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Figure 1

A uniform rod is cut into six pieces. The pieces are used to form the framework ABCDE
shown in Figure 1.

» All the pieces of the framework lie in the same plane.
* AB=BC=CD=2a

« AE=EC=ED=12a

* Point E is the midpoint of AC

* Angle ABC = angle BCD = 90°

The distance of the centre of mass of the framework from AB is d

(2) Show that d = E i Zg a
“4)
The mass of the framework is M. A particle of mass kM is attached to the framework
at B
The distance of the centre of mass of the loaded framework from 4B is a
(b) Find the value of k
3)
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Figure 2

1
The shaded region shown in Figure 2 is bounded by the curve with equation y = — ,
X

the line with equation x = 2, the line with equation x = 4, and the x-axis.
This region is rotated through 360° about the x-axis to form a solid.

This solid is used to model a uniform solid pedestal of height 2 m, upper radius 0.5 m
and base radius 0.25m.

T
Given that the volume of the pedestal is Zm3

(a) show that the centre of mass of the pedestal is (4 — 4In2)m from its base.

C))

Diagram not
drawn to scale

Figure 3

The pedestal is placed on a rough plane that is inclined at an angle a° to the horizontal.
The plane base of the pedestal is in contact with the inclined plane, as shown in

Figure 3.

The inclined plane is sufficiently rough to prevent the pedestal from sliding.

Given that the pedestal is on the point of toppling,

(b) find the value of a
3)

NN OO O Se.
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0.8m

Figure 4

A particle P of mass 0.2kg is attached to one end of a light inextensible string of
length 0.6 m. The other end of the string is attached to the fixed point A4.

A second light inextensible string of length 0.6 m has one end attached to P and the
other end attached to the fixed point B.

The point B is vertically below A such that AB = 0.8 m, as shown in Figure 4.

The particle moves in a horizontal circle with constant angular speed @ radians per
second, with both strings taut.

Given that the tension in the string from P to 4 is twice the tension in the string from
P to B, find the value of w.

)

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

F 9 E 6a D

Figure 5

The uniform rectangular lamina ACDF shown in Figure 5 has AC = FD = 15a and
AF = CD =3a. The point B on AC is such that AB = 6a. The point £ on FD is such
that ED = 6a.

A4 3a F
6a
B 1 C
i 3a
E 6a D
Figure 6

The rectangular lamina is folded along BE to form the folded lamina shown in Figure 6.
The folded lamina has AB perpendicular to BC and the two sections, ABEF and BEDC,
of the lamina lie in the same plane.

(a) Show that the distance of the centre of mass of the folded lamina from EF is %a.

(3)
(b) Explain why the centre of mass of the folded lamina lies on the perpendicular
bisector of BE.
(1)
The folded lamina is freely suspended from F and hangs in equilibrium.
(c) Find the size of the angle between FE and the downward vertical.
3)
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r

5.

A car of mass 1000kg is moving along a straight horizontal road.

The engine of the car produces a constant driving force of SO0 N.

At time ¢ seconds, ¢ > 0, the speed of the car is vms ' and the resistance to the motion
of the car has magnitude 2v*N.

The time taken for the speed of the car to increase from 5ms ' to 15ms is 7 seconds.

(a) Show that T = gln(%)

@)
Whent=0,v=2

0+v

(b) Show that = pe? where p and ¢ are rational numbers to be found.

-V

(2)

(c) Hence explain why v < 20 for all values of # > 0

(O))
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L]

) &



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 5 continued

e

p 7 2 8 0 2 A 0 1 7 3 2

17

Turn over »



7

Question 5 continued

18

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

L]

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%



%
1%
<

096%%
ototototots

a4 )

55
$RXXS
%

%S
205
X
0%%
botet

Question 5 continued

%s%
e
558

X X
XX

KR

SEREKKL
aﬁ)nﬁ/

X
<
0

XX
%
5

KKK

&S

%\3
RS

%%
<K
35
otetes

o9e%%
0%6%%
P505050
) %S
SR

9%
KL
0%}
Youos
q%
0%’

X
38

O
de%3s
B

al:
QRIS
RRLRR

0%
X
|
X
<R

0000,
23002
1S/

AR
RN

O
5
]

e §

%
%9

%

K
Q?ﬂpb
KN
ik
3%

X
<
oot ¥}
%S
X

0
%%

00095200
S o5
YK
<N
SN
SRS
8 w5
SIS,
GRS
SONZS
SN
S04
SON
S 0
RERREL
fotetetetete!
RRRRRS

35

o

3%

o2

e

\
QLR

St tootetetote!
&ﬁﬁ&%&%éb

%
R
Se%s

X
SRRLRRS
XX

3K

o%
S ssssosssetetetetet

196%%

SR
XORRIRKARAKARAKH

%
<

RN
SOYS
Shes

53

3

RRRS
S
RS
g’?%‘

(Total for Question 5 is 10 marks)

55
-

5

%5

X
%
RS

o
R

X

%%

J

o
Ps

19

STee R0 00 00 0
P 7280 2A®01 9 3 2 Turn over >



6. A uniform semicircular lamina has radius » and the midpoint of the diameter of the

lamina is at O. The distance of the centre of mass of the lamina from O is d.

4r
(a) Use algebraic integration to show that d = .
T

C))

The uniform plane template 7, shown shaded in Figure 7, is formed from a rectangle
and a semicircular ring.

The rectangle has AD = BC=2a and AB=DC = 8a.

The midpoint of CD is O.

The semicircular ring has centre O, outer radius OD = 4a and inner radius OF = 2a.
The template is modelled as a uniform lamina.

A 2a D

B 2a C
Figure 7

32a

(b) Show that the distance of the centre of mass of 7 from DCis —;c——=—~
3(8 + 37)

C))

The template is freely suspended from A. The weight of 7'is W newtons.
A horizontal force is applied to 7" at B so that 7 is held in equilibrium with AB vertical.
The force acts in the same vertical plane as 7 and has magnitude A/ newtons.

(c) Find the value of /4
3)

NN 0 R Se.
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Question 6 continued
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7. A particle P of mass 0.4kg is moving in a straight line with simple harmonic motion.
The maximum speed of P is Sms ™' and the maximum magnitude of acceleration of P
is 12.5ms™

The time taken for one complete oscillation is 7" seconds.

4
(a) Show that 7= =

C))

(b) Find the time within each complete oscillation for which P is more than 0.5m from
the centre of the oscillation.

C))

(c) Find the kinetic energy of P at the instant when P is 0.2m from the centre of
the oscillation.

(&)

. J
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Question 7 continued
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In this question use g =10ms™

A particle P of mass 0.4kg is attached to one end of a light inextensible string of
length 1.5m. The other end of the string is attached to a fixed point O. The particle is at
rest vertically below O with the string taut.

The particle is then projected horizontally with speed 6ms '

When the string has turned through an angle 6, the string is still taut and the speed of

. 1 . .
Pisvms , as shown in Figure 8.

- ~o

1.5m

Figure 8

(a) Show that when v =3 2 , the tension in the string is 6.4 N.
(7)
(b) Find the magnitude of the acceleration of P when v =3 NG
(5)
28
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Question 8 continued
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Question 8 continued
(Total for Question 8 is 12 marks)
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