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21" A rubber band is stretched by hanging weights on it and the force-extension graph is plotted from

the results. Y 'v\gw Y
20 gf : Nond ol = (5N
= 0-257
S &Q o ox force /N l 0-25
M% V6 . 1@&35&"‘““ oo g 0724
12 A oA vy 0 SassY ‘
uq g\\ﬂbo\h bDX = 2 iw Soéiss :0,0‘I
5 QS ICICS
13 ; $1.96 borat |t
levr = Y9y ag buye  0FE [@ ) bouge ]
25 b o 0 110 20 30 _ 7.9¢x% 0-25
éCM extension/cm _ \’qq:r

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

@2.0J B 26J Cc 51J D 200J




(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.

wo LLL1
HH
60
FIN
40
20
oA
0 0.2 0.4 0.6 0.8 1.0
x/mm
Fig.4.1
Energy E is expended to cause a permanent extension of the wire.
() On Fig. 4.1, shade the area that represents the energy Eg. 1]
JCLES 2010 9702/22/0/N/10
1"
Use Fig. 4.1 to calculate the ene IW(uﬁ\
o o ki v -~ \» 0 X0

fowt avea =Clo) (0 110 O

EL B i mmsi e e aeans mJ [3]




SOLUTIONS 0F PROBLEMATIC QUESTIONS

19 The diagram shows a large crane on a construction site lifting a cube-shaped load.

L A=

cable

crane
T load

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

The material used for each part of the model is the same as that'in thg:tgllégeirm% caple and

load. The model is one tfenth full-size in all linear dirrensions. I—m - ‘_o‘tg L.:métol_h
What is the ratio extension of the cable on the full-size crane ?
extension of the cable on the model crane
A 10° B 10 © 10° D 10°
Ov v
Same Mol "o some Yo Mo
Mmﬂ nA . w\a en - )
Em,u = Crong ity gl Rink
- - AC Ae
A . em At e'C
) . - PvgL
Ael,. _ AT Ae
e.. e. = £A-gL
: Ae
Qc._ _ L'C- = /a L
e.. =, e
L 2
ec - L ) - o Z.:

loLm
eM Lz-:m ;M
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22 To determine the mass of food in a pan, a scale is used that has high sensitivity for small masses
but low sensitivity for large masses. Fz Ke= ma = ke
=

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

Which arrangement of springs would be suitable?

BV~
low k fgic box low k 2t aned W
) QQ&'* Rink:
high k = high k
D
7
high k rigid box low k M high k ™4
2 2
low k
"

A AR _ Al
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25 Two springs, one with spring constant k; = 4kNm™ and the other with spring constant
k, = 2kNm™', are connected asaIwn.
. D = 'Zd, p d
Coxw\.od:&d ~m  Aeviog B ' ;AL A ﬁ
; ~ N )7

Qs terad Rpri k= Yoo Nm' _Aw -

IA 'gp 'a @‘w 1 Aw 7~ "D"

0. v

IR
Koy, d

An
- ' L - 025
1 ° 20%@ —E': Ke

G d)
= U( oogélomjb R0 = 0%233) e
Uooo +2000 load o

= 12233 N SN = 0ofom
What is the total extension of the springs when supporting a load of 80 N? = 6¢m
A 13cm B 4cm © 6cm D 60cm
Y / onds :

e 15 /12 \Jaurlenl / June 21/12 wriant/ .19 £l
z K.
2

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

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

%Dzzd - Id )—T>
R

>
Q.

What is the value of _Stressin the wide portion A_w - A . |
stress in the narrow portion 1 Aw D
@ 025 B 0.50 c 20 Avp 40 o
= &
Y d . = 025

-
-

|
—_— - == r - L(?I Y
© UCLES 2015 (o D Qd) 9702/13/M/J/15
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F- K e
24 Atrolley is held at rest between two steel springs. e F
‘ P Q \ K
O O
. € N Ke
Each spring has an unstretched length of 0.10m. - Ka _
Spring P has spring constant 60Nm™. = &, € Y Ra
Spring Q has spring constant 120Nm™. Ko Kp
Spring P has an extension of 0.40m. = €, ea 60 =€,z 0°'20m
o4o 120 9
What is the extension of spring Q? = Eg= ?
A 0.10m 0.20m C 0.30m D 0.80m

9702/13/0IN/12

25 Alift is supported by two steel cables, each of length 10m and diameter 0.5cm.
The lift drops 1 mm when a man of mass 80kg steps into the lift.

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

A 2x10"°Nm> E - FL _ mzl_

B 4x10°Nm3 - E Cr_dl)(e)
u
2X1011N -2
Cl? 4 10“N:‘2 E = Hmg L > - 4 (u6) (9-81)(19)
rd'e T (3o sxi (115
Space for working . qqq % “;\

E B n
E = 2X1o PQ

© UCLES 2012 9702/13/0/N/12
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20 A bolt is subjected to a tensile force, as shown.

2
bolt A= T&;i
X -
tensile 2d “d tensile = Rd
force l v force [4

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

R
£ Ay Id’ 2 2
- . stressatY A _ - dx (2d)
What is the ratio " tX?= 52 s A X - = -
stress a Y d4 d z a2
A 025 B 050 A ¢ 20 (5 4! v
9702/12/0/N/17

21 A rectangular block of steel supporting a very large component of a bridge has a height of 15¢cm

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

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

What is the maximum load it can support?

@32MN B 56GN C 720GN D 32TN
E- FL > F- EAE
Ae L
F - Qz.oxw")@oxlzxfol')oxdg)
1S x102

F = 32x\oeN
F = 22MN

© UCLES 2017 9702/12/0/N/17 [Turn over
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20 The diagram shows a simplified model of a building with four identical heavy floors.

Stress in p vods whith Held Divide W) by )

the wa ‘ﬂ op Hoor top rods
o e
G = —= —_— = s
~ d:- floors N _ dt kL mg E'
) Y \#\ middle rods &
dt‘ e L\M% """ ~¢l) x EJ_b_ - _‘é, = l(
Rl:(lju- voda Wi dt “
Stress botiom
'V\s!.d m‘:’ww ‘*ETL" - /bottomrods db ) J‘U‘ =2
2 (ﬁm)ﬂ de
van Tﬂ_ >d,- e

The spacmg of the bottom ﬂoor ffom the ground is twice that of the spacing between the floors.
Between each floor are equal numbers of vertical steel supporting rods of negligible mass

compared with the floors. The rods are of different diameters so that the stress in each rod is the
same.

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

@) 2 B 4 cC 8 D 16
9702/13/M/J/20

21 The Achilles tendon in a rabbit’s leg is stretched when the rabbit jumps.

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

40

length/mm E, = Arean W

P-

3;7,’ me along At agtencie
36 ﬁﬁ F“fw‘” 1 .. Wﬁf- adad
3 BT - L((37- 00
2 6 = L (37-2900)od
32 EP = 0' I{OI
30

0O 100 200 300 400 500
tension/N

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

@) 0.40J B 0.80J C 24J D 7.4J

©® UCLES 2020 9702/13/M/J/20 [Turn over
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23 The diagram represents a steel tube with wall thickness w which is small in comparison with the
% diameter of the tube.

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

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

A % B V2w © 2w D 4w
‘:
S L A LA (R
o F A, (L) 274)
" z.
G2 . M = —
Oy 2 < >
.-l—- = ﬁ = 2N
L L = |&
9702/11/O/N/17

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

length. ERoskically — dafor C. FL

The spring is then loaded with heavier weights. When the weights are remoféd, the spring is
longer than it was originally. P.Q;\gc\-:mﬂ% deforma

Which types of deformation are shown by this experiment? FL EA = c,..,g-mt (SA»-Q)
@ both elastic and plastic deformation :'e i F ) DiFﬁﬁ"l‘ i NFFM'\‘
B elastic deformation only - E Qare

C neither elastic nor plastic deformation

D plastic deformation only
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1
21 The stress-strain graph for a metal is shown. E E > Fe
S‘“‘Q D ercerceiiiiiiiiiiiiitiienaeny ' V AL‘
. A(F stress -\ Fyfe
Ep < ?_L )cg») /GPa E > A)(LD
Lty g = 1 (shest)(Strain)
E Q
NV R
0 0.005 0.010 C— -3
strain = loxlo J_':
= loMIm
What is the strain energy per unit volume of a rod made from this metal when the strain of the rod
is 0.0107?
A 10kdm™ B 100kJm™ c 1.0Mim® O 10MJm3
9702/13/MIJ/17

18 Two wires with the same Young modulus E and cross-sectional area A, but different lengths L,
are subject to different tensile forces F. The extension e of each wire is the same.

. FL
The column headings in the table show four different quantities. £- .AT
Which quantities have the same value and which quantities have different values for the two
wires?
FL . EA = Coshant (SarQ)
e
FL Ae E Ae - F . Diffret  Niffored
e L FL o = E TQare
A different different same € | !
B different same same FL : Ae (o) (%re )
Cc same different different = same
(D) same different same
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19 Two springs X and Y stretch elastically. The graphs show the variation with extension x of the
force F applied to each spring.

spring X spring Y
7 , ) ,
FIN | FIN |
. -
= (:9("’7\ o % 3 (8)5%167
0 = J ; 0 =23 ;
0 10 0 5
x/cm x/cm

Which statement is correct?

A When each spring is given the same extension, the energy stored in Y is 4 times the energy
stored in X. Ex = ._;__ (10)(sx15%2) = 025 T amnd Ey- 27 So Ey= 86

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

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

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

stored in X.
9702/13/MIJI17
20 The diagram shows the force-extension graph for a steel wire, up to its breaking point.
2507 e ‘
force/N | E(se)(m15D) = 0-228T

1504 |

1 | ~3 1

1004 | ;-Kq'i‘ 10) 10 ] szOJ |

50 i - |'qJ i

0+——————T————]

0 5 10

extension/mm

What is the best estimate of the work done to break the wire? = Area ""é‘”’ 8“ f
\-q4 0-225

@) 214 B 23J C 24J D 25J » 2.1260

© UCLES 2017 9702/13/M/J17 [Turn over
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20 Two wires X and Y are made of different metals. The Young modulus of wire X is twice that of

wire Y. TE dlamiteé?f wire X is half that of wire Y. 5 H;fe b3 ad
f&f’ e

The wi L"? ext@ﬁfwvby the same strain and obey Hooke’s law. C1) tE:eg 2€7

FL EA(E = d 2 -
What is tﬁe ratio ten3|on in wire X 5 _I—\E >F- ‘) _L d ? 2d
= €

Lg  tens TﬂnlWéreY ] c. EAE a_ E

A &KV)Q @'rde)(ec) 1 D 8 =€
s - 2 Le F= E‘__lf«e = (E)(Wd)(gt 2
€s es= Edc %%& 4 B aanm wires E.‘ d
F’( dr £ F\' Ev d‘rl

R, @) k2
O (2 (4dY) = R

L-"

L
2

| <1
.

MarcA17)12

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

How much energy is stored in the compressed column? _ 1 020)"0) (o 2 §x|83)
2
@ 15J B 30J C 15kJ D 30kJ _ 15T
March V6 /12

19 The Young modulus of steel is twice that of copper.

A 50cm length of copper wire of diameter 2.0mm is joined to a 50cm length of steel wire of
diameter 1.0mm, making a combination wire of length 1.0m, as shown.

g = 2E fixed support %g _2 ;? J
% ) 2(%\ copper wire N \es= ) 2r’e,
et 2{'—4_ . e " ue
UX%:) . (&_%l) (Q)] - € - 2¢

Le  _ 2 Le e _,

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

What is the ratio extension of steel wire 2

extension of copper wire

A 4 ® 2 c 1 D 05
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20 A number of identical springs are joined in four arrangements. ; , Sevies —> Kr=o %

Totall tprt : )
Which arranger:gsnt has the same spring constant as a single s%)'r'inggw — Kyenk
u
A\4 = ‘——-/(é)t ) . %\4 ~2:Uned © 5
&6+ 1o

E: Kr 2¥. 2K

ﬁ_ KK E
g = 2.4 T = 2
oad
e’T = 33T~ K
load load load
Eik oK (210 (W= 2
2K+ K 3

March 19 | 1

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

/

Totall privg Conslonk :
K =~ (6)0’0 r 2\ 4‘2“-‘\Noﬂ 6.0Ncm™

&6 +Y )9
£= %o
Q0 =« 2.4 eT 4.0Ncm™
e‘T = 33-2amn
load
80N

What is the extension of this composite spring?

A 8.0cm B 16cm C 17cm © 33cm
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23 What is meant by the ultimate tensile stress

9702/13/0/N/14 17

s of a material?

A the maximum force that can be applied to a bar of the material before it bends
B the maximum inter-atomic force before the atomic bonds of the material break

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

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

9702/13/0/N/14

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

workk done W Stiek\ o wit = Giown og claskc Po&&v\[le& enRY

force/N | = Area, of F/N €/ Yoph ollng with exiersin

T axig

10 < i
X __ Mea undor XY

=L (6oo+550)(2°7"°)

= l 083
Ner trndet
OR = ! !
1 (500) (100 xl-t;)i
2 ETO‘.QQ Work dove = Area (X +xY)
. = 2-507 . W =250 +1-05
0 100 120 W = 3-85T

extension/mm

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

A 3.30J 3.55J C 3.60J D 6.60J

Snaca farwnrkine Q702/13/M/J/16

20 The diagram sho..c «..c .c.cc cocecricen. 5.ph for a sample of material. The sample is stretched
and then returns to its original length.

Work dong to Strelch somple = Area (@ +R)
A

force | :
area P i wlicdA om et R
%me&l Forn areiched | m fRo inter vecoveved
Ene:\ ol - Area R area Q i’B evind = A § r\aperﬂw
area R :
0 .
0 extension

Which area represents the work done to stretch the sample?

A P+Q B Ponly © a+R D Ronly

© UCLES @D D [Turn over
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26 A metal cube of side lis placed in a vice and compressed elastically by two opposing forces F

£ - FL — —
A DL al - ccwuwt)(_\_)
E. FL
2" al F—at || —F A _llf_
E = F_ N
L4l -~ ‘\\
F h " metal cube
at-(@y) =t
How will Al, the amount of compression, relate to 17?
A Alocllz Aloc% C Al D Alc 2

June 19/12 /@.20

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

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

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

diordot. [de<d |dy=2d
A 0.25E B 0.5E C 2E D 4E pg. |[Eu-€ [Ey=?
Same malgtd Mmoot Rame \(ouna Modulus
E, = Ev
E -
A% e Ax e,‘

(Bl e = (Fd)es do - e
S = Q"T = & =le,
Ehstic Potodil onerqy = E- = Fe
£y _ AW _ B, | ¥ L5
Ex  LWw(e)y 7 € U& 7 €
Ey = LE

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

Soame “\Ak'e“‘\g- ™mQBme KZ/bIOCkS of wood wie 1 wire2.
Zoweg Yow\% Moduling Same ul c
— Diomdet |di= D |da-
E - F_L_ Lenale\ l—, =L L, s 3L
Ae ___—load Forc Foe F e F

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

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

A %x . %x C %x D %x
F L h L (L) _ PGr
A€ A, €, (%ﬁ)e, (xfk_) e,
[ e, - 3d e,
dl2 el d)_ e;_ $ dz
2
o, - 3T o o _ 3= e - 3
2 (ZD)Z ? 2 —L('Dz # 2 "

June 18/12/ @20 o Jun2il13/4.23

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

obeyed. - sﬁre,vs SL - E_
E = Ez = E= > e S
What is the expressmn forthe elastic energystored per umtvolume of the material? e _ .i
E 2E c S st - E
282 S? E 2E
|
—(F
Ep _ = (F)e) B L(F)e)
V N vV CA)I (L)
2
L ) S == E_P = S
3 (0(E) == 2¢
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19 In an experiment to measure the Young modulus of a metal, a wire of the metal of diameter
0.25mm is clamped, as shown.

wire

pulley / Clamp
\C) pulley

marker |\\\\\\\\\I

scale

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

The graph shows how the reading on the scale varies with F.

8.0

marker position 7.0
onscale/mm 6.0 —
5.0

4.0

3.0

2.0

1.0

0

0 2 4 6 8 10
FIN

What is the Young modulus of the metal?

A 55x10"Pa FL B F L

~

B 9.4x10"Pa E - A—e - kWsz)e

C 16x10"Pa

(D) 22x10"Pa L FL
nd €

L Cloy( 2 70)

(2\W) (o253 x163) (30 —4-6)153
€= 22Ix10 P

™)
\\

© UCLES 2018 9702/13/0O/N/18
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21 A composite rod is made by attaching a glass-reinforced plastic rod and a nylon rod end to end,

as shown. [ FL
- 1.00m o 1.00m Ae
— C . J— e - Gtesn
lass-reinforced plast \| ; E
glass-reinforce plas IC nyion [ .
E, = 40GPa; E,=2.0GPa Skes on ol vods is Same

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

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

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

A 71x10"Pa Totel] eccengim = QMC + ENU&M

B 7.1x102Pa 3.0“,,‘3 - (shen) (roo) 4 (shens) (1-00)
©) 5.7x10°Pa wano"s 2:0X1 "

D 5.7x10°Pa Sket = S.Tixe

Nov.\\[ 12/@ 22

23 The following force-extension graphs are drawn to the same scale.

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

= arenlest Aren urdor
A 1

Forh

A A ,
force force ; Callative otot 8")
L fren [ 8>27(a0)
0 > 0 ’ -
0 extension 0 extension
A \ A
force ; force
0 : P> 0 >
0 extension 0 extension
© UCLES 2014 9702/12/M/J/14
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21 A metal wire is attached at one end to a fixed point and a load is hung from the other end so that
the wire hangs vertically. The load is increased from zero to 20N. This causes the wire to extend
elastically by 5.0 mm. The load is then reduced to 12N and the extension decreases to 3.0 mm.

A » -
load /N Stroin energy =

ol Aoz wrdit Foph
Aren = _;__(uno')CZ-o)(\B?’)

b 3 ‘2)( “')QJ

K N il e

\

extension/mm

How much strain energy is released during the unloading process?
A 08x102J B 18x102) € 24x102) (D) 3.2x1072J
June 20/12/819

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

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

unstretched cord

Pi"\f / pin PN\ goom i P
| | 6°° 60" cr
i 8.0cm i /
2T 4mBo = Mg & mfﬁu
T o (o) _ooqy goom X/ | vagph=Thnto
T 60 cord
2.9 A — 8.0cm
- = N
° Tae  TRe o
A€ ©, & New Donghl
E - (2.27) (166 x10 ) X = 24 0em
(2: 0% lo’:) (%' o6X lo"z) mass 0.40kg
E - 2.92x10 fa ectlenging ~ 2u-\¢
What is the Young modulus of the cord material? @ oem

A 57x10°Pa B 1.1x10°Pa @2.3x106Pa D 39x10°Pa

© UCLES D D



Deformation of solids

1.

A number of identical springs are joined in four arrangements. \Z\C)/C\f-)

Which arrangement has the same spring constant as a single spring? 2¥ <t
(o

A B

K X -~
2. > 2 =

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

) = .,.H;QQJ: X 2
force l ] Cﬂ% & kﬂ
Ev\e% yecovexed = Z
’ Nek Bragy- XeYe2-?
? i = X4
X z !
00 : exten:sion

Which area represents the net work done on the sample?

A X X+Y cC Y+2z D =z

3.
A mass m is situated in space in a uniform gravitational field.
LN
! ! -
i | > —
gravitationa
P Q field lines
7
< X =
) 1 \
—

When the mass moves through a displacement x, from P to Q, it loses an amount of potential
energy E.

Which row correctly specifies the magnitude and the direction of the acceleration due to the

gravity in this field?
E-myx > @ £
magnitude direction ™

@ e - —

E

B m <«
E

Cc x >
E

D 7 .




4.
The Young modulus of steel is determined using a length of steel wire and is found to have the
value E. S——

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

the diameter. YOM Mo

T
What value is obtained for the Young modulus in the second experiment? &QPQ,,AL \A.‘hf\ V\D\W
A 1E E c 2E D 4E 3’8 ralotpd

5:
A metal cube of side lis placed in a vice and compressed elastically by two opposing forces F.
A€

F—t | |2 —F E - E
N () (20
N >_\metal cube A‘o e (‘E")"‘E—

How will AL, the amount of compression, relate to [? bQ_ - &W} B

A Al 1 B Alxl C Alxl D Alxl?
) | e

6.
The graph shows the relationship between stress and strain for three wires of the same line:
dimensions but made from different materials.

P
stress Q

f e
v
0 T -

001 1.0
strain

Which statements are correct?

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

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

@1,2and3 B 1and3only C 2and3only D 2only



7.

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

IR ~ X“\—l g} blocks of wood L=L Ly =3L
DZe  AMe, D=D Dy = 2D
7 ' ' %K | wire E E
) L
Tx  We 1 . £2 - - -
eg s 2——[’%

1

By how much would a wire of the same terial, but of diameter 2D and length 3L, extend when
the same load is applied? Se———

—_—
A Zx %x c

8.

The behaviour of a wire under tensile stress may be described in terms of the Young modulus E
of the material of the wire and of the force per unit extension k of the wire.

D

w|s
x

Njw
x

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

= A = kKA = kL =.L_
A E=A B E= K @EA o e=L E:f’\'—

AE
9.
The diagram shows the structure of part of a mattress. F (= LE A) e@
S—
: L

5% K: EA
| layer 2 ’/

E- EL

K z
The manufacturer wants to design a softer mattress (one which will compress more for the same
load). .

| layer 1

Which change will not have the desired effect?
@ using more layers of springs
B using more springs per unit area ( ]
C using springs with a smaller spring constant \/
D using springs made from wire with a smaller Young modulus \/

10.
The diagram shows a large crane on a construction site lifting a cube-shaped load. mc

Ry
1)) ] A A -
P'/ <] N~ % ‘_”m,cz ‘?—:x;

?'\, cable A

crane —__|

i

load
\c 93\{,: oL G .
et /\6 - =* %. V& IE

3

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

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

What is the ratio Stressin the cable on the full-size crane -, - ‘ 0 Eh
stress in the cable on the model crane

A 10° 10‘ c 10 D 10° %

=~ \nN

\




