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1. Three particles of masses 2m, 3m and km are placed at the points with coordinates
(3a, 2a), (a, —4a) and (-3a, 4a) respectively.

The centre of mass of the three particles lies at the point with coordinates (X, ¥).
(a) (i) Find X in terms of @ and k&

(ii) Find y in terms of @ and k&

)
Given that the distance of the centre of mass of the three particles from the point (0, 0)
is %a
(b) find the possible values of k

)

') ) TaRe mMomerbs about Ehe 9 ams. (D)
X (2m % 3makm) = 2m(Ba) + 3,4(&\ + km{_gq
2 (54R)mx = (‘1 - 3R)ma

TR

W) Tuke Moments aboub bhe - axis. @
—\Q(IM‘\‘%M‘(- hM\':’z,M{')_o‘_’)‘\’ BM(,L'“\ +km(u_m)
> (5+k)m5 = (ke —R)mo

= 6: (4= —B)un @

S+ R
Recall bhub  bhe  diskance from Ehe omo:,\
s J=rey?

s (e (T

We coun  immedisbely cuncel oot €Ere .
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Question 1 continued
= ‘ L -
7 c1 ( 53R \ ( ;—Hrz} @
> ($+R)* = 9(4-3R)+ 9(uk-8)
3 k+lok+ 25 =‘1(‘1\2."--51+k+8|\+‘l(\ék’--elm.+é.u)

=2 22kk? -\oF2Lk 1280 =0

- R = 5/7, ar k= \6/1 Usib « Cultolbor

(Total for Question 1 is 6 marks)
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2. Acyclist and her cycle have a combined mass of 60kg. The cyclist is moving along a
straight horizontal road and is working at a constant rate of 200 W.

When she has travelled a distance x metres, her speed is vms " and the magnitude of the
resistance to motion is 3v*N.

3
(a) Show that dv = 200-3v
dx 60v*

(O]

The distance travelled by the cyclist as her speed increases from 2ms ' to 4ms
is D metres.

(b) Find the exact value of D

V3¥VY SIHL NI LM LON 00
DO NOT WRITE IN THIS AREA

3)

o) Recall bhab  Force = fower  ank F=ma

Veloc.'e)
M

v - d
mr gt O

=

=
£ =
2?- \r’*:éoq--ckw@ F= 200

v “dx

<) 200-3v3 = 6oV - dv
N Jdx

5 200-3¥% _ dr (O

o w2 doe
b) This is « separble  OIE.
J’J,x,-. or> Jdv O

200-32¥3
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Question 2 continued

= x= ~60 |z(200-353) + <
c‘

Whea v=2 , = —60 |4 (176) +C

whea wv=L , o = —€o \W(R) +c
C‘

D= —%\q. 1n(8) +c -[ \a(\qe\a—ci) ®

—-$o

51

=) = fa) = GO |
2 0 §$\ (11%6) So a(22) O
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4a F LFCL -x = .25
B
1 Sa

.25,
3a o 3a
C 4a D 4a E

Figure 1

Nine uniform rods are joined together to form the rigid framework ABCDEFA, with
AB = BC = DF = 3a, BF = CD = DE = 4a and AF = FE = CF = 5a, as shown in
Figure 1. All nine rods lie in the same plane.

The mass per unit length of each of the rods BF, CF and DF is twice the mass per unit
length of each of the other six rods.

(a) Find the distance of the centre of mass of the framework from AC

)
The mass of the framework is M. A particle of mass kM is attached to the framework at
E to form a loaded framework.
When the loaded framework is freely suspended from F, it hangs in equilibrium with
CE horizontal.
(b) Find the exact value of k&
3)

o) We bake  momests abk K. ©
rod CO DE EF FA AB BC BF OF CF
Mossabio Ik b 8 S % 3 g 610
Fom AC  2¢ 6« bu 2o O O 2a L 2
BE, CF  anN DF  huve dole  Mass

Xx Mass = S(mass x  disbunce)

LUS: = (b+u+5+S5+3434R+6410)= LR E ()

P 7 21 1 4 A0 8 3 2

PMT|

Y34V SIHL NI 3LIEM ION 00 Y3IHY SIHL NI LM LON 0

Y3V SIHLNI3LIIM 1ON-Od

DO NOTWRITEINTHIS AREA

DO NOTWRITEIN THIS AREA

DO NOTWRITE IN THIS AREA



Y3I¥Y SIHL NI FLIEM ION 00 YIHY SIHLNI LM LON 0a

YIUY SIHLNIZLIM 1ONOQ

DO NOT WRITE IN THIS AREA

DO'NOT WRITE INTHIS AREA

DO NOT WRITE IN THIS AREA

PhysicsAndMathsTutor.com

~

Question 3 continued
RHS L(2e)+ befew) + 6 (60) + 5(2) +R(2) + 6(wed + 19(20) 10}
= 12w
eh) LT = Y32a

Ay

™

b) Tuke  moments abovt F. @
1150\ [Aa‘: LH,,, (KMs) @ Us'\b (3\!\& d:(l.afwa

= k=5 ©

J

00 0 0 >
P72 11 4 A0 9 3 2 Lol

9

PMT




PhysicsAndMathsTutor.com

(.

Figure 2

A small smooth ring R of mass m is threaded onto a light inextensible string. One end of
the string is attached to a fixed point 4 and the other end of the string is attached to the
fixed point B such that B is vertically above 4 and AB = 6a

The ring moves with constant angular speed @ in a horizontal circle with centre 4. The
string is taut and BR makes a constant angle @ with the downward vertical, as shown
in Figure 2.

The ring is modelled as a particle.
8
Given that tan@ = s

(a) find, in terms of m and g, the magnitude of the tension in the string,
3)

(b) find w in terms of @ and g
5)

IS

2 3.
0) EnB=15 B 5017 cos@=T1%
Re solve Verb‘r.qlb [0)
T s = My ©

= T(_!_%):MD “—7T=%MJ 0]

12

P 7211 4 A 01 2 3 2

PMT|

Y3IUV SIHL NI LM LON 0
S A P R T AT A DA

Y3IYVY SIHL NI ILIYM 1ON 00

NS MAT AR DT E A TLHE RDEA .

Y34y SIHLNIFLRM LON-OQ
e R e A e e e



Y3IYVY SIHL NE LM ION 00 VIHY SIHL NI ILIEM LION 00

Y34V SIHLENIEZLI-M LON-OQ

DO NOT WRITEINTHIS AREA DO NOT WRITE IN'THIS AREA

DO NOT WRITE IN THIS AREA

PhysicsAndMathsTutor.com

~

Question 4 continued

b) Recall bt F=mu ank = w?r
Resolve Hor;ze,,[-ﬂ\l:j

T+ Tein® =

= 6abun® = 16 o
E)

Mmrw?

®

"l ) (64 0

S
= =wr/(ls
'55’5 (?"‘\
= )..5 Q "—\éc\\nlz’
3 J
=) wt = Sy
LB CD
-
\]LV%‘-\

J
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Figure 3

The uniform plane lamina shown in Figure 3 is formed from two squares, ABCO
and ODEF, and a sector ODC of a circle with centre O. Both squares have sides of
length 3a and AO is perpendicular to OF. The radius of the sector is 3a

[In part (a) you may use, without proof, any of the centre of mass formulae given in the
formulae booklet.]

(a) Show that the distance of the centre of mass of the sector ODC from OC is 4—“
s

3)
(b) Find the distance of the centre of mass of the lamina from FC

@
The lamina is freely suspended from F and hangs in equilibrium with #C at an angle 6°
to the downward vertical.
(¢) Find the value of 6

(O

0\) Usin

A circle

Ehe  formoln bcao,fildsJ of & seckor
Wil Cukios ) angle & ceatve 24,

o

Lhe (oM s 2rsinid From Ewe Ceonbre.
Do
=2, d= X,
-
So CoMm = 2(3)sin(FA). = Ve ®
3 (~/w) ~Z
16
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Question 5 continued
We.  Waat B\Ae, CoM Fmﬂ\ OL pok O.
Qs "y qu\authu) and  bhe c,no\c\fw"\

Ty o
) 24 = Q.

2<T
=  Jd* = Jeut
_T
= d= kﬁ; @
~

b) X X Mass = Z chskance % mass
© ©)
(G + qur kx:ﬂ-) LS a(qa?) =) G () + b b 1)

)= 9w @

= (e + &
[T
L

3 -::\' @

urn ovel
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Question 5 continued

D
2\

®

Vo + b = 2Ba+Dux
Do+ _Lie \ D ? tx
DX \
Lo«
D+~
Em©e - DK @
28w+ Dx
J K
= tmd = L‘-
2%+34
. =D 6 =6.) [©)
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Figure 4

The shaded region shown in Figure 4 is bounded by the x-axis, the line with
1
equation x = 9 and the line with equation y = Ex. This shaded region is rotated through

360° about the x-axis to form a solid of revolution. This solid of revolution is used to
model a solid right circular cone of height 9¢m and base radius 3 cm.

The cone is non-uniform and the mass per unit volume of the cone at the point (x, y, z)
is Axkgem ™, where 0 < x < 9 and / is constant.

(a) Find the distance of the centre of mass of the cone from its vertex.
(6)

A toy is made by joining the circular plane face of the cone to the circular plane face of
a uniform solid hemisphere of radius 3 cm, so that the centres of the two plane surfaces
coincide.

The weight of the cone is W newtons and the weight of the hemisphere is kW newtons.

When the toy is placed on a smooth horizontal plane with any point of the curved
surface of the hemisphere in contact with the plane, the toy will remain at rest.

(b) Find the value of k
(O]

cx) Recall €k Mass = Ksloa"— Aoe
9 2
Mass K\L (Ax) _Ia_w) de (0

XA x,“:lq-_'.?‘l N 0!

—_—
]

o

~

(!

26

£

Recal bhabt X = ijxahkx
Mess
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Question 6 continued

E = Nj [A)c\(nc}(_lé)xz M (D)

3‘4_\7:
= f RS2 % 0)
q
324 W<
[
9 = [ l“@ ‘-‘r.').cQ
F2a
e

F o eo& remans ol rest , Ehen
the Ceqéfe o,  Missis ok bne conbre

O{, plw\& iorfa.cc, [0)

Using  the ﬁomo\u booklet, Ehe Com of

o VU solik l«\amsphcre_ wWith  vadius ™
2 r '[mn the Cenbre.

WS

CoM is 4 prom Cue Cerbre,
3
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Question 6 continued

Tuke.  Momerts aboobk bhe  diameber [

of Plcme, Sorfae .

IRW = GkrW = = 8
) ?\2 5> R 5@
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Figure 5

A package P of mass m is attached to one end of a string of length Z?a . The other

end of the string is attached to a fixed point O. The package hangs at rest vertically
below O with the string taut and is then projected horizontally with speed u, as shown
in Figure 5.

When OP has turned through an angle @ and the string is still taut, the tension in the
string is T’

The package is modelled as a particle and the string as being light and inextensible.

5 2
(a) Show that T'= 3mgcosf— 2mg + %
a

(6)
Given that P moves in a complete vertical circle with centre O
(b) find, in terms of @ and g, the minimum possible value of u
)
Given that u=2\/ag
(¢) find, in terms of g, the magnitude of the acceleration of P at the instant when OP
is horizontal.
3)
(d) Apart from including air resistance, suggest one way in which the model could be
refined to make it more realistic.
(8]

F=Ma ash a= v*
=

o) Recall Ehut

24
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Question 7 continued

Resolving  forces, (1)
[G et

T Meos@ = v > (O
N

D T - Mqws$ = Smet (v v= 2<

0 O 2a ) 5
Recal bWt £ = Yame™  Ep=pm W, aadk ener
Iy Cx)f\vrva»l»bl ’ P O aj

mor 2 1 ome® Mol USinq Ehe diugy
> v 2M\r a@ ’\v) quV\,

N

D L mot = 1 st m (&.-A«.ms)
2

2 ( 5 S

= IMuT = Smv 4 Lim u(l-wse)

= I \-vau(l - Cos9) = 8wt Sob this into (1)
= T- /"\3(.05&9 = TM“- (5\’1" h—aq[l-cosdb

P T-mqtos = oMy —7.»43 + 2my cosd

PRI

= V= 3m\«3coss9 —1m\j + Smoz (3)
2o

J

D0 200 0 0 RO .
>
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Question 7 continued

.

b) T mask q]wua> e areqéer Ehan O

9

in_order Mmobon continve.
We_ iak (:w, MINiadm ssible V‘alue oL
v COMmparing Wb, X=0.
N L
T 20 when @=K  imples [

bmdc.o.sx —’)_MD + ég\;z o (O

> —63 + 50 o
2
= vt ¥ 103
= N X:.a\j So  khe Maimon U:E'«‘j

Wher OP s ha(iZonl:s},@zzg

When 8=7%), U= 2%, D)

T = dmqcos (R2) = 2mq + S (28g)?
J S

= T = -')_M:) 4 2LO0mMauy

PN

We kavw  Ewab Ehe Vver Bew|  accelembon s
0 down ks,

U)
AR 1
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Question 7 continued

(X\ We hwe assored Ehub  Ehe Shring is

inexbeasiole, bob it M::) be extshe. WV

(Total for Question 7 is 12 marks)

J
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P 7 21 1 4 A0 2 7 3 2 Ll

27

PMT




PhysicsAndMathsTutor.com

.

8. Throughout this question, use g = 10ms~
A light elastic string has natural length 1.25m and modulus of elasticity 25N.

A particle P of mass 0.5kg is attached to one end of the string. The other end of the
string is attached to a fixed point A. Particle P hangs freely in equilibrium with P
vertically below 4

The particle is then pulled vertically down to a point B and released from rest.
(a) Show that, while the string is taut, P moves with simple harmonic motion with

. T
period — seconds.

1o
(6)
The maximum kinetic energy of P during the subsequent motion is 2.5 J.
(b) Show that AB =2m
3)
The particle returns to B for the first time 7 seconds after it was released from rest at B
(¢) Find the value of T
5)

a) Recall bhub T= 2% ank F= ma=mx

T = 2%e
.25
25¢
1.8
EB 75Se — O,S\j
V25
\/053 = e =0.25 @

T= mx®©
= 25(025+x) —0-63: —0-52()

25
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Question 8 continued
D S +20x —-5= -0-5%
= —Lox = x @
=5 WX = o (sHm)

= W= Jup

Peciod =~ 2%
(O8]

Jwo 23w 5’

B) Recall bt wr=w?(A%= %) €= Vamer
2.5z Y2 (a8)v> D vr=lp 0)

Te  maximom speed s whe. x=0.

0= Lo(a? -0)

= A=0.50
Ab=(+ e+ A= 125¢+025+«0s 2®7_M_

C) "'\l\& seri,\:) wil\ 00 Sluck  whea x = —0.25.

Recal  Erat 2 = Acoswb

015 = 0.5l 8) QO
S Ekzo23 O
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Question 8 continued

Afbe" twe sGria hws So/we, Slach. , we_
(%) frk J Ewe bl ?eesk.

U= w2 (AT —x?)
5 V= Lso(o.sl-o.’LSL)Q: AERS

Twe- d:sp\uwemk 15 (@) Onk accelebon s -J

S= 0k % Y wk?
0= I35 k- Vo xlo x 6F
= &= 0.5k 7.
As Ewe  gurbele  comes  Vock doun , €,

B repeabelt.
®
6= 20, sty = l.ls®

) O 0200 0.0 A
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