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MECHANICAL PROPERTIES OF SOLIDS
STRESSAND STRAIN
2010

1.  When aweight of 10kg is suspended from a copper wire of length 3m and diameter 0.4mm. Its
length increases by 2.4cm. If the diameter of thewireisdoubled, then the extension in its
length will be

a) 7.6cm b) 4.8 cm c)l.2cm d) 0.6 cm

2.  Aforceof 6x10°Nm™ required for breaking a material. The density p of the material
is3x10°kgm>. If thewireisto beak under its own weight, the length of the wire made of that
material should be (taking g = 20ms ™)
a) 20m b) 200m c) 100m d) 2000m

2008

3. Thebreaking forcefor awire of diameter D of a material isF. The breaking forcefor awire
of thesame material of radiusD is

QF b)2F C)% d) 4F

Young's, Bulk and Rigidity Modulus

2010

4.  TheYoung smodulusof brass and stedl arerespectively 1.0x10"Nm? and 2.0x10"Nm™?. A
brasswire and a steel wire of the same length are extended by 1mm each under the same
force. If radii of brassand steel wiresare R;and Ry respectively, then

AR =V2R, DR =2 IR =4R, d R=22

5. Figureshowsa uniform rod of length 30cn having a mass of 3.0kg. The strings shown in the
figure are pulled by constant forces of 20N and 32N. Find the for ce exerted by 20cm part of
therod on the 10cm part. All the surfaces are smooth and the strings and pulleys ar e light

F F
m 10 cm: 20 cm EE?\I-“
a) 36N b) 12N c) 64N d) 24N
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6. A particleof massm isattached to threeidentical massless springs of spring constant k as
shown in thefigure. Thetime period of vertical oscillation of the particleis
) 2;:\@ b) 27, |2 o) 2z, |2 d) n\ﬁ
k 2k 3k k
7. For agiven material, theyoung’ smodulusis 2.4 timesthat of rigidity modulus, then Poisson’s
ratiois
a) 0.2 b) 0.4 c) 12 d) 2.4
8. One-fourth length of a spring of force constant k is cut away. The for ce constant of the
remaining spring will be
3 4
a —k b) —k o)k d) 4k
) ) ) )
2008
9. Theadjacent graph showsthe extension (Al)of awire of length 1m suspended from the top of
aroof at oneend with aload W connected to the other end. If the cross-sectional area of the
wireis 10°m?, calculate the Young's modulus of the material of thewire
4
€3
L 2
=1
204086080 > WM
a) 2x10"Nm™ b) 2x10 " Nm™ c) 3x10“Nm™ d) 2x10 " Nm™>
2007
10. TheYoung' s modulus of the material of thewireof length L and radiusr isY Nm™@. If the
length isreduced to L/2 and radiusr/2, the Young' s modulus will be
a Y/2 b) Y c) 2Y d) 4Y
11. Anironrod of length 2m and cross-sectional area of 50mn?’ is stretched by 0.5mm, when a

mass of 250kg is hung from itslower end. Young's modulusof ironrod is
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a) 19.6x10%° Nm™ b) 19.6x10" Nm™ C) 19.6x10"° Nm™ d) 19.6x10"” Nm™
2006
12. When a sphereistaken to bottom of sea 1km deep, it contracts by 0.01%. the bulk modulus of
elasticity of the material of sphereis(given , density of water =1gcm™)
a) 9.8x10°Nm™ b) 10.2x10"° Nm™ c) 0.98x10"Nm™ d) 8.4x10° Nm™
2003
13. TheYoung s modulusof awireof length (L) and radius(r) isY. If thelength isreduced to %
and radiusto % , then its Young’'s modulus will be
Y
a) 5 b) Y c) 2Y d) 4Y
Work Donein Stretching Wire
2008
14. When ametal wire elongates by hanging aload Mg on it, the gravitational potential energy of
mass M decreases by Mgl. Thisenergy appears
a) as elastic potential energy completely
b) as thermal energy completely
c) half as elastic potential energy and half as thermal energy
d) as kinetic energy of the load completely
2007
15. If thetension on awireisremoved at once, then
a) it will break b) its temperature will reduce
c) there will be no change in its temperature d) itstemperature increases
16. A wireissuspended by one end. At the other end a weight equivalent to 20N forceis applied.

If theincreasein length is 1mm, theincrease in the energy of the wirewill be

a) 0.01J b) 0.02J c) 0.04J d) 1.00J
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17. Young smodulus of thematerial of awireisY. On apullingthewire by aforceF, theincrease
initslength isx. The potential energy of the stretched wireis

a) Lex b) Ly C) e d) none of these
2 2 2
18. What will beenergy stored in a strained wire

a) %xload X extension b) %x stress x strain C) %xload X strain d) %x load x stress

Poisson’s Ratio and Thermal Stress

2008
19. When arod isheated but prevented from expanding, the stress developed isindependent of
a) material of therod b) risein temperature c) length of rod d) none of these
2004
20. Poisson’sratio cannot have the value
a) 0.1 b) 0.7 c) 0.2 d) 0.5

KEY

d | 2b | 3d | &b | 5d | b | a | b | 9a

100b |1)c |12)a |13)b |14 c |15 d |16 a |17 a |18 a | 19 c

20) b

HINTS

Stressand Strain
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Stress — Force:m:Vpg _ LAog
Area A A A
- Sress=Lpg

Stress= 6x10°Nm? ; p=3x10°kgm™® ; g =10ms™?

_stress  6x10°

L = 3 = 2x10% = 200m
L9 3x10°x10
Sress — Force: Focm:e
Area Tr
Y oung's Bulk and Rigidity Modulus
_E B FL
YA YrR?
YR? = constant
Re
>R =2
=7
Net forceontherod, f =32—-20=12 N
Acceleration :i:2:4ms‘2
m 3
F-20=mxa=1x4
F=4+20=24N
Similarly,32—-F =ma=2x4
F=32-8=24N

Fo = Fo+F; €0545° + F cos45° = ky + 2ky’ cos45°
= ky+ 2k(y c0s45°) cos45® = 2ky
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Also, F, =K y=kK y=2ky
=k'=2k

T:ZE\/E,:ZI (m
k 2k

_ Ad/d Y
AL/L 2y
But,, Y =24n
Gzz'ﬁ—lzo.Z
21
kot
|
k'=i1rk.
3
| =10"m,F=20N; A=10°nm’,L =1m
_FL_ 200t Nm?
Al 10°x10
Concept

_longitudinal stress Mgl
longitudinal strain Al

L =2m, A=50mm? =50x10°m?
L=05mm = O.5><10‘3m, M = 250kg

- 25(_’? 9§x2 _ =19.6x10°Nm™

50x107°x0.5%x10

Bulk modulus B = ApV
—Av
—Av_0.01_ 10
vV 100
Ap = hpg =10°x1x10°x9.8
Ap =9.8x10°
6

B= 9'8;%0 — 9.8x10"° N2
Concept
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Work Donein Stretching Wire
Decrease in potentia energy = Mgl
Elastic potential energy stored in stretched wire= %x Mgl

.. Energy appearing as heat = M| —% Mgl = % Mgl

Concept

Increase in energy :%x 20x1x10°% =0.01J
1 .
U =§><stress><stra|n

~U :Exex:>U :%Fx

Concept
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