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SURFACE TENSION

an

“Tension force generated in (applied by) the liquid surface is called surface tension force”

In the fluid mechanics we have studied about the inner part of liquid, but in this chapter we will concentrate
only on the surface of the liquid. The forces on the surface molecules are slightly different than the forces on
inner molecules. Lets see how!!

Explanation of surface tension on the basis of intermolecular forces :

ey

mg mg mg mg mg

Due to suspended weight,

Due to net downward force, tension is generated in rope

a tension is generated in the surface

Actually surface tension is created due to cohesive forces, which is attractive force between the molecules
of same substance.

Figure shows a container filled with a liquid. Consider a molecule ‘A which is inside the liquid. Equal cohesive
force from all the direction acts on it. So net cohesive force on it is zero.

So cohesive force is meaningless for the liquid inside. That ‘s why we didn’t used it in fluid mechanics.
Now lets consider a molecule ‘B’ on the surface. Water molecules are only below it, but there is no water
molecule above it. So only the water molecules below it applies cohesive forces, and the resulting cohesive
force is downwards.

Due to this downward force, a tension is generated in the surface, just like due to suspended weight, tension
is generated in the rope.

The tension generated in the surface is called surface tension force. Due to surface tension, the liquid
surface behaves like a stretched membrane (rubber sheet) and try to minimize its area.

Explanation of surface tension on the basis of energy :

As we have seen, the molecule inside the liquid is attracted by the surrounding liquid molecules from all the
directions. So it will has more negative energy (say —10). But the molecule on the surface is surrounded by
liquid molecules only in lower half. So it will have less negative energy (say —5)

Less negative means more energy. So the molecules of surface have more energy than the molecule inside.
For stability, the energy should be minimum possible. For minimum energy, the surface molecules should be
minimum and hence surface area should be minimum. So the surface tries to minimize its area and due to
this a tension is generated in the surface.

Some simple evidence of surface tension :

Piece of water

Piece of stone (water drop)
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A piece of stone can be of random shape because solids don’t have surface tension. But a piece of water
(water drop) is in spherical shape. Since there is tension in surface of water. So the water surface act like a
tight membrane (tight bag). To minimize its surface area, the water drop takes spherical shape. For small
drop gravitational pressure (pgh) is negligible so the small drop is almost spherical. But in big drop gravita-
tional pressure (pgh) is considerable so the big drop has oval shape.

(ii) If we put a needle very slowly on the water surface, it will float on the surface as if it were put on a tight
membrane. This also proves that there is a tension in the liquid surface due to which it act like a tight
membrane.
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To hold the slider

»

we have to hang some weigh?

Slider

Figure shows a U shaped fixed wire frame, on which very light slider can slide. Dip the frame in soap solution
and take it out. A thin film of soap solution is formed between the frame and slider, which is purely a surface.
Now if we release the slider, it will move upwards, this shows that there is a tension in the liquid surface. The
liquid surface applied tension force (pulling force) on the slider in contact, due to which the slider try to move
upward. To keep the slider in equilibrium, we have to hang some weight. This is very close example. From
this, we can also measure surface tension force.
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Consider three cases (i), (ii) and (iii). In which case, the surface tension force on the slider is more ?
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Practically it is observed that in case (i) surface tension force on slider is

least, it is more in case (ii) and most in case (iii). In case (iii), we have to

hang more weight to keep the slider in equilibrium. From this example it is contact

clear that surface tension force depends on contact length which is length

greatest in case (iii) é&&)

Surface tension force (F) « contact length (¢)
F=(T)¢

Here T is a constant which is called surface tension constant. T depends on the properties of liquid and also
on the medium which is on the other side of liquid.

. If we increase the temperature, surface tension constant (T) decreases.
. If we add highly soluble substances like NaCl, ZnSO, etc. then surface tension constant (T) increases.
. If we add sparingly soluble substances like soap, phenol, then surface tension (T) decreases.

Result:

Surface applies tension force (pulling force) on the other part of surface and also on any object (like slider)
which is in contact.

Surface tension force
F = (T) (¢) where ¢ = contact length = length of Boundary line between the two surfaces

F
alsoT= 7 S0 the definition of surface tension (T) can be written as

The surface tension of a liquid can be measured as the force per unit length on an imaginary line drawn on
the liquid surface, which acts perpendicular to the line on its either side at every point and tangentially to
the liquid surface.

SOLVED EXAMPLE

Example 1.
Figure shows the container of radius R filled with water. Consider
an imaginary diametric line dividing the surface in two parts: Left

half and right half. Find surface tension force between the left half

surface and the right half surface. left — ioht
half —& *—*L‘glf
| ha

Solution : Both left half and right half surface will pull each other with a force
F=(T)()
where ¢ is the length of boundary lines between the two surfaces which is equal to 2R
So F=(T)(2R)

Example 2.
Consider a water drop of radius R. Find surface tension force between the
left half surface and right half surface ?
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Solution :
Surface tension force
F=(T)(0)
here ¢ =length of boundary line between left half and
right half surface = 2nR
So F=(T)(2nR)

Tension

Example 3.
Between a frame and a light slider, a thin film of soap solution is made. T
Whose length is x and width is y. Find surface tension force on the slider.

To keep the slider in equilibrium, how much weight should be suspended ? I

A
x
v

Solution.

A
x
v

—<—

|

m
v
m

g

The surface will act like a tight membrane and pull the slider with a force
F=(T) ()

Since this a film, it will have two surfaces: the front surface and the back surface. On the front surface,
contact length is x, and also on the back surface contact length is x. So total contact length will be
£=Xx+Xx=2X
So surface tension force on slider.

F=(T)2x)
For equilibrium, this force will be balanced by weight of suspended block.

(T)(2x) = mg

Example 4.

Consider a bubble of soap solution. Find the surface tension force between the left half surface and right half
surface
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Solution :

The bubble also have two surfaces: the inner surface and the outer surface. And in the small thickness
between them, there is some liquid. So the surface tension force will be applied by inner surface as well as
the outer surface [T(2nR)].

So total surface tension force between left half and right half surface is
F=(T)(2nR) + (T)(2rR) = T(4nR)

Example 5.
A thin disc of radius R, just touching the liquid surface, forms one arm of a balance. The plate is balanced by

some weight on the other side of the balance. How much extra weight should be added on the other side, so
that the disc can just come out of water ?

Solution:
Surface tension force on the disc is (T)(2nR)

(T)(27R)
For balance (T)(2nR)=(Am)g = Am = g
Example 6.

In the previous question, in place of disc a ring is used whose inner radius is R, and outer radius is R,. Now
how much extra weight should be added on the other side, so that the ring can just come out of water ?
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Solution:
Surface tension force on the discis (T) 2n (R, + R, )

(T)2n(R1 +R2)
g

Forbalance (T)2n(R,+R,)=(Am)g = Am =

Example 7. (Only for JEE Advanced)
A long thin straight uniform wire of negligible radius is supported on the surface of a liquid. The width of the
container is 2d and the wire is kept at its centre, parallel to its length (as shown in figure). The surface of the
liquid is depressed by a vertical distance y(y << d) at the centre as shown in figure. If the wire has mass A per
unit length, what is the surface tension of the liquid? Ignore end effects.

Solution. Balancing upward an downward forces
2(T/sinB) = (A0)g

as angle is very small sin ~tan6 =%

2T0)% = (u0)g

2gd
2y

M

Surface energy :
Potential energy stored due to surface tension force is called surface energy.
To understand this, suppose a thin film of soap solution is formed between the
fix frame and the slider. Both front and the back surface will pull the slider with
aforce of F =2(TY)
Now we move the slider forward by a distance x.
During this :
Work done by surface tension force = —(2T¢)(x)
(As surface tension force is opposite of displacement)
= Work done against surface tension force = +(2T/)x
= Increase in surface potential energy = +(2T/)x
where 2/ x = increasing surface area (increase in front area = ¢x, increase in back area = /x)
= Increase in surface potential energy AU = (T)(AA) = (T) (increase in surface area)
or generally, we can say that

Surface energy U = (T)(A) = (T) (surface area)

u F
also T-= A and previously we have seen that T = 7

So Surface tension is surface energy per unit surface area
Surface tension is also tension force generated on the surface per unit length.
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—SOLVED EXAMPLE

Example 8.
1000 small water drops, each of radius r, combine and form a big drop. In this process, find decrease in
surface energy.
Solution :
Suppose radius of big drop is R.  During this process, mass will be conserved, so volume will also be conserved.
(Volume), ... = (Volume)
[%nr3jx1000=[%nR3] - R=10r

loss in surface energy
AU =TAA _=T((4rr?) x 1000 —4r(10r)?)

loss loss
AU, _=(T) (900 x 47r?)

loss
this energy loss will be converted into heat. So increase in temperature of the drop can be found from
T(900 x 47tr?) = msAT , From this get the increase in temperature AT.

Example 9.
If a number of little droplets of water, each of radius r, coalesce to form a single drop of radius R, show that the
rise in temperature will be given be

3T(1 1
()
where T is the surface tension of water and J is the mechanical equivalent of heat. Herer, Rand T are in CGS
system
Solution :
suppose n small water drop combine and form a big drop. During this process so volume will also be conserved
(Volume), ... = (Volume),

4 3 4 3 R3
—r Nn= —nR -
[31’5 jx = 31'C = n=

Loss in surface energy
AUlr.)ss = TAAIoss = T(41tr3><n - 4TCR2)
R3

r_3

Put n

2 R®_, oo
get AU|OSS= T 4T[r Xr—3—4T[R

r R
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SHAPE OF LIQUID SURFACE :

Water—=_- - -] — _ZZ=3—Mercury

Water—

Silver tube —»|Z - - - =1 3—Glass tube

Glass tube =»|-==-=-=-1  Silvertube =»|-=-=-==1 |z ZZ=31

If we fill water in glass tube, the surface becomes concave in shape, if water is filled in silver tube, the surface
becomes horizontal and if Hg is filled in glass tube, the surface becomes convex.

Shape of liquid surface is called meniscus. At point of contact, angle between the tangent to the liquid
surface and solid surface submerged in liquid is called angle of contact ().

In figure (i) angle of contact is acute.

In figure (ii), angle of contact is 90° and in figure (iii) angle of contact is obtuse. Angle of contact can also be
observed when a liquid drop is put on a plate as shown below :

Water drop on glass plate Water drop on silver plate Hg drop on glass plate
0 < 90° 6= 90° 0> 90°

The shape of liquid surface depends on cohesive and adhesive forces.

Cohesive force : The force of attraction between the molecules of the same substance is called cohesive
force. The cohesive forces is effective if distance between molecules is less than 10° m. If distance between
molecule is greater than 10-° m then cohesive force is negligible. The sphere drawn around a particular
molecule as centre and range of cohesive forces (10-° m) as radius is called sphere of influence (sphere of
molecular activity). The centre of molecule is attracted by only the molecules lying inside the sphere of
influence.

Example : cohesive force between water molecules.

On the corner molecule (see the figure (i) (a) bellow), all the neighbouring water molecules will apply cohesive
force, so net cohesive force (F ) on it can be assumed to be centered at 45° angle with vertical.

Other examples of Cohesive force :

(i) Two drops of a liquid coalesce into one when brought in mutual contact because of the cohe
sive force.
(i) It is difficult to separate two sticky plates of glass wetted with water because a large force has

to be applied against the cohesive force between the molecules of water.
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(iii) Itis very difficult to break a drop of mercury into small droplets because of large cohesive force
between mercury molecules.

Adhesive force : The force of attraction between different substances is called adhesive force.
Example Adhesive force between water and glass tube.
On the corner molecule, adhesive force will be towards the glass wall as shown in figure (i) (a) bellow.

Other examples of adhesive force :

Examples.

(i) Adhesive force enables us to write on the black board with a chalk.

(i) Adhesive force helps us to write on the paper with ink.

(iii) Large force of adhesion between cement and bricks helps us in construction work.
(iv) Due to force of adhesive, water wets the glass plate.

) Fevicol and gum are used in gluing two surfaces together because of adhesive force.

F
Case-1: If waterisfilled in a glass tube, F_, > TCZ then the resultant force will be as shown in (i) (b). As the

water surface always adjusts itself perpendicular to the resultant force. So the surface will be concave.

Fad
—R—>-Fc -
k’&5 . N2 T
F, v -FetTT—— ]
2 Ezzz-zzzz-z-z=7

F
Case -ll : If water isfilled in silver tube , F_ = TCZ so resultant will be vertically downwards. So liquid surface

will be horizontal. (perpendicular to resultant force).

Fo

|:c Ead _ V[2_
F.s 2 X ———————— ]
—————————————————— 45—~ -
NG ] ~—Fe imm-— -]
o S Pl
Bl ] EEEEEEEET
] —> Eplplelntelelntulnlnh

(ii)(a) N
(ii)(a)
Fe o
Case -lll : If Hg isfilled in glass tube, F_, < E so resultant force will be as shown in (iii) (b). As the surface

adjusts itself perpendicular to the resultant force so surface will be convex.
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Due to stretched rubber, the air The water surface also acts like a stretched rubber.
inside gets compressed. So pressure So due to tension in the surface the water inside get
of air inside will be greater than compressed

pressure of air outside
So the pressure of water inside will be greater than the outside atmospheric pressure. This extra pressure is

called pressure excess.
To find pressure excess, make free body diagram of the half part. The forces on this hemisphere are :

_ (T)(2r)
-2 P

(i) Pushing force on the left half liquid due to right half liquid will be (P, )(nr?)
(i) Pushing force due to atmospheric pressure will be (P,) x (facing area) = P (nr?)
(iii) Surface tension force on left half surface due to right half surface will be (T)(2xr)

Applying force balance :
(P, )(mr?) = P (nr?) + (T)(2nr)

2T 2T
= P.=P,+ - here ' is called pressure excess. So pressure inside the drop will be greater than

2T
pressure outside the drop by s
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air
(convex part)

2T
Generally we can say that pressure at concave part will be greater than pressure at convex part by s where

ris radius of curvature of the surface between them.

concave ——concave——\ convex part

part of them—__> convex part ———partt——

surface of the surface @~  ——_—_—___
—p 4 21—— P,
R

SOLVED EXAMPLE

Example 10.

—s5—>
11
1

Water isfilled in a capillary tube of radius R. If the surface of water is hemispherical (6 = 0), then find pressure
at a point ‘A’ which is at h depth below the surface.
Solution:

— > >

2T
Py — = +pgh
E=rEq] Po— 7 +P9

2T
Water is on convex part. So pressure of water just below the surface will be less by R So pressure at point

2T
Ais Py R +pgh. Here surface of water was hemispherical (contact angle 6 = 0) so radius of curvature of

the surface = radius of the tube = R.
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Example 11.
In the previous question, suppose contact angle is not zero , but it is 6 (the surface not hemispherical) now
find pressure at point ‘A’

Solution:

[TTITITTITTTRE

Draw normal (radial lines) at point A and B of periphery. The point (C) where radial lines meet is
called centre of curvature. If contact angle is 6 ,from AACM, r_ = R secf
So radius of curvature of the surface r_ = R secé.

Point to remember :
If the liquid surface is hemispherical (6 = 0) thenr_=R
If liquid surface is not hemispherical (6 # 0) thenr_ = R sec 6

!
1

2T
RsecH

So pressure at Ais Py - +pgh

Example 12.
Asmall air bubble (cavity of air) of radius r is at depth ‘h’.Find the pressure inside the bubble.
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Solution : Out of water and air (inside the bubble) airis on concave part.

P,

P, + pgh

M

Pressure excess inside a liquid bubble kept in air :

4
So pressure inside the liquid bubble = P, +T

47
So pressure excess inside the liquid bubble = -

Alternative method :
Draw free body diagram of half part of bubble. The force on this hemisphere are :

(i) Pushing force on the left half liquid due to right half liquid will be (P, )(nr?)
(ii) Pushing force due to atmospheric pressure will be (P,) x (facing area) = P (nr?)
(iii) Surface tension force on both inner and outer surface will be (T)(2xr) x 2
Applying force balance :
47
(P, )(mr?) =P (mr?) + (T)(27mr) x 2 = P =P, + -
- - 4T
So pressure excess inside a liquid bubble = rs
= (T)(2rr) x 2
> —— (- P.)(r
oy — (P.)()
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—SOLVED EXAMPLE

Example 13.
Two soap bubbles are formed on the ends of the tube as shown . If valve is opened , in which direction will the

air flow ?
& | Q
A B

4T
Radius of curvature of smaller bubble ‘B’ is less so pressure inside the smaller bubble will be more [Po + T] .

Solution :

Air will flow from high pressure to low pressure , so it will flow from smaller bubble to bigger bubble .The small
bubble will grow smaller and the big bubble will grow bigger.

47
gg g
P, A P, B

Example 14.
Two soap bubbles of radius r, and r, combine .Find radius of curvature of the common surface separating
them.
r, r,
r, r,
Q
4T 4T 4T Iy
Pp+—-——-—=P,
Sol. 0 oo 0
1 1 1 p AT _AT AT _ .
[P 0 r, l'e r,
e T N P,
r
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Example 15. (Only for JEE Advance)
A soap bubble of radius r and surface tension constant T is given a charge, so that its surface charge density
is 6. Due to charge, the radius os the soap bubble becomes double then find 's'. (atmospheric pressure = P )
Sol. Initial pressure inside the bubble

aT
P=P, +—
-

Now a uniform surface charge in given to the bubble

4T
The surface tension is a pulling force, which increases pressure inside the bubble (by s )

But the charges given to the surface will repel each other. So due to the charge given, pressure inside the

2
bubble will decrease (by ;To)

So, final pressure inside the bubble

2
c

oop AT 0%
70 s 2¢gq
As the temperature of the gas inside the bubble if constant so,
PiVi = Pfo

2T\(4 4 4T o2 |(4 4
— || = — | P, - || =
P Z)3) - o 55 (5)

Here  Putr,=2r
12T
So, getc= \/[7Po —T] 2y |

Example 16. (Only for JEE Advance)
A minute spherical air bubble is rising slowly through a column of mercury contained in a deep jar. If the radius
of the bubble at a depth of 100 cm is 0.1 mm, calculate its depth where its radius is 0.126 mm, given that the
surface tension of mercury is 567 dyne/cm. Assume that the atmospheric pressure is 76 cm of mercury.
Sol.  The total pressure inside the bubble at depth h, is (P is atmospheric pressure)

2T
= (P+h1pg)+?=P

1

2T
and the total pressure inside the bubble at depth h, is = (P + h, pg) + P P
2

Now, according to Boyle’s Law

4 4
PV, =PV, where V. = 37 r’, and V, = 3 nr3

2T | 4 2T | 4
Hence we get {(P+ h, Pg)+7} 3 AreE {(P+h2pg)+g} 3w

2T 2T
or, {(P+h1pg)+—}r3={(P+h2pg)+—}r3
) | rp |2

Giventhat:h, =100cm, r,=0.1 mm=0.01cm,r,=0.126 mm = 0.0126 cm, T = 567 dyne/cm, P =76 cm
of mercury. Substituting all the values, we get
h,=9.48 cm.
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CAPILLARY ACTION :

A glass tube of very small diameter is called capillary

-
P P
- Py
\222]
F-B--- Af ——coool et ——
e S et °

If we dip the capillary tube in water, due to the concave surface, pressure just below the surface becomes

2T
P,— 7, while on the other points at the same horizontal level, pressure is P. Due to this less pressure

0 |"C

water level in the tube rises up, till pressure becomes equal at the same horizontal level (At point Aand B)

2T
Py ——+pgh =
0 " PO =P,
2T
T
where r_=radius of curvature of the water surface. If the water surface is hemispherical (6 = 0), thenr =R
but if water surface is not hemispherical (6 # 0), thenr_= R secf

2TcosH
pgR
From this formula, we can say that
If 6 <90° then h = @ ve, so water in capillary will rise up (Ex. water in glass tube).
If6=0 soh=0, sowater in the capillary will not rise. (Ex. water in silver tube).
If 6 >90°, h=-ve, soliquid in capillary will go down. (Ex. mercury in glass tube).

= h

=

Deriving capillary rise from force balance :

(T)(2nR)cosH

A A
\e< 79/'

=21 ] mg=(e)Rn)g
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As we dip the capillary in water, the surface pulls the capillary walls in downwards direction, so the capillary
walls pulls the surface in upward direction as shown in figure, due to which water will rise up till the forces get
balanced.
Lets draw free body diagram of the water raised up . Forces oniit are :
(i) The surface pulls the capillary in downward direction, so as a reaction, the capillary pulls the surface
in upward direction. Their horizontal components will be cancelled out and their vertical components
will be added up. So net surface tension force will be vertically upwards and will be (T)(2nR)cos6 .
(ii) The weight of raised water; we can neglect the weight of meniscus. So the weight of raised
water = (p)(rR?h)g
For equilibrium, forces should be balanced.
(M(2nR)cosh = (p)(tR*h)g

h=—5 cos0
= pgR

1
From this equation we can say that h « R So if the capillary is thin, water will raise to more height.

If pure water is inside a glass tube,

then6 > 0soh= "5
- pgR

Although in the previous derivation the volume of meniscus is negligeable , but if we have to consider the

2
volume of meniscus then the volume of water raised will be nr? (h +r) — gnr3 so applying force balance

(T)(27R)cos0 = (p)(mr2 (h +r) — 20 )g solvin [h +Lj _ 2L cos0
P 3 9 9 3 pgR

Practical Applications of Capillarity

1. The oil in a lamp rises in the wick by capillary action.

2. The tip of nib of a pen is split up, to make a narrow capillary so that the ink rises upto the tip of nib
continuously.

3. Sap and water rise upto the top of the leaves of the tree by capillary action.

4. If one end of the towel dips into a bucket of water and the Other end hangs over the bucket the towel
soon becomes wet throughout due to capillary action.

5. Ink is absorbed by the blotter due to capillary action.

6. Sandy soil is more dry than clay. It is because the capillaries between sand particles are not so fine as

to draw the water up by capillaries.

7. The moisture rises in the capillaries of soil to the surface, where it evaporates. To preserve the moisture
in the soil, capillaries must be. broken up. This is done by ploughing and leveling the fields

8. Bricks are porous and behave like capillaries.

SOLVED EXAMPLE

Example 17.
A capillary of internal radius 4 mm, is dipped in water. To how much height, will the water rise in the capillary.
(T =70x%10°N/m,g=10m/sec? p __ 10° kg/m?, contact angle 6 — 0)

water water
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Sol.  Capillaryrise

ne 2T ose- 2x70x107° ]
~ pgR 103 x10x4x1073 (1)
h=3.5mm
Example 18.
If all the glass capillaries have same internal radius, then in which of the capillary, water will rise to move
height ?

o N AR VR

2T
Sol.  The height of water in the capillary (h = @COS 9] doesn’t depend on shape of the capillary. So water will

raise to same height in all the tubes.
(However the length of water column in the tubes can be different)

0]

M

If capillary tube of insufficient length is used :
Suppose a thin capillary tube of radius 0.35 mm is dipped in water. T
In this case water will rise up to a height

=70x10°N/m, 06 > 0.

water

o 2T o 2x70x1073
= 5 COso =
pgR 10% x10x0.35x1073

=4cm

+pgh
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Now suppose we use shorter capillary of same radius, but its length is only 2 cm. It is slightly dipped in the

water.
To balance the pressure, water level will rise up in the capillary, it will reach upto the upper end of the tube,
and now the contact angle will change till the pressure at same horizontal level is balanced. Balancing

pressure at point A (inside the capillary) and point B (outside)

27 = = Acose
PO—FCOSG+pgh—PO = h= ogR
2x70x107°
2x102= coso
10° x10x0.35x1073
1
cos0 = 5 = 0=60°

So water level will reach to the topmost point of the capillary (= 2cm) and now contact angle will change to
60°. Water will not overflow out of upper end in the form of fountain.

SOLVED EXAMPLE

Example 19.

In the U-tube, radius of one arm is R and the other arm is 2R. Find the difference in water level if contact angle
is 8 = 60° and surface tension of water is T.

P0‘>
T _ _‘< PO—Z—F\TCOSQ
AhE = -
VEZZ . Py
| _A‘: _a__? C_Se_+£géh _________ M P—ECOSG
L L B---| "R
Sol. I [ ]

Balancing pressure at points A and B situated in same horizontal level.
2T 2T
— —cCcos0 + =P — —cos6
P, R pgAh =P, R
here 06 =60° solving we get

T

Ah = —2pgR



JEE (Adv.)-Physics Surface Tension

Example 20.
There is a small hole of diameter 0.1 mm at the bottom of a large container. To what minimum height we can
fill water in it, so that water doesn’t come out of hole. (T, =75x%10°N/m)p . =10°kg/m? g=10m/sec?
Solution :

2—'_2- cosb = P,

The lower surface of water, which will try to come out will be spherical. Pressure just outside the spherical
surface is :

2T
P, + pgh— —-cosb =P,

R
h = Acose
poR
2T
(h)._..= pg_R(COSG)max and (cos0) _ =1
So hy = 2T _ 2x75%x107°

an

PgR ~ 103 x10x0.1x1073
(h),..=15cm

SOME OTHER APPLICATIONS OF SURFACE TENSION

(i)

The wetting property is made use of in detergents and waterproofing. When the detergent materials
are added to liquids, the angle of contact decreases and hence the wettability increases. On
the other hand, when water proofing material is added to a fabric, it increases the angle of
contact, making the fabric water-repellant.

The antiseptics have very low value of surface tension. The low value of surface tension prevents
the formation of drops that may otherwise block the entrance to skin or a wound. Due to low
surface tension the antiseptics spreads properly over the wound. The lubricating oils and paints
also have low surface tension. So they can spread properly.

Surface tension of all lubricating oils and paints is kept low so that they spread over a large area.

Oil spreads over the surface of water because the surface tension of oil is less than the surface
tension of cold water.

A rough sea can be calmed by pouring oil on its surface.
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MISCELLANEOUS SOLVED EXAMPLE
Example 1. (Only for JEE Advanced)
A barometer contains two uniform capillaries of radii 1.44 x 10 m and 7.2 x 10~ m. If the height of the liquid
in the narrow tube is 0.2 m more than that in the wide tube, calculate the true pressure difference. Density of
liquid = 102 kg/m?3, surface tension =72 x 10 N/m and g = 9.8 m/s2.
Sol. Let the pressure in the wide and narrow capillaries of radii r, and r, respectively be P, and P,
Then pressure just below the meniscus in the wide and narrow tubes respectively are

p_2T p,_2T 2T
1 r, and | ™2 [excess pressure = T].

2T 2T
Difference in these pressures = Pi—— | - |Po—— = hpg

True pressure difference = P, — P,

1_1
=hpg+2T |-~

1 1
= 3 -3 -
02x103x98+2x72x10 {1_44X103 7_2X104}

=1.86 x 10° = 1860 N/m?

Example 2. (Only for JEE Advanced)
A liquid of specific gravity 1.5 is observed to rise 3.0 cm in a capillary tube of diameter 0.50 mm and the liquid
wets the surface of the tube. Calculate the excess pressure inside a spherical bubble of 1.0 cm diameter
blown from the same liquid. Angle of contact = 0°.

Sol.  The surface tension of the liquid is
rhpg
T=—
2

(0.025cm) (3.0cm) (1.5gm/cm?®) (980cm/sec?)
2

=55 dyne/cm.
Hence excess pressure inside a spherical bubble

4T  4x55dyne/cm

-2 = 2

p= R (0.5cm) 440 dyne/cm? .

Example 3. (Only for JEE Advanced)
A glass U-tube is such that the diameter of one limb is 3.0 mm and that of the other is 6.00 mm. The tube is
inverted vertically with the open ends below the surface of water in a beaker. What is the difference between
the heights to which water rises in the two limbs? Surface tension of water is 0.07 nm~'. Assume that the

angle of contact between water and glass is 0°.
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Sol.

Equating pressure at point A and B which are in same horizontal level

p-2 pghop-2 2T (1_1)

M r2 “pg (o1
Giventhat T=0.07 Nm~', p=1000 kgm~®
_3 3

= = — = — = -3 = -3
r, 2mm 20 cm 20X100m 1.5x10°m,r,=3x10°m

2x0.07 1 1
= 100098115107 3x103 )M =476x10°m=476 mm

Example 4. (Only for JEE Advanced)
Two parallel plates which are separated by a very small distance d , are dipped in water. To how much height

will the water raise between the plates  ( Assume contact angle 6 — 0)

Sol. Letsdraw free body diagram of the water raised up . Forces on it are :
(i) The plates pull the surface in upward direction with a force 2T/
(ii) The weight of raised water = (p)(¢hd)g For equilibrium, forces should be balanced.

2T
2T/ =(p)(*hd)g = h= ogd
T T
Also —— = pgh ; so we can say that pressure excess due to cylindrical surface = a2 P
Cc

d/2

T

pressure excess due to spherical surface = .
C

T

pressure excess due to cylindrical surface = P
[}
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Alternative method :

MP,Z T T 2T
N ez T
=}/ P 2T+ ph
Wiy, |2
i ol . | S
P 2T h=p o 2T
-+ = = —
= 0 d Py 0, = ogd

Example 5. (Only for JEE Advanced)
Athin capillary of inner radius r, and outer radius r, (The inner tube is solid ) is dipped in water. To how much
height will the water raise in the tube ?  ( Assume contact angle 6 — 0)

Sol.  Applying force balance

T [2nr, + 2nr,] = [nr?, h—zr ?h] pg
2T

he
(r2 —r1)pg

Example 6. (Only for JEE Advanced)
A drop of water volume 0.05 cm? is pressed between two glass-plates, as a consequence of which, it
spreads and occupies an area of 40 cm?2. If the surface tension of water is 70 dyne/cm, find the normal
force required to separate out the two glass plates in newton.

Sol.

T T 2T
Pressure inside the surface P. = Po——=Po———-=Po ——
in rc t/2 t

. 2T 2TA
So, net inwards force =P, A-P_A= |Fo T JA-P A= =

\
Here volume between the platess V=Axt= t= A Putting the value of t

_2A2T _ 2x(40x107*)? x(70x107%)
v 0.05x107°

F =45 N ; So this much force is required to separate the plates
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Example 7. (Only for JEE Advanced)

Sol.

Aglass plate of length 10 cm, breadth 1.54 cm and thickness 0.20 cm weighs 8.2 gm 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 dyne per cm, g = 980 cm/sec?.

The forces acting on the plate are

(i) buoyancive force of water acting upward
1.54x10x0.2
B=p V,,0= 1x " x980 = 1509.2 dyne.
(ii) Weight of the system acting downward
=(8.2) x 980 dyne
(iii) Force of surface tension acting downward

=2(+b)T=2(10+0.2)73=1489.2
So net downward force = mg + (surface tension force) — B = (8.2) x 980 + 1489.2 — 1509.2
=8016.008 dyne = 8.1796 gm force

Example 8. (Only for JEE Advanced)

Sol.

A glass tube of circular cross-section is closed at one end. This end is weighted and the tube floats vertically
in water, heavy end down. How far below the water surface is the end of the tube? Given : Outer radius of the
tube 0.14 cm, mass of weighted tube 0.2 gm, surface tension of water 73 dyne/cm and
g =980 cm/sec?.

Let ¢ be the length of the tube inside water. The forces acting on the tube are :

(i) buoyancive force of water acting upward
22
B =mr2¢ x 1 x 980 == x (0.14)% ¢ x 980 = 60.368 ¢ dyne.
(ii) Weight of the system acting downward
=mg = 0.2 x 980 = 196 dyne.
(iii) Force of surface tension acting downward
=2mnT

22
=2x - x 0.14 x 73 =64.24 dyne.

Since the tube is in equilibrium, the upward force is balanced by the downward forces. That is,
60.368 ¢ =196 + 64.24 = 260.24.

26024
'= %0368

=4.31cm.
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I £xercise # 1

PART -1 : SUBJECTIVE QUESTIONS

SECTION (A) : SURFACE TENSION, SURFACE ENERGY AND CAPILLARY RISE

A-.

A-2.

A-3.

A-4.

A tube of diameter 1 mm bore is dipped into a vessel containing a liquid of density 0.8 g/cm?, surface tension
30 dyne/cm and angle of contact zero. Calculate the length which the liquid will occupy in the tube when the
tube is held (a) vertical (b) inclined to the vertical at an angle of 30°.

A mercury drop of radius 1.0 cm is sprayed into 10° droplets of equal size. Calculate the energy expanded.
(Surface tension of mercury = 32 x 10-2 N/m).

A film of water is formed between two straight parallel wires each 10 cm long and at separation 0.5 cm.
Calculate the work required to increase 1 mm distance between wires. Surface tension = 72x10 -3 N/m.
A capillary tube is lowered into a vessel with a liquid whose vapour pressure may be neglected. The density
of the liquid is p. The vessel and the tube are in a vacuum under the bell of an air pump (fig.). Find the pressure
inside the liquid in the capillary tube at a height h above the level of the liquid in the vessel.

SECTION (B) : EXCESS PRESSURE IN DROPS AND BUBBLE

B1.

B 2.

B 3.

B 4.

A soap bubble has radius R and surface tension S, How much energy is required to double the radius
without change of temperature.

The work done in blowing a soap bubble of volume V is W, then what is the work done in blowing a soap
bubble of volume 2V ?

Find the excess pressure inside a drop of mercury of radius 2 mm, a soap bubble of radius 4 mm and an air
bubble of radius 4 mm formed inside a tank of water. Surface tension of mercury is 0.465 N/m and soap
solution and water are, 0.03 N/m and 0.076 N/m respectively.

Two identical soap bubbles each of radius r and of the same surface tension T combine to form a new soap
bubble of radius R. The two bubbles contain air at the same temperature. If the atmospheric pressure is p,
then find the surface tension T of the soap solution in terms of p,, rand R. Assume process is isothermal.

An empty container has a circular hole of radius r at its bottom. The container is pushed into water very
slowly as shown. To what depth the lower surface of container (from surface of water) can be pushed into
water such that water does not flow into the container ?

Water

(Surface tension of water =T, density of water = p)
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PART - Il : OBJECTIVE QUESTIONS

* Marked Questions may have one or more than one correct option.
SECTION (A) : SURFACE TENSION, SURFACE ENERGY AND CAPILLARY RISE

A1.

A2

A3.

A4,

AS.

A 6.

AT.

Athread is tied slightly loose to a wire frame as shown in the figure. And the frame is dipped into a soap
solution and taken out. The frame is completely covered with the film. When the portion Ais punctured
with a pin, the thread :

Frame (%)

Thread (&77)

(A) becomes convex towards A

(B) becomes concave towards A

(C) remains in the initial position

(D) either (A) or (B) depending on size of Aw.r.t. B

In a surface tension experiment with a capillary tube water rises upto 0.1 m. If the same experiment is
repeated in an artificial satellite, which is revolving around the earth ; water will rise in the capillary tube
upto a height of :

(A)0.1m (B)0.2m (C)0.98 m (D) full length of tube

A thin metal disc of radius r floats on water surface and bends the surface downwards along the perimeter
making an angle 6 with vertical edge of the disc. If the disc displaces a weight of water W and surface
tension of water is T, then the weight of metal disc is :

(A)2rrT+W (B) 2 rT cosb — W (C)2nrT cos + W (D) W =27 rT coso

The surface tension of a liquid is 5 Newton per metre. If a film is held on a ring of area 0.02 metres?, its
surface energy is about :

(A)5x102J (B)2.5x102J (C)2x10"J (D)3 x10"J

The radii of the two columns is U-tube are r, and r,. When a liquid of density p (angle of contact is 0°)
is filled in it, the level difference of liquid in two arms is h. The surface tension of liquid is : (g =
acceleration due to gravity) :

pghryr, pgh(r, —ry) c 2(r, —1y) (D) pgh
2(r, —1q) 2nr, pghryr, 2(r, —1q)

Water rises in a capillary tube to a height h. it will rise to a height more than h
(A) on the surface of sun (B) in alift moving down with an acceleration
(C) at the poles (D) in a lift moving up with an acceleration.

Insects are able to run on the surface of water because :
(A) insects have less weight
B) insects swim on water

(
(C) of the Archimede’s upthrust
(D) surface tension makes the surface behave as elastic membrane.
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A 8.

A9.

A tube of fine bore AB is connected to a manometer M as shown. The stop cock S controls the flow of
air. AB is dipped into a liquid whose surface tension is 6. On opening the stop cock for a while, a bubble
is formed at B and the manometer level is recorded, showing a difference h in the levels in the two arms.
if p be the density of manometer liquid and r the radius of curvature of the bubble, then the surface
tension o of the liquid is given by

A

rhpg

4

Two parallel glass plates are dipped partly in the liquid of density ‘d’. keeping them vertical. If the
distance between the plates is ‘x’, Surface tension for liquid is T & angle of contact is 0 then rise of
liquid between the plates due to capillary will be :

(A) phrg (B) 2phgr (C) 4phrg (D)

TcosH 2Tcos0 2T Tcos6
xd (B) xdg () xdgcos© (D) xdg

SECTION (B) : EXCESS PRESSURE IN DROPS AND BUBBLE

B1.

B 2.

B 3.

B 4.

B 5.

When charge is given to a soap bubble, it shows :

(A) a decrease in size (B) no change in size
(C) anincrease in size

(D) sometimes an increase and sometimes a decreases in size

A water drop is divided into 8 equal droplets. The pressure difference between the inner and outer side
of the big drop will be :

(A) same as for smaller droplet (B) 1/2 of that for smaller droplet
(C) 1/4 of that for smaller droplet (D) twice that for smaller droplet

An air bubble of radius r in water is at a depth h below the water surface at some instant. If P is
atmospheric pressure, d and T are density and surface tension of water respectively, the pressure
inside the bubble will be :

4T 2T 2T 4T
(A)P+hdg—-—  (B)P+hdg+ =~  (C)P+hdg---  (D)P+hdg+—

The work done to get n smaller equal size spherical drops from a bigger size spherical drop of water is
proportional to :

(A) [%]—1 (8) [%]—1 (C) n5 1 (D) 3 — 1

n n

Two unequal soap bubbles are formed one on each side of a tube closed in the middle by a tap. What
happens when the tap is opened to put the two bubbles in communication ?

(A) No air passes in any direction as the pressures are the same on two sides of the tap

(B) Larger bubble shrinks and smaller bubble increases in size till they become equal in size
(C) Smaller bubble gradually collapses and the bigger one increases in size
(

D) None of the above
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B 6.

B7.

B 8.

A soap bubble in vacuum has a radius of 3 cm and another soap bubble in vacuum has a radius of 4 cm.
If the two bubbles coalesce under isothermal conditions then the radius of the new bubble is :

(A) 2.3cm (B)4.5cm (C)5cm (D)7 cm

A cylinder with a movable piston contains air under a pressure p, and a soap bubble of radius r’. The
pressure p, to which the air should be compressed by slowly pushing the piston into the cylinder for the

soap bubble to reduce its size by half will be : (The surface tension is ¢, and the temperature T is
maintained constant)

(A) [BM +247°} (B) [4p1 %G} (C) [2p1 +247°} (D) {%1 +127°’}

Avessel whose bottom has round holes with a diameter of d = 0.1 mm is filled with water. The maximum
height of the water level h at which the water does not flow out, will be : (The water does not wet the
bottom of the vessel). [S.T of water = 70 dyn/cm]

(A)h=24.0cm (Byh=25.0cm (C)h=26.0cm (D) h=28.0cm

PART -l : MATCH THE COLUMN

Match the column.
Column - | Column - 11
(A) Spliting of brigger drop into small drops
(B) Formation of bigger drop from small drops.
(C) Spraying of liquid

(D) Spliting of bigger soap bubble into small

P) Temperature changes
Q) Temprerature remain constant
R) Surface energy changes

o~ o~ o~ o~

S) Surface energy remain unchange
soap bubble of same thickness

(A) 3.53 mm of Hg (B) 1.51 mm of Hg

(C) 0.51 mm of Hg (D) 5.52 mm of Hg

Which limb of the tube should be connected to the pump ?

(A) Limb having radius 2 mm (B) Limb having radius 1mm

(C) Any of the limb (D) None of these

I txercise + 2 I

PART -1 : ONE OPTION CORRECT TYPE

There is a horizontal film of soap solution. On it a thread is placed in the form of a loop. The film is
punctured inside the loop and the thread becomes a circular loop of radius R. If the surface tension of
the soap solution be T, then the tension in the thread will be :

(A) tR3/T (B) tR*T (C)2=RT (D)2RT
A capillary tube of radius R is immersed in water and water rises in it to a height H. Mass of water in

capillary tube is M. If the radius of the tube is doubled, mass of water that will rise in capillary tube will
be

(A) 2M (B)YM (©) % (D) 4M
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3.

10.

Water rises to a height h in a capillary tube lowered vertically into water to a depth ¢ as shown in the
figure. The lower end of the tube is now closed, the tube is then taken out of the water and opened
again. The length of the water column remaining in the tube will be :

UEREEARRRNERRARRRRRRRNNNRAN

(A)2hifl>handl+hifl<h (B)hifl>hand |+ hifl<h
(C)4hifI>handl-hifl<h (D)h/2ifI>handl+hifl<h

A soap bubble of radius r, is placed on another soap bubble of radius ry(r, <r,). The radius R of the
soapy film separating the two bubbles is :

ol
(A) ry+r, (B) Vr12 + r22 (C) (I’13 * r23) (D) I’22—1I’1

The high domes of ancient buildings have structural value (besides beauty). It arises from pressure
difference on the two faces due to curvature (as in soap bubbles). There is a dome of radius 5 m and
uniform (but small) thickness. The ‘surface tension’ of its masonary structure is about 500 N/m. Treated
as hemispherical, the maximum load the dome can support is nearest to

(A) 1500 kg wt. (B) 3000 kg wt. (C) 6000 kg wt. (D) 12000 kg wt.

A soap - bubble with a radius ‘r’ is placed on another bubble with a radius R (figure). Angles between the
films at the points of contact will be —

(A) 1200 (B) 30° (C)450 (D) 900

A large number of liquid drops each of radius 'a' coalesce to form a single spherical drop of radius 'b'.
The energy released in the process is converted into kinetic energy of the big drop formed. The speed
of big drop will be :

6T|1 1 47|11 1 8T|1 1 5T|1 1
wivlasl @Gk efks] eTE

At critical temperature, the surface tension of a liquid :

(A)is zero (B) is infinity

(C) is same as that at any other temperature (D) cannot be determined

A liquid will not wet the surface of a solid if the angle of contact is :

(A) 00 (B) 450 (C)60° (D) > 900

The force required to drag a circular flat plate of radius 5 cm on the surface of water is (ST of water is 75
dyne/cm).

(A) 30 dyne (B) 60 dyne (C) 750 dyne (D) 750n dyne
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1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

A liquid rises in a capillary tube when the angle of contact is :
(A) an acute one (B) an obtuse one (C) n/2 radian (D) mradian

Neglecting gravity, the potential energy of a molecule of liquid on the surface of liquid when compared
with potential energy of a molecule inside liquid is :

(A) greater (B) less (C)equal

(D) depending on the liquid sometimes more, sometimes less

The lower end of a capillary tube touches a liquid whose angle of contact is 909,the liquid
(A) rises into the tube (B) falls in the tube
(C) may rise or fall inside (D) neither rises nor falls inside the tube

A 10 cm long wire is placed horizontally on the surface of water and is gently pulled up with a force of
2 x 1072 N to keep the wire in equilibrium. The surface tension, in Nm~', of water is

(A)0.1 (B)0.2 (C)0.001 (D) 0.002

In a vessel equal masses of alcohol (sp. gravity 0.8) and water are mixed together. A capillary tube of
radius 1 mm is dipped vertically in it. If the mixture rises to a height 5 cm in the capillary tube, the
surface tension of the mixture is : (assume contact angle to be zero)

(A)217.8 dyne/cm (B) 234.18 dyne/cm (C) 107.9 dyne/cm (D) 10.79 dyne/cm

The work done in increasing the size of a rectangular soap film with dimensions 8 cm x 3.75 cm to 10
cm x 6 cm is 2 x 10~ J. The surface tension of the film in N/m is :

(A)1.65x 1072 (B) 3.3 x 102 (C) 6.6 x102 (D) 8.25 x 102
A capillary tube is filled with liquid up to a height of 50 cm. The reading when the capillary tube is tilted
to an angle of 450 s :

(A) 50 cm (B) 5042 cm (C) zero (D) none of these

When a cylindrical tube is dipped vertically into a liquid, the angle of contact is 140°. When the tube is
dipped with an inclination of 409, then the angle of contact is :

(A) 1000 (B) 1400 (C) 1800 (D) 600

The property of surface tensionisto:
(A) increase the volume (B) decrease the volume
(C) increase the surface area (D) decrease the surface area

Radius of a capillary is 2 x 103 m. A liquid of weight 6.28 x 10~ N may remain in the tube if surface
tension of the liquid will be :

(A) 5 x 10-3 N/m (B) 5 x 102 N/m (C)5N/m (D) 50 N/m

A thin metal ring of internal radius 8 cm and external radius 9 cm is supported horizontally from the pan
of a balance so that it comes in contact with water in a glass vessel. It is found that an extra weight of
7.48 g is required to pull the ring out of water. The surface tension of water is

(A) 80 x 103 N/m (B) 75 x 10 N/m (C) 65 x 10 N/m (D) 70 x 10 N/m
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22,

23.

24,

25.

26.

27.

28.

29.

Three surfaces of liquids are shown here. Find the correct statements :

(A) the surface tension of liquid A is infinite and such a surface is not possible practically.

(B) in case of liquid B, the resultant force on a molecule on the surface would be downward, and the
surface is concave.

(C) in case of liquid C, the resultant force due to surface tension is directed downwards

(D) the surfaces of all three liquids A, B and C are in equilibrium and so the net force due to surface
tension is the same

A thin wire is bent in the form of a ring of diameter 3.0 cm. The ring is placed horizontally on the surface
of soap solution and then raised up slowly. Upward force necessary to break the vertical film formed
between the ring and the solution is —

(A) 6nT dyne (B) 2nT dyne (C) 4nT dyne (D) 3nT dyne

The internal radius of one limb of a capillary U-tube is r; = 1 mm and the internal radius of the second
limb isr, =2 mm. The tube is filled with some mercury, and one of the limbs is connected to a vacuum
pump. The difference in air pressure when the mercury levels in both limbs at the same height are —
(The surface tension & density of mercury are 480 dyn/cm & 13.6 gm/cm respectively)

(A) 3.53 mm of Hg (B)2.53 mm of Hg (C) 4.53 mm of Hg (D) 5.53 mm of Hg

When two glass plates are placed one over the other, there is no difficulty in separating them but if a
drop of liquid, say water, is placed between them and squeezed into a thin layer, it requires a considerable
force to pull them apart. The reason for this is that

(A) the pressure inside the film is less than the outside atmospheric pressure

(B) the thin layer of water produces a large resistive force on account of viscosity

(C) there is internal friction between the microlayers of the film

(D) electrostatic charges of opposite nature are produced between the plates.

Two water droplets combine to form a large drop. In this process energy is :

(A) liberated (B) absorbed

(C) neither liberated nor absorbed (D) sometimes liberated and sometimes absorbed

A spherical liquid drop of radius R is divided into 8 equal droplets. If the surface tension is T, then work
done in the process will be :

(A) 2nR2T (B) 3nR2T (C) 4nR2T (D) 2rRT?

The shape of a liquid drop becomes spherical due to its :

(A) surface tension (B) density (C) viscosity (D) temperature

The energy required to blow a bubble of radius 4 cm and 3 cm in the same liquid is in the ratio of :

(A)4:3 (B)3:4 (C)16: 9 (D) 64 : 27
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30.

31.

A number of small drops of mercury adiabatically coalesce to form a single drop. The temperature of the
drop will

(A) increase (B) remain same (C) decrease (D) depend on size.

The adjoining diagram shows three soap bubbles A, B and C prepared by blowing the capillary tube
fitted with stop cocks S, S, S, and S,. With stop cock S closed and stop cocks S,, S, and S, opened:

@?@33 i ()

(A) B will start collapsing with volumes of A and C increasing

(B) C will start collapsing with volumes of Aand B increasing
(C) C and A will both start collapsing with the volume of B increasing

(D) Volumes of A, B and C will become equal at equilibrium

PART -1l : INTEGER TYPE QUESTIONS

There is a soap bubble of radius 2.4 x 10~ m in air cylinder which is originally at the pressure 10° N/m2. The
air in the cylinder is now compressed isothermally until the radius of the bubble is halved . If the pressure of
air in the cylinder is yx10*® Pa. Find y. The surface tension of the soap solution is 0.08 N/m

Along capillary tube of radius r = 1 mm open at both ends is filled with water and placed vertically.

If the height of the column of water left in the capillary is 2.8 x 104 cm. Find z. The thickness of the capillary
walls is negligible. (surface tension of water is 72 dyne/cm and g = 1000 cm/sec?)

Two spherical soap bubbles collapses. If V is the consequent change in volume of the contained airand S is
the change in the total surface area and T is the surface tension of the soap solution, then if relation between
Py, V, Sand T are AP,V + 4ST = 0, then find A? (if P is atmospheric pressure) :

Assume temperature of the air remain same in all the bubbles

A glass capillary tube of inner diameter 0.28 mm is lowered vertically into water in a vessel. The pressure to
be applied on the water in the capillary tube so that water level in the tube is same as that in the vessel is

A x103 N/mZ2 . Then find A in nearest integer (surface tension of water = 0.07 N/m and atmospheric pressure
=10%°N/m?) :

Aglass plate of length 0.1 m, breadth 15 x10-3 m and thickness 2 x10-3 m weighs 8 x10-3 kg in air. it is held
vertically with its longer side horizontal and its lower half immersed in water. If the surface tension of water is
72 x1073 N/m, the apparent weight of the plate is 79.668 x 10-* N. Then find 1. (do not neglect any dimension,
g=10m/s?)



JEE (Adv.)-Physics Surface Tension

6.

10.

1.

A glass U-tube is inverted with open ends of the straight limbs, of diameters 0.5 mm and 1.0 mm below the
surface of water in a beaker. The air pressure in the upper part is increased until the meniscus in one limb is
level with the water outside. Find the height (cm) of water in the other limb in nearest integer. : (Density of
water is 108 kg/m?3 and surface tension of water is 7.5 x 10-2 N/m. Take contact angle 6 = 0°)

TR

A capillary of 1mm diameter, is dipped vertically in a pot of water. If gauge pressure of the water in the tube
5.0 cm below the surface is 21, N/m2 then find A .Surface tension of water = 0.075 N/m. (take g = 9.8 m/s2 and
p,, = 1000 kg/m3)

A capillary tube with very thin walls is attached to the beam of a balance which is then equalized. The lower end of the
capillary is broughtin contact with the surface of water after which an additional load of P = 0.135 gm force is needed to

by
regain equilibrium. If the radius of the capillary is 0 mm then find A The surface tension of water is 70 dyn/cm.

(9=9.8m/s2)

A capillary tube sealed at the top has an internal radius of r = 0.05 cm. The tube is placed vertically in water,
with its open end dipped in water. What should the length of such a tube for the water in it to rise in these
conditions to a height h = 1 cm ? The pressure of the air is P, = 1 atm. = 76 cm of Hg, density of
Hg = 13.6 g/cm3, g = 9.8 m/sec? The surface tension of water is ¢ = 70 dyn/cm. (assume temperature of air
in the tube is constant)

A soap bubble of radius ‘r‘ and surface tension ‘T ‘ is given a potential of ‘V‘ volt . Show that the new
radius ‘R’ of the bubble is related to its initial radius by equation ,

P,[R®=r*] + AT[R*~r?] -¢g,V?R/2=0, where P isthe atmospheric pressure. Find A

A glass rod of diameter d, = 1.5 mm is inserted symmetrically into a glass capillary with inside diameter
d,=2.0 mm . Then the whole arrangement is vertically oriented and brought in contact with the surface
water . To what height will the liquid rise in the capillary . Surface tension of water =73 x 10 ° N/m,
Angle of contact = 0°. (use g = 9.8 m/s?)

PART - 1lIl : ONE OR MORE THAN ONE CORRECT OPTIONS

1*.

2%,

When a capillary tube is immersed into a liquid, the liquid neither rises nor falls in the capillary ?
(A) The angle of contact must be 900 (B) The angle of contact may be 90°

(C) The surface tension of liquid must be zero (D) The surface tension of liquid may be zero
When a drop splits up into number of drops :

(A) area increases (B) volume increases

(C) energy is absorbed (D) energy is liberated
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3.*

6.*

If a liquid rises to same height in two capillaries of same material at same tempreture then.
(A) Weight of liquid in both capillaries will be equal

(B) Radius of miniscus will be equal

(C) For this capillaries must be curve and vertical.

(D) Hydrostatic pressure at the base of capillaries must be same.

When a glass capillary tube is dipped in a liquid, then liquid rises to a height h in the tube. The free
liquid surface inside the tube is hemispherical. The tube is now pushed down so that the height of the
tube outside the liquid is less than h. Then

(A) The liquid will come out of the tube

(B) The liquid will fill the tube but not come out of its upper end
(C) The free liquid surface inside tube may be concave

(D) The free liquid surface inside tube may be convex.

Avertical glass capillary tube, open at both ends, contains some water. Which of following shapes may
not be possible ?

Awater drop falls in air with uniform velocity.

Now upper and lower part of drop are seperated by the distance h (P0 is atmospheric pressure) .

(A) Pressure just inside upper partis P, +2R—T where R, is radius of upper part.
1

(B) Pressure just above the lower part is P, +;—T where R, is radius of lower part.
2

3

h”pg
8T

(C) The difference between radius of upper and lower partis AR =

3

h”pg
2T

(D) The difference between radius of upper and lower partis AR =



JEE (Adv.)-Physics Surface Tension

7.

8*.

Suppose outside pressure is P, and surface tension of soapwater solution is T and we are blowing a
soap bubble of radius R. Then

(A) Pressure inside soap babble of radius R will be P, +?

2T
(B) Pressure inside soap bubble of radius R will be P, +F

(C) Work done by external agent to blow soap bubble is equal to summation of work done against

4T
increase pressure from P, to (P, + R ) and work done against increase in surface energy.

(D) None of these

Which of the following statements are true in case when two water drops coalesce and make a bigger
drop:

(A) Energy is released

(B) Energy is absorbed

(C) The surface area of the bigger drop is greater than the sum of the surface areas of both the drops
(D) The surface area of the bigger drop is smaller than the sum of the surface areas of both the drops

PART - IV : COMPREHENSION

Comprehension #1

The internal radius of one limb of a capillary U-tube is r, = 1 mm and the internal radius of the second
limbisr, =2 mm. The tube is filled with some mercury, and one of the limbs is connected to a vacuum
pump. The surface tension & density of mercury are 480 dyn/cm & 13.6 gm/cm? respectively. (assume
contact angle to be 6 =0°) (g = 9.8 m/s?)

What will be the difference in air pressure when the mercury levels in both limbs are at the same
height?

(A) 3.53 mm of Hg (B) 1.51 mm of Hg

(C) 0.51 mm of Hg (D) 5.52 mm of Hg

Which limb of the tube should be connected to the pump ?

(A) Limb having radius 2 mm (B) Limb having radius 1Tmm
(C) Any of the limb (D) None of these

Comprehension # 2

An open capillary tube contains a drop of water. The internal diameter of the capillary tube is 1Tmm.
Determine the radii of curvature of the upper and lower meniscuses in each case. Consider the wetting
to be complete.

Surface tension of water = 0.073 N/m. (g = 9.8 m/s2)

When the tube is in its vertical position, the drop forms a column with a length of 2 cm.
(A)0.5mm, 1.52 mm (B) 0.5 mm, 1.46 mm

(C) 0.5 mm, lower surface will be flat (D) 0.4 mm, 1.46 mm

When the tube is in its vertical position, the drop forms a column with a length of 4 cm.
(A)0.5mm, 1.52 mm (B) 0.5 mm, 1.46 mm

(C) 0.5 mm,lower surface will be flat (D) 0.4 mm, 1.46 mm

When the tube is in its vertical position, the drop forms a column with a length of 2.98 cm.
(A)0.5mm, 1.52 mm (B) 0.5 mm, 1.46 mm

(C) 0.5 mm, lower surface will be flat (D) 0.4 mm, 1.46 mm
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I £xercise + 3 I

PART -1 : JEE (ADVANCED) / IIT-JEE PROBLEMS (PREVIOUS YEARS)

* Marked Questions may have more than one correct option.

Paragraph for questions 1 to 3.
When liquid medicine of density p is to be putin the eye, it is done with the help of a dropper. As the bulb on
the top of the dropper is pressed, a drop forms at the opening of the dropper. We wish to estimate the size of
the drop. We first assume that the drop formed at the opening is spherical because that requires a minimum
increase in its surface energy. To determine the size, we calculate the net vertical force due to the surface
tension T when the radius of the drop is R. When this force becomes smaller than the weight of the drop, the
drop gets detached from the dropper.

1. If the radius of the opening of the dropper is r; the vertical force due to the surface tension on the drop of radius
R (assumingr << R)is: [lIT 2010; 3/163, -1]
2 2
T 27R“T
(A) 2nrT (B) 27RT (©) 2“; (D) =L :

2. Ifr=5x10"%m, p=103kgm=3,g=10ms2,T=0.11 Nm~", the radius of the drop when it detaches from the
dropper is approximately : [T 2010; 3/163, —1]
(A)1.4%x 1073 m (B)3.3x103m (C)2.0x103m (D)4.1 %103 m

3. After the drop detaches, its surface energy is : [T 2010; 3/163, —1]
(A) 1.4 x1076J (B)2.7x1078J (C)5.4%x107%J (D)8.1x107%J

4. A glass capillary tube is of the shape of a truncated cone with an apex angle a so that its two ends have cross

sections of different radii. When dipped in water vertically, water rises in it to a height h, where the radius of
its cross section is b. If the surface tension of water is S, its density is p, and its contact angle with glass is
0, the value of h will be (g is the acceleration due to gravity) [JEE (Advanced)-2014, 3/60, —1]

28 28

——cos(0—-a) ——cos(6+a)
(A) bog (B) bpg

28 28

——cos(60—a/2) ——cos(0+a/2)
(©) bpg (D) bpg

N _
5 A drop of liquid of radius R = 10> m having surface tension S = 4_nNm : divides itself into K identical

drops. In this process the total change in the surface energy AU = 107 J. If K = 10” then the value of
ais [JEE Advanced-2017]
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6.

A uniform capillary tube of inner radius r is dipped vertically into a beaker filled with water. The water rises
to a height h in the capillary tube above the water surface in the beaker. The surface tension of water is

o. The angle of contact between water and the wall of the capillary tube is 0. Ignore the mass of water
in the meniscus. Which of the following statements is (are) true? [JEE Advanced-2018]

(A) For a given material of the capillary tube, h decreases with increase in r

(B) For a given material of the capillary tube, h is independent of G.

(C) If this experiment is performed in a lift going up with a constant acceleration, then h decreases.,
(D) h is proportional to contact angle 6.

A cylindrical capillary tube of 0.2 mm radius is made by joining two capillaries T1 and T2 of different materials
having water contact angles of 0° and 60°, respectively. The capillary tube is dipped vertically in water in two
different configurations, case | and Il as shown in figure. Which of the following option(s) is(are) correct ?

(Surface tension of water = 0.075 N/m, density of water = 1000 kg/m?, take g = 10 m/s?)
[JEE Advanced-2019]

T2 T1
Case ] Case 11
T1 T2

(1) The correction in the height of water column raised in the tube, due to weight of water contained in
the meniscus, will be different for both cases.

(2) For case |, if the capillary joint is 5 cm above the water surface, the height of water column raised
in the tube will be more than 8.75 cm. (Neglect the weight of the water in the meniscus)

(3) For case |, if the joint is kept at 8 cm above the water surface, the height of water column in the tube
will be 7.5 cm. (Neglect the weight of the water in the meniscus)

(4) For case Il, if the capillary joint is 5 cm above the water surface, the height of water column raised
in the tube will be 3.75 cm. (Neglect the weight of the water in the meniscus)

PART - Il : JEE(MAIN) / AIEEE PROBLEMS (PREVIOUS YEARS)

Work done in increasing the size of a soap bubble from a radius of 3 cm to 5 cm is nearly. (Surface tension
of soap solution =0.03 Nm~") [AIEEE - 2011, 4/120, 1]

(1)4nmJ (2)0.2xmJ (3)2rmJ (4)0.4rmJ

Two mercury drops (each of radius ‘ r’) merge to from bigger drop. The surface energy of the bigger drop, if T
is the surface tension, is : [AIEEE 2011, 11 May; 4/120, —1]

(1)4neT (2)2nreT (3) 28/3qr2T (4) 2573412 T
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3. A thin liquid film formed between a U-shaped wire and a light slider supports a weight of 1.5 x 102 N
(see figure). The length of the slider is 30 cm and its weight negligible. The surface tension of the liquid film
is :

[AIEEE 2012 ; 4/120, 1]

w
(1)0.0125 Nm-" (2)0.1 Nm™ (3) 0.05 Nm™ (4)0.025 Nm~*
4. Assume that a drop of liquid evaporates by decrease in its surface energy, so that its temperature remains
unchanged. What should be the minimum radius of the drop for this to be possible ? The surface tensionis
T, density of liquid is p and L is its latent heat of vaporization. [JEE-Main 2013, 4/120]
(1) pL/T (2) T/pL (3) T/pL (4)2T/pL
5. On heating water, bubbles beings formed at the bottom of the vessel detatch and rise. Take the bubles to be

spheres of radius R and making a circular contact of radius r with the bottom of the vessel. If r << R, and the
surface tension of water is T, value of r just before bubles detatchis :
(density of wateris p, ) [JEE-Main 2014; 4/120, 1]

R2 [Pw9 R2 [Pw9 R2 [Pwd R2 [3Pu9
()RSt @) R*5T (@) R* ™ (4) R* 2
6. If 'M' is the mass of water that rises in a capillary tube of radius 'r', then mass of water which will rise in a
capillary tube of radius '2r' is : [JEE-Main 2019, April, 4/120, -1]
M
(1) 4M (2)M (3)2M 4) B}

7. A capillary tube made of glass of radius 0.15 mm is dipped vertically in a beaker filled with methylene iodide
(surface tension = 0.05 Nm-!, density = 667 kg m-3) which rises to height h in the tube. It is observed that
the two tangents drawn from liquid-glass interfaces (from opp. sides of the capillary) make an angle of 60° with
one another. Then h is close to (g = 10 ms=2). [JEE-Main 2020, Sept., 4/120, —-1]

(1) 0.137 m (2)0.172m (3) 0.087 m (4)0.049m

8. When along glass capillary tube of radius 0.015 cm is dipped in a liquid, the liquid rises to a height of 15 cm within
it. If the contact angle between the liquid and glass to close to 0°, the surface tension of the liquid, in milliNewton
m-1, is [Piquiay = 900 kgm-3, g = 10 ms2] (Give answer in closest integer)
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Exercise # 1

PART -1
Section (A) :
A-1. (a)1.53cm, (b) 1.77 cm
A-2. 3.98 x 102J
A-3. 144x10°J
A4. -rgh
Section (B) :
B1. 24nR%S
B2. 223w
B3. (a)465N/m2  (b)30N/m? (c) 38 N/m?
B4. A T——pO(ZFB_RB)
© AN TT 4R2 —2r2)
B 2T
S oo
PART - Il
Section (A):
A1. (B) A2. (D) A3. (C) A4. (C)

A5 (A) A6. (B) A7. (D) A8. (D
A9. (B)

Section (B) :

B1. (C) B2 (B) B3. (B) B4. (C)

B5. (C) B6. (C) B7. (A) B8. (D)
PART - Il
1. (A)>P R;(B) > PR:(C)> PR: (D) > Q,S
2. (B)
Exercise # 2
PART - |
1. ©O 2. (A 3. (A 4 (D)
5. (B) 6 (A) 7. (A 8 (A
9. (D) 10. (D) M. (A 12. (A
13. (D) 14. (A) 15. (A) 16. (B)
17. (8) 18. (B) 19. (D) 20. (B)
21. (D) 22. (C) 23. (A) 24. (A
25. (A) 26. (A) 27. (C) 28. (A
29. (C) 30. (A) 31. (C)

PART - I
1. 808 2. 1 3. 3.00 4. 101
5. 3.00 6. 3.00 7. 98.00 8. 15.00
9. {/&z Porh +h} ~ 556.55cm d — density of

20 —dgrh
water, o— surface-tension.
10.
4T
h=—~6

M g dg

PART -l
1. (B, D) 2. (A, C) 3. (A,B)
4, (B,C,D) 5. (A,B,C) 6. (A,B,C)
7. (A,C) 8. (A, D)

PART - IV
1. (A) 2 (B) 3. (A) 4. (B)
5. (C)

Exercise # 3

PART - |
1. C 2 (A) 3. B) 4 (D)
5 6 6. (AC) 7. (A,C,D)

PART - I
1. 4 2 3) 3. 4 4. 4)
5. (BONUS) 6. 3 7. (3)
8. 101
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] RANKER PROBLEMS e

SUBJECTIVE QUESTIONS
fdwar® U9 (SUBJECTIVE QUESTIONS)

1. A capillary of radius r is lowered into a wetting agent with surface tension o and density d. Determine the
height h, to which the liquid will rise in the capillary. Calculate the work done by surface tension and the
potential energy acquired by the liquid in the capillary and compare the two. Explain the difference in the
results obtained.

2, Alight open rigid paper frame as shown in (Fig.) floats on the surface of water. What will happen to the
frame if some soap solution is dropped inside it ? What force will acts on the frame and in what direction
will it act ?

— p —

3. A U-tube is made up of capillaries of bores 1 mm and 2 mm respectively. The tube is held vertically and
partially filled with a liquid of surface tension 49 dyne/cm and zero contact angle. Calculate the density of the
liquid if the difference in the levels of the meniscus is 1.25 cm.

4. Assuming the surface tension of rain water to be 72 dyne/cm, find the difference of pressure inside and
outside arain drop of diameter 0.02 cm. What would this pressure difference amount to, if the drop were to be
decreased by evaporation to a diameter of 0.0002 cm?

5. What is the excess pressure inside a bubble of soap solution of radius 5.0 mm , given that the surface
tension of soap solution is 2.5 x 102 N/m . If an air bubble of the same dimension were formed at a
depth of 40.0 cm inside a container containing the soap solution (of relative density 1.2) what would be
pressure inside the bubble .[ 1 atm = 1.01 x 10% N/m? ]

6. A mercury drop shaped as round tablet of radius ‘R‘ and thickness ‘h‘ is located between two horizontal
glass-plates . Assuming h << R, find the expression in weight which has placed on the upper plate to
diminish the distance between the plates ‘n‘ times . The angle of contact = 6 . Calculate the weight if
R=20cm, h=0.38mm, n=2and

0 = 135° . Surface tension of Hg = 0.49 N/m .

7. The lower end of a capillary of radius r = 0.2 mm and length ¢/ = 8 cm isimmersed in water whose tempera-
ture is constant and equal to T, , = 0°C. The temperature of the upper end of the capillary is
Tup = 100°C. Determine the height h to which the water in the capillary rises, assuming that the thermal
conductivity of the capillary is much higher than the thermal conductivity of water in it. The heat exchange
with the ambient should be neglected.

Use the following temperature dependence of the surface tension of water :
T,°C 0 20 50 90
o, mMN/m 76 73 67 60
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8.

10.

1.

12.

13.

14.

15.

A capillary tube of radius r and height h, is connected to a broad tube as shown in fig. The broad tube is
gradually filled with drops of water falling at equal intervals. Plot the changes in the levels of the water in both
tubes with time and changes in the difference between these levels. Calculate the maximum water level in the
broad-tube and maximum difference in levels. The surface tension of water is a.

=

(S

If the radius and surface tension of a spherical soap bubble be ‘R‘& ‘T respectively , show that the
charge required to double its radius would be, 8 tR[g, R[7 PR+ 12T]]"?, where P is the atmospheric
pressure).

A conical glass capillary tube A of length 0.1 m has diameters 10-3 m and 5 x 10~* m at the ends. When itis
just immersed in a liquid at 0°C with larger diameter in contact with it, the liquid rises to
8 x 102 m in the tube. In another cylindrical glass capillary tube B, when immersed in the same liquid at 0°C,
the liquid rises to 6 x 102 m height. The rise of liquid in the tube B is only 5.5 x 10-2m when the liquid is at
50°C. Find the rate at which the surface tension changes with temperature, considering the change to be
linear. The density of liquids is (1/14) x 10* kg/m?3 and the angle of contact is zero. (Effect of temperature on
the density of liquid and glass is negligible). (g = 9.8 N/kg.)

The limbs of a manometer consists of uniform capillary tubes of radii 1.44 x 10-3 m and
7.2 x 10~* m. Find out the correct pressure difference if the level of the liquid in the narrower tube stands
0.2 m above that in the broader tube. (density = 103 kg/m3, surface tension = 72 x 10-3 N/m).
(take g = 9.8 m/s2)

A capillary of 1mm diameter, is dipped vertically in a pot of water. Find gauge pressure of the water in the tube
5.0 cm below the surface. Surface tension of water = 0.075 N/m. (take g = 9.8 m/s? & p, = 1000 kg/m?)

The internal radius of one limb of a capillary U-tube is r; = 1 mm and the internal radius of the second limb is
r, =2 mm. The tube is filled with some mercury, and one of the limbs is connected to a vacuum pump. What
will be the difference in air pressure when the mercury levels in both limbs are at the same height ? Which
limb of the tube should be connected to the pump ? The surface tension & density of mercury are 480 dyn/cm
& 13.6 gm/cm3 respectively. (assume contact angle to be 6 = 180°) (g = 9.8 m/s?)

An open capillary tube contains a drop of water. When the tube is in its vertical position, the drop forms a
column with a length of (a) 2 cm (b) 4 cm (c) 2.98 cm. The internal diameter of the capillary tube is 1mm.
Determine the radii of curvature of the upper and lower meniscuses in each case. Consider the wetting to be
complete. Surface tension of water = 0.073 N/m. (g=9.8 m/s?)

A glass capillary sealed at the upper end is of length 0.11 m and internal diameter2 x 10 °*m .
Tube is immersed vertically into a liquid of surface tension 5.06 x 102 N/m. To what length has the
capillary to be immersed so that the liquid level inside and outside the capillary becomes the same .
What will happen to the water level inside the capillary if the seal is now broken. Assume isothermal
condition in the tube. (Use g = 10 m/s?)



JEE (Adv.)-Physics Surface Tension

{2(1 4n02 211(12}

1. dgr’ dg ' dg
2, The frame will be acted upon by a force F = (o, — a,)¢ and act out side on frame. o, and o, are surface

tensions of water and soap solution.

F
— ‘n—

3. 0.7991 g/cm?
4. Ans. 1.44 x 10* dyn/cm? and 1.44 x 107 dyn/cm?
5. 20 N/m2, 1.05714 x 10° N/m?
6. 1.4 kg
7. 6.4 cm

(Hw - Hz)

h,
8. ! i 5
0 A B C I !
\ '-h
| 0
Maximum height=h, + h;
. . . 200

Maximum difference in level = h  where h = d_gr .

10. —1.4 x10*N/(m -°C)

1. 1860 N/m?
12. 190 N/m?

2Tr, —r
13. {AP =2 1} ~ 3.53 mm of Hg, Narrow tube
pg N
14, (@) 0.5mm,1.52mm (b)0.5mm,1.46mm  (c)0.5mm, lower surface will be flat

15. ~ 0.01 m, liquid will rise to top and radius of meniscus will be 1.012 x 10 m
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I seELF ASSESSMENT PAPER I

JEE (ADVANCED) PAPER-1
SECTION-1 : ONE OPTION CORRECT TYPE (Maximum Marks - 12)

1. If two soap bubbles of different radii are connected by a tube : [AIEEE 2004]
(A) air flows from the bigger bubble to the smaller bubble till the sizes become equal
(B) air flows from bigger bubble to the smaller bubble till the sizes are interchanged
(C) air flows from the smaller bubble to the bigger
(D) there is no flow of air

2. A 20 cm long capillary tube is dipped in water. The water rises upto 8 cm. If the entire arrangement is put in
a freely falling elevator, the length of water column in the capillary tube will be : [AIEEE 2005]
(1)8cm (2)10cm (3)4cm (4)20 cm

3. A capillary tube (1) is dipped in water. Another identical tube (2) is dipped in a soap-water solution. Which of
the following shows the relative nature of the liquid columns in the two tubes ? [AIEEE 2008]

N
N

4. Water is filled up to a height h in a beaker of radius R as shown in the figure. The density of water is p, the
surface tension of water is T and the atmospheric pressure is P . Consider a vertical section ABCD of the
water column through a diameter of the beaker. The force on water on one side of this section by water on the

other side of this section has magnitude [JEE 2007, 3/184]
-
B
— T
C Ih
O
D
(A) ‘2P0Rh+nR2pgh—2RT‘ (B) ‘2P0Rh+Rpgh2—2RT‘

(C)|Po 7R? +R pgh? ~2RT| (D) |Po =R +R pgh? + 2RT]|
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SECTION-2 : ONE OR MORE THAN ONE CORRECT TYPE (Maximum Marks - 32)

10.*

11.*

12.*

The properties of a surface are different from those of the bulk liquid because the surface molecules
(A) are smaller than other molecules

(B) acquire charge due to collision from air molecules

(C) find different type of molecules in the their range of influence

(D) feel a net force in one direction

A liquid is contained in a vertical tube of semicircular cross-section (figure). The contact angle is zero. The
force of surface tension on the curved part and one the flat part are in ratio

=

A)1:1 (B)1:2 (C)ymn:2 (D)2: =
n drops of a liquid, each with surface energy E, join to form a single drop.

(A) some energy will be released in the process

(B) some energy will be absorbed in the process

(C) the energy released or absorbed will be E (n —n??)
(D) the energy released or absorbed will be nE [2%° - 1].

When an air bubble rises from the bottom of a deep lake to a point just below the water surface, the pressure
of airinside the bubble:

(A) is greater than the pressure outside it (B) is less than the pressure outside it
(C) increases as the bubble moves up (D) decreases as the bubble moves up.

When a capillary tube is dipped in a liquid, the liquid rises to a height h in the tube. The free liquid surface
inside the tube is hemispherical in shape. The tube is now pushed down so that the height of the tube outside
the liquid is less than h.

(A) the liquid will come out of the tube like in a small fountain

(B) the liquid will ooze out of the tube slowly

(C) the liquid will fill the tube but not come out of its upper end

(D) the free liquid surface inside the tube will not be hemispherical.

If for a liquid in a vessel, force of a cohesion is twice of adhesion :

(A) the meniscus will be convex upwards

(B) the angle of contact will be obtuse

(C) the liquid will descend in the capillary tube

(D) the liquid will wet the solid

The rise of liquid in a capillary tube depends on :

(A) the material of tube and nature of liquid (B) the length of tube

(C) the outer radius (D) the inner radius of the tube
Angle of contact between a liquid and a solid is a property of :

(A) the material of liquid (B) the material of solid
(C) the mass of the solid (D) the shape of the solid
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SECTION-3 : NUMERICAL VALUE TYPE (Maximum Marks - 18)

13.

14.

15.

16.

17.

18.

Two soap bubbles A and B are kept in a closed chamber where the air is maintained at pressure 8 N/m2. The
radii of bubbles A and B are 2cm and 4cm, respectively. Surface tension of the soap-water used to make
bubbles is 0.04 N/m. Find the ratio n,/n,, where n, and n, are the number of moles of air in bubbles Aand B,
respectively. [Neglect the effect of gravity.] [T 2009_4/160, -1]

In a device designed by Academician Rebinder the surface tension is determined from the pressure difference
required to form a bubble of air at the end of a capillary immersed in the liquid being investigated (fig.).
Calculate the surface tension (in dyn/cm) if the radius of the capillary is r = 1 mm and the difference in the
pressures during bubble formation is AP = 14 mm of water column. The end of the capillary is near the surface
of the liquid.

A rectangular wire frame with one movable side is covered by a soap film (fig.). What force (in dyn) should be
applied to the movable side to counterbalance it ? The length of the movable side is ¢ = 6cm. The surface
tension of the soap film is o = 40 dyn/cm.

Lol

A film of soap solution is formed on a loop frame loop of 6.28 cm long thread is gently put on the film and the
film is broken with a needle inside the loop. the thread loop takes the shape of a circle. If the tension in the
thread is p x 10 N. Calculate p? Surface tension of soap solution = 0.030 N/m.

There is a soap bubble of radius 2.4 x 10~* m in air cylinder which is originally at the pressure 105 N/m?2.
The air in the cylinder is now compressed isothermally until the radius of the bubble is halved . If the

pressure of air in the cylinder is now 8.08 x 10Y. Calaculate y? The surface tension of the soap solution
is 0.08 N/m

Under isothermal condition two soap bubbles of radii a and b coalesce to form a single bubble of radius c. If

P,(c® —a’ -b’)

the external pressure is p,, show that the surface tension T =m .
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B Answers N
1.  (©) 2. (D) 3. (B 4. (B

© . : 5. (C,D) 6. (C)
7. (AC) 8. (A D) 9. (C,D) 10. (A,B,C) 11. (A,B,D) 12. (A, B)
13. 6 14. 70dyn/cm 15. F=480dyn16. 3.00 17. 8.08x 10°N/m?> 18. 4
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