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Departm€nt of Examiflatiotrs - Sri L€nka Confidential

l. Thrce particles .i{, B md C, each of mass rnt are placed in ftst odcr, in a straight line oa a
smmft hodzonrf,l table. The partide A is given a velocity a fltch that it collifu directly with
the particle.B. After oollidiag with the particle A, the particle I mwee and collidps dirwtly wilh
the particle C. TIre coefficient of rwtihrtion befiveen A ild B in p. Find the velmity d I sfu
thc first mllisiut.
The coefficient of restitution hetween ^B atrd C is also e.'Writs down the velmity of C ffier its
collision with B.

Applying I = L(m!),

forA and B (l"collision) + '

O=mv+mw-mu@
+v+w- u (i)

Newton's law of restitution :

v-w = eu 

-(ii) 

C
1+e) A.'.(i)+(ii) +, = 
--, Q,/

300 c
ABC

l(.nr*"

BC
.'. velocity of B after l"collision = l(f + ) u.

2

Replacing uby v,we get the velocity of C after its collision with B = !1f + e) v
2

AB

=lr'*4"@
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Departne,nt of Examinrrions - Sri La*a Confid€ntial

2. A poticle ts p@ected ftom a point O on a horizontel floor with
a velocity wftffo horizonEl advstical ffiponuts are aF' and

,l6ga , rmpectivcJy. The pertide jult desrs two verticnl walls

of heights a and & which are ff a hdzoftal djstanoe a aport,

as shoun in the figure. Show tiat the vcrtical mmlnnent qf thc
velocity of rhe pmtide whcn it pesscs the wall dhaigh a i s zr{gc.

Shri*- further thd t = 54-7"

Suppose that the particle passes the wall of height a with vertical velocity

component y.

FromotoA.+ i=u'+2as;

v' - 6ga -2g .a =48" 
@

...v=z^ls" @
If it passes the second wall, after a further

timeT, thenby applying

s = ut * !"f fromA toB, ---> and l, weget.,

o=/fi.r,

and b-a=2lsa.r-Ltt' @
EliminatingZ: b-a=2{A ,rc ir ?

:.b=A+2o-a
2

i.e. b =T @
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Deparment of Eraminations - Sri Lmka Cotrfidcatid

In tbe figure, A, I and C arc pmticle of masses n , fir urd M,
respclively. Thc ponicles C ald B am conmed @ e light
inexhnsiblc sbing.The particle C, lyrng on a srffEth horimtal
table, is cmwd to B by another ligftt inerensible sing passirg
over a sMr snall pulley fixed at the edge d thp tahle. The
particles and fte stritrAs all lie in the cme vstical plane. The
systrm is relead fum. rtst with the sring! hut. Write dom
equdions sufficimt to daErmine fre tension d the sfiing joining
.d and B.

Applying ! = mg

ForA, I rny-T=mf

ForB, I T+mg-7,

ForC, + Tr=Mf

Tr

B

T

A

rn8

fr

fr
Forces C
Acceleratio", @
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Deparhent ofExaminetions - Sri knka Codd€ntial

4. A qr d mass rtf kg and oolstant power P kW.moves dowuwwds alo'ng e Bhaigtt rmd of,incilinstion
c to thc horizmtat. Thcr€ is a mnstant resiffif,e of ft(>rWg$ina.lN b i$ motion. At a certaiu

instani, the acmlatatim of ths car is a msz. Find the velocity of the car at this inetant.

Ildue ft* the mnstant spd with whidr the car c4u msye downwards alorg the road is

ms-r'

When the speed of the car is v ms-l

tractive force F= loooP
v

At the instant when the acce

Applying!=m&:

+ 1000P +Mgstna-R = Ma
v

1000 P

R -Mgsina + Ma

Wlien the car is moving with constant speed,

a = O and the value of constant speed

1000 P
v-

R -Mgsina

is a ms2,

/ F+Mgsina-R=Ma. @
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Departnent ofExaminations - Sri knka Cotrfid€Nfiat

5, Two particles, r{ a.od 8, each cf nuss zr, anachd to th two ends of a lig;ht inoxtcnsiHo
lring whicl Fanier ovcr a smmdr fixcd pullay, hrng in cquilih{um. A smdl bcod

C, also d rnass m, released from rcg frum a goint at a distaffi a vertically above

d, moveg fredy under Blavity and ollides and coqlems wifr n. (See the figure)
Write down e4ntions sffici€trt to detsrnine tbe implsc of the sting s ths instarnt

d the ollision b€tween n ffd C, and fre vdei$ acquired by B ju* Sef the ahove
cdlisiolt,

Applying f = uz + 2as 1,, the

ired by

o
Let ,I be the impules in the string at the instant of collision

of C and A and v be the velocity of B, just after collision.

Then, applying I = L(my-)

forB: I J=mv. @
For A and C: I -J -(m+m)v- mu.

i.e -J = 2mv - *t/6 .

velocity acqu

u = Jzso

C after falling through a distance a is

J
uf

@ r"'"
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Dqparim.ed of Exsmindions - Sri I.enka Confd€ntid

d. In the Dsual nototicnr,let l[+J ard 3i-j be tho pocition vecton cf trpo pointr ^l[ aud I, tupec{vdy,
with rc,spect to a fxod odgitr O. Frnd thc position yEcfitrB of the two distinct polnts C and D

such 6at ldc = n6O=f, and OC =Oq= |,1r.

Note that

+
OA

+
OB

+
:, AB

= 2i+j

3i - j

+-+
AO +OB

= -(2i+j)+(3i-j)
A

= i_zi e/
;. AB = ^m = r,[5

+
Let OC - .ri+ yi

-++
Since OA L OC , (2i +j ) .(xi + yj) = 0

"7* = g'

These equations are valid for the coordinates of D as well.

So,x=-1
3

1--t 
I

=?I

Hence the vectors C and D are -h
3

-2i*a-Li+2i.333
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Deparhent ofExaminations - Sri Laoka Coffidettial

T. A particle P d wciBht W, susputdod frrocn e horizonml
tdllltg by two ll$t hcfltffslble aulngg AP efr tP ilsklng

angl€e a and f ** the horizmtal, rcspivdy, is in

quilibrium as sbwn io fte figurc. Ftnd the ttr$ioo in

the sfing AP in terms d ldr and a.

Hence, fud th6 mininnrm vrftp d ftis t€nsion ud thp
cmresponding value d a.

By Larni's theorem

Tr=w
sin s 

"i" (+ -". t)

z sa({+ a)

Hence the minimum value of the tension T, inAP =Y ,and

the value of a corresponding to minimum of T,is, o=t @

T1
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Depdnent of Examinatims - Sri l^mka CoDfid€ntial

A nnifrym rod dB of length 2a afr' w€ight Yf bal its €nd {
placod ur a rough hduonlal flotr and tho end B again*a'unoali
vfiical erall. l}e tnd is kept in equilibrium in a vcrdel plano
papndicular to the wsll by a horizmtal fuce of mag[inde
P agplied flt thc enil A to,ffards the walt.In the figurc, F and
n dflots ttre fricdonst fre sd the normal rcsctim s A,

reapec{inely. ff fte rtactiqn at I from tbe walt is S as shown

in the f,Sure and the coefflcient dftictim between the rpd and

the floor is ], show ,M, + s P sff .

For the equilibrium of the rod :

Resotvingf o- w=o. @
--<-P+F- #=o @
.'.F=w.-p

2

+ -+*=y-r=f,w

+ w = p=3w
44
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Deparment of Examinations - Sri Lsnka CoDfid€otial

9. IFt ,{ md B be trro eyonts d a sample rpaoe g. In fre usual natntion, it is givm ttrat

p(A)=$, 
",onr;= $ *o p(d:nr1= +,. Etrd P(8) and P(A'fiR); whcre A' and B'

fuk cwnple,menlary evenB of d ad B, res@vely'

p(B) = ,(<on Du(iln rl) = p(An B) + p(N n D @
= ?* *L

:.P(B) = + @

P@!nB\ = P(@vDt)

= | -p(AU B) @
= r-lP(A)+P(B)-P@nDl C
= t-t+.t-?t
= r-fr

P(NnBt) = + O
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Deparbent of Examinations - Sri La*a Cmfidential

F

10. Frve lnsitive integsms @clr cf which is lcss thm 5, have two lnodos' me d wbich i8 3' Their

onean; snd mrdiar trE both cq.al to 3. Hnd these fivs iurcgers.

With median: 3, and two distinct modes, five numbers which are less five, in ascending

order can be arranged in the following two possible ways.

o, ar31314 6
€/

b,3,3,4,4 @
Since their sum is 15 as the mean is 3,

we have, 2a + l0: 15 ; a : ],#

or b +14:15i b :1. @
Fivenumbers are !, 3, 3, 4, 4 C
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Departuent ofExaminations - Sri Laoka Confd€otial

n.(a) Two mrls P and p move with constant ancelerilions in the same dirrdion along a $raigbt tosd.
At.time t.= 0 tlre velocity d P is r mtrl aild the vclocity of O is (a + 9) ms-I. Thp mstnnt

aooiterarim d P is / ms-a ud ths constant amler*ion d p is {t 
- *) m#.

Sketsh the vetocity-time graphs for
(i) the rnotions of P ad Q for t a 0, in tlre sam diagram, and

(ii) the motion of B reltrive to P fsr t E 0, in a s€paraie diagrnm.

Furthet, it is givtrr that at tim r = 0 the w P is 2fi1msfts ahced of fre car Q. Find the tfure

taken by.B.to ovmke P.

(D) A river of brcadth a with psrallct straigbt banks 'flows with mifcmr
velocity r,'tn tlF figure, th6 points A, B, C and D lytng on the bank$

are Ere vertices of a square" Two.boaB .Bt and E! mying with cmara

the velocity uiangles fo the motions of 81 ftom A tn C md sf Bl fron
B to D ln fre mrc diagram.

Heffie, ehw thu the qptrd of the kt B, in its ffiion frotn A ro C is

'fid thc sped d drc b@t 82 in ib rmtion ffsrl ^B io "D.

ftrtkr, show thal boft bwfs Fr and B, reach D at ths same instant.

#lJffi+u) ana

v
(a)

Velocity Q relative to P

C v(Q,P) - (u+e)-u =e.

@ s(e,p\ = (f +1rl -t = a, .

At time t :0, carP is 200m aheadof Q.

In either of the graph, the area of shaded region : 200. @
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Dc1lartr€tf ofExamiDati@s - Sri L€oka Confidcotial

Let Tbe the time taken by Qto overtake P.

+re+n*#b = 2oo @

+

Since

z'+ 180 T - 4ooo =

(T-20)(T + 200) =

0

0

T>0, T :20. A
.v_

(b)

A

Note that

Y(!r, D :

V(W, D :
v(BP rn :

Au,O y(',D

-q,llt @
v, for i: 1,2.

:N@

Y@,,E): Y(8,,W) + V(W,^d, @
v(Bf w)

i:I,2
lr2

: V(W, E) +

-+ +: PO+OR
-t

+: PR., tr:

@.@
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Departueat of Examinatioos - Sri Loka Confidfntial

Hence the speed of BpfromA to C is *r)

Time taken by,B, for its motion fromAto C along 7C *athen from C to D along iO i"

rr: &p\ * ;? @
Time taken by B" for its motion froml to.B along fr anathen from B to D along fr i,

Tr- T, #) o

| , ) 2 1 ,'-r'z Qv--u-)-u- I " u

2au 2au.
222v -u v -u

:0.@
Hence, both boats BrandBrreachtheir destinationDat the same instant. | ^rd

T:

rl- al-
\v-u

2au
22v -u

@
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Departme,nt of Examinations - Sri Lanka Confidential

L2.(a) Thetriangles AECaIrdLI+[N inthefigure,areverticaltros$-sectidsilruughtheoeiltrescfgfavitydtwo

iderticatffioothuniformwedgssxflldf v€ly,with Aen = nfrU = f -"0 AfiC = i.f'fn = I-,

such that the faces containing BC aud itlV are placd on a

smooth horizqntal flmr, The wedge X of mass 3m is frce'to '

mcve qt.the floor and the wedge fis k€pt ffned. The lirm AC

and /,Ar are the lines of gre'&test slope of tre relevant faces, Two

ends af, a light irextensible string passing over two strlooth

small ptrlleys fixed at A and f,, at€ affached to particles P and

Q sf masses m and 2rru, rmpoctively- At the initial pition' the 
.

particlff P aild 0 are hdd on 4C and lArmspectively such $at

Ap= AL=I-e= a arrd.th;shingtaut,asinthe fgure.Thesyst€m isreleasedfr-'orn rest.Ohain equalims

sufficient to determine the tkne Ekcn by X to reach }r iu ietms d a ant g.

(h) Asmocfih narrow firr.ABCDEis fixed in awrtical planeas shownin
fre. figure. The portion AB of length Nia is sbaight and tangential
at B to th circulm porfion BCDE of'radius Zn.The ends A and.E'lie
vertically above the cenhe O. A particle P of mass nt is $acd inside
the tub at.d and gfnfly rcleas€d from rest. Show that fts s@ v

of the particle P when F r"ro an angfe O(4 . e <zrll ilrirhz;
is give-n by *=4ga(2-oos0) ard fnd the tlit* * ,il" particle

P ficm thE ufte et this instant"

Also, find the rcaction on the particle P from the tube in is rncion
from A to 8.
Show ftd th reaction on the portide P firrm fu tube dranges abqlly
when the particle P passes throqh E.

Forces @
Acceleratio* @

I is fixed.)

f-F4

l0 - CombinedMarhematics- tr(MarkingScheme)NewSyllabus lG.C3.(A/L)Examination-2019 lAmendments!obeincluded' - 15 -

Accof (X,D: +) {
,,v

Acc of (Q,E) : t A.

Accof(P,,Y) : f-F
.'. Acc of (P'Q : --+

APPlYing F: rrTL

For motion ofX and particle P ;

+ | :3mF*m<r*T)

x*y'fz:caf$ant

-i+ i + i:0
+-2: i -(-i)
: f_F

,(

/

F+



Depatuent of Examinatiols - Sri Luka Coofid€ntial

For motion of P ;

For motion of Q;

r- *sE
2

: m(.f-F ++)

\ 2*sq-r:2mf @

Time I taken by Xto reach Iis given by

o: |rP @ (s: ut + j- of - forX)

(b)

zaG

+ f :4ga(2-cosD), L<0<2n @
For circular motion, inside the tube, F : ma / :

mg coso* 
^ 

:T! :2mg(2 - coso) @. C
+ R:mg(4-3cosfl>0 -(i)
.'. This reaction is towards the centre O.

s@

P.E. :0

Applying the principle of conseMion of energy forparticle P :

**n r mg (2a cosfl):0 * mg.4a

10 - CombinedMathematics- tr MarkingSche.me)NewSyllabus lG,C3.(A/L)Examination-20lglAmendmentstobeincluded' - 16 -
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For motion inside the straight tube, F : ma ,/ :

S - mgcos

The reaction just before reaching

m (0)

rye
B:ry ,v

xI _
J

s':

The reaction just after passin g B : * *f y'
@

c
Hence, there is an abrupt change in the reaction from ff to l-mg in the magnitude

as well as in the direction from outward to inward. 1A
\,/
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13, The poitrts 8, A afi B tie in that ffdsr, with O
lowerrnost, otr a line of grmtest slope of a srnffih
fixed plarn inclined al an angte f, to the horizonaal

snch that OA = a and AIt = 2a. erLe end of I list
elastic string d nahnal length a and modulus of
elasticity zrg is droched to the pfu A and tre other
end to a prticle P of rnass zr_ The.string is pulled
dong the line OAB urrtil the particle p reaches the
pornt .B. Thcn the particle p is releard from rest.

ff# Hr*.quation 
of motion of p from B to A is given by i+*(.r.r #)=,

I-et y =, * t and rewrite ths above equation of motion in tbe form ji + aly= 0 for

r:
where r = {S.
Hnd the cenfiio of tk above simple harmonic motion and using the fsmula f = ,] (l -tt) , *o
the amplitude c ad the velocity of p whcn it rwhes A.

Show tbat the velocity af p when it rech6 O is .,t1fi,

show also rlrat rhe time tnken by p to move from Bto oir.p{"o**t l])*z*}, where * = Ji -J-d.Ys t lslt 
. -.-/' -

When tlre particle P reaches O, it strikes.a mooth banier fxed at O perpendicular to tJrc plane. The
coefficient of restitrtrior betweeir P and the baniu is e. Show that if 0 < as {, , th"o th subsquent
motion of P will nd b simple harmonic. 17

Equation of P:!-oU y';

r+ mg!: *(-;)-(i)

for 0sr<2a,

t"' **

(i) and (ii) + ; ** F.3)

r - ^s e)- (ii) @

-0, 0 < x < 2a-

@
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Writing ! :x*+,i :i,weget @
"o^AI * arl -$, T = y =

where ai :8
o

t,@

Cenfre C of SHM is given by i :0. i.e. /:0 or *: | @. O

So,point ConOAsuchthat Or: +, (Mid-Point of OA).

Amplitude c is given by the forrnula

i' : of 7", -y2), wher 
" 

or.: * .

r :o when y:Z (a,u).

... o: "tG, - (z )") r " 
:r!, . @

Let ube the velocity when the particle reaches the pointr4.

AtA y:+,u,:*gf - Gfl, C.@
+ u:{6go @

Motion of P fuom A to O

This motion is under gravity on the plane.

Applying rF : LP a2fs :

y' *: 6ga +z(f>.a C
7ga

Flgo

r)2 -

V=

l0 - Combined Matb€matics - tr Marking Sche.me) New Syllabus IGC-E.(A/L) Examination - Z)19 lAmendments to be iacluded. - 19 -
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Time taken by P to move from.B to l, under SHM
a

@tr:Q.@No*cos':+:+, @
2

.'.t,:f {.or'(p) O
Now, time taken by P to move from A to O :

Applyrng v: tr *o, , @

/rfso : fes"**q

t-:. t,: ,lL (rF -rf )

... Total time, from.B to O is

t, r t, : f {r"t'(p .2/c), where 7, : tff -\K .

A\3/: 2klL , where k : ,n -'f .tg

Just after striking the smooth barrier at O, speed of P is €v : €{lgo

The subsequent motion of the particle will not be simple harmonic

if 0 < z 1 a, where z is the distance travelled up the plane under

gravity. 
@

Applyrng v2 : u2 *2as :

/ o : (ev ), 2(+)'

+ z:uda @
Now, 0< z 1 a

€ 0< 7da lct

<+ 0< s 1 L\/7

@

@
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14. (a) Lrf. OACB be a panatlelogrurn and l€t e be ths pnrint m dC srrch thar CD: DC=Z: l. The
position vecttrs of poi{ts A glg B with E$prct to O are lr and b, re,spectivelS where l>0.
Exprss the vedus OC arid BE in torms of n, b md l.
ltuw, kf fr va perpendicutar to FD, Sholy thnr ?l"f t, +Z(r.b)1.-lnf = o and

find the value d fi ir fal= 14 *t e6a = t.
A ryetem consiss of thr€o forces in ilre plane tif a regulu h€xagon ABCDEF of aeqhe O and side
d length fu. Forws and ihdr points cf acticm, in the usuat ngation, are shown ix fte table Mow,
wilh t|re sigln at o, thc Ox-axis nlmg OTand ttre Oy-axis zlpng ffi,whcne.I/is ftr mid-poipr
of CD. (P is mesursd in newm$ and.a is measlred in m€trcs,)

(r)

PoirtofAcdon FositimVstor Farce

A ai.&aJ rri+JTrj

c ait"fui -srr+ '6pj
E *2di -z,Eri

show that the systenr io quiralem to a mrryle md find thp moment qf tbe muple.
Norp, an additiornl fore <rf magninrde 6P N acting along ffiis iaho&rcod to this sJr$m1 Find
the magnitude, direc{im md the lirre af artio af the tiugle forrcp to which the new s}ryt6ill
reduces.

+
OC

--->
OC

--->
BD

+
OB

+
BC

-->
BD

La +b

-> --->
BC +CD

r --)
M +" Ce

1Ia + -3-b

ful=o
fpt".b)r-|lu': o C (... b. a = a.b)

0

fi,

T

Sin"" d I to fr , rrcoscalarprodu"t = O. @
=+ ()ra + b) .

)"'lal'+ (l -

(la -

+ 3),? lal' + 2 (a . b)1, - lbl' :

Given lal : lbl ana tbn :

-a.b:lal lbl *r+@
l^: |lal"

Subtituting in the above equation
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3lal2tz *, .+laf i,. -la;z :6

3*+1.-1:0

-L= t-11p
2

i'>0; i\ -

I:

since

(b) ,ftp

c
3P

+y=3P-3P=o
t-

A I= t/3p +t/3p -26P =o

6p

E

2\f3p

FA

Reduce the system at O.

Position vectors of

points of action.

OA = ai-tQ aj

-5
Oe = ai+t$ aj

+
OE = -2ai

--
Fordiaeram (l"v

)

I System is equivalent to a
r couple if M t O

.^.
(10 )

l-to) r"3P. a6p + zat6p +(2a) {e =M = tu6r)
Moment of the couple (M * 0) is @

of magnitude l?a6P Nm, in the counterclockwise sense. /a.rav \,/

New System
126p

.G.
6P

Magnitude

Direction

6P@

X E

c
ttl -6px (2a+z)

+z=2a@
9 . DatEp =o @

New system reduces to a single force acting 
"*t "? @
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15.(a) Tbrouniform rods ,,{B andSc,ach of length2a are joiuad smoorbly
al .8. The rcd AB is of wrfgfit W sfr rlw rcd ,BC in of weight
2f. Thc End 4 is hingd smo*lrly b a fxd point. This sprsm
is kep in equilib{'ium in r vertical plane with d .4C aud AC
making angles a and p, rcspwtivelS rpitr thc do*,nward verticul

by a force # *U* u C in the diroction pupradinrtar tfr BC

shorrn in the figue. Show thm f = E aud find the horizontal
and the vertical componeilb of the rcafton at rtrc joint B on thr
rod ^dC exerted frur th rcd A8.

Also, shon, thm tancl = 

'f,..

ft) franewo* shawn in the figue consism of five light
rods df, BC, BD, DC ad AC suoothly joiurd
at thcir ends. Here, it is giveu thlt i4.B= CB=e,

CD=hand FiC=
hinged at A to a fixed
at rhe joinr D, and fte framewort is kept in
equilibrium in a vertiel flane with AC vertical
and CD horizontal by a folw P parsllel to the
rod 4.8, apdied at the joint C in the dirccrion
shorryn iu fhe figtrxe. Dnrw a sfrress diagraur, using
Bow's nohtion, for the joints D, B, and C.

Hene, find

{i} the shesses in fte fve ruds, stating whether
they are tensionu m tlnusts, and

(ii) ffid value of P.

(a) Taking moments about B for BC,

: +.'. p: + O.C

[.cosB:Fr.C

{ 
rorac' Y:2w-{sinf O

:1-W. O

t>. y (2a):2w. asin f @
+ sinB

For,BC

+X=

l0 - Conbinedltlathematics - tr (lvlarkingScheme)New Syllabus lG.C.E.(A/L)Examination-2019 lAmendmenbtobeincluded, - 23
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,n) *.Zacosa-Y2asina -Wasina:o @
=+ rFcos d: 9 sin a.

=+ tang:E
9

(b)
j.t

P=up= 4W

6

Rod Tension Thrust

AB
4W

,E
BC

2W
.{3

AC w

BD 2W

CD ^Ew
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ld. Shon' tlnt the centre d mngs d
(i) a tlrin uniform scmidrculd wirc of radiur a is et a distance # *^ its oenfip, and

(ii) a thin unifonn hemispherical shll of .radus s,is at a dietrmrce S tmr its ccnft.
2

A ryoon is rrde by rigdly fixing, rc a ftin uniform hamicpheriel $bell of
c€nhe O md radiu* ?a, a thin'hmdle ASCD rnrde of unifonn wire oonsistiug
of a stmigbt piece 48 of lcngth fuw aad a remi+ircular piece BCD of radius a,
such'thst the diameter BD is.perpmdicutfi to AB, as chofim in the figue. The
poim d lies on the rim d the hemisp'hera, OA is perpendicular to r{8, and OD
is porallel to l|t, Also,8CD lim in the plane 6 OABD. The maee pcr unit amo

of ilre henrirphere is o and tte rrqss per rmit length of the,handleis ff.'
$how thaf the caffe of rnass 0f th spoon lies at a disane ffip" -# -tl"
below Od, and a distanm $a nom th lirc pnssing fr*W.O and D.

Tho rpoon is placed ou a rurgh horiz@tal aUe with ttre hcmisphdcal srrfane
touching it. The coefficient of frirtion btwecn the hemispherical su{aoe ad the

. Shev that the e9g[birun with OD venical by
force applid fi'AO,

(i) Semi - circular wire

By symmetry,the centre of mass G lies on Ox - axis.

L rn : aL,0p, where p is the mass per unit length

Let OG :7 . Then

@.@f,Dp

,J aP do
2

tz
asin?l',t-TE

2a

'T

Hence, the centre of mass is at A distance h from O.

o
c

xl
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(ir) Hemispherical shell

t+
- cos dl' o.c

mass is at A distance + from O.

=

Hence,

a
T
the

By symmetry the centre of mass G lies on the Or- axis @
Lrn =2t (a sn4) apQ.o where

ois the mass per unit area.

LetOG =l .Then

2l
^l2nfusn9\aoacos9 d0u-
I
TF-)2n(asin?) ao d,0

@.c

Let G(i,y) witb

Ox- axis along OA and Oy - axis along OD.

a

10 - Conhined Marhematice - tr (Marking Schem) New Syllabus lG.C3.(A/L) Exrmination - 2D19 lAmendoents to be included- - 26
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Object Mass
Distance from

OD (-l
Distance from

oA Q)
Straight piece AB ndo e 2a xl,ct

Semi circular

piece BCD

fi,a2o ^ ,

2('
d 2na+ fu

fi,

Hemispherical

shell Strnzo @
0 -a

Spoon ,Y@
x 1)

@

@

@

r9g'do y : na2o.no * nLo 
(zna + ?)-8na2o 

(-a)

ffl : -8na+2na+a O
Y : -h (8n -.2n2 - t)a

centre of mass of the spoon lies at A distance

h, ,t" - Znz - r) a below oA.

I9na2o 7 :fido.** na2o a+gna2o.g22

19 t : 2a+ a ::o222

5a

19

centre of mass of the spoon lies at A distance ! ftom OO.
t9

l0 - Combined Matbematics - tr (Marking Scheme) New Syllabus I G.C.E.(A/L) Examin*ion - 2019 lArrendrnents to be ircluded. - 27 -



Departneot of Examinatioos - Sri Lanka codd€oiial

+'F-

t R:

\E\

:.P-

+ F:

F
R

.'.1t
7

P

w

P1

5

38

J

38

5

38

F
R

@
o
2n:

w.

w.

w xaa
t9

o
@

Hence, the spoon can be kept is equilibrium.

a2

't,,
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l7.(a) hitially a box cmhins 3 Falls idefitical in all mpects cxryt fur tbeir cdois, cach d which is
_ eith whib or black. Now' me whilc ball idetrtical to balls in the box in all aspects srcs$

for ite cdorr, ie added into the box md then one ball ie drrwn at rut&m ftqn tlrc tbx.
Assuming ftat thc four poasible initial mnrpmitions of, the htls in tle box are equ,ally tikely,
Etrd ths probability tbil
(i) th€ ball drawn is white, and

(ii) tnitially there were cxactly 2 blek balls in tile box, giv.en trst the boll drawn ie white.

(') L€f tlre mean and thc shrulanrl devidion of the set of valuce {,r,:i= 1,2,...,o} b* F and o
rcspectively. Fmd thc neatr and the shndad deviafion d th€ set of value faltr:i = 1,2,,.., ol ,

wherc a isacmrtant.

Mmthly ealade d 50 emgloyeec at a'certain Topony aff summarised in thc follon'ing table:

Mmfrff $dnrt
fin ttouandrupctt)

Nuubgot
Emdoycec

5-15 9

l5-2s 1t

25-35 t4
35-45 10

45-55 6

Estirnte tlrc mean ad ths staildad Oeviuion d the rnonthty gatariee of dre 50 cmfloyees.

At the begiffiiirg of o year, the monthly salary d earh anploye is incrcasd by p9b. It is piven

thflt fu n+au of tho ncw mmthly salaies.of the abwe 30 eryloyoee is 29172 rupegs. Estfunate

fte vnlrrc of p and dle sundfld dcviatiixr of the nrw murthly saledec of fhe 50 employec'

t

t

(o) Let E.be the initial composition of the box with i number of white balls, for

i : 0, 1,2r 3-

Then P (E): I for i:0, 1,2,3
4

Let Wbe the event that the ball drawn at random is white.

Then
3

o P(n - 2 p(w 
I E) P(E)

i-0

: i" L * ?" +. +"I"?I
=+@

(ii) By Bayes theorem,

P (8. I w) : P(w I E):9)\" P(n

10 - Conbined Mathematics - tr tMa*ing Scbeme) New Syllabus I G.C-E.(A/L) Exarninatim - Z)19 lAmendments to be included. - 29 -
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= +o

(b) LetY: {ex,: i:1,2,...,n}

mean : F, :;'=''14 : "(+) : tr

vaiance: ol : i'=''Z')' - ,i
ln t 1

o,l4=,*; - t I

Ln I

: .,'.-'O

c.c
@

o

The standard deviatio L o, = lolo @

5 5 5

Monthly salary

(in thousand rupees)
f Mid Point

x
IY: lot f Iv fv'

s -15 9 10 t t 9 9

t5 -25 11 20 2 4 22 4

25 -35 l4 30 J 9 42 t26

35 -45 10 40 4 16 40 160

4s-55 6 50 5 25 30 150

50 2I*=AS ).f*=489
5 5

I

a'

or:ry C
10- CombircdlVlaf,hernatics- tr(Ma*ingScbeme)NewSyllabus lG.C3.(A/L)B(amination-A)lglAmentuntstobeincluded. - 30 -
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Using previous results :

(: 28600 rupees)

I
I t^^4

and, o- :10q., :W = 72.65thousand rupeesxv5

(= l2650rupees)

' Newmonthlysalary: z = x*r!^ * : (t+l-).r, where.risthepreviousf'-100\100/

l'

p,: rop,: to (fo ) : 28.6thousand rupees C

monthly salary.

Using Previous results ; F, = (, - h) r,

r*

,t'

+ '# : too+p :. p:2 O

o,- (t.#) o

= 5l x 12.65
50

2sr72 : (t.#) 2s6oo @

* tt2.9 thousan,i rupe€s

(= 12900 ruoees)
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