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Q1. (a) Obtain the fundamental pressure equation for the equilibrium of a finite 

  mass of fluid and hence obtain the necessary and sufficient conditions  

  of equilibrium. 

(b) A hemisphere is filled with homogeneous liquid. Find the resultant 

action on one of the four portions into which it is divided by two vertical 

planes through the centre at right angles of each other. 

(c) Two volumes V, V’ of different gases, at pressure p, p’ respectively are 

mixed together, so that the volume of the mixture is U. Find the 

pressure of the mixture. 

(Year 1993) 

(20 Marks) 

 

 

 

 

 

 

 

 



 

 

 

 

Q2. (a) A thin hollow cone, with a base, floats completely immersed in water 

 where it is placed. Show that the vertical angle of the cone is 2sin-1(
1

3
). 

(b) A parallelogram has its corners at depth, h1, h2, h3, h4, below the surface 

of a liquid and its centre at a depth h, show that the depth of its centre 

of pressure is 
ℎ1

2+ ℎ2
2+ℎ3

2+ℎ4
2+ 8ℎ2

12𝑡ℎ
 . 

(c) A zone whose vertical angle is 2α, has its lowest generator horizontal 

and is filled with a liquid. Prove that the resultant pressure on the curved 

surface is w = √(1 + 15𝑠𝑖𝑛𝛼2) where w is the weight of the liquid 

contained. 

(Year 1995) 

(40 Marks) 

Q3. (a) A quadrilateral ABCD has the side CD in the surface of a liquid. Its sides 

  BC and AD are vertical and of lengths a and b respectively. Prove that the 

  depth of the centre of pressure is 
1

2

(a2+b2)(𝑎+𝑏)

a2+ab+b2
. 

 (b) A hemispherical bowl is filled with water, and two vertical planes are drawn 

through its central radius, cutting off a semi-lune of the surface. If α be the 

angle between the planes, prove that the angle which the resultant pressure 

on the surface makes with the vertical is tan−1 (
𝑠𝑖𝑛𝛼

𝛼
). 

 (c) A heavy uniform rod of thin uniform cross-section and of length is movable 

in a vertical plane about a hinge at one of its extremities, situated at a depth 

h (< 1) below the surface of liquid of density ρ. If the density of the rod be 

σ (< ρ), show that the inclination to the vertical at which the rod maty rest, 

is cos−1 (
ℎ

𝑙
√

𝜌

𝜎
). 

(Year 1997) 

(40 Marks) 



 

 

Q4. (a) A closed tube in the form of an ellipse, with its major axis vertical, is filled 

  with the three different liquids of densities ρ1, ρ2 and ρ3 respectively. If the 

  distances of the surfaces of separation from either focus be 𝛾1, 𝛾2 and 𝛾3  

  respectively. Prove that 𝛾1(𝜌2 − 𝜌3) + 𝛾2(𝜌3 − 𝜌1) + 𝛾3(𝜌1 − 𝜌2) = 0. 

 (b) A trapezium ABCD having AD, BC as its parallel sides, is immersed in a 

liquid with its plane vertical. If the corners A, B, C and D are at depths 𝛼, 𝛽,

𝛾 and 𝛿 respectively, find the depth of the centre of pressure of the 

trapezium. 

(Year 1999) 

(40 Marks) 

Q5. If a quadrilateral area be entirely immersed in water, and 𝛼, 𝛽, 𝛾 and 𝛿 be depths 

of its four corners, and h that of its centre of gravity; show that the depth of its 

centre of pressure is 
1

2
(𝛼 + 𝛽 + 𝛾 + 𝛿) −

1

6ℎ
(𝛽𝛾 + 𝛾𝛼 + 𝛼𝛽 + 𝛼𝛿 + 𝛽𝛿 + 𝛾𝛿). 

(Year 2001) 

(20 Marks) 

Q6. A plane area is immersed in a homogeneous liquid with its centre of gravity and 

pressure at depths a and b respectively. If the whole area is now lowered (without 

rotation) to a depth h, find the distance through which the centre of pressure is 

raised. 

(Year 2002) 

(20 Marks) 

Q7. A semi-ellipse bounded by its minor axis is just immersed in a liquid the density 

of which varies as the depth, If the minor axis be in the surface, find the 

eccentricity in order that the focus may be the centre of pressure. 

(Year 2002) 

(20 Marks) 

 

 

 



 

 

 

 

Q8. A rectangular area is immersed in a heavy liquid with two sides horizontal and is 

divided by horizontal lines into strips on which the total thrust are equal. If a, b, c 

are the breadths of three consecutive strips, then prove that 

a(a + b)(b - c) = c(b + c)(a - b). 

(Year 2005) 

(20 Marks) 

Q9. (a) A uniform lamina, whose axes are 2a and 2b, is half immersed in water, the 

 axis 2b being in the surface. Find the centre of pressure. 

(b) A uniform rod of length 2a can turn freely about one end, which is fixed at 

a height h (< 2a) above the surface of a liquid; if the densities of the rod and 

liquid be l and 𝜎, show that the rod can rest either in a vertical position or 

inclined at an angle 𝜃 to the vertical such that cos 𝜃 = 
ℎ

2𝑎
√

𝜎

𝜎−𝜌
 . 

(Year 2007) 

(26 Marks) 

Q10. (a) Prove that the thrust of a heavy homogeneous liquid on a plane area is equal 

 to the product of the area and the pressure at its centroid (CG). 

(b) Find the centre of pressure of a triangular area immersed in a liquid with its 

vertex in the surface and base horizontal. 

(Year 2016) 

(50 Marks) 

 


