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English Version

1. Answer any two questions taking one from each
Group : 10 x 2 =20
Group - A

(a) A system of coplanar forces is acting on a
rigid body. Show that it can be reduced to a

single force acting at an arbitrarily chosen

point O lying in the plane of the forces and

a single couple. Hence find the condition of
equilibrium of that system. 10

(b) A square lamina rests with its plane
perpendicular to a smooth wall, one corner
being attached to a point in the wall by a
fine string of length equal to the side of the
square. Find the position of equilibrium
and show that it is stable. 10

Group - B

(c) A plane area is completely immersed in
water, its plane being vertical. If it is made
to descend in the vertical plane without
rotation and with a uniform velocity, then
show that the centre of pressure
approaches the horizontal line through the
centre of gravity of the plane with a velocity
which 1is inversely proportional to the
square of the depth of the centre of gravity.

10
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(d)

A solid right circular cone of vertical angle
20 is just immersed in water so that one
generator is in the surface of the liquid.
If W be the weight of the liquid displaced by
the cone, then prove that the resultant

thrust on the curved surface of the cone is

W\/ 1+ 3sin2 o and if 0 be the inclination

of direction of resultant thrust to the axis of

the cone, then cot6 =2tana . 10

2. Answer any three questions taking at least one

from each Group : 6x3=18

(@)

(b)

Group - A
Let X, Y, Z and L, M, N denote respectively
the algebraic sum of the components of a
system of forces and their moments with
respect to Cartesian axes Ox, Oy, Oz

passing through any base point O. Show

that X2 +Y2+22 and LX + MY + NZ are
invariant whatever be the base point or the
direction of axes. 6
A system of coplanar forces acting on a
rigid body is in equilibrium. Show that the

virtual work done by the system is zero. 6
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An isoceles triangular lamina is such that
its mass per unit area at every point varies
as the sum of its distances from the equal
sides of the triangle. Prove that the distance
of the centre of gravity, from the vertex is

three-fourth of the altitude. 6

Group - B
A homogeneous circular cylinder of length
h, radius a and specific gravity s, floats in

water. Prove that the position with the axis

vertical is stable, if a_2 >2s(l-3s). 6
h

A triangle ABC is immersed vertically in two
liquids with the base BC in the surface. If
the densities of the upper and lower liquids

be o and p respectively and the depth of

the surface of separation be half the depth
of the vertex, then show that the ratio of the
thrusts on the portions in the two liquids is
46 :(3c+p). 6
A mass of homogeneous liquid contained in
a vessel revolves uniformly about a vertical

axis. Find the pressure at any point of the

liquid. 6
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3. Answer any four questions taking two from each
Group : 3x4=12
Group - A
(@) P and Q are like parallel forces. If P be

(b)

(d)

moved parallel to itself through a distance

x, then show that the resultant of P, Q

moves through a distance 3

=X
P+OQ°
A particle is constrained to rest on a rough
plane curve y = f(x) under the action of a
given force whose components are ( X, Y)
referred to Cartesian axes Ox, Oy. Show
that, for the positions of equilibrium,

dy _ o dy Y
[X-FYEJ <p (XE—YJ , u being the

coefficient of friction. 3

Explain what are meant by 'Astatic Centre'
and 'Astatic Equilibrium'. 3
In a common catenary, if T be the tension

at any point P, Ty be that at the lowest

point C, and W be the weight of the portion
CP of the string, then show that

T2—T02=W2. 3
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Group - B

() Assuming g, the acceleration due to gravity
as constant, find the pressure in an
isothermal atmosphere at a height z. 3

® In a vertical column of perfect gas, if the
pressure and absolute temperature at any
height z be p and T respectively, then prove

po
Po T
that z = J.—dp,where Po> Po, T
pogTo ? p 0> 70> 70
b

are pressure, density and absolute
temperature at the bottom and g has its
usual meaning. 3

(g8 Show that the free surface of a
homogeneous liquid at rest under gravity is
horizontal. 3

(h) A semicircular lamina of radius a is
immersed in a liquid with the bounding
diameter in the surface. Show that the

3na

depth of its centre of pressure is 6 3
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