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. Three particles of masses 3m, 4m and km are positioned at the points with
coordinates (2a, 3a), (a, 5a) and (2ua, pa) respectively, where k and p are constants.

The centre of mass of the three particles is at the point with coordinates (2a, 4a).
Find (i) the value of &

(ii) the value of u

Tuke  Momerbs alook  the x-axis (7)
x (Z Lot Mnss) = Z (distounce *  Mass)

La(Im+ b thm) = 20(3m) + o (um) + 2an(lem)

= 2L(F+R) =)0 £ 2mk

=) I+ 2k =10 + 2mk

= 2=Rk(x-) 0 ()

Tuke Momebs chook Ehe \Q—aﬁs (©)

La(Zm + lem +km)
= 22+ Lk = 29 +wuk
= Ll —mR = |

= Ry -m =10 (1)
() = (2) imphes  6hat

M=l =0 D M- = R- 2
LM

B (3) + Sa(lem) + pha (k)

\

(6)

2 d2mM=9 = m=3 O

> k=10
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2. A particle of mass 2 kg is moving in a straight line on a smooth horizontal surface under
the action of a horizontal force of magnitude F newtons.

At time 7 seconds (7 > 0),
« the particle is moving with speed vms~!
e F=2+v

The time taken for the speed of the particle to increase from Sms™! to 10ms™ is
T seconds.

(a) Show that 7 = ZIn%

)
The distance moved by the particle as its speed increases from Sms™' to 10ms™" is
D metres.
(b) Find the exact value of D.

(O]

Q) Recall bhut Fzm:m‘“é
[9)
24V=2.de @
Ab

froe] b0

= b= 21| 2 O

when V=G b=k, whey V=10, 6=b;
Ei= 2 A ¢
by = 2\ (W) xc

T = ba-bi= 22 - [N ]

= T= 21a12) = 211(7?)

= LA (‘_;,) (0}
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Question 2 continued
; g b\ Recql\ bhat F=ma= MV%\F; 53 Ohnain Rule .
: 5 Lavw= 2vde O
. B Ax
: ; Note €wat
. = = | dx = 2v_ de 2v= b+r- L
> 8 24V
= j’ldxz‘[' btar - kA
LA\ 2+
3 -—vjldaczj")_—hd\r@
L S 24%
= :| 3 x = 29 -hi2av]l xC g
: % when \r-‘—'éj x = X, ,WL\?/\\J"—"O) =X,
3 (=}
g X, = 10-Lia(3) +C
X2= 20 -Ll(1) +C
D= %2-2¢, = 20-Lla(n)+¢ 10 —ula(3) *]
<
£ = 10 - U4la(12) + Lia(F)
=10 - kh(12) @
. B 7
. 8
.
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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.]

A

Ly 0 : 8
L& ,
b

7F

Figure 1

Five pieces of a uniform wire are joined together to form the rigid framework O4BCO
shown in Figure 1, where

* 04, OB and BC are straight, with 04 = OB = BC = r

« arc AB is one quarter of a circle with centre O and radius
« arc OC is one quarter of a circle of radius

« all five pieces of wire lie in the same plane

(a) Show that the centre of mass of arc 4B is a distance % from OA.
(2)
Given that the distance of the centre of mass of the framework from OA is d,
7r
2(3+Tr) @

(b) show thatd =

The framework is freely pivoted at A.

The framework is held in equilibrium, with 4O vertical, by a horizontal force of
magnitude F which is applied to the framework at C.

Given that the weight of the framework is W

(c) find F in terms of W
3)
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Question 3 continued
) Fom the Fornol Booklet, we Rnow bk o

Cwveolur  ore o rudos  p end a,\a
ak bhe (enbre. 20 s Ak from ke Cenbre.
T

Qo=

.\
2

p.&
p 292
N

Rgt\mawus, 23 =(zg:x1 rY
HHx= 28 -
N
B Xz 2r @
~
lo) Take  momeabs abovt OA. ©
d x (bokal mass) = Z(muss d.,é;mce)

2> ?.® 7~ 2 =~ ’-2@

A(r+r+ K& 4+ &F 4r) = ?—i(ﬂ)’\' E{K—'; tlefelr)

J
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Question 3 continued
= cl(3r+7(v')‘= 37':1""
= 0\(34—7‘) =
= d, = ¢
2(2+7)
c) Tuke Momenbs ahove A () See d:u.:)VBM

Flar) =
R R

= F= W ®
(3 47)
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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 @ 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 (3cos —2)
(6)

(b) Find, in terms of @ and g, the speed of the particle at the instant when the particle
leaves the surface of the hemisphere.

@
o.) f53 the  conse ryuboa o}, e/\eran
M3 \= /"‘aln_ + Vrmet ws bhee s N0
1abbul slo<e4.
Mya= Myacosd +'h met ©
= ')_Sa(\—wse‘) =v* () ®

Recal bwb Fz=mu= F- ,u\\,-l o5 - ul
«lurm3 Citeoar  rokion. =

(\,\ MaCOSG EJR = M)’;:. Q)
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Question 4 continued

Sob vt fr'Of‘ {\\ 1ako Ehss
Mscos@ -R=m - 23&,(| - cos8) ®

A

VIOV JITIL IV ALIGIVE LN W
DO NOT WRITE IN THIS AREA

= /\/\‘3(,059 -R = 'Z,MJ (\ —6059)
DR = Myos® ~2my[1=eos0)
= R = 6@59 - LMy 4+ 'ZMDCos@
= Q=M3(3COSG -2) O

b) The cbide leaves khe Sortace the
hem:>FPl::fe, whe. R =0. f %

O= M\)(Bcase ENIY

VAU IIFTL IV SLIGIVLAVIN U

) Ma:o o 3cos@ -2 =o

DO NOT'WRITE IN THIS AREA

208 - 220 D (05O = 1/3
L = 2. o~ \42 ®
v y (1= 2/3) by ()
=) \Y'l‘— a
59

o)

=) N =
R
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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 — x?, for x>0, as shown shaded in Figure 3.
The unit of length on both axes is 1 m.

The area of the lamina is 18 m*
(a) Show that the centre of mass of the lamina is 3.6 m from OB.

[ Solutions relying on calculator technology are not acceptable.]

A light string has one end attached to the lamina at O and the other end attached to the
ceiling. A second light string has one end attached to the lamina at 4 and the other end
attached to the ceiling.

The lamina hangs in equilibrium with the strings vertical and O4 horizontal.

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 2

“\ Recall Ewdb 5 = !l '/Lfé" de - !'/za’- dax,
A’"L
tadat_

6: Snali-xdE ®

(O]

3)
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Question 5 continued
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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 ¥ 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.

The particle P moves with constant angular speed o rads™'

The coefficient of friction between the particle P and the inner surface of the cone
is 0.25

Find the greatest possible value of @
(O]

Recal bwk  Fuy = R = 0.25R
Resolve. Veré‘mll) (Equilibriom) ©

Roind = Mg+ 025 Reos® (D

=S SR = M3+‘/5R

2 Rz 5/2 m:) ®©
Recall  Ehalt F=maz Myt for Gireolur Mok
fofml/\s an Qv)ub‘w‘ f‘or- mobon Eowurds bre Codre.
O-lsﬂs‘u\%-v Rios@ = mw? (0-5) ©
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Question 6 continued
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Figure 5 Figure 6

The shaded region shown in Figure 5 is bounded by the line with equation x = @ and
the curve with equation x* + y? = 4a®

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 @ metres and base radius VBa metres.

The dome is modelled as being non-uniform with the mass per unit volume of the
dome at the point (x, y, z) equal to = kgm3, where a<x<2a and / 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 [41n2 - % a metres.

bz@\f\l.—s/z)«

(6)
A solid uniform right circular cone has base radius V3ametres 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
)
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 « to the
downward vertical.
Given that tana = 217
(c) find the exact value of k.
3)
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Question 7 continued
o) Recall Ehub
x = ZSS Xy-p e Lﬁ(uuk, W€ s

Mass Vnfoln  aad

Non-
vobekaX

aroond  Ehe  x-wxis,

onk  Maoss :K‘fn’-pd*p
/"\=7\'\fc\/)lpo(x

= = 'S -t >~ x
- M KL (waZ )(;)A ®

-_-KXLM Lotx * - | dx

- K\[~|-|.o?‘x"-—x]“

= xk[‘w ()™ - (2a) 2 bha () w]

= XAa 0O
D ANa X = Kr“ (Lad - ‘)(%)w dx (@

U
— V7N 2 -1
= ax = Lhlx™ -2 Jdx
O

) ax = l: Lallalx) — lé_]:q

J

ra 0.0 0 OO
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Question 7 continued
=2 &i‘-L}u"‘A\lQ\—Q_&’" -L\—«\llr\ln\ _g;; @
2
D axXx = Lotla2 — 22
2
= Z = Laln - 3_:.\ ®
2

This is from the or:a:,\,so from the Centre
O,’, iks plw /ue, we have,

x\= Lwla2 - }_1 — o
>
o 2= (bla- 32D Q
b) Usl'\\;3 the formolo Booklet) we. have. Ewat
theD centre of Muss O], a sofk ecne s “uh
ubve Ehe base.
'/u his Lo - o, @
[

We tuke momerts abovt w« diumeber of the
le\e, Fate» [0)

A [ bokal muzs) = 2 (muss » disunce)
A (2w kW) = alRw) —a(un2 - 7] (2w)
5 d[«¥)=aR - a(Rla2- S)
D A= |[R+S -2 O

L+

Here |

.
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Question 7 continued
Q) See J?aamm
a(e-8ln2+5) ©
Een ol = 2+k =1 B
NEXN 23
= R—-—2\W2 +35 — )
2xR 2
= 2k -lblal 0o = 2+ k
D R= h2-8 O
(Total for Question 7 is 13 marks)
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Figure 7
The fixed points 4 and B lie on a smooth horizontal surface with 4B = 6m.
A particle P has mass 0.3kg.

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 4.

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 E on the surface, as shown in Figure 7.

(a) Show that EB = gm.

3)
The particle P is now held at the midpoint of 4B and released from rest.
(b) Show that P oscillates with simple harmonic motion about the point .

(O]
The time between the instant when P is released and the instant when it first returns to
the point £ is S seconds.
(c) Find the exact value of S.

3)
(d) Find the length of time during one oscillation for which the speed of P is more

than 2ms!
)

The exbension
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In etilo{\{bﬁu,«, Ta=Ta

= lLoe = Lo- 2Loe

 6boe = o De=%/z
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Question 8 continued

% EB= (+ /3 = 3/3
b) RCCq\\ Ehat F: Mo~ mx
TA_~ Tﬁ: M

9 ho (Y2 +%) —20(Y/23-x) = —0.2x
o >

\,/—\ uecelerabon

5 B9 4+ 20x — B9 4 lox= —0.35%  wks ia bhe
> 3 crrlOSJSV-

2 20x = -0.-3%

= 2 = —loox

which s o} twe form X =-W'x hewe SHM
¢ Recall bt fecok = 2K

D
fecioh = 2K = =
VO o)
€
X L4
VD=
e——&—

ﬁrSL’, Yeuches £ ob o ctuuber- of o Pe(-‘o-l.

S= L xx = =

L ) 290
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Question 8 continued

d\) Recall thab ¥w*= w"-(A"-/ac’-) aak
x.:AcasQ.JQ at Etwe €nk points.

A="13 ((mikpont bo E)
L =\0o (Va - %) @

= I,l:_lb__ = x,:—_(-__'-eq
25 s @

L = 1 coslok, 6= 0.06k3S
V6 3

-

=1

VS >

br-&)= 0-185ks [

This is the amomt of bme  heve b
Spee‘k 0 Pf: Mave. Ehun 2 ms! n
ﬁll, an 08¢ Nlubion.

So  E=2(0185w5)= 037 ()

Cos lok, P &= 0. 2443
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