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( Hydrostatics )

Full Marks : 60

Time : 3 hours

The figures in the margin indicate full marks
for the questions

1. Answer the following as directed : 1x7=7
(a) Which of the following is a false
statement?

Pressure of a fluid at a given depth
(i) is equal in all directions
(i) depends on the density of the fluid

(iii) acts at right angles to the surface
with which it is in contact

(iv) is dependent on the shape of the
container

(Choose the correct one)

(b) “Barometers May be ysed for
measurement of altitude of 4 place.”
(Write True or False)
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(2)

() Which of the following statements is
true?

F01.' a ship floating in equilibrium, the
weight of the ship is

(i) greater than the force of buoyancy
(@) less than the force of buoyancy
(i) equal to the force of buoyancy

(iv) independent of the force of
buoyancy
(Choose the correct one)
(d) Write an equation that expresses
the I‘EIation between pressure and
volume in agiapatic change.

(¢) Define Metacentre of floating body.

() “The Position of the centre of
pres-Sure of a plane area is of
the 1nclinati0n of the plane.”

(Fill in the blank)

9]} Sizelian example of application of
atmospheric yregsure in daily life.

2. Answer the fOllowing questions : Dx4=8

(@) tStELte and proye the sufficient condition
fg € satisfieq by a given distribution of
mzes _X, Y, Z so that the fluid may

ntain €quilibrium.
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(b)

(c)

(d)

3. Answer any three parts :

(@)

(b)
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(3]

Obtain the formula for determination of
the centre of pressure of any plane area
in Cartesian coordinates.

Define surface of buoyancy and surface
of floatation.

What do you mean by absolute
temperature and absolute zero? What is
their scale of measurement?

If the components parallel to the
axes of the forces acting on the
element of a fluid at (x, y, z) be propor-
tional to y? +2Ayz+ 2%, 22 +2uzx + x2,
x2 +2yxy+y?, show that if equilibrium
be  possible, W€  must have
2A=2u=2v=L

A tube in the form of a parabola held
with its verteX downwards and axis
vertical, is filled With different liquids of
densities & and 8" If the distances of the
free surface of the liquids from the focus
be r and r’ respectively, show that the

distance of tl’:glr ‘ngann surface from
~r

the focus is e

( Turn Over )
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(4)

c) A ielli
{c) semiellipse bounded by its minor axis

;?J‘;F;:i:;mers-ed in a liquid, the density

i Vane.s as the depth. If the

eccentrids l?e in the surface, find the

Lo Cety in order that the focus may
ntre of pressure.

If a i

ot Sﬂohd homogeneous right circular

e Oats with the axis vertical and
X dOanardS, show that the

Hsaie
oating is stapje if < > cos®

P
and
o ti al:e the densities of the solid
e 5 ‘hCIUid respectively and o is the
€rtical angle of the cone.

o, where o

For a i
o 1flmc'sphere in convective equilibrium
Nder constant gravity, show that

Where i C
Y=ZP ;o constant, p, p, T are

/]

T€Spect; 3
telfp:tlvely pressure, density and
Tature, 77 js height of homo-

geneo
us Atmosphere, Tp 1S temperature

at se
of tha leve) where z=0, z is the height
€ Statjop_

nx? +y? +2%) -0

(5)

4. Answer either (@) OF (b)

(i A thin sphere of radius a, just filled
with water rotates about a vertical
diameter with angular velocity
W= %—g-; prove that the pressure at

a
any point of the surface of equal
pressure which cuts the sphere at

.4
right angles 1S ~gpa, p being the

density of water.

(i) Show that the free surface of a
heavy hom‘oge?leous liquid at rest
under gravity 1s horizontal.

() A massmof elastic fluid is rotating
about an axis Wlt_-h uniform angular
velocity © and is acted on by an
attraction toward.s a point on that
axis equal to b imes the distance,
i being greater than @; prove that
the equati'on of a surface of equal

density P 15
20 24 y?) = klog |- %) m®
8']'[3 p2k3

(i) Find the expression for pressure at
any point i a0 elastic fluid in both
the casts when the temperature
remains constant and when the

temperature Varies. 5
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(6 )

S. Answer either (q) or (b) :

(7))

6. Answer either (a) or (b) :

(@ () Prove that the depth of the centre of (@@ () A thin metal circular -cylinder
pressure of a parallelogram, two of contains water to a depth h and
Whose sides are horizontal and at floats in water with its axis vertical
depths h, k below the surface of a immersed to a depth h’. Show that
liquid and whose density varies as the vertical position is stable, if
the depth below the surface is the height of the centre of gravity of
2 2 the cylinder above its base is less
4 h
R(E R +ho) 5 than L(R#h).
4(k? + kh+h?) 2
(i) Ho termine the
) How can you dete face? Find (i) nvolumes vy, Vs, ..., v, of different
Exl‘essure on a curved sur aIr th - gases at pressures p Bt 0o S0
one Vertical Con;ponent 2 " § and absolute temperatures
2 ‘ & curved surface. : o' : 4, T, ... T,, are mixeqd together so
(i) A quadrant of a c1.rcle Is just B e OO OF the miice e oo
;‘mmerSed vertically with orﬁ edge O raaithicsabsolute: termerature 1.
. the syurface, in a gapag, the SOW ALY, Pressure. of the
ensity of which varies as the mixture is
depth 3 the centre of
Pth. Determine T( ;v | Pav,
prGSsure_ 5 —L} T+_F‘+-..+pnvn}
S who 1 2
(Il} A Vegsel full of water 1s 1n the Tn
OEBEGE an eighth part of an
:lhpsoid (axes a, b, ¢ bounded by (b) (i) Deﬁl.le metacentltic height and
ch? three principal planes. The axis obtain an €Xpression f . it.
IS verg the atmo i :
o Crtical and t Spheric (i) A piston of weight ,,
SSsure j neglected. Prove that : i vEStS Sigie
S vertical cylinder ¢
€ resultant fluid pressure on the : e transverse
ry . ; - Ses ) g “UPPorted by a
ed surface is a force of Intensity depth a of air. Ty ; Y 2
Pg[b2 4 B, g kg DaDs 0 5 ives a vertical Sistopiel
3 @dgic® + 2n d b e?] 5 receive blow p  which
01 8A /901 over )
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(8)

forces the piston down through a
distance h. Prove that

; h gP?
w+ -—||+=—=0
( Ttk}[h-:—alog [1 a):|4 S

T being the atmospheric pressure. 5
Or

A bent tybe of uniform bore, the
arms of which are at right angles,
revolves with constant angular
velocity ¢ about the axis of one of
ts arms, which is vertical and has
its extremity immersed in water.
Prove that the height to which the
Water wi]] rise in the vertical arm is
w2a?
LA 1—e—f§k_
ap

a being the length of the horizontal
arm, n the atomospheric pressure,
P the density of water and k

€ ratio of the pressure of the

Atmosphere to its density.

* K K
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