d‘, B uiace teneion. Deduce an expression for the excess
presslire over a curved surface of a liquid. Hence find out the excess of
pressure in the case of spherical air bubble inside a liguid.
(GKP-1999,07,11, 20112,2013,2014,2015,2016)

col - SURFACE TENSION :- Surface tension is a phenomenon due to the force
of attraction between the molecules. To define surface tension of the liquid in
equitbrium state letus imagine a straight line AB of length L drawn on the free
surface of the liquid. The melecuies on the two side of the line AB have a
tendency to pull the molecules on the line in the direction shown by arrow. The
direction of the puliing forces are perpendicular to the line AB and tangential to
the free surface of the tiquid. The magnitude of net puiling force acting on either
side of the line is proportional 1o the length L. Therefore we have

YN TG @1 EeHT Al @ 4 gRTaR® ITHHOT §1 § HINOT T&d) 8 | TRITaeIn
¥ yss g @t wldnf¥a @ R wen EE ww 3 a9 WL TS @1 UP
wreufe TRE X@T AB Wi 0 | YaT AB @ w6 avs Rerd ampsil @1 g wqfta BN &
arupeil @Y S gl WY Ry & avw G S B fre H R g R 2| G o ared
g o) F2e X AB @ orrad 2l el ®a @ vads ool @ el grf | Y @1 B U
ARG B el gl BT GIHIT TR @ EFEHIAI B | 3ayd

Feoe LOrRF=TL

Where the proportionality constant T, which depends on the liquid and

its temp is known as surface tension of the liquid.

IfL=1unit,thenF =T

Thus, surface tension of a liquid is defined as the tangential force per
unit length, acting at right angles on either side of a line imagined to be drawn
in the free liquid surface in equilbrium.
Gré?ﬁ’ﬁTmﬁ%‘mﬁmﬁrﬁraﬁmﬁa’rﬁsaﬂa&nmﬁmwﬁﬂ?mésﬁﬁmw
ST wEg &1 A L= 331E g F = To (5 g & 79 a9/ B g9 hR aReiud
Ry o 9FAr £ e wreafie e @ P e w, S B 99 @ Hae W Oareiaer |
el T 2, oA faun ¥ HRRE SIS s @ X9l 96 P 7 BT g a9 FEd € |
EXCESS PRESSURE ON THE CURVED SURFACE :- If we have a curved liquid
surface at rest, then the inward pressure on it due to surface tension must be
halanced by an egual excess of pressure outward, acting on the concave side.

afe B9 ve faNr Srawey 3 UF HAETeR G4 UOE o @) Y T91d B BIRUT §H R IR DY
A ST AT €Yd SrEEe Wi WY avw SRiRe diER /19 9 Aiffrear 9 sdgfera € anfdy |

Let ABCD be a srnall curvilinear rectangle of the curved liquid surface.
lts side AB is of length x and radius of curvature r, with centre at O, and the side
BC is of length v and radius curvature r, with centre at O,. Clearly, AO, =BO, =r,
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and BQ, CO
. HET ABCD THTHIR FIAE BT UF BIST gHEyg

AT €| gudt qou AB &1 orid, aman A aar @R s
Xr, wr O, 8 g0 yR Yo B & fog swen y r, gar O, # |
LSS eth | )
BO,=CO,=r,

"Let the excess pressure on the concave
side be p. when the liquid surface is at rest, the

outward force on the element ABCD is = p. xy

Area of the rectangle ABCD = xy
Suppose the surface is expanded by giv-
ing an infinitesimally small normal displacement .

o. (= AA) so that the element occupies a new position AB’C’'D’. Hence the
work done by the excess pressure p is
W = force ¢ displacement
AT UAE Bl e arey wieT Affenaad favemmm &, (= AAY) grT fawRa
. o wrar 21 Rra 5 g 197 i AB'C'D’ UEYT BR oK B 1§99 UBR g &Y SIfdedr
B BRI BT 731 P |
or, W =p. xy. dZ -----(1)
If ¢+ & x) and (y+ & y) be the length of A'B’ and B’C’ respectively, then
increase in the area of the liquids surface under consideration is
=X+SX)(Y+SY)-Xxy
=XSY+YS X
Here the product dx is very small quantities and therefore it has been neglated.

. Increase in the surface energy
= surface tension x increase in area

=TXSY+YySsx) - (2)
This increase in the surface energy is equal to the work done in expanding the
surface by excess of pressure, hence frorn equation (1) and (2) we get:-
aag goit 7 gf3g <19 @) rfSrear g g 9ag & Bar § B T s o avay
810 et wlo (1) germr (2) wdlo ¥ &9 uig & -
' PXYsz=T(x5y+ysx)
f 16y, 18x)
. =
y Sz xdz)
Now from similar triangles ABQO, and A'B’O,, we have

or, p=

,<+éx “ +O -
or, VHRROR ii-i-(s)_‘
X y

oX >
or, 1+- = 1+£?_—’_
X i'l



X
or, — =§£-'—
X H
16, 1 .
or, x 5. e (4)

196y 1
O, y ) 5: rz ................'...(5)
- 1 OX 1 Oy
substituting these values of ;-—gg and ;-ﬁ:“ in equation (3), we have
or, p=T (i + -1] rn(B)
o K

In case of a single spherical surface such as that of a liquid drop or an
air bubble inside the liquid, we have

I .1
r, =r,=r(say). Hence P~ T(F+F)

2T

p= —
r

Ques(2) Calculate the work done in spraying a spherical drop of wateroof
41mm radius intoa million identical droplets, the surface tension of water

being 7.2x102 N/m. (1999, 2008)
4 3 4 233 4 9
Sol” Voliume of the drop = R = - 7 (10 3) = — 710" m?
3 3 3
Surface area of the drop = 4 ;rRz

= 471022 =4710°m?

Let r be the radius of a droplets. The volume of 1 0° droplets
= 10° (4/3:) }Tf3 A
The mass and therefore, the volume of the liquid is conserved. Thus we have -
(413) 7z 10°=10° (4/3) = r
= = 101
et r=10°"m
Therefore, the surface area of 10° droplets = 108 4pr?
= 10%4 7 (10%)?
=47 104 m?
Hence, the increase in surface area = surface area of 10° droplets - surface

area of the drop
=47 10-4 7 ‘IOjs =3.96 7. 10*m?
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Therefore, the increase in potential energy = surface energy ’increase

in surface area
= surface tension ' increase in surface area

=7.2x102x3.96 7 104 = 8.9573 x 105 joulie.

This increase in potential energy is equal to the amount of work done to
break the drop into droplets. Therefore, the amount of workdone is
8.9573 x 10%joule.

- Ques(3) A spherical ball of radius 1 x 10°m and density 104 kg/m? falls freely
under gravity through a disiance h before entering a tank of water. if after
entering the water, the velocity of ball does not change, find h? The coeffi-
cient of viscosity of water is 9.8 10 n.s Im?>. (2003)

Sol": After entering the water, the velocity of the ball does not change. This
means that the ball has acquired a velocity v in falling through distance h equal
to terminal velocity v, given by

T F G99 BRI g% WG BT AT T aweran 2 1 suer aef @ fy N S8 @ frar
'gawﬁa,v%wwmm%a’rfasvﬂnrr?ré*JTVZ%wavs’m, STafds

v =,/2gh - '
As the ball is moving with constant veiogcity, the resultant downward
force is equal to the upward viscous force, i.e.
b I Frad 4 1 7fy e e 2 Ar aRemr R B 3R PRRT 99 HUR A 3iR

PTIRT A 9 @ GR76R 2, arerfg
6:mav=§;rasg(p-cr)

_2a° 7 (p-0)
7
o -3 2 4 3
2(10?)" x9.8x(10% -103)

or, ./2gh= 5 =20

or, v

9.8x10™
400 _400 400
or, h——z-g— or, h= g "‘2x9.8“20'4m

Ques(4)Calculate the mass of water flowing in 10 minute through a tube
0.1 c.m. in diameter, 40 cm long, if there is a constant pressure head of 20
cm of water. The coefficient of viscosity fo wateris 0.00089. 81 units. (1999)

Sig]h - _npr® v = 3.14%0.2x1000x9.8x(5x10"%)
8 nt 8x0.00089x%.04
or, V=13.51x 108 m?3 .
The volume of water flowing in 10 minute
= 13.51x10-% x 600 = 81.06 x 10 m?3
Therefore the mass of the water flowing in the given time -
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= 81.06 x 10°x 1000 = 81.08 x 102 kg.
Ques{d) Two soap bubbles of radii R, and R, coa lesce to a single bubble of
radius R. If P is the atmospheric pressure and T the surface tension of the
soap bubbile, show that -

PR+ R-R)=4T (R*-R;?-R?%) {2001)
Sofn Let R, and R, are the radii of the two soap bubbles before they coa-
lesce and Ris the radius of combined bubble. In each case the pressure outside
the bubble is atmospheric, P. If p, and p, are the pressure inside the bubbles,
therefore they coalesce and p’ the pressure inside the combined bubble, then

4T U B9 B UESl <l Wiga B gergelt aft o R, @1 R, € @ v 89
B g AgFT g D gaga v yoar R & uw@a %ﬂﬁgﬁg’&% qrav a@ﬁv@,mﬂm

P g afg gﬁgﬁmﬁrﬂmmgﬁraﬁﬁzﬁT{&P e P, & a9 u& Hﬁ%%{ﬁgﬁgﬁ
@ o) ' P gy

47T 4T
py=P+—, py,=P+

Ry R,

47T
and p'= P+"}{
iV, V, and V' are the corresponding volumes, then we have
4 3 4 3
V, = —aR,", V, = —zR
17 37 27 g2
4

and V'= -3—71'R3
if the temperatu re remains constant, then Boyle's law gives
PV, * p,V,=p'V

i.e

4T 4 4T, 4
(P+-§~)<§nR13)+(P+-§-—-) (gan)

1 2
4T 4 3.

=(P+—)(—zR%) ... 1

( = ).( 3 ) (1)
or,
(P +f;z) [R13 +R;>3—R33] = 4T(in)[R3+R13—R23]
3 ‘ S 3
P [R>+R,*-R?) = 4T [R%-R 2R ?| Proved

Ques(6)A capillary tube, 1.0 mm in diameter and 20 cm. in length, is
fitted horizontally to vessel kept full of alcoho!l of density 0.8 gm/cec.
The depth of the capillary tubebelow the surface of aicohol is 30cm. If
the viscosity of alcohol is 0.012 C.G.S. unit, find the amount that will flow
outin 5 minutes. . (2000)

Sol" The rate of flow of liquid in a capillary is

_apr’

8n¢



Given, r=0.5 mm = 0.05 c.m., ¢ = 20cm

7 =0.012 C.G.S unit, _

£ =30x0.8 * 980 dyne/cm?

Therefore volume of alcohol flowing per sec,
3.14 x 30 % 0.8x980%(0.05)"

Q= = 3
8x%0.012x20 0.24 cm? /sec

Volume of alcohol flowing in 5 minutes (or 300 sec)

=024 »x 300 =72cm®

Amount of alcohol flowing in 5 minutes

=72 x 0.8 = 57.6 gm Ans
Ques(7)Neglecting air buoyancy, Calculate the maximum velocity of an oil
drop of radius 10~ cm. falling in air viscosity of air is 1.8 x 10 gm/cm-sec
and acceleration due to gravity is 880 cm/sec? Density of oil is 0.9gm/cm®
Solr When the drop attains terminal (or maximum) velocity, the effective
weight of the drop (real weight - buoyancy of air) is balanced by the viscous
force of the air. That is '

ST R /A AT (@7 Af¥E) B W ¥ € 99 g @Re R—gar @
qTERA) BT AT R -gﬁrs(p-d)g=6fmf‘/

Where r ié(’the radius of the oil drop, O is the density of oil and o is
2
r =
vl (P-o)g

T?.
Putting the given values, we get -

_2(10%)%%(0.9-0)x980

the density of air. Therefore

or, A\ —
9 " (1.8x10%)
2x10®%x0.9x980
or, V= o
9x1.8%x10
or, V=108.88 x 10° x 10*
or, V=108 x 102cm /sec _
Que{? Show that the velocity profile of liquid flowing through horizontal
capillafy tube of uniform cross-section is parabolic, {2003, 07)
OR What do you understand by stream line motion. derive Poisecuilles

formula for the rate of flow of liquid through a capillary tube of uniform
bore. Describe an experiment to determine the coefficient of viscosity of
water. (1999, 2012)

OR Derive Poisevilles formula for the flow of a liquid through a
capiliary tube of uniform cross section. What is nature of velocity profile.

Describe a method for the determenation of viscosity of water.
(2001, 2011)

OR Explain with relevent formula the shape of velocity profile of liguid
flowing through a horizontal capilary tube. (2002)
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OR ‘Write down Poiseuidle formula and its limitations for the flow of a

liquid through a uniform capillary. (2008,2015)
OR Shwo that velocity profile of a viscous liguid flowing through a
capillary of a circular cross section is parabolic. (2009)
Sol": STREAM LINE MOTION:- (2015)

When a fluid (liquid or gas) flows such that each particle of the fluid passing
a certain point flows the same path and has the same velocity at that

Tube of fiow

point as its preceding particle which-'passed the same point, the flow is said to
be ‘stream line flow’ and the paih as stream line. In stream-lined flow the
velocity at a given point is constant in time.

The path of the particles passing at certain point in stream lined flow is
called a ‘line of -flow’ or ‘stream line’. The tangent at any point on a stream line
gives the direction of flow of the liquid at that point.

o ga aver gt (e ) 39 UK guar & ovd ugrel & welde et e
ffYera favg W o O WA ver ukaed # derr 3 @ O WHIF 9T 9§ oRT § 99 39
TRy DT RT G GG TAT qreT @1 R @t g819 # Fif¥aa favg @ ord gu ol &1 g

BTG P I@T T "HURT IE HEATAT B | ORT T @ ﬁﬂi’fﬂﬁwwﬁwﬁrﬁwaﬂ
@ 9819 @) f&em & ki &1

Fig-1 shows a number of stream lines such as ABC, in a region of fiow.
all liquid particies passing the pointA also pass B and c. '

A particle has a velocity v,, v,, v, respectively at these points. That is
velocity is different at different pcmts But at any one point, say A, whichever
particle happens to-be, the velocity is always the same, v,.

AT 39 fAvgeil & amdet & ST HT T Vv, v, TAT V, B | aeﬂrq =1 fa=gefi o= a7 =1
S WR U e faeg A A o9 ft @1 8 dl Swa) 4 et € v, e
POISEUILLE’S FORMULA :- Poiseuilles deduced an expression for the vol-
ume of a liquid flowing per second through a horizontal tube of uniform base
under a constant pressure difference between its end.

RIGA T /T B INMNITA BT U Flo W fHan O 6 v v R @ f&forsy
g9 § yfqd d@s 98 <& § 9ef 39 R @ 9= g grearar 21

Poiseuilles made following assumptions to deduce the expression:-
(i) The flow is streamlined and streamlines are parallel to the other axis of the
tube.

(i) The flow is steady state, that is, there is no acceleration of the liquid at any
point.

(iii) There is no radial flow, that is, the pressure over any cross-section is
constant.

(iv) The liquid in contact with the walls of the tube is at rest.
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Consider a horizontal tube of length / and radius r as shown in'the ﬁgtjre

Fig: (2)
~ Let liquid is maintained flowing streamlined through it under & constant
pressure difference p applied between its ends. The velocity of the liquid flowing
in the tube is a maximum along the axis and is zero at the wall of the tube. Let
the velocity of the liquid at a distance x from the axis of the tube be v so that dv/
dx is the velocity gradiant.
quﬁ%wmﬁmIam%mr%asnaﬁﬁa(z)ﬁaﬁﬁmmrﬁl /YT
WWWWﬁwmﬁmﬁv@mﬁmwﬁ;mwamrﬂP%laqaﬁ
ST 7Y DT T 39 D A9 i S e <Yd & NIR W I S| AFT YT & I
X WG STV & A 37 gvrmar dv/dx 2y w41 3T X & =a RydieR % go7 Bk
Now we consider the forces acting on the liquid cylinder of radius x.
The liquid outside the cylinder is moving less rapidly than inside it and
thus exerts on the surface of the cylinder a retarding viscous force F. In
accordance with the Newton’s law of viscous flow
e Rieisy & a1ex 59 &9 TR TRy B § gorar 3 Rydier @ ok @ Ty @ Rrad
szuﬁwF-ﬁﬁma%aawmﬁamé‘lqzq%wwa%ﬁw%aﬁwﬁ
T F=-77 A (dv/dx)
Where n is the coefficient of viscosity, and A the surface area of th

cylinder, i.e. A= 2 ¢, so that '
| F=-17.2 zx¢ .(dv/dx) —(1)

Since p is the difference of pressure between the two ends of the
capillary tube, the force deriving the liquid forward _
@W%ﬁﬁwﬁwwpézw:agwﬁﬁaﬁ&ﬁzﬁwm
AT 8, B ;

=p x X
As there is no accleration of the liquid, so these forces must balance

each other.

Therefore, pP. 7w x2=-7 (2 ;ﬁ- X ¢ )-(dv/dx)
or, V__ P
dx 27?2
integrating i =-2 Xy.c @)
integrating it, we get:- ope 2 =

where C is a constant of integration.
At the wails of the tube the velocity is zero, that is, atx =r, v =0, we have
p 2

=i
2t 2
putting this value of C is egn (2), we get



or, V=P @Z-x% ... (3)
4nt
This expression gives us the velocity distribution or velocity of the liquid
at a distance x from axis of the tube. This shows that the velocity profile of liquid

flowing through horizontal capillary tube of uniform cross-section is parabola.

I

ugﬂﬁroévmfmwaﬁém%me\qg%aﬂﬁ@xaazﬁrawa?ﬁmél
nﬁugwﬁ‘ﬁwrm%ﬁﬁméﬁmmﬁﬁaﬁﬁaﬁaﬁﬁmaﬁu‘m‘sﬂm‘m%q

_ The volume of the liquid flowing persecond through the cylinderical shell
under consideration :

dQ = velocity x cross-sectional Area
dQ = v. 2px. dx ‘
dQ = [p /4n/] (2 - »?) 2px dx
The volume of the liquid, Q, flowing per second through the whole tube
is obtained by integrating the above expression between the limitx=0tcx=r.

ma:ﬂﬁfﬂ%saawmmﬂQg?ama}agamﬁvmwméq@ﬁﬁ
Woaﬁx=0%x=r$émmmﬁq§|w:

Thus
r
Q=j—e——(r2-x2)2ﬁxdx
o04nt
P27zt
or, Q=227 [ (r’x-x%)dx
4nt o
Q-“" n'P[ﬂzxz _x4 ]ﬂ
2nl ‘ 2 4 &
4
or, |Q= il
8nft

This is knows as Poiseuiiles formula.

DETERMINATION OF COEFFICIENT OF VISCOSITY BY USING POISEUILLES
FORMULA- -

APPARATUS:-

I lia:z:;nmsaumauaumuzum

] T
HHH
L
]
o
P o (518 AT N
1
1 (2]
I Aill RPN

é-\lillll!lﬂi
T,
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The appratus for the determination of coefficient of viscosity by
Poiseuilles method is shown in the above figure. A capillary tube T of uniform
bore is fitted hori-zentally with a rubber band at each end. B and C are two wide;
_brass tubes. The capillary T is connected toa outflow tube D through C and to
a water vessel A through B and a rubber tube. The pressure difference between:
the ends of the capillary tube is recorded by the difference in the height of the
liquid in the two limbs of the manometer. '

‘ETW%?{%@W&H’;WWQ%WH}WWW%(?) ¥ fearar |
AT 21 T WA aR o7 e gga (T) o 5 v <aw ds 9 JiE R Baar C I
Aot ST &3 8, € 9 @ IS <g9 ¥ e T US 91y 98d <34 DY C& g
el ¥ 9T UH Serars A B deIr Ua YaR <9 @ dad ol 8 | el B SRR W
ararae JEReR ¥ g @ SarE @ R O RS far oar 21
METHOD:-

With the help of a pinch cock K, a steady flow of water is maintained
through the capillary tube such that water leaves the tube D in a slow trickle.
water is collected in a measuring flask for a known time and hence water
flowing through the tube per second is determined. The pressure difference P
is directly read by the manomenter and will be equal to 20 g . Now the coefficient
of viscosity is determined by the formula

U U Hid K oS TETTET © Ui ReR OTd BT 9819 Sdardl & a8d fdr Sirar 21
fory g D @ qEd e 3 ISt OTaT 2 | 9 @Y U e JaRe H ghget fear S
2 fr<lt PIRTE awg § ol suY ofy Qs €gd @ 987 Ul & qerd wa far o e
2| ararae P WY SR @ e W GHAT & a7 T8 Apg B aNIER EAT § | 36 w8l
ol g9 g § eTen o whar 8,

__ mpr
n 801 °

n‘pgr“ h

But p=hpg therefore, weget M=| "¢/ I

Since r is involved with 4th power in the expression, extra care is taken
to measure the diameter of the capillary with the help of a high power micro-
scope.
?“iﬁﬁﬁﬁoﬁaﬁagﬂmﬁaﬁmﬁﬁ.%amqaﬁwmﬁaﬁﬁ%wﬁaﬁ
STeRd BT 2| S 5 9w adar @ gl Al wRl 8
PRECAUTIONS :-

(i) The pressure difference should be kept small to obtain stream line flow.
(ii) The tube should be long enough so that any non-uniformity of flow at the iniet
be negligible.

(iii) The tube should be placed horizontally to avoid any effect of gravity.

(iv) The base of the tube must be narrow as the formuia is not applicable for
wide base tube. The reason lies in the fact that the wider tubes tend to promote
turbulence, because the critical velccity is inversely proportional to the radius

of the tube.
Ques@ What is terminal velocity? Derive stokes formuia for the

terminal velocity of a smail sphere falling though a viscous liquid.
(GKP-2002, 2012,2016)(SU-2016)

OR A steel ball is dropped into a long tube filled with a liquid. it starts
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falling down words will it fill with an acceleration all along its path. Explain
with reasons. (2004)
OR Write short notes on Stokes Law. (2005, 2012,2014)
OR State stoke's law for a faliing sphere in a viscous medium. Obtain
the expression for terminal velocity of the sphere in term of the coefficient
of viscosity of the fluid. (2010,2014)
Sof" : When a small solid body is allowed to fall under gravity though viscous
liguid, the layer of the liquid in contact with the body tends to move with the
vaiocity of the body while at a large distance from it the liquid layers are at rest.
Thus the motion of the body develops relative motion between the layers of the ,
liguid. It is opposed by the viscous force in the liquid which increases with the
velocity of the body. When the weight of the body {(downward) becomes equal to
the viscous force (upward) plus the upthrust (upward) of the liguid on the body
then the body falls with a constant velocity. It is calle dthe terminal velocity of the
body. , :
WY U B S fog @) v w9 @ dad e @ A Ry o § o s @
W # Rerd s w1 aer QAvs & 1 & 1Y S svar & orafe fve § saer ot w Red
a9 B Tof favm i wwd €1 A Nos o) ufd 2a & g @ g RAfeT ame 1fy o7 S
X QN B YT 4T D YT gl D gk A ) ol € o 5 fve @ A B e gedr 2
T g ST [AUE BT AR N @t 3N, $U¥ @57 3R JURE (HUR) & INT & 9viay 86T 2
Ta firs ffga A & ) @4 39 Rog &1 Word 37 Had 81

Stokes showed that if a small sphere of radius r is moving slowly with a

terminal velocity v through a perfactly homogeneous fluid (of viscosity 77) of

indefnite extension then the viscous retarding force exerted upon the sphere is
qiven by

W | Rarr 5 aft ve Boar a1 gier e EErd a7 6 gt s a&g
(77 =i=ran wjeriep) ¥ R—R 7IfY @R <@ @ < v AN g9 S S W AR 8o 9w 2
F=6nnrv
The expression may be obtained dimensionally. Let us put
F=kn2r vy
Where k is a dimensionless constant. Writing the dimensions formulas
of the varicus quantities in the above equation, we get
[MLT2] =[ML'TP [LIP LT}
- { M2 | btca T—a-c]
This equation must be dimensionaliy homogeneous, so equating the
powers of M, L and T on two sides of the equation, we get-

1= a
2= b+c-a
-2 = -a-c

solving these three equations, we get -
a=1,b=1, c=1
Thus F=knrv
Stoke showed that if the extension of the fluid is infinite, then -
k=6p

Thus F=6xnrv
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This is stokes law. The condition for its validity are (i). The sphere
should be small in size (ii) it should move slowly with a constant velocity, (iii)
fluid must be homogeneous. -

T TCIH B A9 8 | 50 gygaaar @Y 98 & —(i) Men R § vrer g9 @ity
(i) 39 g a1 9 “R—ER 1y BT =nfdg ) (iii) =g WAt M =Ry |

Suppose that a small sphere of radius r and density ris falling freelyfrom
rest under gravitythrough a fluid of density and coefficient of viscocity £ . when
it attains the terminal velocity v, the force acting upon it are-

AT U T ot a7 sier Men et g o 8 AW S w@ds w9 e
TP ¢ O qAT 1] AT ONE B w9 F (R W61 R | o9 U offier a7 v @ urd e
dl 39 R 9 g9 Hif e —

(i) downward force due to gravity = (4/3)9rr3 £rg
(i) upward throust due to buoyancy = (4/3)7rr30'g
(iii) Retarding viscous force (upward) = 6 7rv 'r]

Thus the net driving force is 4/3n R (p-0) g
As the sphere has attained a constant velocity (that is, zero accelera-
tion) the net driving force must be equal to the retarding viscous force.
A el Frrd 3 gre R e & (Sl wRer g R ) gre IR ger el v
99 @ TRER BN | refq .
Therefore,
4BnrP{(8-c)g=6nnrv

’ 2 rzp (8 - 0') g
or {‘* ="
| 9 n
This is the expression for the terminal velocity of the sphere.

Ques (@) Define coefficient of viscosity and discuss the effect of pressure
and temperature on it. (GKP-2000,2014)(SU-2016)
Sol": COEFFICIENT OF VISCOSITY :- '
Consider a'liquid flowing in a stream line over a fixed horizental plane
OX. imagine a liquid layer in a plane A at a distance y from OX. The liquid above
the plane A exerts a tangential viscousforce F on the plane A tending to drag it
forward while the liquid below the plane exerts a viscous force F to drag it back-

ward.

a1 e 79 {4 afoe Ter OX & srgfew art Wi wg@ § 8| 571 OX J y
R R T ATH 5 B 71 &1 ©F A D SR B &9 U gl SGDT I BT @ 10 oy
g e ad & T B 59 (P WIH 91 TP 90 Y D 1w ey
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5 \ : %
According to Newton’s hypothesis
F ¢ A (dv/dy) o
Where Ais the area of the plane and dv/dy is the velocity gradient in the
plane perpendicular to the direction of flow. Therefore

F = 7] A (dv/dy) .
Where 77 is a constant called the coefficient of viscosity of the liquid. If

A= 1, and dv/dy = 1 then 77 = F. Hence the coefficient of viscosity of a liquid is
defined as the viscous force acting on unit area of a liquid layer having a unit
velocity - gradient perpendicular to the direction of flow.

wiEt 77 e Fraaie & Ry wear e wea g AR A= 1 qardvidy=1arF = 77

a1 FrelY T T TATET UG DY §9 YBR R frar onen @ 5 wa aa & afd gorg eswd

UR SN 9Iel $UF 991 @ 4RIER Sigie ad 98id & faun & erEdd sw&ﬁmm%l
VARIATION OF VISCOSITY WITH TEMP :-

The viscosity of liquids, decreases with rise in temperature. For most
of the liquids, the viscosity varies as given by Andrade’s formula

forit o o YT 919 @ 9o A gedl 81 wE gay ¥ uear ae @ F @ d8d
gl 2 ardig 7 p-\*=AeceT

Where p is the density of liquid T is the absolute temp and Aand C are
constant.

, On the other hand, the viscosity of gases increases with rise in temp
The viscosity of gases according to the following suthernland’s formula

kT
T=Toq+8TIT . )
Where n_is the viscosity at 0°C and k and S are constant. I

VARIATION OF VISCOSITY WITH PRESSURE :- -
For moderate pressure the viscosity of a gas is independent of pres-
sure. At very low pressures, the viscosity of gas rapidly decreases with decrease
of pressure. At very high pressures, the viscosity of a gas mcreases with in-
crease of pressure.
merﬁmﬂ‘aﬁwmémsﬁﬁ%lmfﬂmwﬁﬂaﬁw
Fofl g9 & Hed W) ued! 8 95d Af¥® <@ W) A9 B w@iTar <4 @ e 9l 8
Ques(11) Describe Jaegers method for the determination of surface
tension of water comment on the merit of this method. {2001, 2012,2015)
Sol': JAEGER’S METHOD :- By forming a bubble inside a liquid and measur-
ing the excess pressure p (=2T/R) jaeger was able to determine the surface
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tension of a liquid. it can also be used to study the variation of surface tension
with temperature. ’

&%l 79 ¥ gagar fmi v @ qer ey =r p (=2T/R) & anafea o s 3
89 B TS GG B IO 5T | SR 619 @ W USS OFIg @ 99ea 3 off aga far |

APPARATUS :-

' The apparatus, used for this purpose is shown in the following figures.
It consist of woult's bottle W. In one mouth of the bottle, a dropping funnel,
contanirig water, is fitted and in the other a glass tube PQRS. To this tube a
manometer M is connected which contains a liquid of low density, sothat the

difference in the levéls of the liquid in its

limbs may be large for a given pressure difference. The end S of the
tube is drawn into a fine capillary and its top is cut perpendicular tothe axis of
the tube and quite smooth so that there appears no roughness even when
seen under a microscope. The opening S of the tube lies at a depth of 4 to 5 cm
inside the liquid, of which the surface tension is to be determined.
| ¥ I @ fore ngwr SueRer o (1) ¥ iy 21 s v gee o Saer w R
s & o HE W @ §7 o o vae S [ and B T &, SIST S 8, Wi g 3
U TR <4d PORS 6 <09 & W U6 SMeR, S (5 73 o9 S B 89 Y <@ R, oo
@ & | R R0 R gy arameR R w9 @ SRR N sfar wrar 8 e 2 g8 o7 Ry
8 ¥ 7 DYl # SfaR TraT § iR UGt SU Wi TuE B i @ onaad FE frar s
%amagmﬁmmﬁ%ﬁmﬁﬁéwwﬁmﬁ@@ﬁéﬁélT::ga
B RRT S %0 4 9 5 I mewd § AN ¥ Ry W U 799 @) T 9 o) 2

THEORY :-
Let P be the atmospheric pressure. Now consider the equilbrittm of the bubble

just before breaking. '

The pressure inside the bubble = P + Hpg

Where H is the maximum difference of the levels of the liquid in the manom-
eter and p its density. ¥

The presure outside the bubble =P + hdg

Where h is the depth of orifice S below the free surface of the experimental
liquid and d its density. / ' -

Excess of pressure inside the bubble = Hpg - hdg

But at the excess of pressure inside the hubble = 2T /r

Therefore,

2T Ir = (Hp ~ hd)g
or T = (Hp - hd)rg /2

Thus by knowning the values of various quantities, we can calculate the

value of T for the given liquid. .
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are: 5 a@fto ¥ RRFT AT BT 7 iFe} g4 {5l %9 & g6 g T HY I B
TqHd B |
MERITS :-

(i) The radius of the capillary tube is required atthe opening S. iHence errors due
to non-uniformity of base are avoided. :

(i) el & B RRE S w STTeE B § o AR @ SRAATT @ BRU FE B
HIHRT S -THaT & |

(i) The liquid surface is continually renewed due to the emergence of bubbles.
Thus the error due to contamination of the surface is avoided.

(ii) TATAN I & BRI GG DI el AR FIT EAT § | A T D argfE & BRI TN
BT W | B |

(iii) Variation of surface tension with temperature, concentration of solutions can
be studied and the surface tension of molten metals can also be determined.

(iil) == @=9 @1 T B AT dactld, Vel O WIRET B T Y BIf FPpd] & a2 Jieed €
T B U HrT @ W A ) ol Uhdy 8
(iv) The method does not involve the angle of contact.
(iv) fafer st @Yot @1 28l weady
Ques(12) What is surface tension? Derive an expression for the rise of a
liquid in a capillary tube.? {2002)
Or

A capillary tube of radius r is dipped into a liquid of dencity d and
surface tension T. Derive an expres sion for the height H of liquid in the
capillory. {2004)

OR

Write short notes on capillarity. (2009,2013)

Soi" For definition of surface tension see question no. (1)

EXPRESSION FOR THE RISE OF A LIQUID iN A CAPILLARY TUBE-(CAPIL-
LARY ACTION)-

When a capillary tube open at both ends is dipped into a liguid verti-
cally, the liquid inside it either rises or falls due to surface tension effects. This
phenomenon is known as capillary action and due to this reason, surface
tension is some time called capillarity. For example, water rises inside a glass

capillary tube whereas mercury is depressed inside it below the outside level.

g S R X et STl fasl g ¥ geafer Gar SIen € < g9 T i
 BIOT S T a7 d) Sadr ¥ A1 AT 2 1 59 aRaesT B BRFRd BEd € | 3R §H BRA
U aa B -0 BRERE @ wEd & saewy @ fory ) oy el H
wadT & wafes gRT e 8|

We know that due to cohesive and adhesive force the surface of
the liquid inside the capillary tube is curved. For a liquid molecule the
excess pressure p on the concave side of the curved surface is

= O € 3 aaSTE ael SNHGId ddl @ BROT B H Gd BT HIE IHIBN
<Ear & | el ®E B o] & Y aBTHR WaE Sadd UR A =g B



G-16

1 1 2T
p=T]—+4+—]=— O ¢ §
ry Iy R

Where r, = r, = R be the radius of the curved surface of liquid molecule. Now we
consider two cases one for concave surface and other for convex surface.

el I, =T, = R %7 3v] & IR adf &) Broar 21 315 89 o SIS, U araast
gl B A e TR Sod a9 @ fag fRar 31—
CASE | CONCAVE SURFACE :-

Let the capillary tube which is dipped in the liquid having concave

T

TTTT-
| Sl el i |
! 'xéﬁ

..:ﬁe-‘c;‘ad E’-.-:'. _Jiﬁ": _.P:
e O e A
ks ATSss | SEFALIS
Evpe g el i e TSIz
SIIEEREEI -ZEERRES

- et mam = e . e e — ey m3 e = o -
-— e e mee wms - = s
T et e v e b me e

— e . Gy Wmn e s @ Ved e e S e— O e .

- o wm e mm e s s
- en e aw wms wm wey v

The pressure on the liquid surface inside and outside the capillaiy is -
the atmospheric pressure P. The pressure at the point A just below the curved
surface is (P - 2T/R). Since the liquid surface outside the capiliary is plane
therefore, the pressure at the point B is P. The point Aand B are lies in the same
plane and therefore in equilibrium the pressure at all point iving in the same
level must be equal. Thus the liquid moves towards A and rises up in the
capillary to a height h, so that the net pressure at Ais equal to that at B. Therefore-

A BN S O wa ¥ garar 11 § qad Wag E@ar 21 dIETeh & afex ael
ITEY HUE 99 WaE W IgFsAd <19 P g | SheR §ag 3e A fisg W) ' (P - 2T/
R) 81T | % BN & e %9 qa T & aa: favg B WR 1@ P 801 3% fRvg A wen
B U&F €1 def # W50 & o ARArgen ¥ WA $as § @y fRmgell W <19 "W 88 | o
ST A Bl TE TR ST TN HIAAN ¥ Sarg h T5 SR 377, Ay A R A <€ B B
RIS BT |

' _ 2T
Pressure at A = pressure at A’ + hp g = F"T{ +hpg

Where r is the density of the liquid. The pressure at B is equal to the
atmospheric pressure P, therefore we have-

P=|P-— |+hpg e B eirerennes (2)
( R ) hpg
The radius of curvature R can be expressed in term of the radius r of
the capillary and the angle of contact € with the help of following figure.
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in figure ~ CAD =90-9

;. Z OAC= ,/ OAD -/ CAD =80 -(90- &)
In the right angle triangle OCA

\ Cos @=r/R

or, R=r/Cos @
substituiing the va'lue of R in egn (2), we get

L
it is clear from the above eqn that the height of the ligquid rises up in the
capiliary is inversely propartional to the radius of the capillary.
CASE |l CONVEX SURFACE :- Let the capillary tube which is dippied in the
Jiguid having convex surface. Since the surface is convex therefore the pressure
at the point A just below the curved surface is (P + 2T /Rj. :
et Sl Ot {3 ad W G ar ¥ e UaE R4ar 8 | a9 S 8
IHIHR aa @ OB MY fag A uw @ia (P+2T/R) gprmy
The point A and B are lie in the same plane but have different pres-
sures. Therefore the liquid moves towards B and falls down in the capillary to a
disfance h, so that the pressure at the point A and B’, lying in the same plane
are equal.
o farg ATRIT B O &1 a1 3 § U W9 ERT-TERT | 31 B B BY aE A I SR
el ® h g0 g e R A g B fawgell uv am wa @ S g €1 a9 | §

e

P PP a‘f-""-"#\li B,
y oo — e
. — s
AT INET IS N 204 B s
P Sl e e rem
- amm -L-“ T - blen um
< O - dus v e - uw | —
- }_ e Qo | ot o ooy www P l aam ey
- — — - - - - -
— e FRam | o e [y - B ar med -
J S S N [N — s el ows e
- wrs e e wm] e em - o aem [mem mem | wn v w
e b ek s e e e e ki s e
Shtsgits g R SR — -] { i
el '.I’“r _____ -‘ aar s - - -
- - — e e e -g: —-! L J - s
an  mpn  wng e mw mam e — - P P——
men wmen che = pm o e oW e e j.. - — ama
T D e L KON e Sy
- S e oo -— e mm me- s e
e am e e are asa W a e mm e mms e s eme &
- e ww - s  eun - o - e mes  Ehe ewn e
— . - —— L - - - Com - Rt — L - -
m wm Ce ewe o wem wa e -t wer wm e e e m
—— ase E.] - —o wm—— L] - L — — b— - o
(a) b;
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- Therefore- Pressure at B’ = Pressure at B + hpg
But the pressure at B’ = pressure at A = (P + 2T/R)
Thereforewe have P +2T/R=P+hpg
P =2T/ Rpg ————— (4)

The radius of curvature R can be expressed in term of radius r of the
capillary and the angle of contact with the help of following figure. In figure

Z EAC =180~ ~ CAF=180- ¢

< CAD =90- / EAC=90- (180- g) = (3 -90)

Thereiore,

< OAD =80- » CAD

=80-(g-580)=(180- @)

In the right angle triangle OAD :
Cos (180- g) =r /R o
= -Cos @ =r/R
=5 R=-r/Cos @
Now from eqn (4) we get, A P e .

-----------

PQ'”_# _ ___.-sg._.__-m__ﬂ
Here the negative sign show that the distance |—-—— M&EEj

e T T T,

is measured in the downward direction. @ %+ —— o~ —— - |

o — m——— e e 2 o]

Thus the height h is given by T T
)

_2TCos0 ' ¢ SSANSS e i g
pgr .

Thus the distance of the liquid fallen down in the capilary is inversely
proportional to the radius of the capillry.

Ques(13) Two spherical soap bubbles coalesce. f Vis consequent change
in the volume of the contained air and S is the charge in the total surface
area, show that 3 PY + 4 ST = 0 Where T is the surface tension of the soap

solution and P is the atmospheric pressure. {(2003)

Sol" Let r, and r, be the radii of two spherical bubbles. The total pressure
inside the bubbles are

p, =P +4T/r,

and p,=P +4T/r,

The volume of the bubbles are =

v,=4/3nr?

v,=4/3mr}

Let R be the radius of the combined bubble. The pressure inside the
combined bubble is p=P+4T/R

= 21C0s8 (5) | _ gy gl

h
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The volume of the combined bubble

v=4/3pR3 |
At constant temperature, we have from the Boyie's law,
PV, TPV, = PV

471 4
or, (P' -—1—-)—4—?[!, P+4—~‘-'- — 7T r23 :(P—!— +f)i;rrR3
ri )3 \ L, )3 R J3

4 4 4 ; 4 3 4T
P=|—ani, +—uxt, - — R (4,"'1'1 lfi-.ﬂ"!‘1 —dr, ) : 0
3 3 3 3

But the change in the voiume

4 , 4 . 4 a
V=h —zl +— 7k, -—aR
T 3 3

A

and change in the surface area- S=drr2+dnr?-4nR?
Therefore, PV+@T/3)S=0
or, 3PV +4TS=0 Proved
Ques{14) Explain why oil drop placed over watdr spread ali overthe  sur-
face of water . {2000}

Soit : OIL DROP ON WATER SURFACE :-

Whe two nonmiscible liquids are brought into contact, like a drop of oil
upon the surface of water, there are (1) Qil-air boundary (2) Water-air boundary
and {3) Water oil boundary. Each suiface possesses free energy. Free energy
per unit area is equal to the surface tension of that boundary.

wig = afverlia g Yo ol @ W N any o Ol Sia @ uae R S §
ag 78t 8071 (1) 99 arg W aeE), Q) Wt gar Wy @ (3) STel T ARl

LetT,, T, T, are the surface tensions of cil-air, water-oil and water-air
boundaries resper.tmeiy, Their directions at a common point of contact is shown
in the following figure.

wen T, T, Ty e -8 Sro-e qe1 Wei—&at & §5 a1 # | fadt o
mﬁgwgﬂaﬁﬁmﬁﬁmﬁaﬁﬁ)hf&aﬁﬂé*
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: Suppose that the oil spread a little over water so that oil-water and oil-
air bound aries increases, each by ds(say). ‘

' Simultaneousily water air boundary decreases by the same amount.
Hence the energies of oil-water and oil-air boundaries incréase by T,ds and
T.ds respectively and that of water-air boundary decreases by T,ds.

Net increase in potential energy =, ¥ 1, ~L)ds

The equilibrium of a system is stable when its potential energy is
minimum. Oil will spread on water only if it resuits a decrease in potential
energy. Therefore (T, + T, - T )ds is a negative quantity.

o, T,<T,+T,

Hence oil drops placed over water spreads all over the surface of
water becauses T, < T, + T,

Ques(15). Explain why small drop of mercury on a plane glass sheet are
spherical in shape but large drops of it are flat at the top. ' {2000}
Sol" The shape of a drop on a horizontal surface is governad by surface
tension and gravity. It assumes a shape in which its total potential energy is a
minimurn. If surface tension alone were acting, the potential energy wouid have
been a minimum when the surface area of the drop was minimum and drop would
have been spherical. if gravity alone were acting, the drop would have spread out
to bring its centre of gravity at the lowest position and making gravitational potantial
. energy minimum. These two effects result the shape of the drop so that the sum
~ of the potential energy due to surface tension and gravity is a minimum.

For small drops of mercury, potential energy due to gravity is insignifi-
cant in comparison with that due to surface tension and the drops are spherical.
For large drops, the gravity plays role and the drops are flattened at the top. For
very large drops the potential energy only due to gravity is significant and the
drops spread out flat. .

fos=ly &iferst wiTs OX 4 BT PR 9O W9 G o W Pt ewer 21 7w T
SAIBIY YET BT 8 e ot Reafers ot ~geram 81t §1 afX ot yss weira rf 5% <ar
&l fﬁﬁerﬁraeafwe’rﬁmﬁzﬁm—éﬁaamé!Gmm%agvﬁmmma‘rﬁ
qéwmm%%mﬁwmwmmﬁﬁmﬁmﬁmm
RATT B | -
BIET g1 &yl W g BT R FufRer St @ frest g ovg @ sRer Rerfirss
Gmﬁaanwakwemfmw%mg}m%mqé%ﬁwgwﬁﬁwﬁmﬁm
G‘xﬁfgsaaﬁra‘rﬁamﬁaﬁmmﬁgwﬁ%aéﬁméﬁvﬁaﬁm@uﬁm%i
m'?aﬁa@?rié"iﬁ‘é’rWﬁaﬁm%la@ma@aﬁﬁfﬁqzﬁagm%mw
SOl & AEC B 2 .

Ques(16) Explain why to pull apart the two platesof glass placed one over
other one needs considerable force when a drop of water is placed

hetween them and squeezed into a thin layer, (2000)
Or

A great force is required to draw aport normaily two glan plotes having

a thin water film between them. Explain. (2005, 2011)

Sol" When a small drop of water is placed between two glass plates placed one
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over the other, it forms a thin film. it is concave outwords along its boundary.

e T T T e T
———t mmm eoma Saes aba eim e mem e A b
—— i e P = e G S Reide b S ——

S 7ol &Y TP B gF < g @1 @i, Sl 6 @ guk @ SW E, & e Y IRl
2 g9 U8 b dach e BT FEter BRe 1 (U R ue Ty qrey fRer ¥ sraa 2l 81
{ et the radii of curvature of the enclosed film are R and r in two perpen-
dicular directions. The pressure inside the film is less than the atmospheric
pressure outside by an amout p.
araT =1 SrEad faenel ¥ fed fea & apar oy R qen rail
fpe @ iad T@ 8T argAvSdTd atd | P oA W B 8 8| Siels

-7t

where T is the surface tension of the liquid. The negative sign for R is
taken because the two centres of curvature are on opposite sides of the film.

As R >> 1, so 1 /R is negligible and

aﬁg‘izﬁxmtpﬁaﬂw%lRdaﬁqmwﬁrﬁ%ﬁrwm%mﬁﬁﬁﬁa%mbm% 2
R fheg 9 v faemal #§ &

P =52 s (1)
r

If O is the angle of contact for water and glass then

d/2
cosf = ——

d is the seperation of plates.

or, 1fr=2Cos 0/d

putting the value of 1 /r in equatin (1), we get
p=2T/d Cos 9

For pure water and clean glass, cos 0 = 1,

£
d

Thus the upper plate is pressed down wards by an excess pressure
(outside) 2T /d. if Ais the area of the plate wetted by the film, the resultant force
F pressing the upper plate downward is given by

p-::
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F = excess pressure xarea ,
=2T/d) A

For plane surfaces, d is very small and so the pressing force F is very
large. Therefore, it is difficult to pull apart the two plates.

F waaer g & f3eg wga & 8 raw aifdd aa F aga Sorsr 80 sy
AT QIS B Y& IR W I HIAT HioA e
Ques (17) Explain why a larger dust particle falls faster than a smaiier one
in.air. (2002)

Or

Explain why rain drops falling under gravity do not acquire very high

velocity. {(2005)
Sol" The rain drops are formed by the condensation of water vapour on dust

particles. When rain drops fall under gravity, their, motion is opposed by the vis
cous drag in air. as the rain drop falls witii increasing velocity, the viscus drag
increases and finally becomes equal to the effective force of gravity. The drop

then attains constant terminal veiccity v.
Tuf @Y §& o & BUN UR S 9T & [egeH F uiw 1Y € ) wg ot B 47 wwe
@ B ARl & S99 ey gar ¥ vt $7 @ gy a0y & W 1 99 a9f @) 9 qed
I A AR & T F of1 ggar onar @ iR o # Ug o @yl ao @ §XIE 8
ST & | 9 Aaa QET 39 VP R HRar &
If r is the radius of the drop and p its densily then the various forces
acting on the drop are :
afe g @7 Brour aur sWeY g9 8l 91 R SRR 99T
(i) its weight acting down
= (4/3) © * og
(ii) Upwards upthroust of the air
= (4/3)nr*og
(iii} starting viscus drag = 6 ©tn v, .
Where 1 and o are coefficient of viscosity and density fo air respec-

tively. : ‘

‘ Since the drop is falling with a constant velocity, we get
6nniv=4/3T P (p-0)g )
v=2P(p-o)g

9 7
or, vV X 12

As the radii of the rain drops are very small, therefore their terminail
velocities are also very small. When the water vapours. are condensed on the
dust particles the drops are very small. At that time the velocity of these drops
are so small that they appear to {float in the sky. Then these are called ciouds.

i a9t B g @1 (Foar 98d H9 81 § T v IFD) A=y a9 oY Ige a9 8l
AT S Ofc ard g & SOl uX wufhdg B8R g3 95 eI 8T S wAw 39 & @ 3
ST HH 3P [ A sty ¥ AR gY HAI g0 99 O9 B9 ¥ g T8 9IS P |
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A large dust particle acquires a larger velacity v and therefore fails faster than
a smaller one in air due'to same reason.
T Hpl B Bl GUIET AT TIST BT I WA SR J T VIS HOU @l AU SYTRT A9 R |
Ques{Di8).Explain surface tension and surface energy. Calculate the
differemce of pressure across an element of principal surface of a liguid in
terms of surface tension and prencipal radius of curvature of the element.
(GKP-2008,2013)(8U-2016)

Solr: SURFACE ENERGY :- When the surface of a liquid is extented, molecules
from the interierrises to the surface againet the inward cohesive Force of
attraction. Therefore mechanical work is done on the molecules which is stored
as potential energy in the new surface format. Further, in extension of the
surface, its temperature decreases. Therefore heat flows into it from the
surrounding to keep its temp constant. it is aiso added {o its energy. In this way
the extended surface of a liquid posses potential ensrgy due to mechanical
work and heat energy absorbed from surroundings. This total energy per unit
surface area is called the intrinsic surface energy

i fdl 79 WaE (T8) BT AR fvar orar 2 6y g9 3 oy N ¥ N @Y 8
FRRT GOOIH q01 B [a6g, HUR &) AN 939 o0Td 2 | 3[a: UH Jife Bl vl u¥ enrar
o fr T g & Reifest Soil @ w9 wfod |ar 21 g S B 3R A <3 31 aEe
FRGT ¥ | G GG G/ S 6T ga far wirar @ o 15 g9 &1 aueE oo w9
Wt f6 gaa ool ¥ N 9fEg wear 1 9 veR ¥4 @ GwRa s @ G9ite s gen
Wﬁmﬁamﬁ‘%mwa‘mﬁuﬁ?wﬁﬁmélwmwm
B B Tl FHaf TE FHoll HFEeh ¢ |

Note: The remaining port of this question see question no. {1)

Ques(19).Define viscosity and derive an expression for coefficient of
viscosity in Poissevittes method. Give a speich of the method. {Do not
describe the experimental procedere) State the mam condstlom to obtains
good resuit. : {2004)
Sol": VISCOSITY :- When a fluid flowes, that is a relative motion between the
adjacent layers, of the fluid takes place, internal tangential forces opposing
this relative motion develop. These forces are called the Viscous forces. The
magnitude of these forces is defferent for different fluids.

mﬁémm&fﬂaﬂ%ﬂ?ﬁi}ﬁw%ﬁﬁxﬁwaﬁmﬁmmﬂr‘% B 2
arRe IR 96 50 TR @ anifire iy o1 Qe oy 81 9 99 W 99 $rd
& | T gt BT aRkeor f-aeer ueri @ fag A= @ar g1

Consider a stream of liquid flowing over a fixed horizontal surface. The
layer in contact with the surface is at rest while the velocity of other layers

increases uniformaly from bottom to top. The lenght of the arrow show the
incressing velocity. '

® -
a_..b o al b
$ H i
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(a) (b)
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AR ¥ 5q oT Rk et aet wR ey warg 2 Y8 § | wa o fr gs @ wwges
# 2 faxrmerenr § 2| 519 35 oy uxal BT Y W SR BT SN O a@ar oar ¥ SR a8
THTE, 92 §Y A oY quildT 2

| imagine a position of the liquid at some instant having. the shape abcd.

It is deformed to the shape a'b'c'd’ after a moment. This deformation
increases contineously. in this way, the flowing of a liquid is constituted by the
sliding of paralie! layers over each other. Fig. 1(b) showses two such layers. The
lower layer exerts a viscous force (F) on the upperiayer tending to drag it backword
on the other hand, upper layer exerts an equal viscous force on the lower layer
tending to drag it forward. It means that the vircous forces have the tendency to
destroy the relative motion between the layers, and stopping the liquid flow. To
keep the liguid flowing some external force must be applied to nutralise the
effect of viscose force. The proparly of a liquid owing to which it opposes the
relative motion of its various parts is called viscosity.
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Ques(20) Given the molecular interpretation of surfacetension of a liguid.
: {(2008,2018)

Sol” : The forceofatiraction acting betweanthe molecules of the same material
is called cohesive force and the force of attractionbetween the moiecules of
different materials is called adhesive force.
I W@ S argell & die @ ad el Sw ) geee o sed § ater-ore e
3 Al H Hg @IV A g9 B o a9 Hed )

Let us consider three molecule A, B and C of z liquid in a containes as
shown in the following figure. '
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The molecuie A lies completely inside the liguid has net resultant cohe-
sive force is zero. the molecule Bwhich is lies partly out side the liquid has some
resultant force in downward direction. Now consider the molecule C halt of which
is lies outside the liquid. this molecules is atiracied by a maximum force in the

downward direction.
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Now consider a plane RS paraiiel to the free surface PQ at a distance

equal to the radius of the sphere. Ths layer of the liquid between the plane PG

and RS g in known as surface film. A molecule lyingin the free surface PQ

expreicen maximum force in downward directing. Thus to move a molecule
from the interior of the liquid {o the plane RS nowork is needed. But to move a
molecule above the plane RS the work is to be done againest the force acting on
themoeicule in the downward direction. Thereforae the potential energy of the
moleucles is increases abovethe plane RS. The potential energy of the mate-
rial below the plane RS is zero. But & system willbe in state of stable eguiiib-
riutn when € hasa minimumpotential energy.

Hence a liquid surface has the tendency to keep minimum molecules
an its surfaces it may have minimum potential energy. In other wards one can
say that it has the tendency of atiaining least area. This tendency of liquid
surface is calied surfacetension.
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Ques{21) Explain the terms: streamiline motion,terminal velocity, surface
2nerLy. (2015)

Sof* : Stream Line Motlon:— it is a special type ofinotion in the steady flow of
liguid. In this type of flow, velocity of liquid at any fixed point remain constant and
it does not change with time. All the particle passing throuh this point foliow the
same path which we calied stream line. A stream line may be straight or curved
depending on the prasure. in every layer of a liguid we have large number of
such stream line paraliel to each other. In such type of flow, !aqund particle of
ong laysr can not enter 1o the second layer.

oy Yy AR - e =R Y svaReo vaw § op B wer B R B 3w ouEr B
uare N Bl 0 Pitge RBey T R @ gare @ 3

A

?Tq?’f TE :"s}’ ey N any W e R M BTl ( ::“:\\\Mi\
g1 gry T Ry @ e 9w 9T @ we ¥ o 8

B am ue B e Boaw o ode wE § osmg \ s

e \\

N
. . . Rie) e e 2 m— \\ .
A dear ¥ g wwe B waeae Ry @y gdy ¥ \w

g . . =
T W oY IR om wa @1 w gay v i e o (Stream Line Motion) SN/
i woar €




G-26

Terminal Velocity:— When a small solid body is allowed 0 fall under gravity
through viscous liquid, the layer of the liquid in contact with the body tends to
move with the velocity of the body while at a large distance from it the liquid
layer are at rest. Thus the motion of the body develops relative inofion between
the layer of the liquid. it is opposed by the visccous force in the liquid which
increases with the velocity of the body.VWhen the weight of the body (downward)
becomes equal to the viscous force (upward) plusthe upthrusdt (upward) of
the liquidon the body, then the body falls with a constant velocty.it is called the
terminal velocity. The expression far the termianl velocify of the body is
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Surface Energy:— When thesurface of a liquid is extended, molecules from the
interiorises to the surface against the inwardcohesive force ofattraction. There-
fore mechanical work is doen on the molcues which is stored aspotential energy
in the new surface format. Further in extension of the suiface, its temperature
decreases. Therefore heat flows into it from the surrounding to keep its
tempconstant. itisalscadded to itsenergy.in this way the extended surface of a
liquidposses potential energy due to mechanical work and heat energyabsorbed
from surrounding. This total energy perunit surface area is called
theinterinsiCsurface energy.
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Ques(22) Discribe the motion of a liquidwithvelocity greater than the criti-
cal velocity. What is Reynoid’s Number.

Sol" : Reynold showed experimentallythat if the average velocity of flow of a
liquid is below a certain value, themotion is streamlined. But if it excceds this
value the motion becomes turblent. Thislimiting valve of average velocity is
called the critical velocity for that liquid. The experimental arrangement are
shown in the following figure.
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A honzontat tube T, 0.5 ¢c.m. in diameter is placed at the bottom of tank W of
water. The flow of water along T is controlled bya clipC onrubber tube con-
nacted to T a draw-out glass jet B, attached to a reservair containing coloured
water, is placed at one end of T. As the rate of flow ofthe water along T is
increased, a stage is reached when thecoluring in T begins to spread out and-
§ill the whole of the tube. thecritical velocity has now been exceeded, and turbu-
lence has begun.

Reynoldshowed that the critical veaocity (V) is related to the dencity (p)
of the liquid, itsviscosity (), and the radius(r) of the tube through which the

v, = X0

liquid is flowinby the relation.
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V, = kn -
pr - ]
where Kk is the Reynold's number andfor narrow tube Reynold’s number is

1000. Therefore narrow tube, low dinsity and high viscosity help in producting

stream line motion. Reynoid’s number K determines the nature of flow of a
liquid through tube.’
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Note : Remaining part of this question see questlon no. (92).
. 23 A U tube with limbs of diameter 4.0 mm and 2.0 mm contain

water of surface tension 7 » 107 N m™, angle of contact zero and
density 1.0 x 10° kglm-’* Find the difference of level (g = 10 m sec?)-

(2007)
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8ol. The expression for surface tension when angle of contact is zero is
given by .
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T:L’Eﬂi@.
2
— - 2T
FPg

Let h, and h, be the heights of the liquid contains in the two limbs,
and r,, r, be their radii |
A R, @A h, wa @ S & o oy @ e § @ ol g Risae see T, aen F, &}
respectively then
27 27
hy =--— hy =——
“hpp . 9 2T
Difference of levels of liquid in two columns will be
WY A G WP B WHAS BT 3N SN
27 {1 1}
hy —hy = —

Giventhat, T=7x10"2 Nm™!, p=1x10% kgim?,

\r . 5

g=10msec™®, n=20mm=20x%x10"3m and
i

rp=10mm =10 x10"3m .

2% 7 %1072 1 Uy
Therefore hy; —h; = -

1x10° x10 \1x107 21973
or (-hz—h,)-—--il{-;is-—(‘l-——;—)xwa
or hy, —h, =7 x10"%m
or h, —h; = /mm :
Q.24 Why do two stream line in a flowing liquid not cross each
other. {2011)

Sol : When a liquid flows such that each particle of the fluid passing a
certain point follows the same path and has the same velocity at that point
as its preceding particles which passed the same point, the flow is said to
be stream line flow and the path as stream line. In stream-line flow the
velocity at a given point is constant in time. : _
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Two seamlines in a flowing fluid do not cross each other, because
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if they cross each other, then at the point of Interasclion, thare are two

direction for the flow of liquid, which is imponusible | haiefore iwo stream
lines do not intersect each other. The path of tha partic los panaing s oer
tain point in stream line flow is called a line of llow "vr’ alteain Hine Ihe

tangent at any point on a stream line gives the ditachion of flow ul the
liquid at that point.
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Ques: 25- Calculate the work done in increasing the radius of a soap bubble
from 0.01 mm to 0.1 mm. Surface tension of soap solution in 26 x 10 N/m.

" (2008)-
Soln. Initial total surface area of the soap bubble

_ . 2
=2x47{001x107)
=87 x 107102

Final total surface area of the soap bubble

2

=2x47(01x107%)
=87 x 1078 m?

Therefore increase in the surface area of the soap bubble
=87 x1078 —87 %1077
=87 %107% -008z %1078

=7927 x10"8 m?
Thus the amount of work done

= surfacetension X Increase in'swj‘bce area ..
=26x107% x 7927 x107°
= 64658 x 107"

~646x10™9  Joule.
Ques 26 : A capillary tube, 1.0 mm. in diameter and 20 ¢m. in length is fittec
horizontally to a vessel kept full of alcohal of density 0.8 gm/cc. The depthof th
capiliary tube below the surface of alcohol is 30 cm. Find the amount that wil
flow out in 4 minutes. ( 77 = 0.015 c.g.s. unit). (2009).

-
sl

-
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nprt

Soln. The rate of flow of a liquid in a capillary is Q= 871 B

Given r=0.5 mm.=0.05 cm.
n= 0.015 c.g.s. units .
P~ 30x08x 080 dyne/cin?
Therefore volume of alcohol flowing per sec. is

o= 314x 30 x 0.8 x 980 x (0.05)* _.73852.8 x 0.00000625
R 8 x 0.015%20 ' 2.4
0.46158 5
Q= _ET - @ =0.1923cm” / ses.

Volume of Alcohol flowing in 4 minutes (or 240 sec.) is
| = 0.1923 x 240 = 46.15cm?
Amount of alcohol ﬂowi;ng in 4 minutes
=46.15x 08 =36.92g.m. Ans.
Que.27 What would be the pressure inside & small air bubblé ¢f 0.1mm.
radius, situated just below the surface of water ? surface tension of water =

0.72 N/m and atmospheric pressure =] 013x10° N/m’ (2¢11)
Sol.The bubble is situated below the surface of water therefore it has only one
surface. Hence the excess of pressure inside the air bubble over atmospheric

pressure is given by~ =~ P = 2% ”
- 2x%0.072
Here T=0.072m/n ¢ =10"*m P-‘-*—‘“I'“O—_‘:;‘“”

or p=0._()144)(lt)sN/m2

Therefore the total pressure inside the air bubble
= p + atmopheric pressure

~0.0144x10° +1.013x10°

~1.6274%10°n/m?

Que.(28) Show that if two capillaries of radii »; and », having length /,
and /, respectively are con nected in series, the rate of flow of water V is given

Lo, )

- ;

by V= E (rl" £ . 24 } Where P is pressure difference across the system
1 2

and 77 is coefficient of viscosity of water. (2011)
Sol. Let two copillaries A and B of radii 7, and », having lengths /, and
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As the liquids are incompressible therefore the same volume of liquid
passes through the capillary B as that through the capillary . A in the same time.
That is the rate of flow of liquid through each capillary and also through the
combination as a whole, is the same.

Let this rate of flow be Q. Let the pressure difference across the capil-

laries A and B be p, and p,. If p is the pressure difference across the combina-
tion as whole, then p=p;+pz————= (1)

If R, and R, are the effective viscous resistance for capillaries A and

13 and R is the effective viscous resistance for combination as a whole, then -

P_P1 _P2 .
Rate of flow of liquid, Q=T ==+ =725

R R, R,
= p= RQ, pl = I{IQ and P2 = RzQ

putting these valves in eg” (1), we get

RQ =R;Q+R,Q or R=R; =R,

Therefore the rate of flow of liquid through the combination is

P P 8n/y 8nl,

=X = R, =~k R, =
Q=% R, +R, ’ But ™ =757y and 2T 4
- P - np
therefore Snh  Bnla | g A y 2
‘Jtl'l Tfrrz I'l 3
~i
) l [ -
or Q=85‘[r14+r24) Proved
14. 2

p p 8n/; - - _ 8nl,

Q R Rl -+ R2 But 1 'nrl 4 and 2 11:1'24
1T
Q= P = P
therefore 8“{: e 311[2_ 81 _ll&_ 4+ J}I
. 'm'l 'nr?_ l', r2

| np( I [ -

of, Q= 8n [riéi + » 24] Proved.
1 2

Q.29 Calculate the work dene in blowing a soap bubble of diameter 10mm. The
surface tension of soap selutionis 2 5 102N /M - (2014)



