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1.

At time ¢ = 0, the position vector of a particle P is —3j m. At time ¢ seconds, the position
vector of P is r metres and the velocity of P is v m s~!. Given that

v-2r=4¢j,

find the time when P passes through the origin.
@)

P 0

Figure 1

A uniform circular disc has mass 4m, centre O and radius 4a. The line POQ is a diameter of
the disc. A circular hole of radius 2a is made in the disc with the centre of the hole at the
point R on PQ where OR = 5a, as shown in Figure 1.

The resulting lamina is free to rotate about a fixed smooth horizontal axis L which passes
through Q and is perpendicular to the plane of the lamina.

(a) Show that the moment of inertia of the lamina about L is 69ma®.

)
The lamina is hanging at rest with P vertically below Q when it is given an angular
velocity Q. Given that the lamina turns through an angle 277[ before it first comes to

instantaneous rest,

(b) find Q in terms of g and a.
(6)
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A uniform lamina ABC of mass m is in the shape of an isosceles triangle with AB = AC = 5a
and BC = 8a.

(a) Show, using integration, that the moment of inertia of the lamina about an axis through A4,
parallel to BC, is £ ma® .

()

The foot of the perpendicular from 4 to BC is D. The lamina is free to rotate in a vertical
plane about a fixed smooth horizontal axis which passes through D and is perpendicular to the
plane of the lamina. The lamina is released from rest when DA makes an angle a with the
downward vertical. It is given that the moment of inertia of the lamina about an axis
through 4, perpendicular to BC and in the plane of the lamina, is £ma?* .

(b) Find the angular acceleration of the lamina when DA makes an angle 6 with the
downward vertical.

6]
Given that o is small,

(c) find an approximate value for the period of oscillation of the lamina about the vertical.

2

Two forces Fi = (i + 2j + 3k) N and F> = (3i + j + 2k) N act on a rigid body.

The force F; acts through the point with position vector (2i + k) m and the force F» acts
through the point with position vector (j + 2k) m.

(a) If the two forces are equivalent to a single force R, find

(i) R,
2)
(i1) a vector equation of the line of action of R , in the form r = a + /b.

()

(b) If the two forces are equivalent to a single force acting through the point with position
vector (i +2j + k) m together with a couple of moment G, find the magnitude of G.

(©))
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A raindrop falls vertically under gravity through a cloud. In a model of the motion the
raindrop is assumed to be spherical at all times and the cloud is assumed to consist of
stationary water particles. At time #=0 , the raindrop is at rest and has radius a. As the
raindrop falls, water particles from the cloud condense onto it and the radius of the raindrop is
assumed to increase at a constant rate 4. A time ¢ the speed of the raindrop is v.

(a) Show that

dv = 34v
d& (M+a) ©
®
(b) Find the speed of the raindrop when its radius is 3a.
)

A uniform circular disc has mass m, centre O and radius 2a. It is free to rotate about a fixed
smooth horizontal axis L which lies in the same plane as the disc and which is tangential to
the disc at the point 4. The disc is hanging at rest in equilibrium with O vertically below 4
when it is struck at O by a particle of mass m. Immediately before the impact the particle is
moving perpendicular to the plane of the disc with speed 3V(ag). The particle adheres to the
disc at O.

(a) Find the angular speed of the disc immediately after the impact.

(©))

(b) Find the magnitude of the force exerted on the disc by the axis immediately after the
impact.

()

TOTAL FOR PAPER: 75 MARKS
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?\Ilijerrslggr Scheme Marks
dr i
1 — —2r = 4¢'
dt .
IF=¢e®
e (ﬁ —2r)=e*.4e'j M1
dt
-2t
d(re™) _ a6
dt
re? =[4e” jdt DM1
= 4ej(+C) Al
t=0r=-3j=C=j DM1
e?r=(1-4e")j orr=(e* —4e")j Al
(1-4e")=0 or (e* —4e")=0 DM1
t=In4, 1.4 or better Al
7
2
(@) Mass of disc removed = m Bl
%4m(4a)2 +4m(4a)’ M1Al
%m(Za)2 +m(5a)’ M1 Al
I =%4m(4a)2 +4m(4a)? —(%m(Za)2 +m(5a)°) DM1
=69ma’ * Al
(7)
(b) 4m.0 = 3mX —ma M1
X = %a (from O) Al
%69mazQ2 =3mg(4a —%a)(l— oS 2?7[) M1 A2
Q= /& Al
23a
(6)
13
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Quesir
A
3
Ba ba
(@) A= 8?)(5 M1 Al
8x
5m:8X m r5m_—5x,o DM1
3 12a’ 3
ol = 8 m (—2—Tx3§x) Al
3 12a’ %a
3a
| = 2—r2X3 dx M1
) 9a
9’| 4 | |
9ma’ AL
2
(6)
9ma®  8ma’ _43ma’
(b) I, = + = (perp axes rule) M1 Al
2 3 6
I, =1, +m(2a)* (parallel axes rule) DML A1
I, =1, +ma’ (parallel axes rule) Al
2 2
I = 43ma _ama’ — 25ma Al
2
mgas,in<9:—25rga 0 M1
=29 Ging Al
253
(8)
(c) Forsmall 9, 6=- 69 0 SHM M1
T=27 /@ =57 /26‘ Al
)
16
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Number Scheme ks
4
@) (i) R=(i+2j+3K)+(3i+]j+2k) M1
=(4i+3j+5K) Al
2)
(@) (i) (xi+ yj+ zk)x(4i +3j+5k) = (2i + K)x(i + 2j+ 3Kk) + (j+ 2k)x(3i + j+ 2k) M1
(5y-32)i+(4z-5x)j+ (Bx—4y)k = (-2i—5j+4k) + (6j — 3K) A2
(5y—32)i+(4z-5x)j+ (3x—4y)k = (-2i+ j+ k)
asolutionisx=0,y=-1,z=3;x=1,y=0,z2=%;x=-1,y=-%,2=0 Bl
r=—4j+3k+A(4i+3j+5k) M1 A1l ft
(6)
(b) (i+2j+K)x(4i+3)j+5K)+ G =(-2i+ j+Kk) M1 Al
(7Ti—j-5K)+G = (-2i+j+k)
G =(-9i+2j+6k) Al
G| =+/(-9)* +2* +6° M1
=11 (Nm) Al ft
(5)
13
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Question

Number Scheme Marks
5
dr
(@) E:/’t:r:/lua Bl
(m+om)(v+ov)—mv =mgot M1 Al
dv v dm
—t——= DM1 Al
dt m dt
dm
ﬂ+ 3V Arr? i—g:ﬂ+%—g DM1
dt  4zr’p P at  r
W, N _g o Al
dt At+a
(8)
34
(b) R—e Jwatt _ 3NGt) _ gt _ (1t +a)? M1 Al
v(At+a)’ =g (At+a)’dt DM1
v(it+a)’=-Ltg(it+a)’ Al
t=0v=0=C=-2%g¢ga’ DM1
At+a=3a DM1
ga® 20ag
v=2Lg(3a)-L == Al
7 9(32) 2 27a° 274
(7)
15
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Question

Number Scheme Marks
6
(a) M1 of disc about L = %m(Za)2 +m(2a)* = 5ma’ M1 Al
CAM: m3,/ag.2a = (5ma’ + m(2a)?)w M1 AL ft
w=219 Al
3Va
()
(b) X M(A), 0=16 B1
6=0
X A )
R(«), X =2m2ad =0 B1
. , R(M),Y —2mg = 2m2ad? M1 Al
2a <« | T 2a6? 4q
Y =2mg +4ma£ DM1
4
2mg
_ 34mg Al
9
(6)
11
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