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UNIT - I

PROPERTIES OF MATTER
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ELASTICITY
When an external force is applied on a body, which is not
free to move, there will be a relative displacement of the particles.
Due to the property of elasticity, the peiticles tend to regain their
original position. The external forces may produce change in length,
volume and shape of the body. This external force which produces
these changes in the body is called deforming force. A body which
experiences such a force is called deformed body When the
deforming force is removed, the body regains its original state due
to the force developed within the body. This force is called restoring
force. The property of a material to regain its original state when
the deformmg force is removed is called elastlcnty The bodies which
possess this property are called elastic bodies. ‘Bodies which do
not exhibit the property of elasticity are called plastic. The study of |
mechanical properties helps us to select the material for specnfic ‘

purposes. For example, springs are made of steel because steel is

highly elastic.
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jtress and strain
Ina deformed body, restormg force is set ug

h tends to bring the body back to ‘the
of these restormg force «







Bending couple
If'a beam is fixed at one end and loaded at the other end, it
bends.  The load acting vertically downwards at its free end and
the mewan at the support acting vertically upwards, constitute the
‘Mding couple. This couple tends to bend the beam clockwise.
Since there 1s no rotation of the beam, the external bending couple
must be balanced by another equal and opposite couple which comes
into play inside the body due to the elastic nature of the body.

'-3 Fhe moment of this ‘R
»elastic couple is called the internal : rE B
bending moment. When the beam 2 +
is in equilibrium, the external ﬁ T; ; %
ng moment = the internal F D

The plane of bendmo is the plane in which the bendmg takes :

place md the bending couple acts in this plane. In ﬁgure the plane

___of paper is the plane of bending.

tral axis
en a beam is bent as in figure, filaments hke ab
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e distance of the filame.

in length of any filament is proportional to th

from the neutral axis.

‘??;E/presswn for the bending moment 4
X Consider a portion of the beam to be bent Into a Circulg,

arc as shown in figure. ef is the neutral axis. Let R be the tadif"‘

of curvature of the neutral axis and 0 the angle subtended by it ¢
Filaments above ef are elongated whﬂ A

its centre of curvature C.
filaments below ef are compressed. The filament ef :remain__r,__

unchanged in length.

Let a’b’ be a filament at a distance
z from the neutral axis. The length of this
filament a’b’ before bending is equal to that
of the corresponding filament on the neural

axis ab.

We have, o}iginal length =ab =RO

Linear strain = Increase in length / ongmal !ength

= ZO/R6 = Z/R

We know that 2mr2 is the moment of inertia of the body
~ which is equal to = Mk? sxmilarly, ZOA.Z’ is called the geometric
moment of inertia of the cross section of the beam about an a
 its centre perpendicular to the plane of bendmg It is v
sz ie., 8A.Zy = AK?ie




(A= Area of cross section and k
the sum of moments of forces ac

internal bending moment which co
Thus, bending moment of beam = qAK¥R.

)
Notes : @ -

o

—radius of gyration). But
ting on all the filaments is the
mes into play due to the elasticity.

For a rectangular beam of breadth b, and depth

(thickness) d, A = bd and k> = d2/12
v 3
AK® =bdil2 - Vi
For a beam of circular cross section of
radius r, A = nr2 and K2 = r’/4.

ii.

nqr?
4R

7 = nr2 : '
- AK? = a Bending moment =

Measurement of young’s modulus by be ding of a beam

1. Non — uniform bending

The given beam is symmetrically
supported on two knife-edges figure. A
weight hanger is suspended by means of
a loop of thread from the point C exactly

mid-way between the knife edges. : |
- A w is fixed vertically at C by some wax. A

h _microscope is focused on the tip of the pin such that &
~ cross wire coincides with the tip of the pin. The
- vertical traverse scale of microscope is noted. ‘Weig
e o feps of m ngs are noted.

" The results are
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Reading of the microsope [

Load In kgl Load | Load |Mean ¥ for Mikg|
Increasing | Decreasin . |

Ut B

i

‘The mean depression y is,found for a load of M kg
length of the bmm (l) betwecn the kmfc edgcd is mmured.

“on two knife- edges,
0.9kg cxactly mld-way-



SR

= q =

12y=r*  12(0.00025)7(0.0063)*

S q=2039 x 10''Nm™?

2. Uniform bending

The given beam is supported symmetrically on tWO knife

seg A o
CS

2nd B figure. Two equal weight-hangers are suspended so
that their distance from the knife edges are equal. The elevations
of the centre of the beam may be measured accurately by using a
single optic lever (L). The front leg of the single optic lever rests
on the centre of the loaded beam and the hind legs are supported

onaseparmstana_ A vertical scalc(S)andtelescope (T) are
s m‘Wﬂfﬂk&th
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are noted while unloading. The results ate 1

gimilarly, readings ]
tabulated is follows. _’,‘E
B i g
Reading of the scale as e
seen in the telescope Shift in
Load in Kg | Load Load Mean |reading for
|Increasing Decreasing M kg

The shgkt' in scale reading for MKkg is found from the‘table;

Let it be S. If

ce between the scale and the mirror.

— The distance between the front leg and the plane

containing the two hind legs of the optic lever, theny = Sx/2D..~ - -

The length of the beam / between the knife-edges and a -
the distance between the point of suspension of the load and the 'i
nearer knife edge (AC = BD = a) are measured. The breadth b F‘ "

and the thickness d of the beam are also measured

Wal? - Sx : Mgaf’ :

Then, y = or T
8qAk? 2D 8q(bd3/12)

D = The distan

(Since W = Mg and Ak2 = bd3/12)

3Mgal’D ;-
Sxbd’? e

q::

Pin and microscope method
e given beam is supported symmetrlcally on two knife
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their distance from the knife edges are equal. A pin is le’edi

vertically at the centre of the beam. The tip of the pm is viewed by
increased in equal steps

a microscope. The load on each hanger is i
ings are noted while

- of mkg and the corresponding microscope readi
~~ unloading. The results are tabulated as follows.

Reading of the microsope

Load in kg| Load Load |Mean| y for Mkg
Increasing | Decreasing 12

P - The mean eleva’uon (y) of the centre for Mkg is found
F° " The length of the beam / between the knife edges and a the distance

- between the point of suwswnof the load and the nearer knife- |
edge (AC=BD=a)are measured. The breadth band the thickness

d of the beam are also measured.

7.
y = __\Yfl_l_ = Mgl (W = Mg and Ak? = bd*/12)
8qAKk? 8q(bd*/12) |
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rsion of a body .
To When a body is fixed at on¢ end and twisted about its
her end, the body_ is said to be

means of a couple at the ot : | |
torsion. Torsion involves shearing strain and so the modulus invoy,

isthe rigidity modulus.

.

Torsion of a wire

Expression for couple per unit Twist
Consider a cyhndnca! wire of length L and radxus fixed ﬁt‘

the lower end. Consider the cylmder to consnst ofan mf' nite num
of hollow co-axial cylinders. Consider one such cy!mder of rag

x and thickness dx fi igure.

AR LR

A 1m¢such as AB initially parallel to the axis OO’ofthecyA s
is dlsplwed f@ ﬁ&msxtlonAB through an angle ¢due to &e o

" But, Sbearmg stress amé& " I ‘- :










2]

_w=,] code

= Y% B
The work done in twisting the wire is stored up in the wire a

potential energy.
@ etermination of rigidity modulus -Static torsion method
1" Searle’s apparatus :
ne end A and fitted

The experimental rod is rigidly fixed at o
into the axle of a wheel W at the other end B figure.

hich passes
d. The rod
f twist

The wheel is provided with a grooved edge over w
he tape carries a weight hangei' at its free en
ted by adding weights to the hanger. The angle 0
d by means of two pointers fixed at Q and R.

cular scales S, and S,. The scales are marked

a tape. T
can be twis
can be measure
Which move over Cir
ﬂ,»\iﬁ‘-dsgfees—with centre zero.

e
adings the pointers

added in steps of

hts on the, hanger, the initial re
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Surface’l ension

Definition . - .
. o8 Ber sngth of ita ¢ s
It may be defined as the force per unit leng line ’1"4‘;«%

in the liquid surface acting perpendicular to it at every poing a4

tending to pull the surface a part along the line,

Unit of surface tension
Surface tension being force per unit length, its SI unit is Newts,

per metre (Nm'),

Dimensions of Surface Tension
Since it is the ratio of a force to a length, its dimension are

MLT"/ L = MT-?

Excess pressure inside a curved liquid surface
When the pressure on both
sides of a liquid surface is a same,
then the surface is flat without any
curvature. But when it is curved
convex upwards, then the pressure
inside must be greater than the
fissure outside and the excess
pressure inside is balanced by the

force of surface tension.

To find the excess pressure,
consider a small curvilinear

L
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A. B, has radius of curvature R ith centre at O, B, C, has a
radius of curvature R, with centre at O,. Let p be excess of

pressure inside the surface over that outside. Then the outward

thrust on the surface A B, C D = p x Area of the element A, B,
C, D, =pxAB, xBC.Now, let the surface be moved outward
through a very small distance ox.
[.et the new position of the surface be A, B, C, D,
Work done in the displacement =p. A B, C, D, ox
Now, increase in surface area = Area of A, B, C, D,
~ Area of A B, C, D,
. - AZB,B,CZ—— AIB'Blcﬁl

For similar triangles A, B, O, and A, B, O,

A B, AO, A,B, R,
a—————— o — et () r —— = t
A,B, AO A,B, R,+8x

[since A,O,= R, and A,O, =R, + ox]

AIBI(RISX) - A B [ + OX
Asz L R, St R,
B CO8X
~ Similarly, B,C, = — B,C, I+ -
L ' 2
dx dx
— 15BC |1+t—
' e

I

Hence A,B,C, =AB/1 + -

£
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1. Spherical liquid drop : (an air bubble in a liquid). It has only
one surface and the radius of curvature is the same everywhere
ie.R =R,=r. p=20or

2. Spheral soap bubble : Here there are two surfaces having
the same radius of curvature p = 4o/r.

3. Cylindrical drop : R, = r = Radius of the cylinder and

i
R, =, p=0o/r

4. Cylindrical bubble : p = 20/r since it has two surfaces.

| Drop Weight method of determining the surface tension of
aliquid
~ Experiment




PAY

s are formed slowly. In a previously Weigy
teg

that the liquid drop
own number of drops are collected.

beaker a kn
The beaker is again weighted. The difference betwg %
Ul

(his weight and the weight of the empty beaker gives the Weight o
50 drops of the liquid. From this the mass m of each drop | i
calculated. The inner radius r of the tube is determined using,
vernier calipers. The surface tension of the liquid at the room,

temperature is calculated using the formula. o = mg/38r

Theory
Here, we consider the vertical forces that keep a small

drop of liquid in equilibrium, just before it gets detached from the
end of a vertical glass tube of circular aperture. At the instant the
drop gets detached, it assumes a cylindrical shape at the orifice of
the tube. Let o = ST of the liquid and r = radius of the orifice.

Excess pressure (p) inside the drop over the outside

e it P e f'w’f;"'s' e 1}_
b 29 ittt S LB e
~ "h,‘*ﬂ R T Q.

atmospheric pressure = o/r -

" The area of the cross section is mr2. Therefore, downward
force on the drop due to this excess of pressure = mr? — O'/r

The welght mg of the drop also acts vertlcally downwards.

-

Total downward force on the drop = nr’c/r + mg
o

. ~ This downward force is balanced by the upwards pull M
to surface tensron zero actmg along a circle of radius r. Theref nes
















