Fluid Pressure
Under Gravity
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71 : Solid. A solid is that form of the matter that retains a definite shape and volume
without any support. Pieces of iron, wood and ice etc, are examples of the solid state of matter.

2.2 Fluid. Fluid is that state of the matter which 1s capable of changing shape. It is capable
of flowing also. Water and air etc. are examples of fluids.

Further, fluids are also of two types, namely liquids and gases.

2.3 Liquid. A liquid like water or oil etc. 15 a fluid which is in-compressible i.e. has
a definite volume but has no definite shape. It is also called incompressible fluid

2.4 Gases. A gas like air is that fluid which is capable of being compressed or is
capable of being expanded almost indefinitely. Thus a gas has no definite volume and 1o

definite shape. It also called compressible fluid.

m 2.5 : Perfect Fluid




A Perfect fluid is that ideal substance the particles of which yield at once to the slightest
effort mﬂde tﬂ@ﬂf‘ﬂh’ them from each other. Also the pressure of a perfect fluid, whether at
rest or in 1 ﬁm is only along the normal to the surface, there being no tangen tial force due
mmm@wﬂ s 1 ¥ - _

m 26 : he 1S |

v - - y
g

The particles of a viscous fluid exert resistance (friction.

body in a viscous fluid comes across the resistance du
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yw it will be observed that the plate can be kept at rest only R SOIE mﬁw.ﬁﬁﬁmwy
is applied to it, which shows that the fluid in side the vessel H.m also .mﬂm :
force on the plate. If P be the force necessary to keep the plate in wacn_ MEE“
' 1s called the fluid pressure or the fluid thrust on the whole area of the plate.

Jniform Pressure: If the fluid pressure is the same for each ma.n_m_ element of
he area which can be on the horizontal base of the vessel or in other words

he fluid pressure or any portion of the plane area is proportional to the area
f that portion, the pressure on that area is said to be uniform.

)n the other hand, if the pressure is not the same for different equal areas

s it would be when the areas are taken on the vertical side of the vessel, the
uid pressure is said to be varying or non-uniform.
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Equality of Pressures in all Directions

.
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2.9 : The pressure at any point of a liquid (at rest) is same in all directions.
; y point of a liquid ( ) LU, 04H; BNMU-14H)

Proof : Let O be any point inside the fluid. Take three mutually perPe“diC“]ar
directions OA, OB, OC and imagine a tetrahedron OABC of the fluid. Let P and P’ be
the mean pressures on the faces ABO and OBC respectively. Also let p be the pressure
at the point O along a perpendicular to the plane ABC and p’ be the pressure at O

along OA, which is a line normal to the plane OBC. The result will be proved if we
prove that p= p".
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at Points In a Horizontal Plane

e is the same at all points
'R.U. 80H, 94H, L.N.M.U. 93H]

36 Pressure

Theorem 3.6.1 [n a fluid, at rest under gravity, the presst

in the same horizontal plane.
in the same horizontal plane. Join A and

wholly inside the Auid or it may not lie
parately.

et A and B be any two points In fluid

8 Then two cases arise: line AB may be

entirely in the fluid. We will consider the two cases S€

When the straight line AB lies wholly inside the fluid.

Case |.
s-sectional

ht circular cylinder of small cros

With AB as axis, we construct a rig
d B, respectively.

area «. Let py and p» be the pressures at A an

Since the ends of the cylinder are
small, we can assume the pressure OI
them to be uniform and equal to the
pressures at A and B, le., p; and pa2,

respectively.




Fluid Pres. ‘

~SUre

|r.JI..

A = Pressur€ at B.
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Case |l. When the straight line AB do
B by a series of straigh;

U DB such that each of
olly in the fluid. Then by

Pressure at C
Pressure at D
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Fig. 3.6

Hence, the pressures at A and B are same.




p— point of a liquid fluig

uid at rest under gravi,
,2009H, 11(H) BN.M.U 11y 3"
3H, 15,
Solution ko
Let P and Q be two points in the same vertical lin

a fluid of density p
Let z and z +dz be the depth of P and Q below the
fluid surface.
Then PQ = dz which is very-very small.
Hence there will be no variation of density p and
gravity ¢ through the height PQ.

Let us construct an imaginary cylinder with axis PQ)
and cross-section oL

e in




Fluid Pressure Under Gravity 19 A
~ P [ ] = i . - ‘F
al Piﬂﬂ*‘." end ar ! along U and -I‘;- 17 ) ]",'-.
ler is also

Let p be the fluid pressure per unit area
area at plane end Q along ) P
hence the imaginary cylinde

the fluid pressure per unit
Since the water body is at rest under gravity,
in equilibrium position under the action of following fnn_‘i"--'-; '
(i) The thrust po on the plane end at P along PO.
(ii) The weight pg o.dz of the liquid within the cylinder acting vertically >
downwards |
(iii) Upward thrust (p +dp) o. on the plane end at Q along QP. -
(iv) The horizontal thrust on the curved surface of the cylinder.
Resolving all the forces horizontally and vertically we get,
po. + pgoL-dz = (p +dp)o
= dp = pg -dz o ()
Equation (1) is the differential equation of pressure of a fluid of density p at depthz. |
Case I When the fluid is homogeneous then p is constant. ad
Integrating (1), p=pgz +C, (2 v
Where C is constant of integration. o o8
[nitially at the fluid surface,z =0, p =11 = atmospheric pressure, then s, ¢
from (2) g
[M=pg-0+C 4
= 2=l Cacaf
p =I1+pgz --(3) o
Equation (3) is the required expression of pressure at depth z. h""*
If we neglect the atmospheric pressure, thenIT= 0 Fand
. From (3), we get S x
' 1“ = pg: |
= P ocZ ...(4) v
-. pressure is proportional to depth of fluid. TMBU 2013(H) -
Case Il When the fluid is heterogeneous then density p will be a function of z. L
Let p = f (z) then from eqn (1). P
dp = f(2)g dz
[dp =] f@)-g-dz
=5 p=g-jf(z)dz+C
This is the required expression of pressure for a heterogeneous fluid at depthz.
Corollary : Difference of pressures at two points varies as the difference of
their depths. (B.N.M.U. 12H)
Proof : v LS
_ _ 7z =0 Lquid surface
Letp, and p, be the pressures of a fluid of density p e
at depths z, and z, respectively then e
p1=11+pgzy e
ST
pa=11+pg2; St
Subhagiig pa-p1=pg @G2-2z1)  EEEEFmEiniE
(P2 —P1) < @2 —21) =33EEz3zszIszzazzocasii:
Fig. 11
Proved

—
i.e. Difference of pressures varies as difference of

depths.




Fig. 12
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= pressure

I1 be .,#ﬁ:_.,h.m_m_: to the

density p, thenll = pgh. BLBT e
T S equre at apointa P
1 ﬁdﬁﬂv the total pressure P e ﬁ%} o

f the liquid = I'l + pgz

A Nﬁm § +Mvmﬁ& density p is superim posed on th
fr Zoﬂw o w, Mﬂhdﬂzﬂ __ﬂ.._wm: the upper surface PQ of UEsLEeRIIpOSEa LG ca
ee surtace o ’ : s
be defined as the effective surface of the liquid. 3 Bt and henc
" Remark : (1) If the liquid 1 homogeneous, H. “h _urmﬁa eneous liquid
p o (h+2)ie., the total pressure at any point. 10 4 8 ,

. fective surface.
tional to the depth of the point below the ef . ..
wamﬁmﬂwr 1 (2) As %m liquid 1s incompressible, O wé should not think about the

free surface of the liquid that it may be lowered due to atmospheric pressure.

= 2.14 : The free surface of a heavy homogeneous

liquid at rest under gravity is horizontal.
[((TMBU-2008, 2010(H), 2012(H), 2014(H), 2016(H);
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m 2.15 : In the same horizontal plane, the densities at two
points In a liquid at rest under gravity are equal.

Proof : Letp; and p, be the densities of a liquid at two points A and B lying on the
same horizontal line in the liquid at rest under gravity.

ree surtace

( [ \

5 O . .. 210)
i PPy
s A (18,) | B (18,)

-
— i = =

Fig. 14
Drawing normals AC and BD at A and B respectively, which meet the free surface
atC and Drespectively,
We know that free surface of any liquid is always horizontal, so CD is horizontal.
AC= 8D
As A and B lie on the same horizontal plane, so,
pressure at A = pressure at B
=> P1:§ AC =p,-¢ BD
=5 P1 =P (.- AC = BD)

“. Density of any liquid at the same horizontal plane is always same.

§ 2.16 : To find the pressure at any given depth in the
lower of two given heavy homogeneous liquids
which don’t mix.

Proof : Let XY be the effective surface of the upper liquid of density p, and PQ be
the surface of separation of two liquids.
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Letp, be the density of lower liquid, wherep, > p,.

Taking a point A on the effective surface XY and drawing a vertical line through
A which meets the surface of seperation at B.

LetC be a point in the lower liquid just vertically below B.
Thus A, B, C all lie on the same vertical line.

LetITbe the atmospheric pressure at A, then from the properties of liquids,
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