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For n=1, LHS.=3 and R.&s.%. SEREAES

~ The result in true for n=1. @

Take any k € Z" and assume that the result is true for n=k.

T e i gor

k+1 1

L1 1
%

Now, ,Z=, r(r+1) Sr(r+l) i (k+1)(k+2)

k 1
T (k+l)(k+2)lq—®

=_k(k+2}il_
(k+1)(k+2)

_ (k+1)
 (k+1)(k+2)

k+1
= o Ay
k+2 @

Hence, if the result is true for n=£, it is also true for 7 =k +1. We have already proved

that the result is true for n=1.

Hence, by the Principle of Mathematical Induction, the result is true forall neZ’. @
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From the graph, wehave 1 <Xx < 3. @
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F+2i=|z-21. 5 _ !

Hence, the given region is the same as the region given by Iz - 2i| <l1.

Ll tHe v Ko —E5

Let z, be the complex number repented by the point 4.

From the AOAC , we have AOC = = @ 3 .
6
o ol |

The required greatest value of Argz = Argzp o L @ -
4 %}‘: e |

T I
= e——
X0 \
3

Aliter for the first @ ¢ ‘

Let z=x+iy, where x,yeR ‘

Then ]E-{—21'|1 =|;vr—(y--z)i|2

=x*+(y-2) @ -

Hence, the given region is the same as the region given by ¥ +(y- 2)2 <1. _ ‘

25

e e S e S
10 - Combined Mathematics | (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) | Amendments to be included.
6



Department of Examinations - Sri Lanka : Confidential

nding powers of xup to and including * term.
n the expany °f£4~53§€2~+4u}; is =80.

The required expansion = *C,2° + °C,2* (ax) + 5@2’(::::)@ ik

=32+ 5x16ax+10x8a%x> @ et ot es
i A= X %ﬁ@m
= 32+ 80ax + 80a’x> ér/ 6

Now, (4 — 5x) 2+ax)’= 4 (2 +ax)’ — 5x (2 + ax)’
The coefficient of ¥’ =4 x 80a°—5x 80 a @
It is given that 4 x 80a>~ 5 x 80 a= —80 4— (O 5

402 -5a+1=0 44— :ﬂmd:»a«l'ms Me g

(da-1)(@-1)=0.

1
a=;m’a=‘-l. @

25
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x((1+ x)cosec2x — cot 2x)

x50 (J1+2x—J1—2x)
2 (1+x-cos2x)
_L’ﬂstx (wfl+2x Ji- Zx) | @ n\SMa %
- (J(l+2x)+~/1 2x
11=]-]1>3sm2x (J1+2x =l= Zx) (\/l+2x+\f1 2x @

S 2x (Zsin x+x)
xl-'ﬂz sin 2x [(1+2x) (1- 2x):|

-t 2 2o ](mwra) ©

(\}1+2x ++/1- Zx)

02 sin2x 4x

:lxlx-}—x2
merige
5 All thres limits correct ‘
o
2 Any two @
|

25
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6. Using d{x(x +l)mn"x} (3x%+1)tan”" x + x, show that j(3x2+l)m"lxdx——(3 -1.

The region enclosed by the curves ¥ = y2(3%” +1)tan”'x vl did y =0 roladel about 1 %3
through 277 radians. Show that the volume of the solid thus generated is m(mw—1).

."‘1t

Using = {(* +Dtan” o} = 3 +)tan” x4, Quent @M

we have

I(: [(.’uc2 +1)tan™ .r+xj dx = x(x* +1)tan™ x“) @

_[:(3,x3+]_}tan'lxdx + J.ij dx=2tan™'1

o 2
« [ Gt xdr + [ =22 @
é R

J.l(3x2 +1)tan” x dx = (E—-I—J
0 2~2

%‘”"P‘)?@ b ﬁ,wf-g

O

The required volume =7r£2(3x2+l)tan"x dx @

1
=27(x-1) X @

=z(x-1).

25
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P,

x=asect, y=>btan@

idﬁ:asecétam?, iy-.-=bsec’19 @
dé do R e S

\
M btk oocre ek
Jdy_ bsec’d (g
" dx asecOtanf
SR DL
2 psecd ..-—-@ A/M
atané
The gradient of | R
asect
From the given condition, we have s o8 i o 9). @
atan@ asect

. sec* @ =tan@+tan’ 6
e

s tanf=1 A&—=
L
4

25
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¢ @9 e —>
-
el
A il =
o fon) y=f o Nt
D (x1, ) - I... “-:__g
.
%ﬁaﬁ _ 4+C
T
Let B = (x, yo) and D = (x1, y1) = DF LS 'ﬂ +%
Since E in the mid-point of AC, we haveEs(4,m R \
Then, AE* =3*+1*=10 1\3\”' & \
Since ABCD is a square, we have BE = AE. =
Hence, (%, —4) #(3,~4) =10, SSn=tss e - (1) @ i
Also, 4E L BE. 0z g
.._(4"3} -4 =t ) ( }
\a-1) | x -4 AR
Hence, y,—4=-3(x,—-4) =  ————————eemmm—- (2)

(1) and (2) = (x,—4)’ -1-9(,»:0—4)2 =10. @
Hence, y, =4 =-3(x, —4).

5 =)=

5o (X —4) =1,

. Xy =5 .or x,=3. @

Note that (x;, ;) also satisfies (1) and (2), when (x;, y,) is replaced by (x;, y,)-

Hence, x coordinates of B and D are 3 and 5.

25
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C;(12,8)

-
i

b

12 . x

Let the center of the given circle be C; and the center of the required circle be C,

Then C, =(3,2) and C, =(12, a);where a€R
-\_\________,/"'
Since the circles touch extemnally C, lies on the line CA. !
S
. 6-2_a-6 @ ?\ﬁl&"‘
" 6-3 12-6 : %\WR
A& A

. 33=18=24.
i)
e ST

The radius of the required circle C, =+/(12—-6)° +(14—6)*
=10, &—

Hence, the required equalion is(x—12)2+(y—14)2 =100. @

N\e-’ir = v_ﬂ_ﬂ__j:f_____ =
5w B )= @)
N 2 bt
l_.._ 2_&")“174’ =
qa —2& T \Q‘;\a
o —284 + b= S

- Y
() ==" A4
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%
cos 50 = cos36 \m‘m“‘w

AT
= 50 =2nr+30 for nel, @ Q—‘—’P

& 80=2nm or20=2nmforneZ,

= 6=% or @=nrm for neZ, @

= 9=% for neZ.

sin50—-sin36 2oos45sinf®
c0s 50 —cos 30 —25in403iui®

=—oot46'z—®

25
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# Answer five questions only.

11.(a) Let 0< |p| <1, Show that the equation px®—2x+1=0 has real distinct roots.
Let a and B (> a) be these roots. Show that a and f are both positive,
Find (~1)(f~1) in terms of p, and deduvee that a<1 and B> 1.

Show that B ~a =]‘l’]_,f-2(1-|p[)
It is given that /B +Va =]%l\‘ﬁ'{l+|p[]. Show that the quadratic equation whose roots are
Ve -1| and |JB -1 is |plx = J2(1-]p])+ 2(1+p]) ~1A-1=0.

(b) Let p(x) = 22 + ax* + bx—4, where a, b€ R. It is given that (x+2) is a factor of both p(x)
and p'(x), where p'(x) is the derivative of p(x) with respect to x. Find the values of a and b.
For these values of a and b, completely factorise p(x) - 3p”(x).

(2)
0<|p|<1. ¢
Let A be the discriminant of p°x’ —2x+1=0. {/ gwi @
NO
2 2 2 /D
As4-4p° =4(1-p°)>0, since p° <1. i

*. The equation has real distinct roots Q 4
. The equation has real distinct roots. \ ~ 15 |

Let @ and f (> @)be these roots.
Then aff = & +>0. @
P

a and /3 are both positive or both negative.

2 Ty
But, @+ f=— >0 gives @ and [ are both positive. @
P

(@-)(B-D)=af- (a+ﬁ)+1_—-—%+1_ ! O -t
A

2 -
e B-150, @ &j\mgo(

a<land f>1. 20

T e el s
10 - Combined Mathematics | (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) 1 Amendments to be included.
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(\/— \/_)2 =a+p- ZJ_)B-__ZI ‘ 2(1 ipl)
meTee

Aplda =1 Ba-
e TOB

S RV R I

SincelJE-ll:l—JE and |JE—1|=JB—1 wchaw,'?f@
2 ez e F-ap-1=0 & - (5) "ol @

=L DA ph x4 e 2~ =1=0
PO =+ G POTA
= |p|x* =20 -|p| x+20+|p|-|p|-1=0 @

p(x)=2x"+ax’ +bx—4

p'(x)=6x" +2ax +£_,®

Since (x+2)is a factor of p (x),

We have -2)=0.

p(-2) ( : )

Now, p(-2)=-16+4a-2b—4=0.
r(-2) l ( : )

Since (x+2)is a factor of p'(x),

We have p'(-2)=0. @
A
Now, p'(-2)=24-4a+b=0. @

10 - Combined Mathematics I (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) | Amendments to be included.
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(l)and(Z) :/% 7 andb—:gj

35
p(x)-3p ()= (2% + 72" +4x—4) - 3(6x2+14x+4)®
=(x+2)2x* +3x-2)- 3(x+2)(6x+2)@
= (x+2)[ 20" +3x-2-18x~6]
=(x+2) (2x2—15x—8)_®
w_-
= (x+2)(2x 1)(x—§eJ
30

Aliter
p(x)=2x"+ax’ +bx—4

Since (x +2) is a factor of both p(x)and p'(x), we can write

p(x) = (x+2) (2x+k). where k is a constant.

By comparing the constant terms, we have 4k =—4

sk==-1 @

= p(x) = (x+2)* (2x-1).

~p(x)= (" +4x+4)(2x-1) = 2x° +7x° +4x—4. @

By comparing the coefficients of powers of x: b=4and a=7.

(s) 5

16
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sp(x) =22 +7x" +4x—4

5P (x)=6x" +14x+4=2(3x" +Tx+2) =2(x+2)(3x+1) @

5 p(x)=3p (%)= (x+2)*(2x—-1) - 3(2(x + 2)(3x +1)) @

= (x+2)[(x+2)2x-1)—6(3x+1)]

=(x+2)(2x* ~15x-8) @

=(x+2)(2x+1)(x—8)

Ol0, 5

“10.. Combined Mathematics | (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) | Amendments to be included.
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12.(a)Skmgmandfwramgumbbemmmdmgdgmmdemmmumhm
receives at least one fruit.

Find the number of different ways in which

(i) mmdenmgdmﬁﬂtmchmdmtdthemn&iningmoMommtwom
and the other gets two oranges,

(ii) seven students get one fruit each, and the other student gets three mangoes,
(ni-)mmﬂmmg&omﬁmtewh.andﬂwoﬂﬂsmdmﬂgmmm.

2r+ + A
(b) Let U, = G DTS for r€Z". Also, let f(r)= {2r+l) (zr oI for rEZ’", where A
and B are real constants, Determine the values of A and B'such that U, = f(r)~ f(r+1) for r€ 2",

n
= B z*
Hence or otherwise, show that zlv,_s 53 sy orneZ’

Deduce that the infinite series EU,. is convergent and find its sum.
r=l1

Hence, find the value of the real constant k such that ' (U, +kU,,)=1-

r=l

(a) (1) 2 students " 6 students
P0 | @
' sc % 5¢, x 2C

\

R B
i eno Gtge
g C. X E N

Answer : 2x C x“C‘é % i @
6!

(D gones

=2 — -——2><28x15 840 ways.
6!2| 412!

o

e —————— et
10 - Combined Mathematics I (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) 1 Amendments to be included.
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) CAS

', X Cx !

CRERC

GHeaITRT aufssi: ?C %'Cx'C, —8x4%—8x35 280.

(Gif) 3 upi: @59@ ¥ 0@* @

4 susmassit

@ susna 280 euflmeir (i) Bsv 2_sitenaungy

UENE 8.:-]x?cﬁx]cI =8xT7=56 eufme @
@ +su6u)£ﬁ S¢,x "e,x ¢, =8%35=280 eufmsi @
@.,. s e x cgx’c, =8x21=168 anfessh @

Cxemauwmen euflassi= 280+ 56+280+ 168

Couml (Lpsmm:
(a) wompupmimelt 6; Gpm_tbuprumsit 45 wreeuni 8.

(i) P IIEIhE 2 mbLBisED @siCanmanmbe 2 GHILD LPRSEHD
auprtimiL@aIBTE 6 1wnaualfass 4 imbuiphumsh,2 Gmiibupisallsd E®bd @allQaursiisnm

Gumicul.

EEEEENEDED

s - 2022(2023) GP Hodpiach ashar dalir oElas. 19
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R LD

| ot iecp GO
o@D, 2 GETLIDIBEED 6 10T
4 I j
6!
412!
suraresalednhel 9 WTEG Ozfley QFWWNULE 2 WTDUPHIGMm6T SU|DBIG U BDE Ten

afssit = “C,

anafEEpEmLUIED (YD 6IHD) Uk (LD Wag |

7 wremsjssiedmbsl wWHDOW® wrewmeust Cgfle) CalwiuL @ 2 Ca L buprisenen @
QUPRIGISDET ufiEeT = ?Cl

6!
Comauwnen aufamsii=——x °C, x 'C,

412!
=840 ways. @

OR
!
= -i._x sf’!
412!
=840 ways.
L

(i) 7 wremeusa et Liph efspib S DISWCUSH APSHDI LDMDLIPAIBSHSTLD
LI T T T TT 3™

SombuphisEnn 4 CHTLDIMSED AEEE @eGausm sipd 7 wnewaiasieant Gw

1
U bHM&HES anigul euifosir :I—’:—; @

SIL® wiemajsefedmhbal @b wnemess Qs Carunw @ 3 wmbu

afmsin ="C, @
7!

. =Yese 28
S Bpsnauwne enflmen = C,x4!3! @
=280 ways.

DG ENETT SULD RIS HIGET 6

(iii)
3 Lprtumeit ga 7 uprinelt 7 CmemsuiLime j
LOMERTEN G @) Lo 6001 Gy e 6T e @y e lmeh
DINIATAN 61| PIBIGED
mMbUb | Gnm_tbLpib | 1ombrpib Gamn_ibuypib

3 0 3 4 |
=0 x - =280 @
3141
2 1 ] 3 71 @

= aCl x——=280
4131

e - sammn 0

2022(2023) @up Pobsbsh e baaL TS I

1n-m1,¢, wedph | (yhol auipdigd ACLD) mGug (ew py)i O e -
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Total Number of ways
=280+280+168+56

®). reZ
" 42r+7)
" @r+D)Q2r+3)2r+5)
U, = f(r) =ho Jirs1)
42r+7) _A+B_A__84_@
Qr+DQ2r+3)2r+5  2r+l  2r+3 2r+3  2r+5
~4Q2r+7) = AQ2r +3)(2r +5)+(B— A)2r +1)(2r +5)— BQ2r +1}2r+3)

=(44+4B)r +104-2B
Any Method

Comparing coefficient of powers of r:

2 8=44+4B=2=A+B @ @
}A:B, B=-1

0

i 28=104+2B=14=54+B

ethes e
U.=f(r)-f(+]) wh SO
FAGR LG il 2r+3®

r=L U =f0-/Q)

r=2 U,=f2)-/3 @

r=n-1, U, = f(n-1)- f(n)

r=n, U, =f(n)-f(n+l) @

S'U, = f(1)- f(n+1)
P

e e B e e ST e T e =
10 - Combined Mathematics 1 (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) | Amendments to be included.
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w YU =fO-for+D) "o
Ug = Yoee) —fren) @3 : AN
1
u = 5611 S * 06

5 2n+3 2n+5

|y fer e JEO
a3 * = 5 2n+3+2n+5 EN 30
|
"""""""""""""""""""""""" W
v\r:'. 2 Fpﬂl ‘—'{:ﬂf [ llm/
U

L{hf['— g’&ﬂ'd "ﬁﬁ!"}"[ ﬂ—)m; 5

™ y
'2HﬁrFtKL)#€W}"/ o (i— e )
o B il n—>w\5 2n+3 2n+5

. Shsa) o
ke %_7‘ o =§'-v® )

TR ;
~ 3% ) - Theinfinite series > U, is convergent and the sum is g- :
_.---’/ r=l \

g P 15
g B Chor - il R
2_ U k\{f'ﬂ> =1 a zauﬁff‘flm"z]
e =50, +4,.) - Sdberd
— - | i ¢ +[L- _'.‘2_, 2 )
S Ut k 2 WeH . v s e 15
ce! = ) =(l+k')(h U, |-k, \ 5 “
K +un‘§' e \ = Sr? 2 f‘b

---------------------------------------------------------------------------------

12 oe | lsaReHEAARPPR he |15

e et
10 - Combined Mathematics I (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) | Amendments to be included.
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13.(a) Lek & = {‘: ;f; |, Stiow that A exists. for all @ €R.
L ".I 0 -1 (2 3.2 ) "1 8
The matrices P = | 9 = I Ro= such

A=PQ"+R. Show that 4= 1.
- For this value of o, wiite down. A™ and hence, find the values of x and y such that

B
l») 0]
(B Let zwEC., Show that 2= and hence, show that |z%w[* =[of’ +2Rezm)+|wf’ .

Dedace that [z+wf*+]s-w{" =2{}2f +}sf’) and give a geometdi iterpretaion for it when the
points representing z, w and 0 in the Argand diagram are non-collinear,

(&) Let z=-1+3i. Express 7 in the form r(tos@+ising), where r>0 and %c-‘ﬂ"«x.
Let 2"=a, +ib,, where a,b ER for i€Z". Wiite down Re(z"z") in terms of a_,a.b,
m b' fﬂl’ !lh nEZt
Considering ™" and using De Moivre's theorem, show that a,a,,_a,a_.ﬁzwmmn)%,
for m, n€Z", ’

(@ \-4|=n(a+€) +W @
- A'exists forall aeR @ ‘

=l
@ —2_10—1\‘:7+13®
1 a+2) \0_1 -2 2 4 e

10 - Combined Mathematics | (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) 1 Amendments to be included.
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x “’*"’; = A=.[‘ ‘2} _-_A":l{:" z‘aﬁ M;:,.s

£ra 5\-1 1)

()6

O

- (b) Taking z=x+iy; xyeR, wehave

Z =(x+ip)x—ip)=x" —i’y’ =x" + ) =|z|2

|z+ uﬁz =(z+w)(z+w) @
=(z+wW)(Z + W) G\,}

—_—

A~
e _Kﬂ)
= ZZ + 2w+ 2w+ WwW =

i

=l 2w il

5 )

=|2f' +2Re(zi) + W] -T2 -mme e Q) 20
(i) with wreplace by -w, @
|z—wf =|2|" ~2Re(zi) +|wf ps/~--=-m--m-mm (ii)

. By (i) and (i) '
|z+w]1 +|z- wf = Z(IZF +|w|2). @

\0\2(3\ S

10 - Combined Mathematics | (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) 1 Amendments to be included.
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P < 0
) =X
e 7
‘l e
B(w) ; Clz+w)
wi
z zl ‘I A(z) »
0 Lt

If z, w and 0 are non-collinear, then OC* + AB* = 2((142 +0B* )

%

('.'OC=|z+w1 and A.B=|z+w|.) AR 2

In a parallelogram, sum of the squares of the diagonals is equal to twice the sum of the

squares of its sides.

15
(©) 2-1+~f§i=4§+§f}=2[ws%+ism%] /D
@ .
Here r=2, d 9=2Tﬁ. 15
Re(z"z") = Re[(am +ib, )(a, +ib, )] =a.a - bme _______ 6)) 05
s )
""" =" = 1:2(cos—231+:‘sin ZTE]]M g [cos Z(m}):r +isin L ; ")E]

S Re(z"z")=2""" cos(m +n) 231

(1) and (2) = a,a,-b,b, =2™" cos(m-i-n)zT’r.

10 - Combined Mathematics 1 (Marking Scheme) G.CE. (A/L) Examination - 2022(2023) 1 Amendments to be included.
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 Show that F'(9), the derivative of £(5), is given by Fl=-2x+D
Hence, find the interval on which £(x) is increasing and the intervals on which /() is decreasing.
Also, find the. coordiniates. of the tuming point of £():
It is given that f(¥)=2224D
e gl oF =S ©
Sketch ‘the graph of = f(x) indicating the asyrptotes, the ‘fuming point and the ‘point of

State: the smallest value of k for which f{x) is one-one on [k, %),

(b) The shaded région show in the figure is of arca 45/ m.
It is obtained by removing a rectangle of length xm
and width ym from a rectangle of length 3x'm and

- width 2y m. Show that the:perimeter L m of the shaded 5y | |77 /44
region is given by L=6x+3% for x>0. § 2%
Find the value of x such.that L is minimom,

2x+3

+2)
@ e

(e 42 (D)= 2Q2x+3)(x+2)
fx= (x+2)'¢ £

 2Ax+2)[x+2-2x-3]

-+’ x_ @
_ 2(x+1) @

AP

(a) For x#-2, f(x)=

e &) =0 7 O
f(x) is decreasing > increasing/?I decreasing\

.. f(x) is increasing on (-2,~1] and
decreasing on (—0,-2) and [-1,%) - 20

--------------------------------------------------------------------------------
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Turning point: (—1,1)is a local maximum.

()

/! ™ Z(Zx + 1)
=
i -]
ff(x)=0 xst. @
1 1
2<x<—— ——<x<®
2 2
Sign of f'(x) ) +)
Concavity concave down ooncave up
. the point of inflection i 1s — —
Horizontal Asymptote: lirgo f(x)=0 Hp=0 @
Vertical Asymptote : x =—2 @
( lim f(x)=—and lim f(x)= -—oo)
b
A
9

ol o

et et el bl e e et b bl el bttt bttt bt
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Smallest value of &, , for which f(x)is one to one on [k,)

is k=-1.

(%) %y / Iforx>0, y>0
7

Area of the shaded region, 45 = (3x)(2y)—xy
T 45=5xy

(o)
Sy
X

L=6x+6y /O
=6x+ﬁ forx>0 @
X

dL 54 -6(x'=9) 6(x-3)x+3)
- - - == - — = ) ~

= ; -
ax —~ X S X
dr

-,':0 . r=3 @
ax

For 0<x<3, fi‘—-:0 and
dx

For x>3, d—L>0.
-

. L is minimum when x = 3.

---------------------------------------------------------------------

10 - Combined Mathematics I (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) 1 Amendments to be included.
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15.(a) Find the values of the constants A, B and C such that v
x4 x4+ 2= A(? 434 1)+ (Bx +C) (x+ 1) for all x?e;’ll,-._

 Hence, write down (lz+x+m¥*1§ in

=2.Q_I'__ 3 a .1 ke
(8) Show that Txsin2e=2005(% x)aﬁdhme,sbawthat fm@_l.

' Ex

= | Z00% ds. Usingegraion by prs,show that 1=+ where =+,
0

a a
Using the relation | f{x)dx= Iﬁﬂ*xmx and the result in (b), evaluate J and show that
f'z.%- (2~ . 0

(@)
X +x+2=AX" +x+1)+(Bx+C)(x+1)
=(A+B)x’ +(A+B+C)x+ A+ C

Comparing the coefficients of powers of x:

x": z=A+C

N
o e i=A+B+C 5
x': 1=A+B

=2, .B==1 ‘and C=0.®
0 :

________________________________________________________________________________

P +x+2 iR a x
(P +x+)(x+]) x+1 P +x+1

¥ 4x+2 1 x
o= —dx =2[—dx— [ dx
(x* +x+1)(x+1) x+1 x +x+1

10 - Combined Mathematics I (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) | Amendments to be included.
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I 2x+1. 13
=21n|x+1[-—J‘ -
mooQule 29 x* +x+1 x +x+1

(\o«‘m/@’ = - _](H)

-———ln(x +x+1)+ J_ o

; z'@ o

X+x+1>0

=21n|x+l|—%]n(x2 +xeD)+—tan? @EED | o where C is an arbitrary constant.

e

2c0s* (- x) = 2(c0s - cos x + Sin - sin x)?
(4 x)=2( T - x)

=(cos x + sin x)° @
=1+2sinxcosx q
\

—

=1+sin2x @ r "—_'|
i5
P s -

w1 < 1
J“’. 1+sin ZxJI v -[0‘ x—)dx

10 - Combined Mathematics | (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) | Amendments to be included.
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© I=_L§ x? cos2x &

(1+sin I!Jc)2

=
=x"| — |———
2 J1+sin2x

2
2
0

O
0 1+8in2x

=
=—x——><

1+0 -L 1+sm2x

1+sin2x

\-—-—__—J
sin2x
- % 1 dx-—_[%—x-dx @

270 1+sin2x 0 J+sin2x

10 - Combined Mathematics I (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) | Amendments to be included.
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KLRP*{x‘.yb}and!bﬂl»sﬁgjlhmsimlw m+by+a:=0 Shbwﬂutﬁlemalﬂwlﬁ‘
,_j{-byoab .

l
Lml,andt,hemmﬁgbtﬁwmma—ana =0 and 3x-dy+13= ﬂrnpe-fﬂmly

Show that 7, and I, intersect at A=(1, 4).
-MMWMWWM&MW&MtheWQMQm
be written as x=1 and y=t+ 3, where r€ R.

memmwmmmmmwmttmg anﬂlyiugmthn‘
region between £, ‘and [, that contains the acate angle, is given by (x—.t)’+(y—:—3)“-._1ﬁtr-1)’ |
where 1ER and 2= 1. ' L

!
|
|
i

From among the above circles, find the equations of the circles that intersect the circle: centred |
at A of adius 1, orthogonally. i

P(Xo,Y0)

\ /m+by+c=0
o

M

-
-~

Here a* +b* #0

S

/’

Y o
“auation of the line PM is (¥ — ¥,) f@(x — KoY cneay
o S

Any point on the line passing through P and perpendicular to / can be written as

(v, +at,y,+bt)  forteR. @
Mison /; a(x, +at) +b(y, +bt)+c=0 @ =

st(@ +b*)=—ax, +by, +c

—(axo+byo+c) @
a +b

10 - Combined Mathematics I (Marking Scheme) G.C. E (A/L) Examination - 2022(2023) | Amendments to be included.
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.. Required distance PM = a*t* + b*t @
=+a’ +b? M
= !axﬂ +by, +c|

a* +b° 30

—————
————
----

L :3x—-4y+13=0

(oeteel)

Substituting the coordinates of A, to /, and [, we get /, and [, intersect at 4 =(1,4)

15

The angle bisectors are given by s zy st 45}"" 13

The angle bisectors are x+y—-5=0 and x—y+3=0.
)

Let & be the acute angle between / and x, +y-5=0
4
=1
Then, tanf =|=——=7>1
I+ 2D '\;'"
3 ) NV /
0 R ok modulus 41

.. The acute angle bisector is x— y+3=0 @

The acute angle bisector parametrically is given below.

R e e B S
10 - Combined Mathematics I (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) ] Amendments to be included.
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Letx=t forte R. @
Thcny=x+3=t+3. @ 3 55

Centre of the required any circle must be on the acute angle bisector. ] .

.. Centre is of the form (t,t+£ foSTR 4
n T
|4t—3(t+3)+3| - A= m ockvluug i m&)vf

Radius=
[OMO |

.. The equation is 5
(x=1) +(y=(t+3) =% (-1’ @

Thatis (x—1)*+(y—1-3)"=%(t-1)’, wherezeR.

~
|
[a—

Applying Pythagoras theorem to orthogonally intersecting circles gives

x2 v 2 1 2
F—1P +(t+3—4p =P +—(1—1) /_\
(r=1 ) 25(! ) \10 )

e

He
()

. Equations of circles that intersects S orthogonally are
12Y o W 12
x——| +|ly-=| == | =-1 when t =—
7 7 25\ 7 7

(7x-12)* +(7y-33)* =1

¥

10 - Combined Mathematics I (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) 1 Amendments to be included.
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oy ) (el
x—=| +|y——| =— | =-1 when t =—
7 7 25T 7
(7x-2)*+(7y-23)* =1

________________________________________________________________________________

~10 - Combined Mathematics | (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) | Amendments to be includ;d.
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17.(a) Write down cos(A+B) in terms of c0SA, 6088, sinA and sin®, and obtain a similat expresiion
for sin(A-B), =y i

Let kER and k#1. Ryeemﬁyamﬁwthemh’lmdk-zl express
ﬁm{ﬂ%} +Zin{ﬂ=-ﬂ in thefotm Rios(8+ oy, where R(> 0) in terms of k, and af(0'<a<2#)
are real constants to be determined.

Hence, solve 2kcos| 6‘+-—-)+ﬁn(9’* )*‘*‘1*"‘1[

(%) In the quadrilateral - ABCD shown-in-the figme AB=2p, D
CD = 4p, Aéa.:;% and ABC=ACD=a. Show (fhat

AD? =16p% @i a-sinda+1).

Hence, show that if AD=4p, then & =tan""(2).
2 A
(¢) Solve, tan~'(inx3)+ tan™}(inx) + tan'(inx* —-—% for x> 1. _
s
L ey 4 ©
(a) cos(4+B)= cosAcosB smAs @ 4 senb
S'mé‘r’%) - LnAOAB—
sin(4— B) = cos ——(A B) @ o
:cos((l——- A)+B ]
\"2 J
= cos| E-A]cos.‘}—sm(ﬁ —A4|sinB @
\ 2 J \ 2 4
—gin Acos B—cos 4sin B |“__3:;_‘“|
2kcos(6+£J+23mL6—£)
3 6

=2k(0059cos§—sin65in§}+2 smﬂms-g—cosﬁsm >

- H(cos0-Esin6) +((3sin0-cos0) (5 A
=(k—l)(0059—\f§sin9)

=2k~ 1)( cose—i}sme} @
=2(k-1)oosf€+)9) where ﬁ=1;—

10 - Combined Mathematics I (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) | Amendments to be included.
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when k> 1 2&ws[€+£]+2sin[9—£}=2(k-—1]cos(9+£]
] 3 6 1 L 3
where R=2(k-1) and a=~;5.‘
when k<1 2koos(€+%]+23in(€—%}=2(1—k)oos[:r+9+%] )
4r
=2(1-k)cos(€+TJ

where R=2(1-k) and a=47z. @

--------------------------------------------------------------------------------

when k>1

Wy

2(k—-1)cos{9+ )zk—l

cos(9+£] -1— @
3 2

:>6'+§=2mri£ ne
B:anrwiii, where n € Z. @
i s

. when k<1

2(1—k)c05(6’+%£) =1-k

cos(9+5£)=l @
3Pk

9+i’£=2mrd:%nez.

a =2nﬂ~4§t-§, where n € Z. @

10 - Combined Mathematics | (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) | Amendments to be included.
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(b) Sine Rule for the triangle 4BC: . / b

b

- =>b 4psma®
sina

sinZ
6

Cosine Rule for the tnangleACD
AD? b2+(4p) ~2b(4p)cosa . [’O

=16p’sin’ @ +16p” —2(4p) sin @ cosa

=16 p*(sin’ a —sin 2a +1)

--------------------------------------------------------------------------------

If AD =4p,the ADC is an isosceles triangle, we have
sin’ @ —sin2a +1=1
sina(sina —2cosa) =0 &/@
Since sina #0,
sina =2 cosa@
: =

B cosa #0

Cosax

tana =2
a =tan"'(2) Q WAt
A i 15

Q\‘? 20 |35 |26 | 30 b

T

=0

10 - Combined Mathematics | (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) | Amendments to be included.
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(©)
For x>1
tan™ (]nx% ) +tan™ (Inx)+ tan™ (Inx”) =%

JE= ek B,
—_—
4 B é

ﬂ+9=%~a

tan(fB +6) =cotx
tan f+tanf 1
1-tan ftan@ tanc

Inx+Inx® _ 1
1-Inxiny? Inx; @

1

.
1—2(Inx) %mx
Taking ¢ =1nx,

3x—2-12=1—2t2®
3
4651

MI:tzé Gut — asit s hi dnd v 1)

Verification
d

g (12
tan"! !n[e“ +t'an“'tlnez]ﬂan"'(]ne)i-g—.
\
(5)r=(3)%
=N tan”'| — |+tan'| = [= =
3 2) 4
11
.
1-3.‘2‘ /
3
.—_._6..
3
6
=]

10 - Combined Mathematics I (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) | Amendments to be included.
39



All Rights Reserved : _ [ Confidenfial |

Department of Examinations S'ri.L.zlmka _
- G.C.E. (A/L) Examination - 2022 (2023)

10 - Combined Mathematics II

Marking Scheme

msdocummthasbeenprepamdfortheuseofMadnngExammm Somechangeowouldbemndemoxdhgtothe
viewspxesenmdattheChwaxnmmasmeeung ~ .

Amendments to be included




Department of Examinations - Sri Lanka A Confidential

s

1. Three particle a.ﬁmcamxﬁﬁmmﬁwmamwﬁmamm
table with izﬁﬁdkﬂm&mﬁm&m&yam ¢
sﬁewninﬂxeﬁm : _

Thelmﬁcleﬁxs givenanlmwlﬂe n'»--' 1 s
pulse is 4. Show that the. velocity ofB‘jusme;tmﬂi&wwiﬂit‘w 2
Bfad?,whm'eemtha..”" cient of restitution between B and €.

Also, find the time taken, after this collision, for 4 to collide with B.

—>u ~—->:“ O
A B - L
O——OO

Apply I =a(my) for Band C :

—> O0=mv+mw—mu __,;@
LVHEWEY o (1)

Apply Newton’s Law of restitution:
W=V =@l i (')) |'. _T\.",

\:_/'

(1)-Q2): 2v=u~eu

N
Sv=—=(1-eju (5)
2 t s
: : a
Required time taken =
u—-v
2a
(1+eu

25

10 - Combined Mathematics 11 (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) 1 Amendments to be included.
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")

0 ‘poiats on a horizontal ground such that
P and O ure projected from the points
spect _mﬁammmmmwwm .
mmmwmwmmmmmm.
mﬁ?ﬂﬁmmwmm :
that ws=Jg@ and Find 7 in ferms of @ and 2.

il |
1
1
1
[}
1
1
1
]
]
}
1

)
1

Apply s= ut+%at’ :

1 o
@T h = \3ga . 5 Lol (1) (5
@1 h=u —‘g o @ (5
s 1
(1)-(2).1472”— 3ga 5%@
= u = \Jga

3

ST
2 :‘P @ (for both)
2

al—\/gT=3\/;gT
= a—Z\/—a_g—T

25

10 - Combined Mathematics II (Markmg Scheme} G.CE. [A/L] Examination - 2022{2023] 1 Amendments to be included.
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3 T\wo particles A and B of masses m and 3m, respectively, are attached
to the ends of a light inextensible string. The particle A is held at rest
on a horizontal table with the string passing over a small smooth pulley
fixed at the edge of the table. The particle B hangs vertically below the
pulley. The system is released from rest with the particle A at a distance

a from the pulley. In the subsequent motion, a constant frictional force

of magnitude %mg acts on A. Find the acceleration of A.

Also, find the speed of A at the instant when A reaches the pulley.

r—_—
3= 5 A
Apply F =ma
B : y3mg-T=3mf -—eree- 1
For mg mf (1) @
T =Ml taenitioiay

Ford : mg =mf (2.)@@

5
@) =12 =g 4mf

Apply V' =u’ +2as:

e Combined Mathematics 11 (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) 1 Amendments to be included.
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4. A car of mass 1500 kg working with a constant power 80 kW moves on a horizontal road against
a constant resistance. The acceleration of the car is 2 m 572, when it moves with the speed 20 ms™.

" Obtain equations sufficient to determine the acceleration of the car when it moves upward on a road
of inclination sin™ '(2) to the horizontal with speed 8 m s~' working with the same constant power

3
against the same constant resistance.

-1
_:; 2;;1::2 Apply H=PV .

80x10? ¢
Re———| 1500kg ——>F= ’2‘;0 =4000N @

Apply F = md—> 4000—R = 1500 XE?@)
« R=1000N

2
10000 —-1000-1500x—g =1500
ok
9000 - IOOOg—lSOOa 4

3a=18-2g

e

D

li
wlN

25 |

10 . Combined Mathematics 1l (Marking Scheme) G.CE. (A/L) Examination - 2022(2023) )1 Amendments to be included.
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5. One end of a light inextensible string of length ¢ is attached to a fixed point and the other end
to a particle of mass m. The particle moves in a horizontal circle with constant angular speed .

The string makes an angle a(o‘:a.cg) with the downward vertical, Show that @ /= .

Applyﬁ =md
T Tcos@=mg .remeeiemr 9),@
« Tsinf = mo’asing - @) @
: 2 ol
ST =mwa
(1)and (2): = c039=;22+ @ :
o’a %

T
Si 0 <8 <—, wehave cosé <1.
ince > @

.'.—g-<1.

o'’a

25

ng Scheme) G.C.E. (A/L) Examination - 2022(2023) | Amendments to be included.
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6. In the usual notation, the position vectors of two points A and B with respect to a fixed origin
O are 3i+2j and 2i+ 4j, respectively. Show that O, A and B are non-collinear.

Let C be the point such that BC =1 OA, where A E_R_.'F'md_% in terms of i, jand 4.

Show that if BOC =%, then A=-$. Vi
&
Wg,gj\,s @Mﬂ‘f

Since 3:2#2:4, O, A and B are non-conlinear. @ @ o
oC = 0B +5C—p(5)
=2i+4j+A(3i+2)). —b o~
St ( - J.) o o ‘A D Q)

2. OC=(2+34)i+(4+24) .
RO,

L

since BOC = —g—, we have OB-OC=0.

S(2i+45)((2434)i+(4+24)7)=0.
(2i+4j)-((2+3A4)i+(4+24) ) 0/}@

e

. 44+61+164+84=0.

o : - \ 2
| ) i[; )!'(3-/}:'4‘&" }

25 )
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7. A uniform rod AB is kept in equilibrium with its upper end A
resting of & simoot peg by ﬁpplyﬁ:g & fore P i its lower end B
at ai.dngle B to the vertical, & shown in the figtive. The tod makes

an angle % % with the horizontal, Show that tanf '-5?-_

A BMN; BM:acos%: W3 @

2
T a
MN = —=—
asm6 5 @ ;
& = —— —
ALN; IN=—2-=22 (5)
cos —
3 ==
a2 o
IM=2a+—=—.
= )
A L s
BM " 3
BLM; tan -
e M g8 D @ v
2
e
5
Aliter 5
N4

BD) Wa c<ns-’§=k.(2a) = R=>3

P
T Peosp +R cosg-:W 3)

i W @ 5

P cospf= W——— i
- P sinff=R sing® EJ""}U
_@K[}_) >C‘)L
S . Gex®
i AR
8
J_W sw B
S el ®

25
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For the equilibrium of the ladder :

’ T F+S=b@)

e
< P=R %)
. |PQ/
i =
lace §—=y 13)
N~

A ) W?COQZ-I Feogegn——S8
—r \\._..-—'"'...

W+pP

Lo

S=

=-P<3(W-P)<P

n-——SPS— @
; 25

10 - Combined Mathematics Il (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) 1 Amendments to be included.
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9. Let A and B be two events of a sample space Q. It is given that P(A)=-2-, P(AUB)=.}T1 and
- P(AUB )=-§-. Find P(B) and show that A and B are independent events.

S U2 L
14 7 5

25

.. Aand B are independent.

18, The mean and the standard deviation ﬁfhﬁﬂﬁuwwhy 100
60 and 20, respectively. Find the zscore of astutlen  wh ot
It was later found that this wiatk of 56 has Wmm;

65 instead. Find the correct value of the mem of thie W '.!._?._-_ __ ..";

56 69 s 2‘B®

100

2,
60=p, = T:)O (Zx,] =6000 @

i=1

100
e _ 6000-56+65 _ 6009
s gy = lcomest = =——=60.09
i 100 - 100 100 ®

OF

25

10 - Combined Mathematics Il (Marking Scheme) G.C.E. (A/L) Examination 2022(2023) | ‘Amendments to be included.
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% Answer five questions only. foe 8

(In this question 'paper. g denotes the acceleration due to gravity.)

11.(a) A car P that begins its joumey from rest from a point O on a straight horizontal road travels
with a constant acceleration 2fm s up to a point A on that road, where OA = @ m. It maintains
the velocity attained at A throughout its remaining journey. At the instant when car P reaches
thepointA,anothercarQbegimitsjoumey.alongﬂmsmnemdint!msame‘cﬁrecﬁon,ftmn
rest at the point O and moves with a constant acceleration £ m s2. Sketch the velocity-time
graphs for the motion of P and Q in the same diagram.

show that the time taken by Q 10 the instant when the velocities of P and Q are equal
is2%s. ' ‘

Now, let a=50 and f=2, and let B be the point on the road at which the mt\Q passes the
- car P. Show that AB = 50(5+2v6) m. r : :

(b) A ship P is sailing due South with a uniform speed 60 ms~' relative tosgarth and a ship O
is sailing due East with a uniform speed 3043 ms™ relative to earth. A third ship R appears
to move in the direction 30° North of- Bast when it is observed from P and ship R appears
to move due South when it is observed from Q. Show that the ship R moves in the direction
30° South of East with a speed 60 ms™ relative to earth.

Suppose that initially the ship R is located 24 km away from P in a direction 60° South of
West and 6 km away from Q in due West. Show that the distance between Q and R is 12 km,
when P and R are the shortest distance apart.

(a)
V
0 "G
(10) )Z/ i
\'”,';'/ :
- :
. (10) o :
| C E 1
Vo g e B AL i
(10) /1 Pgr |
e g e i
Y a ! ] | i
i | i
! : : 5
ol 7 o t e t " t
L3
30

___._...._.,,_____-......._____.....__—_...4..__—-_...a.-—-.-_________________.,"_______..........._..._..____—_-u_»...._....._____....________,_

Examination - 2022(2023) | Amendments to be included.
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From AOCD :

1
20@f 8)=a_(5)

a
¥,
a
L= ? aiji?A,@

= g =

From ADEF :

; 744 @®

g Y

Sty =21,

Since Q meets P at B, area of OCED = area of EGI.

3 o ]
"'E'(s"'"m-"‘z'z")=’2‘+3'fr_3/?®
£y =150

. AB=%(!2+13)(2f h+ ft) @ : Rl Maves
=%(10+5\/6)(5x2+5J€)-(2)=50(5+5J€) ) |

10 - Combined Mathematics Il (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) | Amendments to be included.
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0 O.J'\E. @_gf W\r%
o

(b) /‘{'5(?‘1&’ 'r-'l'l:; |’:
A Ywp

V(P,E)= 460 . ,ia‘m%
v(RP)= £%0° | @
V(RQ)= ¥
K(RsE)=K(R,P)+K(P,E)

=V (P,E)+V(R,P)

=V (R,P)+V(P,E)

‘--"", '-'—'_'-"
sHe = ey he

=AB
aapc (15)
= AC.
Also, ¥ (R,E)=V.(R,0)+V(Q.E)
=V(Q,E)+V(R,0)
=AD+DC :
= AC

BE= 305 =
NE)

= 3().

.. AE =30.

Also, CE =30:/3.

0=30 @

"10 . Combined Mathematics 1 (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) | Amendments to
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' Now V? =(30\/§)2 00 (5)

pr=30°(4) B i i

.V =60ms™

V(RF)

RS = 24000\/%

=120003
_ 120003

60

Let d =30%200+/3 = 600043

=6\/§m®

. The required distance D km given by

6

®

15
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12.(a) The vertical cross-section ABCDE through the
centre of gravity of a smooth uniform block
~of mass 4m is shown in the figure. The f
containing AB is placed on a smooth horizon
floor. Also, AE and ED are the lines of greatest
slope. of the faces containing them. AE = 2a,
ED =a,DC =aand EAB = AED = T . Three
particles P, Q and R of masses 3m, 2m and m,
respectively, are placed at the mid-points of AE, A
ED and DC. The particles P and Q are attached
to the ends of a light inextensible string passing over a smooth light small pulley fixed to the
block at E, and the particles  and R are attached to the ends of another light inextensible
string passing through a smooth light small ring fixed to the block ‘at D. Strings are taut in the
position shown in the diagram and the system is released from rest from this position. Obtain
equations sufficient to determine the time taken for the particle Q to reach E.

(@)

C
| : '10) for the forces.
,«‘.‘3\( . 4C“/[\lo ) for the forces
\,\Ivl"."\' - a3 F \
K &f\% \ Y
\ £ >L = Xt
4ing
V(W,E)=—>F
Veew)y= /.
Then V(Q, W) ="\ f @
VRW) =« f @ M}W@
1%
Apply F=maq : 0&9_"0

/ I g
For P: /Smgcos%-:’] =3m(f'"F003%) —?@

: R B
For O: '\i’{—?;—,’lmgcosg—zm(f—FoosE) Q_5)

For R: «T,=m(f-F) ,@/D

10 - Combined Mathematics Il (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) | Amendments to be included.
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: L
: w\.ﬂ« \_aﬂo ¢
For the system : gt v o

ce ) '{fjc_‘,}- K

? \
0=4mF+m(F—f)+2m(F-fcos§-)+3m(F—fcos-§-) Gg

For Q Iv\.s'=art+%ﬁz

(B) A cylinder of radius a is fixed with its axis horizontal and the adjoining
figure shows a vertical cross-section of the cylinder perpendicular to
its axis. Two particles P and Q of masses m and 2m, respectively
connected by a light inextensible string are held with the string taut
and OP horizontal in the position as shown in the figure and released
from rest. Assuming that the particle Q0 moves vertically downwards,
show that the speed v of the particle P when OP has tumed through

an angle 6 (0<6< ) is given by vzzlgﬁ(zo—sine).
The string is cut when @ = % and it is given that the particle P moving on the cylinder comes

to instantaneous rest before it reaches the highest point of the cylinder. In the subsequent motion,
find the speed of P when it is at a distance a vertically below its initial position.

; s
(b) By the conservationof energy, we have e T @
¢ e
155 k= : e )
S 2mv* + mgasing —2mafdg = 0. | &)
= 3" =2ag (20 -sinb). ,,/'

= v2=2—:g—(29—3in9). (3

10 - Combined Mathematics Il (Marking Scheme) G.C.E. (,'"i‘naﬂizz’]‘"'1‘"eﬁﬁméﬁtstd"ﬁé-inclﬁiesl.
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v=u when 9:% is given by u? ==—%

=f’§-(2:z—3).

it

By the conservation of energy

%mw2 —mga = mg—‘21+%mu2 GO\)

lmw2 =M+—I—m£(2n’—3)
2 2 29

L

2 4 3.9

w =ag|:§+2?”]=%[24+27:]

w=,/2ga(37r+12). &)

mw’ =lmag[3—'-1-+2—n}

e

10 - Combined Mathematics 1l (Marking Scheme) G.C.E. (A/L)
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13. One end of a light elastic string of natural length 22 and modulus of ::::::%::i::
elasticity 2mg is attached to a fixed point O which is at a distance of
4g above a smooth horizontal floor, and the other end to a particle P
of mass m. The particle P hangs in equilibium at B. Show that the |
extension of the string is 4.
Now, the particle P is given an impulse of mv vertically downwards. _ by
Show that the equation of motion of P is i+@’x=0 where m:JE B
and BP=1x. %
Using the formula % ? = w*(c? - x?), where ¢ is the amplitude, show that
if v>+ag, P hits the floor.
Now, suppose that v = BJEE .
Find the velocity with which P hits the floor.
The coefficient of restitution between P and the floor is e. if e-<712=— , show that the particle P
will not reach O.
If it is given that e = -%— find the velocity of P when the string becomes slack for the first time.
Find the total time taken by P to come to instantaneous rest for the first time, from the instant
it was given the impulse at B.

(0]
At the equilibrium position, . LLLLLL
x
2mg - —=mg.
g 2a gx’!@
S X=a.
Yo
~ The extension of the string is a. 10
Apply £ =ma: et
(a+5) (73 3
Ym i=mg-2mg i) (15) / L i
s 5 20 B—- 4
f==£ 3 [ i;) S T 1
> L kY
s F@ix=0, where o= |5, P $x
7 e
20 mg

%0

10 - Combined Mathematics Il akin cheme) G.CE. (A/ & 22023] 1 Amendments to be included.
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x=v when x=0

.‘.v2=m2(02:)}' @

v=co
v
CE— RS
o
~~
. (10
ifv> ag,thcnc>@- —=q
g
and hence the particle hits the floor. 20

Let, x=u, where x =a.

Then (‘

The velocity just after P hit the floor =eu .
- . X =eu, when x=a.
By symmetry of S.H.M. about the center, & =ew, when x=-q. .~
o~ v'
e
For the motion of P under gravity,
Apvly v =y’ +2as:

To=v'-2gs

If e< -l—,then s <2a and P will not reach O. /13
J2 N : 40

21
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() <

(ww)

=\Esm (3] .

Time taken to hit the floor, T =

Let e=% . Then Cl=w/§a.

Time taken after that to reach the natural

2sin™ [—\/%—) — =
Length Tz = T fK.__[\]:?/J : a
a

During is free flight : T ¥ =u+at.

a
5/ Tismei fos fight 7 = 1258 _ |2 (5
: g g
a 1} : 1
Total time taken T;+To+Ts = |=| sin™| = |+2sin™| == |++/2 |.
ot e e 77, = % s (e 2 Jo 2. ®

10 - Combined Mathemaucs 11 (Marking Scheme) G.C.E. (A/L) Examination.- 2022(20? 3) l'ﬁmendments ‘to be included.
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14. @

®)

(a)

Let the position vectors of four points A, B, C and D be a, b, 3a and 4b, respectively with
respect to a fixed origin O, where a and b are non-zero and non-parallel vectors. E is the
point of intersection of AD and BC. Using the triangle law of addition for the triangle OAE, |
show that OF =a + A(4b -a) for A€ R.

Similarly, show also that OF = b + u(3a—b) for 4 € R.

Hence, show that OF = 75 (9 + 8b).

Three forces ai + 2j, —3i + fj and i + 5§ act through the points with position vectors § + j,
3i+j and 2i + 2j, respectively, where a, B E R. It is given that this system of forces is
equivalent to a couple. Find the values of a and f, and the moment of this couple.

Now, a new force 3yi + 4yj acting through the origin O is added to the above system of
forces, where y>0. Show that the new system consisting of 4 forces is equivalent to a
resultant force and, find its magnitude, direction and the equation of its line pf action.

Next, it s given gt when a forcg pi+ gj acting through the point wi I:" ition vector

. 2§+ 3j is added, (ff system consisfing of 5 forces is in equilibrium. Findflie values of y,
p and g¢. A =
D
B% E\
> > e
O A C
By the triangle OAE,
OE=0O4+4E  _
:g-}-ﬂ;?i—j (5)
=£+1(E+O_D) @
=a+A(4b-a) )
By the triangle OBE,
OE =0B+BE
-b+uBC (5
=Q+p(B_O'+&?.
~beu(a-b) (5) T

10 - Combined Mathematics II (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) 1 Amendments to be included.
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wati(4b-a)=b+u(3a-b) (5) G@M
(1-2)a+42b=3ua+(1-p)b (5) : ”ww

>1-A=3pand1-p=41 (5) E&M /@

| 25
Sy © i

11
.'.ﬁ=a+—%-(4b—a) @
1 R

=%(9g+8§). G

>~
~ rg
Q

Since the system i< equivalent to a couple,

—» X =0, 'TY:.O and G #0.
3=a—3+1=0¢+@

=2 @
Y=2;-;+5=-{.}.L9@
: migdye o 20

—— e

o) G=2(1)-2(1)+3(1)-7(3)+5(2)-1(2) (5)

=3-21+10-2

—— e e

10 - Combined Mathematics I (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) | Amendments to be included.
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B =9y +165* (5)

=25y
s R=8y. @
tan9=-gz—=§- @ R
g
NZAO al
4 4y P\'
LO=tan!| = e .
[3) @ o b 3%
e e 837" /A0
4 Ay a0 =ONKN) L0 102w
e = s
; s _5 @ Pl — v:'ﬂ;_
¢ : . 10 -
The equation the line of action 4x—-3y+—=0. 30
eq ‘f'y __.p@
q
i Beayr
T~y 10 ,D
o] 3y O
10 =

‘*P”?’"‘IE@ T?+47=9~9®
.'.q:—4y/

BY  (3rx3)-(4yx2)-10=0 (5)
Spr=10,
- p=-30(5) %o ®/ R

S p==3y

0} 4(2)-3p-4r(x)=0 (5)
2q—3p—4r[%}=0 @

2¢=3p=10=0

CD Tq+4y=0:q=—4y@
—>p+3y=0=>p=-3;v@
2(“47)-3(-37)=10

-8y+9y =10
y =10
p=-30 & g=-40

e . e i . e . . S . e . S B e e S ot e e e S e e

e e e .

10 - Combined Mathematics IT (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) | Amendments to be included.
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15. (a) Four uniform rods AB, BC, CD and DA each of length 2a
and weight W are smoothly jointed at their ends A, B, C
and D. The midpoints of AB and BC are joined by a light A
inextensible string of length a. Similarly, midpoints of AD and
DC are also joined by a light inextensible string of length a.
The system is suspended in a vertical plane from the point
A and stays in eqmllbnum as shown in the figure. Find the p B
tensions in the strings and the reaction exerted on AB by BC
at the joint B.

(b) The framework shown in the ﬁgum consists
of five light rods AB, BC. CD. DA ‘and DB
smoothly jointed at their ends. It is given that
AD =a, AB=+[36, BAD =9(°, CBD =90°
and BDC =60°. At each of the joints Band P D
C, a load W is suspended and the framework p
is smoothly hinged at A to a fixed point
and kept in equilibriom in a vertical plane
with AB horizontal by a horizontal force P
applied to it at the joint D.

(i) Find the value of P. W

(ii) Draw (he stress diagram using Bow’s notation for the joints C, B and D.
Henre, find the stresses in the rods, stating whether they are tensions or thrusis.

(@)

By symmetry, the reaction at C from DC on CB is horizontal.

®

10 - Combined Mathematics Il [Markmg Scheme) ok E(A,IL] Examination - 2022(2023) IAmendmentﬂ:o be included.
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2

For BC:

7,
B): W—Jg-a-q-W.a;E__T.Q:O 10,)."’63

2 2 2 '
@ T =2W.
e IR0

For BC:

: —> XFE-\-E;@

2

T7-W-% =0

Y =W @

R (@T +W?
2

el P2
W3 B
2

10 - Combined Mathematics Il (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) | Amendments to be included.
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®) A) Pxa- foa W x23a=0 @
. P=33W. @

?_ i,

J
joint C: @
joint D: i'qO\Z
e
joint B: ( 10
Rod Stress | Tension | Manganiie |
|
s B ] e
AB ot L e
— e ; ________ ey
BC v ] T VBFV
cp : v T
: BD . v W
AD v . i

(10)

95
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16. Show that the centre of mass of a uniform semi-circular lamina of radius r and centre O is at a

s 4r
distance in from O.

A plane lamina is made from a uniform thin
sheet metal of surface density o by removing a
semi-circle of radius a from the rectangle QRST
and by adding an isosceles triangle PQW with
equal side-lengths v/2a to it, as shown in the
adjoining figure. OR = 2a, RS = 6a and OW = 2a.
The centre of mass of this lamina lies at a
distance ¥ from QR and 5 from RS. Show
that f:@_:gf.la and «_ 2(15-m)q .
@-m " V=2g-a)

The lamina with a particle of mass m fixed to it
at S, hangs in equilibrium by a light inextensible
string of length 4a¢ whose ends are attached to
U and W and passing over a small smooth fixed
peg C with side RS horizontal ‘as shown in the

y 1\ Am=%r ABxo
£ 3
4 A} o J.-:lz-rza —rcos@do @
O / 5 ;zz

—re 2

2 |7
B
in

%4

10 - Combined Mathematics 1
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Objects Mass Distance from QR Distance from RS
. - __
12a°c 3q 2 @
@2 D) @ :
Iy 4q ==
—na o 2a—— i
5 3a a ( 2\

‘ : X _ 15

= (9 & ey |8
1

E(Za)ao' ‘ a 2a +%a = -?f- (J.TE\J

ey e b 6

‘ 12a—~]2—m'+azo'
5 x ¥
(13—’—;]&0 9
| “ |

T
|

{13—%}220’;=12a20'(3a)—~i—7m30'(3a)+a20'(a) (39/0
= (26-7)d’ox=T2d 03’0 + 24’

Ti - (714-37)a )

(26-r)

x o 5 i 4a anulislg
13-2 =12 ol e A <
[ z]a oy a‘c(a) zzm O'[Za 3 )+a o{ 3 J l\@ /O

26-7Y , _ - 3 2dc Tdo
= > aocy=12ac-nao+ : + 3 ;

LR

o

_45a’°c -3nd’c

e e i . s -t .t . . e e e e e o e e A e e . e T e S i i e B e

2022(2023) 1 Amendments to be included.
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6 26—-7m
2
=§f—(4a+37m—37ra)
2d’c
m==7. (s)

x &)
) . 24
-3 Toos6 mg+(13 2].{1 og @

S Jar= %azag +13a20'g~%a10'g

_4d’ocg rnd’og
3 2
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17.(a) Four identical boxes B,, B,, B; and By, each contains 4 pens which are identical in all aspects
except for their colour. Each box B, contains k red pens and 4 -k black pens for k=1,2,3, 4.
One of the four boxes is chosen at random and 2 pens are drawn from that box. Find the
probability that
(i) the two pens drawn are red,

(ii) the pens are drawn from box B,, given that the two pens drawn are red. r

(b) The data sets {x,,%,,....x,} and {y,,¥, ...,,} have the same mean, and their stan
deviations are o, and o, mpwtively Show that the variance of the combined data
: , :
Wx"'m)’ 5
{Xys ccos Xpy Yys 0o0s ¥t 18 given by e

Diameters of bolts produced at a factory is summarised in the following table:

y | - Numberof bolts
Diameter (mm) G hisom ds)
2-6 oy
6-.10 5
10-14 3
14-18 _4
18-22 1

Estimate the mean, the median and the variance of the dlstnbuuon given above. L

The diameters of another 40 000 bolts produced by a neighboring factory has the same mean,
while the variance is 22.53 mm?. Estimate the combined variance of the diameters of the bolts
produced Ly both factories

(a)
P(RR)= P(RR|B,)P(B,)+ P(RR|B,)P(B,)+ P(RR|B,) P(B,)+ P(RR|B,) P (10)
w106 1 s
et i e d
=+‘Cz[l+3+6]
5
A 12
D(R /8
P(B,|RR) P(B,|RR) P(B,) (10 RQA/RR):P[ %’f)ﬁ : =
3 ® |
=@
2.3
25 ©
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(®) : _
Let u be the mean of each the data sels {X;,%,,..., %, }and {y;, Y5500, ¥, } -
Then the mean of the combined data set is also @

10 - Combined Mathematics heme].c.. (A/L) Examination - 202202) 1 Amendments to be included.
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Set; -
- x2+ & yi
L e
n+m
Sat-mit | [ Sst-mu
L g I = @
n+m_ . n+m
g P s T g i -
= T il s
“nem| nv,uJ+m‘m #J @
=ncrx2+mo'y2
n+m 25
Diameter £310°) Mid. value xf rf
(mm) &
2-6 2 4 8 32
6-10 5 8 40 320
10-14 e 12 R 1152
14-18 4 16 64 1024
| 18-22 1 20 20 400
20 228 2928
Moan =4 = 228 1 4 R T 43¢ 57
G el O o,
- |
o g <& 1b 9B
2 | R TSt S S B
S, 208 o . e il
Variance = 7 = =5 -(114)° =146.4-129.96 PR T e
=16.44 m’ @ 1 B el T
‘ 57 M
rr i
- 7 LT
Median =10 (108 45 O} k: Zé?a
=11.5mm. - e MEET i
3% .
= S o\l
i
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@

1
% = 2 oy _ :
Cohined Vati cc_20+40{2061+4052} 60{20><1644+40:‘<2253} @

=20.5 mm”.
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