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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 moves along a straight line.
Initially P is at rest at the point O on the line.

At time ¢ seconds, where ¢ > 0
» the displacement of P from O is x metres

+ the velocity of Pis vms™' in the positive x direction

OO

M LON 0d

 the acceleration of P is L3 ms™ in the positive x direction
(3t +5)
(a) Show that, at time ¢ seconds, v = p — 9 >, where p and g are constants to
(3t +5)
be determined.
“)
(b) Find the limiting value of v as ¢ increases.
1)
(c) Find the value of x when ¢ =2
4)
VDN N "o
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Question 1 continued
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Question 1 continued

(Total for Question 1 is 9 marks)
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da

Figure 1

A uniform rod of length 28a is cut into seven identical rods each of length 4a. These
rods are joined together to form the rigid framework ABCDEA shown in Figure 1.

All seven rods lie in the same plane.

The distance of the centre of mass of the framework from ED is d.

83

(a) Show that d = T3a
“4)
The weight of the framework is W.

The framework is freely pivoted about a horizontal axis through C.

The framework is held in equilibrium in a vertical plane, with AC vertical and A4 below C,
by a horizontal force that is applied to the framework at 4.

The force acts in the same vertical plane as the framework and has magnitude F.

(b) Find F in terms of W.
3)
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Question 2 continued

P 7 5 6 9 1 A 06 8 2 8

OO

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 7 marks)
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Figure 2

Figure 2 shows a hemispherical bowl of internal radius 10d that is fixed with its circular
rim horizontal.

The centre of the circular rim is at the point O.

A particle P moves with constant angular speed on the smooth inner surface of
the bowl.

The particle P moves in a horizontal circle with radius 84 and centre C.

(a) Find, in terms of g, the exact magnitude of the acceleration of P.

The time for P to complete one revolution is 7.

(b) Find T in terms of d and g.
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Question 3 continued
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A uniform lamina OAB is in the shape of the region R.
Region R lies in the first quadrant and is bounded by the curve with equation

2 2
X + ;}—6 =1, the x-axis, and the y-axis, as shown shaded in Figure 3.

16

The point 4 is the point of intersection of the curve and the x-axis.
The point B is the point of intersection of the curve and the y-axis.

One unit on each axis represents 1 m.
The area of R is 61

The centre of mass of R lies at the point with coordinates (f , )7)

(a) Use algebraic integration to show that x = 16
3z

C))
(b) Use algebraic integration to find the exact value of y

C))
The lamina is freely suspended from A4 and hangs in equilibrium with O4 at angle 0° to
the downward vertical.
(¢) Find the value of 6

3)
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Question 4 continued
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Question 4 continued

(Total for Question 4 is 12 marks)
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5. A particle P moves in a straight line with simple harmonic motion about a fixed point O.

The magnitude of the greatest acceleration of Pis 18ms™~
When P is 0.3m from O, the speed of P is 2.4ms"'
The amplitude of the motion is a metres.

(a) Show that a =0.5
(b) Find the greatest speed of P.

During one oscillation, the speed of P is at least 2ms ' for S seconds.

(c) Find the value of S.

©))

2

(C))

J

P 75 6 91 A o 1 8 2 8
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In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

BZ N

2

) 4

0 6
Figure 4

The shaded region, shown in Figure 4, is bounded by the x-axis, the line with
equation x = 6, the line with equation y =2 and the y-axis.

This region is rotated through 360° about the x-axis to form a solid of revolution.
This solid is used to model a non-uniform cylinder of height 6 cm and radius 2 cm.

The mass per unit volume of the cylinder at the point (x, y, z) is A(x + 2)kgem >,
where 0 < x < 6 and /1 is a constant.

(a) Show that the mass of the cylinder is 12047 kg.
3)

(b) Show that the centre of mass of the cylinder is 3.6 cm from O.
“4)

The point O is the centre of one end of the cylinder. The point 4 is the centre of the
other end of the cylinder.

A uniform solid hemisphere of radius 3 cm has density 2 kgem . The hemisphere is
attached to the cylinder with the centre of its circular face in contact with the point 4 on
the cylinder to form the model shown in Figure 5.

4dem | 90O A 6cm

6cm

Figure 5

The model is placed with the end containing O on a rough inclined plane which is
inclined at angle a° to the horizontal. The plane is sufficiently rough to prevent the
model from sliding. The model is on the point of toppling.

(c) Find the value of a.
(6)
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Question 6 continued
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Question 6 continued

(Total for Question 6 is 13 marks)
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A smooth solid hemisphere has radius » and the centre of its plane face is O.
The hemisphere is fixed with its plane face in contact with horizontal ground, as shown

in Figure 6.

A small stone is at the point 4, the highest point on the surface of the hemisphere.

é

Figure 6

The stone is projected horizontally from 4 with speed U.

The stone is still in contact with the hemisphere at the point B, where OB makes an

angle 6 with the upward vertical.
The speed of the stone at the instant it reaches B is v.

The stone is modelled as a particle P and air resistance is modelled as being negligible.

a) Use the model to find v’ in terms of U, r, g and 6
g

When P leaves the surface of the hemisphere, the speed of P is W.

Given that U = ,/2%

(b) show that W? = grg

After leaving the surface of the hemisphere, P moves freely under gravity until it hits

the ground.

(c) Find the speed of P as it hits the ground, giving your answer in terms of » and g.

At the instant when P hits the ground it is travelling at a° to the horizontal.

(d) Find the value of a.
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Question 7 continued
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Question 7 continued

(Total for Question 7 is 14 marks)

TOTAL FOR PAPER IS 75 MARKS
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