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1.
Given two vectors 
[image: image25.bmp] and 
[image: image2.wmf]OQ

 show how to construct geometrically the sum (
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If X, Y,  Z are the mid-points of the lines BC, CA, AB respectively and O is any point in the plane of the triangle ABC, show that
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,


and find the position of the point D such that 
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Turn over
2.
(i)
A force P acts along the side BC of an equilateral triangle ABC, in which M and N are the mid-points of AB and AC respectively. Find three forces acting along the sides of the triangle AMN such that their resultant is the force P.


(ii)
A particle at the centre O of a regular hexagon ABCDEF is acted on by forces of magnitude 1, 2, 3, 4, 5, 6 units acting along 
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 respectively. Find the magnitude, the direction, and the line of action of the extra force required to keep the particle at rest.

3.
A uniform cylinder of radius a and weight W rests with its curved surface in contact with two fixed planes, each of which is inclined at 45( to the horizontal, the line of intersection of the planes being parallel to the axis of the cylinder. A couple is applied to the cylinder in a plane perpendicular to its axis. If the angle of friction between the cylinder and each plane is 15(, show that the cylinder will rotate if the moment of the couple exceeds Wa/(2(2).

4.
State Hooke’s law and obtain an expression for the potential energy stored in a light elastic string of natural length a and modulus ( stretched to a length (a + b).


The ends of this string are fixed to two points A and B on the same level at a distance 3a apart. A particle of mass m is fixed to the mid-point of the string and is released from rest at the mid-point of AB. If the particle first comes to rest after falling through a distance 2a, find its acceleration at this instant.

5.
(i)
A particle is describing simple harmonic motion in a straight line. When its distance from O, the centre of its path, is 6 m, its speed is 32 m/s and its acceleration is 96 m/s2 towards O. Find the amplitude of the motion and the maximum acceleration of the particle.


(ii)
A point P is moving round the circle x2 + y2 = 1 in the positive sense with constant speed u, and N is the foot of the perpendicular from P to the x-axis. Find the magnitude and direction of the velocity of P relative to N at time t, if P is at the point (1, 0) when t = 0.  



If M is the foot of the perpendicular from P to the y-axis, find the magnitude and direction of the velocity of M relative to N at time t.

6.
Two spheres moving in opposite directions along the same path collide directly. Their masses are 2m and 3m, and their speeds immediately before the collision are 7u and 3u respectively. Show that after impact the speed of the heavier sphere lies between u and 5u. Find the ratio of their kinetic energies after impact if nine-tenths of the total kinetic energy is lost in the collision.

7.
A particle is attached by two inelastic strings each of length l to two points A and B in the same vertical line, where AB = 2a. If the particle moves in a horizontal circle with constant angular speed (, find the least value for ( for which both strings are taut.


Find also the value of ( for which the tension in one string is double that in the other, and find the ratio of l to a if the magnitude of the acceleration of the particle for this value of ( is 4g.

8.
A particle is projected with velocity V at an angle ( to the horizontal. Find its range R on the horizontal plane through the point of projection.


If the distance apart of the two points on the trajectory at which the velocity of the particle makes and angle 
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( with the horizontal is equal to 3R/8, find the angle ( to the nearest minute.

9.
(i)
A particle moves in a straight line with initial acceleration 10 m/s2. The acceleration decreases uniformly with time until after ten seconds the acceleration is 5 m/s2, and from then onwards it remains constant. If the initial velocity is 100 m/s, find when the velocity has doubled, and sketch the graph of the velocity against time.


(ii)
A point P moves along the x-axis with acceleration away from the origin O inversely proportional to OP 2. It is initially at rest with OP = a, and when OP = 2a its velocity is V. Show   that   when  OP = ka,   where  k  is  large,   the   velocity   of   P  is  approximately 



(2k – 1) V/(k(2). 
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10.
Show that the centroid of a uniform solid hemisphere of radius a is at a distance 3a/8 from O, the centre of the plane face.


The figure below shows the central cross-section of a casting made in the form of a uniform solid hemisphere of radius a and centre O, with a hemispherical cavity of radius 
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a and centre A. If this solid rests in equilibrium with its curved surface in contact with a horizontal plane, find the angle made by OA with the horizontal. 
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