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The plane surface of a hemisphere of radius 3am is fixed on a horizontal

plane with its curved surface upwards. A sphere of radius 2am and
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. Edge of a smooth bowl of radius am is kept horizontal. End A of a uniform

rod AB with length 2a and weight W is kept inside the bowl and the point
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curved edge of the lamina touches the wall. OD = 3a. Find the tension in
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Show that the string CD is perpendicular to AB.

. - . . 3
i) If the rod AB is inclined a to the vertical, show thattan a = %

B:ind the condition for the equilibrium and the minimum value
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cone. The string goes over a peg and the cone hangs in equilibrium. If the

axis of the cone is horizontal and the cone is at rest, show that the length
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bowl of centre C and radius r. Bowl is fixed with its brim horizontal. The

rod is divided into two parts of length a and b at the centre of gravity G.

Here b > a and r > Vab. If the inclination to the horizontal of the rod at
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string at the point B. The string goes over a smooth peg at point A and the

other end of the string is attached to the end C of 3W weight rod CD. The
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Draw the force diagrams when 8 = 0% and 8 = 90°.
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51. A particle of weight w. is kept on a rough slanted plane. The angle

52. Aweight of w . is kept in equilibrium on a rough plane which makes
an angle of O with the horizontal. Show that the minimum force

required to move the mass upwards the plane is wg sin (6 + 1). Let

he I B friction angle be A. Keeping the direction of the force

ot

as constant, show that if 8 > A then before the mass move downwards

the force can be reduced to wg sin(6 + 1) sec 2.
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-A W weight particle is in equilibrium on a plane 30°
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-A ring of weight w is fixed at the end A of

a uniform rod of length 2a and weight W.
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other on a rough vertical plane. Let the coefficient of friction between

= =
x o
Q. jonr]
5 3
= -
» =
~ Q.
- =
= o
& 3
g o
(@) jab]
o )
Q.
O
s
3 5
< ja—
=
(@)
=
>
f—
° =
IA =
~ T
IA 5
. Q.
D> (]
o]
we] =)
(0]¢]
3 o
Q. —
o
a' (¢
— o
) (6]°]

25



83. A I

H
o

a point P vertically above A. Let PRA = 90°. The rod is in the
vertically perpendicular plane. The rod makes an angle of a to the
vertical and AP = d. If the rod is about to slip downwards from A,
show thatd = atan a (sina + u). Coefficient of friction between the

wall and rod is pu.

makes an angle of 8 with horizontal and end A is in contact with the
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so. A [

angle of 8 with the horizontal, show thatp = W tan 6. For the side AB

to not slip from the peg, show that the minimum value of x should be
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between the rod and the ring A be u. When ABO = 90°, show that u =

V3

8% Deduce that when a = 30° u = >

2+3tanZa

-Length 2a weight 3w regular OA rod is smoothly hinged at 0. An end

of an inextensible string with W weight is attached to a ring which
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uniform solid sphere of weight W is rest on a rough vertical
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If the inclination of the rod with the horizontal is 8(< a@) and a

113. Define the terms ‘friction angle’ and ‘friction cone’

&

A uniform rod is at rest inside a fixed hollow hemisphere. The
rod is in limiting equilibrium. If the rod makes a right angle

with the center of the hemisphere, show that the inclination of

2u
1+u2

the rod with the horizontal is tan™?! ( ), where coefficient

of friction is pu.
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Show that the distance between the rings cannot be less than 4a/5 at
equilibrium. Find the maximum and minimum distances that can

have between the two rings.

46



142. I

2“|

of the ring is S at equilibrium. @ is the angle between rod and vertical

wall.
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minimum and maximum distances between the two rings are

Show that the
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165. A uniform rod AB of weight W and length 2a is on a rough horizontal
plane. An inelastic string attached to B end is going over a fixed
smooth pulley D. D is on the same vertical plane of AB. The BD string
is inclined a to the horizontal. If the angle of inclination increases
gradually, the rod slips on the plane, show that 4 < cota. If not show
that the rod rolls around A. when the rod roll around A and inclined
with an angle a to the horizontal, the BD string incline f with the

horizontal. If A is about to slip, show that y(tanf — 2tana) = 1.
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PAST PAPERS

the upward vertical and it lies in a vertical

N



—
O
—

between R and W. Hence, show that the length CB is % (71 —

:

[? + 32a?).

(A/L - 2003)
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points where friction acts. Show that (b + x) sin? acos 2a = r sin 4
cos A.

(A/L - 2004)
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. By taki t
(cosa+usina) y taing moments

about B, find the value of G.
(A/L -2005)
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(A/L - 2006)

195. A uniform rod of length a and weight W rests in a vertical plane

inside a fixed rough hemispherical bowl of radius a. The rod is in

(A/L-2007)
-a) A uniform solid hemisphere of weight W is placed with its curved
surface on a rough plane inclined in an angle o, to the horizontal. It is

in limiting equilibrium with its plane face horizontal, when a small
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199. A weight W is suspended by two light inextensible strings of lengths

a and b from two points at the same horizontal level which are at a

(A/L-2011)
-A uniform rod AB of weight W and length 2a is in equilibrium with

the end A on a rough horizontal ground and the end B against a

C/
a
B A
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a vertical place perpendicular to the wall, making an acute angle 6
with the wall. Show that for the rod to be in equilibrium in this

position, the coefficient of friction u between the rod and the floor

. 1
must satisfy u > S tan 0

(A/L - 2015)
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rigid circular wire of radius a (> \/El) which is
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