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Group A : Analytical Statics

Answer Question number 1 and any three from 2 to 5 :-

1.

Define angle of friction. State the relationship between the angle of friction and the coefficient of
friction. 2]

. Three forces P, @, R act along the sides of the triangle formed by the lines

x+y=3; 2x4+y—1=0 and y—ax=1

in order. Find the line of action of their resultant. [6]

. Four heavy equal uniform rods are freely jointed so as to form a rhombus which is freely suspended

by an angular point. The midpoints of the two upper rods are connected by a light rod so that the
rhombus cannot collapse. Prove by the principal of virtual work that the thrust in the light rod is
W tan «, where W is the total weight of the four rods and 2« is the angle of the rhombus at the point
of suspension. [6]

. A uniform lamina in the form of an equilateral triangle ABC of side % are in equilibrium with BC on

top of a fixed sphere of radius a. What is the greatest weight which can be attached to the vertex A
so that the equilibrium may remain stable? [6]

. The ellipsoid 2—; + %—; + i—; = 1 is placed with the axis of = is vertical and its surface is rough. Show

that a heavy particle will rest on it anywhere above its intersection with the cylinder
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where 1 is the coefficient of friction. [6]




Group B : Analytical Dynamics of a particle

Answer Question number 6 and any two from 7 to 9 :-

6.

7.

A particle moves in a straight line OCP being attracted by a force mu. PC is always directed towards
C, whilst C moves along OC with a constant acceleration f; here P is the position of the particle at
time ¢. If initially C was at rest at the origin O and the particle was at a distance b from O moving
with a velocity V, then prove that the distance of the particle from O at any time t is [6]

<£ + b> cos(t\/p) + \‘//ﬁ sin(ty/p) — /J; + %ftz

OR

A particle subject to gravity is projected at an angle o with the horizontal in a medium which produces
aretardation equal to k times the velocity. It strikes the horizontal plane through the point of projection
at an angle w, and the time of flight is 7. Prove that

tan w el —1—kT

tanaw e KT — 14+ kT

and deduce that w > a. [6]

(a) Establish a criterion for the stability of a circular orbit of radius ¢, with centre at the centre of
force, described under the influence of a force f(r). 6]

(b) A particle is projected vertically upwards with a velocity % in a medium whose resistance is kv
per unit mass , where v is the velocity of the particle and g is the acceleration due to gravity.
Find the height attained by the particle after time 1. [6]

(a) A smooth straight tube rotates in a horizontal plane with angular velocity w about a fixed end,
and a particle moves within it under a resistance equal to k£ times the square of the relative
velocity. Prove that if the particle be projected so as to come to rest at the fixed end, the relative
velocity at the distance r from that end is [6]

w
—— Ve —2kr —1
kv2

(b) If a particle moves under attractive central acceleration 7%, then prove that the velocities vy, v9

at the two apsidal distances satisfy the relation v? + v3 = %, where h is the constant angular
momentum about the centre of force for a particle of unit mass. 6]

(a) If V1 and V; are the velocities of a planet when it is, respectively, nearest and farthest from the
Sun, prove that (1 —e)V; = (1+e)Va, where e is the eccentricity of the planet’s orbit. Also, prove
that if V' be the velocity at the end of the minor axis of the planet’s orbit then V is the geometric
mean of V; and Va. [4+2]

(b) A particle describes an elliptic path under an acceleration always directed towards the minor axis
of the ellipse. Find the law of force. [6]
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