s competishun CAPS-23
PHYSICS FLUID MECHANICS +

TARGET : JEE- Advanced 2021 SURFACE TENSION

SCQ (Single Correct Type) :
1. A sphere of radius R and relative density 4 is hanging with the help of a string such that it
remains just inside water. The ratio of force exerted by the liquid on upper and lower half of

the sphere is

A)1:5 B)1:4
Ans. (A)
Sol. Consider the upper half sphere only, let F, & F, be forces exerted by the water on curved and

(D)1:3

flat surface respectively
F,—-F =F,

lF1
g

PRYRY)-F, =27 p Rg

1
Ezgﬂ p Rg

Similarly for lower half
F,-F,=F,

F, ~ PRI(RY) = SnpR°g

5
F3 = ETC 6R3g
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2.

Ans.

Sol.

Ans.

le
5

1
5

ot |_"I'I

A tube of given shape has cross-sectional area S and total length 2L. its bottom and upper

halves are filled with two non-viscous, non-compressible liquids of densities 3p, p respectively.

If the liquid interface is slightly displaced then find its angular frequency.

(A) Itis not SHM (B) \/%
(D)

Restoring force

F =2s (3p — p) gx = 4spgx
m=Lsp+Ls3p=4Lsp

Y= 45_99:\@
4ps L

A drop of liquid of surface tension o is in between the two smooth parallel glass plates held at

a distance d apart from each other in zero gravity. The liquid wets the plate so that the drop is

a cylinder of diameter D with its curved surface at right angles to both the plates. Determine

the force acting on each of the plates from drops under the given considerations.

)
Drop —»| d
!
— D —
orxD o’nD
(A) — (B) 5 (C) zero
(A)

Plates

(D) None of these

PAGE # 2



D? (¢ o) o

Sol. F _ =onD-P_ x P, = k_—i__J =— (r,=w)]
' h n h
2 D?
Fo=omD 20 FD _ oD
4 2
4. One side of vertical U-tube contains water and other contains oil as shown in figure. The ends

of the tube are connected to the two vessels of same volume. Vessel A is filled with air at
atmospheric pressure. The absolute temperature inside vessel B is one fourth that of vessel A
and number of moles inside vessel B is 5 times that of vessel A. The relative density of the oil

is: (atmospheric pressure =10°Pa, g = 10 m/s?)

1om

"""""" Qil
Water

2 3 1 1
* 3 ®) 7 © 5 0) 5
Ans. (B)
Sol. P,+pgx10=P,+p,gx10

n,RT ngRT;
%HOpwg = %HOpo"g

n,RT,
%+1opwg

5N,RT
O —A+1opoi|g

4

5
P,+10p,g = ZPo +10pg9

TO = 109 (pw - poil)
Poit = 750
Poi = 3
Pw 4

PAGE # 3



5.

Ans.

Sol.

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)

2T 4T T T
(A) — B) — C) — D) ——
par pgr pgr 2pgr
(A)
Let the container is dipped to depth h, so the contact angle becomes 6
P.=P,
P, =P, + pgh
P.=P,+ pgh- gcose =P,
A
h
¢
f3 water
cosO = pghr <1
2T
ne 20| 2 [ - 2T
pgr par

Suppose there is a tank having weightless gate having a cylindrical bottom as shown in
diagram. It can rotate about a hinge O. Water is filled in the tank so that the gate just opens
i.e., rotates clockwise about the hinge when the height of water level is h above the flat portion

of the gate as shown. Obtain minimum value of h.

(A)R (B) V2R (C)R/2 (D) V3R

PAGE # 4



Ans.
Sol.

(D)
Anticlock wise torque about hinge ‘O’ {for horizontal

R

T, = I pgh(b dx)x =
0

{b is the width of gate}

pghbR?
2

—
— Yy
5 dy
—
l ¢ hinge
A A A <
"\ =N—0
A dx X

For vertical portion : {r, clockwise }

h 3
bh
©= [pay®d dy)h-y)="2
0

The gate just open :

2 3
pghbR _ pgbh -
2 6

Comprehension Type Question:

portion}

A horizontal thin tube of length 2L completely filled with a liquid of density 5 rotates about a

vertical axis passing through one of its end and along the diameter of its side face with an

constant angular velocity . Two vertical thin long tubes are fitted with the horizontal tube to

measure the pressure difference between points A and B which are at same horizontal level

as shown. Neglect viscous forces and surface tension of liquid.

\;)m

L
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7. The graph of the pressure gradient (j—Pj with the distance x measured from the axis of
X

rotation is :
d_pu d_p“
dx dx
(A) (B)
» X » %
dp 4
dx
(©) (D) None of these
» X
Ans. (A)
8. The difference in the heights (h) of the liquid column in the two vertical thin tubes is :
2,2 2,2 2,2
(A) 2= (B) 2= () oL (D) None of these
2g 2g 29
Ans. (B)

Sol. dm =38Adx
dPA = (3Adx)a

dm

I [/1111]

X

ﬁ = 60)2X
dx

The difference in heights

0’2’ o’l?

h= — =
Y2 29 29

_30°L?
29
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Numerical based Questions :

9.

Ans.

Sol.

10.

Ans.

Sol.

A rigid bent light rod of total length 2/ can slide on fixed wire frame with the help of frictionless

sliders. There is thin liquid film (surface tension T) between bent rod and wire frame. In

equilibrium the elongation in spring is given by (4;?

j. Then find the value of «.

7 Slider
Fixed wire

flame

2(2T¢) cos53° = Kx

4T3 _

5K

A wire is bend at an angle 6. A rod of mass m can slide along the bended wire without friction
as shown in figure. If a soap film is maintained in the frame and frame is kept in a vertical

position and rod is in equilibrium. If rod is displaced slightly in vertical direction. The time

period of small oscillation is an /% sec. where a and b are constant number then a+b is :

0

s0ap film\ horizontal rod
AY ]

7 m N\

3

mg

4£’(ang
2

2T(2£tangj =mg, T=

if x be the displacement in vertical direction of the rod from equilibrium position
—4T’[an9
2

F.=—2xtan 9Tx2,a= —£X,
2 m
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11.

Ans.

Sol.

Matrix

12.

rod of mass m

; i 2/ tan 6/2 i(

T=2n Le:ht %:27[ ‘
4Ttan> 4™ 9
2 47

a+b=3 Ans. 3

Due to the excess pressure of surface tension find the change in the radius (in A) of a liquid
drop of radius 1 mm, surface tension 0.075 N/m and Bulk modulus 1.25 x 10"® N/m?2,

4

BdV

PET TV

\ s

w| M~ ﬂ’&’

dV = 4nridr

2s _ 4nr3dr
T =Bx
r 4/3nr’

gr= 25 o 20075 045 o5 44
3B 3x1.25x10°  3x1.25

Match Type :

In Column I, position of a water level are shown in certain cases and certain things are given

and certain quantities are asked.Correctly match the asked quantity with the quantities given

in column II.

Column-| Column-l|

(A) (P)  2gh
Pitot tube is used to find the speed v of the flow of
the river water. The expression for vz is :
J _I\E_H_/
v, 2 2gh
B =Y =L Q) %

Area of cross section of the narrower part of the venturi

tube is 1/2 of that of the wider part. If the velocity in the
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wider part is v, and that in the narrower part is v, then

2 je "
v2is:

o LI 0

If the velocity of the efflux from a wide stationary tank and small

orifice is vthen v2is ;

W

(D) (s)
A cylindrical beaker containing some liquid is rotated with
constant angular speed about its axis. If the speed of the
point A is v then v2 is :
Ans. (A)-p;(B)-q;(C)-p;(D)-p
Sol. (A) Applying Bernoulli’s equation between A and B

1o
o

river

Pa +5pg-+hpg
p

Patspg, V2
p 2

vz =2gh
(B) Applying Bernoulli’s equation between A and B
L
A—v, B—y, S

Pa+Spg+hpg . V¥ _ Pa+Spg, V,°

p 2 p 2
v,2—v.2=2gh
Also from continuity eq, v, = 2v,
V12 = @
3

(C) (A) Applying Bernoulli’'s equation between A and B

p_8+ gh p_a =+V_
p p 2
vz =2gh

4gh

6gh
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2.2

D h= ©r
(D) 2
V2 = o2 = 2gh.

Subjective Type Questions :

13. Two identical cylindrical vessels with their bases at the same level each contain a liquid of
density p as shown in figure. The height of the liquid in one vessel is h, and other vessels hy,
the area of either base is A. Find the work done by gravity in equalizing the levels when the

two vessels are connected.

——

Figure (1) Figure (2)
Ans. #(m -h,)

Sol. Leth be level in equilibrium. Equating the volumes, we have

h| =t = | E
= i, " OE =

Ah; + Ah, = 2Ah
h = h, +h,
2
Work done by gravity = U; — Us
h h h
W= (m1g§+ng§j = (M + m)g o

= Ah;pgh, + Ah,pgh,
2 2

—[Ah¢p + Ahzp]g [h1 :hzj
Simplifying this, we get

A
W= % (hy - h2)2

PAGE # 10



14.

Ans.

Sol.

15.

Ans

Sol.

A Pitot tube is shown in figure. Wind blows in the direction shown. Air at inlet A is brought to
rest, whereas its speed just outside of opening B is unchanged. The U tube contains mercury
of density pm. Find the speed of wind with respect to Pitot tube. Neglect the height difference

between A and B and take the density of air as p,.

V= 2(pm _pa)gh
\ Pa

Bernoulli’s equation between A and B gives
p_Azp_B+ﬁ = V2=2|:—pA_pB:|
Pa Pa 2 Pa

Also equating pressures at horizontal level of E
Pat paQy * pagh = Ps + pagy’ + pagy + pmgh.

= Pa + pagh = pg + pmgh [y 0]

Pa—Ps = (pm — pa) gh.
V2 = 2(pm _pa)gh V= 2(pm _pa)gh AnS.
Pa \ Pa

One end of a long iron chain of linear mass density 2 is fixed to a sphere of mass m and
specific density 1/3 while the other end is free. The sphere along with the chain is immersed in
a deep lake. If specific density of iron is 7, the height h above the bed of the lake at which the
sphere will float in equilibrium is (Assume that the part of the chain lying on the bottom of the

lake exerts negligible force on the upper part of the chain.) :

7m

3x

Weight of sphere + chain = (m + ih)g
Buoyant force = (3m + k7—h) g

for equilibrium, weight = Buoyant force or,m+3h=3m+ k7—h orh =Im
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16. Bubbles are made by dipping a circular ring of radius b in a soap solution and then blowing air
on the film formed on the ring. Assume that the blown air is in the form of a cylinder of radius
b. It has speed v and stops after striking the surface of the bubble being formed. The bubble
grows spherically. Let the radius R of the bubble (>> b), so that the air strikes the bubble
surface perpendicularly. The surface tension of the solution is T and air density is p. Obtain
the radius of the bubble when it separates from the ring in terms of the given parameters

(neglect the mass of the bubble).

Ring of radius b

N\
v—
—_—
Blown Air

Bubble

Ans. ﬂ

pV
Sol.

S

—
N>

We know that force =

where (L—T = rate of mass transferred.

dm _ px(ab®)x (Vdt) _

Now dm isalsoeqvalto — = prb? V.
dt dt dt
so force = pV?2 nb?
. pV2nb?
= pressure exerted by air on walls = 5 = pV2

nb
when the thrust of this pressure becomes equal to the excess pressure
= pVZ = ﬂ = final = 4—T2
r pV
Alternate
When force due to surface tension on bubbles is equal to the Force due to blowing air bubble

leave contact with ring (separate from ring)

F =2 x (270T) sino (sin 6 = %)
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F = 4xTb (gj = pnb? V2

R=_"_
pv?

17. A soap bubble of radius R and surface tension T is formed in vacuum. It is slowly charged so
that it slowly expands. It is stopped charging when the radius becomes 2R. Find the amount of
charge given to the bubble. (T = constant)

Ans. Q= 7687°R® ¢, T

Sol.  we have initially P_ = % (1)

Now when extra charge is given, for equilibrium we have

by O = (ﬂj )

= Bovi

Now we have P, = [isothermal change]

Vi
where V. - initial volume of bubble

v, - final volume of bubble

s0, (1) equation will give

2 2
AT [ o° _ 4T c _4T(1 1j=12T

8R 2, 2R 2, 2R

’ 4R R ’ V R

now charge Q = . 4x (2R)? = 4x.(4R?) /?’T% = [256x3T cRPr

Q = |[7687°R°Te,
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18.

Sol.

19.

A wooden plank of length 1m and uniform cross—section is hinged at one end to the bottom of a
tank as shown in figure. The tank is filled with water upto a height 0.5 m. The specific gravity of
the plank is 0.5. Find the angle ¢ that the plank makes with the vertical in the equilibrium

position. (exclude the coso = 0°).

Let cross-section area of the plank is A then weight of plank W= (1 x A) 0.5 x g length of plank

inside the water = 05
cosH

So upthrust on the plank

(ij:Ax‘]xg

cos6
torque about point A
W x AC sin 6 = Th x AD sino
(1xA)yx0.5x%xgx0.5sino

= [—0'5 jA x1xg % Kljx 0.5 } sind
coso 2] cos6

:‘I=#2 = CO0s 6 = L:6=45°
2cos” 0 2

A cylindrical rod of length ¢ = 2m & density % floats vertically in a liquid of density p as shown in

figure.

(i)  Show that it performs SHM when pulled slightly up & released & find its time period.
Neglect change in liquid level.
(i)  Find the time taken by the rod to completely immerse when released from position shown

in (b). Assume that it remains vertical throughout its motion. (take g=n> m/s?)
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Sol. Intially : mg=f = mg=Vd g=Ahdg
when pulled slightly up by x then
f.=mg—f,=mg—-A(h-x)d g

=mg-—Ahd g + Axd, g

f =Axdg

nef

force directry propotional to x therefore if will perform S.H.M.

(i) ma=(mg-Vd,(9))

_ _ Ad;xg
@ {g A(H)dmj

2

dtf +gx—g=0 can be compered with

d*x

o +®2x—g:0:w:\/§

= 2_7:: and time required is = T/2,t= 1 sec
(O]

20. When a vertical capillary of length ¢ with the sealed upper end was brought in contact with the

surface of a liquid, the level of this liquid rise to the height h. The liquid density is p, the inside

diameter of the capillary is d, the contact angle is 6, the atmospheric pressure is P,. Find the

surface tension of the liquid.

Ans, T:(Poh +pghj d

{—h 4cosH

d
2¢cosH

Sol. From diagram r cos 6 = % =r=

P/A =P (A) (--h)
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Pl 2T
= — = 4pgh=P
B f—h , pg 0

:( il +pghj :%(20056)

T = Poh+ h d
le—n P& 4cosH
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