Past Paper Questions: Equilibrium of a rigid body

10em |5 emfS em

I'm

Two identical uniform heavy triangular prisms, each of base width 10 cm, are arranged as el
the ends of a smooth horizontal shelf of length 1 m. Some books, each of width 5 cm, are placed on
the shelf between the prisms. |

() Find how far the base of a prism can project beyond an end of the shelf without the prism
toppling. . [2]

(ii) Find the greatest number of books that can be stored on the shelf without either of the prisms
toppling. [2]
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A uniform lamina of weight 9 N has dimensions as shown in the diagram. The lamina is freely hinged
to a fixed point at 4. A light inextensible string has one end attached to B, and the other end attached
to a fixed point C, which is in the same vertical plane as the lamina. The lamina is in equilibrium
with A8 horizontal and angle ABC = 150°.

(i) Show that the tension in the string is 12.2N. [5]
(i) Find the magnitude of the force acting on the lamina at 4. [4]
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A Mass of ABED = 0.5 x0-xf = 0.05FL.
Hoecs o§ EFGH = O-4x0.1x€ = 0.04F .
“Todol wass of lamina = 0.05£+0.04€ = 0. 09( .
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48 cm

A

A frame consists of a uniform circular ring of radius 25cm and mass 1.5kg, and a uniform rod of
length 48 cm and mass 0.6 kg. The ends A and B of the rod are attached to points on the circumference
of the ring, as shown in the diagram. Find the distance of the centre of mass of the frame from the

4]

centre of the ring.
Ts OAOMB;, HB= Qem =) OM = m:jm

'Obje et Mass (Eﬂ) Distance °J[‘ ceatee o:j: mass
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15 x0+0-6xT = R
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P

A uniform solid hemisphere, with centre O and radius 4 cm, is held so that a point P of its rim is in
contact with a horizontal surface. The plane face of the hemisphere makes an angle of 70° with the
horizontal. Q is the point on the axis of symmetry of the hemisphere which is vertically above P. The
diagram shows the vertical cross-section of the hemisphere which contains O, P and Q.

(i) Determine whether or not the centre of mass of the hemisphere is between O and Q. [3]

The hemisphere is now released.

(if) State whether or not the hemisphere falls on to its plane face, giving a reason for your answer.

~ A o [2]
") In A OPR, ©pPQ = QOO/ OP= kem , Q0P =90

dan 20°= OR o OR=1.455 com = |-4€cm.
L‘.
Tor the kem-‘syhae, centee ojr- mags , G i s«ch fat 0G, = .5_ (‘r)s I'5em.
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A uniform beam AB has length 6 m and mass 45kg. One end of a light inextensible rope i-s attached
to the beam at the point 2.5 m from A. The other end of the rope is attached to a fixed point P on a
vertical wall. The beam is in equilibrium with A in contact with the wall at a point 5 m below P. The
rope is taut and at right angles to AB (see diagram). Find

(i) the tension in the rope, (4]
(i) the horizontal and vertical components of the force exerted by the wall on the beam at A. [3]
I) :[h AAPC) sin6 = 25— = 0.5 3 6=5""—|@‘5);30°~
5

Ta}zind rfm.en'{'.s d}”‘*-‘l" A:
7T x 25 = 450X 3sh 6o°
T = kb1.6 ~ U8 N~

'ﬂ R(fr) ; Fd_f Tews 30" =450
% +Y67-6 26 30 =450
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A uniform rigid plank has mass 10kg and length 4 m. The plank has 0.9 m of its length ?n contact wi.th
a horizontal platform. A man M of mass 75 kg stands on the end of the plank which is in cont.act with |
the platform. A child C of mass 25 kg walks on to the overhanging part of the plank (see diagram). |
Find the distance between the man and the child when the plank is on the point of tilting. [4]

th‘ma mamaf}s cboout P:
754 x0:q = 10g x Il + 2y % (4-0-9)
615 = 1| +a5d - R5
d = 615-1l+225
25
") DfS‘}w’CE be-)ween Hhe man ano‘ 'H\c c,lu"cl — 3,-6"\
w\‘\c\r\ Fim\k 6 on ,)m'vr}' o:F’ -J"o,»}ﬁn‘j
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A uniform lamina ABCDE consists of a rectangular part with sides 5 cm and 10cm, and a part in the
form of a quarter of a circle of radius 5 cm, as shown in the diagram.

.. 20
(i) Show that the distance of the centre of mass of the part CDE of the lamina 1s T cm from CE.

(2]
(i) Find the distance of the centre of mass of the lamina ABCDE from the edge AB. [4]
;) C
1 G
¥ E
le}, G e ceriee o} mass °)C C)ua.r']ﬁf ciecle CED-
. Jz
EG = 2¢ snad - -’2(5)5‘:'} (%) - lO(—g_{) _ 5ﬁ>(i_=i0ﬁ
3a EYES 3% - 3% 3%
%) n

%D"S‘}‘ME"}C&‘LCD“S-WS G \irum CE :EGus% :-_Q_Q_&x_]_ = 20 .,

'u') Led, P = Mass per wnit area -
Mogs o} rec-}o.na\e ABCE = 5(\0)6: 508.
Hass of secter CED = x(5)p - 257L .
i

Total moss °5: composife 'ﬁjm’e =50€ + Bzl = CED-}-QSN e.
” 5 T)

F'M AB, du'sﬁ\rrj,' Oj: cen#e of o S of *Cc;'andle = 5—-e—m
I 7 7 ¥ v - {0+ &
¢ seefor =
7 " nooow oy Mroéi'}e 'ﬁamre == .
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750 N

A uniform beam has length 2.4 m and weight 68 N. The beam is hinged at a fixed point of a vertical
wall. and held in a horizontal position by a light rod of length 2.5 m. One end of the rod is attached to
the beam at a point 0.7 m from the wall, and the other end of the rod is attached to the wall at a point
vertically below the hinge. The beam carries a load of 750N at its end (see diagram).

(i) Find the force in the rod. [4]

The components of the force exerted by the hinge on the beam are X N horizontally towards the wall
and Y N vertically downwards.

(ii) Find the values of X and ¥. [3]
'-)InbABC) AC= J 2s2-07% = 2Um: J
s A . o ™M
dn Cz 01 5 @ 2 4an (5] = 1626
o 2
2hem 2:5m
In LANC) sin 16.26° = _AM ) A = 0672 m
Al = . 01,98
4 16:26
ﬂhﬂa moments  abalt He hinge af A: c
Cx 0.612 = 68x1:2 + 7502 o
F = 2800 N. ‘
1426l

M R(T): Fustteag’ = Y+ 684750 . ek /_]
~/

220 w5166 = Y+ 818 7500

J = 1870 N 68N
16.26°

R(—))' X = FSM %_Qé"
)( = 2800s8in €26 = 84N
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B 110 cm_ ¢

30 ¢m

D E
E 10 cm
A= 2%!cm ‘
Fig. 1

ABCDEF is the L-shaped cross-section of a uniform solid. This cross-section passes through the
centre of mass of the solid and has dimensions as shown in Fig. 1.

[3]

(i) Find the distance of the centre of mass of the solid from the edge AB of the cross-section.
Let, P = Mass pes wnt asee -
Mass of weclangle ABCG = 30(10) £ = 300€ -
Hass of squace DEFG = (o) =100l -
-T;hl mass o:F cvoss-echon = Yoo € -

Rom AB, distance O:I: CE‘n-}».-e OJ[\ mass 05: reC"'ondé ABCaG = 5em
e f “ “ « 4  Squar DEFG = 045 = ISom

{ “ v 4 Y & CmSs-secthion = T
’ﬁh:n(j moments obowt ARB:
Yoof x = 80L x5+ (°0f x |5

z
x = 15em

S Dl'S‘k!te °§ C&\"‘e o§ massS 05 Qollol f\f'ﬂﬂ eﬂlaﬂ AR = 750?)
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Fig. 2

The solid rests in equilibrium with the face containing the edge AF of the cross-section in contact with
a horizontal table. The weight of the solid is W N. A horizontal force of magnitude PN is applied to
the solid at the point B, in the direction ofBC (see Fig.2). The table is sufficiently rough to prevent

sliding.

(ii) Find P in terms of W, givén that the equilibrium of the solid is about to be broken. [3]
PN
N

"le:nJ memenlS abowt F 5
Px30= Wx (20—’16) ]\
30 l

P:SW. F
12

T7Som

< |
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10

A rigid rod consists of two parts. The part BC is in the form of an arc of a circle of radius 2m and
centre O, with angle BOC = :l]-:r radians. BC is uniform and has weight 3 N. The part AB is straight
and of length 2 ny; it is uniform and has weight 4 N. The part AB of the rod is a tangent to the arc BC
at B. The end A of the rod is freely hinged to a fixed point of a vertical wall. The rod is held in
equilibrium, with the straight part AB making an angle of in radians with the wall, by means of a
horizontal string attached to C. The string is in the same vertical plane as the rod, and the tension in

the string is T N (see diagram).

(i) Show that the centre of mass G of the part BC of the rod is at a distance of 2.083 m from the
(4]

wall, correct to 4 significant figures.

(ii) Find the value of T. [3]

(iii) State the magnitude of the horizontal component and the magnitude of the vertical component of
the force exerted on the rod by the hinge. [1]

'|) OG‘ = rsine :ﬂ_('g:_)_: ‘qlf&‘]m
A

ol i
&
In AOGHM, sSin[Z\ = GN 5 5':‘-7(%): G 2 GM = 0. 458 m
3 OG 119489

OA = ’22_'_ Pt =\_T_8—
3 Digturce of G Jom wall = OA-GM= 8 -0 758 = 2108235 = 2.088m
(-.Show'n).
i)'l_i\a;na moments about A
4 s/ E)+3x2083 =1 x2
. s"(+)
4538 N = T
5T = %54 N.
u\) R(ﬂ: 'l'-_d =4+3 3 Fdr_"“\l andl R(—-)); Fe = T= l54N.

srosnsmos S Hovizenbal companend =454 N
Verdical C‘AY'\Fane,r\-)- =7N.
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11 A uniform solid cone has height 38 cm.

(i) Write down the distance of the centre 6f mass of the cone from its base. (1]

The cone is placed with its axis vertical on a rough horizontal plane. The plane is slowly tilted, and
the cone remains in equilibrium until the angle of inclination of the plane reaches 31° (see diagram),

when the cone topples.

[2]

(ii) Find the radius of the cone.

(ili) Show that 1 > 0.601, correct to 3 significant figures, where u is the coefficient of friction between
the cone and the plane. [2]

) Diskeace of conke of mass of come = L (28em) = 95,

:

dan 31°= r 2 v= T54a13|° = 5-708 cm = 5- 7] em-
15 ‘
) R(W): Remgass’
R (1) § =mgsin31°

Shee coe docs met slp )

5 < rR
™4 Sin2|® << R (rraa:ssr) .
Y3 S D p A
p=O- €oo8 = 0-€9| (Shwn)-

9709/05/M/J/06

Scanned with CamScanner



12

B (.6 m

1.1 kg

0.6 m

A 0.2m

A uniform lamina of weight 15N has dimensions as shown in the diagram.

(i) Show that the distance of the centre of mass of the lamina from AB is 0.22m. [4]

d point. One end of a light inextensible string is attached to
fixed smooth pulley and a particle of mass 1.1 kg is attached
librium with BC horizontal. The string is taut
he particle hangs freely below the pulley (see

The lamina is freely hinged at B to a fixe
the lamina at C. The string passes over a
to the other end of the string. The lamina is in equi
and makes an angle of 8° with the horizontal at C, and tl

diagram).
(ii) Find the value of 6.

) teh ot por i e
m.«,gag redmale BCDG = 0-6x0-2xf = o 12t

Hags 05: r@.dm&\t: GEAF = D4 x0-2x8 = 0-08€ -

Tetal woes % lamita =020 &
Fem AR , distance 75: cerlre °5: mass af:
reckengle BCDG = 062 03m

2

O-A = O:|m
e

vcc’ronalc GEAF =
2
Gmposite lamina = T
Ta.\zina wments abod AB: |
0.200 x T = 0.12f % 03+ 0.08€ x0"]
0.2%x = 0.036+0.008
z = 0-2Z

9 ]7:51-“,(-6 og cenre ,,5‘ mass< a‘j:\ lamina 5«:»' AB = o:.'{,"),m (SL\,W,\),

“) R(/‘\L T=\ \3 +
3 T= UN. -
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0.8 m

ight-angled at B and has sides AB =0.6mand BC =0.8m. The
ble rope is attached to the lamina at C. The

rtical wall. The lamina is in equilibrium with
he lamina is in a vertical plane perpendicular
les to AC (see diagram). Find

A uniform triangular lamina ABC is T
mass of the lamina is 4kg. One end of a light inextensi
other end of the rope is attached to a fixed point D on a ve
A in contact with the wall at a point vertically below D. T
to the wall, and AB is horizontal. The rope is taut and at right ang

(i) the tension in the rope, (4]

(i) the horizontal and vertical components of the force exerted at A on the lamina by the wall.  [3]

) In A ABC, AC= Jog+0g =4

Fer AABC, covrdnales oJC centrc ojf mags O;;C AABC:<O+0- .5+0~6; o+o-;o-8)
3

3
= Cme-})
=
Taking momen}s obout A -
d _
QJXD-H- =T x |
T= 1N

7‘) In AABG) fan § = OB = 4 #9=+an—'(g-)
06 = T 4 Twchd
s'.qe_—_,g, y Tind e.c
cos © = 3. i y
> 3 FyA
R(T): 7Y + Tuso = kg A8, b,
FY+ '6("%)5‘1'&\0 .:)F\/ =30.4 N X
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A uniform rigid wire AB is in the form of a circular arc of radius 1.5 m with centre O. The angle AOB
is aright angle. The wire is in equilibrium, freely suspended from the end A. The chord AB makes an

angle of 68° with the vertical (see diagram).

(i) Show that the distance of the centre of mass of the arc from O is 1.35m, correct to 3 significant
(2]

figures.

(i) Find the value of 6. ' [3]

i oe.=rsma¢-nssm(wl 4*'55"’@ 65‘“(*)—'350"’

0G = 1-:35m (asf)

ﬁ‘ :.L—ﬂ Ao = .
AM, on= |5cs (}l:)_ 3;1:_ " 5w A
Afl = 15 sin 1:) = 30Z .
+ _T-

og -on
= 1350 — 342 = 0-2893
L

3 "6

In AANG,
Jan D = M6 = 0-2818  4a§ = 0132
AM 2,
u O =1528°% 15.3°
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3m 5m

A 4m C

TN

Uniform rods AB, AC and BC have lengths 3m, 4m and 5m respectively, and weights 15N, 20N
and 25 N respectively. The rods are rigidly joined to form a right-angled triangular frame ABC. The
frame is hinged at B to a fixed point and is held in equilibrium, with AC horizontal, by means of an
inextensible string attached at C. The string is at right angles to BC and the tension in the string is

TN (see diagram).

(i) Find the value of T

(2]

A uniform triangular lamina POR, of weight 60N, has the same size and shape as-the frame ABC.
The lamina is now attached to the frame with P, Q and R at A, B and C respectively. The composite

body is held in equilibrium with A, B and C in the same positions as before. Find

(ii) the new value of T,

(2]

(iii) the magnitude of the vertical component of the force acting on the composite body at B. [2]

)

A 2m \L 2m E
20N

:J:‘AP‘BC:' 505'9"%_ end S-'ﬂg :__&_

o

Tq\'a;nﬂmm‘k obout B

25 x 25 sin O +20x2 =Tx5

25425 x4 + 40 = 5T

5
) 7= \8[\}.

15N . N
/ 25
Goﬂl TN
Alp l
lo“ 9709/05/M/J/08
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ISx04 25X 5 xsm@ 120X 2+6OX<O+O+L*) = | X

3
50 + l-(0+ go = 5T \) X - Comcdin ate °JC Ccn*ﬁ't ojj
”r — 3[’_,\}, mAass 051 ';""”ﬂ'-l[w lqh‘n‘nq

Ry

‘uT) B

. t 25N TN
5 <
‘ cov ),
| — \ TCoS‘e
200
R(’T\ : Fy + Tsin@ =15+ 5 +20 +60
F&+3Q—(—§-) = |20
- 928N
X

e - Veskal °°*"|’°“°’+ "5 Jrre e compesle L”(lj at B = 92. 8\,
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- a point vertically below C. The centre of mass G of the hemisphere is at the same horizontal level as

AB is a diameter of a uniform solid hemisphere with centre O, radius 10cm and weight 12N. One
end of a light inextensible string is attached to the hemisphere at B and the other end is attached to a
fixed point C of a vertical wall. The hemisphere is in equilibrium with A in contact with the wall at

(4]

A.and angle ABC is a right angle (see diagram). Calculate the tension in the string.
for He ‘nemislo\nere) OG6 = _8% Go) =2 15cm.

y - 2

dn BAOG, AG = J102+375% = 1068 om.

T;hindmmn&fk a.}»a’i' A,
12 x1p-68 = 1 X0

T __'3.&9_6_8-=6H08N
20
Tz 64N

be: Tengen in he ching = & AN
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B 'c"LC
10cm
D € E
1 =
! 2cm
L
0 F‘ 8cm A
Fig. 1

A uniform solid body has a cross-section as shown in Fig. 1.

(i) Show that the centre of mass of the body is 2.5 cm from the plane face containing OB and 3.5 cm
(4]

from the plane face containing OA.
let, £ = Mass per unmiF area .
Hass ,,5? oBCF =10x2xf =20€ ; Hass °j1‘ AFDE = 6(r)€=12L

3 Hass of wmpesite figue = 20+ 126 =3¢

Coordmades o_{ centee Oj: mass of OBCF (',5)
" s w4 uw o« AFDE=(5,1)
4 o 4 4 c‘a'm")os;)e 55‘4.: 5(2-:/3_)
Takhg moments abact 0B o
2 20£xl+laﬁx5=32£xl 9 X=25em

T“h;"(j men ents about OH _
200 w5412 x | =328 xJ 9Y = 3'5“”)

ie- O\?S'}mce o} c_e-,-}..e 05 wmac S frﬂ“ o = E5um (Shawh
ty 7" 7 7 /y 7 OR=3'5com (S‘\Adﬂ) i

(ii) The solid is placed on a rough plane which is initially horizontal. The coefficient of friction

4 y

between the solid and the plane is p.
(a) B

Fig. 2

The §olid is placed with OA in contact with the plane, and then the plane is tilted so that

QA _hes_ along a line of greatest slope with A higher than O (see Fig.2). When the anele of

Inclination is sufficiently great the solid starts to topple (without sliding). Show that ;> 2
5

(5]

9708/05/M/JI08
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when g,lia‘ starts + -}brr 'C, ﬂe centee Df masS 18 m—},‘aj,b above Q.

Jen 0= 25 2 e:-m"(.s)-
3.5 7

Since cbject dees not Shde) farR.
R(u): §= Wsn®
R(L): R=Wes®:
Siace + <R
Wsin © ‘r@mse)

snb « ]-L
@s©
2 7’}a.ne

R4 since 6 =+m"(—_’}5:) =) Jar O =775-

(b)

Fig. 3

Instead, the solid is placed with OB in contact with the plane, and then the plane is tilted so
that OB lies along a line of greatest slope with B higher than O (see Fig. 3). When the angle
of inclination is sufficiently great the solid starts to slide (without toppling). Find another

inequality for y. 2]
lorrlmd occw S when G lies 'JEJ“}\C above O.

‘5"1'8 4ang= 3:5 = 1.
s 5

B4 sine -forrl-‘n(j doeg net accus,
e A’\Jlr. af mc\mx}»‘mé 6
=) ‘hf\ Gndlg o MCL'M.‘J‘IG“) < tan © -1-5_ = 4an <§

P.nﬁ' § S‘I'dm(j) f '*R

\WJsi e P(“’Gose)
% sr;k = 4an 9 where 6 1S aua’e of :nc\iqa:km,

-n\tr\ \L=+"“\§ <_'52: f.e.rl.{-%_:.
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20 cm

40 cm

A frame consists of a uniform semicircular wire of radius 20 cm and mass 2 kg, and a uniform straight
wire of length 40 cm and mass 0.9kg. The ends of the semicircular wire are attached to the ends of

the straight wire (see diagram). Find the distance of the centre of mass of the frame from the straight
wire, (4]

Ol:ojer.+ Mags Distance °} centee “'Jt mag 5@* Shaght wire
S&nllcirr.u.laf 2 ha 20 sin _:; _ 5 o
wire % N o
Sicasght 0.9k n
o :
wirae 8 O
Compesite 29 ka T
wire

/];Lhin(j moments about Shai H‘ wire

29% = 2x 40 +0-9x0
x

Z = 81802 818cnm .
S Disance OJQ centee °5: alES °§ &"”"e' = &-18om.
QQm\ s%cu'@“'}' i
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A uniform solid cone has height 30 cm and base radius r cm. The cone is placed with its axis vertical
on a rough horizontal plane. The plane is slowly tilted and the cone remains in equilibrium until

the angle of inclination of the plane reaches 35°, when the cone topples. The diagram shows a
cross-section of the cone.

(i) Find the value of r. [3]

(ii) Show that the coefficient of friction between the cone and the plane is greater than 0.7.

}) Wen e come -‘rﬂ>|€$; Gl s verln'ca%) akove A G

oG = _4_(30) = 195 em. a5° 15em
To DOGA, Han 35" =_x_ A
45 .

(2]

o AT
Y= 75+ 35
r= 5.25| =5-25em.
ﬂ) R(”)i f‘: W sin 35
R(_L): R:\ersSS‘D

S}nce come does ot S‘n'c‘e')
J <R
Vsin 35° o K (\,Ja:s 350)

tan 35° & B

= F;O"]OOQ =) rLPO-’)OO CS‘\own).
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"Vp

A uniform lamina of weight 15 N is in the form of a trapezium ABCD with dimensions as shown in
the diagram. The lamina is freely hinged at A to a fixed point. One end of a light inextensible string
is attached to the lamina at B. The lamina is in equilibrium with AB horizontal; the string is taut and
in the same vertical plane as the lamina, and makes an angle of 30° upwards from the horizontal (see

diagram). Find the tension in the string. Le1l, = Mass per wnit ecea . [5]
Ob“)ec."“ . Nass Oj: o\aje¢+ Distance Dj: cente cj: mags jtmrv, AD
Sapoce 1.5%x€ = 2.25P 12 =0.15

T;;md\e i’—x-’&x)-SE: I'5 e §0+C33+l'5)= 0.5

Cmrosﬂ-e
|axmina,
Ta..\?.:n(j mowents about AD:
2-25f x0-15+41'5fx0-5 = 3.158 x
24315 = 3.7S £
T = 065 m

—];hha *ﬂ:en:"s q_bu_-l— A-.
) ¢in 30° xI'5 = |5x 0.65

T = |aN-

I

315 z
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A uniform solid cone has height 20 cm and base radius 4 cm. PQ is a diameter of the base of the
cone. The cone is held in equilibrium, with P in contact with a horizontal surface and PQ vertical
by a force applied at Q. This force has magnitude 3 N and acts parallel to the axis of the cone (see:.
diagram). Calculate the mass of the cone. . [4]

For He con, 0OG =_E:—_(20)=5¢m,

Takin g mements aback P:
Wx5 = 3x8 -
w = 4&-8n
2 mg = 4.8
4.8 - 0-48 Rq -

m =
—

O

i-e + Hags 05' ”'Le cen@ = O-lfg\ea
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AB is the diameter of a uniform semicircular lamina which has radius 0.3 m and mass 0.4kg. The
lamina is hinged to a vertical wall at A with AB inclined at 30° to the vertical. One end of a light
inextensible string is attached to the lamina at B and the other end of the string is attached to the wall
vertically above A. The lamina is in equilibrium in a vertical plane perpendicular to the wall with the

string horizontal (see diagram).

3a

(i) Show that the tension in the string is 2.00 N correct to 3 significant figures. [4]
(ii) Find the ma gnitudé and direction of the force exerted on the lamina by the hinge. [3]
L 2
'|) QG = Rwrsnd& = 2(0'3)5"' 3-) - 0 €& - L2, ’___O-"f' =g.-:.-
= y ] 3(2:) 3% A A
2

*(%)

Ta\z‘m mmen')s G')W*‘}' ﬁf:

T x0-6 s 30
58

T = 2003 = 200N.

R Fy=k
R("))'- Re = 200V

S F= \I'F:E:T:\;:szz 4 41N ®h4TN
Yone = _E;__ _k dac= -’mn_'(l-c\‘ﬂ) = 63.% with

honjzentad:
9709/53/M//10 )
Fo 200 _

X
X

- bees30 x A + b sin 300)(0-3

“T=2.00N
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0.6 m

Al &
o 0.6m B

AOB is a uniform lamina in the shape of a quadrant of a circle with centre O and radius 0.6 m (see
diagram).

(i) Calculate the distance of the centre of mass of the lamina from A. [3]
The lamina is freely suspended at A and hangs in equilibrium.
(ii) Find the angle between the vertical and the side AO of the lamina. [3]
- (JE
:) OG\ - 2rsi'nﬂd = 2(‘0'6)5“" I) = \'2 ——:):—) - 0.3'60'
' 3ee B(ZE.) 25
¥ §
In DAOG, R
AGE = A0 + 0G" -2 (AO)G:&) Aotn
AG) = 0:6°+0- 3601 2@ 6)(0 360\>ces ("’)
AG = 0-4290 = 0429 m-
1) g A

+ll
()

0-4290m™

B

When lamina hands n @'M“m“m G hes “ef‘l‘@l{j te. [ow A
I\ AAOG\ S\VIA = ‘51'10

oG AG
_Smx .= sin (%)

0-36°| 0.4240

Shnal = 05434
- 3640°= 36 -Lf'o .
9709/51/M/J/11
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-

4 N

B

A uniform rod AB of weight 16N is freely hinged at A to a fixed point. A force of magnitude 4N
acting perpendicular to the rod is applied at B (see diagram). Given that the rod is in equilibrium,

(i) calculate the angle the rod makes with the horizontal,

(2]
(i) find the magnitude and direction of the force exerted on the rod at A. [4]
i) ‘raknd wmoments about A:
16 x dees = 4 x 2d
cos® = 84 -1 20:=-60 -
léd)
—) Fx A
L\

U sinb0’
R (’? ) :

Fz
?‘(ﬂ: F:.)+chos€0°= 16

=4 sin€o = 243 N

Fy = 6-keos €0" = |4V
9 F-= W: d(x@)" + > = -2 = 14.4N-

dan « = -fd- _ & S et=~an 'j—')",é b
z —_— = (6]
Fo 203 (*'5'

nﬂani-hde_ o§ ﬁf& ¢;_er-'-ed on raal a+t A= ’1{‘1("")
Dicection 05- Jrce exerfed o rod of A = 761" with \eizental

Q7n9/52/M/1111
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25 A uniform lamina ABCD consists of a semicircle BCD with centre O and diameter 0.4 m, and an
isosceles triangle ABD with base BD = 0.4 m and perpendicular height 2m. The centre of mass of

the lamina is at O.
(i) Find the value of 4. [4]

(i)

The lamina is suspended from a vertical string attached to a point X on the side AD of the triangle
(see diagram). Given the lamina is in equilibrium with AD horizontal, calculate XD-: [3]

“) For 56111:':'32‘.'6, 0GQ = Rr Sh;\ﬂf - 2(0:2)snm
Sx 3 —i’r—_

For is06 celes b, OG-,,: ’..%-h

25 37 5%

Let, E =rass Pcf uni') aréa - )
Hass 05: Semicircle = % (0'228; =L
2 50
Magg of A =_L x0-Y4xhb= hE
=2 5
Totol mss o compsite Fgue = J_§_+_Fl§_t_!;
‘lah;"d momentS aout BD :

LYY _ ®Re , -4 + _Lhxhe
(50 5)‘ 50 Is7 3 5
2 2 2
315 15 315

ﬂ Shce lamina 15 m W‘*fl"l’""‘-""i Cenjre °}\ mass O is uer-h'ca.l!j L&’M X

T AAOD, tan p = 0.2828 ) B . 54.7°
0.2

9709/52/M/J11
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Cvs D = DX _:) e gq__)a _ XD
DO 0 2

XD = 0-Qeeshbi.7®
XD - 0”511' < O”S—rn
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A smooth hemispherical shell, with centre O, weight 12N and radius 0.4 m, rests on a horizontal
plane. A particle of weight W N lies at rest on the inner surface of the hemisphere vertically below O.

A force of magnitude F N acting vertically upwards is applied to the highest point of the hemisphere,
which is in equilibrium with its axis of symmetry inclined at 20° to the horizontal (see diagram).

(i) Show, by taking moments about O, that F = 16.48 correct t0 4 significant figures. [3]

(ii) Find the normal contact force exerted by the plane on the hemisphere in terms of W. Hence find
[3]

the least possible value of W.

i) For hem's,:kere, oG =j2r_ = 04 ::.O'an
2

Tak;féj wmoments  aboudt O:
Fx OUsin20 = |2 x02es 20°
Fz 648y = 1648 N (Shown).

) R@): FiR = IR+W
648 +R = 124w
R= 12+w~-16-48
R= w-4yg
Prlect whie of W, et R=0 9 Wl =0 SW=h 4N,
‘e Least pussible value of w= hihgn .

Scanned with CamScanner



27 B am C

A

I m

|
|
|
|
|
|

0 E D

ABCDE is the cross-section through the centre of mass of a uniform prism resting in equilibrium with
DE on a horizontal surface. The cross-section has the.shape of a square OBCD with sides of length
am. from which a quadrant OAE of a circle of radius 1 m has been removed (see diagram).

(i) Find the distance of the centre of mass of the prism from O, giving the answer in terms of a, ©
and V2. _ (5]

(ii) Hence show that .
3a*(2-a) <372,
and verify that this inequality is satisfied by a = 1.68 but not by a = 1.67. [4]
i)Le{,E = Mass per u:n;"’ asea .
Ha s oi squore = af .

Hass °‘P quaries circle= ¥ !lrﬂ =%xC .

Todal mass °:f lamina. = &€ -

Fen 0, distance o} cente o«Y mags ,]E Squast = i_;,jﬁ(%—)z =J_‘f+a"‘: _‘_J_:d. .
by 2

dishsce OS"' Centee "‘{ mag ajt W}er circle = rgina :S-G)SM ("E‘)zlfﬁ )
3a 3(-}}) 3%

dishnce °f Cf"“,-‘& °§ mass ,JC laminq = %
luhin(j moments QLW.+ 0 :
(Cla“l Exx = a.nfxf?:q—-;x_ﬁ X_i‘_ti_
b 2 b 3%
(a“—]f.) x = {3 [
4 a 3

(lfﬂz"-ﬁ) X = 3{2q3 - 22
s €

9709/53/M/7J/11
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Swcee PﬁS‘m 'S in QQfJ.i lf})r}m D—HHEL {fne o§ qc‘kc‘n o‘—‘} wefa\n‘f' SLNJC{ ,c'@
b e nalﬂ' 05 Hhe awqr-’e,r‘ drclefnm we '.epf,j'_e % C¢Sl{5° > |

::) N = I =
Qs {5

= J=

9 2dEGE3-2) ST
3(a*-7)
;((gq ’3.) = BGq_l—-W)
6a® -4 =8 —37
63 -12a* Z 4 -3%
€a? (a-2) = 4-37%
_2 [3.1’*(2, q)] > 4 -3%

3> (a-a) <-2+—%‘

3 (a-a) KB ~R. (Shon).

aeless 3xleg®(2-l6g)<im -2
27095 < 2712 (';]_rue)

=619 Bx1e1(2-1e1)< -2
a1\ 0 < 272 (False) CSBM)
n
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07m

B

The diagram shows a circular object formed from a uniform semicircular Jamina of weight 11 N and
a uniform semicircular arc of weight 9 N. The lamina and the arc both have centre O and radius 0.7 m
and are joined at the ends of their common diameter AB.

(i) Show that the distance of the centre of mass of the object from O is 0.0371 m, correct to
3 significant figures. (3]

The object hangs in equilibrium, freely suspended at A.

(ii) Find the angle between AB and the vertical and state whether the lowest point of the object is on

the lamina or on the arc. [3]
mass

‘I) o SemF;:fro«Llw lamin o;A: i ha
For Selnici'rcu.‘n.r arcCy macs = 0O qkd

“total mass 05: ol\:jec_—# = |4+ 0:9 -_—__'zkﬂ.
fom O distance C’f C&ﬁ')'c‘e GJC mass Ojl

semicircaler ]am:'na_ = Qx 0-7 x sin (%)_.':_’_li‘_

x
3(._5_) 5%
5€micircu|ar arc = 0.7x sin g —E) - 1.
A 5%
=

Dbjec-\—: ;’.—
ﬁh;'(‘j ma-meﬂ'\'s ‘\LOH—“' A'B
— . ) x i +0-ax
R kS IS% 5h

7 = -0-037I13 = ~0.037 m- (s'..a...n).

Cente of mass lies 0.037 m 4o the 'n'ak-f- 05"0'

1]

-— ° ’ A
) oy ce = 00311 3 @z 3036 = 5.0k | >0«

01 : o ‘
e Aqale befween AB od verhcal = 3.0k .
’“‘e °\°:)Ef—+ rotates clochwist =9 He lo-«-eS')‘
point lies on “Be &% @ 0.031lwm

9709/51/M/J12
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E - oD
lrn"
"7 [B Im C
0.5m
0 0.4 m A

The diagram shows the cross-section OABCDE through the centre of mass of a uniform prism. The
interior angles of the cross-section at O, A, C, D and_E are all right angles. OA =0.4m, AB=0.5m
andBC=CD=1m.

(i) Calculate the distance of the centre of mass of the prism from OE. [3]

The weight of the prism is 120N. A force of magnitude /' N acting along DE holds the prism in
equilibrium when OA rests on a rough horizontal surface,
- .

(if) Find the set OprSS.ibIC values of F. — [6]
l') Le}, € = Mass  per Wit area -

Ma ss o} losge rcdmele,: l4xIxe=14€.

Has ¢ o{ smalles ffC"‘a.na‘e = 0-4x05f = 0-2€..

Todal mass 05- coss-echomn = |- 6C .

Fen OF, distance °f— centee Of mags f’)D

I‘“‘Se" “CC:“NU\C = _l__aff: = 0.7

smalles redangle. = ok -0

2

Cves5S-ge c-’-,‘m = L

—E\Uﬂd meoments absdt OE ;
L6E x = = 148 x0T+ 0-2L x0-X
z = 0.6375wm
) Distance of cerfe of mass of prism Jrom OF < 0-6375m.
-ﬁ) a“sevt'ﬁ ast 'L«h Cases: Fw’sn\ is Q_Lﬂ-l.,"' "}o '}or?le Q_lnd“ Pai'n'} O
or  a beut Fbiq+ A-
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Case 4 3 Toﬂ»'mo iS abact do oS akmct O E\_

A

6315w

|

—

10w I'Sm

N

0 A
‘Eh.‘na Mmef.}s q!cm + O )
I20 x0.6375 = F x1-5

5IN= F

Case -szl_z]orhna S Q_Lmd— Jo occus abaut A‘

_F
A
0-63'!5\1
— 1!20“ |‘5M
0.2315m & -
J ' A\
0dm A

/l;k;rzj momentS  absut A:
20 x0:2375 = FxI'5
F=I19N.

D Set of posshle vabes of Fijq< g

Scanned with CamScanner



30 A uniform hemispherical shell of weight

Sph 8N and a uniform solid hemisphere of weight 12N are
joined along their circumferences to form

a non-uniform sphere of radius 0.2 m.

(i) Show that the distance between the centre of mass of the sphere and the centre of the sphere
is 0.005 m.

[3]

This sphere is placed on a horizontal surface with its axis of symmetry horizontal. The equilibrium of
the sphere is maintained by a force of magnitude FN

: acting parallel to the axis of symmetry applied
to the highest point of the sphere,

(i) Calculate F. [3]
'l) : hwiSF}s&ﬂ'Cﬂ—l

ghell

solid L&“‘S;’kzrﬁ

Di stance oy Centee ojrmass joru-m 0

Object Mass
H-ern:sr)\ew‘cal

0-2
0-8 9<% - o
shedl 9\-
Solid kam‘_c,rlef I 9. 30-2) —o.075

- 8
/Ia‘ﬂino r\mmen'}s a-b"‘t'}' 0: :
2.0)(5 = 0.8 x0-H |-2(—0-075)

—

g = -0.005 m
3 Dictance of cenke of mass Jem cerbee of Sphese = 0-005m.
ﬁ) F

0:2m

0.-005m
H:misrlnen'cd & 7 20N
0:2Am
shell

— il
'“\Q"ﬁ mements  about pani C, (fﬁ‘*\'} Q} am”}ac‘l'):
Fx 0.4%m = RQOXx0:005 m

F=0.2a5N.

H
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The diagram shows a uniform lamina ABCDEF, formed from a semicircle with centre O and radius
1 m by removing a semicircular part with centre O and radius r m.

(i) Show that the distance in metres of the centre of mass of the lamina from O is

41 +r+r?) [4]
3n(l+7r) _

The centre of mass of the lamina lies on the arc ABC.

(ii) Show that » = 0.494, correct to 3 significant figures. [3]
The lamina is freely suspended at ' and hangs in equilibrium. )
(iif) Find the angle between the diameter of the lamina and the veltical. [2]

i) led, € = Mass pes wt acea - R
Mass o} semicwde DEF = %x(1) = :_;_

Aass o:? semicircle ABC

Hasg o{ laminea = @— = =
2,

Fom O, dictance o:F cente cr} mass o
Semicirele DEF = _-20 ain (2_) "-35*-—'

: (")

"
>
P
m

\>

Semicicle ABC = Rrsh (£) = 4r.
ONEE
‘G.minq ==
Ta.)znrtj meraents abaut DF
e e e ]
L=\ o 3% 2 L% )
— —3)x2
= 2-2c% 5 x =2r
A(I ) — 3z 3A(- r")

q‘i—,_(_'ﬁi)’fr’))- %

3 (l" f)(+r

9709/52/M/J/12
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_ﬂ) Simee ce,n'}cc_ o; mass l.‘es oN arc ABC, x =r

= l‘f(('”"*'r:) =
37 (I+r)
b+l xbpe® = 3"(‘”)1‘3”fz
O-= ér\-‘i—)r‘2+ 65"‘4')""—[/'

oz - Gr-d) 2 JE -0 G4 )
Q(BWf‘r)
0.4436 o r=—1493¢&

Y =
ccomt e ookt (o)
0D r = O- 94
“ﬂ) When SusFe,nc[eo\ 51'&&15) the centre °_¥ ﬂ:;is °JC He °J‘€C‘f‘ [fes
vef*)w‘c:.lb below F -

Ja AFOG,
Jan©®= . = 0-1936
\ R
0= 4an (O'HBS) = 0?6';270.&'. Q&so

ie- Ansle beteen diameler and verhca| ~26. 0
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FN

/
/

0.7m //
/
4

/
0O¢)2rad f
\

3n

The diafgram shows a uniform object ABC of weight 3 N in the form of an arc of a circle with centre O
and radius 0.7 m. The angle AOC is 2 radians. The object rests in equilibrium with A on a horizontal

surface and C vertically above A. Equilibrium is maintained by a horizontal force of magnitude F' N
applied at C in the plane of the object. Calculate F. (4]

led, &5 e cente o} masS cjz asc of sivcle -
OE]: v Swn cl =O7 :(S‘J'n(l) :0‘5830

& )
AC =J0:7% 0- 7~ 2(-7) (6-7) s 2
pAc= 11718

Hon'zon fal distance bedveen A end G
- 06 - 01 ws(L) = 05290~ 0-1 s (4)

- o G
202108 w. Tal
’IZ\ziné moments abont A 0w

Fx 18 = 3x0-140§ 0

F=0.5368N=0537N-
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am

C

sosceles triangle ABE joined along
d the perpendicular height is hm.

B 0.5m

A uniform lamina ABCDE consists of a rectangle BCDE and an i
their common edge BE. For the triangle, AB = AE, BE =am an
e diagram).

For the rectangle, BC = DE = 0.5 m and CD = BE =am (se
nece in metres of the centre of mass of the lamina from BE towards CD is

[4]

(i) Show that the dista

3 —4h?
12+ 12h°
The lamina is freely suspended.at E and hangs in equilibrium. - ’
(i) Given that DE is horizontal, calculate h. [2)
[3]

(iii) Given instead that h = 0.5 and AE is horizontal, calculate a.

) Leh, E= Nass pes
Macs of A= L xaxh& = aht
f 2 o
Hass of rcc+an3‘e = 0-5axf = 0-5ab
’f;.}d Mass ,:F lamina :Ebﬁ_]_o.@aC:. 0-5'a86\+l).
: 2=

From EB , distare off confre of mass of
Joomale ABE =

wﬁc ) 3
rectongle BCDE = 0.25

—

lamina. = %

’E\‘Q;na wmoments about BE:
ah€ x-h_+at 6-25)

3 4) Ml
T = 3-8 . (Gyew
2. (h+ 1) < h)

'ﬁ) Whey, %Qdd -S‘“S?eruo\ed.) i,} PDE s hm'zm')tol;'ﬂ\e cenke °5: mass |res
Ve\'“\'icq\\s below E ad So i kes on BE Then & = Q-

9709/53/M/I12
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T DOGE, dmb=Z - 2% ()
= o
Tn DOEA ;dm = 5 - =& (2)
—
Sbshhdng (1) n (a RAx = &
d () a 2h
a*= 4k Th
Sdbetihing % 2 3-kh" o h=0.5

ll(h+l

[ }cDS
lJ-COSH

2
9

" a =0 4Tk & 0.47],,
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ned from two rods AB and BC joined rigidly at right angles at B. The
1 0.2 m. The object rests with the end A on a rough

tABC is fori
m by a horizontal force of

h 0.3 m and the rod BC has lengl
d the rod AB vertical. The object is held in equilibriu

B and acting in the direction CB (see diagram).

A uniform objec

rod AB has lengt
horizontal surface an

magnitude 4 N applied at
(i) Find the distance of the centre of mass of the object from AB. [3]
(ii) Calculate the weight of the object. (2]
possible value of the coeffigient of friction between the surface and the object.
(2]

(iii) Find the least
‘l) Le_lfl g = flass per wnid ’f-’_nth\-
Nass ,,jC vod AB= 038
Mass of wd BC = o.2€ '
Total wmass = 0.38+0-2¢€ = 0-5€-
Fom BB, dis fance °§ cen've o} mass O:F

vod AB =0
vod BC = 0-1
object ARC = z

’r&k"n(j moments about AB:
0.5 x T = 0.3 x 0+0-22 20

0.0

I\l

0-5%
L = 0-0fwm
ie- Distace of cenke of mass of object Jrem AB = 004 m.

mo‘men+5 a):ou} A :

—ﬂ) %hin@
W x 0-0% = 4 x03

W = 30N
’ﬁ\) Swee object wests i ecruff’»ﬂu-m) f = kR. k¥
R(’T): R=3N
R(>): §=4N Satl J, Tafe
p<p(x) o 12 3% —&—
5

Then  F =pR3
te-Least wue of (tz—f—‘s-: 0.133-
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OABC is the cross-section through the centre of mass of a uniform prism of weight 20 N. The cross-
sectionis in the shape of a sector of a circle with centre O, radius OA = r m and angleAQC= %n radians.

The prism lies on a plane inclined at an angle 6 radians to the horizontal, where 6 < %r:. OC lies along
aline of greatest slope with O higher than C. The prism is freely hinged to the plane at O. A force of
magnitude 15N acts at A, in a direction towards to the plane and at right angles to it (see diagram).
Given that the prism remains in equilibrium, find the set of possible values of 6. [9]

Fu'r 53&""’-’" °f c-.‘,rc'E)
OG = Ar Sine 32"(5;"(;)):21’!—{3_);@(-
3et 3(5?) - _

Aenzontal digtance j:rrm O + e °f achen "JC “’e{ﬂH °jl ]’“Zﬂ

= 06xcews/E-08)z fBr, ws(Z-9). % -0
3 = 3 ) w
3 Moment de b veight = 20 x (v o (g_re) 5
aboﬂ.‘)'Po;'I" O r -f-ls e

: ql"’“-’\? rm'n"‘" O

= Ib—l"x_l_ :,_!i_..
2

2
Siace ’y-n'.c.m remaing In e?u'lr'):rim,
Homen+ due o we_;ah'}' = Powent due o 15N j;r-ce
20 I3 r _z\:-e) = ISc
SRl € 2.
I - 8] ».0.680|
“ <3 ) ~ In li switche 5
~-| | =) eﬁv-ul i"}
'—f;*'e = o (0‘680 dirvechon as csine
'S :
T -0 < 0-83227 “chiet:reasva
3 , g '
0.22#4= 0 3 6;0.;2,24\ chiog

9709/51/M1J/13
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6 A uniform semicircular lamina of radius 0.25 m has diameter AB. It is freely suspended at A from a
3 fixed point and hangs in equilibrium.

(i) Find the distance of the centre of mass of the lJamina fram the diameter AB. 1)

(i) Calculate the angle which the diameter AB makes with the vertical. (2]

The lamina is now held in equilibrium with the diameter AB vertical by means of a force applied at B.
This force has magnitude 6 N and acts at 45° to the upward vertical in the plane of the lamina.

(3]

(iii) Calculate the weight of the lamina.

’n) 0@ = 2rsSink :ﬁCD-QS)s'm (Jﬂ= 0-6x2 =z0-106]| = 0-106m -

: 32 3 (E) 3% ]Ch
- A A O B
n) 0.25% 0

V)

B~y

|06m
}}ocl;.-l%e cenire °f mass G lies vcf‘,'imjb bebw A -

when suspended . .
To DAOG, damd =0:106 =B =221 =230 °
025
f\\) | A 01061 m
0
4s°
N - N

Coigy5®  Geosli®

Teking wmemeats abad A
8 - W x 0106 |
65&nl{5°"2*0'as

Gsin q5°xQx0-25-: v

106\
o0 W = 199N = R0-0N
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1.2m

L 0.4 m

A uniform solid cone of height 1.2m and semi-vertical angle 6° is divided into two parts by a cut
parallel to and 0.4 m from the circular base. The upper conical part, C, has weight 16 N, and the lower
part. L. has weight 38 N. The two parts of the solid rest in equilibrium with the larger plane face of L
on a horizontal surface and the smaller plane face of L covered by the base of C (see diagram).

(i) Calculate the distance of the centre of mass of L from its larger plane face. [3]

Anincreasing horizontal force is applied to the vertex of C. Equilibrium is broken when the magnitude
of this force first exceeds 4 N, and C begins to slide on L.

(ii) By considering the forces on C,
(a) find the coefficient of friction between C and L, [1]-

(b) show that 8 > 14.0, correct to 3 significant figures. : [2]

Cisremoved and L is placed with its curved surface on the horizontal surface.

(iii) Given that L is on the poinf of toppling, calculate 6. o 7 A [3]
") Object Mass . Distance of centee of mass Jrom phne facc
c |- & ' o-lf+-d_—@.8)= 0 £
Lo 3-8 | S0 %
C+L 5L|' . __‘,.l:_;{l'l = 0.3

Taje,.,.a momenlS abart f’w‘e Jcace .
6x0-6+38xx = 5.4 x0-3

A -0-:1736 20N m.

V)

o) o €y R(0): R "

R(2): F=4"
Since C  begns o sWde ) T <

= uR
{=:66) =) 1.1:0-25-
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Since C dees not -er’e, We vequive

0-3+me)

moment due to v‘&'ak'l' > wermenT due 4o 4N (Szu"‘ce

6x0.84an © = 4 x0-&8

-‘.-L
Jan § = .gl__ = 0 > (4)

D0 >14-036°
5 0> 10’ (asf)

< poBD, wsB=2E 5 oD=28 ()
-0 =28

cs 6

To DODG , 0B = 0D 2) csb = _0OD =)0D=|-oasq-ms6~7‘(2\

DG |-0264
Subshhchn g G) m @)
0.8 = 11036YcesB
s

onaly = st 9
D cos O = 0.8828
B= 2800 =28.0°
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A non-uniform rod AB of weight 6 N rests in limiting equilibrium with the end A in contact with a
rough vertical wall. AB = 1.2 m, the centre of mass of the rod is 0.8 m from A, and the angle between
AB and the downward vertical is 6°. A force of magnitude 10N acting at an angle of 30° to the
upwards vertical is applied to the rod at B (see diagram). The rod and the line of action of the 10N
force lie in a vertical plane perpendicular to the wall. Calculate

(i) the value of 6, [4]
(ii) the coefficient of friction between the rod and the wall. [2]
) \

126050 (0cos 30° =

0-8sinb
-2 sin® év

Toking mements about A;
10cos 30° X 12 sinD = 6X0-85in® +105in30'x |- 2 =g O
&3 snb = L{-ng@ + Ges ©
(65"’1-8)%9 & cosB
0=_¢€
6d3-4.8

6= 41.01°= ¥7.0"

N

) SR

. [Oas 30"

losin30°
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9
2 B

A 1.8 m 0 1.8 m C

A uniform metal frame QABC is made from a semicircular arc ABC of radius 1.8 m, and a straight
rod AOC with AO = OC = 1.8 m (see diagram).

(i) Calculate the distance of the centre of mass of the frame from O. [3]

A uniform semicircular lamina of radius 1.8 m has weight 27.5N. A non-uniform object is formed by
attaching the frame OABC around the perimeter of the lamina. The object is freely suspended from
a fixed point at A and hangs in equilibrium. The diameter AQC of the object makes an angle of 22°

with the vertical.

(ii) Calculate the weight of the frame. [5] -
Led, €= Mass per wit lmd’rL
lengh of arc ABC = x(v8)L= [-8xL.
lngh of ved AC= 368 -
Total logth of femme = 1.878+3:60 = 18 (x+2).
from AC, dishace D_F centee a; ma.sS b_‘Y'

)

vwd AC = O
arc hpC = rena - 18sn (F) - 36
o I Q)
: 2

—

frwme.z z

Tokin moments °~L°'-L+ AC E—G
6 [-816&&4- 3-6L x %% ©

‘,86 ('IT+2) z =
2 ::_____6__'__:_8__—— = 0-700| m

1. (7+2) .
) Dishunce of corke of mass om0 = 010 ™

T‘) i When Susj’endeal j;‘eeld, fe cenle fjt"'mss
OS— comfcs'-*k Olijec'i lies »‘er‘l‘Cﬂ—uJ ebw A
dan 22° = 06 o OG =1 &tan 22°
OG =071 m

&
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Fame W .
Le), veidrt of amine, = W 9 s of amim = T

we.ljk-}- 05: lasaine. =15 =) Hass °-} lamina = 2-75

W&dﬂ‘}' 0} camrasi}e o):\‘jec‘\' = W+ 7.5 o Masse CONFSH'C Glﬂ't’cf‘ =_'\'_:_+Q-75.
B
K

barsw

Lw
A

From AC'! d!S';G-nCE’. 051 cen'}ce 05 massS of' 5"&”6 = 0-700m
4 " 4 7 ¢ « lamina ‘:.QG-'S)S:W,‘(_{)

| | = 0-7639 m
) ’ ! o‘%:rfff = 07272 m
la)z.'na mementS abactd AC :
(_\\_;J_Jr 15)x 01372 :_|_\~of_x O.-7c0 + 215x07639
007272 W+ 19998 = 0.0700|w 4 21008

0-0027 W= O-lo|

W=372)N= 373N
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A uniforrfn Ianfllina ABC in the shape of an isosceles triangle has weight 24 N. The perpendicular
distance from A to BC is 12 cm. The lamina rests in a vertical plane in equilibrium, with the vertex

A il} contact With_a horiz_ontal_surface. Angle BAC = 100° and AB makes an angle of 10° with the
horizontal. Equilibrium is maintained by a force of magnitude F'N acting along BC (see diagram).
Show that F' = 8. (3]

AG = -g‘— ('2)= Bem where G is he cente o; mass of» AAB.Q.

860.560°

T“k‘*(‘j moments aboud A:
2t x Beos 60° = F x 124

o'ul-x 8&:5600 + F
A
95F = ¥\ (slbwn)
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The diagram shows a container which consists of a bowl of weight 14 N and a handle of weight 8 N.
The bowl of the container is in the form of a uniform hemispherical shell with centre O and radius
0.3m. The handle is in the form of a uniform semicircular arc of radius 0.3 m and is freely hinged to

the bowl at A and B, where AB is a diameter of the bow].
(i) Calculate the distance of the centre of mass of the container from O for the position indicated in
the diagram, where the handle is perpendicular to the rim of the bowl. _ (3]

(i) Show that the distance of the centre of mass of the container from O when the handle lies on the
" rim of the bowl is 0.118 m, correct to 3 significant figures. [5]

In the case when the handle lies on the rim of the bowl, the container rests in equilibrium with the
curved surface of the bowl on a horizontal table.

(iii) Find the angle which the plane containing the rim of the bowl makes with the horizontal. [2]

i) Object Mass (ha) Distonee of cenpee of mass frm O (m)
Bow| Hy LG3) =05
Handle 0-8 0-3 sin (,g.) _ 3.
_ S LY y
2
(ontamer 2.2 z

Tﬁi\a-‘-»a moments about OB: s
2.2% = lkx0i5+ 08X =
Z = 0.-02601 = 00260 m
2 Digtance oS'- cenlre o} mass a; container fam 0 =0.0280m -
ﬁ) Trem%"a O as Hhe ""‘di“') when hasdle AB is on nm,
3 .0
Cende OS' mass o} hardle = (ﬁ / ) .
g f ke (125) N,
Cende B} wa SS Uf container = C'—EE,S)'
-_r“k;"a vn oments qbou:'} J-a.:u's: _
2.2 = 0-8 x??_r_-rl-‘f-xo = T = 0.06945
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’Tt-l)i'ﬂ@ wmomen s absdt x-oUs!
22 = 0-8x0+ kit A 0.15

g =0.09545

':) D‘S"‘Cu'lce n} Q@),e o} mass Of an)a-.'ne}" j:b"ﬁ O
= d (@™ ()" = Jo.0equs0.0a545* = 01180 = Ol .

)

n +he "}Y"and‘f; G (CEJI’)Y'& o§ magS 05’ '”'\f— OO()'}'O.LQEI‘> )1'6’5 v&r“llfcal_ﬁ
belpw .22
’LM e = _Z. = 0.06445 =) B = 36.03°= 34.0°
J 0.09545

-:=) Aﬂsk Le—}.,een ﬁ.c rlane Cd'n'}aim'tj 'H)C rim =6 = 36-00-
ond dhe honz anIwL
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The diagram shows the cross-section OABCDE through the centre of mass of a uniform prism
on a rough inclined plane. The portion ADEO is a rectangle in which AD = OE = 0.6m and
DE = AO = 0.8 m; the portion BCD is an isosceles triangle in which angle BCD is a right angle,
and A is the mid-point of BD. The plane is inclined at 45° to the horizontal, BC lies along a line of
createst slope of the plane and DE is horizontal.

(i) Calculate the distance of the centre=of mass of the prism from BD. [3]

The weight of the prism is 21 N, and it is held in equilibrium by a horizontal force of magnitude PN
acting along ED. )

(ii) (a) Find the smallest value of P for which the prism does not topple. . [2]

(b) Itisgiven that the prism is about to slip for this smallest value of P. Calculate the coefficient
of friction between the prism and the plane. , [3]

The value of P is gradually increased until the prism ceases to be in equilibrium.

(iii) Show that the prism topples before it begins to slide, stating the value of P at which equilibrium

is broken. [5]
) Shage Mass Distarce of cenbee of mass fom BD
Rec\anje_'OP\DE 0-610.8xP =048 %8_ = O-l
ABecpD Lx0-6xI- 2@ =0-36€ - 06 - —0-2
3
C”"‘f"ﬁ"l& Fqwe  0-48£+4036L = 0.84L e T @

Teking moments aback BD i 0.84p x T = O48 x0-4 +0-26€ (“o-2)

—

") ‘L)TQ‘lha moments aboudt P
2| x ,__li_ = Px -2

P =286N
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5) R() : f+255m5° = 2] sin 45" 5
J= 18555 2.5as5
R(L): R = 25wsts®+alasts®
Rz 23.50545°.
Shce prsm s abadt fo sli,n 5—=yLR
18:55in45 " = p (23.5@5%")
 =07812 =0-187

2 sin5°

2lgosts”

Tahina momests  aksud C: Pxo.6=21x <°'6+:‘7_)

P=2¢W.
e ?nS‘rq beacng —}bn)lmd w‘\en P € N .
R@) - Psints® = J 4 2) sint5°
wily, P= 2¢€ 3 6 smis® 7(‘+213an )_‘Y
' = 55!’)"’5 =
iy 3.535

= p R = 0-1872 (Pa,595°+2|t:os‘15°)
= 018717 (qe s li5° + Q) cog ‘45“) = RE-1L

T< F i e lick:
T v Sliding akeg |
Eqolbium 15 bvaken La I . S
ff"a ot C Lhen P 28 N.
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A triangular frame ABC consists of two uniform rigid rods each of length 0.8 m and weight

# 3N, @t B longer uniform rod of weight 4N. The triangular frame has AB = BC, and
angle BAC = angle BCA = 30°.

(i) Calculate the distance of the centre of mass of the frame from AC. 3]

(63

A

The vertex A of the frame is attached to a smooth hinge at a fixed point. The frame is held in
equilibrium with AC vertical by a vertical force of magnitude F'N applied to the frame at B (see

diagram).

(i) Calculate F, and state the magnitude and direction of the force acting on the frame at the hinge.

)
) Rea Veight(®)  Distance of cerbe of mass From AC ()
AC & 0
BC 2 0-Usin30° = O-2
AB 3 04 s 36" = O-2
Frame 10 x
Taking meoments ahot AC 10T = h(o) +3 (0-2) + 3 (0-2)
ZT=-0-12m

richs D"S-"ﬁ.ntE o?- C.En'*-rt_ of m ass j:"’"'\ AC =0-12m.

”) Tﬂ-\('\ﬂﬁ moments about B :
lo X0-]2 = F x0-8sin30

F = 3N.
R(ﬁ\) FB+3 = 10
FB =17N.

. B »
"€ AN fwce acts on Hhe j;nne at the ‘ninae in 0-8sin30
e ufwwc\ diveckon.
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‘A uniform solid cube with edges of len
angle of 30° to the horizontal. ABCD
AB along a line of greatest slope. B I
modulus of elasticity 12 N and natura
attached to a point below the leve] of
an angle of 30° with the plane (see dj

gth 0.4 m rests in equilibrium on a rough plane inclined at an
§ a cross-section through the centre of mass of the cube, with
es below the level of A. One end of a light elastic string with
I length 0.4 m is attached to C. The other end of the string is
B on the same line of greatest slope, such that the string makes
agram). The cube is on the point of toppling. Find

(i) the tension in the string,

[3]
[4]

(ii) the weight of the cube.

i) P AocBg(C, s\'n30°=__B__C_§ =) = Oy =) 0C = 0-8m.

)
.  ocC < oc

= iz_ = IQx(o-Z-O-’-I) =12N.
L 04
-K) qukiﬂa ma\n\e_n"S abo~4-+ B :
Tees 30° X 0+ Wsin30"x0:2 = Weas30 x0-2

12 cos30°x0-4+ Wx O] = Wxo.|J3

1283 4 o0 IW = 0.3 W
5
12 I3 =
S(O-IJE-O-I)

W = 56-18Nx 56.8N.
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A uniform semicircular lamina has diameter AR of length 0.8 m.

(2)

(i) Find the distance of the centre of mass of the lamina from AB.

The lamina rests in a vertical plane. with the point B8 of the lamina in contact with a rough horizontal
curface and with A vertically above B. Equilibrium is maintained by a force of magnitude 6 N in the
i\l'm(‘ of the lamina, applied to the lamina at A and acting at an angle of 20 below the horizontal.

(3]

(ii) Calculate the mass of the lamina.

)
G. <
L
A ©im O o4, B

0& = 2rsma = AXOl4xsin (%) - _8 =016971=0-170m.

. -—
Geos 20°
_i) A 20°
- : o &N )
ésin 20 ho-l'lOm
W

B

Tx\z:v\a vasments oot B

6005 2°° )(0'8 = W x 0170

W = 2456 N
W4 = 26-56
™ = 2656 = 2656 kq = 266k
o 3 J
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A uniform triangular prism of weight 20 N rests on a horizontal table. ABC is the cross-section through
the centre of mass of the prism, where BC = 0.5m, AB = 0.4m, AC = 0.3m and angle BAC = 90°.
The vertical plane ABC is perpendicular to the edge of the table. The point D on AC is at the edge of
the table, and AD = 0.25 m. One end of a light elastic string of natural length 0.6 m and modulus of
elasticity 48 N is attached to C and a particle of mass 2.5 kg is attached to the other end of the string.
The particle is released from rest at C and falls vertically (see diagram).

(i) Show that the tension in the string is 60 N at the instant when the prism topples. [3]

(ii) Calculate the speed of the particle at the instant when the prism topples. [5]

-,) The cenle 05 mass o-Y He prism is a Adistasce 0-25-01 = 0:15m jcmm D.
When pnsm is about b —‘nrple , wormal reachom J['nce acts Hhrugh D-
'me:na wmomert absat Dy 20x0:15 =T x©:05

T= 600 (Shom).

W) \hea deasion is Go N, T = Ax
L

o =8 x =

0-6

Z = 0:'75wm.
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Rest _

—— - -

- ___—__\Li_ - - GPE=0

(KE + EPE + GIPE> mikal = (KE +EPE+ QPE)fmd

O+ 0+ 2.5,10x(1-35)= | c25,un 2,
x10 x( ) a_xQSx«+‘l8xo-15 +0

2x0:6
33.79 = |-’5v? + T
v = 9
v = Bm/s-
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0.8m

A
attached to a vertical wall by a smooth hinge at A. The wire is he

uniform wire has the shape of a semicircular arc, with diameter AB of length 0.8 m. The wire is
Id in equilibrium with AB inclined

at 70° to the upward vertical by a light string attached to B. The other end of the string is attached to

the point C on the wall 0.8 m vertically above A. The tension in the string is 15N

(i) Show that the horizontal distance of the centre of mass of
correct to 3 significant figures.

(i) Calculate the weight of the wire.

)led, O be corhe of arc AB ord G le cenke of mass of AB:

OG = rsnd -~ Olxsmn (":.:) =0-25(f m
-4 A )

2,

\

Rodzeatel distance of G froen wall il

= O.-leos 2P+ 0-2546 5in20 = 0-4429 = 0.463 m.

Tr) ’I:Lhina mmen‘}s a,\;ou-!' A:
Wx0 463p = 150s35°x0:8

W= Q123N =2l-2N.

\

the wire from the wall is 0.463 m,

(see diagram).

[3]
[2]
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A uniform solid cone has base radius 0.4 m and height 4.4m. A uniform solid cylinder has radius
0.4m and weight equal to the weight of the cone. An object is formed by attaching the cylinder
to the cone so that the base of the cone and a circular face of the cylinder are in contact and their
circumferences coincide. The object rests in equilibrium with its circular base on a plane inclined at
an angle of 20° to the horizontal (see diagram).

(i) Calculate the least possible value of the coefficient of friction between the plane and the object.

[2].
(ii) Calculate the greatest possible height of the cylinder. [4]
) R(K):  fvsinad
R (1): R =Masao®
Since o\ﬁed cesls in eguliboum, féi‘R
=) Wsin20° & pAWes 20°
tan20 € p
. leagt possible value aJC P =4an 20°=0.3639 = 0.364 .

‘K) F;r 6"@&"95“' Pbss;ble L&‘ﬁk-‘- ef cd’rﬁde_f'-) 'H.e So“c) s c\bu-cf '}b 'FOFPJQ
ad He line o§ ochon o; ‘"853"!'} Fasses 'I’Lrna\) A .

e, be hegt of gfinder
gt ﬂuer@h"‘ Distunce of cerbee of mess frem phne

Shaf&
Cylinder W 2
Wbl )
Cone W +-"~;r =h+l
CBMPoSikﬁﬂﬂﬂ Q\'J d
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-T‘:b?ﬂa mements abowt Plane_ :

\Jx_bi_.;. \Jx(hH-l)

O-Sh+h+1| = -'23-

—

Q\J%J

|

0-15h+0:55= §

h= 0717319 = 0.732y .
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49 B 0.4m c

0.1m 0.7m

0.2m

A D

A uniform object is made by drilling a cylindrical hole through a rectangular block. The axis of the
cylindrical hole 1s perpendicular to the cross-section ABCD through the centre of mass of the object.
AB=CD =0.7m, BC = AD = 0.4 m, and the centre of the hole is 0.1 m from AB and 0.2 m from AD
(see diagram). The hole has a cross-section of area 0.03 m?."

-

(i) Show that the distance of the centre of mass of the object from AB is 0.212 m, and calculate the
distance of the centre of mass from AD. (4]

The object has weight 70 N and is placed on a rough horizontal surface, with AD in contact with the
surface. A vertically upwards force of magnitude F N acts on the object at C. The object is on the

point of toppling.

(ii) Find the value of F. . [2]

The force acting at C is removed, and the object is placed on a rough plane inclined at an angle 6° to
the horizontal. AD lies along a line of greatest slope, with A higher than D. The plane is sufficiently
rough to prevent sliding, and the object does not topple.

(iii) Find the greatest possible value of 8. = 2]
i) led, £ = Mass per wif acea .
Shape fags Ceordinales cf centre ay mass with A as ewgin
Redama\eMCD o4x071£=0.28 £ (6-2,0-35)
Circle 0-03f @.\ )o.g)
Camrosile fa.uf_ 0-35 € ('i‘ g 3)

Ta\h:na mements about AB: 0.25¢x37 = 0.28f x0.-2 -~ 0-03€ x0O -
X =0:2Qm.
ﬁk'...a momeals about AD : 0-.25€ x3 =0-28€ x0:35 -0-03€x0-2

-_—

d = 0368w,

e Distance o'j: cenler °§ mass om AB = 0-212A m (-;_S\b,ﬂ,n) )
Distance c.-)‘ cener 05: mass f"ru'n AD =0-368m

8709/52/M1J116
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Tl) Sir\qg oLJCC"' 1S &m r».'“-]- n‘} ‘kﬁ)}hj) -lq_h-a mvenl'.s

about A
TJox0:2l12 = Fx0-4
E o= a7 \. Owl«'lou

\-“)

)é sa‘nce_ a\;:)ec-‘- does  not #fplﬁ ) O con ke imewased o Hat line Gj’
C\C’kaf\ 0‘? ‘Jasl‘." W FQSSCS -Hn:n.ﬁ\\ D A{ 'biﬂ.‘}' Poin+l R [Pases 'H'N’bv.ﬁ\o) D

&
cf
0
v D
04-%

tan © = 0.4- % 2 fanQ = Ok -0-212
3 0-248
0=2706"=39.°
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S e 0-5() m ——e o

___________ (e

hemisphere of radius 0.28 m i i
and centre Q. The diagram shows a cross-section through O of the object.
(i) Calculate the distance of the cenre of mass of the object from O [4]

[The volume of a hemisphere is %nr:“.]

=
gue Nass , Distance af centve cdz masg f““"ﬂ Q
Lo.cae_r -132-1?(0-56):{} 5¢8R x € 3 x056 = o-2|
hemisphece | 46815 8
2 3
fm?lle: 3-1{("'28) *f = €8¢x e 2 x0.28 = O-I05.
e.msrhst ey &
46 815 .
Compesite 4802 e =
A&:aure_ Y6875

qu;na wmements abat 0

4Bo2x @ , = BUBExL xo0-2|-_&86%€ x0:105
b6 875 468175 46 815

Z = 0:-225wm.

e Digtonce of combee o} mass Jrom 0 = 0-225m.
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The object has weight 24 N. A uniform hemis
the object to create a non-uniform hemispher
hemisphere is 0.15 m from O.

phgre H of radius 0.28 m is placed in the hollow part of
e with centre Q. The centre of mass of the non-uniform

(ii) Calculate the weight of H.

Weight =W (3]
i 0 028n 028,
D Weight = Q4N
Shepe Hass Distance o] corke of wmass Jowm O

Object 24 _ oy 0-225
5\‘5\".(!) \0
%;sr‘he:c M -0V 2 x0.28 = O0- oS

H 10 2 :
N-:n—u:v'%ﬁ‘ QLH.O‘\J . O\S-
hermischere

Td-k'mj moemen] s about O
2.4 x0-225 + 0-IWxD-I05 = @-‘HO-IW)xo—\S
0O-54%+4+0.088W = 0-36+0-015W
0.1 = ©-oolswW

W = 4oN.
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A

A uniform semicircular lamina of radius 0.7 m and weight 14 N has diameter AB. The lamina is in a
vertical plane with A freely pivoted at a fixed point. The straight edge AB rests against a small smooth

cg P zbove the level of A. The angle between AB and the horizontal is 30° and AP = 0.9 m (see
diagram).

(i) Show that the magnitude of the force exerted by the peg on the lamina is 7.12 N, correct to
3 significant figures.

[4]
let, O be 'n-'droin‘{' o‘Y AB and G ke certer oy mass a‘} lamina .
oG = 2rsinat = Ax0.7xsin (%) f__!ﬂ-_ = 0.2970
et 3 (%) IS

Tﬂh"j rno‘men’rs a.\aa-c}‘ A J
News 20°x0.1 = FP x0:9+ lisin30 x0.2970

F,

TN9N = 7120 N
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(3]

(i) Find the angle with the horizontal of the force exerted by the pivot on the lamina at A

R("D)-' Fr =719 sin 30°
Fr = 35598 = 3.560 M.
R(m): Fy+T9@ss0° = 14
F

4 =183y = 7.83y .

g

E

x

Yanct = B or = far ' (7-83Y
.~ — | = &5. . e

* Pmgle with hovieamtal o] he '}rrc& execled Bd pet = €5.¢°
on la'nfnGL a-:!- A
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Lamina

T’\qss Dl'S'}ance af Cenhee °§ masS ‘fm'r—; )9096
Bace 0-3 0
Ver¥cal
. 2
2 -
faces =4 x0-3 9? = ©
Open hox. 03+ |-

I ol
= 5 ‘

Ta\'{‘na momenT S a.)oau"‘" base

0-3x0 + 1.2, X0.| = l-sxj"

0:.08 m.

p—

J

n
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(4]
‘n
(
¢
i
Shape Mass
D-'S‘,‘w\t'e oT ',\'C ot wa -
OPQ‘“ \30‘1 I'5 f eno oj; - j:mw Lase
Open i :
:“ d 03 0.2+40- 15
na 0- A
cord cite 2:0 f'g‘
R\Qin& mmP.n"S el-l:ou.”‘ bas& : ==

2.0 x0:12 = 5x0.084 0.3 (02401 5in) + 0-240-2.

0.2% = 0-12 + 0.0& 4003 sin @+ 0-0%
002 = 0.03 sinh

. = 2.__
sind = 2

Q =4.81"= Y4).8°
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3N

60°
it

Y Zeweo

The end A of a non-uniform rod AB of length 0.6 m and weight 8 N rests on a rough horizontal plane,
with AB inclined at 60° to the horizontal. Equilibrium is maintained by a force of magnitude 3N
applied to the rod at B. This force acts at 30° above the horizontal in the vertical plane containing the

rod (see diagram).

(i) Find the distance of the centre of mass of the rod from A. 2]

T“-\%é moments about A .
] 3206z 8x T casbO

X = 3x0-6
B cos 60

z = 045
ie 0\is+ance, o? Centee °S’ mMass °§ o ‘5:"5“"’ A =O-4Swm .
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The 3N force is removed, apqg the rod ig held j

. N equilibriy,
5, acting in the vertical plane contaj ; -

ning the rod,
(i) Calculate P,

’]:k:,ﬂ momente about A
Psin 20" x 06 = 80.45 y coee
P =gy,

Y a force of ma
atan angle of 300 below the

gnitude P N applied at
horizontal.

In one of the two situations described, the rod AB is in limiting equilibrium.

(iii) Find the coefficient of friction at A,

-
R(2): §- 3asace= 28
R(T): R+ 3sin30°=8 9 R=¢5

D p=f . 3& = 0-3997 = 0- oo
R 65

Then vod iS n I;mﬁ“"‘d e"V‘"“MM " (ﬂ

Zeag30®

[4]
3N 3sin30°

¥

9 Geffient of Jochomat A =047
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[The volume of a cone is Bl:rrzh_]
DoAg~ AoCD

5 OA _
) TC_— __&% =) OA °2 5 Ok = o48 .
cD |- 2. o5

3 AC=0°C-0A=1.2-0:48 =012 m.
e Heghd ,_f[ cbject = 012 m .

Volume \-e_maue,a\ 5",“ cone = Volume °;F ‘alf"dﬁf+ Voleme Of Smaller cove
Ax0.*x 0.7 + Fx0Q*x0-4§

3
003527 en® . (Shoun)

11

1\

Scanned with CamScanner



(ii) Find the distance of the centre of mass of the object from its ba
se

ﬁ e '
8 I‘lass Du‘.Svlance °§ CCJ)‘)"C 0} NGSS}-UM Eqse
legerme X054z 0l p 12 _ 03
3 “;T -
Cd\ina\&r 7\'&0-21\(0-')3::6 =0-0288xf 072 - 0-36
2

Smalleram@  Rx0-T%04BE _ 4.00645 f.
=

012+ o-lrgs. - 0.-8F.
Object
"e"a.im'nd

0-0648 %L g -

’l-a_\a;qd mave:\‘}s A‘Dou:" bqse :

q = o.IWEXO-B—0-0288xfx0-36"0-006[‘7‘6’(0‘8""

(e D.‘5-}m D-Sz centre 1:.-51 wmass —fmﬁ\ base = 0:R2m
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ABC is an object made from a uniform wire co
AB=a,BC=xand angle ABC = 90°, When,
the angle between AB and the horizon

nsisting of two straight portions AB and BC, in which

. the object is freely suspended from A and in equilibrium,
tal is 6 (see diagram).

(i) Show that x?tan 8 — 2qx — at =0, 3]

C s
Red Nass miab‘]: cente Q:F masS with A ac dv.ain'

AB ap (.f_, o)
C
B zp (d, —t%)
Cvm?asi'lﬁ (""*’L)P_ <,9
ABC ( ' )
kne
Tahina nevn_en'\'s oot a uc--‘-.'CAJ.LH\YB"SI’\ A:
af :__‘5‘_— + Py :@W-)EK L D) 5}4—1& =Gt4z.) x
F a.la-Zz.a.
2(a+2)
Tmh:'\a wemenls abodk AB : . _
at x@ +18x & = @+ g
3

i .
2(q+ 2_)

dang = T _ a’+2xa
= = 2@+z) = a?+2za
J x> z*
-2(;&1)

D 2 1n® = a2 4+ 2z a
*4an® - a1 -a2 =0 Cs\aw'\).

9709/52/M/)/18
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(i) Given thattan 8 = 1.25, calculate the length of the wire in terms of a. (2]

—}a.n9= lQS '-.') z_’“ 6‘25)'510«1 __qz. ‘-‘—O

512"20.1 = GL':' :O

m
52> — Rax-4a* =0

54 — I0aa+2az2-4a*=0

5+ +2) (x-2a) =0

x = —2a , Ra .

5

j%na*r& 1=~ 2a smce 2 = 0.

5
1= 2ag =) 'exﬁ‘ﬂ» 6}”“‘9 = a+2 =a+2q = 3a..
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0.4m

0.6m

0.5m

S °LJ.¢’C‘ X N\ A e
on fm'm'f o} fbﬁ""at
2 1S w:r*}wcnlﬂ above. () -

0 A

A uniform object is made by joining a solid cone of hei ght 0.8 m and base radius 0.6 m and a cylinder.

The cylinder has length 0.4 m and radius 0.5 m. The cylinder has a cylindrical hole of length 0.4 m
and radius xm drilled through it along the axis of symmetry. A plane face of the cylinder is attached
to the base of the cone so that the object has an axis of symmetry perpendicular to its base and passing
through the vertex of the cone. The object is placed with points on the base of the cone and the base of
the cylinder in contact with a horizontal surface (see diagram). The object is on the point of toppling.

(i) Show that the centre of mass of the object is 0.15 m from the base of the cone. 3]

- B
Jo AROB, OB =0£-05=0-1m,AB = 0-lm °"N
+wn O = 0| = L ©¢
n o A

.
"

- ~ &
1 AOCG\, OC =0-6bm, C5=17,C06 =0 C
""mei Ca 2. L= Ca =) CG = ©:15m.
oC Ll' 0-6 0 &m
=) Distoace of cenfe of'
0

mags v? object Jom = O-l5m

bage o} cone.
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i) Find x. (4]

[The volume of a cone is *m"‘h.l

,_'.3“_‘: Mass Di s jance ,._f centee Cfs‘ wmags fl"ﬂ“ bece ot cane
2
C‘jliudcv “@'5)!0‘!“& ‘-‘-O'I?\'E = 0.3 = -0.2
Cyladen cal K@-@)\D-Qaﬁ = 0-06ixf _O;,Lq - -0
hle O-bzx*xg . =
Gwe n(c-8%08E_ 0mqExe 08 . 0.2.
3 4
Ro'uini' N|
sal:dj O-1x€+0098x £ - 0. 4?5 0-15

:(0'145"0"111):?6
TahinJ woment  abouwt base :

@-iqs -O-LH,’*) X0 I5xp = 01 €x-0-2 = oYy+125f x-0- 2_
+0-048 7€ x0- 2

O-an4 — 0.064* = -0.02_ +0'08x-%—0-043&
0-0294 - 0-0€4%* = - O 02+40:082%4 00192
-0-1§ x* = -0-0302

2% = 0-2157

2 = 0464y =0.4¢Y .
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A
E
7.5¢cm
C xem F D

: g:::?;:gu;f’lﬂ‘s lg::le-} :\ITSDCI];Q— sides of length 10cm. The point £ is on BC with EC = 7.5cm.,
:;T:e cenive bl At s res:ﬂtin :i:- :n.]' "l;uc triangle EFC is removed from ABCD (see diagram).
from CD. _ & shape ABEFD is a distance ¥ cm from CB and a distance 7 cm

» - 400—"_\'2 =
(a) Show that ¥ = 30 —3y nd find a corresponding expression for y. [4]

L&‘, B ke mass per uni} oo, let C be q'h'sl.n!

Hass 05 Squave ABCD = 10x\0xf =100F
hass of AECF =i_x7-5 xxx P =375, P

s o ey e o= 1830
Dislanea of cenye of mass of squat ABCD ° (5,5')
Gordinades of cenbee of mass of AceF (ouuo ,o+o+’?-5‘): (.1_ ; :2-5)
3 3 2
'I:\z;ﬂa moments abmt CB:

100 x 5 w315« L x%

(IOO -3.75 x)E X X

So0m |.25 2% = QOO -3-75x) 2
Z = 5o0=-1-35 x’“= 2000 - 532
T m
100 - 375 = oo — 15x

zZ = 5(‘{00-12) = Yoo -z2 o
5(80-31)  go_34 Showm).

Taking moments abouct CD:

0B x5 - 3754€x25 = (-3 xF
500 - 4315 = (eo-315)F
- _ Bo0-9375x _ Looo -5 g0
= 2= — -— = O"IS
d 100—8-7:)1 800-301 ’60 Gx .
—ox

9231/31/M//20
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The shape ABEFD is in equilibrium in g vertic

al plane with the edge DF resting on a smooth horizontal
surface.

. reatest possible value L pivi
p) Find the greatest | ¢ value of v, giving vo i N
s lobe el g your answer in the form a+b+/2, where a and b ?26]3

e — = a

Etb.ul;})'r';um S main+qin&:;\ ff line OJ[' QC‘}\'U'n GJZ we,;'a\qé{- ,.‘es w;‘}lp;n eAde_ DF .
“Then we require , = = |

=
Yoo —x>
80-3x

= X

koo —x* = Box -3x2
- 8ox+400 = O
x* -4ox+200 20
Cokeal values:  2*~4px+200=0
2= - (40) =€) 4 () () - 40+ oo
201)

X =20% |og:

MH

R%jec+ L= 20 + loﬁ snce 2 <I|0 (Iena‘ﬂ-n ﬂf&'%arﬁ 'S JOc,-,-,).
x < 0 -0l . \ |

=) Gireates+ Poss;Lle value o:F 2= 0~V em.

0 x
'1°"°"'-—L W4+ N7
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3r

v-\‘r 1 ~1 3 . . N
Auniform solid circular cone, of vertical height 4 and radius 2r, is attached to a uniform solid cylinder,

of height 3r and radius Ar, where k is a constant less than 2. The base of the cone is joined to one of the

circular faces of}he cylinder so that the axes of symmetry of the two solids coincide (see diagram). The
cone and the cylinder are made of the same material.

(3) ?;;2\ 1h;t6 ;he distance of the centre of mass of the combined solid from the vertex of the cone is
+96)r

18k2+32 [4]
Le'\l E = mass Per- uni+ \!olu.me-

Volume og cone = & (Qr)a('{r) = 1éar® o Mass o; cone = €xr3C
3 3 3

Hasg o‘} cd\hcler = 'R(hr)‘l @r)f =3k r3E.
Hags o} Gor-\?os#e Solld:%e ¥ Ska)‘l‘\'se

D;ﬁ'}mce o} cemlee. Q:F masS 05‘— ccilmder:;nm' ve (3,—) 3r+l"_ =\)r .
L4 " " " e " “ 81—’.%0‘"‘) =Fr, =

p——

“x"‘a momenls about verfe x :
I6xv3 3ExlUr = (16 +3 —
Y e 3r + 3}{ Y E o) (3 R ) E X,

— J
J6r + 33R'r _ <6 )
2.

32¢ +33R r _ (I6+qh )d_
== 3

2
5 g =3(2:33K) - fatsee).
’—-Q(IG'F qRQ) )gka+39\ )

9231/33/M/1/20
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The point C is on the circumference of th

cuspended from C and hanging in equilibri
jownward vertical, where tana = ¢

e base of the cone. When the combined solid is freely
um, the diameter through C makes an angle o with the

(b) Given that the centre of mass of the combined solid js within the cylinder, find the value of k. [4]

ar

F-te .

—"an‘—' —E-&r
2r

L= TFbr y Fher 97= 11
2 T y T4 T8

..—_) @qkz-}-‘m)r = |y =
18k® + 32, i

: 396R™+ 384 = 306 k*+ S4lt
Jok*= €0
k* = 160 =16
P 9
R = 4
3
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kh

h

!

A uniform solid circular cone has vertical height kh and radius 7. A uniform solid cylinder has height 7
ar}d radius r. The base of lh.e cone 1S_Jomed to one of the circular faces of the cylinder so that the axes
of symmetry of the two solids coincide (see diagram, which shows a cross-section). The cone and the
cylinder are made of the same material.

(a) Show Ihat the distance of the centre of mass of the combined solid from the base of the cylinder
. h(k~+4k+6)
SERETEES S [4]

Le“le be wmass PEf‘ "ﬂ;’*‘ \rthl'ﬂe'
Hass o? Cﬂ\r‘nclevr-‘-‘ x2he.

Mass o§ cene = *r3 (hh)e . Rar2hP .
3 ‘ 3

Mass cvs: mrsﬁe &d\u—e = 7r2h+ kxr2hf _ l+_§) xr2hf . = (31—&) T\"z))ﬁ .

3 3
D-‘S‘}an:e 05\- cendee °]C mass o-f cJ‘\‘ﬂder‘ frwm bage =

th‘-\a momen}s about bage :
Tr3he x,%.-y— k3l x ft+k))-, =(3+k) x2hP x T
_ 3

& 3
A =
TTE(E) ()2

h ..L-l-lfk'i-hz] =(3+_k)_£
la. 3

2
h [ E+lik+ sz:(3+h)E—

12 3
3h (64 4k ) = 3
12 (38 + k)

o T =h(+hkt6)
k(3+k)

9231/31/M/)/21
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Tlle solid is placed on a plane th
in contact with the plane. The pl

that the solid is on the point of {

at is inclined to the horizontal at an angle 6. The pase of the cylinder 1;
ane is sufficiently rough to prevent sliding. It is given that 34 = 2r an
oppling when tan6 = %

(b) Find the value of k. (3]

A
©
tn § =
T
ko= <
3 h (k*4k+6)
4(34—&)
S TS
h(k* 4k +6)

4h (Ie1+L|k+6) = 12r (3 +h)
h(hl-l"{k"'é) = 8r@+ l:a) -
Sice Je=3h D h=F
5 2c (rikrd)=3r (rR)
3
22+ 8k+12 .—_‘1(3-*-’2)
gk + 12 =27+AR
2> -R-1S =P
26 ~grrsk—15=0

@k+5) (-2)=0°

- ::3'

2

P k _s ance k s aq ch‘r){ue Oﬂ?S’}n.n')'
J-aha"e - "-—2—"

3 k=3

Q211 /A /MM
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e TS

A uniform lamina ABCD consists of two isosceles triangles ABD and BCD. The diagonals of ABCD
meet at the point O. The length of 40 is 3a, the length of OC is 6a and the length of BD is 16a (see
diagram). _

Find the distance of the centre of mass of the lamina from DB, (3]
Le#, E ¢z Nass pes wni 4 orfq .

Acea, 053 AABD = _Lx3ax lba = fa* =) Mass og— AABD = 24a?* £
2

hen of ABCD = LxGaxlbas h8a™ =) Mass of ABCD =48 € -
Total mass = 2442+ 48a% € = 12a7L -

Distnce of contre of mass of BA8D fom BD = L (040+(0)) = - ar.

o BB e BD = L 640+ 6a) = 2.
T“-'?;"a momenls  abswt BN :
48P x 2a+ 2Wa>P *G‘OL) = 1Ra*€ x T
Ba - 24a =72 %

f -:'71‘1:&

12

~ Dis4an ce aJE centre cj(‘ mass Of |animfrm DB =a.
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Y Sem

15

20em

-

e \‘!1\_,]< ¢

T vem b
5cem
& 25¢em oA
Fig. 1
Fig. 1 shows the cross section through the centre of mass C of a uniform L-shaped prism. C is
xcm from OY and ycm from OX. Find the values of x and y. (4]
Shape Rass Coredinates of center af mass
Seall dorgle  15(5) =75 (25, 125)
Large rccw‘onﬂh 25(5)P = 1256 G:{-S) 2-5)
Compesite Frque 00€ (T 3‘)'
T“k’“‘j mowents aboet OY: 150 x2.5 + 1258 x 12:5 =200Cx 2
r = 875
"_ﬁkha oments abowd OX : T5€x12:5+125€x 5 =200€xy
Jg=€6.25.

’X.'—'8'75)d:625

(ii)

The prism is placed on a rough plane with OX in contact with the plane. The plane is tilted from
the horizontal so that OX lies along a line of greatest slope, as shown in Fig. 2. When the angle
of inclination of the plane is sufficiently great the prism starts to slide (without toppling). Show
that the coefficient of friction between the prism and the plane is less than - (4]

R(1) - f =masin®-

R(..L): R-wmqas®d

Snee pisn shoils b Shde, Sockoo is lim;-,!.'nJ %J?'_: kR = m\c]sihecp@dmse)
2 p=tan Q.

9709/5/0/N/02
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ﬁ’ ma L MM ““L\e us— tl. 7 we ncreaqge 9 M.H P“'s,,., S on ,c,ag °:F 4&”:’"8
when e peint °§ 'Ln""" ) Centee °'5 mass G ¢ uf_rh‘cq_ﬂd abave Q-
mO= X = 895 _

d 65 5
ve: Maximum value of 4@ ¢ 35. such Hhat fopoli
Aeesn '} sccus . d

D petand < T

5

e . r.l.(_jg__

(iii) -

The prism is now placed on a rough plane with OY in contact with the plane. The plane is tilted
from the horizontal so that OY lies along a line of greatest slope, as shown in Fig. 3. When the
angle of inclination of the plane is sufficiently great the prism starts to topple (without sliding).
Find the least possible value of the coefficient of friction between the prism and the plane. [3]

When prsm S about o -’bﬂ) le , the cenle 053 mass G is verhe above O-
Ten danct = 3 ) dmz =z 625 = &
x

—

g15 1
Stnee He prism dves not S,fﬂle)
§ < wR
""aslnd_ Stl C‘\j“sd)
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-2 12
( Cos O = 12
0.5m | 13
A snf =_5 .. A(‘ 2
1.2m =B 13 12

A un_\f_t\]wll_j‘:lmi_;g)‘i :',f‘lj';g,"‘ _; -2m and weight 30N is in cquilibrium with the end A in contact with a
vertical wall. ADL1s held at right angles to the wal) by a light inextensible string. The string has one

end attached to the rod at B and the other eng att . . )
A _ ached to a point
vertically above A (see diagram). Find S Croiterwall; TheipointCiis .5

(i) the tension in the string, -

(i) the horizontal and vertical components of the force exerted on the rod by the wall at A. (3]
)
\J-rs;ﬂ e
A 1 8 [~ R

0-€wm .L :rr‘se
) 3o0ov

Tﬂ-‘lha wmoments about A : ==
Tsin® x -2 = 30x0:6 |
T = 30x0:6 = 29N.

=NV
|3><-Z

)
r 4

0

3oN
R(—>)= Fr=Tewsd = sq(.‘ig-) = 3¢ N.

R (7). Fy+Tsin® = 30
F 3q(s = 30
3 +3(E)

e Hogao tol companent of}rag exeried 43 wall ok A = 3¢ N
\'Cv--kml co-,,‘rmeq-‘- O.F ongC C-ZGJ'JQJ lcj \"’Qu Q+A = ISN.
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A 0.4m n

A light container has a vertical cross-section in the form of a trapezium. The container rests on a
norizontal surface. Grain is poured into the container to a depth of ym. As shown in the diagram, the
cross-sechon ABCD of the grain is such that AB = 0.4 m and DC = (0.4 + 2y) m.

@ When v = 0.3, find the vertical height of the centre of mass of the grain above the base of the
container. [5]

(i) Find the value of v for which the container is about to topple. (5]

Distance af— cente Of Mssjan AB
%3 = 0-15
_BL-(0+D-3+0-3) = Gl

Shape Mass _
Rco%mjk ABED O-'t(o-a)f = 0'1R€
Trange BCE  L(63)pe)p=00E
Composite 0-2)€ T .

ﬁh-‘nﬁ moments aboat AB :

)
L]

0128 x 0-15+ 0-04€ x0-2 = 0-2€ 15

o174 = J
i-e-Vev¥eal “Bfa“* oJC centee 0} masS above base of ambamer = 017/ m.

E) S‘mfe, Mass Dis fance ":F cenre of mass fﬂm AD
dema'& _g..'g.él_ﬂ %lt = 0.2
Tdnna‘& -__lz-dflj)ﬂ=d"ﬂ é..(0+o+ad)+o.}+ = O-lf+-§a—-

e @) € =

Taking momends abo AD:
@’-ro-l,d)tx;; = J‘E(O-Q+3§_)+O-‘l-dﬁx0-&

T = O-lfd:'-{- 333 + O.‘gd
c “
J* +o-l+-d

C"'»"‘aher 1S abod N .]bPP\e .'¥ L= O-4
O.% = 0.432+3§E+Q083

g+ohy

9700/05/0/N/04

Scanned with CamScanner



O-le-r G lé(j = 0. l{dl-!—_-?éi .,_O‘.@J

K
0 :Bd_a +O«QG -0-16
4% 008y -orléy
O =2y -0.08y
3
O - 2™ _o 08
3 (3-oo8)
tl.H'er(:jZO o _gé.i-—O-Og:O
( 32
Iﬂnc‘fﬁ) dn:O-Ql{-
=2
J* =012
e - C;m—)a:.\r@_(

s q}Jau:" "'D -bﬂale w‘ucn d::: 0.31{.6 .
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A uniform solid cone has vertical height 28 cm and base radius 6 cm. The cone is held with a point
o:: lh_e qmumfercr?cc of its base in contact with a horizontal table, and with the base making an fn le
of & with the _hon_zontal (see diagram). When the cone is released, it moves towards the eguilibn'ﬁ

posiion in which its base is in contact with the table. Show that 6 ’< 40.6, correct to 1 deci?nal placg1

led, 0 b mﬂ""eof coveuor bage cnd G te cemlreaj: ™MaSS ot Cowe -
0G = L (28) = 7 em
Since cone é‘o.lls back on ids circuler base, 4he
Cente Qy massS lieg such that He line "'P achon °} 70“
ucijh} lies wifhin Be bage o:‘} He cone -
?an‘n')‘
q coe wese abowt Fes —,aﬂ,'n‘n‘j, G is “ef’kcalh ﬂ]:ave_L A - €em
A
F10=6 58 - tog
7
e. Cone i QJ;ol.c',’ ",‘D '}z)rr'c if e:llo.éo chm
S-"'ICC / ©
cone dsegy + f}'bﬂ)\t, 6 <LfO€ ‘ (s\,m.,,). G
Tem
(2]
l &
am
A3
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A uniform lamina ABCD is in the form of a trapezium in which AB and DC are parallel and have
lengths 2m and 3m respectively. BD is perpendicular to the parallel sides and has length 1 m (see

diagram).
(i) Find the distance of the centre of mass of the lamina from BD. [3]

The lamina has weight W N and is in equilibrium, suspended by a vertical string attached to the lamina
at B. The lamina rests on a vertical support at C. The lamina is in a vertical plane with AB and DC

horzontal.

= (i) Find, in terms of W, the tension in the string and the magnitude of the force exerted on the lamina

at C.
;) Shape Hass Distasce of cente of magg 7[;,,,, BD .
Trongle ABD L Q)G)E = e -‘é (0+0 + (—:z)) = '—TB-E_ .
Tn‘anﬂle BCD J:—_(B)())f:].sf 'é‘ (a+o+3) - 1.
Composide fique R5¢ z

’E‘z"ﬂ wmomeats  about BD &
258 xx =B‘-—-§%+"Sfxl
T=_Llwm
)
=) DisYonce of centee aj:nasg j’.m BD= ét_m. &BA;
LT

i) T.“k‘nd mements abad C .
TKB:uX_& A
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F

\ large uniform lamina is in the shape of a right-angled triangle ABC, with hypotenuse AC, joined to

L semicircle ADC with diameter AC. The sides A and BC have lengths 3 m and 4 m respectively, as
;ﬁ\w\\'n in the diagram.

(i) Show that the distance from AB of the centre of mass of the semicircular part ADC of the l]amina
)
is (2 + ;) m. 3]

(i) Show that the distance from AB of the centre of mass of the complete lamina is 2.14 m, correct
to 3 significant figures. [5.]

-') LeJ,'O be ,,,;Jf,_.,;n-} of AC- Let, G te centee °5 mags cf @micircalar lomina, -
OG = RArSind = 2(2'5) 55‘7(";‘;) :5
3a 3(3) - 22X 37
=4
Movzontel distance Jeom & 4= AB

- ,2.5'5;,,9.;.05]&,5@ = Q'5(i)+_|_0_ _é = 2+_£ m .
5) 3x\5

=
-‘j Shafe. Hass Distance °§ cenee °:[ hqssd;"" AB
Semiciecdar  R@5) xP =2530 2+ 2
seckr ADC. 2 & L
Asc 3'13)(‘11(6 = 6P —é- (o+oth) = TLBL

Cmn site - —

F -'_@}_4—6) z
f""ju.re_ (8 E
_E‘\i:"d memenls about AB:

Gﬁ" #6)€ «z= 2xEx(2e2)rgpute
& 8 L 3

EASK+ &25+§
(isl + 6) T riRs Q'“‘lm

1

n

T

SHonce nf dale ,,} e 05:

9709/05!0/N]/06 e l‘\m\'nq §rbm AB S Qo|frm
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A uniform beam AB has length 2m and mass 10 kg. The beam is hinged at A to a fixed point on a

verncal wall, and is held in a fixed position by a light inextensible string of length 2.4 m. One end of
the stning s attached to the beam at a point 0.7 m from A. The other end of the string is attached to

the wall at a point vertically above the hinge. The string is at right angles to AB. The beam carries a
load of weight 300N at B (see diagram). "

(i) Find the tension in the string.

wzll and ¥ N vertically downwards.

The components of the force exerted by the hinge on the beam are X N horizontally away from the

(ii) Find the values of X and Y.

Tx0-1 = 1005in© x |+ 300sinOx 2

0T = (oot )X\ +300("‘4’)\< 2
25

01T = 68+ &712
960N

) RG):

=T =9%o/_1.\_ ,
ws® =9 0(25)_268 g\
R(T)= Y+ Tsin® = 106+ 306

Y+‘féo(_:_z_lf_) ;:'-100

25
Y = =521.d N.
€. Force on beam at he
nee 'S L.\

R)- 6N verhca Iﬁ

9709/05/0/N/07

(4]

[3]

Tsin
T
TCOSG e~ 0 3ooN
y T8
'—‘-"X looN
>4

dowhwa.-ds.
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K 15 cm. T H 15 ch F

20cm

oC 1

—— -
A
(2]
3

30 cm G £

S
H L 4

Fig. 1

Fie. | shows the cross-section of a uniform solid. The cross-section has the shape and dimensions
&oun. The centre of mass C of the solid lies in the plane of this cross-section. The distance of C

from DE 1s yem.

i) Find the value of y. - (3]
(i lg\ﬂft Mass Pistence o} cerhe ,f ""GSS% DE

Recteagle DKJII 20(5)€ = 1008 _%._ x 20 = 10

Rechnde ‘GILM 20(s) =10 Lxs =25

zgc-lgrst GEFH 5(20)€=le —71':120 = 10

ﬂh"ﬂﬂﬁ obouwt DE : 300Lx J = Il %0 + 100 x 25 4+ 120L x 1O

T = 15em
D J= T 5om-

The solid is placed on a rough plane. The coefficient of friction between the solid and the plane is u.
The plane is tilted so that EF lies along a line of greatest slope.

(ii)

Fig. 2

;n";" SOl'id is placed so that F is higher up the plane than E (see Fi
Niclination is sufficiently great the solid starts to topple (without slidj

Wlen  salid sdords 4o bfr‘e/ Cis "e"h'calb above

+a'ld= 7'5 - _L.
15 2

g.)2). When the angle of
ng). Sh
g Ow that y > % (3]

9708/05/0/N/07

Scanned with CamScanner



R(n): F=mgshe
R(): R =mgeset
Gace solid dees not slide,
F<eR
"'\Jc\'nq: <N G\jmsd)

Janad < *

=) |l>‘l"“‘- =) |“>—;1L‘ (Shaw-\)-

(iii)

The solid 1s now placed so that £ is higher up the plane than F (see Fig.3). When the angle of
inclination is sufficiently great the solid starts to slide (without toppling). Show that i < %. 31

=R
mgsin B = (nges p)
f = donB-

rv.r ™ML muwm vaLLe b{ I.L-, we (n créqge ﬁ “U\‘H
Sb\io\ 5 about 4o Joﬂ: ‘e TLm Cis ver‘k(a.‘h akove. .

4MF = __d__o- = QQ'—-I'ET_ = 12-§ 5
|5 e

. \5 5 €
WP obi
dCC“"dneSho‘""}brl)\e;"ﬂnﬁ';Egl{(E
< > .
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hcm

24 cm

Y

e .
rem —

A uniform solid cylinder has height 24 cm and radius rcm. A uniform solid cone has base radius
rem and height zecm. The cylinder and the cone are both placed with their axes vertical on a rough
horizontal plane (see diagram, which shows cross-sections of the solids). The plane is slowly tilted
and both solids remain in equilibrium until the angle of inclination of the plane reaches a°, when both

solids topple simultaneously.
[2]

(i) Find the value of /1. -
[2]

(ii) Given that » = 10, find the value of c.

l

T‘) 3%5%'4:«_46‘!3 r=I10 O)J:ues:
—hn & = —Ili— :;65:—
- 39.-80°= 34.8°

2

N/ =
a = Jan -—6—)

Scanned with CamScanner



0.8m

350520°

E 20° e

ABCD is a central cross-section of a uniform rectangular block of mass 35 kg. The lengths of AB and

BCare 1.2m and'0.8 m respectively. The block is held in equilibrium by a rope, one end of which is
attached to the point E of a rough horizontal floor. The other end of the rope is attached to the block

atA. The rope is in the same vertical plane as ABCD i i i 1
20° with the horizontal (see diagram). S e Sampiot

(i) Show that the tension in the rope is 187 N , correct to the nearest whole number. [5]

(i) The block is on the point of slipping

i ‘ . Find the coefficient of friction between the block and the

| [4]
') —Ek"a women}s  about D: i

T x0-84 3505in20°%0- Y = 35005 20° x0-&

T = I1B4-8IN=|@TN-

RGu): 5

R(L): R = Temae + 350 = 413.895 w.

S“nc cR i
e bl R is on Hhe an'"c'; s‘iyfind,j;‘c—km (s ’im':‘l'in
S :}] =uR 3 175.549 K x413.895 d

= 0"!-’“1[ = OI‘—QH‘

e coefficient of Jickm behcor Hock ang flor = 0. 404

Teos 207 = 195 544

\1

Scanned with CamScanner



1

)

. 12 cm

16 cm

Fig. 1

A uniform solid cylinder has mass 8 kg and height 16 cm. A uniform solid cone, whose base radius is
the same as the radius of the cylinder, has mass 2 kg and height 12cm. A composite solid is formed
by joining the cylinder and cone so that the base of the cone coincides with one end of the cylinder

(see Fig. 1).

(i) Show that the centre of mass of the composite solid is 10.2 cm from its base. [3]

90
Fig. 2

The composite solid is held with a point on the circumference of its base in contact with a horizontal
table. The base makes an angle 0° with the table (see Fig.2, which shows a cross-section). When

lhl;cone is released it moves towards the equilibrium position in which its base is in contact with the
lable.

(ii) Given that the radius of the base is 4 cm, find the greatest possible value of 6, correct to 1 decimal

lace.
i) paccsk o
o n s
Gy ﬁ ; e Prstece o corke of wess Fem base Con)
n . 8
Care. - lk+ X2 - 19
Cbhrosi le. 10 t -

Tﬂk‘*a maments about bage :
ExB+2Ax (9 = 10§

J =10-2 ¢,
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H&nmmﬂ VajAC 05: 9 oCCurs wle'n C.e.n")'-e S;mass ‘s uer‘l'- r-ua above Po'rf" Of‘

Contact -
‘l‘fme :_‘f___-_-_i-_
3 [o- &
0 'hn"( L )qu
[o-2

N
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4cm

3cm

607\/C

A uniform prism has a cross-section in the form of a triangle ABC which is right-angled at A. The
sides AB and AC have lengths 4 cm and 3 cm respectively. The prism is held with the edge containing
C in contact with a horizontal surface and with AC making an angle of 60° with the horizontal (see
diagram). The prism is now released. Determine whether it falls on the face containing AC or the
face containing BC. (4]

8 let; & be canbee of ma sS QS:- AABC

b com %Dcs%maeo}Gj}mAB=—é—(3)= | -

3 Distance of G from Ac=L (4)=,§_cm.

A.3m Cc
@
|
2
éo°
C
""md:-k—__ 2 _ /2 _ o

{ .
A‘nsf; l;e-}we&\ Lanzmn'}n.l oad CG = 60°+33'6‘l°=cl3-6‘]°>‘1‘0°

-’-) Line °¥ ‘LC"""" °} ‘-'&30\\"'- lies 4o He na'\-)- o} an"“b} contact C
2) Prswm -Fa.U.S o ‘f‘tce conlainia Bc.

d
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20em

c

46 cm

32cm

A bucket that consists of three parts stands on horizontal ground. The base is in the form of a uniform
circular disc of diameter 32 cm and thickness 2 cm. The body is in the form of a uniform hollow
cvlinder of outer diameter 32 cm and height 46cm. The handle is in a vertical plane, attached at
opposite ends of an outer diameter at the top of the cylinder. The handle is in the form of a uniform
circular arc of radius 20 cm. The diagram shows the cross-section of the bucket in the plane of the

handle. -

(i) Show that the centre of mass of the handle is 53.25 cin above the ground, correct to 4 significant
figures. [3]

The weights of the base, body and handle are 50N, 100N and 25 N respectively.

(i) Find the height of the centre of mass of the bucket above the ground. [2]
& 32
) To AcrB, ng =_3§=%3_,:6 Wartan

MC = 207 -162 = 12, 20 20
Smac _LC?_ = _fL'.- . =>at:sm"(_‘h):0-‘?2‘?2
20 § s

CG = rsind = VXF = |7.254
a 09274

Distance of G Jom flov = 24 46=12+17:354 = 53.25 = 53-25em
) Shape. Mass (k)  Distmce of centre of mass Som ground (em)
_< =

_ =ty &
Base. —‘%’- =5 2
0 - 2+4%6 = 25
Bodd‘ _I‘_; fe] oY
Handle 25 =25 53-a5
|© s
Co,nrosl'l-e. 7-5 ‘ J
'.mc\&"" 9709/52/0/N/09 '
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Tc;bin(ﬂ mm&n'}s about —Hue L‘j‘@"‘-""o\:
.59 = 5x|+ 10 x 35 + R5x53:25

3 = Q.18 = 2. Aem.
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20°
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Pis the vertex of a uniform solid cone of mass 5 kg, and O is the centre of its base. Strings are attached
to the cone at P and at O. The cone hangs in equilibrium with PO horizontal and the strings taut. The
strings attached at P and O make angles of 6° and 20°, respectively, with the vertical (see diagram
which shows a cross-section). ’

(i) By taking moments about P for the cone, find the tension in the string attached at O. [4]

(ii) Find the value of 8 and the tension in the string attached at P. [6]
i) T;k :1\(3 mm&n"'s dba.c‘}' P :
SEx 3h = T, 520 xh

I
T, = 539x3h =39.90N=39.9 \.
Jh @s20
u) R (-9): ’T[: s = T, sin 20°

Tpsm@ = 3390sn20° = 13.448 (1)
R(T)'° '-l-;smse +T>c=s:20°=58
7; 5B = 53"3‘7'70‘&52(; =[5 = C-'Z)

{vidin 9
D hy) (') Ld (Q) lp sin® = 13.€4R8 > +an) =10 19
6 ' .
,F S g = !{']5, :lf7.5°
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15 A

A bow consists of a uniform curved portion AB of mass 1.4 kg, and a uniform taut string of mass m kg
which joins A and B. The curved portion AB is an arc of a circle centre O and radius 0.8 m. Angle
AOB is %n’ radians (see diagram). The centre of mass of the bow (iffcluding the string) is 0.65 m

from O. Calculate . [6]
Shafe nass D,s‘}ana:of Q:n-,‘-e qf mass % O
Arc AR I-Y rsma - 0'8Sl'n('_'31:) - £43

a. . —
5%13 AB " % L
O-ga,s(l) = 0-F
3
Cmf"s';e m+ |- 0.65
Fgure

T-q_hu'na ""\m&l“'s Aot oF

6""'”)@'65) - |.qx:§_§+ m x O 4
A

O€Sm+ 0.9 = O-4m+0-9262

= 0-01€2.

0-25m
m = 0.06493 = 0.0649
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A uniform beam AB has length 2 m and w
vertical wall, and is held in equilibrium by
to the wall at a point 1.7 m vertjc

220N at B (see diagram).

eight 70N. The beam is hinged at A 1o

ht 70 . a fixed poin
a light inextensible rope. One end of th S Buahed

(i) Find the tension in the rope.

(ii) Find the direction of the force exerted on the beam at A

i) 'T;\eha mowmests about A:

R(‘%) :
R ('f‘):

T x0.8 = 70sin0 x| + 220sim O x Q

0.8T = 70(_L5_) +.'220(L5_)X3-.
17 17

T = 562-5N.

Al
F ~
J

F, = T = N =
= Teos @ = 562-5 x (Tg_)-asq.—[u

Fi+704220 =T s = = .
3y sinQ o F:j_ss-'z Sx_g_-?o-:z-zo = Q04 .3N

T = By g - dar [2063) _ 37.9° AL
> e X
Q WE-3 N

e Dil"CC ] o °
) ‘\15'\\ fﬁv(e ezer'kd an L&am at A F 37'9 !:elc;w }m‘z“}d_

9709/51/0/N/10
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|
09m )
|
|
\
\

A

18m B

ABCDisa uniform lamina with AB = | g8 m, = . ,
(sce diagram). AD=DC=09 m, and AD perpendicular to AB and DC

() Find the distance of the centre of mass of the lamina from AB and the distance from AD.  [4]

The lamina is freely suspended at A and hangs in equilibrium.

(i) Calculate the angle between AB and the vertical.

(2]

;) Sha{)& - ﬂaSS Covn:’mq-ks 4 carnlve )cwmss QS.U A as ongin
Sypace 0-9%2£ z0.81p 23
ADCE ,0‘?) @950’15)
ABCE _:1’_-3(0-‘?*0"?9= 0.405¢ [o-% 0-%9-84 0+0+0-9 ._;6.2 0- 3)
ma 3 3 _ ’
ABCD l.25¢ (;,3) .

lakmj mowments abaut AD -
0-81L x0-45+0-405Px1-2 = I-215€ T
z = 0.7

—

lahhd moments abad AB: o
0.8)L x 0-45 + 0.405Ff x 0-3 = (-2I5 ﬁxJ
g -0k
Disdas ce c{ cenle of MassS j;,,.,.,, AD =0 Tm
Distance of cenive ,} mass From AB = Ot m

g

Wheq S“SFeﬂAec! j;eeld) G lies -ac:r"'r'f-a.'b below A

0-1 o-1
= Prﬂ@\e beheen AB and fhe verbcd = 2917°.

9709/53/0/N/10
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(i) Show that the magnitude of the force applied at B is 4.33 N correct to 3 significant fi (3]
‘ ’ nt figures.

(ii) Find the magnitude of the frictional force exerted by the plane on the rod
€ rod.

(iii) Given that the rod is in limiting equilibrium, ¢

and the plane.

i) Taking monents  aboct A:

FB s BOD:-( . 2 = IS sin 30 x0-8
5Jz = 4.330N

FB—

Fy =

-

2
§.33 N.

1l,) R(’/) g Fg cs 30° =155, 30°

:f = 155 30°~4 33 2s30°

=4

.-5._c3-75f\1.

m) R(_L) ; R = FB Sin 30+ I5cs 30°

(2 )ote)

R =
R =
Since fﬁc'kﬂh s Jimih

35 Jz
I
I e

15 =

4

rR

px 358 9

L

alculate the coefficient of friction between the rod

4x3583

D Getficedt of\fm‘km ::0:2‘-7

9709/53/0/N/10

{5sin 30°
F
_bo
Fle'q 30.

lSQ_sjo'

R
I

L2k e
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TN

A 30°

TR

Tsin 30°

tension in the string is TN (see diagram).

(i) Calculate T.

0.4 m B
02m &
l 'Eosat)'
9N

A non-unifm:m_rod AB, of length 0.6 m and weight 9 N, has its
A of the rod is in contact with a rough vertica] wall. Tl;e rod i Ct?nlt;e'
the wall, by means of a light string attached to B. The string issinf::linlt:.l

(ii) Find the least possible value of the coefficient of friction at A

;) ’EL}('\‘B mmen-}s a_bou:" A:
Tsin30°X0-€ = 9x0-4

T=_9x0-4 I2N-

0.6 sin30°

W RG): R-Thesol
R =12as30° =

S
R(T): §£+Tsm30° =9
q

of mass 0.4 m from A. The end
equilibrium, perpendicular to
d at 30° to the horizontal. The

(2]
(3]

.:f Tsin 30"
17 & J
Teos30°
N
on = 0-289
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iform solid cylinder has radius 0.7,
Aunl ight 2.4m. The cylinder and

.and helfvim a horizontal plane, The pl
cor:::lac:ed gradually until the cone is ap
inCreas

nand height . A unifor
80

€ cone both reg in equil
ane is now tilted so
outto topple.

m solid co
brium eac}
inclinatio

ne has base radius 0.7 m
1 with a circular face in

that ig N to the horizontal, 0°, is

i) Find the value of @ at which the cone is about (o topple,
Q

i) Given that the cylinder does not topple, find the Ereatest possible valye of /.
(i

i : i hOl‘iZOn[.’ﬂ position
e e 18 returned to a
Th pl(ll'lr.

lane faces coincide. It is given that (he weight of the cyli
ane Iaces :

the p The curved surface of the cone js placed o
cone.

hm

i h [5]
id 1 i les, find the least possible value of A,
(iii) Given that the solid immediately topples o e le:
“.

=07 3 g=ta(1)=09-39"x 494°
When cone is abodt o '}ﬂff}e) Fan T ) (6)

=01 5 71 - 2x07
7') I5 eylinder does not ’bﬁ’lﬁ 4“"9_"_&_ ? IS h
pal
h =2

Geecodest possible value °JC =12

ma AB
m) Shape Hass Disfance ‘f ke <f Ss'f""‘
Y4 - 0-6
Come ™ 3
Gylncr 3m h -05h

2

=2
c”"\fosik lf'm
el o) Y
L‘mx -'i- = TERELDS

9709/51/0/N/11
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;;,)’ When solid 15 about + ppler aie °§f$§5 o vmkwud
abole P\“') °’? Gﬁ"\')‘ac.'!' A—

36h = 34

=10 = 0.9
18 s

e least value ojf h = O 4.
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 object is made frprp two identical uniform rods AB and BC each of length 0.6 m and weight 7N.
The rods are rigidly joined to each other at B and angle ABC = 90°.

(i) Calculate the distance of the centre of mass of the object from B.

(1]

Shape Mass Cmrdu‘ncdcs o} centve 63' mags with A

: B a.c' a‘ﬂair\.
A3 01 (0,0-36) o -a
BC 0 (c36,0)-

Gm,fosi')e |4 ('{7 3’)
’[&k:nd moments abouY AB: 0-7x0+40-7x0:30 = R'E2

7z = 0.1
'T;h.ﬁ mo'wen')s about BC: o'7ﬂ0-36+0-7x0 =I'lln<d-'
g =oif

-

. Distance of centre Df nass frm B = 0.2l m.

2 BG = W: J—o~152+o-;5"- 0-2)2|

The object is freely suspended at A and a force of magnitude F N is applied to the rod BC at C. The
object is in equilibrium with AB inclined at 45° to the horizontal.

(ii) (a)

Fig. 1

Calculate F given that the force acts horizontally as shown in Fig. 1,

A= Togroe® = 306
5
_’:\E:nd moments abswct A
7% 0-3 s q5°+7xo-353nl15°:. Fx061

9709/53/0/N/11
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(b)

Fig. 2

Calculate F given instead that the force acts perpendicular to the rod as shown in Fig. 2.
Takin mmen“S about A : [2]
6 7x035;nq5°+’7xo§s;nl¢5° = Fx0-6
F = 4949 =4 .95V -
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iform solid consists of a hemisphere wigl, centre - . . .
. uni 1 height 0.6 m. The plane face of the po O and r‘ndms 0.6 m joined to a cylinder of radius
0.6m and NELE p i 1€ hemisphere coincides with one of the plane faces of the
c\h"d“[‘
1l Calculate the distance of the centre of mass of the solid from O (4]
[The volume of a hemisphere of radins is 2‘,”..1_|

(i)
0.6 m

0.6 m

A cylindrical hole, of length 0.48 m, starting at the plane face of the solid, is made along the axis

_ of symmetry (see diagram). The resulting solid has its centre of mass at Q. Show that the area

of the cross-section of the hole is I‘iﬁn m2. [4]

(iii) Itis possible to increase the length of the cylindrical hole so that the solid still has its centre of

mass at O. State the increase in the length of the hole. [1]
i) E;jw:-e Mass Cenler oj“ ~ass oj’— solid j}m 0
Hemisphese 2 (66)p = 1856 3vr_3x0-6 _ 0225 '
3 125 8 & C. 0
Gindes  %6.6)*Ge)p =20t 0 = 0-3 )
= A .
125
Compesite e T
&awﬂ 25

’E&h mamcn"‘s about AB .
J 45 , 7 = 187€ yx-0-225 +3%E | 0.3
25 125 2s
-'f = O-Oq m .

i Digtance a:F cenfre ".'P masg of solid Q[;m Q =0-09m.

l_\) Le“‘, A«m:fcm—seckoﬂ oj-\ hole = A -
F-fdtu-e, Hass Centee ‘{f'"nss °,7cs°h‘lﬁbm 0

”ernis‘:)\ere 8at. 0.235
125 3
Culin 2 0.
Hole Axo U8 B 0‘6'%?__3_:0'36
Remainin 95€ — Axo4ge 0
selrd QA5 0709/53/0/N/11
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Tahha mements about AB

(ﬂlﬁ - AiO-'le)O = 188 -0.205 + 1€ x 0-3 ~ 0-48AP x 0-36
25 125 125

O= -0.-0324% +0.0648% - O-IT28A

—

\ﬂ) 'ﬂe cjlinckcal \'\olc Con be ez)endec‘ So ‘H‘!Q+ "Hne, Same Q.ma.u-r;- 'S
+aken | 5«—-“ He srl-a:e as :Ynnv the cd‘c'nol&’x“-
0.6

C y,
. |
. ol :C = 3
S8 .
5 g
0
{
—

Tncrm_be in |€U‘H\ 0‘[ aJlmt:lﬁCal ‘\ole = 0:'1240.12 = 0.4 —
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AB inclined at 60° to the horizontal. Equilibrium is
of 45° to AB (see

(i) the magnitude of the force applied at A

N i [3]
(ii) the least possible value of the coefficient of friction at B [4]

;) T&k;na "'mmen-}s about B :
Fo sinl5° x 0.8 = Gam30° x 0. It

F;\ = €sin30° x O-4 _ 3J2 y
0.8 x sin 5 ° 2

Fa= 212 N
W R(S). - = o '
)R(J)' ?"'—ﬁ Cos 15 "'E_\ré @5]5.:2-0'%'“ :F;\Coslse

R(’P)‘. R:é"'FAg:“]So

R = €+ 33 sin|5° = 6549
2

S;ﬂq')' _'F'fc'l‘wn 'S limi"’\‘ﬂd)
J =«R -

R-049 = ux £.549
f = 0328 =0.313.
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n
Avﬂ'—n}b :_L)!LK")
2,
0.3 =zl x0-&xh
g
hz I
c

D

nd radius 0.6m and an

A uniform lamina OABCD consists of a semicircle BCD with centre O a
isoscelds triangle OAB, joined along OB (see diagram). The (riangle has area 0.36 m?and AB = AO.
(i) Show that the centre of mass of the lamina lies on OB, 4]
(4]

(ii) Calcu]alc‘ihc distance of the centre of mass of the lamina from O.
i) S}\afe ﬂass Dl'S"‘nnce af Cc_nh 05‘— masgsS ﬁm OB
OAR 0.36 P L_—% = oY
Semi ircle =
BC‘:‘D lééz)——e—' 2,(0.6)‘5,'" (—;;) - ,,IIL
=0-36x L 3% 5%
2.

2
Composite 0.3¢+0 -36% =
i (o-36r056)e
’T"“bﬂd moments about OB:
0.360 x 0.4 + 036 € x & = @'36-!-0-3:67)6 x T

— 57 2
0 = (0-3¢x0:3m) T
— 2

x = O

< brstene of e of ress f v o 0820
> Cenke ,,g mass of lamina lies en OB -

T'\ 5\%& Mass Distarce af cenye of mass 5"‘ line OC
A AoB 0-36 L. 0-3
Semicircle x£ 0.18%C Q
BecD —
3

Compesi fe (o 13640 le) @

Tﬂki'&j moments absut live oC:
0 3¢ x0'3 +o18%x Ex0 :(O-Bé-q-o.lgw)ej-
J =006 =017

g D.‘s4ance of Cente Oy = 0.7 m,

™mass jt,_m

9709/51/0/N/12

Scanned with CamScanner



85

FN

A circular object 1s fgrmed from a uniform semicircular lamina of weight 12N and a uniform
*semicircular arc of weight 8 N. The lamina and the arc both have centre O and radius 0.6 m and are
sined at the ends of their common diameter AB. The object is freely pivoted to a fixed point at A
with AB inclined at 30° to the vertical. The object is in equilibrium acted on by a horizontal force
of magnitude F N applied at the lowest point of the object, and acting in the plane of the object (see

diagram).

(i) Show that the centre of mass of the object is at O. [3]
(if) Calculate F. 3]
i) Sha?e, Hags Distance of cente o-f masS jﬂ—m 0
Semicivaular -9 2x0-6 xsin(Z) - &
sectsr 3T 5~
2~
-irnirc-‘rcu.l&f 0. 8 0-6X sim (3_1) = __6__
arc L 5%
=
Compesife 2.0 .
S: iaurﬂ

[ﬂ-h:\na msme:ﬁs “J"”‘c\' AB :
= = ax 4, + 08 —567\‘
5A

X0 T
20x = O
= 0O

s of <bjeck o 0 =0m
ma S ,f o):\jec’f' is o Q-

e . d‘s-[anca p-j: cende °§'\
> Combee of

)

Ta B e A: o
k‘a e oa:’;fsm 3 = F* (;"G‘*O'G“SSO)
2 F = 535-8 N = 5-3¢N-

9709/53/0/N/12
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A cylinder of height 0.9 m and radius 0.9 m is placed symmetrically on top of a cylinder of height

hm and radius r m, where r < 0.9, with plane faces in contact and axes in the same vertical line AB,
where A and B are centres of plane faces of the cylinders (see diagram). Both cylinders are uniform
and made of the same material. The Jower cylinder is gradually tilted and when the axis of symmetry
is inclined at 45° to the horizontal the upper cylinder is on the point of toppling without slidin g.

(i) Find r. - [2]
The upper cylinder is now fixed to the lower cylinder to create a uniform object.
(ii) Show that the centre of mass of the object is
25h* + 180h + 81
50k + 180
from A. [3]

The object is placed with the plane face containing A in contact with a rough plane inclined at ¢° to
the horizontal, where tan ot = 0.5. The object is on the point of toppling wijthou

(iii) Calculate . When uppes cdl.'..der is about -}nlzrlc)
l') +n 45° = (93'._3' = 045
= Y
Y':‘D"IS' = 045 wm.
tonys ©

31

)

Fla'u.re Mas s Distance D:Fazn“}re af masS &1’"’ A
n

Sl Cylindle ¢ % (o45) h £ = 0-2025xhE h
L”SE Qj[ﬂ'ndﬂr A G-Q)axo-‘ff_z 0-129x€ h +.9£_
Cé";\fjg site (O-QDQSh + 0-11‘1)':\'6. Z-

qunw -mapne“,'.s Q}Dcd' bagce a} .S‘ma.u cah“CJQT:
@'-?DQSHw -’qu)'ﬁf x X = 0-2025zh x.g.. + 07129x e x ("H—(_L_j_l)

9709/53/0/N/12
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X = 0.10125h> + 0:12qh + 0:32805
0-2025h + 0129
8l 2, 128h 4 _656)

2025 h+ 14580} + 656 |

Y =

f00 1600 20000 = Re.00.0 e
8 | 4 1249 4o5 h+ 1158
l+°° \oo©O =000
T = 2000 (202544 14580h +6561) = 8| (254°+ I80h + 8’)
20000 (uo5h + 15 8 ) ©x8I(sh+ IR )
= = a
X = 250\« |8h+ 8| (S»aw,,)_
50h+ 180

Tﬁ Since o‘:JEC{' 'S o Fa‘vﬂ- o} -[nrrhna, Cen'l'ft D}
Mass g ucr‘\w‘talh a-\ome Fm‘n-} a_-}‘ Covr*nc'l'
fana = _0-45

P
A = .45
-, T
T = 0.9
2Bh* +180h+8 = 9
50 h+ 180 1o

50h* + 1Rc0 h + 810 = US0Oh+ (€20
230h* +-1350K - 810 = D
5% +135h — &) =0

W= -1B5 «352-4(15)(-8\)ﬂ

2 (a5)
ho= —27= 343
o
Fithery h= o:5449 = h =590 (Taooc)
; @ h=0-5’+5' |
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B

A unifoml frame consists of a semici
é o3 circular arc ABC 1
¢ of radiu

where O is the centre of the semicire]e (sce diagram) *0.6m together with ts diameter AOC,

(i) Calculate the distance of the centre of mass of the frame from O
m
. (4]

The frame is freely suspended at A ang hangs in equilibrium

(ii) Calculate the angle between AC and the vertical
3 (2]
1) Sl'w.?e. HQSS D;S‘,‘MQ‘.’ o} cenre °§ masfrvm 0
Semiciradlar W(o-é) P 0.€ sm (;) - 6
arc = 0:6%f = =

2

Segrent AC lLagp

Composite
F? (6x+12) f
f-‘au.re )
Taking momests  cboct AC:
0-6%P % & 4 1l x0O= @-61-1'1'2)833

5%
E - 02333“‘\ = 0'233"\.

Q
¥

o
0:6 &

g

Whe, Sisporder 5:’36'{1’ corke ,} mass lies %J"L'caﬂa below A .
+ana = 3
6
~an d":.__———-oo':"az'a

o= Ql2°
e Aﬂdlc behveen AC and verbical =R].3.

9709/51/0/N13
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ABCD is the cross-section through the centre of m

ass of i a ight 260 N.
The lengths AB and BC are 1.5m and 0.8 . of a uniform rectangular block of weig

X ) oh Hioies bt pectively. The block rests in equilibrium with the
point D on a rough horizontal floor. Equilibrium is maintained by a light rope attached to the point A

on the leCk and the pc?int E on the floor. The points E, A and B lie in a straight line inclined at 30°
to the horizontal (see diagram).

(i) By taking moments about D, show that the tension in the rope is 146 N, correct to 3 significant
figures. (5]

(ii) Given that the block is in limiting equilibrium, calculate the coefficient of friction between the
block and the floor. T [4]

) ’rak?nd moments about D,
T x0-8+ 2605m30°xD- = 260e0s30° x0-15

144-09N = J4&N

1

-G)

R (’ﬂ : Teas 30 = f =) f: 146. 0‘{‘@;30" = (26-52.N
R(T) R = Te30°+260 =) R= 144 09si 30+260 = 333.04 N

Since §;c4~'m is ""‘""""‘,j; 3{\': kR
1R€52 = 3@3\3-04)
= 0.3798
k= 0:380

9709/51/Q/N/13
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A uniform solid cone with height 0.8 m and semi-vertical angle 30° has weight 20N. The cone rests
in equilibrium with a single point P of its base in contact with a rough horizontal surface, and its
vertex V vertically above P. Equilibrium is maintained by a force of magnitude F'N acting along the
axis of symmetry of the cone and applied to V (see diagram).

(i) Show that the moment of the weight of the cone about P is 6 Nm. [2]
(ii) Hence find F. 2]
i) let; G le cerhe 03[ mass of wne =) VG =§_@.g)=o~6m. N
i e

Homent 05: wet'a\\‘\’ about P = R0 x 0-6 sin 30°

£
= éNm ,uo‘l'd

P
F 3 a@g30 =08
Fsin30 xvP = & P
Fsin 30 x_g_E, = & VP = D'S, -
5 Cos

F = 6xI15_
85 xsin 30

F = 153 = IR = 13-oN-
2

e S |

I SNEY

1S
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TNe—__B &

IS m D
|

E

0488
1.6 m '1
jooN

0.4m

ABCDEF is the cross-section through the centre of mass of a uniform solid prism. ABCF is a
rectangle in which AB = CF = 1.6 m, and BC=AF = 0.4m. CDE is 2 triangle in which CD = 1.8m
CE= Oj4 L a‘nddangle DCE = 9_00- Th‘? prism stands on a rough horizontal surface. A horizontai
force of magnitude 7T'N acts at B in the direction CB (see diagram). The prism is in equilibrium.

(i) Show that the distance of the centre of mass of the prism from AB is 0.488 m.

4]
(if) Given that the weight of the prism is 100 N, find the greatest and least possible values of T. [3]
) Shape Mass Distance af cender of mass frm AB -
Re.c-\-anallc -6 (:o-ll) P 0- 2
ABCF z 0-6k L
T;\‘ana[e- El xO-HxI-SE:.O-Béf, 0"'++:0'l|»+2-.'l‘= i I
CDE 3
Q,..?asi'lc c ;:
Faure

T&k-‘n‘j moment s aboutr AB:
Pz = O4yE x0-2+036€ x|
7 =2 0.488m

i‘e. Distunce of @nive sj: masS 53"“" AR = 0-48&m.
ﬁ) Since prsm s in W‘];Lﬁm, i} does not -\‘Dﬂ:}e-
Taking moments abod A 5
T w16 = lovox 0488
T= 305V

- BN
’ﬂmn, M o imum value °§ l =8

o inqg o ut F
ak a ments abo -’r;l-é . 60 x(o,qgg.-o-%)

Tz5.5N
/mm, Privg ) m cm, voue O-S:TG‘S'SM'

9709/51/0/N/14
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0.35m,
/

/

/

’ ]
0 ‘) inrad

-

%um:m?nl lt;m;mu AfB]C l]S m‘lhe form of a major segment of a circle with centre O and radius 0.35 m.
he straight edge of the lamina is =2 - i
2 Q nnais AR, and angle AOB = 37 radians (see diagram).

(i) Show that the centre of mass of the lamina is 0.0600 m from O. correct to 3 significant figures
(=3 [= -
[6]
The weight of lhe.lamina is 14 N. It is placed on a rough horizontal surface with A vertically above B
and the lowest point of the arc BC in contact with the surface. The lamina is held in equilibrium in a

vertical plane by a force of magnitude ' N acting at A.

(i) Find F in each of the following cases:

(a) the force of magnitude F N acts along AB; [2]
(b) the force of magnitude F N acts along the tangent to the circular arc at A. [3]
i) Shape Mass j Distangz of cenje af mags :F.ﬁ.m 0
Sectsr OACB 0354 "/3"1 ‘p = 497 ' 2x0:35xsgin (—ff—_) - 13 .
—_— &oo 3 x 2% O
2 3
A AoB L x0:35xsi _z,n:)xﬁ s49Be 0+o035as(F)x2 - 2
2 3 léoo 3 &0
Gmposite  44zE 4 498 E z
;‘8\»’6 Goo lboo

qu;ﬂd momen+ about a vertical e ’H"‘b“a"? 0: B
3p 2. =(1Eb +4IGE )7
LH'KE ;("'{_{_5:.’, 49 X 7 Zon s

£oo fo#® Jéeo
Zz = 0.0599€ = 0.-0600

I-e.a\-‘s“mce oj: C&lﬂre oj: mags °5llau|'mﬂ.j:‘m O =0.0600m (S’yawn)
e—

Can'}aC'}' :

Tl') Ta\z‘ma oments abock F°’.n'}‘ °jl F x 085 ao.s(.é"_')

A x 00600 =
F=4.7TIN =48 N:

9708/53/0/N/14
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Ta\aw-a mements absut Pt °} condacts )
Iy x‘o.oeoo = F(sﬂn %)X[OBS& (§)+0-35]+Fas<§_)[0'3b‘45€)] .
0-84 = 6-5656 F’*‘% 0-0815 F
0.84= 06531 F
F=1"286N=[|-29N.
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A uniform circular disc has centre O and radi

: and radius 1.2 m. The centr 2 i i P
caxes Two circuls craroo i <M. ¢ of the disc is at the origin of x- a

.‘-31\;.\..’:}'\3?_:‘1&'\11.1-{ holel\ with centres at A and B are made in the disc (see diagram). Tﬁe point Ap:csl

:ﬂl \e\'lzh:ce] ;-\:lﬂi\lb W ]:j‘ OA =0.5m. The point B is on the negative y-axis with OB = 0.7 m. The
ole w1 ntre A has radius 0.3 m and the hole with centre B has radius 0.4m. Find the distan

the centre of mass of the object from — e distance of

(i) the x-axis, (4]
(ii) the v-axis. * [3]
The object can rotate freely in a vertical plane about a horizontal axis through O.

(iif) Calculate the angle which OA makes with the vertical when the object rests in equilibrium. [2]

-.) Shage ‘Hass Cooxelinades of canke cot,ms
Circle cen‘l'rCA 70‘2)26 (0’0)
at+ 0 = 14y =€
Circle cenleed K(°'3)2E 60'5’0)
at A =0-.09ak
Cércle cerked  x(04)’e (0.-0)
at B zo.6% L
Samasing l.1gE (.3)
Fgure

T')TQ\G"G moment 5 about y-awS:
HanlxT = 14xBx0- 0.09 xx -0.-5 —0:1x€ x O

z = 0-0378|m = 0.0378m

i) Ta\z-‘qd moments about z-au’s
1QxL x 3 = M=t x 0

\lj =
Distance 05‘, cende nf massffm x-oxs = 0-094| m.
i -axs = O .
Distance °§ centve °P 9:397551‘);0/&:“ §-exs 0378w

-0.09xf x0 - 0-1éxf x-0-71
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'u'\') When aL\\'ec‘ vests e‘yw-‘likn'wn) cendee ojz‘"'“ss G es Ver—kca,b beow ox

f‘\

~+an © —J— — 0-094)
z 0-0378

O = 681" = £8-\°
i-e - Pagle beteen OA and verhecal = 68-|°
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(i) Show thatd = h + O—IOE

t (3]

(ii) It is given that the cone is uniform and of weight 4 N, and that the
and of weight W N. Given also that 4 = 0.8, find W.

) 4nB=z.0250) and 40 = d-h o ()

hemispherical shell is uniform

(6]

h o
S’e—H-n'nd (I)= (gz)@;ves: H - d-h
h 0
o.of = dff-h
h
4 o = h+0:0F (Shewn):
h
hﬂ) " D‘_%:o-[
-‘%’-x()%%
0 wl |ad
)W N
& —)
d
=0.8+0:04 20.85
08
S}\QFE- rldss D;S"ﬂ.“cf, °¥ Cen"*'e e{ massS fﬂ O.
Cene O-4 %K0'8= 0-€
Hemisr\wefe. M 205w 0.8+0.2 = 0:9
[o) 1
Q"_‘\?“f}e O-4+0:|W d= 0-85

Takng o hO:
l&h'ma moments about a verhical line ')q"YD“f] :
O-4-x0-E+0.1W x 0:9 = @.LHO-IW) Xx0.85

9709/53/0/N/15
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02+ 0.09w = 0:34 + O-085 W
O.-c05W = Q.|

W = 20N
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\ uniform wire is bent to form
1.2m. with a smaller semicireu]
is at the centre of the larger
}\L‘\n{.‘.

an object which 1,

arare with diamete

a8 a semicircular
arc (see di

arc with diameter AB of length

rBC of length 0.6 m. The end C of the smaller arc

agram). The two semicircular arcs of the wire are in the same

() Show that the distance of the centre
to 3 significant figures.

(3]
The object is freely suspended at A and hangs in equilibrium,
(if) Find the angle between ACB and the vertical. (4]
.l) 5}\01,9_ Mass Distance cf nir\-kc 05 mass :F""“ ACB
A AB x(c6)L = 0-6x P 0'652(;: - ‘5é,-\:_
Aee BC x(e:3)e=03x¢t 03 s;i;(g) .—b_i-
C,...rasi*f 0.97¢L = q i
5:.‘3\;:‘6

Ta.)q'mé mowenys about ACB:

: . -3 = 0.9t » Y
O-éﬁexgﬁx_ + 0-3x€x = J
F = 01909 = 014l m.
line %mu&lv\

_) s\'tdfe HQSS Da‘s—lmce O} C&J)‘)L‘C "f mass :Fﬂﬂ"\ ver-la‘(f-'dA A
I

Arc AB 067t g'qé

'L
C'am?os;}f- 0.9%x L
Fiqure

—

Jaking memen)s abaudt a ver‘—’vqu. line -H-;fm%lv\ A:
"' 94 =097 %
8 0.6‘&Ex 0.6 +O-316xo; ) 0-777

4B =3 = 01109 5 0=15-25"% |5:3
T 01

2l
@

v \"’”ﬂ ﬂ!. = l5'?;'
he . Angle behween ACB el vertic

9709/51/0/N/16
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The diagram shows the Cross-section ABCD thro
u

AB=09m,BC=2am. AD - gh the centre of mass of a uniform solid prism.

am and angle ABC = angle BAD = 90e,

(i) Calculate the distance of the centre of mass of the prism from AD

[2]
(2]

quili.brium ona rough horizontal surface, with AD in contact
magnitude 6 N is applied to the prism. This force acts through

(ii) Express the distance of the centre of mass of the prism from AB in terms of &

The prism has weight 18 N and rests in e
with the surface. A horizontal force of
the centre of mass in the direction BC.

(iii) Given that the prism is on the point of toppling, calculate a. 3]
i) Sha‘,e Hass Distance =f centre o} mass Sr=m AD
Rectangle a(09) € 04 ._o0.45
ABE D =0-9a€ -
A CED équo-‘lﬂ 0+70'q+0'1 = 0-6
= 0-45af 3
Cmfos:")e @) Qa+0-45a g 5'
g we = |-35af

’l?\k\'né womerts abed AD :

0.9 x D-45+ 0.45al x0-6 = 1-35a€ x J

Y = 0.5
= Distance oj:cm\-eé msSUCm AD = 0.5m.

ii) Sha.fe_ Hass D istance °_'F cenfee c} mass 'S’ru'm AR
a
fech o :
a+a+ e - .42__
hgle 0-45al E £
CED _
Composite |.35ab
'-%&‘“’f- 0"{546"2.’.1_: |3-5.q_ﬁ X €
. 0-9afx 8-+ '
Taking momerds abeut AB : 2, i
: r= la.
q

9709/51/OMN/1B

=) Distance of ceder of maes Jc'tm A8 = Ta |,
q
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J
22
q
Since prsm  is about Jo %rr‘e, '}-akfnd moments about fcin‘)‘ o}\ cantact:
18 X 22 = £X05
9
a = 2=075m
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A non-uniform rod AB of length 0.5 m is freely hinged to a fixed

at an angle of 30° with the horizontal with B below the level of A. Equilibrium is maintained by a
force of magnitude £ N applied at B acting at 45° above the horizontal ir the vertical plane containing

AB. The force exerted by the hinge on the rod has ma nitude 10
: N o o
the horizontal (see diagram). £ and acts at an angle of 60° above

point at A. The rod is in equilibrium

(i) By resolving horizontally and vertically, calculate F and the weight of the rod. [4]
(ii) Find the distance of the centre of mass of the rod from A. [3]
") R(—a): Feos 45° = 0 as 0° 7
F = loaséo” . 5J2 = 707N
cos45°
) o _
R (ﬂ‘ |Ogin £0o°+ Fsiny5 = W

/1) w
Jo (%’7)4—5'&(&)
W =q+5J3= 13- 7TN-

—

) -T;‘ki’lﬂ moments abeut A:
W X d cos 30° = Fein U5°x 0-52530°+ F cos 45° x@bsin 30°

d @15]3) s 380 = (5&)@_;)*%(%)4' Sﬁ(ﬁ) ,(.:lL xal:

OL ,_éJz_m = O'QSQm.

ie. digtance O:F cenhe ,,j:m,.gs —:Frrm A=0-28m.

\
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1.8m

B A

The diagram shows the cross-section ABCDEF th
which rests with AB on rough horizontal
BC = AD = 1.8 m. The other part of the
rm.

rough the centre of mass of a uniform prism
ground. ABCD is a rectangle with AB = CD = 04 m and
Cross-section is a semicircle with diameter DF and radius

(i) Given that the prism is on the point of toppling, show that r = 0.6. [3]
A force of magnitude P N is applied to the prism, acting at 60° to the upwards vertical along a tangent
to the semicircle at a point between D and E. The prism has weight 15N and is in equilibrium on the
point of toppling about B. ' ~

(i) Show that P = 3.26, correct to 3 significant figures. , (4]

(iii) Find the smallest possible value of the coefficient of friction between the prism and the ground.

i) Shage Mass Distnce o center c:;C masS Jc"" AD -

Rectangle 0-4x)8 xP Ok o2, .
ABCD = 012¢ *

Secter Qrsiq('i" = ‘_1-{-_\(‘
DEF (%) "

Cw\?osi)e G.—lq.,._-_;_‘_af‘) e S

Faure

Ta\aind momenls abowtt AD : 55 el = G,—;Q.,.-,s_f_’f)e;\c 0
O'7QEX0'2 4—__‘_‘:‘_1__7‘3?\_ - =N

YE’:—'O-R)é = vr=0-6
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0-6sin €o0°

0-4m

T;}Q}na moments aboud B:
15 x0- 4 = Psin 60° % (o 6+0-6 +o.5shn60°)+ Pes €0° @-q +0-Eas éo‘)

€= Ly, P +0:35P
P=3.2622326N (Shown).

Feos €0°

T\_\) RQﬂ: R+Pcoséo°= =3
R=13-3¢8 N
R(): 5 = Psinbo® = 5 2825
Since oLJec-\r dees rot s\n'la,

F spR
.85 Spx |3.36 8

2 12 0.2)3
3 Hinimum valie O:F }L:O-QH

Scanned with CamScanner



98 A soli ; ; ) :
solid object consists of a uniform hemisphere of radius 0.4 m attached to a uniform cylinder of

radi : A . :
2 d;u;0,4 m so that the circumferences of their circular faces coincide. The hemisp
ach have weight 20 N. The centre of mass of the object lies at the centre O of their common ¢

face.
(i) Show that the height of the cylinder is 0.3 m.

Shape Nass Distance u-; cenle of mqss-j-\r-m Caenmen ;"‘“’-

\'\Om?s?\ue 2 _-3_*_80__“.' =0:19wm
o R
Fguee

Tah;na wmv\e,ﬂ"s q)x-u:)“c:aw\w\m 5'1:6:
ExO= 2x 0I5 + Qx(;_.;t)
h=03m CS\-\own).

here and cylinder
ircular

(2]
e—h—>
0+t

D'f{m

A new object is made by cutting the cylinder in half and removing the half not attached to the
hemisphere. The cut is perpendicular to the axis of symmetry, so the new object consists of a

hemisphere and a cylinder half the height of the original cylinder.

(i) Find the distance of the centre of mass of the new object from O.

Shafe, Nass Distance 95: cente of masS fm-n O

_____3&0-‘{- = 015

Cy linder 4 015 _ o.
d —= =%°75
Campasﬂe 3 z

Fge
%h"ﬁ mements about common jﬂaces:
R XO'I5+ | x0:075 = 3 ¢
0.075

¥
)]

9708/51/0/IN/17

(4]

o:1Sm

O-Um

0: Uy
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(iii) Find P.
’S:x\efnd moments abuch poswk of combact ' el

Proc 30°X0 1t = 30 X0.075 0530

o4 0.07150530

30

Q-o15cosao°)m
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0.6m

02m

A unifonﬁ solid cone has height 0.6 m and base radius 0 2 i

. i e A 5 .2m. A uniform hollow cylind

base of the e CRIIGILES .Wlth. one end of the cylinder (see diagram, which shows a cross-section)
The total weight of the object is 60N and its centre of mass is 0.25m from the base of the cone-

Calculate the weight of the cone. 3]

led, w&;j\n‘ of come = W N
Since dotal vctah'}' =6o N 2 UB‘-&]"\“‘ njl holl s t:jln'nder:— Eo-wW.

Rom base o} cone

diskace of condve "f mass of cone. :TrL @-6):0-!5m
dishaee of cente of mass of cylinder = 03 w.
distance of cente of mass of wmpsile obect =0©-25m.
’l&:ﬂ moments about base of come
&0 (6-25) = wx0.15 + (é0-W) (b-3)
)15~ = 0:15W + |8 -0-3W
-3 = -015W
W = QoW
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100

I2N <

OAB is a uniform lamina in the shape of a quadrant of a circle with centre O and radius 0.8 m which
has its centre of mass at G. The lamina is smoothly hinged at A to a fixed point and is free to rotate
in a vertical plane. A horizontal force of magnitude 12N acting in the plane of the lamina is applied

to the lamina at B. The lamina is in equilibrium with AG horizontal (see diagram).

(i) Calculate the length AG.

8 (12 =
0G = 2eamet - 26D (F) - £(E) . 1E g
) 3% x 3%
3 B(Tl_-) = %? 5x37
0G =0-430 16

j\ A.AOGI N AG-\:L_-: OGle;Oﬁz-— 2(0(,:,)(0!\) co S ASG-, ]
= 048016708~ 2(o-48016)(0-8) cosY

AG = 0-572l m = 0572 m.

3]

(¥
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(ii) Find the weight of the lamina.
(3]

Tn DOAC, AC =08siny3” =042 end OC D8 sin 45" D4 J2 m-

= GC =0C-0G =4 J2 = 16J2 - 0.0855 | m.

I5%
Yan GRC = GC. 4 o Ghc = 008551 ) GAC =& 50°
AG 0.572 |

AB is « chod with OCA =90° 2 AB =2(Ac): z(o-q&)zo.gﬁ |
T AN F\BP; d-im?\ =J_1_ :) Sin 3-60°x o-sd" =h

A
6 h = 01612 m

ﬂra.\(ha momenls abait A
‘W x 0.572] = 12x0:16F2
W= 35| N
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P

o aryrirnm

0!

A uniform object is made by attaching the base of a solid hemisphere to the base of a solid cone so

that the object has an axis of symmetry. The base of the cone has radius 0.3 m, and the hemisphere

has radius 0.2 m. The object is placed on a horizontal plane with a point A on the curved surface of the
emisphere and a point B on the circumference of the cone in contact with the plane (see diagram).

(i) Given that the object is on the point of toppling about B, find the distance of the centre of mass

of the object from the base of the cone. _ [3]
\J\eq objec\' 1S on Foin'\‘ o][‘ -‘brr]mJ d:a\l"' B, GI (S u&*‘ca‘b akbeve B .
S;Y)e = u-_ = _':z-
0-3 3 3
2 2
.-) "]‘ 6 T —
AN A
J5

% = 0335 m

S Distance "y cenlee °)E M ass jcmm base °} e

|

0'335 ™.
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. Given instead that the object i« w
i) G JECLIS on the poing of toppling about A, calculate the height of th
’ ' of the cone.

13

he volume of a cone is g2 - |
[T 37r°h, The volume of a hemisphere is %mj,]

L&_\\.’ =rass Per unit volume. .
n ¢s © Cone = __'_'Kflh e,

. .} 3 ca- : =) Total mass =_L 75221"6 + 2m3C
Hess of hemisphece = 27 ¢ ° 0
fora base of come ,

Dislance °§: cendre og massS 95: ceme =—4]:-h

Dis‘}amz o'Y ceniee °§ mags of kem:srl,gg =_~"§_(o-2): D075
D?s-‘nnce, o'S: ce,n&-c o} mass 95\' Ca'm];asf#_ :S}Bu,e =7 -
Tajzua md‘mﬁﬂ'}'s aboaut base '15: Cenf
— 2 r3 6.
<-§[—-"i\r:\1€,+_:;'-'ﬂfﬁ>l = —BI-"""C hﬁ(—({Lh)-i-_g:,‘K i € (0 0'15')

y -3 L a
=D sine G&n"fc a:F masS iS Veu-'%‘a:a.lld obowe A and <_:p|.es n base _‘P

Nole =
Cone .
=) O = 'ﬂrj‘hﬁ_ — 7\(3_3_
T2 20
ZVEE_ = 7("52}\2
R0 (o
3 2 2
(02) = (03) xb
20 |2

D h= 0.2309 = 0:23Im
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0.6m

0.7m C
Fig.1
Fig. 1 shows the cross-section ABCDE throu gh the ¢

section consists of a rectangle ABCF from which a
BC=07mand DF = EF =0.3m.

cn_tre of mass G of a uniform prism. The cross-
triangle DEF has been removed; AB = 0.6m,

(i) Show that the distance of G from BC is 0.276 m, and find the djstance of G from AB. [5]
Let) €= Nass per wit asea, .
Mass 05: vec*\-ana le ABCF = 0‘6(0'1)8;-'- 048 -
Hass 05: NADEF = 5\L. (og)@g)e = 0.04y52 .
Hass af \'C,Vna.fm'n(j lamina = O 4l = 0-045f = 0:315p.

US;"'G 8 al Gﬂb‘ﬁ)]

CEn}fC 05: ma SS o§ ABCF = CO'BS,O.S). |
Cente oj\ mass aj; AEFD = <0-‘l+037+07, o 3+; 6+ 0 ):@ 6,0 5)

Cc"‘*fﬁ % Mmacs 05 .-e;nq{nizj lam'ir\q — C-i-"j)
T':\‘"‘O mements  aberd hB

0.315€xT = 0.4 P x 0-35 - 0:045€ x0-6
T < 0.32m

= 0.-32Am.
:) Distance o} G ’f""""’ AB

'rahrqa moments abst BC
= .3~ 0.045f x 05
0375 %Y © o'quEOB
J"" =0.2 o)

=5 Distance of & ,53,,,.,, BC = 0-276m (S\‘)own).
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Fig.2

The prism is placed w‘ith F‘D on a rough horizontal surface. A force of magnitude 2N z{cting in the
_plane of th‘e cross-section 1s applied to the prism. The line of action of the force passes through G and
is pcrpcndxqular to DE (see Fig. 2). The prism is on the point of toppling about the edge through D. .

(i) Calculate the weight of the prism. (3]

0-32m | - |
o-216m).é__’h§/—ﬁ(o.3 -0-27 6) m = 0_--0 2y

\
\
[}
'
\
L}
{

0-38wm

L\ V]

. )
Tak"“a wmoments  absaut D :
W X 0.024 + Rsi 45" x 0-024 = Res45°x0-38
W = 2097 N -
W = 210N

-— - -
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103 i of the cone and a plane face of the ] :
base Cylinder coincide, The cone and the cylind hh d
_ er each have radius

0.3mand height 0.4 m,

() Calculate the distance of the centre of magg of the object from the vertex f th
of the cone. (4]

[The volume of a cone is 1zr2p.)

1

0"‘("") O‘L[m

Led , €= Mass per wit velwme -
Lz ()" (o) € = 0-012E

HGSS°§ Conl =
= 0.036xf

tss of cyinder = x (0:3)*(0- ) x £

-

;)TD'}ﬁl ™SS D} wros#ﬁ J;Bu.fﬁ =

l;am‘)Le verdex of He Conk)
dishance og Cente 05\ mass °§ Gon€ =

0-0l2% L +0-0365 P = 0-048x L -

2 (o-4)=0-3m

disdance 05 cenjre of masS o:F c:jl.'nae.—= 0-l404 = 0-6m
o]

distance DJE cendee Oj: mags 05: Ccrvnrasik anu.rf
Tﬂk;ﬂd mamen')-s O.Lau'}' 'Bve Ucrki“[‘}‘y\ﬂ Cong.

0.0UBnf x T = 0.0122P x0-3+0-036xL x0-&
X = 0:525m.
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The object has weight WN and is placed with j,
e of magni

tude kW N acting at 30° to the
force 1(_. uj

e »g NOL slip.
ob}ﬁl doe

S plane circy]

ar face on i
ward vertjc a rough horizontal surface. A

al is applied to the vertex of the cone. The

lich the object does not topple. (3]

h\".ﬁ'n 300 PY

0.-8m

T.&hd momentS about A
W 0SS = R\Jsfn30°K0-8+hWGo530°x0-3

0.3wW = O-kkW + 32 rw

20
0.3‘: 0. Yk + 33 R =[Rk 4 303k
20 S 20
0-2 = /&8 +3J§)k
20

k- 20(3) = 04syb =0-Us5
;8+3d€
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. E xXm

rm

The diagram shows a uniform lamina ABCDEFGH. The lamina consists of a quarter-circle OAB of

radius rm, arectangle DEFG and two isosceles right-angled triangles COD
o e g g and GOH. The rectangle

() Given that the centre of mass of the lamina is at O, express x in terms of r. [6]
Le-\‘ Nass pev um"" area = P .
Nags th rec'}avssle = arf .

Hass of AoDC = .'j(ﬁ)é:_) £ = r2f

o )

Mass of AOGH = rlpg=r2 :

TN ) 9 B <t

ﬁ&s;%ﬂ:.—l;:-«-AoB:fz(‘;‘\E=Trzﬁ' : ’ '
2 b

Distance "JCCE"I'LG gf mass °5: rec*'nn&'tz jq'ﬂm 0= 11_
Distance ofcm}n: °Jf_ mass of AODC fem O = 5‘-@+0+'£) =

Dichen ce of cenke of mass Of 'AOG:H e O=—|-@+O+—':) =r
3 2
Distance og Centee OJC masg 051 seclor AOB fom O = 2 Sin (ﬁf <r (}If)zlhﬁr

At |

n

la.\en'n(j moments about DG -
("f*f—g’f+ﬁ+ﬁ)r=im 4r2pyp 4 2 hBr - xrEx x
8 i 8 & 8 ¢ k3% 2
O=r36,r3f 4 2FE _ 2r€
w v A -

O = artyJar? - 2%
3 2

QO = Y=+ﬁr2 "'..-—-xz
& "3 2

9709/52/0/N/18
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1ra4‘8\r2_r2“"|221
U
O = r*+8Jar-|&*
2% = 24+ 8J2 %
x> =2 [ 14872 \ >
| 2

L = [0lQyw = |.O|yw

(ii) Given instead that the rectangle DEFG is a square with edges of length rm, state with a reason
whether the centre of mass of the lamina lies within the square or the quarter-circle. [1

The Square o} 1@31‘1\ v will be  smaller than the rf‘c-\‘cmalc so the cente
°§ mass oJC He Jamina wow lies within dhe f-ywv‘tr-circle-
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rl=

A

6r B

agram shows the cross-section ABCD of a uniform solid obj
hut dm’;']“cm;c-scclinn DCE from the top of a larger cone with ¢
(ﬂnf wi -

ect which is formed by removing a
Jistan

ross-section ABE. The perpendicular
between AB and DC is h, the diameter AB is 67 and the diameter DC is 2r.
ot ‘

n

Find an expression, in terms of /, for the distance of the centre of mass of the solid object from AB.
(,) mndyé .

Le}, \,;a‘r\-’r o§ smoller cove = % .

(4]
. mijandy = X 9 _x =L o 3¢ =z+h 9 z=hz=h,
Usieg 5 )ﬂ-ﬂ‘}a- z:h s ) wh 3 2
le}, P = thss pes wni} velume -

Hass 05- smaller cone = _.é__wG)’x (%)xe_ = 'Rr‘shﬁ

= @xr2ht
nASS °$' \A:B&(‘ Covne. -:-_BLTCB\')Z(lw%),(E; 3trzg%¥l_y_e_. il'_i____

Nass o§ rEmcu‘N'ﬂd Solt'd = Cf:‘rr;}if _ 'ﬁr‘zéhﬁ = |31§h€ .

Por Sler com dishance. of cente o nass Jorm A8 = h+7'|-_(g:)=

gh,
8
B larger cme, distarce of cerfe of mass Jrom Asz_llF(M%): %
mina momen ts ﬂ-Lmk‘:}’ AB

_w*ht  ah . dethE 3k = 3acthE (¢

x4
—— XA T —_—
¢ 8 2 8 3

=3h + 7N — Ty

16 16 J

L
\

2 bl &|&
Cey

]“

% l:d AB =9h
e Distance 05' centre 931;‘;309/2/2:5: solid from fa—é—
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The object is freely suspended from the point B 3
B downward vertical through B is 6.

(b) Given that /1 = 21, find the value of tan g,

\When o):Jec+ S 5‘45)76'10\€OQ &‘Eeh) cenke Y“"’QSS/GH G

Smce h__\Br J 3 q«
aém’s{
IR P

—

3Y 3r

Fn® = 3
g

ue_r—}-»cn% below B,
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An object consists of a uniform golj

106 solid cylinder, of height 4 and radi,

the cylinder are joined together so {
material.’

d circular cone, of vertical height 4,
1s 3r. The circular basc of the cone an
hat they coincide. The cone and the ¢

and radius 3r, and 5 uniform
dlonc of the circular faces of
ylinder are made of he same

(a) Find the distance of'the centre of mass

oihgtone of the object from the end of the cylinder that is not attached

f (4

3,
r‘#

he

D

ir

— = *": \J;
3r

Lﬂ-“'l e be mass rer u.m"" “Dll-\f'lE'
Hags of cJIénder = Tx(3) % brxP = 362,30

Hags of Conf = Tér)z;(‘{r " E = l.'27n-3€
3
Tolal mass = 3&xr3C+I28r-3L = 4#&3L-

Br cdlincle.f') i TR - af cenle a:F masS f"’"’ base = ir —L( )— .
for come + distone °} cente of mqsgjc'pq base = 4r+q_ 4v) = :

Tq)z.‘nd moments about bage :
= 30 x q
35-,"-3ﬁ X ¢ +12xr3€ x Br = Y8 xr J

12¢ + 6Or = 1‘85‘

lly .
J T

=llr ,
=) Distarce °JC ceste of Magﬁww bas? _ITIL_

n
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(b) Show that the object can rest in equilibrium with the ¢

. urved s .
horizontal surtace. urface of the cone in contact with 4

(3]

\

5\

0 *2

E\" DLJCC‘]" ks \-e,g'l’ n ;’-;ui’lxlaﬂ.a.m),))an.z.aﬂ*a'- 6,4:9'}110(@ o“F cenke {mng c{ GIN‘)F)_S';}C

J:aw-c is Jesg than slant he'ﬁk‘]' fﬂ:&'fne to ersuce e °.F achsa o_y weli?H lies within
base 05- Cam?oSi)e Occ‘f"’e -

e

2 2 a. _
Toame, U= ()% (3) 9 U=25r%= L=5r 0
cog@ = e, =%, o
5y 5
For ' | o )Y ’ . LY
Zm+al dag)b.nce%vm O _,Lo c@r}(e )P ma >
- 50
06 xesO= (g -t ). 2r, k = r = k2r
+ y 5 5

line OF achen 0; N&ak+ fies within base. lj(\acmrasfk
?
ég‘j“t tnd] So e‘}“f"w 18 mab'\"ttinepl.

Ten sivce 1.2r < 51

Scanned with CamScanner



107 (o,sa) D.' .......... da .. C -@a,&a)

A (0,0) @q-’),D) (3'?10)
iform lamina AECF is formed by removing two identical triangles BCE and CDF from a square
¢D. The square has side 3@ and £EB = DF =}, (see diagram).

Aun
lamina A5

distance of the centre of mass of the lamina AECF from AD and from 4B, giving your

(a) Find lhc.
answers In terms ofaand A. o

Le},"p be mags pe antt area -

Hass of square ABCD =(22) x€ = 9a7F -

tass of ABE C =1Lx.3cuh x€ = 1.5ane .

s of BCDF = L xBaxhxl = I-Sahf.

Mess of emaining laming = Qe = 3ahl. = 3aGa-h)e

led, A be e omiin - Then centee of mass of sauace ABCD = 6.54, |-5a_)
A Gnte bf mags 051 ABEC = ('3§+_3;+34-1,,91_0+359

3
3
Centee ofmass of AcoF = (0+0+3ﬂ,'3_3-h+3a+3a)
3 3

= 473“_.5- '
3

3a (&-B)EX\T

T
°-hind momend g about AR :

%P x1.5a - 1.5ah@ x a. ~ [:5ah€ x (3“"-_3-) =
3.503 - 502 b ~45a2h+40-5ah” =B (Ba-h)x

13542 = Lah + 0-5h = 3(3a -h) xJ

RNa? pans+ h>  =6@a-h)d
3' = 2"[4"-12:1'1"‘")
ré@a_— h)
70 Gah-gah b = (Ban)@ah) = %ok

— -—fé‘(gq—h) ——t5(3a— h) <

9231/31/0/N121
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Tleing moments absut AD :
d 2 _h|-15ahfxa = BQ@Q"H)B X X
a Ex\'SQ’I-EaheX(3Q =

27q_2 —-'2‘-\"\ + hz = 6(3q—h) z
Z = 2la*- QGH'FHZ

- & (3q - H)
z = qcx—})
S
. ) ma : qq—h il —h
X Ccn“)'ft § SS (T) Qé ).
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The lamina AECF is placed vertically on its edge AE on a horizonta] pla
ne,

F- d in terms Ol 4. the set Of Va]ues th fOT Wh]Cl lle 1
( ) - f 1t ]am]na remains i]l equilibri
qu:llbrlum.

(3]

A'L 3a-h \E

B lamia 4o ~emain in eﬁwlm:v%um, te lne 4&0)-;:‘-, oJD we.:dH- Shaudld e within the
"‘Aje AE . Tl we -esuive T << AF
Qa-h < z:a-h

————
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An object is formed by removing a solid cylinder, of hcight ka and radius 14, from a uniform solid
hemisphere of radius a. The axes of symmetry of the hemisphere and the c~ylinder coincide and one
circular face of the cylinder coincides with the plane face of the hemisphere. 4B is a diameter of the
circular face of the hemisphere (see diagram).

_ 12
(a) Show that the distance of the centre of mass of the object from AB is %‘%ZT];{)) [4]

let, Hass per unit volume = B - :
Hass 05 bem's,?‘:ere_ = -"l;‘—a'aa‘e-'-' _g_mfﬁ : |

Mass of ofinder = -x(;‘;a)thxf:whaae
L‘.

s of -ewaining Solid = 2 xelf - x_k:fe = %af (33 - é):m-”f (8-3K) .

2.
F'uf}\emv'slplﬂf) distance 4%‘{""3&9}’”’(8:% _
Fer %l-'nder ) e ¢ v e 4 = _}_;_:1_

Thking  momends about AB:
2m3f x 3 q - Fka L xka = TQBE(&B&)KE

= ] 12
2 _ Ra -/8-%&\T
s (5P
(Q—kz)a. = E_-_-_?_-_lg_a"
A s
7 = (ks
g(8-2k)

RENCELY,

2(8-3k) )
s D, | AR = 24 !.'2- R ) (S);ow')) ;
Stnce of corfre o} '"-'fff""" 2(%-3k)
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When the object is freely suspended from the point 4, the line AB makes an angle 6 with the downward

vertical, where tan@ = 1—1—

(b) Find the possible values of . [3]

NG
(o

i\
WL

>\
R

When Su.s?enc\eg\ 5-",“ ?o:q-l‘ A, cenke ay masS & 'S w-hcajb Lelow A-

+en© = _8_
N i
1 = 3a @-kz) ~ a
18 2 (3-3k)
1 = é—gka

8 1€-ék
la - 4R = P8 =ShR"
skR* - 4R+ 4 = O
2k*-2Ak+ & =0
27k2_|gk-3\e+2=o
(k- Dk -2) = O

L or k= 2.
-)‘2-—51“ =
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