




















3. [In this question you may quote, without proof, the formula for the distance of the centre
of mass of a uniform circular arc from its centre.]
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Five pieces of a uniform wire are joined together to form the rigid framework OABCO =
shown in Figure 1, where ;%
=
* OA, OB and BC are straight, with O4 = OB = BC = r o
2
« arc AB is one quarter of a circle with centre O and radius r a
n
« arc OC is one quarter of a circle of radius r ;
m
 all five pieces of wire lie in the same plane >
. . 2
(a) Show that the centre of mass of arc AB is a distance % from OA.
(2)
Given that the distance of the centre of mass of the framework from OA4 is d,
7
(b) show thatd = ——
2(3+ ) 4) ]
o
The framework is freely pivoted at A. g
-
The framework is held in equilibrium, with 4O vertical, by a horizontal force of =
magnitude F which is applied to the framework at C. :_El
m
Given that the weight of the framework is W >
-]
(¢) find F in terms of W ?ﬂ
3) >
)
m
>
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Figure 2

A smooth hemisphere of radius a is fixed on a horizontal surface with its plane face in
contact with the surface. The centre of the plane face of the hemisphere is O.

A particle P of mass M is disturbed from rest at the highest point of the hemisphere.

When P is still on the surface of the hemisphere and the radius from O to P is at an
angle 6 to the vertical,

the speed of Pis v

the normal reaction between the hemisphere and the particle is R, as shown in
Figure 2.

(a) Show that R = Mg (3cos6 — 2)

(6)
(b) Find, in terms of a and g, the speed of the particle at the instant when the particle
leaves the surface of the hemisphere.
3)
o F = anin F= mv Mv?
) anpl o - 4
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a

R = Myase - 2My (1-ws6)
= Mguse - 2Mq+ 2Mgarse

Mg e - 2WMq

Mg(’)wse = 2.)
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Figure 3
A uniform lamina OAB is modelled by the finite region bounded by the x-axis, the
y-axis and the curve with equation y = 9 — x2, for x>0, as shown shaded in Figure 3.
The unit of length on both axes is 1 m. 8
The area of the lamina is 18 m’ g
-]
(a) Show that the centre of mass of the lamina is 3.6 m from OB. :EU
[ Solutions relying on calculator technology are not acceptable.] =
C)) Z
=
A light string has one end attached to the lamina at O and the other end attached to the é
ceiling. A second light string has one end attached to the lamina at 4 and the other end b
attached to the ceiling. 2
The lamina hangs in equilibrium with the strings vertical and OA4 horizontal. o
The weight of the lamina is W
The tension in the string attached to the lamina at 4 is AW
(b) Find the value of 1
b 3)
a) My - o [ L% o Y- (M pram X axts (08)
J 7o) 2" O
a po mass por unt artd o
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Figure 4

A hollow right circular cone, of internal base radius 0.6 m and height 0.8 m, is fixed
with its axis vertical and its vertex V pointing downwards, as shown in Figure 4.

A particle P of mass m kg moves in a horizontal circle of radius 0.5 m on the rough
inner surface of the cone.

)
o
The particle P moves with constant angular speed o rads™ g
The coefficient of friction between the particle P and the inner surface of the cone ;
is 0.25 =
=}
Find the greatest possible value of @ ;
) =
. = 1 i
0.6m : mfnpblul fore = Mw=r :
A 1 Rz nomal anhk fore E
| P> prichm F=pR = 025R Resullant por =
1: mg = wwr\k [ entrpehl foe
| Resdwing poves velbially Restlwing foves hovzantally
0.8 m i Rsing = Feose + m Koo + Fsing = mw’r
' 060 =03 (0.258 + Mﬂ 0-3R 10~C(0~25R)= 0-5mw?
| O4R= my 095 = 0-5mw* g
! R = 2-5mq m 0-95(2:5mg) = 05mu? £
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Figure 5 Figure 6

The shaded region shown in Figure 5 is bounded by the line with equation x = a and
the curve with equation x? + y? = 44*

This shaded region is rotated through 180° about the x-axis to form a solid of
revolution.

This solid is used to model a dome with height a metres and base radius V3a metres.

The dome is modelled as being non-uniform with the mass per unit volume of the

. A .
dome at the point (x, v, z) equal to — kgm™, where a<x<2a and A is a constant.
X
(a) Show that the distance of the centre of mass of the dome from the centre of its

plane face is (4ln2 - %ja metres.

(6)
A solid uniform right circular cone has base radius J3ametres and perpendicular height
4ametres. A toy is formed by attaching the plane surface of the dome to the plane
surface of the cone, as shown in Figure 6.
The weight of the cone is kW and the weight of the dome is 2/
The centre of mass of the toy is a distance d metres from the plane face of the dome.
|k +5 - 8In2)|
(b) Show that d = —a
2+k
“4)
The toy is suspended from a point on the circumference of the plane face of the dome
and hangs freely in equilibrium with the plane face of the dome at an angle a to the
downward vertical.
Given that tana = ﬁ
(c) find the exact value of k.
3)
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8. 6m

h : g .
A E B 2
@)
Figure 7 =
=
The fixed points 4 and B lie on a smooth horizontal surface with AB = 6m. E
m
A particle P has mass 0.3kg. Z
—|
One end of a light elastic string, of natural length 2 m and modulus of elasticity 20 N, is %
attached to P, and the other end is attached to A4. =
)
One end of another light elastic string, of natural length 2 m and modulus of elasticity ;
40 N, is attached to P and the other end is attached to B.
The particle P is at rest in equilibrium at the point £ on the surface, as shown in Figure 7.
(a) Show that EB = gm.
3) g
The particle P is now held at the midpoint of AB and released from rest. -
()
(b) Show that P oscillates with simple harmonic motion about the point E. ;
4) =
=
The time between the instant when P is released and the instant when it first returns to 3
the point £ is S seconds. e
= o
(c) Find the exact value of S. :
3) E
(d) Find the length of time during one oscillation for which the speed of P is more
than 2ms™!
“4)
(1) Af&wﬂtbﬂwm, the. tensim in jbug Ais equ,d
b the tenstm n shing 8.
. O
T, =T, Hale's Law @  Ax mm)mm,;dma@ o
2
LT YR = X = extension S
Lo Lg If sting A extends by ‘e’ L= nabul brgh 3
0e . 40(2-¢) e shuy B exlnds by 2-e a
Z 2 [ 1 i dhkained prom 6 minus Jhe =
= - . b
(0e 40 - 20e Ml ng fe 2 W] =
30e = 40 ::;
. 4 g
€° 3
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TA - T6 = M
To= 20 (e-%) = ige - fox |
2 Whae x5 he
T,= 40 (2-¢+x) - 40-20¢+20x displacamank prim

2 Whnum
Subshiuti

loe - 10x — (40-20e -fZO?t) = mi

fom._putt )
40-20e = |0e
l0e - (0x — (10e+20x) = 0-3%
-30x = 0-3x
x = -—100x
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Question 8 continued

4) To/,uwl displactment 2 ok velgily v = 2mg”!

:w (‘L -)L) <_= ZMS’ 8
2= o ((5)%-2%) W= WW 0 rds”! §
,("/‘;)MW”‘M") a=amplhde = 5™ z

A B .= daplacemonk -
T0= 9 X 2
2, It s
L~ 225 %
- A >

[N a .
S-S | Q- nax ampltude =0 kMoK amplitude .
-im -l'-"\ ()
|5 1§ =z
¢ | 0SCILLATION ' : 2
N D) Loibing ok diagram, ue pust oullily twe | =
ladoked by 4 as he pakh greurs 4 5
Stuting ok aahe g ssullabim tines  por ssullabin E
H= aswk S T= 4x0-0927295... §
AL gnwb T 03715 (3sf) >
) 3 rH
3=
t= Lo '(4) - 00n272%..
[0 L
time. faken dwmespeM[/mm
max ok antrtf cscillabm b T fella
Ims™' ok %’%m abort S
ALTERNATIVE METHOD 2
Uﬂhﬂ = asinwk [Wﬁ s oquakm means sharting 2
ﬂ': Ve qusw,.' W(ukhfq/ rsullahm so hime ;
dt kan s stwbig prom crbe | 5
2= 3 wswt %
>
be L™ (£) -009272%5.. i
time taben o dwwespw{ 5

max ok antre ¢ me/o
ZmS' ok s —,gm
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Question 8 continued
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