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w17 gp12 q20 AT
20 A bolt is subjected to a tensile force, as shown.
- bolt T T
1 L .
tensile tensile
force zld ? d 4? force
k)
2
« (L) %‘

/\r‘-l:) =
The bolt has a circular cross-section. At end X the diameter is 2d. At end Y the diameter is d.

N i
|’ - F e Avc = A%
t tYse —— T —0— =>
What is the ratio ﬁ'-" I A A rd Ay
A 025 B 0.50 c 20 ® 40
= /‘rﬁf = ’]T%l
L H
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3
X
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19 A cable on a suspensmﬂndge supports a weight of 19.3 x 10°N
to stretch by 47 mm.

. This weight causes the cable

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.

o B, BV | | TR ———————— :
| h 19.3):10ﬁ““u““““"m\§"\§3\> — (((\0\54—25559(\01 (OX >
042\ \\\ 2o
0 47 57 AUA

extension/mm

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

é) 21kJ

B 23kJ C 45kJ D 66kJ

s17 qp12 g21

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

|
force \&> Q
A 5
P N
area X — \:

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 extension e. X
@ (Area X + area Y) is the minimum energy required to stretch the band to extension e“/
C Area X is the elastic potential energy stored in the band when it is stretched to extension e X

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

s19 gp12 g22

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

Which material exhibits purely elastic behaviour?

A &
A L
stress stress loadin g
unloading
0 0
0 strain
Cc D
| !
stress | loading stress loading
|_—unloading
v
unloading
0 - 0 -
0 strain 0 strain




18 An elastic cord of unslre%ed total length 16 Ocm and cross-sectional area 2.0 x 10°°m? is held
horizontally by two smooth pins a distance 8.0cm 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

p':n\E &g# J/pin pin

w21 qp12 921

21 Three springs are arranged vertically as shown.
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L Springs P and Q are identical and each has spring constant k. Spring R has spring constant 3k.
mass 0.40 kg
What is the increase in the overall length of the arrangement when a force W is applied as
What is the Young modulus of the cord material? N’ N shown?
A 57x10°Pa B 1.1x10°Pa © 23x10°Pa D 39x10°Pa 5w B AW c Liw D 4kW N= \4««}* BLNX
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To determine mass of food 1n a pan. a scale 1s used that has high sensitivity for small masses but
low sensitivity for large masses. o

To do this, two springs are used, each with 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?

® H

il //}i’/ o ’/’////l" LS AL
| § __rigid box Sem.s'\\w"l;\"B‘.' \’\\ -57"\0)L’)s(
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4 (a) State Hooke's law.

Tc‘fw\cqoﬂeﬂ\w«ot\cc} MSMS“&&%S&*C%&
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(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
6 " K
4 N
N
2 : X :
| N
U 1 A N
0 4 8
x/cm
Fig. 4.1

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

£. Lvx~F

2 g
; ,\_xoéx\o& A= oY
7

(2]

{e) 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 \J
mass 0.076 kg
vertical loop
compressed of track
spring
horizontal
fixed track [ - N 4
block
& 0.30m T

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.

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

é 2 ~V- )'\.\o L\
vo o6 xV =V =

2
speed = Ll\ ms-1 [2]
(ii) the kinetic energy of the car when it is at the top of the loop
E* = EA
hE,- GOE .« WE,
ol (oTe) (2) (o274 + HEA
KE& = O lfé
kinetic energy = OHQ simanas el ]
(iii) the speed of the carat Y.
speed = L‘\ ms=1 [1]

(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. less than its kinetic energy at X.

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

Il\f‘ - KE" ‘,°‘2;, - IN A 36"‘- °30-:\v\§" r-f‘k&:sd\'

oSS

023_-_— N‘F¢ - c‘{ xS
623: Fx(o2es 2ED+ 0.25)= 0.7

o\

average resistive force = ... L . N3]

[Total: 12]



(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™

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.

,‘ 2
|4f’:_ ,;v'\\T i
. 1y (e2e)
2
'S

= ©0°©

kinetic energy = .......Q.: TAs S B RN, J [2]

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

1 e e
x/cm

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.

|<£ = EP'E
ool = Lz FubL

2 -
¢>‘<>‘g. = ,l—- X Izﬂu\x X <?%"\£> \>
P

(iii) Calculate the maximum deceleration of the block.

F.mra
ohs - a-)']o 1 ¥~ N
|\ me®
a = |.|ms
deceleration = l°\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.

LNeE i e u\&ma>ﬂexweﬂweabfegpw&e>
&!\J(Qmﬂe\/\oﬂ&& con e Mo

[2]

spring

P




m18 qp22 g3

8
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 F with x is shown in Fig. 3.1.

8 f
FIN

7

0 aRREy
0 01 02 03 04 05 06 07 08 W/~

The wire has cross-sectional area 9.4 x 10~m? and original length 2.5m.

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

fw\_q_wde o& me&g

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

f: ‘:7& Lo - H % 25
Ae BL Goisd) o ps)
("

(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.

A‘Co\ = L}-*(O"LL’> “'\\'
L e () (oS
2

-3
= \-2"%\0

increase in energy = ............... MR et i Rl el J[2]

So
(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]

Nie 1 L) e ). _ [Total: 11]
E, L, 3 £, 2.2
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4 The variation with extension x of the force F applied to a spring is shown in Fig. 4.1.

4.0
»
2
2L T
3.0 r
FiIN N \
I \\
2.0 aEEENY .
ul N N
= ‘\
FaN s
L AN N
N N
1.0 N >
I N
| N,
N\ N
l’ \\\ \‘ \\ ‘\
0
0 0.010 . 0.020 0.030 U.Q4D 0.050
= x/m
ODL(D -—O.o‘t

Fig. 4.1

The spring has an unstretched length of 0.080 m and is suspended vertically from a fixed point, as
shown in Fig. 4.2.

_h&

0.080m 0.095m
o.olgv«:h\- 0.120m
- o .o l'\C) = bL
position X I . -1 i
block hangs in position Y
it block held before release
Fig. 4.2 Fig. 4.3 Fig. 4.4

A block is attached to the lower end of the spring. The block hangs in equilibrium at position X
when the length of the spring is 0.095m, as shown in Fig. 4.3.

The block is then pulled vertically downwards and held at position Y so that the length of the
spring is 0.120m, as shown in Fig. 4.4. The block is then released and moves vertically upwards
from position Y back towards position X.

(a) Use Fig. 4.1 to determine the spring constant of the spring.

\L:_E‘_: L\ _ go
AL oS0

spring constant = 29 .......................... Nm™ [2]

(b) Use Fig. 4.1 to show that the decrease in elastic potential energy of the spring is 0.055J when
the block moves from position Y to position X.

A: ’\—‘4 7\"'[9) "‘L

2
- /‘_f (_\')_‘\'3); L (OO),C»\
2

. 0S8 dest 2

(c) The block has a mass of 0.122kg. Calculate the increase in gravitational potential energy of
the block for its movement from position Y to position X.

CePE = b = GO (A9, 29
- 0.0)21

(d) Use the decrease in elastic potential energy stated in (b) and your answer in (c) to determine,
for the block, as it moves through position X:

(i) its kinetic energy E:\r?v\— 3 fm\'?v\’
EPE- GPE (g

0.055 ¢ srado +6E c
kinetic energy = .......... Q. 0)’ .............................. J [1]

(ii) its speed.

L
L my
KE = 7

0023 = é <o~(’)’7’> \)}-

speed = .......... QQH ......................... ms™! [2]

[Total: 9]



