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1. Aspacecraft S of mass m moves in a straight line towards the centre, O, of a planet.

The planet is modelled as a fixed sphere of radius R.

The spacecraft S is modelled as a particle.
The gravitational force of the planet is the only force acting on S.

When S is a distance x (x>R) from O
2
 the gravitational force is directed towards O and has magnitude ng—lf
X
* thespeedof Sisv

(@) Show that

where C is a constant.

®3)
When x=3R, v=@
(b) Find, in terms of g and R, the speed of S as it hits the surface of the planet.
®3)
. v,
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P 7 4 3 2 4 A 0 2 2 8

PMT!

CRKLR

<
Qs S
poverer 1968
QX il
e %
oL
SKITEX

<

=
% 1988
SRS
/]

.
%5

Poss
% &
SERE

%%
o
M
oS

0955

$%e%



<
%

SRS

X
5%
s

%o
SRR
9
&5

CRERKRAL

ool

096202000 2626 % %%

X

%

%%
kB Y SRR
CRORLXSS

%
ptetetele!

Yosegetetetesss

%
K RIRRKRK AKX AN

%

25

< KA

5 SRS

A REIRIEE,
CXELRS

A SRRRHALS

R
S
ED
f
)

B

Q5

9
R
A

9%
58

SRS

SRR

'
258

X
(RS
0‘0‘0'0‘0
odedslodel
255

%
BRI

' K&
UGS
LRLRIRRKRIRLRKRRS

35S

I Etstie
25
&
oo

<
ot
2%

!

%
S
KEETESS
SR

2
AN NN X
POl euzetoeboleteratetel
JIRRIKESS K

0%
X XA]
KRR
PISNNgosel
RRRKL

o
5

X

£ RIIERIIIHKIIA
oS X QSRR
O AT Ra oo to RS tato oo e e g S REEY
LS K \
KL

28

LRI
BB

00 KRRN

LKL
SRS

SR

%
XA

7

Question 1 continued

(Total for Question 1 is 6 marks)

UmEE

R0 00 3
P 7 4 3 2 4 A 0 3 2 8 Turn over

PMT



2

Figure 1

A light elastic spring has natural length | and modulus of elasticity 1
One end of the spring is attached to a point A on a smooth plane.

The plane is inclined at angle 6 to the horizontal, where tan6 = %
A particle P of mass m is attached to the other end of the spring.

Initially P is held at the point B on the plane, where AB is a line of greatest slope of
the plane.

The point B is lower than A and AB = 2, as shown in Figure 1.

The particle is released from rest at B and first comes to instantaneous rest at the point
C on AB, where AC = 0.7I

(@) Use the principle of conservation of mechanical energy to show that

100
A=—
o1 "¢
()
(b) Find the acceleration of P when it is released from rest at B.
(4)
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Question 2 continued
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Figure 2
The shaded region in Figure 2 is bounded by the x-axis, the line with equation x = 2 and
the curve with equation y = %x(?) -x).

This region is rotated through 2z radians about the x-axis, to form a solid of revolution
which is used to model a uniform solid S.

The volume of S is %n

(@) Use the model and algebraic integration to show that the x coordinate of the centre
31

of mass of S is

(5)

The solid S is placed with its circular face on a rough plane which is inclined at o° to
the horizontal. The plane is sufficiently rough to prevent S from sliding.

The solid S is on the point of toppling.

(b) Find the value of «
(3)

J
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Figure 3
Figure 3 shows a thin hollow right circular cone fixed with its circular rim horizontal.
The centre of the circular rim is O. The vertex V of the cone is vertically below O.
The radius of the circular rim is 4a and OV = 3a.

A particle P of mass m moves in a horizontal circle of radius r (0 < r < 4a) on the inner
surface of the cone.

The coefficient of friction between P and the inner surface of the cone is l

4
The particle moves with a constant angular speed.
log

Show that the maximum possible angular speed is 3
B

(9)
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Question 4 continued
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5. (a) Use algebraic integration to show that the centre of mass of a uniform semicircular

disc of radius r and centre O is at a distance ;1_r from the diameter through O
T

[You may assume, without proof, that the area of a circle of radius r is z7°]

A uniform lamina L is in the shape of a semicircle with centre B and diameter AC = 8a.
The semicircle with diameter AB is removed from L and attached to the straight edge
BC to form the template T, shown shaded in Figure 4.

>
e

Figure 4
The distance of the centre of mass of T from AC is d.

(b) Show that d = da
T

The template T is freely suspended from A and hangs in equilibrium with AC at an angle
6 to the downward vertical.

(c) Find the exact value of tané

(5)

(5)

(6)

J
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Question 5 continued
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4 )
6. The fixed point A is vertically above the fixed point B, with AB = 3l
A light elastic string has natural length | and modulus of elasticity 4mg
One end of the string is attached to A and the other end is attached to a particle P of
mass m
A second light elastic string also has natural length | and modulus of elasticity 4mg
One end of this string is attached to P and the other end is attached to B.
Initially P rests in equilibrium at the point E, where AEB is a vertical straight line.
(a) Show that AE = %1
(4)
The particle P is now held at the point that is a distance 2| vertically below A and
released from rest.
At time t, the vertical displacement of P from E is X, where x is measured
vertically downwards.
(b) Show that X = _8Tgx
(4)
(c) Find, in terms of g and I, the speed of P when it is %I below E.
©)
(d) Find the length of time, in each complete oscillation, for which P is more than 1.5l
from A, giving your answer in terms of g and |
®3)
. J
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Fi gure 5 e

A thin smooth hollow spherical shell has centre O and radius r. Part of the shell is X
removed to form a bowl with a plane circular rim. The bowl is fixed with the circular G
rim uppermost and horizontal. The point A is the lowest point of the bowl, as shown in S
Figure 5. S

The point B is on the rim of the bowl, with OB at an angle & to the upward vertical, -8
where tanf = % “O-

A small ball is placed in the bowl at A. The ball is projected from A with horizontal SRR
speed u and moves in the vertical plane AOB. The ball stays in contact with the bowl R
until it reaches B. S

At the instant when the ball reaches B, the speed of the ball is v. e i
By modelling the ball as a particle and ignoring air resistance, s
(a) use the principle of conservation of mechanical energy to show that KL

SRR
36 2SR

2 2 LB,
Vo= ——or SR
“ 3 & ????%
KRR,

LK
B8
(3) SREK

b) show that u? >ﬂ 7 LK
(b) 3%

(4)
The point C is such that BC is a diameter of the rim of the bowl. S
Given that u* =4gr Sy

(c) use the model to show that, after leaving the inner surface of the bowl at B, the ball s
falls back into the bowl before reaching C. R

DOOI% to¢
6 SR
959 cvce S

NN Y0 0 0 0O O =
P 7 4 3 2 4 A 0 2 4 2 8
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Question 7 continued
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Question 7 continued

(Total for Question 7 is 13 marks)

TOTAL FOR PAPER IS 75 MARKS
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