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(
1. A particle P is moving along the x-axis.
At time ¢ seconds the displacement of P from the origin O is x metres, where
x=0.6cos (kt + %j and £ is a positive constant.
(a) Prove that P is moving with simple harmonic motion by showing that
i =—kx
3)
(b) State the amplitude of the motion of P
(1)
(c) Find, in terms of k, the maximum speed of P
ey
The period of the motion is 4 seconds.
(d) Find £ in terms of 7«
(2)
The points 4 and B lie on the x-axis, on opposite sides of O, with O4 = OB = 0.2m
(e) Find the time taken by P to move directly from 4 to B
“)
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N0 0 O A mor
P 7 8 9 1 6 A 0 2 3 6



GradeMax

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 1 continued

EEOEC

P 7 8 9 1 6 A 0 3 3 6

3

Turn over



GradeM

7

Question 1 continued

P 7 8 9 1 6 A 0 4 3 6

EEmC

8

X RRKKKRKL
090%0900909:%%
090%0%0%%0%:%%
X RRIKIKKKLKL

%
X
X

R IRRKRK KRR KX
K

0909090209 %6%0%:%%

SRR

dododetototetotetote
%

O
K RRIELLKIKKELLKL

XX

bosssess
proseseseses

:4‘
D00 %6%6%%
0% %%
%

%
%
%

%
%
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

GradeMax

7

Question 1 continued

(Total for Question 1 is 11 marks)

EEOEC

| 00EN 0 AR A A0 U O O A 5
P78 9 1 6 A @ 5 3 6 Turn over



GradeMax

)
@)
Z
(@)
=
=
o
o'
m
2
]
&
o
>
=
m
Figure 1 >
A particle P of mass m is attached to one end of a light inextensible string of length 5a
The other end of the string is attached to a fixed point 4 above a smooth horizontal table.
The particle moves in a horizontal circle on the table with the string taut.
The centre O of the circle is vertically below 4 with OA = 4a, as shown in Figure 1.
The particle moves with constant angular speed « and remains in contact with o
o
the table.
S
(a) Find, in terms of m and g, the magnitude of the normal reaction between P and the ;
1 g )
table when w = —,|— =
4\ a m
2
(6) g
The angular speed o is gradually increased and the particle remains in contact with a
the table. P
X
m
1 |g o
(b) Show that w < —,|=
2\Na
2
O
o
2
()]
-
=
=
o
m
2
-
=
7
>
=
m
>
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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 a straight line.
At time ¢ seconds (¢ > 0), P is a distance x metres from a fixed point O on the line and

-1
ms

is moving away from O with speed >

+ X

(a) Find the magnitude of the acceleration of P when x =3

)
Given that x =1 when ¢ =2
(b) find the exact value of # when x = 3
)
10
VD000 O mmm
P 7 8 9 1 6 A 0@ 1 0 3 6
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Figure 2 o
S
A uniform solid right circular cylinder has radius 3a and height 9a ;
A uniform solid hemisphere of radius 3a is attached to the cylinder so that the plane g
face of the hemisphere coincides with one of the plane faces of the cylinder. 3
2
A solid right circular cone, of radius 3a and height 6a, whose plane face is the other E
plane face of the cylinder, is now removed from the cylinder to form the uniform solid § 7
The point O is the centre of the circular base of S, as shown in Figure 2. ;
m
. 77 2
(a) Show that the distance from O to the centre of mass of S is Ea
6))
The solid S is placed with its circular base on a rough horizontal surface.
The point O, shown in Figure 2, lies on the circumference of the top of the cylinder.
A horizontal force of magnitude H is applied to S at O )
The force acts towards the axis of symmetry of § g
The horizontal surface is sufficiently rough to prevent S from sliding. (o)
-
The solid S is on the point of tipping. :%
=
Given that the weight of S'is W m
Z
(b) find H in terms of W E'
2 7
>
=
m
>
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(Total for Question 4 is 7 marks)
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Figure 3

A uniform rod 4B has mass M and length 3/
The rod is free to move in a vertical plane about a fixed smooth horizontal axis
through B

SMg

One end of a light elastic string, of natural length 2/ and modulus of elasticity , 18

attached to the rod at 4

The other end of the string is attached to the fixed point C, which is at a distance 3/
vertically above B, as shown in Figure 3.

L S . 1
The rod is resting in equilibrium with angle 4BC = 26, where 0 < 6 < > T

By taking moments about the horizontal axis through B, show that the extension of the

string is E /
& 7

(7
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Question 5 continued
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(Total for Question 5 is 7 marks)
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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 uniform lamina ABCD is in the shape of the region R =
o
. . . . 1 . . <
The region R is bounded by the curve with equation y = 7 (x* + 8), the line with 2
equation x = 4, the x-axis and the line with equation x = -2, as shown shaded in ,Eu
Figure 4. =3
I
The area of R is 18 E
= o
. .. 3 n
(a) Show that the x coordinate of the centre of mass of the lamina is 5 ;
m
C)) >
: N
(b) Show that the y coordinate of the centre of mass of the lamina is 10
4)
The lamina is freely suspended from B and hangs in equilibrium with BC at an angle 6
to the downward vertical through B =
o
(c) Find the exact value of tané Z
#) 9
=
=
]
m
2
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Question 6 continued
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(Total for Question 6 is 10 marks)
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s

7. One end of a light elastic spring is attached to a fixed point 4
A particle of mass M is attached to the other end of the spring.

The spring has natural length 3a and modulus of elasticity %

The particle is held at rest at the point B, where B is a distance Sa vertically below 4
The particle is released from rest.
Air resistance is assumed to be negligible.

RRRK

X

Use the principle of conservation of mechanical energy to

o9

(a) find, in terms of a and g, the speed of the particle at the instant when it is a
distance 3a vertically below 4

XS

C)

(b) find, in terms of a, the distance of the particle below 4 when it first comes to
instantaneous rest.

(C))

) &5
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Question 7 continued

28

P 7 8 9 1 6 A 0 2 8 3 6

EEmC

Sa%eritel
(%0 » »
SET
bo% 34
Bogs

S
SIS
LTS
X
Doorerle%s
o emress
ks

X4

‘0::
v%;
N
2%

X%
9%
X
XX

%0 %%
036%6%6%%%

XIHK

3255 %
PO & e €
«

<
696%%%%

O
3RS
LXK

<
IR
SRS
150

55

)
oot totetetotetoted

0
08

o%
%%
otete e e 0%

avi.lo
5

Doct:s @ 98

%Vo":.

R
5



GradeMax

%
1%
<

096%%
ototototots

a4 )

55
$RXXS
%

%S
205
X
0%%
botet
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(Total for Question 7 is 8 marks)
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Figure 5

A particle P of mass m is attached to one end of a light inextensible string of length 4a
The other end of the string is attached to a fixed point O

The particle is held at the point A, where OA = 4a, and OA is horizontal, as shown in
Figure 5.

The particle is projected vertically downwards with speed 2./ag

When the string makes an angle (O <O < %j with the downward vertical through O
and the string is still taut, the tension in the string is 7
Air resistance is assumed to be negligible.

(a) Show that 7=mg(1 + 3 cos®)
(6)

(b) Find, in terms of a and g, the speed of P at the lowest point of its path.
(2)

There is a fixed small horizontal peg at the point B, which is a distance 2a vertically
below O. The peg is smooth and is perpendicular to the vertical plane of the motion of P
and the string.

The string comes into contact with the peg and P continues to move clockwise in the
same vertical plane. The point C is such that CB = 2a and CB is horizontal, as shown in
Figure 5.

When the particle passes through C, the string is still taut.

(c) Find, in terms of a and g, the exact speed of the particle at the instant when it passes
through C

&)

(d) Find, in terms of m and g, the tension in the string at the instant when P reaches O

&)
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Question 8 continued
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Question 8 continued
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