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1.  Thedensity of water at the surface of ocean is p. Ifthe bulk 3.
modulus of water is B, what is the density of ocean water at
a depth where the pressure is nP,, where P is the
atmospheric pressure ?

pB pB
@ B_(n-Dp, ® Bi(n-1)p,
(C) B- nPO (d) B+ IIPO

2. Aball ofradius r and density p falls freely under
gravity through a distance /4 before entering
water. Velocity of ball does not change even on h'I'o
entering water. If viscosity of water is 1) the value

of h is given by
5.

2 H(1-p 2r2[p—l]

roal oA s 1
@ 5" ( . ]g ® 57

2 2

2 4fp-1 2 4[p-l
c) —r d =r'|—
© ol [ ; j g @ 5 ( T )€

(@)

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 liquids is 7and angle of

contact is 0, then rise of liquid between the plates due to

capillary will be

T cosO 2T cos0 2T T cos©

xd xdg © xdg cos 6 (d) xdg

A liquid is allowed to flow into a tube of truncated cone

shape. Identify the correct statement from the following

(@) The speed is high at the wider end and high at the
narrow end

(b) The speed is low at the wider end and high at the
narrow end

(c) The speed is same at both ends in a streamline flow

(d) Theliquid flows with uniform velocity in the tube

A wide vessel with a small hole at the bottom is filled with

water (density p , height /2 ) and kerosene (density p,, height

h,). Neglecting viscosity effects, the speed with which water

flows out is :

@ [2g(h,+h,)]"

© [28(h, +h,(p/p )]

(b) [2g(h,p, + h,p,)]"
(d) [2g(h,+h(p/p)]"
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7.

10.

11.

12.

A capillary tube of radius r is immersed vertically in a liquid
such that liquid rises in it to height h (less than the length of
the tube). Mass of liquid in the capillary tube is m. Ifradius
of the capillary tube is increased by 50%, then mass of liquid
that will rise in the tube, is

2 3
@ sm () Pl (d)
A lead shot of | mm diameter falls through a long column of

glycerine. The variation of its velocity v with distance
covered is represented by

t t

@) /_— ®) 4

9

im (© —m

Distance —» Distance —»
covered covered
v v
© L o N\
Distance —» Distance —»
covered covered

Two mercury drops (each of radius ‘7’) merge to form bigger
drop. The surface energy of the bigger drop, if 7T is the
surface tension, is :

@) 4T (b) 2m’T

© 2883wl @ 2°°mlT

Wax is coated on the inner wall of a capillary tube and the
tube is then dipped in water. Then, compared to the unwaxed
capillary, the angle of contact 6 and the height 4 upto which
water rises change. These changes are :

(@) 0 increases and / also increases

(b) © decreases and / also decreases

(c) 0 increases and 4 decreases

(d) © decreases and / increases

A rain drop ofradius 0.3 mm has a terminal velocity in air =
1 m/s. The viscosity of air is 8 x 10~ poise. The viscous
force on it is

(a) 45.2x10*dyne (b) 101.73x107 dyne

(c) 16.95x 10~*dyne (d) 16.95x 107 dyne

A water tank of height 10m, completely filled with water is
placed on a level ground. It has two holes one at 3 m and the
other at 7 m from its base. The water ejecting from

(@) both the holes will fall at the same spot

(b) upper hole will fall farther than that from the lower hole
(c) upper hole will fall closer than that from the lower hole
(d) more information is required

Two capillary of length L and 2L and of radius R and 2R are
connected in series. The net rate of flow of fluid through
them will be (given rate to the flow through single capillary,

nPR*

X= )
&nL

13.

14.

15.

16.

17.

18.
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9 7
(@) X (b) X © -X d X
A candle of diameter d is floating on a liquid in a cylindrical
container of diameter D (D >>d) as shown in figure. Ifit is

burning at the rate of 2 cm/hour then the top of the candle
will

(a) remain at the same height -
(b) fall at therate of 1 cm/hour IL
(c) fallat therate of 2 cm/hour > d e
(d) goup at the rate of 1 cm/hour N D

An isolated and charged spherical soap bubble has a radius
r and the pressure inside is atmospheric. T is the surface

tension of soap solution. If charge on drop is X nr,/21Tg
then find the value of X.
@ 8 (b) 9 © 7 d 2

A thread is tied slightly loose to a wire frame as in figure and
the frame is dipped into a soap solution and taken out. The
frame is completely covered with the film. When the portion
A is punctured with a pin, the thread
(@) becomes concave towards A
(b) becomes convex towards A

(c) remains in the initial position
(d) either (a) or (b) depending

on the sizeof Aw.r. t. B

Which of the following expressions represents the excess
of pressure inside the soap bubble?

Frame

2
(@) Pi—PO:% (b) Pi—PO:TS

2 4
¢ P,—P, = rs-i-hpg (d) Pi—Poz—rS

A spherical solid ball of volume ¥ is made of a material of
density p,. It is falling through a liquid of density
p, (p,< p,). Assume that the liquid applies a viscous force on
the ball that is proportional to the square of its speed

v,ie,F = —kv? (k> 0). The terminal speed of the ball
is

Ve(p1—p2) Vgpy
@ ® —*

/Vgp Va(p; —
© Tl @ g(plk P2)

Select the correct statements from the following.

(a) Bunsen burner and sprayers work on Bernoulli's
principle

(b) Blood flow in arteries is explained by Bernoulli's
principle

(c) A siphon works on account of atmospheric pressure.

(d) All are correct
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19.

20.

21.

22.

23.

24.

25.

26.

1r-351

The wetability of a surface by a liquid depends primarily on
(a) surface tension
(b) density
(c) angle of contact between the surface and the liquid
(d) wviscosity
The relative velocity of two parallel layers of water is
8 cm/sec. If the perpendicular distance between the layers
is 0.1 cm, then velocity gradient will be
(@) 80/sec (b) 60/sec (c) 50/sec
Choose the correct statement
(@) Terminal velocities of rain drops are proportional to
square of their radii
(b) Water proof agents decrease the angle of contact
between water and fibres
(c) Detergents increase the surface tension of water
(d) Hydraulic machines work on the principle of Torricelli's
law
When a ball is released from rest in a very long column of
viscous liquid, its downward acceleration is ‘a’ (just after
release). Its acceleration when it has acquired two third of
the maximum velocity is a/X. Find the value of X.
(@ 2 (b) 3 (c) 4 @ 5
A ring is cut from a platinum tube 8.5 cm internal and 8.7 cm
external diameter. It is supported horizontally from the pan
of a balance, so that it comes in contact with the water in a
glass vessel. If an extra 3.97. If is required to pull it away
from water, the surface tension of water is
(@) 72dynecm! (b) 70.80 dyne cm™!
(c) 63.35dynecm™! (d) 60 dynecm!
Which of the following graph represents the variation of
surface tension with temperature over small temperature
ranges for water?

(d) 40/sec

(@ ST (b) S.T

(¢ ST d ST

—_T __T

When a large air bubble rises from the bottom of a lake to
the surface, its radius doubles. If the atmospheric pressure
is equal to that of a column of water of height H, then depth
of the lake is

(@ H (b) 2H (c) ™ (d 8H

What is the velocity v of a metallic ball of radius r falling in
a tank of liquid at the instant when its acceleration is

27.

28.

29.

30.

31.

32.

one -half that of a freely falling body ? (The densities of
metal and of liquid are p and o respectively, and the viscosity
ofthe liquid is ).

2 2

@) %(p ~20) (b) %(2;) ~o)
2 2

© %(p—c) ) 2;—ng(p—c)

Two pieces of metals are suspended from the arms of a
balance and are found to be in equilibrium when kept
immersed in water. The mass of one piece is 32 g and its
density 8 g cm™3. The density of the other is 5 g per cm?.
Then the mass of the other is

(@ 28g (b) 35¢g (c) 21g (d) 33.6¢

A block of material of specific gravity 0.4 is held submerged
at a depth of 1m in a vessel filled with water. The vessel is
accelerated upwards with acceleration of a, = g/5. If the
block is released at ¢ = 0, neglecting viscous effects, it will
reach the water surface at ¢ equal to (g =10 m/s?) :

(@ 0.60s (b) 0.33s (c) 33s d 1.2s
Figure shows a capillary rise H. If the air is blown through
the horizontal tube in the direction as shown then rise in
capillary tube will be

@@ =H
(b) >H
(c) <H
(d) zero
A small spherical ball falling through a viscous medium of
negligible density has terminal velocity v. Another ball of

the same mass but of radius twice that of the earlier falling
through the same viscous medium will have terminal velocity

@ v (b) v/4 (c) v2 d) 2v

Two non-mixing liquids of densities p and np
(n> 1) are put in a container. The height of each liquid is h.
A solid cylinder of length L and density d is put in this
container. The cylinder floats with its axis vertical and length
pL(p <1) in the denser liquid. The density d is equal to :
@ {l+m+Dpip (b)) {2+(Mm+1Dpjp
© {2+Mm-Dpip (d {I+O-Dpip
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 ZZ
(@) 0.0125Nm! (b) 0.1Nm! O
(©) 0.05Nn! (d) 0.025Nm! W
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33.

34.

35.

36.

37.

38.

39.

Two liquids of densities d; and d, are flowing in identical
capillary tubes uder the same pressure difference. If't; and
t, are time taken for the flow of equal quantities (mass) of
liquids, then the ratio of coefficient of viscosity of liquids

must be
djt t d, t dity
@ L ® L @ 22 @
dztz t) dl ty 2t2

Let T, be surface tension between T

solid and air, T, be the surface
tension between solid and liquid and ] Y’

T be the surface tension between T, Solid T,
liquid and air. Then in equilibrium, for a drop of liquid on

a clean glass plate, the correct relation is (0 is angle of
contact)

T
L+T,
h+1,

(@ cos B = (b) cos 6 =

L-T7,

T

(c) cos B = (d) cos 6 = Tl%

T
A uniform rod of density p is placed in a wide tank containing
a liquid of density py(p, > p). The depth of liquid in the
tank is half the length of the rod. The rod is in equilibrium,
with its lower end resting on the bottom of the tank. In this
position the rod makes an angle 6 with the horizontal

. 1 : 1
(@) sin@= qupo /p (b) sinb :E%O
(c) sinBO=./p/p, (d) sinB=p,/p

A spherical ball of iron of radius 2 mm is falling through a
column of glycerine. If densities of %lycerine and iron are
respectively 1.3 x 103 kg/m? and 8 x 10° kg/m3. n for glycerine
=0.83 Nm 2 sec, then the terminal velocity is
(@ 07m/s (b) 0.07mvs (c) 0.007m/s (d) 0.0007 m/s
A water film is formed between two straight parallel wires of
10 cm length 0.5 cm apart. Ifthe distance between wires is
increased by 1| mm. What will be the work done ?

(surface tension of water = 72 dyne/cm)
(@) 36erg (b) 288erg (c) l4derg (d) 72erg

A waterproofing agent changes the angle of contact

(@) from obtuse to acute.

(b) from acute to obtuse.

(c) from obtuse to /2.

(d) from acute to /2.

A thin metal disc of radius 7 floats on water surface and
bends the surface downwards along the perimeter making
an angle 0 with vertical edge of the disc. Ifthe disc displaces

40.

41.

42.

43.

44.

45.

DPP/ CP09

a weight of water 7 and surface tension of water is 7, then
the weight of metal disc is:
(@) 2mT+wW (b) 2mrTcosO—W
(c) 2mwrTcosO+W (d W-2nrTcosB
A tank has a small hole at its botom of area of cross-section
a. Liquid is being poured in the tank at the rate Vm?3/s,
the maximum level ofliquid in the container will be (Area of
tank = A)
% V2 V2 \

(@) (b) © — @

gaA 2gAa gAa 2gaA
A jar is filled with two non-mixing liquids 1 and igad 1 pyi
2 having densities p, and, p, respectively. A
solid ball, made of a material of density p,, is
dropped in the jar. It comes to equilibrium in

the position shown in the figure. Which of the following is
true for p,, p,and p,?

@ p3<p; <p, ®) p>p; >,

© p<p, <p; @ p<p; <p,

On heating water, bubbles being formed
at the bottom of the vessel detach and
rise. Take the bubbles to be spheres of
radius R and making a circular contact
of radius r with the bottom of the vessel.
Ifr <R and the surface tension of water [se
is T, value of r just before bubbles
detach is: (density of water is p,,)

2 2Py 8 2 |Pw8 2 [Pw8 2 3pwe
@ R\/n <b)R\/6T @RS @R ==

The lift of an air plane is based on

(a) Torricelli'stheorem

(b) Bernoulli's theorem

(c) Lawofgravitation

(d) conservation of linear momentum

The cylindrical tube of a spray pump has radius, R, one end
of which has n fine holes, each ofradius r. If the speed of the
liquid in the tube is V, the speed of the ejection of the liquid
through the holes is :

@ By W VR g W

a) —5 — () —

nr? n’r? nr n’r?

Drops of liquid of density p are floating half immersed in a
liquid of density o. If the surface tension of liquid is 7, the
radius of the drop will be

[ 3r [ er [ 37 [ 37
@ eGr-0 P Ver-0) V20 V230
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Bulk modulus, 4.
AP AP
B = —— = — —_
( AV) = AV =-YV, B
Vo

or V-V, =-V, % (Here V, = volume at the surface

and V = volume at the depth)
_ AP AP
or V_VO VO B = Vsz(l_Ej 5,

m

m__ m
V()
B

Density, p'=

= (- AP=nP)—P)) 6.

m ( - nP, — Poj
B
___pB
- B-(n-1P,
Velocity of ball when it strikes the water surface
v =./2gh (1)
Terminal velocity of ball inside the water

2o (p-D . .
=§r2g pn ..(i1) 7

p

v

272
Equation (i) and (i) we get \/2gh = ETg(p -1

2
SR R 8.
81 n

X

Let the width of each plate is b and due to surface tension
liquid will rise upto height h then upward force due to
surface tension.
= 2TbcosO
Weight of the liquid rises in between the plates
=Vdg = (bxh)dg ..(ii)

Equating (i) and (ii) we get, 2T cos® =xhdg

2T cos© 11.

..- h =

xdg

PHYSICS
SOLUTIONS

(1) 10.

DPP/CP09

() The theorem of continuity is valid.
-~ Ayvip = A,v,p as the density of the liquid can be
taken as uniform.

A

A

LAV =AY,
= Smaller the area, greater the velocity.

1 1
© P+ 5 pw it 0=P + 50+ (pigh + pyghy)

Asv,<<v, 5v,= [2g(h +h2)[i—2 |
1

2Tcosejhocl:h_2:r_1:

pg r o h o

Ne—

(© h=

W N

( =r, I :r+50%0fr:%rj

3 )2
New mass m, = nryhyp =T (Erlj (5 hl) p

3 3
= E(mlzhl) p= Em

(@) When a body falls through a viscous liquid, its velocity
increases due to gravity but after some time its velocity
becomes uniform because of viscous force becoming
equal to the gravitational force. Viscous force itselfis a
variable force which increases as velocity increases, so
curve (a) represents the correct alternative.

(¢) Sum of volumes of 2 smaller drops
= Volume of the bigger drop

2.%nr3:§nR3 — R=2V3,

Surface energy = T.4nR?

= T4n22372 = T.283 w2,
(¢) Angle of contact 6

cos = 13a ~TsL
Tea
when water is on a waxy or oily surface
Tg, <Tg cos 0 isnegativei.e., 90°<0<180°
i.e., angle of contact 0 increases
And for 8 >90°liquid level in capillary tube fall. i.e., h
decreases
@ F=6nnrv
=6x3.14x (8 x1072) x 0.03 100
=4.52 x1073 dyne

(@ Velocity of water from hole= v; = ,/2gh

Velocity of water from hole B

EBD_71
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v, =2g(Hy —h)

Time of reaching the ground from hole B

tl :4’2(1‘[0 —h)/g

Time of reaching the ground from hole A
t2 = 1¢2h / g

o o 8nL
Fluid resistance is given by R= —

TCI'4

When two capillary tubes of same size are joined in
parallel, then equivalent fluid resistance is

8nL  8nx2L (SnLj 9
+ = xX=
mR* n2r)* (ar*) 8
4

Rate of flow = P _mR 3
Rg 8oL 9 9
13. () The candle floats on the water with half its length above
and below water level. Let its length be 10 cm with 5 cm
below the surface and 5 cm above it. If its length is
reduced to 8 cm, it will have 4 cm above water surface.

So we see tip going down by 1 cm.
rate of fall of tip =1 cm/hour.

12. (a)

RS :R1+R2:

4T
14. (a) Inside pressure must be — greater than outside pres-
r

sure in bubble.

P,

This excess pressure is provided by charge on bubble.

AT_o? AT Q. 0=

r 28 r len’rt x2g, 2

Q = 8mr,/2rTg,
15. (a) Because film tries to cover minimum surface area.
16. )
17. (@) Thecondition for terminal speed (v,) is
Weight = Buoyant force + Viscous force
F B=Vp,g

v

- 4rr

W=vp.g

. _ Vg (o, —03)
LV, = T

(d According to Bernoulli's theorem, when velocity of
liquid flow increases, the pressure decreases.

L Vpig=Vpyg+hy
18.
19. (c) Wetability of a surface by a liquid primarily depends
on angle of contact between the surface and liquid.
If angle of contact is acute liquids wet the solid and
vice-versa.
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20. (@ dv=8cm/sanddx=0.1cm

Velocit dient dv _38 80/s
cl0oC radient= —=—= .
e dx 0.1

21. (@) Terminal velocities of rain drops are proportional to
square of their radii.
Terminal velocity of a body is given by

2R?
vy =——(d-0)g.or, v o« R2

M
22. )
6mnrv 2 2
f 6rnr BT W,
ﬁ) Wer=6mnr vy
Weff Weﬁ”
When the When the ball attains

When the ball attains
2/3 of terminal velocity

ball is released terminal velocity

When the ball is just released, the net force on ball is
W, (= mg — buoyant force)

The terminal velocity v of the ball is attained when net
force on the ball is zero.

.. Viscous force 6mnr vy = W

2
When the ball acquires 3 rd of its maximum velocity v,

. .2
the viscous force is = Eweff

2 1
Hence net force is Wegr — 3 Wepr = gWeff

.. required acceleration is a/3

23. (@ (2my+2np)o=mg

|:2TE><%+2TE><8;25:|G =3.97x980

= o =72 dyne cm™!

24. (b) Overasmall temperature ranges, S.T. of water decreases
linearly with rise of temperature.

4
25. (c¢) Volume of air bubble V = 3 e

We get, v o 13
Ifris 2 times, V becomes 8 times at the surface of lake.
Pressure at the surface of lake is given by
P, =1atmosphere, V| =8V
= P,=Hdg  where, d = density of water
Pressure at the bottom of lake,
P,= Pressure of atmosphere + Pressure of water
P,=Hdg+hdg=(H+h)dg where, h=depth of lake
Let final volume, V, =V.
Because temperature is constant, hence from Boyle's
law

% © P,V,=P,V, = Hdgx8V=(H+h)dgxV = h=7H.

. (c
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27. ()
28. ()
29. ()
30. (¢)
31. @
32. @@
33. (@
34. @@
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. 32 3
Volume of first piece of metal = Y =4cm

Upthrust =4 gf
Effective weight= (32 —4) gf =28 gf
If m be the mass of second body, volume of second

body is &
ody is
Now, 28=m—?:m=35g

B _ P _ 4
gy = 12m/s?, = __E

Pw

V 12-V 12
a= Pw X Pm % :18m/52
Vom
1 ! 18, ¢ 1s
= — X = — 8.
2 ’ 3

Due to increase in velocity, pressure will be low above
the surface of water.

If p is the density of the ball and p’ that of the another
ball, m for the balls are the same, but '=2r

.. mg=6mmpy (by Stoke's law)

or, 6rumv=6m2rmny’ So, V' = %

As we know,
Pressure P =Vdg

Here, LAdg=(pL)A(np)g+(1-p)LApg

= d=(-pp+pnp=[l+(n-1)plp

At equilibrium, weight of the given block is balanced
by force due to surface tension, i.e.,

2L.S=W
-2
or S:Z:M:QOZSNW,_I
2L 2x03m
T, +Tcos(n—-0)=T,
T
T, T,
I -1
cos (m—0) =
(r-0)= =

35.

36.

37.

38.

39.

@

)

©

)

©

T, -T,
—cosf=-2_"1

T, - T
cosf="1 "2
T

Let L =PQ=length ofrod

L
5 SP=8Q==

Weight of rod, W = Alpg.
Acting at point S

And force of buoyancy,

F; = Alp,g. [/[=PR]

Which acts at mid-point of PR.
For rotational equilibrium.

Alpogxgcose = ALpg x%cose

12_p

p

DF o

L
o L Po
. h L 1 [pg
sinf=—=—=— /—
From figure, 172 2\ p

om
~ 2x(2x107)? x(8—-1.3)x10° x9.8
9x0.83
Work done = Surface tension x increase in area of the
film
W=SxAA
Increase in area = Final area — initial area
=10x(0.5+0.1)=10%x 0.5=1 cm?
W=T72x2x1=144erg
[ There are 2 free surfaces; .. AA=2x1].
Waterproofing agents are used so that the material
does not get wet. This means angle of contact is
obtuse.

Terminal velocity, v =

=0.07 ms~!

For floating disc, F__. =0

net

or Fy,+2mrTcos® =W'
or W +2nrT cos® = W'
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40. () 2T, 5 4nR’
41. () From the figure itis clear that liquid 1 floats on liquid 2. T(”r )= 3 P8
The lighter liquid floats over heavier liquid. Therefore ) 2 RrR? 0.8 _ R 20,8
we can conclude that p; < p, = r T3 =r= 3T
Also p; < p, otherwise the ball would have sink tothe 43, () Bernoulli’s theorem.
bottom of the jar. 44. (a) Inflow rate of volume of the liquid = Outflow rate of
Also p; > p; otherwise the ball would have floated in volume of the liquid
liquid 1. From the above discussion we conclude that 5 5 R2vV  VR?2
P < P3< Py TRV =nnr4(v) =>v= —nnr2 :_nrz
42. (a) When the bubble gets detached, 45. (c) T x2nr+mg =F,

Buoyant force = force due to surface tension

"\a Txdl

Force due to excess pressure = upthrust

o 2T _ /L
Access pressure in air bubble = R T \g@2p-0)
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