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( English Version )

1. Answer any two questions taking one from each

Group :

()
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10 x 2 =20
Group - A

-> - -

A system of coplanar forces P ,Py,...,P,

are acting on a rigid body at points

- - -
A1), Aq(rp),--, A, (r,) respectively, where
-> > -

n,ry,..., I, are the position vectors of

AL Ay, A, with respect to a point O in the

plane of the force. Show that the system

%
can be reduced to a single force R at O

- > -
together with a couple G = z e X P .
k=1

n 5 -
Hence show that (i) if sz # O, then the
k=1
system reduces to a single force only; and
> -
(i) if ZPk = O, the system reduces to a
k=1

couple only. 10
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(b)

A heavy uniform inextensible string is
suspended from two given points and is in
equilibrium in a vertical plane under the
action of gravity. Supposing that the
equation to the curve can be put in the

form y = f(x) with a proper choice of axes,

show that y satisfies the equation

1/2
a%y 1 ) (dyjz

_~ = + | — s
dx2 C dx

where cis a parameter.

Solve this equation with appropriate
conditions to show that the equation to the

curve is y = ccosh(x/c). 10

Group - B

A plane area, completely immersed in a
liquid of density p, is in equilibrium under

gravity. Find the depth of the centre of
pressure of the area and show that it is
greater than the depth of the centre of
gravity.

Hence show that if the plane is lowered
uniformly, then the C.P. approaches to the
horizontal through C.G. with uniform
velocity which is inversely proportional to
the square of the depth of C.G. 10
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(d)
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A fluid of density p is in equilibrium under

a force 73) whose components are ( X, Y, Z)
parallel to a set of Cartesian axes. Show
that the necessary condition of
equilibrium is

oY 0oZ 0Z 0X 0X oY
X|E - Ly &2z &L -2 |-
(az 6y]+ (6x az)+ (6y 6x) 0
Show also that for a heterogeneous fluid
under conservative field of forces, the

surfaces of equipressure, of equidensity

and of equal potential energy coincide. 10

Answer any three questions taking at least one

from each Group :

()

(b)
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6x3=18
Group - A

Forces X, Y, Z act along the three straight

lines y=b, z=-c; z=c¢c, x=-a; x=a,

y =-b respectively. Show that they will

have a single resultant if % + g + % =0.

Find the equation of the line of action of the
resultant.
Four equal rods each of weight W form a

rhombus ABCD with smooth hinges at the
joints. The frame is suspended by the end A
and a weight W' is attached to C.
A stiffening rod of negligible weight joins
the middle points of AB, AD keeping these
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inclined at an angle o to AC. Show that the
thrust in  the
(4W + 2W')tana .

stiffening rod  is

A square hole is punched out of a circular
lamina, the diagonal of the square being a
radius of the circle. Show that the centre of
gravity of the remainder is at a distance

from the centre of the circle whose

a
8n-4
diameter is a.
Group - B

A small uniform circular tube, whose plane
is vertical contains equal quantities of
fluids whose densities are p and o(p> o),
and do not mix. If they together fill half the
tube, show that the radius passing through
the common surface makes with the

vertical an angle tan 1 2=2

p+o
A given volume of liquid is at rest on a fixed
plane under the action of a force, to a fixed
point in the plane varying as the distance.
If the free surface be hemispherical, find
the thrust on the plane.

A triangular lamina ABC of density p floats

in a liquid of density o, with the plane
vertical, the point B being in the surface of
the liquid and the point A not immersed.

Show that p:oc=sinAcosC :sinB.
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Answer any four questions taking two from each

Group : 3x4=12
Group - A
(@ A number ( n ) of coplanar forces
-> > -

F, F,,....,F, acting at Al’A2"“’An of a

body are in equilibrium. Find the condition
for their Astatic equilibrium.

(b) Three forces P, Q, R acting at the vertices
A, B, C along the perpendicular to the
opposite sides respectively of the triangle
ABC, keep it in equilibrium. Show that
P.Q:R=a:b:c

(c) A solid hemisphere rests in equilibrium
with the curved surface on a fixed sphere of
same radius. Show that the equilibrium is
unstable.

(d) Explain 'Angle of friction' and 'Cone of
friction'.

Group - B

() What are meant by (i Plane of floatation,

(ii) Surface of floatation and (iii) Surface of

buoyancy ?
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(®

(8

(h)

Find the pressure in an isothermal
atmosphere at a height z when acceleration
due to gravity g is constant.

A hemispherical bowl is filled with water
and is kept with its base horizontal. Show
that the resultant thrust on the bowl is
n times the horizontal thrust on the
portion on one side of a vertical diametrical
plane.

A thin circular tube of radius a contains
liquid, filling half of its circumference, and
turns about the vertical diameter with
uniform angular velocity. Prove that the

liquid will just separate, if the angular

. 2g
1 " —.
velocity is o
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