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1. A spacecraft 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

mgR

» the gravitational force is directed towards O and has magnitude >
X

* thespeed of Sisv
(a) Show that

where C is a constant.

&)
When x=3R, v=4/3gR

(b) Find, in terms of g and R, the speed of S as it hits the surface of the planet.
3
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Question 1 continued

(Total for Question 1 is 6 marks)
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Figure 1

A light elastic spring has natural length / and modulus of elasticity 4
One end of the spring is attached to a point 4 on a smooth plane.

The plane is inclined at angle 0 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 4B is a line of greatest slope of
the plane.

The point B is lower than 4 and 4B = 21, 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 = 0.7/

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

100
A=—m
o1 ¢

(b) Find the acceleration of P when it is released from rest at B.

P 7 4 3 2 4 A 0 4 2 8

C))

C))

| [

YIHV SIHLNIZLIHM LON Od V3HVY SIHL NI ILIHM 1ON Od

V34V SIHLNI 3LIYM LON Od



RS
QS
o20te%e!
KK

X
R
&é&
SeSotodes
%
QLRI

o202

0

XXX

0.0‘0

X
KKK AR AKX A

&
:’:’
5

%
2
2L
25555

%
5
4 Y%
0%
X
ote%s

=
2
%
6%

QL

O
0%

%
ote%e%

::g e\0e
< m——
S

<
0.0‘::0’0

S5
SRS

SEERXRKS

SRR

0 00000, .0 00009999,
0.0.0.’.0‘00 KX ‘2.0‘0 b
NOT-W

\

080 vertd

X KKK

S

X
ptetoetetel
<N
o
55

< X
®
e
X
o%!

RS
002008 s
K
)
RS
RIS

255
0::.0
5

8

R oot
TS
ts 1 € 0
S

~ \
Question 2 continued
\ J
5
~mmm 00 0 A 0O B A .
P 7 43 2 4 A @5 2 8 Turn over



7

Question 2 continued

P 7 4 3 2 4 A 0 6 2 8

| [

QXHXXK
KRR
CHRXRS
GRRXRS
RRRS
KRRHES
HRKS
poososetees
CHRXRS
GHRXRS
RRRS
XK
QRRRS
KK
RS
CHHXRS
KLRRES
RKLRHES
ZHXRA

555
boss vz
9>

¢
<55
&’

et
%S

%
%
X ;:‘;
5

0% %%

2% %

SRXSM
SRR

000009000 %000 0% 0
030%%% %% v
RIS
ISR

9
0
(0.0 00000000,
SRR
O 00000090,

IS
XX KKK
KKK KX
(00,000,
R8BS
S5,

.Y
0% %
Dose%0%
Joss & Js

<X
NS

%
o5

%
XK
o%

GG

potetototototototoroseseseses

2959593 ettty
ooteh Vot e b
oSetetoreds
0RERTRRD

dtetoete%!
LR
o20teteloete%e%

ol ot tetetetetese!

(%
0908
295959

OO
RS
030!
XX
5

0
%
4@@%
55
35S

6%
o208
5
oS etotetotetetotetotetetote!

X8
RRRRRKKS

o%
%% %%
SRR

X
55
X5
35
3RS

PO 4
00029 9208
-

o
S
QX 5

X
X%



2

%
35
doss

2 M

0
bo%es
R
2
o0’

850 coconcec
.~ DONOTV
St

XX
0%

o96%% %%
0902090002090 %0%6%9%4%%
Jototetotototoretet s te’

oY
o9e%
o5
%
%

0.0....
0.0‘0.0
Satosetets

S8
S

¢
%
5

9.0
SRKL
35555
XS

w&&%&
RRRKKS

%%
%%
0% %
‘ﬁ%

o%

%
0%
0ed%

o5
3353

Y088

XXX
B
AR

XX
0“0

0.0 0%

RREXK
o
%!

D

o
%
RRRKKS

%%
K
XX
ol

35S
]
)

oS

095 < W
SIS
SRS
LXK
BO%8 V' 008

0 00009999,
$9:0.0.0,9.9.9.9.9, XX
e

2NN
CXIHK I I K
SRR

0>
%!
J
*
039

ol

RN
ORI
3 %

A
000

oo%%
D
3

OO0
S8
oSoteteteted
RKEL
SRR

oo
LY

X XXX

SRS

P6%6%%!

XX
335
X XK
XX

XS
8%

% ﬁ%&
o

Question 2 continued

(Total for Question 2 is 9 marks)

UmEE

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



0 2

Figure 2

\ ¥

The shaded region in Figure 2 is bounded by the x-axis, the line with equation x = 2 and

. ) 1
the curve with equation y = Zx(3 -x).

This region is rotated through 27z 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
(a) Use the model and algebraic integration to show that the x coordinate of the centre

of mass of S is 2
24

(3)
The solid S is placed with its circular face on a rough plane which is inclined at a° 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 a
3)
MV 0 R O e
P 7 4 3 2 4 A 0 8 2 8




RS
QS
o20te%e!
KK

X
R
&é&
SeSotodes
%
QLRI

o202

0

XXX

0.0‘0

X
KKK AR AKX A

&
:’:’
5

%
2
2L
25555

%
5
4 Y%
0%
X
ote%s

=
2
%
6%

QL

O
0%

%
ote%e%

::g e\0e
< m——
S

<
0.0‘::0’0

S5
SRS

SEERXRKS

SRR

0 00000, .0 00009999,
0.0.0.’.0‘00 KX ‘2.0‘0 b
NOT-W

\

080 vertd

X KKK

S

X
ptetoetetel
<N
o
55

< X
®
e
X
o%!

RS
002008 s
K
)
RS
RIS

255
0::.0
5

8

R oot
TS
ts 1 € 0
S

~ \
Question 3 continued
\ J
9
~mmm 0 O 10 0 .
P 7 43 2 4 A @ 9 2 8 Turn over



7

Question 3 continued

10

P 7 4 3 2 4 A 0 1 0 2 8

| [

QXHXXK
KRR
CHRXRS
GRRXRS
RRRS
KRRHES
HRKS
poososetees
CHRXRS
GHRXRS
RRRS
XK
QRRRS
KK
RS
CHHXRS
KLRRES
RKLRHES
ZHXRA

555
boss vz
9>

¢
<55
&’

et
%S

%
%
X ;:‘;
5

0% %%

2% %

SRXSM
SRR

000009000 %000 0% 0
030%%% %% v
RIS
ISR

9
0
(0.0 00000000,
SRR
O 00000090,

IS
XX KKK
KKK KX
(00,000,
R8BS
S5,

.Y
0% %
Dose%0%
Joss & Js

<X
NS

%
o5

%
XK
o%

GG

potetototototototoroseseseses

2959593 ettty
ooteh Vot e b
oSetetoreds
0RERTRRD

dtetoete%!
LR
o20teteloete%e%

ol ot tetetetetese!

(%
0908
295959

OO
RS
030!
XX
5

0
%
4@@%
55
35S

6%
o208
5
oS etotetotetetotetotetetote!

X8
RRRRRKKS

o%
%% %%
SRR

X
55
X5
35
3RS

PO 4
00029 9208
-

o
S
QX 5

X
X%



00 %
s
Sodesodeds

2555
LRLRRLRLRRK

4&?&'
XX
%
OeSotetotetetotetotet

d‘
0%6%%
19%%
qﬁf

5

-

2
S
s
<

(‘

XXX
%2’

~

¢
%
5
25
5

K
290IILLIIIIKL oo

RO IBEKKBLKKBLLKK,
et otetetetetetatototesetetet
‘%spQé%bgﬁk
OSREISISROSIISKOsHsos

QKA
o
k¢

XS

000,00,
S8tetetets
NOT
Dol

00020200,
QKR

XX
LKL

0

x
<

o8

O
35
'0‘1‘
2,
000

$9%6%%
%ﬂﬁg
XX

o
XX
e

o7

KK

£599%
55
9959,
X
XXX

55
KL
K
RRRL

oS
5%
%
09t

o
2K
SRR
oSotetetoteds
RRRRK

2

350
000
o%!

%
%

X
QL

ZRLRK

SRS
S Sototetete!
SRRRERRS
o2e%s S

XX
XX
s

o96%%

QR

7

Question 3 continued

(Total for Question 3 is 8 marks)

UmEE

MY 0 ,
>
P 7 4 3 2 4 A 0 1 1 2 8 Turn over



3a

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 7 (0 < < 4a) on the inner
surface of the cone.

The coefficient of friction between P and the inner surface of the cone is i
The particle moves with a constant angular speed.

Show that the maximum possible angular speed is 1167g
\/ -
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5. (a) Use algebraic integration to show that the centre of mass of a uniform semicircular

. . . . 4 .
disc of radius » and centre O is at a distance 3_r from the diameter through O
T

[You may assume, without proof, that the area of a circle of radius 7 is 77°]

C))

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 7, shown shaded in Figure 4.

AN
oe

Figure 4

The distance of the centre of mass of 7 from AC is d.

(b) Show that d = 2%

d C))

The template 7 is freely suspended from A4 and hangs in equilibrium with AC at an angle
0 to the downward vertical.

(c) Find the exact value of tan

(6)

P 7 4 3 2 4 A 0 1 6 2 8
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6. The fixed point 4 is vertically above the fixed point B, with AB = 3/

A light elastic string has natural length / and modulus of elasticity 4mg
One end of the string is attached to 4 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 £, where AEB is a vertical straight line.

(a) Show that AF = %l

The particle P is now held at the point that is a distance 2/ vertically below 4 and
released from rest.

At time ¢, the vertical displacement of P from E is x, where x is measured
vertically downwards.

(b) Show that x = —8Tgx

o |
(c) Find, in terms of g and /, the speed of P when it is §l below E.

(d) Find the length of time, in each complete oscillation, for which P is more than 1.5/

from A, giving your answer in terms of g and /

P 7 4 3 2 4 A 0 2 0 2 8
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A

Figure 5

A thin smooth hollow spherical shell has centre O and radius 7. Part of the shell is
removed to form a bowl with a plane circular rim. The bowl is fixed with the circular
rim uppermost and horizontal. The point 4 is the lowest point of the bowl, as shown in
Figure 5.

The point B is on the rim of the bowl, with OB at an angle 0 to the upward vertical,
where tanf = %

A small ball is placed in the bowl at A. The ball is projected from 4 with horizontal
speed u and moves in the vertical plane AOB. The ball stays in contact with the bowl
until it reaches B.

At the instant when the ball reaches B, the speed of the ball is v.
By modelling the ball as a particle and ignoring air resistance,

(a) use the principle of conservation of mechanical energy to show that

Vi=u’— % ar
3)
(b) show that u 2% ar “
The point C is such that BC is a diameter of the rim of the bowl.
Given that u”* =4gr
(c) use the model to show that, after leaving the inner surface of the bowl at B, the ball
falls back into the bowl before reaching C.
(6)
VA 0 O
P 7 4 3 2 4 A 0 2 4 2 8
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Question 7 continued
(Total for Question 7 is 13 marks)
TOTAL FOR PAPER IS 75 MARKS
\ J

28

P 7 4 3 2 4 A 0 2 8 2 8

| [

o
<

%%

s

X8
0RXKS

P00 %009.9:0.9
09096 %9:9:%
s
0%0%%
XK
19095

%
oo

<
oatese
Jososess
o
535

<
5

¢
e
o~

%00

X
XXX

o%
00
ok

%%

‘1
‘%

50505
35

XL

s
)

o%
Ko
LS
be%eTe %t
x
Sl 00

QL
E
2
0%

K
Sootetetes

RN
0K

%
5

XX
358
XX

06
%
S%odel

%% %
0% %%
KRR
XK

&
S

% v )%
IS
SO
Somes
-

X i

SR

X il >
A

o%
SEBRL
QX i

K

29090959
KX



