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3.1 INTRODUCTION o . . ’. AT M A SRR L RN SN
o ;?ﬁnﬂgfléqslllgelgcsrlrlgll quantity,lso that gravity influence is negligibly small, will always assume
the o uig aldrop e.g., rain drops, small quantities of mercury placed on a clean glass plate
etc. SO a} 1qt dmust exper'1en-ce some kind of force, so as to occupy a minimum surface area. This
contracting ten ency (_Jf a liquid surface is known as surface tension of liquid. This is a fundamental
property of every liquid. ‘
The following gxperiment illustrates the tendency of a liquid to decrease its surface area.

_ When a camel hair brush is dipped into water, the bristles spread out
[Fig. 3.1 (a)]. When the brush is taken out, the bristles cling together on account
of the films of water between them contracting [Fig. 3.1. (b)]. This experiment
clearly shgws that the surface of a liquid behaves like an elastic membrane
under tension with a tendency to contract. This tension or pull in the surface of
aliquid is called its surface tension. ~ EZZMIN—
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Definition : Jt may be defined as the force per unit length of a line drawn b
in the liquid surface, acting perpendicular to it at every point and tending to (@) (k)
: Fig. 3.1

pull the surface apart along the line. :
Unit of surface tension. Surface tension being force per unit length, its SI unit is newton per

Dimensions of surface tension : Since it is the ratio of a force to a length, its dimensions are
MLT¥L = MT?. _ '
Molecular forces : There are two kinds of molecular forces :

(/) adhesive forces and (if) cohesive forces.
Forces of attraction between molecules of different substances are known as adhesive forces.
e of attraction between the glass molecules of a beaker and molecules

t is an adhesive force. Adhesive force is different for different pairs of

(2

For example, the forc
of water contained in i

substances. ,
ecules of the same substance is called cohesive force. This force

(i) Force of attraction between mol
varies inversely probably as the eighth power of the distance between two molecules. Hence,
it is very appreciable when the distance between two molecules is small. It is the greatest in

solids, less in liquids and the least in gases. Therefore, a solid has a definite shape, a liquid has

* a definite free surface and a gas has neither.

The maximum distance up-to which a molecule exerts a force of attraction on another is called
the range of molecular attraction and is generally of the ordt_ar of 10-% m. A sphere with the molecule
as centre and the range of molecular attraction as radius is called the sphere of influence of the

is, in turn, attracted by the molecules present inside this sphere.

molecule. The molecule attracts and
53
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3.2 EXPI e three molecules 4, B and C ofaliquid [Fig. 3.2]. The an;jcSF[()incl
; . jthem indicate their respective spheres of influence. 4 fo - the f&
circles aroun le A is well within the liquid and it i§ attra.cte?d' I}f1 b
U mo!ecull directions by the other molecules lylpg within t b
53'tqual}llbc;rlcf oaf ‘nfluence. Therefore, it does not experience any suf acHenc

1ts Sp ; L is happens only as long as
resultant force in any direction. This happ y .

11 within the liquid.

finfluence is we o iti -
thiesphere ond B lies partly outside the liquid. The upper half of the sphere position

here of influence of molecule

(i) ggl;tz}i)ns fewer molecules attracting the molecule B upward's, than the lower half attracting it
downwards. Hence, there is a resultant down.wa'rd force actx.ng on B. i :
(iii) The molecule C lies on the surfac'e of the liquid. Half of its sphere of influence lies above == 4h
 the surface of the liquid and contains only a few vapour molecules, wherea§ the.re are many e
liquid molecules in its entire lower half. Thus the resultant downward force in this case is the
maximum. Ifa plane RS is drawn parallel to the free surface PQ of the liquid at a distance equal T
to the molecular range, then the layer of the liquid between the planes PQ and RS is called surface ar
the surface film. Hence all the molecules in the surface film are pulled downward due to the - The
cohesive force between molecules. ! i . : miscible
If a molecule is to be brought from the interior of the liquid to the surface of the liquid, work tension it
has to be done against the downward cohesive force acting upon it. Hence molecules in the surface Ex:
film have greater potential energy than the molecples inside the liquid. Since the potential energy - into milli
ofa 'system tends towards a minimum, the surface film tends to contract, so as to contain minimum Bre
aumber of molecules in it. Thus the surface of the liquid is under tension and behaves like a stretched this purp
elastic membrane. ; :
Surface energy : The potential energy per unit area of the surface film is called its surface fe
energy. ' :
Example 1 : 4 glass plate of length 0.1 m, breadth 0.0154 m and thickness 0.002 m weighs =
8.2 % 1073 kg in air. It is held vertically with the long side horizontal and the lower half under water. Ve
Find the apparent weight of the plate. Surface tension of water =73 * 107 N/m, g = 9.8 m/s°.
Volume of the portion of the plate immersed in water is
(0.1 X%J (0.0154) (0.002)=1.54 x 105 m> |
Upthrust = Weight of water displaced . !
= (1.54 x 107°) x 1000 x 9.8 | A

=1.509 x 102 N =0.01509 N :
Now, total length of the plate in contact with the water surface is 2(0.1 + 0.002) = 0.204 m. -
Downward pull upon the plate due to surface tension is F
0.204 x (73 x 10-3) =0.0149 N '
Resultant upthrust = 0.01509 — 0.0149 = 0.00019 N
=0.00019/9.8 kg wt = 1.939 x 10-5 kg wt s

Apparent weight of the plate in water = Weight of the plate in air — resultant upthfus
=82x10%-1939x10-5=8.18 x 103 kg

3.3. WORK DONE IN INCREASING THE AREA OF A SURFACE = éa"h o

Take a rectangular framewo ' i
rk ¢ i ' ‘
B i ot;11 v:;r: pAB(ID, with a horizontal wire EF placed across 1t free
w

film across BCFE by dipping it in a soap solution. The :
urface tension of the film acting in the plane of the fill?

34. \

I il | wire EF will now be pulled upwards by the s
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3.2 EXPLANATION OF SURFACE TENSION ON KINETIC THEORY .l]i..h..l.lnl.}lrrll

Consider three molecules 4, B and C of a liquid [Fig. 3.2]. The
circles around them indicate their respective spheres of influence.

(i) The molecule 4 is well within the liquid and it is attracted P
equally in all directions by the other molecules lying within
its sphere of influence. Therefore, it does not experience any
resultant force in any direction. This happens only as long as
the sphere of influence is well within the liquid.

(ii) The sphere of influence of molecule B lies partly outside the liquid. The upper half of the sphere
contains fewer molecules attracting the molecule B upwards, than the lower half attracting it
downwards. Hence, there is a resultant downward force acting on B. )

(iii) The molecule C lics on the surface of the liquid. Half of its sphere of influence lies above
the surface of the liquid and contains only a few vapour molecules, whereas there are many
liquid molecules in its entire lower half. Thus the resultant downward force in this case is the
maximum. Ifa plane RS is drawn parallel to the free surface PQ of the liquid at a distance equal
to the molecular range, then the layer of the liquid between the planes PQ and RS is called
the surface film. Hence all the molecules in the surface film are pulled downward due to the
cohesive force between molecules. : .

If a molecule is to be brought from the interior of the liquid to the surface of the liquid, work
has to be done against the downward cohesive force acting upon it. Hence molecules in the surface
film have greater potential energy than the Eo_mou.:om inside the liquid. Since the potential energy
of a system tends towards a minimum, the surface film tends to contract, so as to contain minimum
number of molecules in it. Thus the surface of the liquid is under tension and behaves like a stretched
elastic membrane.

Surface energy : The potential energy per unit area of the swrface film is called its surface
energy.

Example 1 : 4 glass plate of length 0.1 m, breadth 0.0154 m and thickness 0.002 m weighs
8.2 x 107 kg in air. It is held vertically with the long side horizontal and the lower half under water.
Find the apparent weight of the plate. Surface tension of water =73 x 1073 N/m, g = 9.8 m/s2.

Volume of the portion of the plate immersed in water is

—U

1
T._ x mv (0.0154) (0.002)=1.54 x 105 m3

Upthrust = Weight of water displaced )

=(1.54 x 1075) x 1000 x 9.8 ’

=1.509 x 102N =0.01509 N
Now, total length of the plate in contact with the water surface is 2(0.1 + 0.002) = 0.204 m.
. Downward pull upon the plate due to surface tension is

0.204 x (73 x 10-3) = 0.0149 N

Resultant upthrust = 0.01509 —0.0149 =0.00019 N

=0.00019/9.8 kg wt = 1.939 x 105 kg wt’ : ER
- Apparent weight of the plate in water = Weight of the plate in air — resultant E“.EEWH ..

=82x10%-1939x10°=8.18 x 103 kg

3.3. WORK DONE IN INCREASING THE AREA OF A SURFACE

Take a Enﬁmsm:_mq. framework of wire ABCD, with a horizontal wire EF placed across it, free
to move up and down [Fig. 3.3]. Form a soap film across BCFE by dipping it in a soap solution. The
wire EF will now be pulled upwards by the surface tension of the film acting in the plane of the film

surface Tension

wn& ﬁm—.ﬂOBmﬂn—w——uﬂ to EF. There
force F (including the weight of g, wi
fo= the force per unit length of the i
the wire EF, then the upwarqg force dy

CtoS T nt Eo_mzﬁrow
surfaces and each hasa S,T, a] °ST.=2o [ s

Hence F=2) ¢4
If the wire is pulled downwarg
s thr :
ﬁom_.ao: ey ough a smal) distance x o the &

the work done =

Fx=2lc.x=g2;

=S.T. % Incr,
- the work done in increasing the

surface area of the liquid fj

X

ease in surface area

_02l.x
20.x

Im by unity °

.. The surface tension &.m liquid m
surface area of the liquid film by unity.

The work required to enlarge the surface of separation between two mmﬁ..mmnmzm or partially

face energy, and is often expressed as the interfacial

a
Y be defined as rhe amount of work done in increasing the

fension in newton per metre.
Example 2 : Calculate the work done in Spraying a spher,
into million droplets, all of the same size, the surface tension of

Breaking the liquid drop means an increase in surface are
this purpose.

ical drop of water of 1073 m radius
water being 72 x 1073 N,

a. Therefore work has to be done for

Work done = Surface tension x Increase in surface a
Let us calculate the increase in surface area.
Let R be the radius of the larger drop and r the radius of the s
Volume of the original drop = Volume of 106 droplets. J..\,\ d

@
4 £/
ZaR =105 x2g /g%,
3 3 HEE g
4 4 i <
e 2,
or P=10"%m o r=10°m . *"
Area of original large drop=4 n R?=4 1 (1072 =4 1 x 100mdn, .

Area of 10° droplets = 106 x 4 2= 105 x 4 (1075
=47 x10%m?
Hence increase in surface area=4 7 x 104 —4 1 x 1076=1.244 x 10 m?
Work done = Surface tension x Increase in surface area.
= (72 x 107%) x (1.244 x 10°3)
=8.956 x 1075 joules

3.4. WORK DONE IN BLOWING A BUBBLE
: Let the radius of the bubble blown be 7. A bubble ha
each of surface area 4 m 2.

o, The surface area of

i :1o the bubble = Surface
Work done in blowing e i

s two surfaces, an inner and an outer one,

i =2x4nrr=8nr
he film forming the bubble 2 x
o tension x surface area of the film formed
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Example 3 :-Calculate the amount of work done if a soap bubble is slowly enlarged fioy, a
radius of 0.1 m to a radius of 0.2 m. G = 30 x 10 N/, i o s

Increase in surface area = 2[4m (%~ r,%)] = 8n [(0.2)* - (0.1)*] =0.7536 m

Work done = Increase in surface area x ¢

. =0.7536 % (30 x 1073) = 0.02261 J

Example 4 : What is the work done in blowing a soap bubble of radius 0.1 m? What aclr.jitiona[
work will be performed in further blowing it, so that its radius becomes 0.15 m? 6 = 30 x 1073 N1

‘Work done in blowing a soap

. = Surface tension x Increase in surface area
bubble of radius 0.1 m }

W =ox8nr?2=(30 x 107%) 81 (0.1)> = 7.536 x 10 J
‘Work done in increasing the radius of

=gx8 2_r2
thesoapbubblefmmo.lmtoO‘ISm} axER iy —y)

Tie;,

W =(30 x 103) 87 [(0.15)2— (0.1)2] =9.42 x 103 J
3.5. FORMS OF LIQUID DROPS

When a quantity of liquid rests upon a horizontal solid plate, which it does not wet, the shape
of the drop is determined by surface tension and gravity. For extremely small drops, the S.T. effects
are great and the gravitational effects small. So S.T. determines the shape of the drop. It is therefore

spherical. Rain drops, a small quantity of mercury on a glass plate, water drops on leaves, all assume
spherical shapes on account of this.

On increasing the size of the drop, the effect of gravitation becomes greater and that of S.T.
less. Now, the effect of gravitation alone would be to make the drop spread out, so that its centre of

gravity may be the lowest. Hence, a large drop of a heavy liquid spreads out when placed on a glass
plate. Therefore, a large drop of mercury is always flat.

3.6. ANGLE OF CONTACT

When a glass plate is dipped in water, the water molecules
cling to the surface of glass and the water molecules rise along
the plate. The shape of water is as shown in Fig. 3.4 (i). When
the glass plate is dipped in mercury, the mercury molecules
cling to the surface and the liquid is depressed along the plate
as shown in Fig. 3.4 (ii).

The angle of contact 0 is defined as the anlge made by
the tangent at the point of contact of the liquid surface with the watar
glass surface inside the liquid.

This angle may have any value between 0° and 1 80°
90°; for mercury and glass, it is about 140°. It reall
solid. It is quite independent of the angle of i

- Fnercury
Fig. 3.4

- For most liquids and glass, it is less than
y depends upon the nature of the liquid and the
nclination of the solid to the liquid surface.

3.7. SPREADING OF ONE LIQUID OVER ANOTHER

————

Let aliquid (liquid 4) be in contact with another liquid (liquid B) as
shown in Fig. 3.5. The free surfaces of both liquids are in contact with air.
Three forces are acting at the point of contact P of the three substances,
(1)S.T. o, between liquid 4 and air, (2) S.T. o, between liquid B and air
and (3) S.T. o, between liquids 4 and B. The directions of these tensions
are along the tangents at the lines of common contact. If equilibrium is
possible, we should be able to represent the three forces acting at the

surface Tension

point P by the three sides of 5 triangie taken
riangle. The sum of any two gigeg ¢ triang,

; ch a triangle jg
sum of any two of the three gyrf; gle is always Koy

; . . ace tensiong o greater than the thirg
ure liquids satisfy this condition, Tyyg itis nl, G23nd o shoylg be greater th,

equilibrium over another liquid. The g4 B.Oi(frfﬁl?hm 1o of on
qurface Of.A_ Qumc.ke showed thyy pure water spreads ghter than the liquid 4
js contaminated with grease, the Water will forp, 5 dwEr P the ey B,
surfaces of liquids, the construction of umann 'y lr;:;?gclm e

€]

3.8. PRESSURE DIFFERENCE ACR
(a) If the free surface of the liquid i
molecule on the surface is zerg,

(b) 1f the free surface of the liquid is concave, ag =

in Fig. 3.6 (b), the resultant force dueto ST,
on a molecule on the surface actg venicallg; ’
* upwards.

0 order, Sy,

n as the Newmann’s
side. Therefore, the
an the third. No two
e liquid remaining in
> Will spread over the
ifthe mercury surface

mercury surfac

) €. For contaminated
€ can be possible.

quid is convex, as in Fig. 3
 molecule on fog o i v— 2.3.6 (c), the resultant force dueto S.T. on

- sur y downwards (into the liquid ).

Excess pressure inside a liquid drop : o spherical liquid drop has a convex surface, as in Fi
3.7 (i)- The mqleC“1€S near the surface of the-drop experience a resultant force. actin, inlwards di;_
to surface tension. Therefore, the pressure inside the drop must be greater than’the prissure outside
it. Let this excess pressure insi;

de the liquid drop over the préssure outside it be p.
Imagine the drop to be divided int

! 0 0 two exactly equal
halves. Consider the equilibrium of the upper-half (or the upper
hemisphere) of the drop as shown in Fig, 3.7 (id). If r is the radius
of the drop, and ¢ its S.T.

nP

the upward force on the plane face
ABCD due to the excesss pressure p 4

the downward force due to surface tension acting )
along the circumference of the circle ABCD Toar

Since the hemisphere is in equilibrium, the two forces are equal.
prr=c2rnr or p=2olr
Excess pressure inside a soap bubble : A soap bubble has two liquid surfaces in contact with

air, one inside the bubble and the other outside the bubble.

The force due to S.T.in this case =2 x g 2t r=4nr G

Therefore, for equilibrium of the hemisphere,

’ pn12=41trc or p=4olr ) ) )

Thus the excess pressure inside a drop or a bubble is inversely propf:mt')na‘l ‘E' its raldl_us‘
(i.e, p o< 1/r). Since p o 1/r, the pressure needed to form a very small bubble is hlg}lx, T is explain
Why one needs to blow hard to start a balloon growing. Once the balloon has grown, less air pressur
is needed to make it expand more. ’

3.9. EXCESS PRESSURE INSIDE A CURVED LIQUID SURFACE ' ‘

When thy on both sides of a liquid surface is same, then _thg surface is flat, witho
any curva::re ‘;BIL)\:C;S}‘:;: it is curved convex upwards, then the pressurfe msxd; ;n;st be greater th
the pressure o.utsidc and the excess pressure inside is balanced by the force of S.T.
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To find the excess pressure,
element 4, B, C, D, of a liquid surfa :
curvature R, with centre at O,. B, C, ha§ a fadl
at 0,. Let p be the excess of pressure inside t
Then the outward thrust on the surface 4, B, C; D,
A‘BlClDl=p><AIB,XBlCl. '

Now, let the surface be moved outward through a very small distance 8 x.

Let the new position of the surface be 4, B, C, D,.
Work done in the displacement=p . 4, B,. B, C,.8x (1)

Now, mcrease} =Area of 4, B, C, D, — Area of 4, B, C,D,
in surface area °

58

consider a small curvilinear rectar?gular
ce [Fig. 3.8]. 4, B, has a radius of
us of curvature R, with centre
he surface over that outside.
=px Arcaofthe element

=4,8,.B,C,-4,B,.B,C,
From similar triangles, 4, B, O, and 4, B, O,

AB _AO 4B __ R
4B, 40, 4,B, (R, +6%)
A,B, = 45 (11:: 8 4B, [1 +i—T:|
Similarly, B,C, = BG (1 +%]
Hence  AB,.BC, = 4B (1 +%] BG, (1 +—f§)
= 4B, .BC (1 + —i—: +%:—)
:ﬁ;::::a} = 4B,.BC, [1 + %‘ + i—:) - 4B, .BC,

1
= 4B, .BC .5 LS 4
R Ry
Work done in increasing .

= {Surace tension x increase in surface area}
the area of a surface

= 6. 4B,.BC .5x[ 1+ L
R R
Equating (1) and (2) we have,
1 1

p.AB, .BC, .8x=0.4B .BC .0x| —+—
17121 171 - P11 [Rl Rz]

or pP=0c ES + wE
R Ry
The excess of pressure inside any particular surface can be deduced from the
- Spherical liquid drop (an air bubble in a liquid).
It has only one surface and the radius of curvature is the same everywhere.
, p =20lr : ’

\

—-

surface Tension

herical soap bubble, 59
2. S‘p P e. Here there are tWo surfaces having th R
% P =do/r & the same radius of curvature,
3. Cylindrical drop. R, = r = Radiug of e oy;
cylinder =
- Pk and R2 w,

Cylindrical bubble. p

&

=20/r since jt has two surfaces,
1.1
Note: We have,p=o| —+ — i i
P R R This expression holds good for

surfaces such as spherical or ellipsoidal, for which the principal radii
11

of curvature are on the same side Such

; . . surfaces are calle i
surface.s [Fig. 3.9 (a)]. Butin cases where the two radii ared' 5)"19]35!10 © m
directions, the surface is called a Inopposite

. : nticlasti i
The expression for such surfaces is astie [Fig. 3.9 (b)]. Fig. 3.9

p- G[ 11
kR
Combining the two cases, the general relation is
1,1
p=0|—+—
R R
Example 5 : There is a minute circular hole at the bottom of a small hollow vessel. The vessel

has to be l:anIersed in walerj 1o a depth DJ_’ 0.4 m, before any water penetrates inside. Find the radius of
the hole, if the surface tension and density of water be 73 x 10-3 Nl and 1000 kg m™ respectively.

Water lcam(;ot penetrate till tI?e hydrostatic pressure is greater than the excess of pressure that
comes into play due to surfa.ce tension. At the limiting condition, when water just penetrates, the two
pressures should be equal; i.e., & p g = 26/r where r is the radius of the hole.

r=2cllhpg)
6 =73x 103 Nm™; h=0.4 m; p = 1000 kgm3; r = ?
C2x(73x107%)
" 0.4x1000 9.8

a)

Here,

=3.724x10" m

! Example 6 : What would be the pressure inside a small air bubble of 107 m radius, situated
Just below the surface of water? S.T. of water may be taken to be 70 x 10-3 Nm™ and the atmospheric
pressure to be 1.012 x 10° Nm™.

Excess of pressure inside the spherical 20
o air bubble over that of the atmosphere R
Here,c=70x 10> Nm™'; r=10%m
Excess .
_ 20 2X(W0x107) o
pressure r 107
K Total pressure inside _ [Atmospheric pressure
"" the air bubble ~ |+ Excess pressure
=1.012 x 10% + 1400 =1.026 x 10° Nm™2
above expression. Example 7 : The pressure of air in a soap bubble of 7 1 073 m diameter is 8 x 107 m of water
) above the atmospheric pressure. Calculate the S.T. of the soap solution.
ie,R =Ry=r Excess of pressure insideasoap| _ 40
bubble over that outside it r
B ‘mn‘
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Here, p=8x 10-3 m of water
=(8 x 107%) x 1000 x 9.81 Nm?
=78.48 Nm™

F=(1x10%)2=35%10%m

_pr_7848x(3S5 %10™) _ e 6710° Nm™
4 4

Example 8: A4 spherical bubble of radius 0.001 m is blown in an atmosphere whose pressure
is 10° N2, If the S.T. of the liquid comprising the film is 0.05 Nni!, to what pressure must the

surrounding atmosphere be brought in order that the radius of the bubble may be doubled ?
The pressure inside the bubble initially is

| =394 p X008 g5 002 x10° Nm ™
o 0.001
The volume of -y, =i1rr3 =i"x10_9 o
the bubble 3
In the second case, the radius of the bubble is 0.002 m. Let the required pressure be P, Then
the total pressure inside the bubble, 7
40 4x%0.05
=29 4p =22, p =(100+P,)Nm™
= G002t = Toae T =000 FO N

4
In the second case, volume of the bubble = Vf: 51\: (0.002)3

Applying Boyle’s law, p, V;=p, V],

(1.002x10%) Gﬂ x 10“’] =(100+ Pl)%n (0.002)°

Simplifying, P,=1252% 10* Nm2

Example 9 : Tiwo soap bubbles of radii r and r, coalesce to form a single bubble of radius r.
If the external pressure is P, prove that the S.T. of the solution from which the soap bubble is formed

]
is given by o = ;P P -r2-r)ir2+ r =)
Pressure inside the first bubble = p, = (4o/r,) + P
Pressure inside the second bubble = p, = (4 o/r)) + P
Let the bubbles coalesce into a larger bubble of radius 7.
Then, pressure inside this larger bubble = p, = (4a/r) + P

Let ¥, , ¥, be the volumes of the two bubbles before they coalesce and VJ the volume of the
large bubble formed. Then by Boyle’s law,

PV oY, =pY,
4 4
[—0-+P)—m-]3 [2p in1§=(4_°'+p 40
i 3 h 3 r 3
or 4G(r12+"22"1)=P("3—"13—723)

Lo s '
or —ZP(r -x _r;)/(,.ll +,,lz_’_z)

gufce TR g
Exﬂmplc 10 : A minute spherical air Iy, >

N o 4 ibble s yisj

cgnfairled n;‘ a de_epo ]gll). 01]/ zthe radl{ts of the bubble af o Ziiyfﬁi‘f?ilh‘;‘%z‘;gh a column of mercury

when 15 & s is 0. 6 m. Given : S.T. of mercury = 567 x lt)i};/ _011 m, culcula(e its depth

—076m of Hg. 'm™'. Atmospheric pressure
Total pressure inside the bubble at a de,

pthof Im=p = .
tolm of mercury column + excess pressure inside the bu’gblc/*(lzm;/srl;]h?Sc pressure + pressure due

P; =0.76 x 13600 x 981+1x13600%9.8] + (2% 567 = 10-3/0.0001)
=2.461 x 105 Nm=

Volume of the bubble =¥,= %n " =i1t (0.0001)
3

=4.187 x 1012 3
Let 4 be the depth at which radius of the bubble is 0.000126 m.
Total pressure inside the bubble at a depth of h metre is

Pp=076x13600%9.81 + 1 x 13600 x 9.81 +(2 % 567 x 10-3/0.000126)
=1.014 % 10° + 1.334 x 10% + 9000 = 133400k + 110400
4 4
Volume of the bubble =¥, = Em-g =3t (0.000126)

=8373x10"2m?
Applying Boyle’s law, p.V;=p r VI

(2.461 x 10°) (4.187 % 10712) = (1334004 + 110400) (8.373 x 10712
Simplifying, & = 0.0945m

3.10. FORCE BETWEEN TWO PLATES SEPARATED BY A THIN LAYER OF A LIQUID
Let PO and RS be two equal horizontal plates separated p-

Q
by a very thin layer of liquid of thickness d. Let the thin ;e la'
layer of liquid wet the plates over an almost circular area 4 T
which is concave outwards, as shown in Fig. 3.10. The radius R- s
of curvature of the two concave edges of the liquid layer is Fig.3.10
nearly d/2.

Excess pressure inside the liquid-film| (1 _3)
over the outside atmospheric pressure d

where o = S.T. of the liquid-film and r = radius of the circular area of the liquid film.
or p=-20ld since r>>d.

" The negative sign indicates that the pressure inside the film is less than the atmospheric pressure
by 2 o/d. Therefore the excess pressure of the atmosphere on the two plates pushes them closer togelther.
If the plates are to be separated by pulling them normally apart, a force 2 4 o/d should be applied.

Note : This explains why two plates with moistened surfaces stick to each other strongly.
' S I
Example 11 : Calculate the force required to separa:ejnro pflmes of glass of area 1073 m? each
with a layer of water 1078 m thick. S.T. of water =75 % 1073 N,
Here A=107 mz,c=75><10’3Nm",d=10*5m,F=?

_ 240 2x107x(@5x107) 5o
=74 . 107

F
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62 mﬁ_::u_m 12.1n n,wam.mﬂ... Hype o\ experiment to me, 2 ) i ; ,,
- E TENSION : inis 0.0005 m was di L _ " fomeasure the S.T. of a liquid, the vertical capillary
EXPERIMENTAL DETERMINATION OF SURFAC fube e\\nh“h\“ﬂm o mﬂwﬂvﬂw ”ﬁtmu‘hzqh&m aliquid of densiy 1100kg/n to a depth 0.04 m below its
\ . —— surface. "He y o as for med al the end of the capillary tube dipping inside the liguid, it
2_3.11. JAEGAR'S METHOD o e~ was observedfi Qewﬂ WEEEQ_.E reading that the pressyre inside the bubble exceeded the atmospheric
0 Principle : The experiment is based on the principle that the _u%mmﬁ.w :ﬂim.% uM. _ucr_uza ing h_?m.m.ﬁz.n by 0.0 m of mercury. Calculate the 5. of the liquid
U fiouidi : ide it by 2 o/r. Here o is the S.T. of the liquid and » the ragj;,, C g
~~ ' liquid is greater than the pressure outside it by . [ o =& (hp, - hp,)
) of the air bubble. This excess pressure can be directly found and hence o can be calculated, 2 292,
Apparatus : An aspirator 4 is closed with a two- B Here, r = 0.0005 m, & = 98 ms’, . = 0.00347 ey LS Eb it . 4 i
holed rubber stopper through which pass two glass Evo.m _ 1100 kg/m?, 6 =7 y y by
[Fig.3.11]. One of these is connected to a water reservoir P2 60008 5.5
through a stopcock B and the other is joined through a tap = 8 0.00547 % 13600 — 0,04 x 1100)
C to a manometer M and a vertical tube DE. The tube DE A o oqﬁmm g
ends in a narrow orifice at £ and dips into the experimental . =0. m .
liguidcontainet in & beskisr., . . 5.12. VARIATION OF SURFACE TENSION WITH TEMPERATURE
. . Mwmﬂ.“mm“— N“MMH_M n “M %M M%mnmw_n”%hvmmwmm Fig. 3.11 . Liquids are of two types, viz., (i) unassociated liquid and (/i) associated liquid. An Eﬁ&oai%a
displaced. The displaced air forces its way through the tube DE and forms air bubbles at E. The size liquid noﬁum:m Em WMESQ:.& .Bo?oc_mm%m H_._ﬁ ___nca.mmuw_z_u_ﬁ Wmﬁm:w m,wm own_uow _.Hnw_.mmw,_“w%,\%.
of each air bubble gradually grows. When its radius becomes equal to the radius of the tube at E, it An associated __.QE mo:_s_uv _mﬂo_“wm M.H__Hzo wnc.ow” o n_cm.”c E:M %_”Wo_wwim omﬁ _qumnwﬂb_.nm Emﬁ_,.
becomes unstable and breaks away. During the growth of the bubble, the pressure inside increases tend to break up into single molecules with a rise in temperature. A rdinary tem Ires, W
e i ; consist of groups, consisting of two H,0 molecules, in addition to ordinary single H,O |
and reaches a maximum value at the instant of detachment. The difference’in manometer levels #) is wboi_u 8,2 . m,m socited st o &Mma Sa_un_.mewom
. . : lecules. Thu o i
IEIGERES st when .En.g_uc_o detaches fisclf: Atthemement Ommn‘ﬁnwﬁmar me The S.T. of an unassociated liquid is found to decrease with rise of temperature, according
the pressure inside the bubble = p, =+, p, g, where t0 the simple formula 6, = o, (1 — a?) where o, is the S.T. at 1°C, 5, at 0°C and a, the temperature
# = atmospheric pressure, : coefficient of S.T. for the liquid. Van der Waals and Ferguson suggested other relations from which it
_\.F. 7 the difference in manometer levels could be easily deduced that the 8.T. is zero at the critical temperature. The best Hm_unom %.o;%.ﬂ“mm
and = p; = density of the manometric liquid $.T. and temperature, for both mwmom”_.ﬁwm and unassociated liquids, is due to Eotvos. This
i modified by Ramsay and Shields. . 3
The pressure outside the bubble b —H4h . was —m,w,o_“.mm is Hm_u_dmnwﬁna by o (Mvxy2=k (6,-0—d) where o = Surface tension at 0 K, 8,= Q..:.o al
at the same time e 2P28 temperature, d = a constant, varying from 6 to 8 for most of En_fc.%m, k= another constant having
; : : : . ; . iated liquids and 2.22 for unassociated liquids.
4.:0.3 h,=Length of the tube dipping in the experimental liquid and p, = Density of the experimental the value 2.12 for associate M — Coefficient of association . o
liquid. effective molecular weight of associated liquid
FAGRSS pisasure - iated liquid with the same molecules
= —p=(H+h —(H+h mol wt of the unassociated liq 'S . *
. inside the bubble 7 H 1P18) = 2#28) M = molecular weight of the unassociated liquid and v its specific
=(hp,—hp)g volume.

But the excess pressure inside the bubble = 26/ HEm shotws that the S.T. is zero, when 6 = (8, —d) i.e., at a temperature a little below the critical
1

Hence 26/r = (h,p, — h or o=—=rg(hp — temperature. kinetic ener
AR % = (hp %N.v | Note 1 : Athigher temperature, the molecules themselves possess greater mmmwmmmowo __Mmm éo%mm

and are moving about more rapidly. This reduces the mm.mnﬁ of BMWnEE %MMMM o mu. S£all iquids
g contamination. needed to bring a molecule from the interior of the liquid to the surface.

decreases as the temperature rises. .
Note 2 : Impurities, contaminations and diss

Advantages of the method : (1) The angle of contact need not be known.
(2) The continual renewal of the liquid air interface helps in avoidin,
(3) The experiment does not require a large quantity of liquid.

(4) The liquid in the beaker may be heated
can be determined at various temperatures.

Drawbacks: (1) The exact value of the radius of the bubble when it breaks away cannot be 3.13. QUINCKE’S METHOD

. . : S.T. and gravity.
wecnined | pecontietacionot a—
(2) The drop may not be hemis , The shape of a drop dependson a clean horizontal glass plate,

. . . .Egacn .

pherical and of quite the same radius as the aperture at E. When a large drop of mercury 5P rfcctly horizontal as shown 10 j\@l_

(3) The caleulations are based on ; the drop flattens out until its top becomes pe Y Fig. 3.12 (a)
Fig.3.12 (2).

‘ olved substances all lower the S.T. of a liquid.
to various temperatures. Hence the S.T. of a liquid

: the assumption of static iti i
ok oty p conditions but the phenomenon is

For th ; ;
these reasons, this method does not 8ive very accurate results for the surface tension.




Imagire that the drop is cut into two halves by o
a vertical plane 4BCD [Fig. 3.12 {5)]. Let the drop be
further cut by two vertical planes m_ﬁd_. and ADH at a
distance / from each other m:a._é:um:n__n:_ﬁ to \_mﬁ_cc. s
GH is the most protruding portion of the ai_u. Let ki, be Glass . ol
the height of the flat top 4B above the horizontal plane  Syface K ;h.m..u (18

X (RS-
EFGH and h, the total height BC of the drop. Em.ou.nu "

= Hydrostag,
FJo Pressure

(] .fcosa

The portion of the drop lying above the horizontal
plane EFGH is in equilibrium under the action of the
following forces:

1. Force due to S.T. acting at right angles to AB from left to right :cimo.:_m:w =o.l

2. .Hydrostatic thrust acting horizontally from right to left on the plane \&wm.m. of the drop due ty
part of the liquid on the right. The hydrostatic pressure is zero at AB and increases to i p g at
EF.

1
. Average pressure = (0 + hp g)/2 = .u.b_ pg

1
.. Total hydrostatic thrust on the area ABEF = m:_pm x Iyl

1,2
=—hpgl
2 P&
3. The S.T. at G, which acts vertically upwards, has no component along the horizontal.

1
Since the drop is in equilibrium, these horizontal forces must balance. Hence . /= .N.FN pgl,

1,2
ors=—nh
2l Pg

Determination of the angle of contact : Consider the equilibrium of the whole drop. The
forces acting on the face ABCD are :
Pull due to S.T. acting horizontally from left to right and perpendicular to AB=o. /.
Hydrostatic thrust acting horizontally 1 ; i Hbm
from right to left on the face ABCD | 2 2 P8 1y T2 pel
The S.T. pull due to mercury on glass at K acting

tangentially to the slice in the direction KS gl

The glass plate exerts an equal and opposite reaction along KQ.
" The horizontal component of this reactional force

due to glass along KC, acting from left to right | o peose

where o =(180-0)
In equilibrium, Q.:Q.\nomnuw\ﬁw pg.l

1

~hp.g

or o (1 +cos a) 2

]

or M\..Nn g1+ cos ) ;N
i P- =hp. :
2 2 hP.g ...QHM&_NEN

mclmom Tension

2
y h
OHnOmQ.HJ.I!—

or (1 +cos «)
2
hi }_N

I

of cos o = (h,2— h?)h?
The value of o can be determined from ths relation
The angle of contact = 180 - ¢,

Experi ==__.: : Place aclean m“_umm plate on a small table provided w
it norizontally with the help of a spirit level, Form alarge drop of merc
its upper surface is perfectly plane.

Sprinkle a fine layer of lycopodium powder at the to
that the horizontal ﬁo%-iwn is in line with the lycopodium powder. Lower the microscope and focus
it on the line of separation of mercury and glass. The difference between the two readings gives h,.

Move the microscope to one edge of the drop. Focus the ]
microscope so that the horizontal cross-wire is in line with the most
qu:m___m part of the drop. To find this position very accurately, light
from an incandescent lamp S is focussed by a lens L and the plane
glass plate P, acting as a mirror, on to the edge of the drop (Fig.3.13).
A bright, thin, horizontal line is seen at G, where the drop protrudes
out most. The horizontal cross-wire is placed coinciding with this
bright horizontal linc and the reading is noted. The difference between PN
the top surface reading and this reading gives /r,. Using the relations Q
given above, S.T. of mercury and angle of contact are determined. S

ith levelling screws. Arrange
ury on the glass plate so that

p of the drop. Adjust the microscope so

Fig.3.13

3.14 VAPOUR PRESSURE OVER FLAT AND CURVED SURFACES

When a liquid is contained in a closed vessel, the space above the liquid
is filled with vapour and a stage is reached when evaporation and condensation
go on at equal rates. At this stage, the vapour is in dynamic equilibrium with the
liquid and the pressure exerted by it is called the saturation vapour pressure of the
liquid at that temperature.

Let a capillary tube of radius r be dipped vertically in a liquid (which wets
the tube) of S.T. o and density p (Fig. 3.14). Let the whole arrangement be enclosed
in an exhausted bell jar, so that the effect of atmosphere may be neglected. The
liquid evaporates till a steady state is reached and the space within the bell-jar is
saturated with the vapour. The liquid rises to a height / given by

o=rhpg? () —
If p, is the vapour pressure at the horizontal surface 4, p, is the vapour
pressure above the concave surface B (Fig. 3.14) of the liquid in the Evn and p’ is Fig.3.14
the density of the vapour supposed to be uniform between 4 and B of height /z, then .
PP, =hp'g e
- Nmu- _ 26 mh
Dividing (if) by (i), 2 qs =S, AR = 5
Therefore, the saturation vapour pressure over the concave surface is less than that over a flat
2 "=
surface by SN
r ) o

In the case onmm liquid like mercury, there is a capillary depression and the meniscus is convex.
Then the saturation vapour pressure over the convex surface is more than that over the flat surface
by, 22 x

roop

3

w
NHHHHHIN
Y

L

T
e
=2
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Formation of drops. The satu

rated vapour pressure over a convex surface is greater than thy,
p—l. Let us place a drop of water in a space in which the vapour pressure
is.at the saturation value for a plane surface, The drop is spherical and has a convex surface. The
maximum vapour pressure over a convex surface must be more than that on a plane surface. Hence
the drop evaporates in order to increase the vapour press
- This will result in a further decrease in the radius of the drop and the value of sa(turatiox} vapour
pressure over it must rise further. Therefore, the drop evaporates more and more rapidly l'o Increase
the vapour pressure. The space then contains more vapour than that required for saturation at that
temperature, without condensation taking place and the vapour becomes super-saturated.
If dust particles or charged ions are present in the atmosphere, vapour condenses on them and
the size of the drop formed, even in the beginning, is sufficiently large. The surface of a large drop is
almost flat and it has no tendency to evaporate. As its size grows, its tendency to evaporate becomes

20
over a flat surface by - X

ure to its own saturation value.

smaller still.

The dust particles and smoke particles play an important role in the condensation of water
vapour and formation of clouds. That is why the weather looks foggy in large industrial towns, where
smoke and dust particles provide nuclei for condensation to set in. Even in a super-saturated cloud,
condensation will not take place if dust particles (which act as nuclei for the vapour to condense
on) are not present in the atmosphere. Artificial rain is sometimes brought about by injecting solid
carbondioxide into a saturated cloud to act as nuclei for the water vapour to condense on.

3.15 DETERMINATION OF S.T. BY RIPPLES METHOD (RAYLEIGH'S METHOD) ===

Waves and Ripples : The velocity of waves travelling over the surface of a liquid is governed
by the force of gravity (g) and S.T. (o). The velocity, v, of a harmonic disturbance on the surface of

any liquid is given by
ig 2mnc
= f— +—
v o (1)

where A is the wavelength of the waves, o, the S.T. and p density of the liquid. In the case of the
greater wavelengths, the velocity of the wave is found to be predominantly dependent on gravity.

: o
Such gravity governed waves are called waves. Therefore, for long waves the term ——— can be

neglected, and the velocity of propagation of the wave due to gravity only is _;f_ .
T

Equation (1) can be written as

o _ A 4n? )
v= EL8+EJ w(2)

\ From equation (2) it appears that the effect of S.T. is to increase the effective value -ofg by
4n
——o.
lzp
If the wavelength is smaller than a i ' iti 2 i
4 S particular wavelength A , the critical wavelength, it is found
Ll:aé ;h(el )V:Locuy of wa]\"e. [lj chiefly governed by S.T. Such waves are called ripples. The first term
g COMES ne| i i i i
ripples i givem by gligible in comparison with the second when A < . Therefore, the velocity of
2no
Ap

v =

Properties of Matter r
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Eq. (1) shows that v.= o when & = 0 and wheg 3, =
which v is minimum. Forv,,.. the two terms should b; e

o. Therefore X has a critical value X for
qual, ¢

2no

Note : The product of the two termg re and =—2 ;, £S ;
P o is —p— and is a constant. Therefore, their

sum will be minimum when they are equal.)

ie e | g =2 9
] 2 - or =2n |—
Toohkp p.g

For water, &= 75 % 102 Nm™!; p = 1000 kg m3, g =98 me

75x10° : e AN
A =m0 s S
¢ 1000 x 9.8 0017w "” Léj i -

Waves having a smaller wavelength than this critical value :u?e cfi]léd r;pples. ; /
al S,
1-'//,

Principle of the experiment. This method depends on a measurenient of the wavelength o

ripples formed on the surface of the liquid whose S.T. is to be determined:

EXPERIMENTAL ARRANGEMENT T

The perfectly clean liquid is placed in a large flat dish (4),
such as a photographic developing dish (Fig. 3.15). An electrically
maintained tuning fork (F) of large frequency (100) is held in
position above the liquid. The tuning fork is held horizontally with
the prongs vibrating in the vertical plane. A dipper (D) of polished
silver or aluminium is attached to the lower prong and its lower end
touches the liquid surface in the dish. .

When the prong is set into vibration, the vertical to and fro
motion of the dipper produces ripples in the liquid. The ripples
formed are reflected from the walls of the trough and give rise to
stationary waves.

To observe the ripples and to measure their wavelength, the liquid surface must be properly
illumninated. This is done by completing the tuning fork circuit through the primary P of a small
induction coil. The neon discharge tube (T) is connected to the secondary S of the induction coil.
Every time the tuning fork circuit is made, an electric discharge passes through the neon discharge
tube. Then the light from the neon tube brilliantly illuminates the liquid surface in the trough.

During one vibration of the fork, there is one alternate make and break of the funing fork circuit,
giving us one view of the ripples on the liquid surface. The same occurs again when the fork has
made one vibration during which the ripples have moved through one full wavelength. So when the
liquid surface is lit up again as before, we geta second view of the ripples which is identical withthe ,
first. Hence the ripples appear to be stationary in their earlier position due to persistence of vision.

The frequency with which the liquid surface is lit up is the same as that of the tuning fork and,

therefore, of the ripples.
A graph paper is placed at the bott
of ripples is measured. From this the mean wav
Calculation: Let r be the frequency of the i
v =n\ where v is the velocity of the ripples. Substituting this

Fig. 3.15

om of the trough and the distance between a large number
elength A is determined. )

fork and X the wavelength of ripples. Then, we have
value of v in Eq. (1),

v = nh=
Ag 2nc 2 z_k-g
or "z.)’z=5;+ )‘ 2n
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or U=?" T 2 *on
_ nz,ljp_)\-zp-g
or S g 4n?

Since A, 7 and p are known, the S.T. of the given liquid can be calculated. -
Example 13 : 4 light stylus attached to the prong of a tuning fork vibrating 1 00 times per second
dips slightly in a trough full of mercury and produces ripples of wavelengl
the S.T. of mercury.
A% _ AMp.g

2r an?
Here, n =100 HZ. & = 0.00278 m. p = 13600 kg m~ and g = 9.8 ms™.

(100)% (0.00278)° 13600 (0.00278) (13600) 9.8
o= - 7
2 4n
=0.4649 — 0.02602 = 0.4389 Nm!.

‘We have, o=

3.16 EXPERIMENTAL STUDY OF THE VARIATION OF SURFACE TENSION WITH
TEMPERATURE

A capillary glass tube 4B is connected to another glass tube CD, of a
comparatively wider bore, so as to form a complete U tube (Fig. 3.16). The
experimental liquid is poured into this U tube. If the angle of contact (6) for the
liquid and glass is less than 90°, the liquid stands much higher in the narrower
limb AB of the tube than in its wider limb CD. If 8> 90° (for example, in the
case of mercury and glass), the liquid column in 4B will be depressed into the
tube to a position / below the liquid column in CD.

Let o be the S.T. of the liquid and 6, its angle of contact with glass. Let
ry and r, be the radii of the bores of the two limbs respectively. Let P be the
atmospheric pressure. Then,

pressure just below the} _ p_2ocos 0 Fig:3.16
liquid meniscus in 4B 4

pressure just below the| 20 cos 0

liquid meniscus in CD } T,

.. Difference of pressure 1 1
. X =2cc0s0| ——-—
in the two limbs LY

Thi's is balanced by the hydrostatic pressure # p g due to the liquid column in the U-tube. Here,
I Is the difference of liquid levels in the two limbs. p is the density of the liquid.

2o cos 0 (l—lj =hpg
)
or hpg

Ay T
2(~—7-J cos 0
non

The experiment is repeated with the I

. uid maintai i .
suitable temperature baths. 1 mtained at different temperatures by means of

th 0.00278m. Calculare

gurface Tension

3.7 D RUID = OF DETERMINING THE SURFACE TENSION OF A

Experiment : Ashort glass tube is conny
ofaburette (or funnel) cl_amped vertically,
(Fig- 3.17]. The funnc.l is filled with the |
detel'mi“Ed' A bc;lkcr 1sharrf:mged under th

:quid dropping from the funnel. The stopcock is adiys
333 Jliquid drops are formed slowly. Ina priviousl;;:jilil;l:ec‘:l Li;::i
2 known number of drops (say, 50) are collected,

The beaker is again weighed. The difference between this
weight and the vlvmghl of the empty beaker gives the weight of 50
drops of the liquid. From this the mass m of each drop is calculated
The inner radius » of the tube is determined using a vernier calipcrsl
The S.T. of the liquid at the room temperature is calculated usin{,;
the formula,

§y means of a rubber tube
1quid whose S.T. is to be
© glass tube to collect the

ected to the lower end .N

(ir) (ui)

Fig. 3.
. ig. 3.7

c=—&
3.8r

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 [Fig. 3.17(iif)). Let
o = S.T. of the liquid and r = radius of the orifice.

Excess pressure (p) inside the drop over] o
the outside atmospheric pressure - :

The area of the section is 7 72, Therefore,
downward force on the drop » o
. = —
due to this excess of pressure r
The weight mg of the drop also acts vertically downwards.
Total downward force on the drop = (n2 o/r) + mg

This downward force is balanced by the upward pull due to surface tension 27 r ¢ acting along

a circle of radius r. Therefore

e
2nre =——+mg or 2nrg=mc+tmg
r

m.g
o

But the equilibrium of the drop at the instant of its detachment is dynamic and not static. Lord
Rayleigh, taking dynamical aspect into account, showed that
m.g
38r

Example 14 : In a drop weight method for the determination of S.T. benween water and air,
a glass tube of external diameter 2 mm is used, and 100 drops of water are collected. The mass of
these drops is 2.8 gms. Find the S.T. of water in air:

Here, »= 10" m. m=2.8 x 10°%/100=2.8 10 kg

=8 (28x107)x98 )98 _ 007221 N

Interfacial Tension: At the ssuff:ce of sgbir:tligu !Jetweex_-n two immiscible liquids there is a

tension similar to surface tension. It is called the interfacial tension.




F "
| gurface Tension

P .
70 roperties of Mattg,
i . o n ; 74
Definition: When one liquid rests on another wrt/{ozttl mrxmg.wnh it, f/}er;:;eirof:c; i’]e”"’ee" the _m.g 5
two liquids possesses energy just like the surface of a Ilql'lld. The interfacia e valye ,, | e 1-P2 )
.the force acting per metre normal to a line drawn on the interface. . ) (1235 P
- = U235x10%)9 g
3.18. EXPERIMENT TO DETERMINE THE INTERFACIAL TENSION BETWEEN WATER 38e00s ) >3 [1 _@] R
AND KEROSENE ——== +3x107) 1000
Sufficient amount of the lighter liquid (kerosene) is r:akep iq abeaker. 'l_'he Welg!“ EXERCISE ||
w, of the beaker with kerosene is determined. The heavier liquid (water) is taken in
the burette [Fig. 3.18). The glass tube is fixed vertically with its end under the surface e SECTION - A
of kerosene. The flow of water is regulated so that drops of water detach themselves 1. Define S.T. and angle of contact.
into kerosene one by one. After collecting 50 drops, the beakgr is flgaln weighed. Let 2. What are the units and dimensios of surface ension 2
this weight be wy. Then w,-w, gives the mass of§0 drops. From this the average mass 3. Explain S.T. from the point of view of molccular ?
m of each drop is calculated. The interfacial tension o between water and kerosene is Whitis'surface encrgy T Howis r theory of matter.
calculated using the formula 4. p EY: ‘;W sitrelated to S.T.?
. It is easicr to spray water whe i : L.
c= m.g [1 - P_z) ’ [Hlint When A:apyis added 1 ; SO:‘P ls;added 10t tian wheslt iy ure, Why 7
. [0 W » .
38r P spray warer.] .'“ er, the surface tension decreases. Therefore less work is required to
6. Several fog particles merge to form a sij i 2o N Ll
Mass of beaker Mgss ofbteak'er Mass of 50 = . Explain your answer. ¢ @ single paricle. Has the p . energy or d?
N + lighter liquid | Mean + lighter liquid | Mean - Fig. 3.18 . [Hint. Area decreases — PE. decreases.)
0. g] q w, kg + 50 drops w, ke ; drops )—k 7. In the case of mercury, there is capillary depression. Why ?
A - - - w,—w,) kg . This i v S
Trall | Trial II Trial I | Trial 1T 2 1 E;::;Z:I; I: ;Sgl;jgn:'-:z;;:; ICIZ:':’::;‘I (e ﬁlr;e]: in the /lqmdlrnolecules are greater than the forces of attraction
8. Water wets the glass surface while mercury does not. Why ?
Theory : Let p, and p, be the densities of water and kerosene respectively. Let m be the mas i i
o BT =iy | e e ol bt ol gl f o
Ve C es.
Volume of water drop = m/p, L 9. Iftwo bubbles of different size are blown at opposite ends of a pipe, what will happen ?
volume of kerosene displaced _m [Ans. The smaller bubble will contract and the larger bubble will expand, showing that the air flows from
by the water drop - o smaller bubble which has more pressure to larger bubble which has less pressure.)
mass of kerosene displaced mp 10. Obtain the relation between the vapour pressure over a curved surface and that over a flat surface.
by the water drop } = —P 2 11. dOrblain an expression for the excess of pressure inside (i) 2 spherical soap bubble and (/i) a spherical liquid
| op.
Apparent weight of the m '
. -mg-TP2E : SECTION-B
water drop in kerosene Py .
) 12. Prove that the excess of pressure on one side of a soap film of surface tension o over that on the other
Let o be the S.T. at the interface between the two liquids. side is given by p= 20[ 1, 1 ]
¥ =20l —+—1|.
Then, nro="S g MP28 R R
r P 13. Describe Jaegar's method of studying the variation of S.T. of water with temperature.
_mh.g 1 P | 14. Describe Quincke's method of finding S.T. Derive the formula employed.
nr P | 15. Deduce the relation between S.T. and vapour pressure at a curved surface and discuss its effects on
Again the more accurate equation will be evaporation and condensation. .
m.g P - 16. How do you distinguish between ripples and waves ? Describe Rayleigh’s method for measuring the
o= 3.8 1- _2.) surface tension of a liquid. Derive the necessary formula used. .
8r P1 17. Explain the drop-weight method cxperiment to determine the surface tension of a liquid.

under coxcamlltenlil 1:; speci] cs A i ter falling n atube of external diameter 3.5 mm are collected SECTION-C
’ pecific gravity 0.8. C _ € i '
Bt i 1 m =IO/2 | 5‘ 10—[ 10; " f i " i ! l/’ ‘ 18. A drop of water of radius 10 4 m is split into 1000 equal tiny droplets. Find the mechanical work done.
. ' | . insi i is 75 x 103 Nm™L.
J I e inside each droplet if the S.T. of water is 7.
ere, (1 35x%x 1 3)/1 1.235x 10 kg “ Caleulate the excess of pressur , o et o 1t 42]

r=175x10"m; p, = 1000 kg/m? and p,=800 kg/m?. c="?
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monstrated using t
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5.1. INTRODUCTION E
Whena semi-permeabl

same hydrostatic pressure. a
of the solution. This is known as
Osmosis may be de
ermeable membrane is stretch

he following simple experimemal arrangement. A sep;.
th of a thistle funnel and tied firmly. A concentryg
through the stem, keeping the funnel invery|

p i i funnel

solution of sugar in water 1S poured into the fu ! 4

The funnel is then supported vertically in water keptina peaker (Fig. 5-1)- .
olution in the funnel Sogﬁign

The funnel is raised or lowered until the level of the s :
is the same as the level of water in the beaker. Water is observed to pass from
able membrane. The level of

the beaker into the funnel through the semi-perme: !

the solution in the tube gradually rises. Therefore, the pressure on the solution Water

side of the membrane gradually increases. This process continues until the g %

excess of pressure on the solution side over the solvent side of the membrane Membran
iffusion of the solvent into the solution. Fig. 5.1

is just sufficient to prevent further d

The excess of pressure on the s
1o further diffusion of the solvent into

olution side over the solvent side of the membrane when theres
the solution is called the osmotic pressure of the sugar solution

Y AND

/5.2. EXPERIMENTAL DETERMINATION OF OSMOTIC PRESSURE [BERKELE

——

HARTLEY METHOD] === o

The semi-p_ermeab]e membrane s in the form of a cylindrical
porous pot AB with a deposit of copper ferro-cyanide in its pores
}(JFlg. 5.2). The ends of ABare closed by air-tight one-holed rubber
bungs. Through one of them a capillary tube C, closed at one end,
is passed. Through the other end, a tube connected to a funnel Fis
g?jzed "{hle pot : s;rrounded by a steel cylinder D containing the

n solution. A side-tube in the cylinder i

and a nitrogen manometer M. i s camected fo 2 pump

The i i
of the Puml;ui)il st?llevzgi;figr? l:srri?l ltn}:: ltehe me through the funnel F. Pressure is applied by "%
solvent in the pot is then just prevented f:,:mo solvent in the capillary tube C remains siead)

entering the solution due to the pressure applied 01

solut; onl This pressure is noted from the ma ometer M. Vi .
2 ‘ It gives the osmotic pressure o
of the given concentration - |

—
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/5.3. LAWS OF osmoTIc PRESSURE ==

Itis found that a dilu i
( te soluti
The following laws hold good for r?;nOfa ool

———

electrol X 5 |
electrolyts, yte behaves in the same way as a perfect
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At constant lempcfralurg, the osmotic pressure of a dilute solution is directly prapor!iona[
1o the concentration of ‘the solution.
If m kg of a solute are dissolved in ¥’ m? of a solvent, the concentration C'= mlV.
P o m/V or PV is constant. This is similar to Boyle’s law.

When the concentration of the solution is constant, its osmotic pressure is directly pro-
portioﬂa/ {0 the absolute temperature, (P o< T). This is similar to Charles’ law for gases.
Solutions of non-electrolytes dissolved in the same solvent and having the same osmotic

ressure at the same temperature, contain the same number of gram molecules of the
solute in the same volume. This is similar to Avogadro’s law.
laws can be combined and expressed as P¥'= KT where K is a constant and V' is
gram molecule of the solute. K = R for non-electrolytes.
¢ of electrolytes is much higher than that of non-electrolytes, under the

This abnormal behaviour of electrolytes is attributed to the
¥ and

The first two
olume containing 1
The osmotic pressur

emperature and concentration.
of the electrolyte in solution. In the case of electrolytes, the relation between P,

T where i is a factor which depends on the degree of dissociation.

the V!

same 1

dissociation

TisPV=iR
\5/_‘4_ 0SMOSIS AND VAPOUR PRESSURE OF A SOLUTION

The vapour pressure ofa solution is always less than that
solvent. 4 tube AB containing a solution is closed at

Bbya semi-permeable membrane. The tube 4B dips vertically N/?
into the solvent contained in a beaker. The tube and the beaker -
are enclosed in an evacuated chamber (Fig. 5.3). The solution o I
rses in the tube due to osmosis to the point M. Let the height of
the solution in the tube above the level of the solvent be 4. The
t M is in contact with the surface of the solution. The
he solvent. Let p, and p, be the
nd N respectively. Let o be the  Solvent

of the pure

bl

Solution

| - Semi
permeable
membrane

vapour a
vapour at N is in contact with t

pressures of the vapour at Ma

uniform density of the vapour in the enclosure. Then
Py—P1 = hog

Let p be the density- of the solution. Let L be a poin

(1) Fig. 5.3

t inside the tube at the same level as N

outside. If P is the osmotic pressure, then
P=hg(p-o)=hgp (vo<<p) -(2)
Dividing (1) by (2),

nom _ S

P P
K p,-p; =Polp (3

or Py=Py € P
The lowering of vapour pressure of the

P,—p, represents the lowering of vapour pressure.
solvent is directly proportional to the osmotic pressure P.
Now, o is the density of the vapour at the pressure 2.

normal atmospheric pressure Py. Then,

Let o, be the density of the vapour at

R J2)
P _0 5= E0p
o O i)

Substituting this value of o in Eq. (3):

P~ Ph _ Poy
P2. hp
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88 Properties of Mattg, |

It is not correct to assume the density of the vapour 0 be uniform, if the osmotic pressure ig higy,

Let p be the pressure of the vapour at a height / above the surface and o the density of the
vapour at that height.

For a small height d#, let the pressure difference be dp. \
dp =—go dh

|
Let o, be the density of the solvent vapour at the normal atmospheric pressure Py Then, 5 |
constant temperature T,

i

\ AP i
P _ or o=250 \ 2 =S
o o R )
. EWTON'S LAW OF —
dp = -g 220 an | et N B .GHAVITAT‘QN ————
PR, | Statement : Every particle of mater jn the universe at ' P
d g | whichis directly proportional to the product of heir e altracts every other particle with a force
or @& __ g)To dh | of the distance between them. ssesand inversely proportional to the square
p 0 ion :
‘ Explanation : If m, and m, are the masses of o < ;
. Adp  goult, - { force of atiraction between them s given by o partcles situated at a distance rapart, the
Integrating, j —_— === th | m m p
AP B 3 ‘ Fnc—rzlml-'=—‘";m2
)2} So [ . .
log, | 22| = =2 (hg) | re Gis a universal constant, call i o
e [ 7 ) B ; \‘::113 orsal. It holds from huge im‘;r‘;:a‘:g;;-’g;:g:z f‘r::ttauonail cons{lagx, The law of gravitation is
. LB xtremely small dist: . The
But, the osmotic pressure P=hgp or hg=P/p. | hold good for interatomic distances, which are as smal] as 109 m.yl‘he forc; n?r;;ttersacﬁo(:\ SS\SS:S :1?‘;
R TANEN. | two bodies is not affected by the intervening medium. This force is also not affected by the nature,
og, | £2]| = TS b state or chemical structure of the bodies involved but depends only on their masses. Even temperature
2] (] \ has no appreciable effect on gravitation.
: Example 1: Calculate the lowering of vapour pressure of a molar solution of a non-electrolyte Definition of G. If m, = m,=1kgand r=1m,then F= G. Thus, the Gravitational constant
in water. is equal to the force of attraction between two unit masses of matter unit distance apart.
A molar solution is one which contains 1 mole of the solute in 1000 cm?. A dilute solution
behaves as a gas. Therefore, the volume of the solution containing 1 mole of the dissolved substance |

S FP
Dimensions of G. G= ——.
exerting an osmotic pressure of 1 atmosphere at 0°C is 22400 cm®. Hence, the osmotic pressure

| mym,
exerted by 1000 cm? of the solution containing 1 mole of the dissolved substance is 22.4 atmospheres. ‘ MLT® P Vo
Thus P = 22.4 atmospheres. Py = | atmosphere. E Dimensions of G are given by [G] = — MTLT.
i 3
Busther l.mole of waleryapour at N-LE ogeupiés 22400 cm;. | Mass and Density of earth : If mis the mass of a body and g the acceleration due to gravity,
density of water vapoucat LT i N “I the force of attraction of the earth on the mass m= mg.
= gl)gt_)}(éix 103 M2A00 X 107) | Let M= mass of the earth ; R=radius of the earth.
=0 ™, |
: o -l 3 | Gravitational force of attraction between| _ GMm
Density.of yatec =p=1000kgm. | a body of mass mand earth R
- P
We have the relation, Bmh _ 9% l GMm s -8
12 Fp - ; =g =m-gw M==2%
Pr—p _ 224x0.8036 :
=———=0.018=1.8%
P2 1x1000 S .

4
Volume of the earth = V= 3 i
The percentage decrease of 1 mole dissolved in 100 c.c. of the solution would be about 18%.

=

R0 _ 38
Density of the earth=p = Vo4 R ARG
3
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