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(i) A particle P, of unit mass, moves on the curve with polar equation r =asiné under the action of a force,
of magnitude f(r), which is always directed towards the pole 0.

Show that "
(@) r’d=h,wherehisaconstant, N
®) P =’r’2—4(a2 ),
2

(51 =%5—(r2 ~Zaz),

252
@ rm=2r
(i) A particle P moves in a plane so that at time ¢ seconds, its polar coordinateg (r,8)are given by the

equationsr = at?, 6= %tz , where a is a constant.
Show that the speed of Piswhen t=21s 4a417 .

A particle falls from rest under the influence of gravity from a height H above the ground. The resistance to
motion is kv2 Newton per unit mass, where vm s is the speed and kis a positive constant.
Show that the particle hits the ground while travelling with speed V, where =

2 g ~2kH
V= E( 1-e).
Show that, if kHis small,V = JZgH :
Hence, or otherwise, show further that the time taken by the particle to attain is }25— 7

A thin uniform rod AB, of mass 3m and length 2a, is free to rotate in a vertical plane about a smooth

horizontal axis through A. The rod is held in a horizontal pesition and then released. Show that the in the

ensuing motion, :
206 =3gcos@,

where @is the angle AB makes with the downward vertical through A.

Find the horizontal and vertical components of the reaction at the axis when o= % §

A smooth hemisphere, of radius rand centre 0, rests with its plane face on a horizontal ground. A particle P of
mass m is projected horizontally with speed u from the tap of the hemisphere. In the subsequent motion it
slides down the outside surface of the hemisphere and leaves the hiemisphere with speed P—‘g—r ;
Find,

{a) thespeed of projection,
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Define the moment about any point 0 of a force F with point of application at P such that OP = ro.
Write down a vector equation of the line of actiog of F.
Show that F can be considered to act anywhere on its line of action without changing its moment.
Forces F; and F, act at points with position vectors r; and rz, where
F, =(3i-j+2k)N, T, =(6i-j+Kk)m,
F,=(-1-4j+Kk)N, r, =(i-8j+k)m.
Find (a) the magnitude of the resultant of force R of the system,
(b) themomentabout O ofR.
By assuming that the line of action of R acts through the point with position vector (xi+ yj+zK)m, find the
moment of R about C.
Use the results above to find a vector equation of the line of action of R.
At time ¢ seconds, the position vector of a pariticle P relative to a fixed point 0 is r metres, where r satisfies the
vector differential equation %+ r=(2i+4f)e".
Given that Pis at O when t = 0, show thatattime ¢, the position vector of Pis given byr =(i+ 2pe’ —(i+ Zi)e"' :
Hence, show that P is travelling on the straight line y = 2x. -
Find,
{a) thedistance OP whent=1n2,
(b) thespeed of Pwhent=In2.

(i)  Given thaty satisfies the differential equation % =(x—y)},and that y =1 when x =0, find expressions-
g 74 3
for 2 ana 2.
dx dx
Hence, or otherwise, find y as a series in ascending powers of x, up to and including the term is x3.
(i) Therandom variable X is normaily distributed with mean 2.43 and variance g
Given that P(X <2)=90.1075, find the value of o, giving your answer correct to 2 decimal places.
Hence, show that2X ~ N(4.86,0.48].

Find P(4 <2X <6), giving your answer correct to 2 decimal places.

A smooth sphere A of mass 2m moving with velocity (-3i+ 12j)ms™ is given an impulse ] by a smooth fixed

plane so that it now moves with velocity 6ims™ .
Find,

{a) theimpulse jgivento 4,

(b) the coefficient of restitution during this impact.
Sphere A then moves on to collide obliquely with sphere B of equal radius but of mass m which is moving with
velocity (—4i + 8f)ms™ . Just before collision, the line of centres of the two spheres is parallel to the vector i.
Find the velocities of 4 and B immediately after impact, leaving your answers in terms of, e, the coefficient of
restitution between the two spheres.
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