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In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

A particle P is moving along the positive x-axis.
At time ¢ seconds, ¢ > 0, P is x metres from the origin O and is moving away from
O with velocity vms™', where

<
Il

x*+4

(a) Find the deceleration of P when x =3

)
When =0, x=3
When =T, x=6
(b) Find the value of T.
&)
J
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Figure 1 2
Figure 1 shows a uniform rod AB of mass M and length 3a.
The rod is smoothly hinged at 4 to a fixed point so that the rod can rotate in a
vertical plane.
A small smooth ring is fixed at point C, a distance 3a from 4, on the same horizontal
level as 4 and in the same vertical plane as AB. 8
One end of a light elastic string is attached to 4. The string passes through the ring at C §
and the other end of the string is attached to 5. ;
The rod rests in equilibrium with angle BCA = 6°, where 0 < 6 < 45 §
I
o M, 20° Z
(a) Show that the tension in the string is L() =~
2sin §° é
3) >
)
2 =
Given that the string has natural length 3a and modulus of elasticity 3 Mg,
5
(b) show that tan (20°) = "
“4)
O
o
=
()]
=)
=
=
=
m
2
-
a
(7
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Figure 2

Two fixed points, 4 and B, are such that 4B =0.56m and 4 is vertically above B.
The point C on 4B is such that AC=0.36m and CB=0.2m.

A light inextensible string of length 0.64 m has one end attached to 4 and the other end
attached to B.

A particle of mass 0.1kg is attached to the string at the point P, where AP = 0.39m.
The particle moves with constant angular speed in a horizontal circle with centre C, as
shown in Figure 2.

The angular speed of the particle is  rads™

Given that both parts of the string are taut,

(a) find the tension in PB when w =3 J5

(b) Find the greatest value of @ for which PB is slack, making your method clear.
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n
The shaded region shown in Figure 3 is bounded by the positive x-axis, the positive ;’,
; . ; 2 2 _
y-axis and the curve with equation (x +3)"+) =25 =
The unit of length on both of the axes is 1 m.
The shaded region is rotated through 27 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 27tm3
3 @
(@)
=
(a) Show, using algebraic integration, that the centre of mass of S is %m from O. 2
©) =
)
ITk
)
=
n
4m ;
m
>
Figure 4
A solid 7, which is the same size and shape as S, is removed from a uniform solid
hemisphere of radius 4 m. The plane face of 7 is the plane face of the hemisphere.
The solid remaining is in the shape of a bowl, shown in Figure 4, where 4 and B are o)
points on the circular rim of the bowl and 4B is a diameter of the rim. g
()
The centre of mass of the bowl is d metres from the midpoint of 45. g
-]
39 =
(b) Show thatd = — m
19 =
4) E
( =
The bowl is now suspended from 4 and hangs freely in equilibrium with AB at 6° to the :
downward vertical. 2
>
(c) Find the value of &
2
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P 7 9 4 8 0 A 0 1 4 2 8



0% .
é’s” X
RRXXKS

oo tototete!
0K,
(00,000,900,
SRR

5
100
RLS

ot
X
ébs
QKL
o%%

%
X
XX

X5
A
RS
20 %00
SRS
SRR

%

s
v

o
CF%0
L3
K
-5

09 e
O %
S
SIS
SRS
5 <

o%
%
bote!
%

QOO
QYRR
QIR
qu%ﬁp
i
RRLRKE

K

é%&

3R
o

3RS
K5
SRS

y

4)0
o
&

'S
8%
%~ &
bo%%,
4&;(’
&

AN
Tetotetereretete’s
FAR]
%02
RRK

00000,
s
NO;

oo
R

OO
QISRKLLKKK,
N N
doetess.
deSote%es
R
LR

33

RS

%
K5
09583
RS

oo
%
KK
R

’QQO od
00000
S

25
29588
S
%%
botete!

55
KK
R

D '00\. ¢00«

&
0ol
XS
000.
KRS

to%

SRR
SRRARXRS
.{ 255

:§0

BB
%0%1% %020
3&“””&

eraed
08 Tl

GradeMax

7

Question 4 continued

O .

P 7 9 4 8 06 A 0 1 5 2 8

15

Turn over



GradeM

7

Question 4 continued

16

P 7 9 4 8 06 A 0 1 6 2 8

O .

2

b2

X
3
00009

090%0%6% %%

KAAAK
d%og%w
090%0%6%%%
RRRRRLLLLLLSS

RRRIL
QSRS
R3RRXRRS

R
355
oot
28

QQ:?A‘Q’
i 9%
N

X X
X
50e%

SN
SRS
Soseetel
D%t

Dose™" 2%
SIS

g
&

%
:0:0)0,‘? <2
SEHS
posetetatet
DeSo:=" %%
IR
potaa+%et
SR
5y
pLoserer0es

Svov %
DoSoraniiot

S
P28 » 3 193¢

0K

OO
KL
XXX

o
%
55

(XX
%%
0%

5
5

w98
OS89
UL

0203000



GradeMax

XX
KKK
%620%%0%

K

a4 )

I
) XK \
oS S
o0
XX
%%
RS

b9ess

RIS
SRXRRS

5

Question 4 continued

R
555
%

2
5%

XX
o%!

0%
X

Q0

REA
X KK RKKK
SRIIISS

s

A
I

.
XK

s:‘@{:v
QRRHKY
s

i

&5

&

R

&R

e

0’0:}
55

S
G2
8

K
ofole%es%
LD’
RO
RIRR
RRRRAKS

0.0

<}
%,
&L

9%
o258
)
LIS

CRKXI
etoset

RS

>
1%
®
e

%
RS

X
38
%
X X

XXX
000,
oo
25

098555
0K
potetete!

B0
ZRK

20%es

3R
X
ol

<
%%

6%%
KL

LRLRLLRLRRLRLRRK

X%
IR

0%

&S
Besesesesesesesetetetet

%%
QR

0909000269029 %%

o
3R

oels
Y 5 oeset
CRAIRHL
SRKRKK

XX

B (Total for Question 4 is 12 marks)

&5 L v

17
.
—— | 00RW 0 AR CRD O O 0 A
P 7 9 48 0 A 01 7 2 8 Turn over




r

5. A particle P of mass m is attached to one end of a light elastic spring of natural length a
and modulus of elasticity A
The other end of the spring is attached to a fixed point 4 on a ceiling.

The points B, C and D are such that
B lies vertically below 4 and AB = %a
C lies vertically below 4 and AC =a
D lies vertically below 4 and AD = 3a

The particle P is pulled vertically downwards until it is at D and released from rest.

Given that P comes to instantaneous rest at B,

4
(a) show that 4= 3 mg

(b) Find, in terms of a and g, the speed of P at the instant it reaches C.

The maximum speed of P occurs when P is at the point E.

7
(c) Show that AE = 2 a

(d) Show that P moves with simple harmonic motion about E.

C))

C))
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Figure 5 x

Figure 5 shows a smooth track POR which is part of a circle.
The track is fixed in a vertical plane.

The circle has centre O and radius OP = 1.5m.

The highest point of the track is P and PO is horizontal. o
(@)
The lowest point of the track Q is on horizontal ground. g
-]
A small ball B, of mass 0.2kg, is released from rest at P and moves on the track until it s
leaves the track at R, where angle QOR = 60° 2
I
The ball is modelled as a particle. =
e
(a) Find the magnitude of the normal reaction between the ball and the track when the é
ball is at Q. =
) i
>
After leaving the track, the ball moves freely under gravity and first lands on the ground
at the point S.
(b) Find the distance OS.
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r

C)

The maximum magnitude of the acceleration of Q is Ams™

(b) Find the value of 4.
1)

(c) Find the length of time, in any one complete oscillation, for which the magnitude of

the acceleration of Q is less than lA.
2
“4)
. J

7. A particle Q moves in a straight line with simple harmonic motion about centre O.
The maximum speed of Q is 12ms"'
When Q is 2m from O, the speed of Q is 4/5ms"

(a) Find the amplitude of the motion.
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