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SURFACE TENSION

Surface Tension and Surface Energy

Surface rension arises due 1o the fact thart the free surface of a
liquid ar rest has some additional potential energy.

Surface Tension

Surface rension is the property of liquid ar resc by vimue of
which a liquid surface tends ro occupy a minimum surface
area and behaves like strerched membrane.

r.g... .I"L 5[':.:' I'.H:'tdll: l.'.l'l.:l.}-' b:‘ |T|a.ljf o I'lﬂ:lf
on water though the steel is more dense
thﬂn WRTET. Ti'lll'i |I$ hctauﬁ: thf WRLeT

strecched

elastic

surface acts as a

membrane and supports the needle. This 5
property of a liquid is called surface

IEnsIon.

Definicion of
surface tension

Consider a line AB on the free surface of a
liguid. The small elements of the surface
on this line are in equilibrium because
they are acred upon by equal and opposite forces, acring
perpendicular to the line from either side as shown in figure.

The force acting on this line is proportional to the length of
this line. If { is the length of imaginary line and F the toal
force on cither side of the line, then

Fel = F=§

5=£ or |Surface tension, § = tusce
d Length

From this expression, surface tension can be defined as the
force acting per unit length of an imaginary line drawn on
the liquid surface, the direction of force being perpendicular
to this line and tangential to the liguid surface. 1t is denored
by 5 and it is a scalar quantity.
Units and Dimension of S;Irfﬂte Tension
SI units of surface tension = N/m
CGS unit of surface tension = dyne/cm
Dimension of surface tension

_ Force _[MLT™?)

=1 = =|'ML"‘T— l]
Length (L]

Factors Affecting Surface Tension

I. Temperature The surface tension of liquid decreases
with rise in temperature and wice-versa, Duie o this,
{7} Hot soup taste better than cold soup as hot soup
spread over a large area of tongue.

{#) Machinery parts get jammed in water as surface
tension of lubricaring oil increases with decrease
in temperature,

2. Addition of Impurities The surface tension of
liquids changes appreciably with addition of
impurities. ¢.g., Surface tension of water increases
with addition of highly saluble substances like NaCl,
Zn50 erc.

Applications of Surface Tension
(¢) Rain drops and drops of mercury placed on glass plare
are spherical.

(#f) Hair ufshﬂ'-'ing brush/painting brush, when dipped in
water spread our, bur as spon as it is taken our, jts hair
stick together,

{i1#) A greased needle placed gently on the free surface of
water in a beaker does not sink.

{¢¢) Oil drop spreads on cold water but does not change
shape on hot water

Surface Tension ol Some Ligquids at the Temperalures
Indicated with the Heats of the Vapourisation

Ligquid Tarr.l.p?raluru rnr;l:: vum:t:nn
(in=C) (Nfm) (kaimal)
Helium 270 0000233 0115
Criygen -183 0.0132 (A
Ethanol 20 oger 408
Watar 20 Q.orar 44 16
Mercury <0 0.4355 532

Measuring the Surface Tension of a Liquid

The surface tension of liquid can be measured
experimentally as shown in figure. A flar vertical glass plate,
below which a vessel filled with some liquid is kept. The
plate is balanced by weights on the other side, The vessel is
raised slightly untl the liquid wuches the glass plate and
pulls it down because of the force of surface tension. Weighes
are added till the plate just detected from water,

" Measuring surface tension
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Suppose the additional weight required is mg.
S = (myg/2)
where m is the extra mass and /is the length of the plate edge.

Detergent and Surface Tension

Surface tension has a wide usc in daily life. The detergents,
used for cleaning the dirty clothes in our home is a very good
example of surface tension.

Acrually, water cannot wet oil marks on your clothes, thar is
why warer alone cannor remove dirt from your clothes,

The molecule of detergent can anached with water and dirc
molecules and they ke away the dirt with them when we

wash the clothes with detergent.

Surface Energy
The free surface of a liquid always has a tendency to contrace

and possess minimum surface area, If it is required to
increase the surface area of the liquid work has to be done,
This work done is stored in the surface film of the liquid as
its potential energy.

This potential energy per unit area of the surface film is
called the surface energy.

Hence, the surface energy may be defined as the amounr of
work done in increasing the area of the surface film through

unity. Thus,

Work done in increasing the surface area

[Su.tfm:c energy =

Increase in surface area

The 51 unir of surface energy is J/m*.

Relation between Surface Energy and
Surface Tension

Consider a rectangular frame PORS. Here, wire QR is
movable. A soap film is formed on the frame. The film pulls

the movable wire QF inward due to surface tension,

. Force F'
As, surface tension = =
Length 2/
Fr=5=
| =iz
¥ 3 ]
&) ]
Equilibrium position Stretched pasition

of the film of the film

If R is moved through a distance z by an exvernal force F
very slowly then, some work has 1o be done against this
force.
External work done = Force x Distance
=Sx2xe

Tnerease in surface area of film =2/ = 2

[ F'=F]

[As soap film has rwo sides]
Wark done _ SHz
Surface area 26

So, value of surface energy of liquid is numerically equal to
the value of surface tension.

=8

Surface energy =

Angle of Contact

The surface of liquid near the plane of contact with another
medium is in curved shape,

The angle berween tangent to the liquid surface ar the point
of contact and solid surface inside the liquid is called as angle
of contact. It is denoted by 8.

The value of angle of contace depends on the following factors
() Marure of the solid and liguid in contacr.
(i) Cleanliness of the surface in contact.
{i#f) Medium above the free surface of the liquid.
{#v) Temperature of the liquid
e.g., Water form droplets on lotus leaf shown in Fig. (a)
while spreads over 2 clean plastic plate in Fig. (b).
Consider the three inrerfacial tensions ar all the three
interfaces such as
5., = surface rension berween solid and air
8§\, = surface tension between liquid and air
5, = surface tension berween solid and liquid

At the line of contact, the surface forces berween the three
media must be in equilibrium, Resolving 5, into two
rectangular components, we have Sy, cosf acts along the
surface and 5, sin 6 acts along the perpendicular to the solid
surface,

As the liguid on the surface of soild is ar rest so the molecules

of these interfaces are in equilibrium. Thus, the net foree on
them is zero.

- g
Sy
N-) i /ﬁ< ]
S ] Su Saa Sg

ial =3
Different shapas of water drops with
interfacial bensions
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For the molecule O to be in equilibrium.
Sﬂ + Sla. Cos H = Sﬂ

S =8
S

The following cases arises

(£) I the surface tension at the solid-liquid 5, interface is
greater than the surface tension ar the liquid-air §,
interface, fe, §; >8,, then cosB s negative and
0 =90 (the angle of contact is obruse angle). The
molecules of a liquid are atcracted strongly to
themselves and weakly to those of solid. Tr costs a lor of
energy to create a liquid-solid surface. The liquid then
does not wet the solid. 2
.., Warter-leaf or plass-mercury interface,

(#) It the surface tension at the solid-liquid §; interface is
less than the surface tension at the liquid-air 5,
interface, ie, 5; <5, then cos@ is positive and
0 <907 (the angle of contact is acute angle). The
molecules of the liquid are scrongly areracred o those
of solid and weakly attracted to themselves. Tt cosdess
energy to create a liquid-solid surface and liquid wets
the solid,

e.f., When soap or detergent is added o water, the

angle of contact becomes small.

Excess Pressure Inside a Liquid Drop

Suppose a spherical liquid drop of radius R and § be the
surface tension of liquid. Due to its spherical shape, there is
an excess pressure p inside the drop over that on ourside.
This excess pressure acts normally ourwards. Due to this
pressure, radius increases from R to R+ 4R, then extra
surface energy can be determined.

e

Excess pressure inside a iquid drop

Initial surface area of the liquid = 4nk*
Final surface area of the liquid drop
=4n(R+dR)® =4m (R* + 2R dR + dR®)
=4nR* + 8MRAR
[dR? is very small and hence neglected]

Increase in the surface area of liquid drop
=4nR’ + 8nR dR —4nR* = 8nRAR

External work done in increasing the surface area of the drop
= |ncrease in surface energy
= Increase in surface area * Surface tension
= (BnRdR)= 5§ i)
Bur work done
= Excess pressure % Area » Change in radius

= px4nR’® = dR (i)
From Egs. (i) and (i), we ger
So, px4m R® % dR = 8nRARS

Excess pressure, p = %

So. Pressure difference in a drop bubble, p, — p_ = %

Excess Pressure Inside a Soap Bubble

From the above case,
Increase in surface area = 8n R 4R
But a soap bubble has two free surfaces.

o]

Expess pressure inside a spap bubble
So, effective increase in surface area = 2 [Final surface area -
inirial surface area)
=24n(R + dR)* - 4nR*)
=2 xBnR 4R = 16NR 4R i)
External work done in increasing the surface area of the soap

bubble = Increase in surface energy
= Increase in surface area ¥ surface rension
= 16mR dRS
But, work done =Force » Change in radius
where Force = Excess pressure % Area

=(p=dnr?)
So, workdone= px4nR" x dR |
From Eqgs. (i) and {ii), we get
p X4ATR® % dR = 16nRARS
45
"R

Pressure difference inside a soap bubble, p, — p_ = %
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Excess pressure inside an air bubble in a liquid is
similar o a liquid drop in air, it has only one free
spherical surface. Hence, excess pressure is given by

3
PR

« Whan an air bubible of radius B ies al 3 depth b below
the free surfzoe of a igwid of densily p and swiace
tepsion 5, the excess pressure nsice the bubble wil
be

25
p== + hpg

« When an ice-skafer shides over the suface of smooth
ice, some ice mells due fo the pressure exerted by
the shaip mefal edges of ihe skafes. The iy wafer
droplels act as ngid bal beanngs dand heig the
skaters o run along smonly,

Worked out Problem

The lower end of a capillary tube of diameter 2 mm
is dipped 8 cm below the surface of water in a
beaker. What s the pressure required in the tube
in order to blow a hemispherical bubble at its end
in water? The surface lension of water at
temperature of the experiments is
7.30x10"*Nm~ ', 1 atm = 1.01x10°Pa, density
of water =1000kg/m®, g=9.80ms™?. Also

calcilale the excess pressure, [NCERT)
Solution
Step 1 Identify the excess pressure in bubble and
calculate the outside pressure (p,) in the
bubble
The E'KCESS?I'ESEUI'E in @ bubible of gas in a liguid
is given by '}E

Given, b= 0.08m, d =1000ky/m? g =280 m/s?
and we know that p; = g, + hog
D, IS oulside pressure

p,=1.01% 10" Pas 0.0Bm
x 1000 kg /m? x 9.80 m/s®
p,=1.01784% 10° Pa

Step Il Calculate inside pressure required in tube in
order to blow a hemispherical bubble

Bo= Pyt ETS where s =7 30=10" *Fa-m
2% T73x 0077
107
=(1.01784+ 000146} 10° Pa
po= 1025108 Pa
where the radius of the bubble is taken to be eaual

po= 101784 = 10% +

Capillarity
The term capilla means hair which is Latin word. A tube of very
fine (hair-like) bore is called a capillary tube.

Capillaricy

If a capillary tube of glass is dipped in liquid like water, the liquid
rises in the tube, but when the capillary tube is dipped in a liquid
like mercury, the level of liquid falls in the rube.
This phenomenon of rise or fall of 4 liquid in the capillary is called
capillasiy.
Some examples are

1. We use towels for drying our skin.

2. In trees sap rises due to vessels. [t is similar to capillary action.

Capillary Rise
One application of the pressure difference across a curved surface is

the water rises up in a narrow tube (capillary) inspite of gravity.
Consider a capillary of radius R is inserted into a vessel containing

Caplllary rise

The surface of water in the capillary becomes concave. It means
that there must be a pressure difference berween the two sides of the

meniscus,

So, (p, = p,)=25/r)=25/(RsecB)=(25/R)cosO el
MNow, consider two points 4 and 8. According to Pascal’s law they
must be at the same pressure,

P,+&pg=_lpd =pa=p.
So, Pa=p T J‘JPg
s =P£ﬁ'
( p, = atmospheric pressure)

(1]

From Egs. (i) and (ii), we get
25
b = —cos@
g 2 cos
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This is the formula for the rise of liquid in a capillary.
The liquids which mer the glass surfacese. g., water, rises in
the capillary and the liquids which do no met the glass
surface falls in the capillary.
Same common example of capillarity are
(#) Blotting paper absorbs ink due ro capillariry.
{#5) A rowel soaks warer on account of capillarity motion.
(#i) Oil rises through the wicks due to capillarity.

Example 1 Water Rise in Capillary

A capillary of radins 005 cm is immersed in water. Find
the value of rise of water in capillary if value for the
surface tension is 0073 N/m and angle of contact is 0°.

Solution Given, 5 =0.073MN/m,
R=005cm=5%x10"m

B=0°, h=?
From the formula, = i
pgk
2% 0073 % cosl®

= e = 2979 M
10* %98 %5%10™

Worked out Problem

In a glass capillary fube water rises upto a height of
100cm while mercury fall down by 50cm in the same
capillary. If the angles of contact for mercury glass is 60°
and water glass is 0°, then find the ratio of surface tension
of mercury and waler,
Solution
Step1 Write the given quantities for water and mercury.

Forwater, h=100cm=01m

m=10%aim? B=0F
For mercury, i, = 50em=005m

po =136 % 10%kg/im® 8 =A0F
Suppose §; and §; are the surface tensions for water
and mercury respectively then

5= A0 gy 5 . MAPaE
20058, T Zcosf,

Step I

Find out the rate of surface tension of mercury and
water,

Step 111

53 = 1aApo0, 20038
5 2cos®y; hApg
55 _ hypscosiy
E 3 fpcosf,

- 3
_D05=136%=10 xcnsﬂ“zgﬂﬂa_ﬁ 1

0.1 = 1000 x cosal® 0.05

Very Short Answer Type Queslions 11 mark

1. If a wet piece of wood burns, then water droplets
appear on the other end, why?
Sel. When a picce of the wood burns, then steam formed and

water appear in the form of drops due 1o surface tension
on the other end.

2. An iceberg weighs 400 tonne. The specific gravity of
iceberg is 0.92 and the specific gravity of water is
1.02. What percentage of iceberg is below the water
surface?
Sol. Fraction of the iceberg below the water surface will be
Volume of the immersed part
Total volume of the iceberg
_ Densiry of the substance _ 0.92

=—=0.902 =90.2%
. Density of water 1.02

|

3. Why is it difficult to separate the twe paper sheets
Joined with fevicol?
Sol. Due o the force of adhesion between paper and fevicol.

4, Find the work done in increasing the radius of a soap
bubble from 4 cm to 6 cm. The value of surface tension

for the soap solution is 30 dyne cm™*. (Dethi 11]

Sol. Given, , =4cm,r, =6cm, § =30 dyne cm ™!

S0, change in surface area= 2 x 4 (6° — 47)
|Seap solution has two surfaces]
=8m 20 =160 tem?

Work done = § % change in surface arca
=30 =160 = 3,142
= 15081.6 erg
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5. Find the work required to make a soap bubble of

radius 0,02 m?

Sol. Given, £ =003 N/m

Work done = surface area % surface tension
=2x4nr’ % §
=2x4%314%(0.02)% x0.03=3x 107"]

Short Answer Type | Questions (2 Marks|

8. The surface tension and vapour pressure of water

Sol.

Sal.

at 20°C is 7.28x107°N/m and 2.33 % 10°Pa

respectively. What is the radius of the smallest
spherical water droplet which can form without
evaporating at 20°C? [MCERT]

Given, surface tension of water (5)= 7.28 %107 *N/m
Vapour pressure ( p) = 2.33 x 10° Pa

The drop will evaporate, if the water pressure is greater than
the vapour pressure.

Let a warer dropler of radius & can be formed withour

evaparating. [
= Mapour pressure = Excess pressure in drop

)
or =B RXPEXIV e i0~%m

P 233« 10° [

The sap in trees, which consists mainly of water in
summer, rises in a system of capillaries of radius
r=25%10""m. The surface tension of sap is
S =7.28 x 10" % N/m and angle of contact is 0°. Does

surface tension alone account for the supply of water
to the top of all trees? [NCERT]

Given, radius (r) = 2.5 % 10" "' m
Surface tension (§) = 7.28 x 107 *N/m
Angle of contact (B) = 0°, density of water (p) = 10° kg/m?

The maximum height to which sap can rise in rrees through

caplllatiry action is g'lw:n b}r [1]
25 cosfl
a2 0N
rpg

6. Why soap bubble bursts after some time?
Sol. Soap bubble bursts after some time because the pressure

inside it become more than the ourside pressure,

7. Why antiseptics have low surface tension value?
Sol. So that antsepric could easily spread over the wound and

we get proper healing,

R
- IxT.28 :< 1 ?i:ﬂi_‘.}._. —0.59m
251077 1107 %08
But the height of many trees are more than 0.59 m,
therefore, the rise of sap in all trees is not possible through
capillarity action alone, [1]

10. Iceberg floats in water with part of it submerged.

What is the fraction of the volume of iceberg
submerged, if the density of ice isp; =0.917gem*?
[NCERT]

Sol. Given, density ofice(p, ) =0.917 g/em®

Deensity of water (p, } = lg/cm ’

Ler V' he the toeal velume of the iceberg and V' of its
volume be submerged in warer,

In floating condition,

Weight of the iceberg = Weight of the warer displaced by
the submerged part by ice [1]
. V' _p; 0917

Vpe=Vp, g = —=—"="—0u=0917
Viop, 1 1]

11. Fig.(a) shows a thin liquid film supporting a small

weight = 4.5 x 10"*N. What is the weight supported
by a film of the same liquid at the same temperature
in Figs. (b) and (c)? Explain your answer physically.

[NCERT]
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Sol. Asliquid is same, temperarure is same and the length of the
film supporting the weight is also same, therefore in
Figs. (b) and (c}, the flm will support same weight i.e.
45 Xlﬂ_zN, [.:'_]

12. A liguid drop breaks into 27 small drops. If surface
tension of the liguid as S, then find the energy
released.

Sol. Let the radius of larger drop = R
and radius of each small drop=r
Volume of 27 small drops = Volume of the large drop

=|2?:n:£:-~1:r|:n-:"I =i:l'l B
3 3

So, r=Rf3
Surface area of large drop = 4mR’ n
Surface area of 27 small drops = 27 x 4mr”

1
=27 % 41 (E]
3
= IZﬂR:
Increase in surface area =12nR* — 4nR’ = 8nR’
Increase in cnergy = Increase in surface area X Surface tension
- 311:.‘?1 Y (11
13. A liguid drop of radius 4 mm breaks into 1000

identical drops. Find the change in surface energy.
§=0.07 Nm~ "

Sol. Volume of 1000 small drops = Volume of large drop

Short Answer Type Il Questions (3 marks)

15. Two mercury droplets of radii 0.1 ¢m and 0.2 cm
collapse into one single drop. What amount of energy
is released? The surface tension of mercury
$=4355%10"°N/m.

‘# When two or more droplets collapse to form a bigger drop,
then its surface area decreases and energy is reéleasad equal
toSAA [NCERT]

Sol. Radii of mercury droplessny =0.1em =1% 107" m
r3=ﬂ.2.cm=2><lﬂ_5m

1000 x 3 7 = L 3
3 3

=X

10

Surface area of large drop = 4nR” 0

Surface area of 1000 drop = 47 x 1000 7> = 40mR’
Increase in surface area = (40 = )R "= 36 nR*

The increase in surface energy
= Surface rension X increase in surface area
=36R? %007 =36x3.14 x(4 107 ) %007
=126%1074] 0

r

14. Two scap bubbles of radii 6 cm and & cm coalesce to
form a single bubble., Find the radius of the new
bubble?

Sol. Surface energy of first bubble

= Surface tension * Surface arca
=2 X 4nR S =8nR]S 1]
Surface energy of second bubble = 8nR; S

Let the radius of the new bubble is &, So, the surface energy
of new bubble = 8nk*S

By the law of conservation of energy,
8TRS =BRR'S + 8RS
R*=RY+R]
=36+64
R* =100 cm’
R=10 cm 1

Surface tension (§) = 435.5 x 107" N/m
Let the radius of the big drop formed by collapsing be .

-, Volume of big drop = Volume of small droplets (1)
4apr =4 nn + R
3 3 3"
or R = r'ﬁ' +;r'f
=(0.1)° +{0.2)°
=0.001 + 0.008 = 0,009
or R=02lem=21x10""m
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¢ Change in surface area
AA =4nR* - (4m] +4mr))
= 4“ [R: _{r|2 +r11]_i I]]
<« Energy released = 5-A A
=Sx4n(RY = (0" +r] )]
=435.5 %107 xdx 314 [(Z1x10"?)? —(1x10"¢

+4x107°)]

= 435,52 4 % 3.14 [4.41-5] x10" % %107
=-3227 %1077 ==3.22x107°] (1
(Megacive sign shows absorprion)

Therefore, 3.22 x 10 * ] energy will be absorbed.

: ]
16. If a drop of liguid breaks into smaller droplets, it
resuits in lowering of temperature of the droplets. Let
a drop of radius R, break into N small droplets each of
radius r. Estimate the lowering in temperature. jnceaT]
Sal. When a big drop of radius &, break into WV droplers each of
radius », the volume remains constant,
< Volume of big drop = N = Volume of small drop

o JE T, S
3 3

L]
or B =N o £

=
r'!' “]

Now, change in surface area = 4rR* - Ndnr?

=4m(R* — N+%)
Energy released = § x Ad=§ x 4n(R? - M) o
Due o releasing of this energy, the temperature is lowered.

IFp &s the density and s is specific heat of liquid and i
temperatire is lowered by AB then,

Energy released = ms A0
S x 4m (R} -Nr’;=[“ X & prs.sa

3
o SXARE - ND)_35TR_ N
3 xRop x5 pr[ R R
3
3|1 _(Rifyxe?
“wlE T B [1]
ﬁﬂ:a_s[i-l]
prLR r

17. What is the pressure inside the drop of mercury of
radius 3.00 mm at room temperature? Surface
tension of mercury at that temperature (20°C) is
4,66 10" 'N/m. The atmospheric pressure s
1.01 x 10°Pa. Also give the excess pressure inside
the drop.

-f;? Excess pressure Inside a liquid drap is given by Ap = EH'?.'

whare, 5 = surface lension of the fguwd, R = radius of the drop.
|NCERT]

Sol. Given, radius of drop (B} =300 mm=3%10""m
Sutface tension of mercury (§)= 4.65 x 10”7 N/m
Armospheric pressure (p,) =1.01 %10°Pa "
Pressure inside the drop = Atmospheric pressure + Excess
pressure inside the liquid drop = p, + %

2% 4.65%107"
3x107?

=L01x10% +3.10%10%
=101x107 +0.00310 x10°
=1.01310 % 10" Pa 0

Excess pressure inside the drop

25 _2x%465 x107"

® 3x107?

=3.10%10* =310Pa (1]

=101x10% +

(ap)=

18, A U-shaped wire is dipped in a soap solution and
remaoved. The thin seap film formed between the wire
and a light slider supports a weight of 1.5 x 107*N
{which includes the small weight of the slider). The
length of the slider iz 30 cm. What is the surface
tension of the film? [NCERT)
Sol. Length of the slider ({) = 30 cm

As a soap film has two free surfaces, therefore roral length of
the film ta be supported

F==2%30

=60 em =0.60 m (1]
Let § be the surface tension of the soap solution.
Toral force on the slider due to surface tension

F=8x=2
F=8=0.60N ]
Weight (1) supported by the slider=1.5x107" N (1]
In equilibrium,
Force on the slider due o surface tension = weight

supported by the slider
R F=w
§x0.60=15x% 10"7
=2
or SEI.EX 10
0.60
=2.5% 107" N/m 1
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