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Let a plane
elementary area

1.etdT be the elementary thrust an the elementary area ds,
AT =area X pressure atits C.G.

= ds X zpg

dT = pg z ds.
Let Z be the depth of GCP. then the resultant thrust ZdT = IdT will

act normally at the C.P. of the plane area.
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Let a plane area S be immersed vertically in a liquid of density p.

ﬂ Free surface

Let ds be the elementary area in
the vertical plane at a depth z below
the free surface, then from the
previous theorem, the distance of C.P.

is given by
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distance of C.P from

the line PQ measured along the same
slope, then the depth of element

respectively. e . .
Now the thrust on the elementary area ds is given by

dT = area x pressure at its CG
=ds x pg h sin®
But we know that the resultant thrust ._.E.. of liquid on the plane are a act

normally through C.P, so taking moment  of all the thrusts acting on the plane abou:
the line PQ, we have |

m?ﬂu ._"a_wn.. *(by Varignon's theorem of static-

This is the required formula for the dist:

surface along the slope oftheplane.
Since the R.H.S of (2) is independ,

not effect the depth of C.P, ey

Formeqn. (1) & (2), we have
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w from eqn. (3) and other results,

5. Bl*h g k® ..(4)
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* otk” be the radius of gyration of the plane area about an axis through its C.G and

it _ 0 ﬂﬁm line PQ, then by the theorem of parallel axes, we have

Sk? = Sk’? + Sh 2

d

k*=k"* +h? ...(9)
& (5) we get .
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z=h+k’*/h ._
zZ .Im.ﬂl H.ﬁnhu\.m.uv ) .:Amv
z-h>0
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ce between C.P and C.G is decreasing with increase of .
t .r .G of the lamina is a fixed point, hence C.P approaches C.G ie. at a
 C.Pwill coincide with C.G
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Centre of Pressure of a Plane Area () 79 s

o= .
-]:.l-n.-

e strips are VEry thin, so the C.P. of each strip lies at their respective iy

B th |
an. ' swc;, : Evidently C.P. of the whole lamina will be on the x-axis EF.1f (x, y) be v
cn:g:gtglates of C.P., then
. . - jl’ dT
G e S =)

- [dr

_ PQ dx sin® - x sin®pg = PO -pg x sin” 0 dx

wheredT
3
X
EF 2
? — .‘".l.".-l—“ —_— ?I ‘.':_]l 5. % FF
. : ~EF ) 2 EF - s
w x dx Y 2
Jo
= 2 1] r
O, |
' X = — EF along x-axis
: DepthC.P.belnw the surface = X sinf
(L] 2 |
= — EF sinb®
3
2
= — EG.
3

s4.5 : C.P of a combined figure

7, be the depths of C.P of different parts of lamina immersed in a
ts on the different parts. Let z

thrust on the combined lamina

LetZy, 2g, Z3 .
ﬁquid and Ty, To, I3 e T, be the corresponding thrus

be the depth of C.P of the combined lamina, then total

isTy+ Ty + Tyt t T, which acts normally at C.I
By vﬁrignun's theorem
= Z([Ty + Ty + e+ Tp) =24T7 + ZoTsy + s 42,1,
n n
—
=

M.U. 14H]

e — i —

This is the required formula for the depth of C.P of the combined lamina.
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and cut off part of the lam;

C.P of the whole lamina
depth of C.P of the remain

Let ETF fz, be the dEPth of
Let T, and T, be the corresponding thrusts. Let z be the

part of the lamina, then
7(Ty — To) + 2212

Z4 =
1@ -T) + T
N - (T, - Tp) + 2212
— | TI
2Ty =Z(T, = T) + 2213
= 7 s 2111 = 2317
T, - T,

This is the required C.P of remaining part of a Lamina
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Example 7. T/ » ems
7. The lengt} : Prapl
betaveen them s, If the iﬂfi of two parallel sides of a trapezi are of P.G. Standard.
pezium. be immersed in water with T;im ‘;;iﬂ & b and the distan
s plane vertical and id,
th!? Sfig:"

Sol. Let AB -
e DB e . S (@ + 2b)
side AD (= ) L}l‘imd in such a yﬁa.zu&[ma Be
Joining the  di in the surface gfti s t the
trapezium i diagonal AC Hediguid
um into two triangles to divide the
be :
BC &th‘il;iepﬂ] of C.P of th
the cormemnn Pl e
Ing water thrusts ﬁ
0+h)>2 N the tri
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side a
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S =

= wr we = D

S e E——

Centre of Pressure of a Plane Are

= —h

5. 'n
Similarl}f 22 =5

_ area X pressure at C.G.

NnWT1
1 O04+h +h
Th ==bh X% &
1= 5 ﬂ:ﬂ( 3 ]
R
Iy :amf P8
1 O0+0+h
T, = =ahX b4
and 2 2‘ Pg ( 3 )
._]_'ﬂp hl"
6 8

[et Z be the depth of C.P of the trapezium, then
E'IT'I + Z?_TE
T, + T,

7=

J
4 2" 6

a O 81

1
hx%!-rszg +j—1 x —apgh*

, =
%hz bpg + —éa Pg h?

1 3 ﬂ)
= b + —
4!1 pg( :

1 2 II)
= b+ —
% pg( 2

__3h 2 (3b +a)

"4 3(2b+a)

= {1— [ﬂ A Bb] Proved.

e 2la+2b

Example 8. A rhombus AB |
the surface and the diagonal AC through the vertex is ver

CD is completely immersed in a liquid with the vertex A in
tical. Prove that the C.P divides the

diagonal AC in the ratio 7 : 5.
Sol. Let AG = GC =h then depth of B = depth
of D=h, thus the depth of C.P of the triangular
ABCis given by
' 04 h2 + 202+ 0h +h2h + 02
£ 20 + 1 + 2h)

7h* _7h
6h 6

é1=
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AABC =depthof C.P of the AACD
Height of C.P above

. C.P divides the &mmoua_ AC into ratio D,

Example 9. A square is immersed with the diagonal verti
again as its highest point. Eind the depth of its C.P. U

cal and its lowest ﬁ_.,:.ﬁ_: as de
[TMBU-2004H)

Sol. Let ABCD be a square lamina immersed
in a liquid of density p in such a way that the
depth of A below the free surface be h, then from

the question, depth of C is 2.
-.Depth of B = Depth of D = .Wx
By symmetry, the C.P of the lamina lies on the
&Hmmﬂﬁmﬂbn. T T e mmﬂ:.m-@.::t-.. - -

*. Depth of C.P of the square lamina ABCD = the depth of C.P. of the AABC

_mmm w
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