CHAPTER - 8 MECHANICAL PROPERTIES OF SOLIDS
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Deforming Force

A force which produces a change in
configuration of the object on applying it, is
called a deforming force.
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Elasticity

Elasticity is that property of the object by virtue
of which it regain its original configuration
after the removal of the deforming force.

of deforming force are called perfectly plastic
bodies, e.g., putty, paraffin, wax etc.

Stress

The internal restoring force acting per unit
area of a deformed body is called stress.

Stress = Restoring force / Area

AT &Sl Its unit is N/m? or Pascal and the dimensional
YT a¥d & 95 A0 ¢ s MR W) formula is [ML'T].
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e s &t e & i 9 39 Ao faeara Stress is a tensor quantity.
' I wTed Y @ & There are two types of stresses: Normal and
Elastic Limit Shear or tangential stress

Elastic limit is the upper limit of deforming
force upto which, if deforming force is
removed, the body regains its original form
completely and beyond which if deforming
force is increased the body loses its property
of elasticity and get permanently deformed.
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Perfectly Elastic Bodies

Those bodies which regain its original
configuration immediately and completely
after the removal of deforming force are
called perfectly elastic bodies. e.g., quartz
and phosphor bronze etc.
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(1) Normal stress:

Here the force is applied normal
surface. It is again of two types:

N
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(i) Longitudinal stress - It occurs only in
solids and comes in to picture when one
of the three dimensions viz. length, breadth,
height is much greater than other two.

Deforming force is applied parallel to the length
and causes increase in length. Longitudinal

3 TET S ﬁih_rf 9T g & g g 3R q,\ff stress produced due to increase in length
g & e ?HW faeara & ger: gred & od of a body under a deforming force is called
g, qof FI_EHFHER-?T FEAT &1 3‘@ Farést AR tensile stress. Longitudinal stress produced
BREBR HE 3] due to decrease in length of a body under a
Perfectly Plastic Bodies deforming force is called compressive stress.
Those bodies which does not regain its (ii) Bulk or Volume stress - It occurs in solids,

original configuration at all on the removal
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liquids or gasses. In case of fluids only bulk
stress can be found. It produces change in
volume and density, shape remaining same.
Deforming force is applied normal to surface
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at all points. It is equal to change in pressure
because change in pressure is responsible
for change in volume.
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(2) Shear or tangential stress: When the
surfaces of two equal and opposite faces
act tangentially, one face of the object is
displaced relative to the other face. In this
case, the object is said to be subject to the
force in the form of tangential force or shear
force. The ratio of the tangent force of a
surface to the area of the surface is called
tangential force or shear force.
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Strain: The fractional change in configuration
is called strain.

Strain = Change in the configuration /
Original configuration It has no unit and it is
a dimensionless quantity.

According to the change in configuration, the
strain is of three types

(1) Longitudinal strain= Change in length /
Original length

(2) Volumetric strain =
Original volume

Change in volume /

(3) Shearing strain = Angular displacement of
the plane perpendicular to the fixed surface.
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Stress - strain Curve - The different regions
in the stress - strain diagram are:

(i) Proportional Limit - It is the region in
the stress-strain curve that obeys Hooke’s
Law. In this limit, the stress-strain ratio
gives us a proportionality constant known as
Young’s modulus. The point OA in the graph
represents the proportional limit.

(ii) Elastic Limit - It is the point in the
graph up to which the material returns to its
original position when the load acting on it
is completely removed. Beyond this limit, the
material doesn’t return to its original position,
and a plastic deformation starts to appear in
it.

(i) Yield Point - The yield point is defined as
the point at which the material starts to deform




plastically. After the yield point is passed,
permanent plastic deformation occurs. There
are two yield points (i) upper yield point (ii)
lower yield point.

(iv) Ultimate Stress Point - It is a point
that represents the maximum stress that a
material can endure before failure. Beyond
this point, failure occurs.

(v) Fracture or Breaking Point - It is the
point in the stress-strain curve at which the
fracture of the material takes place
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Hooke’s law and Modulus of Elasticity

According to this law, within the elastic limit,
stress is proportional to the strain.

= constant = E

i.e. stress oc strain or

strain
The constant E is called modulus of elasticity.

E

Stress

o Strain

* It's value depends upon the nature of
material of the body and the manner in
which the body is deformed.

* It's value depends upon the temperature
of the body.

* It’s value is independent of the dimensions
(length, volume etc.) of the body.

* There are three moduli of elasticity namely
Young’s modulus (Y), Bulk modulus (K)

and modulus of rigidity (n) corresponding
to three types of the strain
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Young's Modulus of Elasticity(Y)

It is defined as the ratio of normal stress to
longitudinal strain within limit of proportionality.

Normal stress F/A ﬂ_

longitudinal strain I/L Al

If force is applied on a wire of radius r by
hanging a weight of mass M, then
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Work Done in Stretching a Wire/ Elastic
potential Energy

In stretching a wire work is done against
internal restoring forces. This work is stored
in the wire as elastic potential energy or
strain energy.
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Bulk Modulus of Elasticity

When a solid or fluid (liquid or gas) is
subjected to a uniform pressure all over the
surface, such that the shape remains the
same, then there is a change in volume.

Then the ratio of normal stress to the
volumetric strain within the elastic limits is
called as Bulk modulus. This is denoted by K.

x — _Normal stress @
volumetric strain

_EIAL_ =pW
-AVIV AV

where p = increase in pressure; V = original
volume;A V = change in volume

The negative sign shows that with increase in
pressure p, the volume decreases by AV i.e.
if p is positive, A V is negative. The reciprocal
of bulk modulus is called compressibility.

C = compressibility = —= ;‘,_:,

S.I unit of compressnbxhty is N-Im2and C.GS. unit is dyne-! cm2.
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x = Normal stress @
volumetric strain
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C = compressibility = —= ;‘,_:,

S.I unit of compressnbxhty is N-Im2and C.GS. unit is dyne-! cm2.

Modulus of Rigidity
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Within limits of proportionality, the ratio of
tangential stress to the shearing strain is
called modulus of rigidity of the material of
the body and is denoted by n,

Shearing stress

Shearing strain
of a body changes but its volume remains

l.e.n = In this case the shape

unchanged. Shearing stress = F/ A and
Shearing strain =¢ = QQ'/PQ = x/L

So 1 = shear stress/shear strain = FIA -
F

Ao

Only solids can exhibit a shearing as these
have definite shape.
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Poisson’s Ratio
When a long bar is stretched by a force

along its length then its length increases and
the radius decreases as shown in the figure.

Lateral strain : The ratio of change in radius
or diameter to the original radius or diameter
is called lateral strain.

Longitudinal strain : The ratio of change
in length to the original length is called
longitudinal strain.

The ratio of lateral strain to longitudinal strain
is called Poisson’s ratio (o).

Lateral strain

l.e. 6 = T X
Longitudinal strain
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or TTaLIL

Negative sign indicates that the radius of the
bar decreases when it is stretched.
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Poisson’s ratio is a dimensionless and a unit
less quantity.
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MULTIPLE CHOICE QUESTIONS:

Wﬂ' CETE

The property of a body by virtue of which it
tends to regain its original size and shape
when the applied force is removed is called
(a) elasticity (b) plasticity

(c) rigidity (d) compressibility
et avg 1 gF T TEF YR W g7 IR
qET T F AT A W T A9 AT AR
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The length of an iron wire is L and the area
of cross-section is A. The increase in length

is | on applying the force F on its two ends.
Which of the statement is correct ?

(a) Increase in length is inversely
proportional to its length L

(b) Increase in length is proportional to area
of cross-section A

(c) Increase in length is inversely
proportional to A

(d) Increase in length is proportional to
Young's modulus
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Which of the following materials is most

elastic?

(a) Steel (b) Rubber
(c) Copper (d) Glass
FerT-11 (ifady
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(a) g9 (b) 3

(c) &R (d) o

The ratio of the lengths of two wires A and
B of same material is 1:2 and the ratio of
their diameter is 2:1. They are stretched by
the same force, then the ratio of increase in

length will be
(@ 2:1 (b) 1:4
(c) 18 (d) 8:1

AT 9 & & arY A 3R B v de@E Fr
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(a) 21 (b) 1:4

(c) 18 (d) 8:1

When forces are applied on a body such
that it is still in static equilibrium , then the
extent to which the body gets deformed,
depends on

(a) nature of the material

(b) magnitude of deforming force
(c) Both (a) & (b)

(d) None of these
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(a) qery T gepfd

(b) a9 s 1 gRATOT

(c) @t (a)3MR(b)

(d) gT8t & g AEr

Elastic After effect are maximum for

(a) Glass (b) Quartz

(c) Rubber (d) Metal
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(a) Tomd (b) wFarést

(c) W3 (d) &rg

o

The restoring force per unit area is known
as

(a) strain (b) elasticity

(c) stress (d) plasticity

9fa §1E AFhd W T 9 ) 5 & &
ST STt 8§72

(a) Tapfa (b) FcITEYT
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(c) gfdeer (d) confEeTad

In suspended type moving coil galvanometer,
quartz suspension is used because
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) It is good conductor of electricity
b) Elastic after effects are negligible
) Young's modulus is greater
) There is no elastic limit
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(a) hydraulic force
(c) restoring force (d) hydraulic strain

TR #F gERifee daE fREd S §7

(a) EsgIfe® So (b) grERAF carg

(c) YTeATTeT et QESUCEACEAT]
The only elastic modulus that applies to
fluids is

(a) Young's modulus
(c) Modulus of rigidity (d) Bulk modulus
AT YETYT 9T AR Bl ATl THATT JeARIAGR
OF FAT 32

(a) a1 T I[OTH (b) 3TIEICT IUTIH

(c) T&dT IuTh (d) 3T IOTH
The compressibility of a material is

(a) Product of volume and its pressure

(b) The change in pressure per unit change 1.

in volume strain

(c) The fractional change in volume per unit
change in pressure

(d) None of the above
et gard & gdifdaar Fm 87
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(c) gara # 9fd sFE 3MTdaT H A+ 17.
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Substances which can be stretched to cause
large strains are called

(a) brittle (b) ductile

(c) plastic (d) elastomer

o gerdt A 93 3wt F1 FROT IS F QAT
e ST FhAT § 378 FIT FET AT 8?2

(a) IR (b) T

(c) cefEes (d) ZAERIFT

The work done in stretching an elastic wire
per unit volume is or strain energy in a

(b) hydraulic pressure 14,

(b) Shear modulus 15.

stretched string is

(a) Stress X Strain

(b) 1/2xStress x Strain

(c) 2 x Stress x Strain

(d) Stress/Strain

TF YIRYaeR ar & 9fd 3@ 3mraa e
# frar I S 49w @7

(a) wfdee x fasfar

(b) 1/2 x wfdser x fashfa

() 2 x "idser x fashfa

(d) wfaser /1%@%

Shearing stress changes of the
body.

(a) length (b) breadth

(c) shape (d) volume
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Shearing strain is expressed by
(a) angle of shear

(b) angle of twist

(c) decrease in volume

(d) increase in volume

sqwor RFfy frad garr saea e s 87
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(c) 3MIAT H AT (d) 3mace # gig

When strain is produced in a body within
elastic limit, its internal energy

(a) Remains constant (b) Decreases

(c) Increases (d) None of the above
9 FArEgar WAT F T avg # RApfa scaer
grar 8, o suh aR® el

(a) R TEam & (b) wedr &

(c) st (d) SRR H P AT
When shearing force is applied on a body,
then the elastic potential energy is stored in
it. On removing the force, this energy

(a) Converts into kinetic energy

(b) Converts into heat energy

(c) Remains as potential energy

(d) None of the above
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(d) 3WFT H T FIS 78T 23. Dimensional formula of modulus of elasticity
18. When some weight is applied on a metallic IS , P
wire of length L and Young’s modulus of (@) [MLTZ] (b) [MLT7]
elasticity Y, its length is increased by | .The (c) [ML'TT] (d) [M'LT?]
sgltj:]t;alisenergy stored in the wire per unit geaTEraT T’W FT T el 3
(@) [MLT?] (b) [ML'T?]
2 2
(@ 1/2(YIL) (b) 1/2(YP? /L?) (© MLT @) [MLT7
(c) 1/2(YIR/L) (d) 1/2(YI/L?)
24. Young’s modulus of a wire depends on
9 L # dar F uifedd aR W F& AR e
ST & 3R T F GARTar Y IoniE A ey (a) Its length
R STaT 8, At SHH TS | § 93 ot §1 AR (b) its area of cross-section
# 9ufy s Iae & FIda Rufaer st F (c) its material
8 (d) Both (a) and (b)
2 2
O O e e g o
(©) 12(YFL) (@) 12(YIL) (a) o FaS
19. |If t:e load is increased beyodnld tfhe (b) TS ITIEYT I AT%or
, the strain increases rapidly for even a g
small change in the stress. (Z) B qa;i b
(a) elastic point (b) vyield point (d) (a) (b)
(c) plastic point (d) fracture point 25. S.I. unit of compressibility is
afg o ¥ 3AF §g Sar &, ar (8) Nm® (b) N°m
FoN A 75 omaT & yRwd # F BR § TG & () N'm? (d) None of these.
forw & . . gdfisgar #r S.I. s &
(a) FArEwar g (b) g fig (@) Nm? (b) Nem
(c) cenfEes fog (d) fasise foig (c) N'm? ST § S AL
20. What is the phenomenon of temporary delay 26. S.I. unit of co-efficient of elasticity is
in regaining the original configuration by (@) Nm? (b) N2m
an elastic body , after the removel of a N-'m? d N f th
deforming force? () m (d) None of these.
(a) Elastic fatigue (b) Elasticity YeAREYdT & 0T FT S.I. §H1§ 8
(c) Plasticity (d) Elastic after effect (@) Nm? (b) sz .
RAeTF a0 F g ¥ 96, UF UARY TE] () Nms (d) &7 & P 7T
AT A eI # T ged w1 A 27. Modulus of elasticity has the dimension
X0 Y e 4T 2 same as that of
(@) T AT (b) YeTrEUdr (a) Energy (b) Power
(c) cenfEefadr (d) IO 9T IHT (c) Pressure (d) Torque
21. Stress is given by YeAIEYaT Ao F1 A fFas awner 87
(a) Force x area (b) force/area (@) For (b) efFa
(c) force / strain (d) None of these. (c) G (d) weof aTq\U‘r
wfaee frad ganr @ smar #72 28. Young's modulus of elasticity of a perfectly
(a) FoIx &7 (b) wor/&T rigid body is
(c) er/faspfar AT & S AT (@) unity (b) zero
22. Dimensional formula of stress is same as (c) infinity ) (d) None of the.se
that of TF QU TG aEq T AT F TIRIAT AN &
(a) Force (b) impulse (a) Tahdr (b) YT
(c) pressure (d) strain (c) 3MeAd 3H W Pl gl
yfaaer &1 faely ¥ @@= § 29. Bulk modulus for a perfectly rigid body is
(a) ol (b) 3masT (@) unity (b) zero
(c) &g (d) fapfa (c) infinity (d) None of these
FerT-11 (ifady (757)




30.

31.

32.

33.

34.
HefT-11 (IR

qota: FOR 9% F fAT HIae qonF 8

(a) Tehdr (b) ==

(c) 3 ST A FIS G

If the temperature of a wire is doubled, the
Young's modulus of elasticity will

(a) becomes four times

(b) be doubled

(c) remains the same

(d) decrease.

iy e ar &1 aHAE Qe w1 R S, @

mmmﬂmm 35.

(a) IR T & e ¥

b) ST & e &

c) e T &

(d) & ST gl

According to Hooke’s law of elasticity, if

stress is increased, then the ratio of stress

to strain

(a) becomes zero (b) remains constant

(c) decreases (d) increase

§F & YARYd F A9H F 3wn , IR gfaee
ear ¥, @ whww 3R AR

(a) %rer?rm%‘ (b) TR @ &

(c) T ar & (d) e SaT &

Modulus of rigidity of a liquid is

(a) Constant

(b) infinite

(c) zero

(d) cannot be predicted

el g@ 1 IrawIOT AT TIAT FT AT

(a) R

(b) 3reid

(c) LTF

(d) & sRrTah 78 & ST T 37.

The only elastic modulus that applies to
fluids is

(a) Young's modulus
(b) modulus of rigidity
(c) bulk modulus
(d) shear modulus

WA 9GHE IT AR @ AT THAT TARYARGR 39

AT &

(@WHTW

(b) 3TYETOT AT TGl HT I0Th
(C) 3TICAT UTIH

(d) 3T9ETUT I[UTIH

Hooke's law states that

FT IHeaTd 36.

(a) stress is directly proportional to strain
(b) stress is inversely proportional to strain
(c) stress is equal to strain

(d)

stress and strain are independent of
each other

e R & s §

d) wRee 3R RFEf vw gy & w@aT ¥

The ratio of stress and strain is called

(a) elastic limit

(b) plastic deformation

(c) modulus of elasticity

(d) tensile strength

sfawe st APl #1 e Fgem ¢

(@) IAEYAGR AT

(b) ceniEees fawgor

(C) YcITEIAT I I[UTIh

(d) deter ufaFa

The ratio of tensile stress to the longitudinal
strain is defined as

(@) modulus of elasticity

(b) Young's modulus

(c) bulk modulus

(d) None of these

a7 gfaaa 3R Ieqded RFfa & e st 5w
yR oRenfRa Rt o ¥

(a) YcIEYAT &I UTih

(b) TET IOTH

(c) 3TIdeT J[oTeh

(d) 31 & FIS AT

If the length of a wire is reduced to half,
then it can hold the

(a) half load (b) same load

(c) double load (d) one fourth load

IfE Y ar Y aFar€ 3 FT D I A TF
ROT HT AHdT §

(@) 2!
(mmw%ﬁ$mﬂmW%
()

(

(a) 34T AR (b) HHAT #AR
(c) QN ¥R (d) T TS AR
The ratio of shearing stress to the

corresponding shearing strain is called
(a) bulk modulus

(b) Young's modulus

(c) modulus of rigidity

(d) None of these




Iowqor gfaeer 3R wow gwwor R &
(AT F FeT A1 §

(a)ama?ra;ruw

(b) F9T TOTH

(C) 3TUEYUT AT TGl HT [0

(d) 3T & FIg T

43.

(d) Both (a) & (b)

T a1 Faw S gandt & e wifs ¥

(a) T T IUTH (b) 3IEIOT I[OTIH

(c) 3T I[uTih (d) &t (a) 3R (b)

Which of the following statements are correct
. Elastic fatigue is the property by virtue

39. Which of tht_e foIIowing types of stress causes of which behavior becomes less elastic
no change in shape? under the action of repeated alternating
(a) Compressive stress deforming forces.
(b) Hydraulic stress Il.  Elasticity is the property due to which the
(c) Shearing stress body regains its original configuration,
(d) None of these when deforming forces are removed.
AfafRT § @ 9 R & yQed § FROT lll.  Plasticity is the property due to which
HFR H FE IRadeT 7df ar 872 the regain in original shape is delayed
(a) TdvET uidaer HESICERsICC] after the removal of deforming forces.
' < : I and Il (b) 1l and 1l
) IFYUT Yideer T § FIS AG (@)
40 \(N)h h of the followi lasti duli i q (c) 1and Il (d) I, I and I
. ich of the following elastic moduli is use .
to describe the elastic behaviour of object famafaf@a & & #la @1 Fya 7 2
as they respond to the deforming forces 1. AR Hifd 9 98 T t BEF FROT
acting on them? IR-IRX I aret @pa ufFaat fr FaE
(@) Young's modulus (b) Shear modulus & ded cUdeR & m’-l?-naﬂ 8 STaT gl
(c) Bulk modulus (d) All of these Il.  gacgar 9§ qor ¢ O Fror fga T
frrfafla & ¥ fFE Yeareydn Jurie H1 3THET g1 RY IW W a¥q I A R
TF] & AER TGN HT a0 HIA & AT AT O Ted T Aar ¥
e ¥ Fif § 3AR e aet ¥ iy afafdan 1. mﬁm%mmﬁﬁm
TS T2 F gCRA F G AT NFR H 9w 3 H
(a) T UM (b) 3TIHIUT I[OTH & g B
() 3t aEiE  (d) ¥ @ (a) 131l (b) 11 3R 1
41. If a mass M produces an elongation of AL () I3 (d) 11 3R
in a wire of radius r and length L, then the 44. Which of the following statements is/are true?
?lsouril‘?;sn r:odulus of the material of the wire I Stress is not a vector quantity
g yMg Mgx AL 1. Deforming force in one direction can
@ Y-_Z—T Y-_-—Z_L produce strains in other directions also.
kel AeA) (@) I only (b) 1l only
© Y= MgxL @ Y=MxAL (c) Both | and Il (d) None of these
2 =52 . )
(rr?x AL) (rr®xL) frafaf@a & ¥ #la A FuaT g7 2
STATT ST r } arR # ) Y
afy M frsam r 3R deré L & ar & AL I wfaeer we afder ofr a8t ¥
F1 G STIew FA , A AR A GG F T Il wF R # Reus ao yew Rt F s
WWTW\"‘H'% Mo al RFfa seoes #X wFar ¥
@ Y._ZR_ y._ﬁz"i (@) Fael | (b) FHaer I
(rr®x AL) (rr®xL) (c) | 3 Il gt $TH | FIS 6
© Y=—MaxL @ Yy=MxaL 45. Which of the following is/are correct
(rréxAL) (=r?xL) statement(s) about shearing strain?
42. Which is relevant only for solids? ) Shearing strain is produced by applying
(@) Young's modulus normal force.
(b) Shear modulus II) Shearing strain = tan0
(¢) Bulk modulus (a) I only (b) 1l only
(c) Both | and I (d) None of these
hET-11 ("ﬁﬁﬁ r@




sowror ARy & o) & feafafa # ¥ A .
A FUT T 2RE?
) 3rwor fapfa g o TR § 3T E B
giar & g
1)  3r9wvor fagfa = tano 7
(a) &ae | (b) ae Il
(c) | 3R Il g=r (d) 8 & S AGT
46. The graph given is a stress-strain curve for >
0 Strain
1.0+ @ OA b C
< (© CE d o8
Z’0.5#- faw 7T I & fAT, & & §F F AgA & A
g fFar e &
n N C
0 4 i
0.5 1.0 4 E B
—> Strain s
(a) elastic objects (b) plastics
(c) elastomers (d) None of these
fear o e wfaee-Rgfa o ¢ 9 Strain i’
@ OA ® C
© CE @ oB
1.0+
"E 48. The value of tan (90° - 0) in the graph gives
% 0.5
S
’ T
0 ' !
0.5 1.0 <
—> Strain g
7]
(a) JARYACR a&U (b) collffesH 8
(c) s?m%’mﬁ (d) SAH El'ﬂ?:'»' er Stress ——p
47. For the given graph, Hooke's law is obeyed
in th .
i the region (a) Young's modulus of elasticity
(b) compressibility
(c) shear strain
(d) tensile strength
ITH F tan(90° - 0) &
FerT-11 (ifady (760)




Strain ——»

7]
Stress —p

(a) T FI FeAREYAT I[OTieh

22.c. 23.b. 24.c. 25.c. 26.a. 27.c. 28.c.
29.c. 30.d. 31.b. 32.c. 33.c. 34.a. 35.c.
36.b. 37.b. 38.c. 39.b. 40.d. 41.c. 42.d.
43.d. 44.c. 45b. 46.c. 47.c. 48.a. 49.d.
50.b.

VERY SHORT ANSWER TYPE QUESTIONS:

I aY Sealig TR

A wire is stretched to double its length.
What is the value of longitudinal strain?

UF aR FT 3HHT da1$ F AW FA & AT @i
ST §1 Fgded Rpfy 1 A= T ¥

(b) e Ans: Unity
(c) 3uEToT et Cehdl
(d) TeteT afFad 2. What is a Cantilever?
49. If the ratio of radii of two wires of same $feehay Fam 872
material is 2 : 1 and ratio of their lengths Ans: It is a beam loaded at one end and free at
is 4 : 1, then the ratio of the normal forces the other end.
that will produccle the_ same extension in the Tg TH BR W a3 iR W B 9T T &7
length of two wires is |
(@ 2:1 (b) 4 :1 L
1-4 a1 3. A wire is suspended from a roof but no
(C) ’ (d) : weight is attached to the wire. Is the wire
Ife o & e & Y art A RAHt F1 9T under stress?
21%aﬁaﬁtsa§rm1é$rm41%ﬁa%’r TF AR B Sd ¥ GEHAT AT ¥ AfpT aR W
wa # wAm ReR sore a FE AR g AT AT §| FAT AR a1 A §?
WA qoll HT 9T 8 _ . o
2 1 b) 4 1 Ans: Yes, the weight of the wire itself acts as the
(a) - (b) ) '1 deforming force.
(c) (@ 1 g arR & 9K & RIS g F T F FT FAT
50. A and B are two wires. The radius of A is gl
twice that of B. They are stretched by the . .
same load. Then the stress on B is 4. Why strain has no un.|ts?.
(@) equal to that on A fasfa &1 F1g sHg 741 72
(b) four times that on A Ans: As it is the ratio of two similar quantities.
(c) twice that on A qfeh TE &l FALT AEHT 1 eI Bl
(d) half that on A 5. What is Poisson’s ratio?
A 3R B a ar &1 A & BT B @ gl 31 9 QiSHe T [T FAT 87
AW AR @ @Y g dl 79 B W sferer ¥ Ans: It is the ratio of lateral strain to linear strain.
(@) A T 30 R 7 uRd fapla 3R W Rl &1 segaa &
()Awmﬂﬁmﬂm 6 What i th bulk dul f
. at is e u modulus for an
(d) ﬁ z incompressible liquid?
@ S FEFNRT R F AT smaaer qone w4 2
ANSWER OF MCQ QUESTIONS Ans: infinite
3caX el 3eAd.
7. How does Young’s modulus change with
1a. 2c 3a 4c  5c 6.a 7Tc rising in temperature?
8b. 9b. 10d. 11c 12d. 13b. 14.c. AT TG & WY A IONF FH q@AqT §?
15.a. 16.c. 17.b. 18b. 19.b. 20.d. 21.b. Ans: Young's modulus of a material decreases
with rising in temperature.
BET-11 (Ml W




fohell 9erdy o1 Jar IUTE AIHT oA &k WY
gedr gl

Hich TS T TIEYdT HT FIT J0NH AT T
dorar J 3% §, safov &ew 99 & &
T GRS & Sy ¥

8. The length of a wire is cut in half. What will
be the effect on the increase in its length 3. Elasticity is said to be the internal property
under a given load? of matter. Explain.
TH dR 6 JdFEE FT YT FIe AT FaT T YeIAREYal Y Yerd & HaRF T FgT AT gl
frdt Re 7T R & dgd s@dh e # iy W qTEaT Y |
FAT YHIT T3M? Ans: When a deforming force acts on a body, the
Ans: An increase in length will be reduced to half atoms of the substances get displaced from
as Al oc | their original positions. Due to this the con-
TS Al | & 3mef & SToef figuration of the matter (substance) changes.
Elfa” = ) ?f The moment, the deforming force is removed,
9. Name one material that is famous for a the atoms return to their original positions
large elastic after effect. and hence the substance or matter regains
T WY gerd FT A IaET Y 99 = g6 its original configuration. Hence elasticity is
F fov yRAg g said to be the internal property of matter.
Ans: Glass. S fRdl aq W HIS fawTS o HE A g,
T ar geraf & 1mﬂan e o Eufa & faearioa
' & ST &1 SEY goT (YETY) & ATy e ST
10. What is the limitation of Hooke’s law? gl afe g e arer §o ger fear amar g,
& & fOga f @ar F= 2 ORATI] ﬂéqﬁl Ao Eufd # e 341?-;5L AR s\
o2 L . WCIET mwaqamiaam GeT: 9T
Ans: _It holds_go_od_ when the wire is loaded within FT AT ¥ sET SCATEAT & qers} i 2 et
its elastic limit. JUT gl ol 2]
Ig A 30T (6T § 51§ dR T 3T FATETAER c _
DT & Nk N AT ST B 4, Define restoring force.
TAEdTasT o F1 g #3)
. -]
SHORT ANSWER TYPE QUESTIONS: Ans: It is defined as the internal force which
o el ¥R comes into play from within the body due to
- - which it regains or tends to regain its original
1. A wire of length L and cross-sectional area confi ;
A . guration.
A is made of a material of Young’s modulus ) )
Y. If the wire is stretched by an amount x, For a perfectly elastic body restoring force =
then what is the work done? Deforming force.
da$ L 3R T FIE 86T A FT TF aR 49 U A a8 & &9 & aRemia fowar = &
T Y & qerd ¥ e ¥ AR AR Fox AR A Sit GG & T & 1A FA1 & foreh FROT AE
dtar srar &, at R T w1 Fw g 3ot HeT A= H G T A § A1 G
D 9Tcel h¥el T Fgfed T
Ans: = T - Teh QU GeARUAER a¥d & fav geameias
2 x val[x
= jdw=%Jde=T[_2_]o=T- W AFus I
5. State Hooke’s law.
2. Why are the springs made of steel and not & &1 9H Tam|
-]
of 'copp?r? . ~ Ans: For small deformations within elastic limit the
Ryew aie & gt afed T & FAT 9 g &2 stress and strain are proportional to each
Ans: Spring will be a better one if a large restoring other. This is known as Hooke’s law. i. e.
force is set up in it on being deformed, which stress oc strain
in turn depends upon the elasticity of the Stress )
material of the spring. Since Young's modu- Strain = constant = E. where E is
lus of elasticity of steel is more than that of o .
copper, hence steel is preferred in making called co-efficient or modulus of elasticity of
the spr’ings the material.
ST 5 g afy Rga @ W sEd w iliiia ﬂﬁ'ﬂmf*%mlo gicee fagfa &
93T YT Fo TR Tpam ST, o Sgar &
RS &Y Gare & TeAREAAT AN BT B oS SR o oc fagfa
hET-11 ("ﬁﬁﬁ r@\
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gfaaer . .

———— = f&Ri% = E. 5@l E & 9erd &
C

T[OTeh IT FeAREACT I[0Tieh el STl g

LONG ANSWER TYPE QUESTIONS:

A 3cadT wee:

Draw a curve between stress and strain.
With the help of the curve, explain the term
elastic limit, yield point, breaking point and
permanent set. How this curve does may
be used to distinguish between ductile and
brittle substances.

yfawer 3R Rgfa & fiw & g% T % @i
FERIT W, FARYAER W, 3usr g, afsar
gige 3 TR AT asg Y uTEAT Y| W TH
FT 3UANRT a7 AR SR verdt F A HeR FE
¥ T H¥ fraT o GEHaT B

In this case, even when the stress is
zero, the strain is not zero. The material is
said to have a permanent set. The deforma-
tion is said to be plastic deformation. The
point D on the graph is the ultimate ten-
sile strength (cy) of the material. Beyond this
point, additional strain is produced even by a
reduced applied force and fracture occurs at
point E.

If the ultimate strength and fracture points
D and E are close, the material is said to be
brittle.

If they are far apart, the material is said
to be ductile.

YIREIA AT & MR B fawqor & fav
gfdee 3R fAfd v g@r & FAEA 8id gl
U g & [T & A ¥ A AT g1 37 TR

Ans: For small deformations within elastic limit the
stress and strain are proportional to each ) ‘;Iﬁaﬁ oc ﬁ?ﬁr
other. This is known as Hooke’s law. Thus, O T ATH & a7 # ufaea 3% RefY sufas
stress oc strain ¥ ¢ >
In the region from O to A, stress and Fgf IS
strain are proportional AW B ﬁ F & IR ¢
. 3feqarfcieh &1ét &1 e o, 8IR ger feu S wX of
In the region from A to B, stress and €T YT HT NAH G elle 37ar ¥ g & ﬁ%
strain are not proportional. Nevertheless, the B fﬁ. 3957 ‘1‘%@ (FATEAATER BT & w9 3 o
body still returns to its original dimension ‘ )
when the load is removed. The point B in the = ®) t‘ﬁm " ¥ w7 F & 3 3
curve is known as yield point (also known as Ae1d 39 (o) fTd
elastic limit) and the corresponding stress is Ifg 9erd F1 9R 3R 31 FerET I §,
known as yield strength (oy) of the material. ar faerfld faepfd 3ust afdd & 3ifR & Sirar
If the load is increased further, the stress ¢ 3R vfdee # TH OR ¥ aeomE ¥ BT s
developed exceeds the vyield strength and fapfr aslh & sgar 81 B 3iR D & drwr &1 o
strain increases rapidly even for a small T 3 S TaT ¢
change in the stress. The portion of the curve S
between B and D shows this. D ;':Wmﬁw? %%T CE quq-“ & é??ra'{——cr B% %
When the load is removed, say at some 3TRTH & Gal: YTcd ofel W,cn?n' gl A
point C between B and D, the body does not =
regain its original dimension. o[ Proportional limit D
= s yicld point E
o ‘;‘;‘:‘l’:::::" MEiL....... o el - &B Fracture
Fracture s ';’C POt
o, ~*C point A !
AT T 1
I/ i f
H g |
] ]
g1 | a |l i
/ '
. —Pcrmanent set o— Permanent set .
F e 0° ot 30%
<1% Strain ——» 06 <1% Strain ——»
BET-11 (Ml h16




3H AHS H, yfdeel Y gled W o faspfa
YT AL BT §| el ST § T uard @ ven
TR AT @iar g1 v & cenf¥es fawgor
gl STl &1 I WX faig D 3ifae d=ar afed (o)
¢, 9erd #r. 59 fdg @ W, HA o@T AT §f
8 fARFT delrd 3cuet gl & 3R foig E W
fasisa grar 1

e 3ifas dmehd 3R fasisier f§g D 3R E
FA &, dF TG FT HIR FT A ¢

afe F 9§ T €, A 9erd A e hel i
gl

The length of a metallic wire is L{ when
tension is T, and L, when tension is T,.

STl Y = FaT 1 IUNh| T o9 F = Ty 3R

| = L1 - L.
TL
= d s (2
Then AL -D) )
and whenF=T,,and/=L,-L,
L
T = 2 =3
e AL, -L) ®
.. From (2) and (3), we get
T,.L - ;L
A(L,-L) ‘A(L,-L)

or
or

T,(L,=L) = To(L,-L)
(T-T)L = TiLi~TiL,
_ Tle "Tle

or Tz' =F Tl

Find the original length of the wire. 3. A mass of 5 kg is hung from a copper wire of
& & & 1 mm diameter and 2 m in length. Calculate
T i ar WaT$ Ly § 99 der T! & the extension produced. What should be the
3R qFTE Ly 59 T T, @1 . AR A AT a1 minimum diameter of the wire so that its
AT HifST elastic limit is not exceeded? Elastic limit for
Ans: Let L1 and A be the length and area of the copper = 1.5 x 10° dyne cm? Y for copper
cross-section of the wire. Also, let | be the = 1.1 x 102 dyne cm?,
extension produced on applying a force F, 5 Pl #1 T gegA 1 A =ww sk
then 2 Ml o9 & dF F dR ¥ ACHAT AT B
Stress 3eaTied fFdAR @Y AT . AR FT FgAAH
using the relation, Y = Strain we get 1] m m aﬁ%—n— a-rﬁ; m JITETdT
F/A FL ?ﬁmqﬂaa?aﬁé?mmmm=1.5
STl T A ) x 10° s QA2 di¥ F AT Y = 1.1 x 10
I A
where Y = Young’'s modulus. Now when F = Ans:
Tiand | = L1 - L. ns:
TL H Y = 1.1x10”dynecm?
Then Yy = — we(2) cre, Y
AT, -T) ( = LIx10"Nn?
and when F =T, and /=L, - L, Elastic limit for copper = 1.5 x 10° dyne cm ?
T,L = 1.5 % 10*Nm® = maximum stress
Then * AL-D) s (3) D= SDmm‘=0.5 cm
< From (2) and (3), we get £ = =025cm=025x10*m
R | =
AL,-L)  A(L,-L) 1 =9
or T,(L,<L) = T,(L,-L) F=5kg=5x98N
or (T,-T)L = T.L,~-T\L,
FIA  FL
_ LL-TL, .. Using the relation, Y = =, We get
or — Tz'_Tl I/L m']
FL
A ST Ly 3R A dR &1 oFars 3R 3eqaey 18
FIC FT ThT g SUF 3@, AT ool fF i
§o F R W 3c0eod AEaR | §
S 5x9.8x2
. " tress
using the relation, Y = Strain’wege[ =, 3]42x(075x]0-3)2><| ]X|0”
y=-T2 () or I =499x10*m
= 499x10°cm
hET-11 ("ﬁﬁﬁ rm\




Let di1 be the minimum diameter, then
maximum stress
F 4F
—_— = — =15x10®
nd; nd;
4.
3y £ 4F _ 4x5x9.8
or 4 = TXTSxI0F - 3.142x15%10°
= 41.59x10°
d = J4159x10® =6.45x10°m

HefT-11 (IR

0.0645 cm.
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