm. The mass of the block is 0.025kg.

(i) Calculate th stant of the spring.

<*
o
@

*

SPriNG CONSIANt = .....ovcveeiie e Nm~[2]

?"t.’PapaCambridge
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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 = ....ccocveee. ¢ .......................... J[2]

2. Assume that the spring has negligible kinetic e e block leaves the tube.
Determine the average resistive force acting agai block as it moves along the

y
&
X

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

(iv) D i
e sl

y of the transfer of elastic potential energy from the spring to the
lock.

effiCieNCY = .o [2]

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

(a) State Hooke'’s law.

30 >
F/N T
20 -
r/l
10 T
'/’
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 bloc d into the tube so
that the spring is compressed, as shown in Fig. 3.2.

block
spring tube mass 0.02

- T
: 4.0cm :
BEFORE 0 AFTER ! !

not to scale)

The compression of .0cm. The mass of the block is 0.025Kkg.

(i) Calculate th stant of the spring.

L 2

0‘“

*

SPriNG CONSIANt = .....oovivieeee e Nm~[2]

?‘]'PapaCambridge
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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 = ....ccocveeee. ? .......................... J[2]

2. Assume that the spring has negligible kinetic e e block leaves the tube.
Determine the average resistive force acting agai block as it moves along the

3
&
X

resistive force = ..o N [3]

(iv) D i
<o sl

y of the transfer of elastic potential energy from the spring to the
lock.

effiCieNCY = .o [2]

[Total: 12]

?‘]'PapaCambridge



< 1PPaRaCAMBLIFIE, . o0

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 0

/
/
/ / ‘
3.5 \
/
FIN d £
/ WA
; ah
2.5
’I -
/
B ann —
1.5

0.5 715 2.0
x/cm

Q ig. 4.2
spring for F = 1.5N to F = 4.5N. The cart comes to rest

(i) *Sh“that ession of the spring obeys Hooke’s law,

—n

Fig. 4.2 shows the com
when Fis 4.5N.
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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@ slider. Assume that all the
ergy of the spring.

kinetic energy of the cart is converted to the elastic po

?‘j_']'PapaCambridge
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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@spring is

shown in Fig. 3.2.
6-0 b
A

5.0

x/cm

4.0

3.0

2.0

1.0

(a) UseFig.3.2to

(i) the spri
D 4
¢
"0

*

f the spring,

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

CHAPTER 7. DEFORMATION OF SOLIDS

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.

Q"’&

change in momentum =

?‘]'PapaCambridge



