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.
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Elastic Limit

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.

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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Perfectly Plastic Bodies

Those bodies which does not regain its
original configuration at all on the removal

%‘ i

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

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

Stress = Restoring force / Area

Its unit is N/m? or Pascal and the dimensional
formula is [ML'T?].
Stress is a tensor quantity.

There are two types of stresses: Normal and
Shear or tangential stress
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(1) Normal stress:

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

(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
stress produced due to increase in length
of a body under a deforming force is called
tensile stress. Longitudinal stress produced
due to decrease in length of a body under a
deforming force is called compressive stress.

(ii) Bulk or Volume stress - It occurs in solids,
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 = Change in volume /
Original 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.

(iii) Yield Point - The yield point is defined as
the point at which the material starts to deform
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plastically. After the vyield point is passed,
permanent plastic deformation occurs. There
are two yield points (i) upper yield point (ii)
lower vyield 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.
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* 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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Stress

0 Straln

© SHEH I & YT A uHia AR ge@rd &
fashe gl & alih X A e B

* SHP A aG & dgHT R FR Har g

* FHA Al awé?mrsﬁaméﬁma?r
Ry & w@aT &

* UCAREYAT & ofiel IOMH § 1 G A0 (Y),
WW(K)&T\TWZIT%H
?ruw(n)é’l?rwa?ﬁwﬁr & 3HTET

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.

K = Normal stress m
volumetric strain ~
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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.
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C = compressibility = ~= A_L
P

S.IL unit ofcompresslbllsty is N-'Tm2and C.GS. unit is dyne-1 cm2,
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C = compressibility = - = A_::
P

S.IL unit ofcompresslbllsty is N-'Tm2and C.GS. unit is dyne-1 cm2,

Modulus of Rigidity

FWEITA. — T dF-Hg-3R [eas fyed RFavor g (2024)

)



.:"" A .‘::—’ d
IQ .:b ...:.,:' ,p:."
i “
; ol
l i / Fixedface |i
P s

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 .
= 9 In this case the 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.
Shearing strain le o =

of a body changes but its volume remains e Longitudinal strain

unchanged. Shearing stress = F/ A and _=drlr
or TTULTL

Shearing strain =¢ = QQ'/PQ = x/L
Negative sign indicates that the radius of the

_ F/A _ T
—) = bar decreases when it is stretched.

So n = shear stress/shear strain =
F

Ad

Only solids can exhibit a shearing as these
have definite shape.
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MULTIPLE CHOICE QUESTIONS:
agﬁar«q"m e

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
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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
FoefT-11 (e

faf@a & @ sl @ et e 30w
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(a) ¥ (b) w3

(c) HIR (d) Temd

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) 1:8 (d) 8:1

A S F Q@ ari A 3R B Y &9 FT
T 1:2 § 3R 3% AW F I 2:1 3

9

e § wA a9 @ @ o ¥, o Gad F gRy
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(a) 2:1 (b) 1:4

(c) 1:8 (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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Elastic After effect are maximum for
(a) Glass (b) Quartz

(c) Rubber (d) Metal
TITET 99 901 fFas v sffsad 82
(@) FomH (b) FarEst

(c) =3 (d) &1q

o

The restoring force per unit area is known
as

(a) strain (b) elasticity

(c) stress (d) plasticity

9fd H1IS &A% d W IIH1TA af Y /g T F
ST STt 872
(a) faspfa (b) YeTTEYAT

(c) gfaser (d) cenfEefadr

In suspended type moving coil galvanometer,
quartz suspension is used because
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11.

12.

13.
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(a) It is good conductor of electricity

(b) Elastic after effects are negligible

(c) Young's modulus is greater

(d) There is no elastic limit

fAefed YR & T - FIAl TA@WAT A,
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(c) I & IAUTH AR §
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In magnitude hydraulic stress is equal to
(a) hydraulic force (b) hydraulic pressure
(c) restoring force (d) hydraulic strain

R@ATr & gEEfoe aqE fFEd e @7

(a) @rsiferen ool (b) @SS gaTa

(c) YeIEUTeT ool (d) srsgifes fafa
The only elastic modulus that applies to
fluids is

(@) Young's modulus (b) Shear modulus
(c) Modulus of rigidity (d) Bulk modulus
AT YETdT W ARY 1 ATl THATH TARAATGR
AOTF FAT 87

(a) I I VTR (b) 3IEYOT VTR

(c) T&dr Ui (d) 3T ot
The compressibility of a material is

(@) Product of volume and its pressure

(b) The change in pressure per unit change
in volume strain

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

(d) None of the above
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Substances which can be stretched to cause
large strains are called

(a) brittle (b) ductile

(c) plastic (d) elastomer

o geret #1 a3 3yt F1 FROT TS F fAT
heT T ST WhAT § 378 FIAT FgT AT §?

(a) I (b) d=a

(c) ceri¥es (d) SemEeIFR

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

14.

15.

16.

17.

stretched string is

(a) Stress X Strain

(b) 1/2xStress x Strain

(c) 2 x Stress x Strain

(d) Stress/Strain

TF TARIARR dR # 9fa $H18 Aae diea
# frar am S 4T g2

(a) wfdeer x fasfar

(b) 172 x gfdser x fapfa

(c) 2 x wfddel x fashfa

(d) wfdser /fashfa

Shearing stress changes of the
body.

(a) length (b) breadth

(c) shape (d) volume

HIEIVT T TE & & deodr gl

(a) TS (b) =ist$

(c) 3R (d) 3mIdsT

Shearing strain is expressed by
(a) angle of shear

(b) angle of twist

(c) decrease in volume

(d) increase in volume

Irowaor fagfa frad qarr saaa far Srar 872
(@) 39EJUT &7 HIOT  (b) HIS AT HIOT

(c) 3T H HaAT (d) 3mgdeT & 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 FeArEgar WAT F T avg & RFfa seveer
giar &, ar sEP IaARE Sl

(a) X w@ar g (b) Tear g

(c) Sear g (d) 3R H F S QI
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

Ja frdt a¥q 9 IRV I 9T AT §, A
3AH TRy eUfaer Ft gt 1 99 gee W,
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(a) 1fasT FaiT & gRafdd gxar &

(b) FSAT FaT 7 qRafda gar &

(c) Rufas o & ®7 &F &t wr &
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(d) 3NFT H F FIS 78T

18. When some weight is applied on a metallic
wire of length L and Young’s modulus of
elasticity Y, its length is increased by | .The
potential energy stored in the wire per unit
volume is
(@) 1/2(YIL) (b) 1/2(YI? /L?)

(c) 1/2(YIP/L) (d) 1/2(YI/L?)

99 L #T F€1§ F Uifcdd aR W FS AR T
ST § AR T & yeIrEyar Y mna? N AT
T SaT &, @Y s oar$ | § 96 e ¥ aR]
g 9fd 31$ Iada H Wadd Rufasr Far
?

(@) 1/2(YIL) (b) 1/2(YI? /L?)

(c) 1/2(YIP/L) (d) 1/2(YI/L?)

19. If the load is increased beyond the
, the strain increases rapidly for even a
small change in the stress.

(a) elastic point (b) vyield point

(c) plastic point (d) fracture point
g s ¥ 30F g I ¢, A

IS A ¢ 1T § gfd"d H vF B F TEAd F
fow s

(a) YcIrEydr fog (b) wrerE foig

(c) wemi¥esh fag (d) fasisteT fog

20. What is the phenomenon of temporary delay
in regaining the original configuration by
an elastic body , after the removel of a
deforming force?

(a) Elastic fatigue (b) Elasticity

(c) Plasticity (d) Elastic after effect
fFa® I # ge F 9E, F TIARYT TEG
TaRT A A F g ged a7

M e FmE?

(@) TcIEY AT (b) ScITEYAT

(c) vemefaer (d) YcIEY Ued JHTT

21. Stress is given by
(a) Force x area (b) force/area
(c) force / strain (d) None of these.
yfaeer frad qarr far smar 82
(@) derx &7 (b) Ser/erT
(c) ser/fasfa (d) 8 & S AT

22. Dimensional formula of stress is same as
that of
(a) Force (b) impulse
(c) pressure (d) strain
yfaae &1 fadfr g7 ¥ ©
(@) e (b) 3maer
(c) cara (d) ﬁ?ﬁr
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23.

24.

27.

28.

29.

Dimensional formula of modulus of elasticity
is

(@) MLTZ] (b) [MLT?]
(€) MLTT] (d) [MLT7]
YAl qoTis 1 AT g7 @

(@) MLTZ] (b) [MLT?]
(€) MLTT] (d) [MLT7]

Young’s modulus of a wire depends on
(a) Its length

(b) its area of cross-section

(c) its material

(d) Both (a) and (b)

el AR F1 Far JoriE AR e &
(a) HT oSS

(b) 3TH TIEY FIC &TFhel

c) 3HHI Uy

(d) @t (a)3iR (b)

S.l. unit of compressibility is

(@) Nm=2 (b) N°m

(c) N'm? (d) None of these.
gdiggar 1 S.I. 3T ¥

(@) Nm= (b) N2m

(€) N'm? (d) T & HI$ G|
S.I. unit of co-efficient of elasticity is

(@) Nm= (b) N2m

(¢) N'm? (d) None of these.
YA & IUNE T S.I. FHIE §

(@) Nm=2 (b) N2m

(€) N'm? (d) FTH & HIg g

Modulus of elasticity has the dimension
same as that of

(a) Energy (b) Power

(c) Pressure (d) Torque
YIRSl ol w1 AT fFas g 82
(@) Folr (b) erfed

(c) cdra (d) et mqﬁr

Young's modulus of elasticity of a perfectly
rigid body is

(a) unity (b) zero

(c) infinity (d) None of these
TF qUF TG aEG T AT FT YIRYAT AONF ¢
(a) Tehcr (b) =T

(c) 3m=id ST W IS AL

Bulk modulus for a perfectly rigid body is
(a) unity (b) zero
(c) infinity (d) None of these

FWEITA. — T dF-Hg-3R [eas fyed RFavor g (2024)
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30.

31.

32.

33.

34.

HET-11 (b

quid: #BR avq & AT e Ione §
(@) Uehdr (b) [T
(c) 3= T A FIS AL
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.
Ife frelt AR 1 auEE Qe #X e e, At
JIr FT FIAEAAT 'JTUTIEF
(a) AR AT & A ¥
a’l?omT gl STl §

) TEr @1 §
(d) g< JTar gl
According to Hooke’s law of elasticity, if

stress is increased, then the ratio of stress
to strain

(@) becomes zero (b) remains constant
(c) decreases (d) increase

§F & YRyl F1 fd & I, 3y yfaee
dear ¢, af gfaee 3k R F s

(a) Y & ST § (b) R Tgar §

(c) o€ Srdr & (d) 9 Sfdm &
Modulus of rigidity of a liquid is

(a) Constant

(b) infinite

(c) zero

(d) cannot be predicted

el g@ FT FIFIOT AT TEAT FT AONF &

(a) R

(b) 3HeAd

(c) Y&

(d) &Fr sfasgarofr A& Hr a1 FHAT

The only elastic modulus that applies to
fluids is

(@) Young's modulus

(b) modulus of rigidity

(c) bulk modulus

(d) shear modulus

AT 9T WX AN Bl ATl UHATT FARYAaR
IoTF &

(a) a1 T IOTH

(b) 3TTEYOT AT TGT HT 0T

(c) 3T I[uTieh

(d) 3T9ETUT I[OTIH

Hooke's law states that

35.

36.

37.

38.

(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

§F &1 e g% s §

(a) wfder RFfa ¥ A sneonfaT &

(b) wfdeer Rl & cgepameIaTr &

(c) wfaser fasfa & swrew &

(d) gfdeer 3R Hfa e gy @ F@d7 §

The ratio of stress and strain is called

(a) elastic limit

(b) plastic deformation

(c) modulus of elasticity

(d) tensile strength

yfoae 3k Rpfa &1 s Fgam §

(a) TIEYAGR HIAT

(b) cenf¥es fawgor

(C) JIREYCT T I[OTH

(d) deler afFa

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
g yfded AR Ieqded RAFfa & Iequa # 5w
yrR ofRenfa Rt amam &
(a) FITEIAT 1 ?I'UTI'GF
(b) JeT BIUW
(c) 3 IoUTih
) FTH H 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

g Rt ar 1 Jwars el FT & I Ot ag
RO T Thell &

(@) 3T ¥R (b) HHAT AR
(c) QN ¥R (d) ws dtus 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

FMEITA. - We FF-0g-3W [aF fnyed Aawor §q (2024)

158

=)



39.

40.

41.

42,

HET-11 (b

(C) 3TTTYOT AT TGl HT 0T
(d) g8 & HS AET

Which of the following types of stress causes
no change in shape?
(@) Compressive stress

(b) Hydraulic stress
(c) Shearing stress
(d) None of these

rafaf@a & ¥ 9 vor § yfaed F FROT
PR H FE IRTdT AT gar 872

(a) TdrssT ufaser (b) eEsIfere gfaaer
(c) 39®YUT yfasger  (d) S A HIS Adl

Which of the following elastic moduli is used
to describe the elastic behaviour of object
as they respond to the deforming forces
acting on them?

(@) Young's modulus (b) Shear modulus

(c) Bulk modulus (d) All of these

farafaf@a & ¥ e yeareyar qonis F1 393r
W*Wﬂmmaﬁam#mﬁm
m%a@%a‘mﬁmm%ﬁm
I ?

(a) T IUTH (b) 3T9EYUT I[OTIH
(c) 3T AUTIH (d) I @l

If a mass M produces an elongation of AL
in a wire of radius r and length L, then the
young's modulus of the material of the wire
is given by

@ Y= Mg Y_ng.-.‘nL

(rr?xAL) (=r?xL)

Vi Mzng @ Y= M>2<AL
(rr“x AL) nr°xL)

IR AT M BT r3iR dad L F arR & AL
FT 91@ cUed HIAT 8, al AR A g FT Jar
VT T THR AT o §

@ Y= Mg Y_ng.-.\L
(rr?xAL) (=r?xL)

(©)

Mgx L @ Y= MxAL

© Y=
: (x r2x AL) mrlx L)

Which is relevant only for solids?
(@) Young's modulus

(b) Shear modulus

(c) Bulk modulus

(159}

(d) Both (a) & (b)

e W1 e o want & fre g ¥

(a) T3 T IUTH (b) 3TIEIOT I[OTH

(c) 3T Ul (d) @t (a) 3R (b)
43. Which of the following statements are correct

. Elastic fatigue is the property by virtue
of which behavior becomes less elastic
under the action of repeated alternating
deforming forces.

1. Elasticity is the property due to which the
body regains its original configuration,
when deforming forces are removed.

lll. Plasticity is the property due to which
the regain in original shape is delayed
after the removal of deforming forces.

(@) Iand I (b) 1l and 1l
(¢) I'and Il (dy I, 1l and Il

faf@d & ¥ Fid a1 FyaT TE &2

I. YA Aifd g g8 qor ¢ foed HRor
m—mmmﬁﬁruﬁm’rﬁmﬁ
¥ ded UIER FH YARYAER & S1ar 8

Il.  gacgar @& Ao ¢ e FRor g a7
wmaﬁwmmﬁmﬁ—qﬁaﬁ
wmwam%l

.  conf¥efd ag ot § o FRor Rga aat
aﬁmﬁ%aﬁwmﬁmmﬁ

&8 &l 1
(@) 13RIl (b) 13RI
(c) 131 (d) I, 3R

44. Which of the following statements is/are true?
. Stress is not a vector quantity

1. Deforming force in one direction can
produce strains in other directions also.

(a) 1 only (b) Il only

(c) Both I and I (d) None of these

fAmfaf@a # ¥ sl9 a/a Fa9 w7 32
I.  gfaser s afger afr 7@ §

. ©e @ & fAvus To 30 feeman & off
Rl se9e F FFaT B
(a) had | (b) Faer Il

(c) | 3R Il g=r (d) 5T & HIS LT
45. Which of the following is/are correct
statement(s) about shearing strain?
1) Shearing strain is produced by applying
normal force.

II) Shearing strain = tan0

(a) 1 only (b) Il only

(c) Both I and I (d) None of these

FWEITA. — T dF-Hg-3R [eas fyed RFavor g (2024)
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Iqwor fpfa & X F ffaf@a & @ Fia
U FUT TE 22
) 39T Rl aAET g9 Ta @ 3cqeT

g & g
I)  3r9w9or fAHfd = tano %
(a) ae | (b) e I
(c) | 3R Il g=r (d) ST & HIS gl
46. The graph given is a stress-strain curve for >
0 Strain
10+ @ OA b C
< © CE @ o8
Z'0.5 faw 71w 71w & fAw, & # §F F @A F1 aew
g T Sirar @
ﬁ N C
0 i }
0.5 1.0 E B
—> Strain g
wv
(a) elastic objects (b) plastics
(c) elastomers (d) None of these
far = e afeee-REfa aF § o Strain -
@ OA b C
© Ce @ oB
10t
‘(é 48. The value of tan (90° - ) in the graph gives
% 05+
2
” T
0 4 i
0.5 1.0 c
——> Strai 8
rain 3
(a) JARYARR a&qU (b) Cellieesh )
(c) soERHY (d) S8 & P AT Stress ——p
47. For the given graph, Hooke's law is obeyed
in the region o
(a) Young's modulus of elasticity
(b) compressibility
(c) shear strain
(d) tensile strength
IH F tan(90° - 0) &
Fe-11 (fIhn ——  FHEIRA. - e d7-75-30 TFa ngew Rawor 87 (2024)
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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. 40d. 41.c. 42.d.
43.d. 44.c. 45b. 46.c. 47.c. 48.a. 49.d.
50.b.
o
€ VERY SHORT ANSWER TYPE QUESTIONS:
@ Y 9Y ScallT wea:
& 1. A wire is stretched to double its length.
Stress ——p What is the value of longitudinal strain?
TF AR N IHART 415 F SRAT FA & e @i
. . G 31?%!- ?
(a) T HT FATEAAT 0TI s gl & fagfa A ¥
(b) T ns: Unity
(c) 3To®quT faepicr A
(d) ddeTr afFa 2. What is a Cantilever?
49. If the ratio of radii of two wires of same $feehar 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 producc:; the_ same extension in the Ig TF OR W g 3k @Q- OR W CeT 7
length of two wires is g
(@) 2:1 (b) 4 :1 \ B
1-4 R 3. A wire is suspended from a roof but no
(C) : (d) y weight is attached to the wire. Is the wire
Iy v & gt F gy art Fr Bt F1 AT under stress?
21% 3“2‘ ""a'ggwa“‘"a“;;ﬁmg UF AR A Bd ¥ ACHAT AT ¥ AT AR W
S A FA Sede FE AR AE AT AT §1 FAT AR aAT A F?
AT Tl FT FA9IT & ) . o
5 1 b) 4 1 Ans: Yes, the weight of the wire itself acts as the
(@ |4 (b) ) '1 deforming force.
© 9 N 8T, aR T R & fawTd aof & 9 F F Fr
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?
(a) equal to that on A fagfa &1 F5 g5 Ft 72
(b) four times that on A Ans: As it is the ratio of two similar quantities.
(c) twice that on A fh Fg ar FAWT AFSHT HT T B
(d) half that on A 5. What is Poisson’s ratio?
A 3R B ar ar g1 A #r =31 B & aiEt 81 @ QISH HT IH[ITT FAT 82
AW AR ¥ @ 8¢ ¥ @@ B W wfader & Ans: It is the ratio of lateral strain to linear strain.
() A T 3E% SR 7 ured APl 3R s ey &1 e ¢
(b)AWB‘H@qaﬂnﬂﬂT 6 What i th bulk dul fQ
. at is e u modulus for an
(Z) 2“ > incompressible liquid?
@ A TF FEFNRET e F AT 3raas qonE F=24r 82
ANSWER OF MCQ QUESTIONS Ans:infinite .
JedT FHeir: Jeid.
7. How does Young's modulus change with
1a. 2c 3.3 4c. 5 6.a. 7T.c rising in temperature?
8b. 9b. 10.d. 11c 12d. 13.b. 14.c. AT TG & WA I3 IONF HFH Teerdr §?
15.a. 16.c. 17.b. 18b. 19b. 20.d. 21.b. Ans: Young's modulus of a material decreases
with rising in temperature.
Hef-11 (FifFdn T67) FWEITA. — T dF-Hg-3R [eas fyed RFavor g (2024)
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Ans:

Ans:

10.

Ans:

sziwwmmﬂaaﬁa?m
gedr gl

The length of a wire is cut in half. What will
be the effect on the increase in its length
under a given load?

TH dR ) JdFE FT T Fe &A1 AT B

fret RT a1 o1 & @ga sad a@s & gy W
FIT YT 93917

An increase in length will be reduced to half
as Al oc |

oiers # iy Al oo | & 3R g e
Name one material that is famous for a
large elastic after effect.

wF WY gerd FT A IdET A 92 =i g6
¥ T ufdg B

Glass.

HId.

What is the limitation of Hooke’s law?
g & PEA & e Fn &2

It holds good when the wire is loaded within
its elastic limit.

g d9 3oT Edl & A« dR HI 3T TeAFAAGR
AT & T @iz fhar Srar gl

SHORT ANSWER TYPE QUESTIONS:

oY Scallg e

Ans:

Ans:

HET-11 (b

A wire of length L and cross-sectional area
A is made of a material of Young’s modulus
Y. If the wire is stretched by an amount X,
then what is the work done?

L 3R ey FTc &%d A FT TF aX_ I
o Y & i F 9o ) Ifg ar & x R &
@tar srar &, @ fhar I S F4 @en?

N AX

L
YA _YAx’
W= Idw=__J wdx 'T[z]n' 2L

F =

Why are the springs made of steel and not
of copper?

foew ae & a8 afce & & 4 7 T 82
Spring will be a better one if a large restoring
force is set up in it on being deformed, which
in turn depends upon the elasticity of the
material of the spring. Since Young’s modu-
lus of elasticity of steel is more than that of
copper, hence steel is preferred in making
the springs.

f&gar dgaR gl afe RAea g9 W 33+
ST YT qel TAMS AT ST, S sger &
RESar 1 qard B TeIar W R S B

Ans:

Ans:

Ans:

ieh T T JIEYdT HT JIT 0N i T
JoreT # 3f%e g, safov &g a9 #§ o
FT GTAfAEAT & ST B

Elasticity is said to be the internal property
of matter. Explain.

YATEYAT F 9ard FT HARSF 0T F§T A1 B
TEaT HY |

When a deforming force acts on a body, the
atoms of the substances get displaced from
their original positions. Due to this the con-
figuration of the matter (substance) changes.
The moment, the deforming force is removed,
the atoms return to their original positions
and hence the substance or matter regains
its original configuration. Hence elasticity is
said to be the internal property of matter.

o9 fhdl o W HIS fawTsd o Hd A g,
Fﬁqarzﬁaswmmﬁuﬁr@ﬁ?mﬁa
?fmﬁ%‘lmﬂ(qaﬁ)a?rﬁ—qmamm
gl Ife Jg S arer 9o ger far Jrar g,
AT Ao Feafa & dle 3nd § 3R 3w
wwémﬂmmmﬁqﬂ gred
F AT ¥ SATAT YeITEAT HT 9GTs & dRF
9[0T el ST g

Define restoring force.

qaAedigs g H1 aRenia #{

It is defined as the internal force which
comes into play from within the body due to

which it regains or tends to regain its original
configuration.

For a perfectly elastic body restoring force =
Deforming force.

U 3dR& g & &9 & gRIN™T fFar = §

St 9 & e & &I T § 51T HROT I

mmﬁ—zrmafrq?r UTCT T oIl § AT YT

Waﬂﬁ@rmm%‘l

WWQWWW%%UW
Sof = fA%Ys oo

State Hooke’s law.
§F # s Tqm|
For small deformations within elastic limit the
stress and strain are proportional to each

other. This is known as Hooke’s law. i. e.
stress oc strain

Stress

- = constant = E. where E is
Strain

called co-efficient or modulus of elasticity of
the material.

TR WAT & A Uided  faefa &
3fefshATTaf BT ¥ |

HAUWT  Hicdeol oc fapid

FMEITA. - We FF-0g-3W [aF fnyed Aawor §q (2024)
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LIGLC I

fERie = E. 58T E &Y
- STET gere T

c .
I[UTh IT JeIEYAT 0TIk gl SiTell &

LONG ANSWER TYPE QUESTIONS:

& SeailT W sile strength (ou) of the material. Beyond this
1. Draw a curve between stress and strain. point, additional strain is produced even by a
With the help of the curve, explain the term reclluced applied force and fracture occurs at
elastic limit, yield point, breaking point and point E.
permanent set. How this curve does may If the ultimate strength and fracture points
be used to distinguish between ductile and D and E are close. the material is said to be
brittle substances. brittle.
afeta 3:? “c' fa & WP % 9 Iﬂgl!.la?ﬁ.ﬁ If they are far apart, the material is said
I ! ; .2 to be ductile.
qige 3T Tl de oeg Y FTEAT F| H TF
F 39T aoF AR R verdt & @i IR F eI dr @A & fiaw o fIwwer & fov
& foT F& frar s @ 8 vfdeer 3N Al Tk qaX & FAGU 8 81|
Ans: For small deformations within elastic limit the S g & 1TH & AH § A1 ST 8 36 TR
stress and strain are proportional to each ; cﬂ%’m oc ﬁlﬁ%
other. This is known as Hooke’s law. Thus, O TATH & a7 & ufded 3R Tefa s
stress oc strain ¥ “ N
In the region from O to A, stress and Fogh Reh
strain are proportional 3WA a %a;;?; :—rr{ ger %‘(r?ﬂ; w o
In the region from A to B, stress and > : oY
. g ! : I 31U Hel I W elie I &1 g g
strain are not proportional. Nevertheless, the B #Y 3957 ﬁ@ (IeATEUAER WA & w9 & o
body still returns to its original dimension ¢ )
when the load is removed. The point B in the N ®) a;‘;tr H ¥ w F v I 3
curve is known as yield point (also known as Al 39 (o) AT Tl
elastic limit) and the corresponding stress is Ffg gerd #Fr 9R 3R 3R™F Forr I g,
known as yield strength (oy) of the material. ar e fapfa sus afed @ 3ifte g Srar
If the load is increased further, the stress ¢ AR dfdeer & U Bl A Feeld & fav off
developed exceeds the yield strength and faspfad dst & sgar g1 B 3R D & & &1 I
strain increases rapidly even for a small T 3 T &l
change in the stress. The portion of the curve S
between B and D shows this. D $E§13W§ T%RJT Gl %;TH B 3R
_ fdg C |, aEg A el
When the load is removed, say at some 3TATH & Yel: U oTgl &Y 91ar &l
point C between B and D, the body does not 2
regain its original dimension. oL Proportional limit D
. Lo yicld point E
—_— !;r:;:]):l;:::nl limit . gD N Brasite
Fracture °’ ':’C RO
o, ""C poim "
AT I :
I ;
: g .'
g : & !
(7] ': :
/ /
. —Permanent set +— Permanent set .
o F 0° of 30%
<1% Strain —» e <1% Strain —» >
HeT-11 (RN 6T FWEITA. — T dF-Hg-3R [eas fyed RFavor g (2024)

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-
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3H A H, gfaded YT gl W o fapfa
T AL e ¥ FET S ¥ B uerd & ouw
mem%lmaﬁmw

gl ST &1 I W g
g, Terd #1. 5w g

D 3ifad d=g afFd (o)
W, HH T T g T

o JTANFT Tolra 3cqeeT Bl § 3R fdg E w
CEECRIGIRS|
gfe 3Hfa# ameha 3R fasisier fdg D 3N E
w9 &, A gard F HIR FET ST B
aﬁéagaag%‘,a’rwﬁa#amwm

gl

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

STl Y = 1 &0 IUTeh| 31« 519 F = Tq1 3R

|l = L1-L.
- _§L
Then Y = A(]_:, D k2)
and when F=T, and/=L,-L,
_TL
Then Y = y YRR =13
.~ From (2) and (3), we get
T,L " T,L
AL, -L)  A(L,-L)
or T,(L,=L) = Ty (L,-L)
or (T,-T)L = T.L,-T\L,
TZL‘l _TIL.E
or L= Tr_'r‘

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
TF U1 ¥ dar oA Ly ¥ S ae T! o the extension produced. What should be the
3R FFaE Ly o9 dd T, @1 . AR H 7 @ minimum diameter of the wire so that its
AT FqfSw 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 10" dyne cm?2,
extension produced on applying a force F, 5 Pl #1 T gegA 1 A = 3k
then 2 MY o9 F dF F R F dCHAT AT gl
Stress Feuifed faFaR & o F. aR FT FgAaH
usingthemlation, Y = Smin,wegel =1c:0 ﬁﬁﬂ-r m a-m a-ﬁ m an-r
F/IA FL mwaﬁ?aﬁ$ﬁvmm=1.5
YTIULT W 1) x 10° s/ {2, g F AT Y = 1.1 x 10"
I |
where Y = Young’s modulus. Now when F = Ans:
Tiand | = L1 - L. ns:
b D H Y = 1.1x10"”dynecm?
Then = — i 2 ere, Y
AL-D) ” = L1 % 10" Nm?
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 A(L g) e (3) D= Smml=0.5 cm
D .
= From (2) and (3), we get r = E =025ecm=025%10m
AL -L) A(L,-L) 1 =9
or Ti(L,=L) = T,(L,-L) F=5kg=5%x98N
or (T,-T)L = TiL, - T\,
FM FL
_ TL-TL, - Using the relation, Y = - 37, We gel
or TZ'_TI H[ f
FL
AT AT Ly 3R A R &1 owas 3R 3eoey & =
PIC F 8Tl &l $HD IHelal, AT HfeT F w
I F o9 W 3c9ed [AEAR | &
S 5x9.8x2
ing the relation Y = i we get =. 42
SR : Strain* 3.142x(0.25x10?) x1.1x10"
Y= }:j—i =% e (1) or | =499%x10°m
= 499x10%cm
HefT-11 (D T67) FMEITA. - We FF-0g-3W [aF fnyed Aawor §q (2024)
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Let di1 be the minimum diameter, then
maximum stress

F 4F
—_— = — =15x%x10*
nd; nd;
4.
¥ 4F . 4x5x9.8
o 4 = IXTSxI0F ~ 3.142x1.5x10°
= 41.59x10°
d = Ja1.59x10° =645x10°m
= 0.0645 cm,
HefT-11 (dIfTHn 765) FWEITA. — T dF-Hg-3R [eas fyed RFavor g (2024)
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