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Mechanics 1 - Statics
1.
A cyclist rides down a slope inclined at 10o to the horizontal as shown in Fig. 1. His centre of gravity is 1.5 m above the ground and 1.2 m from the point of ground contact of the front wheel. He applies his brakes hard. What is the maximum deceleration before the back wheel loses contact with the ground and send him toppling down the slope?

2.
(Mathematics ‘S’ N90/7)


The diagram shows a thin rough rod OA which is fixed at an angle of 30o to the horizontal. A light inextensible string of length l has one fixed at O, passes through a smooth ring B of mass 2m, and is attached at its other end to a small ring C of mass m which slides on the rod. The coefficient of friction between the rod and the ring C is ¼.

Given that the system is in equilibrium, prove that the least possible distance between O and C is
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3.
(Physics ‘S’ 2000/2)

A smooth, hemisphere bowl of diameter d is fixed to a horizontal table. A uniform, smooth rod of length L and weight W rests in equilibrium on the rounded rim of the bowl at an angle θ to the horizontal. Show that the condition for equilibrium is
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4.
(Mathematics ‘S’ N92/7, part)

A straight rod CD of length 2a is hinged at C so that it can rotate smoothly in a horizontal plane. An inextensible light string has length 2x, where x > a, and its ends are attached to C and D. A smooth ring B of mass m is threaded onto the string, so that, when B hangs freely in equilibrium, it is at a distance 
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Starting from rest, the system is rotated about C until B is vertically below D and the system is then moving with a constant angular velocity ω such that B maintains its position vertically below D. Show that ω depends on x but not on a.

If E is the total energy that has to be given to the system to reach this state, prove that
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5.
(Mathematics ‘S’ N99/7, part)

The diagram shows a particle P of mass m attached to one end of a light elastic string of natural length a and modulus of elasticity λ. The other end of the string is attached to the highest point Z of a fixed hollow sphere with centre O and radius a. The particle is describing a horizontal circle on the smooth internal surface of the sphere with constant angular speed ω and with angle OZP = θ. Find the normal reaction acting on P and deduce that
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(Note: modulus of elasticity is defined by the relation T = λx / a where T is the tension, x is the extension and a is the natural length. )
6.
(200 Puzzling Physics Problems, P25)
An empty cylinder beaker of mass 100 g, radius 30 mm and negligible wall thickness, has its centre of gravity 100 mm above its base. To what depth should it be filled with water so as to make it as stable as possible?

7.
(200 Puzzling Physics Problems, P43)

Four identical bricks are placed on top of each other at the edge of a table. Is it possible to slide them horizontally across each other in such a way that the projection of the topmost one is completely outside the table? What is the theoretical limit to the displacement of the topmost brick if the number of bricks is arbitrarily increased?
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