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[Not more than eight questions are to be attempted.]
1.
If a particle, acted on  by five co-planar forces simultaneously, remain at rest, prove that a closed pentagon can be drawn whose sides taken in order represent the forces in magnitude and direction.


If ABCDE be a regular pentagon and O its centre, prove that forces represented by the straight lines OA, OB, OC, OD, OE are in equilibrium.

2.
Find the position of the centre of mass of a uniform triangular lamina.


On a given base BC are constructed a number of different triangles ABC. Find the locus of the centre of mass of the triangular lamina ABC when the area of the triangle is constant.

3.
Find the mechanical advantage, neglecting friction, of a system of pulleys in which the same string passes round all the pulleys and the parts of it between the pulleys are parallel.


If the lower block of such a system weigh 50 lb. and be supported by four parts of the string, find the weight which can be raised by an effort equal to the weight of 112 lb.

4.
Prove that time of falling from rest down a chord of a vertical circle to the lowest point is constant.


A is a fixed point, P and Q are points in a vertical plane through A such that the time of falling down a smooth plane from P to A or from A to Q is one-eighth of a second. What are the loci of P and Q? 
5.
A body is moving in a straight line with initial velocity u and uniform acceleration a. Write down expressions for the velocity and distance after a time t, and deduce from them an expression for the velocity after a distance s has been described.  


A railway train is moving with uniform acceleration and is observed to pass the posts 256, 258 and 259 miles from London at 4.7, 4.10 and 4.11 p.m respectively. Find its acceleration in foot-second units, and its speed in miles per hour at the time of the first observation.
6.
A body is projected with velocity u in a direction inclined to the horizontal at an angle (. Find the greatest height and the time in which it reaches its greatest height.


If the initial velocity is 100 feet per second and ( = 30(, find the height at which the projectile will strike a vertical wall at right angles to the plane of motion and distant 250 feet from the point of projection.
7.
Define the terms poundal and dyne, and express the weight of a kilogram in dynes.

A force equal to the weight of a lb. acts upon a mass of b lb. at rest. Find how far it will move in t seconds and the velocity acquired.

8.
A body is projected up a rough inclined plane of inclination ( and then slides down to the starting-point. If the co-efficient of friction is tan (, prove that the squares of the times of ascending and descending are in the ration sin (( – () : sin (( + (). 

9.
Two heavy bodies are connected by a light inextensible string which is passed over a fixed pulley. If the pulley is so light that work done in turning it may be neglected and the system is allowed to move under gravity, find the acceleration of the two bodies, the tension of the string, and the pressure on the support of the pulley.


If the two masses are 3 and 4 lb. respectively, and the lighter one strikes the pulley after rising through 6 feet from rest, find the time before this takes place.

10.
A heavy body is fastened by a light inextensible string of length a to a fixed point and moves in a vertical circle. If its velocity at the lowest point is u, find the velocity when the string makes an angle ( with the vertical and the body is (1) below, (2) above the point of support.


What is the least value of u for which it is possible for the body to describe a complete circle?

11.
A train whose mass is 150 tons is moving with a speed of 20 miles an hour. Find the work done by the engine in giving it this speed, and find also the horse-power of the engine if the train run up a slope of 1 in 100 at this rate, the resistance due to friction being 12 lb. weight per ton.

12.
Prove that if a uniform force act on any particle, the increase in kinetic energy of the particle is equal to the work done by the force.


A body moves through a distance s in time t when acted on by a uniform force P. Prove that the arithmetic mean of its initial and final velocities is 
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 and find the increase in its momentum.
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1.
Find the resultant of two unlike non-concurrent parallel forces.


At the vertices A, B and C of a weightless isosceles triangle whose base is BC are placed masses proportional to AB + AC, AB + BC, AC + BC; find the point about which the triangle will balance.

2.
Prove that if the moment of a system of forces in one plane acting on a rigid body about each of three points in the plane not in the same straight line is zero, the body is in equilibrium.


ABC is a triangle such that AB = 2(5 in., AC = 3(5 in., BC = 5 in. The moments of a system of forces about A, B, C being 0, 72, 48 inch-pounds respectively, find the line of action of the resultant forces.

3.
ABC is a triangle formed of three uniform rods of negligible weight such that AB = 10 in., AC = 6 in., BC = 8 in. The triangle is suspended by two vertical strings at A and B so that AB is horizontal and a weight of 5 lb. is attached at C, find the stresses in the rods and the tensions in the strings; also state which rods are in compression and which in tension.

4.
Find the position of the centre of mass of a pyramid with a triangular base, and deduce the position of the centre of mass of a circular cone.

  
A cylinder whose height is three times the radius of its base rests with its base on an inclined plane which is sufficiently rough to prevent slipping; find the inclination of the plane to the horizon if the cylinder is on the point of toppling over.

5.
A cone of height 3 in. and semi-vertical angle 45( rests with its base against a smooth vertical wall and is supported by a string attached to its vertex and to a point of the wall 1 in. above the highest point of the base. Find the tension of the string and the magnitude and line of action of the resultant pressure of the wall on the base of the cone.

6.
Define Cone of Friction and Angle of Friction.

A uniform ladder, weighing 112 lb., rests with one edge on a rough horizontal plane (( = 
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), and the other end against an equally rough vertical wall and makes an angle of 45( with the vertical; find how far a man weighing 12 stone may ascend before the ladder begins to slip.
7.
State and prove the Parallelogram of Velocities.

 
A carriage is travelling along a horizontal road at 12 miles per hour, find the velocity with which the mud leaves the wheel at the extremities of a horizontal diameter.

8.
Find the acceleration of a point moving in a circle with uniform speed.


Determine the velocity and acceleration of the extremity of the hour hand of a clock at three o’clock, the length of the hand being 4 in.

9.
Two particles A and B of masses 2 and 3 lb. respectively are attached to the ends of a string 2 yds. long; A falls down a smooth plane inclined at 30( to the horizon, and B falls vertically; if the particles start simultaneously from the top of the plane, find the jerk when the string becomes tight and the common velocity with which they then begin to move.

10.
Explain the terms unit of momentum, unit of work. 


A nail is partly driven into a board of uniform hardness, the exposed portion being 3 cms. It is now hit twice by a hammer of mass 250 gms. moving vertically with a velocity of 300 cms. per sec. and is thus completely driven in. determine the resistance of the wood to penetration in kilograms weight.

11.
Two smooth balls impinge directly; find equations from which the velocity of each ball after impact may be determined.


A ball of mass 1 lb. strikes a ball of mass 4 lb. at rest; find the angle the direction of motion of the first ball makes with the line of centres if after impact it is moving at right angles to its original direction, the coefficient of restitution being 
[image: image3.wmf]3

2

. 
12.
Show that when the arc of displacement is small the motion of the bob of a simple pendulum is very approximately simple harmonic motion, and obtain the formula 
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  for the time of a complete oscillation.


A clock is fitted with a simple pendulum which beats seconds; if the length be increased by (1 per cent, find the number of seconds lost in a day. [image: image5][image: image6][image: image7]
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