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Elasticity

Elasticity: The property of a body by virtue of which it regsits original size and shape

immediately after the removal of deforming forcesalled elasticity.

. Elastic body: A body which shows elastic behavior is called #tabody. There are no

perfect elastic or plastic bodies in nature. Etgels rubber. Quartz is very nearly perfectly
elastic body.
Plastic body: A body which does not show elastic behavior isechplastic body. E.g.

putty, clay, mud, wax, lead, dough, chewing gunitdsuwax etc.

. Deforming force: A force which changes or tries to change the sloamze of the body

without moving it as a whole is called deformingde.

. Restoring force: A force which is developed inside the body andohtiries to regain the

original shape or size of the body is called resgpforce.

. A body in which it is more difficult to produce ain‘is'more elastic.

a) Steel is more elastic than rubber.

b) Water is more elastic than air.

c) Springs are made of steel but not of copper becstestis more elastic than copper.

Factors Effecting Elasticity

a. Elasticity decreases with the increase of tempegabwt for nickel and invar steel
temperature has no-effect on elasticity.

b. Addition of impurity to metal may increase or dexge the elasticity

c. Hammering and rolling increases the elasticity.

d. Annealing-decreases the elasticity.

Stress: The restoring force developed per unit area o$ssection of the deformed body

is called stress.

Restoring force
Cross — sec tional area

Stress = -F
A

Unit :ﬁz or pasca
m

Dimensional formula; M_1T?

www.sakshieducation.com



_ www.sakshieducation.com
9. Stress is of three types

i) Longitudinal stress: If the restoring forces are perpendicular to theaaof cross-
section and are along the length of the wire, thesss is called longitudinal stress.

i) Tangential stress or shearing stresdf the restoring forces are parallel to the sugfac
the stress is called shearing stress. Here the bodgr goes a change in shape but not
volume. Shearing strain is applicable only for dsli

10.Bulk stress or volume stressif a body is subjected to equal forces normallyatinthe
faces, the stress involved is called bulk streseHhe body under goes a'change in
volume but not shape. Bulk strain is applicableydat fluids.

11. Strain: The ratio of change in dimension of the body sodtiginal dimension is called

strain. Strain has no unit and no DF.

change in length _ e
original length I

a) Longitudinal strain

Lateral displacement between two layers

b) Shearing strain 8= _ :
Perpendicular distance between the laye@rs

.__change in volume Av
c) Bulk strain=—— ,g =—
original volume v

c) Shearing strain = 2 x longitudinal strain
d) Bulk strain = 3 x longitudinal strain
e) Longitudinal strain: shearing strain: bulk straiF 1:2:3

12.Hooke’s law: Within-the elastic limit of a body, stress is ditg proportional to strain.

stress
strain

= E = constant

Unit of E: ”e"";"” or Pascal
m

13. Types of moduli of elasticity: There are three moduli of elasticity.
a) Young’s modulus: Young’s modulus is the ratio of longitudinal sgde longitudinal
strain within the elastic limit of a body.

_ longitudinal stress_ Fl
longitudinal strain Ae

When a mass “M” is attached to the lower end ofra,w

e
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b) Rigidity modulus: Rigidity modulus is the ratio between shearingstrand shearing

strain within the elastic limit of a body.
—>A A B B

9

n= shearing stress.  F
shearing strain  A.tar@

D C

c) Bulk modulus: Bulk modulus is the ratio between volume stress aslume strain

within the elastic limit of a body.

F
= volumestress ___A__ (Negative sign indicates the decrease inwvolume)
volume strain ~_ ( Av
\'
or k=X
Av
Lateral contraction strain  _ A%

14.Poisson’s ratiod) =

Longitudinal elongation strai ( A%

1) Poisson’s ratio has no unit and has ne dimensions.
i) Theoretical limits oo = -1 to 0.5.

iii) Practical limit ofo = 0 to 0.5

iv) When the volume of a wire“is constant, theo = 0.5.

v) A cylindrical rod is.made of material of poisondioa. When it is stretched, the

fractional change-in its volume &V :Al—l(l— 20) (or) Av_ H(Z—I—j :
\' \% r g

15. Relation among elastic constantsnyY K, o :
)

=%+ i) Y =2n(1+0)

i GV

2
Y

= =~ . _ 3K—2n
i) Y = 3K (120) V) o 201 3K)

16. Linear strain is applicable only for solids.
17.Y is infinity for a perfect elastic material.

18.Y is zero for gases, liquids and perfectly inelastaterials.

19. The reciprocal of bulk moduIL(sa is called compressibility(C).

www.sakshieducation.com



_ . www.sakshieducation.com
20. The strain produced in a loaded spring is sheastiregn.

21.The temporary loss of elasticity of a body due @ocessive stress and strain is called

elastic fatigue.

22.The time delay in regaining the original shape @ze of the body after removing the

deforming force is called elastic after effect.
23. Elastic after effect is not exhibited by quartzpbiosphor bronze.

24.1f |, and } are the length of a wire under tensionahd T, the actual length of the wire =

To-T
2
25. .Elongation produced in a wire due to its own WEigh:%

26.Length of the wire which breaks under its own Weigh:d—F; Where P is the breaking

stress
27.1sothermal elasticity = pressure of the gas
28. Adiabatic elasticity =y x pressure of the gas

29. Thermal stresgj =vat (0r) F=YAat

Werea the coefficient of linear expansion of the solidld is the rise in temperature of the

solid.

Similarly Pressure
(P) =Kyt (or) K=
y is the coefficient of volume expansion of a solid

30. Strain energy

Work done in stretching a string is stored as elgsttential energy.

W = %stressx strainx volume

1 (stress)?

Wzl Fe= =1Y(strain)20rW =
2 2 2 Y

<|z

Also, Potential energy stored in a wire due to n'mg;%re

31. Strain energy density
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i 1 (stress)’
Energy per unit volume X2 =%xstress x strain =~ (Sr€sS)”

volume 2 y

Springs
i) For a spring that obeys Hooke’s law, equivalentéoronstant or spring constant is K

YA
A

i) If a spring (or a wire) of force constant K is aotio ‘n’ equal parts, the force constant
of each part of the wire is ‘nk’.

li) If a spring (or a wire) of force constant k is d¢otthe ratio of m:n, Jﬁzw;

k= (m+n)k

- - - 1, ., 1F?
Iv) Potential energy of a stretched sprm%m = SKx® =2

v) Two springs have force constantgahd K

a) When they are stretched by the same force anceif glastic energies are Bnd

E K
E, E1-Ke
Ex, Ki

b) When they are extended by the same Ie@mi—z
2 1

c) When they are extended till their energies are s{ﬂne /E—l
2 2

d) The potential energy of a spring increases, whethestretched or compressed.

KK

e) Springs in series =
) Spring & KL +K,

f) Springs:in parallel k&=K;+K,
g) The reciprocal of spring constant is called compu&
If a rod of length | and radius r is fixed at onaleand the other end is

twisted by an angl8, then tp=r8. WherelJis angle of shear. | -
The upper end of a cylinder is clamped and a tamadarce is applied ‘g
at the lower end so that the cylinder is twistedagh an anglé

shearing strain developed is

o =Id or :rl_e

Behavior of a wire under the action of a load :
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f)
9)
h)
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A = Proportionality limit

B = Elastic limit Ya
C = Yielding point Syleeaneannns )
: . C
D = Breaking point Aive E
S, = Ultimate tensile strength Al :
Stress is proportional to strain upto a limit, whis called 5 p— > X

proportionality limit. A is the limit of proporticality. Upto this limit, Hooke’s law is
obeyed.

The smallest value of stress which produces a peniachange in the body is called
elastic limit.

If the wire is loaded beyond the elastic limit,tage is reached where the wire begins
to flow with no increase in the load and this pagnt¢alled-yield point.

Beyond the yield point, if the load is increasedHar the-extension increases rapidly
and the wire becomes narrower and finally breake goint at which the wire breaks
is called breaking point.

A permanent set (OP) is produced in.the wire beyaasitic limit.

The stress required to reach the breaking poicalled breaking stress.

If the gap between elastic limit'and breaking p¢BD) of a metal is large, it is called
a ductile metal.

If the wire breaks soon after exceeding limit, thetal is said to be brittle. (If the gap

BD is small).
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