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For n=1, L.H.s.=§ and R.H.S.=%. e

= The result in true for n=1. @

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

k+1 1 k 1 1
Now, 21 r(r+1) -2 r(r+1) 4 (k+1)(k+2)

r=1

k+1 (k+1)(k+2) 5

k(k+2)+1

T k+1)k+2)

= (k+1)°
C k+1)(k+2)

o,

k+1 4
= . &_—-
k+2 @

Hence, if the result is true for 7= k,it is also true for n =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 for all ne 2 @
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2. Sketch the graph

s'of y=2+fx-2| and y=||x x|~ 2| in'the same diagram.

Kenceurothermse ﬁndallreal valuesofxsansfymgthamequahty{ |- 2{ }x 2|52.
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x| —2|+|x-2|<2
& |lx-2/<2-|x-2|

From the graph, we have 1 <X < 3. @
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|z +2i| =|z-2i]. > @

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

! @ Lo e vl —ED
N

v

Let z, be the complex number repented by the point 4.
From the AOAC , we have AOC = -g- ( 3

The required greatest value of Argz = Argz V& \O

Aliter for the first @

Let z=x+iy, where x,yeR
Then |7+2i|2 =lx—(y—z)il2
=x2+(y—2)2

Hence, the given region is the same as the region given by x*+(y- 2)2 -1

25
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4 Leta EER _Wmte down the expansmn of (2 + ax)5 in aseendmg powers of x up to and mcludmg x’
: ' tes of a for which the coefficient of x2 in the axpansion of (4 = 5 (2.4 ax)’ is =

fNaifi

The required expansion = *C,2° +°C,2*(ax)+°C 23(ax)@ B0

=32+ 5x16ax+10x8a’x> @ :DCM%A{[{\Q%
—32+80ax+80azx2 Q{:/ ﬁ

Now, (4 — 5x) 2+ax)’= 4 2 + ax)5 - 5x (2 + ax)’
The coefficient of x> =4 x 80a*—5 x 80 a @

It is given that 4 x 80a’~ 5 x 80a= —-80 4——— (0>

402 -5a+1=0. @— NW@G’U‘&‘W% Mg

(4a—1)(a—-1) = 0.

1
&=- ora=1%L1 @
4
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5, Show that Bim 2 -
a2l Jl +2x Jf

((1 +x)cosec2x —cot 2x)

x=0 (\/1+2x —Jl_-_2§)

i
o
&t

/lt.me/mathsworldofNaV

. (1+x—cos2x) @
=05in 2% (V1+2x -1 2x)

T (T+x=cos2x) (\/7‘*2")*"/1 2" @
"0 sin2x (M—ﬂ}) («/172_5+\/172_§

B g Dy (2sin2x+x) ——

1c—>02 sin2x [(1+2x) (1- 2x):|( e 2x) \w/ﬂx_’/:,

e [25“1 x+—](x/1+2x+\/l—2x) @
4

x-02 sin2x 4x

= lx 1x l>< z
e st
1 ' All three limits correct
|
|

L

e

sy
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1
: 4 2 o e By
6. Using %{x(xz-»l)mn“x}z(?}xzq-l)tan ¥+ x, show that J-(3x +htan " x dx=z(x-1).

o :
The region enclosed by the curves ¥ = \/2(3Jt2 +1)tan"'x , x=1 and y =0 is rotated about the x-axis
through 27r radians. Show that the volume of the solid thus generated is m(~1).

)’T

=

. d 2 =1 2 -1
Us — +D)t =(3x"+1)t prl, :
sing dx{(x )tan x} (Bx"+D)tan" x+x X,Jm“\/ K’\
N7

we have

Ll[(3x2 +1)tan™ x+x] dx = x(x* +1)tan™ le @

o 1
j(:(3x“+l)tan‘1xdx + jox dx = Ttan"1

i , 2
) |'(3x“+])tan"]xdx + el | :25[_
Jo ) 0 4

_[f(3x2+l)tan"xdx = (l——)

/[t.me/mathsworldofNaV
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: . 2 3
The required volume =7z'j02(3x +1)tan x dx @
1
=2r—(7 -1
2( ) S @

= (7 -1).
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m.
| S
; O
! O
P. =
0 » x = ; |
b
w .
x=asecl, y=btané £
qV)
ix—=asect9tan6, iy—=bsec20 E
do
\ ; i
Wbm oocre ek )
e hee's (o) |
"dx  asecOtanb \J E
T ) \ L AV "@ Mc} )
_ bsecd —_— [03 aj\ t
The gradient of APzwzﬁ.
asec

bsec® _b(l+tand)
atan@ asecl

https

From the given condition, we have

. sec’=tan6+tan’ @ @

£ 0
e T
4

:. P=(2a, b)

to be included.
10
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B (thyO) _
c a9 ol 2
3// =
4 s k( = t(
(13) ) y=f o N1
D (x1,y1) "‘ "':':3;
Y~
%;X — s
Let B = (x3, 1) and D = (x1, ) e A R N
N
Since E in the mid-point of AC, we have E = (4,@ 3‘ 2 \
Then, 4E® = 3%12= 10 L 1

Since ABCD is a square, we have BE = AE.

Hence, (xo _4)2 +(y0 "‘4)2 T o e o e (1) @ \(
¢

Also, AE | BE.

.(4'"3j (7,-4)_ - %E%
et S
.S / ="%0 y/

Hence,y,—4=-3(x,~4) —=—=mm—mmm——m- @)

(1) and (2) = (x,—4)* +9(x, —4)" =10. @

Hence, y, —4 =-3(x, —4).

)
/lt.me/mathsworldofNaV

https

o (%, —4) =1
(%, —4) =1,

X,=5 or x,=3. @

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

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

25
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S

b i C;(12,9)

Ci (3,2

v

12 i

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 ac R
\_’__/

Since the circles touch externally C, lies on the line C,A.

G VAw>
% 6_7 < la/ —~66 C) %\\n}k ¥

~3a-18=

5
sea=14
o aA

The radius of the required circle C, = \/‘ 26y )+ (14 6)*
= 10,01 rhe=rryti

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

. -
e oy -
N

25
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(3

08560 = cos 36

b Aoty
AN
o 50 =2nr+36 for neZ @7

& 89 =2nr or 20 =2nnfor neZ,

< ¢9=T or @=nx for neZ,
= 9=11-;—r for neZ.

sin50—sin36 Zcos4ﬁsinf@

cos50—cos36 —2sin403in%®
=—cot46’z_ @

25
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Part B
* Answer five questions only.

11.(a) Let 0< |p| < 1. Show that the equation p**-2x+1=0 has real distinct roots.

(2)

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

Let @ and B (> ) be these roots. Show that a and B are both. positive.
Find {a=1)(8~1) in terms of p, and deduce that a <1 and B> 1.

Show that B ~va = ;\/2(1—IPD
It is given that /B +va =l-;—)],/2'(1+|p[). Show that the quadratic equation whose roo!s are

Na-1| and [JB-1| is pls* - J2(i-|pl)x+ 2 (1 +]p]) ~Ipl-1=0-

(b) Let p(x) = 223+ 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 @ and b, completely factorise p(x) - 3p’(x).

0<|p|<1. Al
¢ &9

Let A be the discriminant of p’x* ~2x+1=0. ' Xw
nof”
7/0
~A=4-4p* =4(1-p*) >0, since p’ <1. o

v q
. The equation has reai distinct roots. \ =
=

J

15 |

11| petey

Let @ and f (> &) be these roots.
Then aﬂ = R > (). i_‘ 5
L

~——"

a and S are both positive or both negative.

) e
But, @+ =— >0 gives @and Sare both positive. @

p
0 ;

(@-D)p-D=af—-(a+p)+tl=—— 2+1=p22_1<0 and a-1< f-1.
@57”’ V@ stee
S X

sa-1<0and g-1>0. @ SAM

. a<land ﬂ>1 20

14
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Ja) = 2 s B
B o) awj?“ J— 2 pz( o)

The required equation is (x—'x[c; —l{) (x—lx/z —1‘) =0.

RS R SR LAR

Since ’\/_ ll 1-Ja and I\/_ l‘ \/_ 1 we have —/@

x2—(\/ﬁ—\/5)x+\/&+\/ﬁ—\/a_ﬂ—1=op @
e . T

TFp et

ol —i1/2(l—|p‘)x+-—l—-1/2(l+|pl e
|7 || 7|
1p|x2 ——\/2(1—!p| x+\ﬁ(l+|p| —|p|—l=0 @

p(x)= 2x° +ax* +bx—

p(x)= 6x* +2ax +£/@

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

We have p(-2)=0.

r(-2) K@

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

Since (x +2) is a factor of p’(x),

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

k__~

10 - Combined Mathematics I (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) 1 Amendments to be included.
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(1) and (2) :>;¢=7 andb=g

&

35
30/ (x) = (2%° +7x* +4x—4)-3(6x" +14 4@
p(x)-3p (x)=(2x" +7x" +4x )—3(6x" + x+l2/
=(x+2)(2x2+3x-—2)—3(x+2)(6x+2)@
K—/
= (x+2)[ 227 +3x-2-18x—6 ]|
=(x+2) (2x2—15x—8)A®
w_
=(x+2)(2x l)(x—%&f
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

s p(x)=(x+ 2)’(2x-1).

5p(x) = +4x+4)(2x-1) = 2x> +7x* +4x-4. @

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

(s 5

10 - Combined Mathematics I (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) 1 Amendments to be included.
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sp(x) =22 +7x* +4x—4

5P (X)) =6x7 +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) @

10 - Combined Mathematics I (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) Amendments to be included.
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12.(a) Slxmangoesandfwromngesaretobedismbumd amongexght students soﬂxatmhsmdent
receives- at least one fruit.
Find the pumber of different ways in which
(i) six students get one fruit each and out of the remaining two students one gets two mangoes
and the other gets two oranges,
(ii) seven students get one fruit each, and the other student gets three mangoes,

(iii) seven students get one fruit each, and the other student gets three fruits.

AQ2r+7T) i B
() Let U, = GrinCrs H @5 for rEZ". Also, let f(r)= (2r+1) @+ forr€Z", where A

and B are real constants, Determine the values of A and B such that U, = f(r)~ f(r+1) forre”.

Hence or otherwise, show that EU 3 2n3+3 2n+5 for neZ".

r=1
Deduce that the infinite series 2 U, is convergent and find its sum.
rel

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

r=1

(@) () 2 students | 6 students

|
‘ N A
=
\ : T x 5C, x *C,

R R i3

G5 G Ciadom G @) T

= \

25

25 g o % Ta

OxChn

Answer : 2x°C, x(éC; } 3

® (D gones
! !
=2X —8—x—6—=2><28><15 840 ways. @

6121 4121

//t.me/mathsworldofNaV
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'C, X ’C,x*C,

B e

Bxenauwiten su@aaeﬂ:9q %G, % "G, =8x447—!=8x35 =280.

(i) 3- ugo: @¢>@ * 9@+ @

4 susnamssit

@ suens 280 eufaen (ii) @sv o_siteneurm

auems ‘¢ x "¢ x ', =8x7 =56 sumeir @
+ s ¢ x ¢, x ¢, =8x35=280 aufassi @
s ¢ X ¢, x ¢, =8x21=168 anfssn @

Baemauwnen eufamsii= 280+ 564280+ 168

Gouml (LM
(a) wmpLpmissit 6; Gpn_ibuiprimshi 4; wieweuds 8.
(i) @O WwreauaIIbG 2 onbLgiisEnD Batanaaimse 2 GHILD LpBEED

APRELILGMEGTER 6 Lonaiessi 4 IDMbLIPKE6TT,2 (Bg.m-ubumrﬁnmaﬂsb Bubhs @aCaTSiD
Quienyy,

L 1 L] [ 2Ma | 20r

\ PR — AT NG B —— —
10 Beoami, wanipun | (yehoh anplisd L) 0000 (0w I ufens - 2022(2023)
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S LI NID] i

U eoFd Beoambsamd

’—”L/;//‘—_——,
@b 6 wreneajsEpElmLulsd (Paim elsb) UkIEL L@ g

4 DMDUPBIBEBLD, 2 GgTLibLbIS
6!
=412!
Sorarajsaidohs 90 wreweu) OFfley GQFLWNULG 2 TDUPHIEGsT SUOBIG U DB Tey

afsst ='C,

7 wrevajsalledmbal LHDICWL® wrames GFfey Ceuwnur @ 2 CarLbuprisemen @
QPRIGSDBETEN aufiEs = 7Cl

6!

Gopemsuwiten emuS\assh:—4 2 x*Cx="C

20,
=840 ways. @

OR
!
=Lx 8P2
412!
L =840 ways.

(i1) 7 wreweifaet @euteutd Lipn efsHupn QW DTEWICUGH APSIDI LOTIDLIPMAIEEMETULD

LI T T T T T Toma]

3TbUPEISEDD 4 GHTLIDLIRISEHD AEMES @IOaaHm efsid 7 Tt sui Herflent Gui

!
(BE30%: 0 1F: F: F: S NTTERNITOL: 201 =47‘—£’” @

SILG wiemajsefedmbas @i oTeweu6 Oxfley Qruwutur @ 3 LD LDLILDMIES 66T QUDIRIG QU S T3E Ten

O
7!

S Capemeuwinen enflmeil = Eclxm @
=280 ways.

(iii)
3 Lpamei g T wpmesett 7 G emauimen
LOTERTUEDI>¢) LDIT 600161y &5 6h &b BINET]
6U(PIRI6) 6)(PIBILAD

ombupb [ Gmm_tbupib | ombLipih Gam_ibuypib

0
3 3 4 e g0 @
314!

= “C,x-—l=280
413!

w%‘

10- Baanpy wedpn | (ushol aptgb ALLD) 60N (euh pr)i LA es - 2022(2023) B Hodsts o dendsi e
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Total Number of ways
=280+280+168+56

=784
25

] 42r+17)
" Q@r+1)Q2r+3)2r +5)

U, = f() sl l)
42r +7) - 2 o 4_®
Qr+DQr+3)2r+5  2r+l  2r+3 2r+3  2r+5
~A4Q2r+7) = AQ2r +3)2r +5)+(B- A)2r +1)(2r +5)- BQr+1)(2r+3)

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

Comparing coefficient of powers of 7:

F.3 8=44+4B=2=A+B @ @
}A:Z», B=-1

205 28=104+2B=14=54+B

s 3 1
U,=f(r)-f(r+1) wher =il
=S+ g 2r+1 2r+3 @

r=t U =f0-1Q
r=2 Uy=fQ@-f(3 <:>

r=n-l; U1 =f.(n—1)—f(n)

r=ot . Uedn)- flasl) @

n

YU, = f(1)- f(n+1)

r=1

/[t.me/mathsworldofNaVi
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Q.U =f()-f(n+])
: r~ r=1
Ug = Yvet) "{r‘rl}

( S 3 — _l._ 3 -+ 1 %\
w = §61 1> 5 2n+3 2n+5 N
"  5 2n+3 2n+5 : 30
e e e g SIS e
o Gy e L a
W' = l | A llm iU
Li\‘“f! - %‘Q\’,'\n” /{\A"L} n—)oor=l ._'zV
-;—\’——"‘— P “/" 3
Sy ity lim (4 . )
o Wi —— — —
i == n—>o\5 2n+3 2n+5
p : )
s T2 _4 s)
\ EF T =3y
o :
3 3; \ .. The infinite sen'esZU, is convergent and the sum is %
- - 15
G 3 = | 1 /:\; {:ﬁ )
TQ/\m kMery | Do, 118 S e
1N :i 1:%(&@ +kU ) \ oy = 1;1) o
ﬁu + KZ‘\A\(H = ( :’/— N\ | Cf: ((»( ’ /‘XSJ
ce! v=l =(eb) D=y \ 5 ) .2
( : _4lere) \- B 2.2/ 1o
Uz 2 ! X
\ N 2\ 7~ \\
+\< o o ‘{4 .‘l_ t _',,':,! ]’ \ @ ‘I\W
(k) 4l e | | 135 5
St Sl 4 A6
9 AL —~ B
2 YL v s &
= ’\ ..kz““ \‘ >
S i 16 \)
e T g
B\ X

'G.CE. (A/L) Examination - 2022(2023) | Amendments to be included.
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13.(a) Let A = (T :; }ﬁhow that A~ exists. for all a€R. ‘
‘Q o ¥ P84T | £ 3.2 . "“-1 3 ) ;
The ioattices P = | ., G = and R = . Hiid

A=PQ"+R. Show that 4= 1.

+ For this value of g, write down. A™ and hence, find the values of x and y such that

{3 H)

(B Let z,w €C. Show that ==z’ and hence, show that |z%w[’ u|z|2 +2Rezm)+ ]’ .

Deduce that [senf* ¢|z-wf’ =2{}s +}uf’) and give a geometiic interpretation for it when the
points representing z, w and 0 in the Argand diagram are non-collinear.

() Let z=-143i. Bxpress 7 in the form r(cos@+ising), where r>0 and E @<,

2
Let z*=a, +ib , where a,b ER for AEZ", Write down Re(z.‘"*-’z"’) in terms of a,,a,.b,
and b, for m, n€Z".

Considering 2™ and ‘using De Moivre’s theoreri, show that @,a,—b,b, =2"™" cos(m+m2Z.,
for m, nEZ",

Hiz:(;!(a+2)+2=a2+2a+2=(a+1)2+1 #0forall aeR. @
‘ //.\ N/N
foong

e

‘K#m-@

. A Vexists forall aeR @

/[t.me/mathsworldofNaVi
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_ e '\A\AW

3
&
N
It
\J'-‘
R

4,_(1 —2\ ; 4—1__1_(
N R

4 Taking z=x+iy; xye€R, wehave

Z=(x+iy)(x—iy)=x" i’y =x"+ )’ =|Z|2

\
/ <
s
/ \
= = Sl o
= 77 4z W \ )
4 P v
= "';' 4 ZW+ zw 4 {wl s
T
v : \
> }'(\/ g )
2 =

(i) with wreplace by -w , @

|lz—wf* =2 ~2Re(zi) +wf &/ ------------------ (i)

. By (i) and (ii) :
lz+wf +]z—wf =2(|2f +|w). @

0. Combined Mathematics 1 (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) | Amendments to be included.
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Conf}ldential

B(w) Clz+w)

z] Az)

If z,w and 0 are non-collinear, then OC* + AB* = 2(0A2 +OB? )

(+OC=|z+w| and 4AB=|z+w].) A.g;'z-—W&

,\5»\

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

squares of its sides.

8. 27 27
C z=—1++3i=2| —+—i |=2| cos—+isin—
© \/_ gz 2 ( 3 3

@

fere r=2, and O=—.

[@

m_n m+n 27[ o T mEn 2(m+n)7z
i At i | cos—3—+zsm—3— =0 cos 3 +isin

~Re(z"z") =2"" cog(m + n)%[ ...............

(7

(1) and (2) = a,a, -b, b, =2"" cos(m+n)2T”.

10 Combmed Mathematlcs I (Markmg Scheme) G.CE. (A/ L) Examination - 2022(2023) ]Amendments to be included.
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“ ) for ke 2.
Hence, fnd'the inerval on which () s increasing and the iniervalson which /1) is decreasing.
b e ‘m":‘}%ﬁ?? for % 2. Find the coordinates of the point of inflection of
S e graph of = (x) ‘indicating the. asymplotes, the ‘fursing pointand the ‘point of
State: the smallest value of k for which £(x) is one-one on. [f, %):

(b) The shaded région shown in:the fignre is of area 45 m?®.
It is obtained by removing a rectangle of length x m

. width 2y m, Show that the perimeter L imi of the shaded
region is. given by L=6x+3% for x>0,

Find the value- of % such; that I is minimum,

2x%3
(a) For x# -2, f()C) = -(—;;7)7

D e

oG+’ @)-22x+3)+2) (7 4

£ (x+2)* '\@ e

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

(x+2) R _ @

ns /“\.
= ‘—_/.\X =+ ]2 ( 5 ‘}

vl N

/lt.me/mathsworldofNaV

“https

To<x<-2 2<x<-1 ~l<x<®

SErIT) O = 7 O

f(x) is decreasing N increasing/ decrgsing\

O ey @

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

________________________________________________________________________________

M0 Combined Mathematics I (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) | Amendments to be included.
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Turning point: (-1,1)is a local maximum.

()

i . lxuh

;=G

(=0 & x=1 @
1 1

2<x<—= ——<X<00

2 2

Sign of f(x) =) (+)

Concavity concave down concave up

@ﬁ"ﬁ@

. the point of inflection i 1s —,=

Horizontal Asymptote: xlirgo f(x)=0 =0 @
Vertical Asymptote : x = —2
@ (Yhn;i f@)=—oand lim f(x)=- )
A
! 9

/[t.me/mathsworldofNaV
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Smallest value of %, , for which f(x)is one to one on [k, )

) %y // .forx>0, »>0
|7

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

L=6x+6y /O
=6x+g' forx>0 @
x

G _ 54 6(x"—9) 6(x—3)x+3)

ax - = =0 ‘{‘é .i"z
[=OXEN

AF /\\

— =0 & x=3 K\Sj

ax

For 0<x<3, £—<0 and
dx

FobL aXi=3, ié>0.
-

*. L is minimum when x = 3.

//lt.me/mathsworldofNaV
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15.(a) Find the values of ‘the constants A, B and C such that .
x2# o4 2= AP +x+ 1)+ (B +€) (x+ D) for all xER,
B ki ___&2.1_&"'_2____ Paxe2
Hence, write down in -partial fmctlons and find dx
: 2 (x’ +x+1)(x+1) | (£ x24+1)(x+1)
x
(b) Show that 1#sin2x=2c08 ( x x) and hence, dhow that [ L _gy=i.
J
7 2 7
ey Let = X mst s oAE
() Ls s )2d,x smgimegmnonbypmmsmwmtz g +J ywhere J J']+s1n2xdx
0

0

@ @
Using the relation | flx)dx= f fla=x)dx and the vesult inv (b), evaluate J and show that

o
-—8(2 ). 0

(@)
X +x+2=AX* +x+1)+(Bx+C)(x+1)
=(A+B)x* +(A+B+C)x+ A4+C

Comparing the coefficients of powers of x:

s z=A+C

N
% i=A+B+C 5
x 1=4+RB

=2, B=-1 and C= 0@
o w

________________________________________________________________________________

X ixkdaail. - x
P +x+D(x+1)  x+1 xz,;\xil/

P Ex+2 1 o
= —dv =2[——dx- [ dx
(x" +x+1)(x+1) x +x+1

x+1

10- Combmed Mathematics | (Marking Scheme) G. CE. (A/L)Exammatlon 2022(2023) 1 Amendmentsto be included.
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O)

_lI 2x+1 .
24 x? +x+1

l__'__)

= (2x = 1)

——ln(x +x+1)+

e

2+x+1>0

o

_-[x +x+1

T )

f

2

=2In|x+1| ——ln(x +x+1)+— \/5 tan T +C, where C is an arbitrary constant.

2cos’ (—ﬂ- —x) =2(cos Z cosx+sinZsin x)?
4 4 4

(cos x +sin x)* (5\
\ \/
x’ﬂ

=1+2sinxcosx | &

x 1 % =5

b w-f ¢

0 1+sin2x 0 2 ) 5
2cos’ | ——x

S —— e

15

| P

10 - Combined Mathematlcs I (Markmg Scheme) G C E (A/L)Exammatlon 2022(2023) 1 Amendments to be included.

/[lt.me/mathsworldofNaV

https



Department of Examinations - Sri Lanka Confidential

................................................................................

“Jo (1+5sin2x)?

i
=X ey | e—————
2 )1+sin2x

o e (O
0 0 1+8in2x

<17
=——-x—x

1+0 jo 1+sm2x

/4
=J€ % dx=ﬁ E_x @
0 : T

//t.me/mathsworldofNaV

https

0 1+sin2x
2
Ry —
sin2x
75 1 £ X
=—|2—dx— |2 ——dx
270 1+sin2x 0 1+sin2x
P §

10- Combmed Mathematics I (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) | Amendments to be mcluded 2
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16. Let P= (x5, and I he the straight line given by ar+by+c=0. Show that the perpemﬁe:mmzT

Jaxg#byge

I&tl andlzbetwoslmghthmgmmbya ~3y+8=0 and 3x-4y+13=0, mspeetwely

'Showt.’haﬂ and -1, intersect at A=(1, 4).

Also, show that he parametic quatons o the Hisector of the. scle angle bebween i} oo

be writtei ds x=1¢"and y-t+3, where 1€ R.

Hence, show that the equation of any circle touching both straight lines 7, and l,,andlyingmﬂle
Tegion between [ and I, that contains the acute angle, is given by @D +(y-1-3P _‘,—25.(: -1,

where 1ER and ## 1.

From among the above circles, find the equations of the  circles ‘that intersect the circle: centred

at A of radius 1, orthogonally:

X
P(%%s) Here a’> +b* 20

[
ax+by+c=0

(ol
uation of the line 4 is ( — ) = ¥ — X))
} r o1 te 11ne FPM is Wy /‘}Q_} \~4' Xo) D .

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

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

st(@ +b*)=—ax, + by, +c

2 —(ax, + by, +c) @
a’+b

10Combined Mathematlcs 1 (MarkmgScheme) G. C E (A/L) Exammatlon 2022(2023) 1 Amendments to be mcluded
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. Required distance PM =/ a** + b*¢? @
=va’ +bf|

_|ax, + By, +¢| @
- Va® +b?

l,:3x-4y+13=0

(el

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

15

The angle bisectors are given by e zy 2. =t o 45y i

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

‘5
= @

Let & be the acute angle between /, and x;+y-5=0

Lol
Then, tan@ =|=>———=7>1
4 —~
OlEs S,
K’ Not '™ o&u(\»& 2/\ Vie

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

/[t.me/mathsworldofNaV

https

The acute angle bisector parametrically is given below.

10 - Combined athemcs I (Marg Schem) G.CE. A min - 202220 1 Amendments to be included.
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Letx=t¢tforteR. @

Theny=x+3=t+3. @ 55
Centre of the required any circle must be on the acute angle bisector.
.. Centre is of the form (¢,¢ +§§ forteR =
‘ \ Yo ‘WH’A :
M OCXW WS \
. ar-3+3)+8] |e—1] =T
Radius= =
i
.". The equation is
(=) +(y—(t+3)) =% (@-1)’ @
Thatis (x—f)? +(y—£-3)'=%(t-1)’, whereteR.
20
Applying Pythagoras theorem to orthogonally intersecting circles gives
(t-1)7 +(t+3~4) :1%;];@—1)3 /;D S e o
& TR g //’ )(,_/;_\
o ~— /i‘ e [ \\
75 ~—f— TR B o
- =2 B
4‘ e \:' /, ‘\LXL%./
\\// - ,.//‘ i
// \\\ //’
> -5
:?f—,l:'? or t—1= ‘7— / \\__/
12: 2
t=— or =—
7 ¥

.. Equations of circles that intersects S orthogonally are
12Y o h e QTN 12
x——| +|y-=| ==—|=—-1 when t =—

: 7 =7 7

¥

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

/lt.me/mathsworldofNaV
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)56
(7Tx-2)* +(Ty-23)* =1 @

\IIN

N
N =y

1 : (when =
i

\

10 - Combined Mathematics I (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) 1 Amendments to be included.
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17.(@ Wnte down. ew(AH;) in terms of cOSA, cos B, sinA and sin B, and obtain a similaf expmsxon

Let kKER and k¥ 1. Bysepam&ly oms’idmngthemka-}andk«:l express
ﬂm(m%) +zsm(e-=§) in theform Reos(8+ Y, where RG> 0) interms of &, and af(0'<a<2x)
are real constants to be deétermined.

e, s, ks[5 )+ 260~ 2) -1,

(5) In the quadrilateral . ABCD shown-in- the figue AB=2p, D
CD=4p, ACB=% and ABC=ACD=a. Show fhat

AD? =16p*(sin” a—Sinﬁd+I) ;
Hence, show that if AD=4p, then ar=tan"'(2).

{¢) Solve, tan “an§)+ tan“"(lnthn“(inxz)- for x> 1.

J

(a) cos(A+ B)=cosAcosB~-sin Asin B @

: T

sin(4A—B) =cos(———(A-B)j N
; % O

(& )
=cos| (-—-4)+B | E

‘\ 2 7
=G 1% ( i 4\ os B m‘/ . 4\ sin B \/5\‘ >
C( - /l‘-Js S l\ 5 y ! 1D = / t

. ) /_ \‘\ e —————  —

~gin Acos B—cos AsinB | 5 ) = ~
N fe oo RS

https

2kcosL9+—ﬂ»J+23mL9_i—[_j
3 6

—2k(cos900s-3——s1n051n 3)+2 s1n9003~6——cost9s1n j

=k(cos@—\/gsine)+(~/§sin9—cos0) @ ]
= (k~1)(cos0-3sind) '

=2(k—1j(—1—cos9—[3—sin0] @
3 2
=2(k-1) cosf9+ p) where f =%

|
\
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when k>1 Zk?os(6’+§)+23in(0——z'—)=2(k—1)cos(¢9+%)

where R=2(k—-1) and a=§.'

when k<1 | 2kcos(0+%)+2sm(9—%)=2(1—k)cos(7r+¢9+%) :

=2(1—k)oos(0+i;£J

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

cos(9+£) =1 @
3 2

0+4—”=2n7ri£neZ.
3 3

o =2n7i~%7-r-i§-, where n € Z. @

10 - Combined Mathematics 1 (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) | Amendments to be included.
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(b) Sine Rule for the triangle ABC: m / O
: = 5 el
— = pﬂ:b=4psina@
fite ok
Cosine Rule for the triangle ACD : :
AD? =b* +(4p)’ —2b(4p)cosa ’ /O

=16p?sin’ & +16p* —2(4p)’ sina cosa

=16p*(sin® @ —sin 2 +1)

ul

If AD =4p,the ADC is an isosceles triangle, we have

sin” @ —sin2a +1=1
sina(sina—2cosa) =0
Since sina #0,

sina =2cos a@
e

sin a

cosa =0
cosa
tana =2 %
5" )
a =tan"'(2) . 7 =

/It.me/mathsworldofNaV
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(©)

- Combined Mmati

For x>1

tan™ (lnx% ) +tan™ (Inx) + tan™ (ln.x2 ) = -72£

D L e S
T LR
B 6

,8+6’=-7;——a @

tan(f +6) =cotr
tan f+tand 1
l1-tan ftan@ tana
Inx+Inx® 1
s g o 2
7 (5)
-]
=

Taking ¢ =1nx,
3><-2—t2 =1-2¢ @
3
4% =1
1 -1
lnx=t=§ (.’.t;t?ast:lnx and x >1)

/[t.me/mathsworldofNaV

N\
W
| |
n

3] e/ :
; in{(e’ | {ﬂan“i 17162)"#’[311—1(11’16)&7—:'- 2,
'k X 7 /l A 7 = Q
TIEE
tan™ (—J+tan“ (5)=z ‘I_'C
1)
5:1
1—.3‘.'-2‘
2
=0
g
6
=1

cs I (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) | Amendments to be included.
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The particle B is given an mpulse in ‘the &lmﬁbn 0 AF
xmpmse is . Show that the velocity of B just after ]
of AB' whare e is the cc)efﬁcmnt af xesh tmn between B‘_a-nd

O————-——OO
BC

: —)OVO-—>W
BC

Apply I =a(my) for B and C :
—> O=mv+mw-mu _y,;>®
eV WS (1;

Apply Newton’s Law of restitution:

WEsYS el oo it (;) ‘/f,\'

(D) -2): 2v=u-—eu

//t.me/mathsworldofNaV

1 e
v:§(1~-e)u (j/\
u n
: a
Required time taken =

https
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% Aané a&m lm; mim on a haﬁmmntafl gmmd such ﬂzat

Apply s =ut+%at2 3
OLY’

e V3
@Th s

I
oo
'R

]
<«

¥ 1
M-@: u=-T =3 .21 (5

3

(P)—> a+d = \Bga *= T

2 ::i> @ (for both)

@—> d-= Jog 1.1
.'.ak-\—/—g o 3‘/2_ T

:»a=2-—\/;—£T

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

o]

s
e A
Apply F = ma
ForB : Y3mg—T=3mf -—uremeeeev 1))
or mg (W?@
Ford : 2 T—smg=mf —reeeeee @ (5)

10 - Combined Mathematics II (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) 1 Amendments to be includ
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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 52, 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” 1(%) to the horizontal with speed 8 m s~! working with the same constant power

against the same constant resistance.

£
= 20ms_2 Apply H=PV .
->> 2ms
80x10° £ N
: Re—— | 1500kg —>F= =4000N (5)

Apply F = md:—> 4000—R= 1500 x 2}@
it
2 R=1000N

2
10000-1000-1500x —1500a

T o /o
9000 — lOOOg—ISOOa

10 - Combined Mathematics Il (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) | 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 angulaf speed .

The string makes an angle e(o<e<.§) with the downwérd vertical, Show that w>\g .

Apply F = md

11 ToosP=mp. v toic 9)_
« Tsin@ =mw’asing --—----------- Q) @
e —
~T=mwa
(Dand (2): = cosf= —%—— @ . w’asin@ .7
wa —»

Since 0<#6 <-§—, we have cosé <1./P®

.'.—g—<1.

o’a

o o
= @ > )
a p o
— /,“

25

10 - Combined Mathematics 11 (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) 1 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 =A OA, where A €R. Find OC in terms of i, jand 4.

Show that if BOC =%, then A:—-1-7Q.
)

) g @p'e ™

Since 3:2#2:4, O, A and B are non-conlinear. @ @ 4

OC = 0B+BC—p()
=2i+4j+A(3i+2)). = L5

. OC=(2+3A)i+(4+24) /. ()

S|

since BOC = —;5, we have OB-OC=0.

(2i+4j)-((2+3/1)g'+(4+2ﬂ)l'):O.?®

S

S 44+64+16+84=0.

St @

B

25

== e
10 - Combined Mathematics Il (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) | Amendments to be included.
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7 A unifortm rod AB is kapt in ethbnnm wﬂh its upper end A

N BABLI | Rl aE i T Rk Fareeo Voo avedl

TONHHLE i a nmuum PeE I-U s AUWW S El

atanmgleﬁ to thie vertical, a8 shewn in thie fighire. The fod makes
an angle - with the hotizontal. Show that mﬁ~—£

ABMN;&M=aam£=ai§ (5)

6 2
Tt q
MN =asin—=—
s :
A 5 3 9 =
ALN; LN - 2a @
CcoS —
3 g A
@ =5a
SIM =2a+—=—,
aeZet ()
A %0
BM 2 \/5
BLM; tanf=——= =—,
= IM @ 5 @ v
2
tan,b’=£.
S
Aliter
®
N/

B)) Wacm%:R@@ = R=

; s (5)
P cosf + R cos = w2/

BBBw 5w ¥
T

P cosfi= W_—— e
)

- P sinf=R sin%@ ' Q/@,),Q/

oy )

oA R G "

o pel

8
: 3w sw B
..tanﬂ_-—-———g-_ - @
25

T S P A
10 - Combined Mathematics I (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) ] Amendments to be included.
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B
For the equilibrium of the ladder :
T Fes=w (5
g s 1\
: . IP
: ; e o \im QP oy a/Z_ 0 '/::
'/‘éi?.‘) W a cos Z + £ e g e Sihy 4 D0 CLS 4 ,‘ \/3/ \‘\i)
e
y.
w-P :
and F =——
1 [Flae— \ess, e
Now, -zl w
& N
boep 1 )
=S ——=5 = B
6 2P § ‘l_"l-. )
=>-P<3(W-P)SP

710 - Combined Mathematics |

I arklng Scheme) GCE (A/L) Exaina.- 20023) 1 Amemnts to be inclued. -
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9. Let A and B be two events of a sample space 0. It is ‘given that P(A)=2-, F’(AUB):%l and
| P(A'UB)=%. Find P(B) and show that A and B are independent events.

ﬁ(AuB) =P(A4)+P(B)-P(ANB) wy@

= ll=E+P(B)—-l-.
1457 5

.. P(B)= 170 ®

'

P(AnB)= 1@P/Au3)—%/@

25

~.Aand B are independent.

thsworldofNaVi

10. ‘The mean and the standard deviati
60 and 20, respectively. Find the

It was later found that this matk of 56 has bag ; 5
65 instead. Find the corect value of the megn of thie imdrks obtaine

\5) \

5 - ’
5o 56 O(Y:: _'1~— —--0,.2 @
ZU 20 = 5

xi 100
60= s, = 100 = (Zx,j = 6000 @
i old

https

100
b -
AT o 600056465 _ 6009 oo ®

e B 100 1100

25
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_ .. Part B
% Answer five questions only. :

(In this question paper, g denotes the acceleration due fo gravity.)

11.(a) A car P that begins its journey from rest from a point O on a straight horizontal road trayels
with a-constant acceleration 2f m s~ up to a point 4 on that road, where OA = am. It maintains
the velocity attained at A throughout its remaining journey. At the instant when car P reaches
the point A, another car Q begins its Jjourney, along the same road in the same direction, from
rest at the point @ and moves with a constant acceleration £ m 2. Sketch the velocity-timen ™=
graphs for the motion of P and Q in the same diagram. :
Hence, show that the time taken by Q 1o the instant when the velocities of P and Q are equal CU
is 2‘]}5 s. o - ~

Now, let a=50 and f=2, and let B be the point on the road at which the: cath passes theZ
- car P. Show that AB = 50(5+2v/6) m. t , :

of

(6) A ship P is sailing due South with a uniform speed 60 ms~ relative tosarth and a ship Q-O
is sailing due Bast with a uniform speed 3043 ms™ relative o earth. A third Ship R appears s
to move in the direction 30° North of- East when it is observed from P and ship R appears S
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)

Vv

( 10) S '
o \\v G, € g o
L R A & 7
2f e ey, R e b i TR
g Waie
l'//

//t. me/mathswo

T
\
O
A
S
v

g

https

E i
g I *H
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From AOCD :

HODIING

£
"
5 ~
’1=\/§ as t‘>0;y@

From ADEF :

g rdl 5

2 \,/X/

worldofNaVi

“ | AB=-§-(t2+t3)(2f t1+ft3). | @ ‘ : ,FLJL Myvto’j %
=%(10+5\/E)(5x2+5«/8)-(2)=50(5+5J€) (5 ' i v
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Ar
I ©>/ MNTIS

’
. r | 7 /,T
(b) \ 5 /‘i")’ nf’ o v'\‘—» (-i
» ASPNVP ‘ 0 “

V(P.E)= V60 : As K

Z(0.E)= —30¥3
v(RP)= 50 | ()
V(RQ)= ¥

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

—
S S o

Sedtartly.

= AC.

Also, 7(R,E) =V (R,Q)+V(Q,E)

//t.me/mathsworIdOfNaV

=V(Q,E)+V(R,0)
= AD+DC .
L 10 Q&g/
= AC
At D BE=3043 "fl”

i
U2
'C:.

[ ]

]

-~ AE =30.

Also, CE =3043.

https

AL 1
B =
A CE \/3 @
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" Now V2 =(3o\/§)2 +30? @

V2 = 302 (4) ; S e _—’j~
5V =60ms™ 60
e P
RS = 24000\/E :
E 2 @)
=120004/3 O
_ 1200043 =
60
= 20033 8 ) g
Let d =30x200+/3 = 600043 2
=6V3km (5) -—
.. The required distance D km given by E
. D? =6 +6*(3) —
= o
D =12 km. @
D 63 E
- 15 |4
\
——————————————————————————————————————————————————————————————————————————————————————————————— -

https
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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 face
containing AB is placed on a smooth hoxizom?
floor. Also, AE and ED are the lines of greatest
slope- of the faces containing them. AE = 2a,

ED=a,DC =aand EAB = AED = %Three
particles P, Q and R of masses 3m, 2m and m, :
respectively, are placed at the mid-points of AE, ~— 3= ' B
ED and DC. The particles P and Q are attached j

to the ends of a light inextensible string passing over a smooth light small pulley fixed to the
block at E, and the particles Q 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 rést from this position. Obtain
equations sufficient to determine the time taken for the particle Q to reach E. :

@ . - W&“
0%/ ‘ ,

' f = %)

R f 'Q}? \})35 : :

o

<<'\/ : f «—
e
7 C
»\M o & (10) for the f
6\<,L. / / mg W g ‘ ‘ \10 ) or\ e forceos
; \;}\‘g)ﬁ'\ o N T -+ F o !
Sl / /BN A e
K iAo (Y
o \L 7 i
4mg
VIW,E)=—>F
vewy= f

Then V(Q, W) =\ f @

/[t.me/mathsworldofNaV

VR W)=« f @ }W@

Apply F=mgq : | 0&@

https

g
For P: /3mgcos—7£——7; =3m(f—-Fcos—;£) ﬂ»@

For 0: '\]{—Tz—ngcos%=2m(f—-Fcos§) Q5) ‘

For R: «T,=m(f-F) @/D

M. : 2 =1
10 - Combined Mathematics Il (Marking Scheme) G.C.E. (A/L) Examination - 2022(2023) 1 Amendments to be included.
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&/
s

W@W“ po®

For the system : O(@,B @ W

y (\(\) ; I'\\
T 37 s (\\((J/q’
0=4mF+m(F—f)+2m(F—fcos%)+3m(F—fcos-§~) (@

For O '\s=ut+—;—ft2 | e S
= %:lftz. <10> CU
b -2
------------------------------------------------------------------------------------------------- y—

(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 tant
and OP horizontal in the position as shown in the figure and released
from rest. Assuming that the particle Q moves vertically downwards,
show that the speed v of the particle P when OP has turned through
an angle 8 (0<0 % :g-) is given by +* =3-§£’-(20——sma).

The string is cut when 6 = % 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.

: i S
(b) By the conservationof energy, we have = @
T 5
l l - Z e

= my* + 5 2mv” + mgasin® —2madg = 0. (\25)

=3 = 2ag(20 —sin 0).

= ¥ =2—§g(29;sin9). )

/lt. me/mathsworldo

https

included.
18
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v=u when 9:% is given by u2=2—ag(£—lj. 10)

=£19§(2ﬂ—3).

it

By the conservation of energy

lmw2 —-mga = mgg-+%mu2 @)

e

2
lmw2 = Smga +lm§(27r—3)
2 2509

1

—m

2

M=lmag[3—l+2l:|

2 3229 u

8 27| ag

W =ag|—+— [=—=[24+2
ag[a 9} g VAN

_y2ga(7+12)
FEEVPL I e

)

/mathsworldofNaV

me

/It

htt pS
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13. One end of a light elastic string of natural length 2a and modulus of
elasticity 2mg is attached to a fixed point O which is at a distance of
4a above a smooth horizontai fioor, and the other end o a pariicie P
of mass m. The particle P hangs in equilibrium at B. Show that the
extension of the string is a.

Now, the particle P is given an impulse of my vertically downwards.

Show that the equation of motion of P is 5&+w2x=0 where m:J—s‘z
and BP = x. =
Using the formula i? = w*(c? - x?), where ¢ is the amplitude, show that
if v>+fag, P hits the floor.

Now, suppose that v = 3\/_—

Find the velocity with which P hits the floor.

The coefficient of restitution between P and the floor is e. If e<\}_ , show that the particle P O
will not reach O. 2

If it is given that ¢ = -;— find the velocity of P when the string becomes slack for the first time. -O

//////9//////

fNaVi

Find the total time taken by P to come to instantaneous rest for the first time, from the instant _L

it iven the impulse at B.

il was give P o O
At the equilibrium position, i 5 LLLLLL ;
2mg——=m

o 2a o U)
S35 (®) -
= The extension of the string is a. 10 ‘H:B
Apply F =ma: ' —— E
£ a e
+3) (N

Lm %=mg—-2m . 35 /b B o d my
e O
. a = QO Ly =

ook R el X

S X+ 'x=0, where w-,/a. e ——

[5d
=
n
n

https
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x=v when x=0

v=cw
v .
G = - —
’o(® ; ,
(0) >
ifv> ag,thenc>\/;g_. Zea CU
- Z
and hence the particle hits the floor. 20 |

Let, x=u, wherex=a.

O

Then @ : L
ul = §(9a2 ~a® ) = 8ag, since ¢ ‘£= 3a. (JB) : O
a w < ;
(7))

The velocity just after P hit the floor = eu T

Jix=eu, when x=a.

Ry symmetry of S.H.M. about the center, = ey, when x=-a. 15 y

Lo SR

For the motion of P under gravity,
Apoly v? =u® +2as:

To=v>~2gs @)

//lt. me/mat

‘ 8e2ag 7}
5’:—-—-—-=4€ a
2g @ n u
If e< _1._, then s < 2a and P will not reach O. (@

o e i e e o S e o e S B e o e B S B B e S e e e o L S e e o o G o s o e 7 o o o S e S o S e e e o o e e

https

e ]
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= sin™’ [%J
Time taken to hit the floor, T; = —=~% 5,

Let e=% . Then Cl=\/§a.

Time taken after that to reach the natural

SN
2sin (—\/—5] =
Length 7,=——="~% & _[10)

\/E B o0 : 2
= .

During is free flight: T ¥V =u +at.

e — a
. Time in free flight 7, = 2a 2a @

Total time taken T1+T2+T3 = \/E[Sin'l [%)‘.*_ZSin—] (%J+ 2
g

10 Combmed Mathematics [l (Markmg Scheme) GC E(A/L) Exammatlon
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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 wnhi
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 OE =b + w(3a-b) for p€R.
Hence, show that -5* o -1%(9&+ 8b).

Vi

(b) Three forces ai + 2j, —3i + fj and i + 5§ act through the points with position vectors i + j, CU
3i+j and 2i + 2j, respectively, where a, 8 € R. It is given that this system of forces iz
equivalent to a couple. Find the values of @ 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 O
resultant force and,,- nd its magnitude, direction and the equation of its line pf action. -O

Next, it is given & st when a torcq pi + gj acting through Lhe pomt wi »:n ition  VeCtomm

: . S
Sw o & 2+ 33 is added values of y,
(@) ;
D /p)
C
©
B Se ke E
il =
[~ = 2 S
O i A - ‘-\C g
By the ttingle OAE, ‘l—:
OF = OA+ _Z_E~ = Q
=a+A4D (5) ety
= g+l(;1_5+55) @ 8
=g+z(4g—g) @ e
By the triangle OBE, _C
OE = OB+ BE
-b+uBC (5)
= b+,u(§5+~0—é

=b+u(3a-b) @ L J;//;:;ﬁ’ 2

: 10 Combmed Mathematlcs ll (Markmg Scheme) G.C.E. (A/L) Examination - 2022(2023) 1 Amendments to be mcluded
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a+A(4b-a)=b+u(3a-b) (5)
(1-4)a+426=3ua+(1-u)b (5) '4 M\Jﬂw
: S
=>1-A=3uand1-pu=44 @ 3@ /@
N - 7o
¢ I @
3 .'.ﬁ=a+—2—(4b—a) @
ke

=%(9g+8_b_). @

0 x

singe the system 1s equivalent to a couple,

+X=0, 1T7=0 and G#0.

X=a-3+1=0
D>a= 2%‘,@ @

‘ Y= 2+/3+5 0.(5)

=>p= 20

o) 6=2(1)-2(1)+3(1)-7(3)+5(2)-1(2) (5)

=3-21+10-2

10 Combmed Mathematlcs Il (Markmg Scheme) G.C. E (A/ L) Exammatlon 2022(2023) 1 Amendments to be mcluded
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=9y +16y* <:>

—2.)/

~R=5y. @
E¥o

50 =tan™ (-‘31) @

! AY 4ya3i0 = g76. Azx U0 = & \
A= O e v L;/,

ldofNaVi

S p==3y g = —4}//

B} (3;/><3) 4yx2)-10=0 (3)

S =10,

O

=

(/p

S

—>p+3yi)§ Tq+4y=9_h@ ‘CI_U'
| =

T

)

=

@ q(2)—3p—.4r(x) =0 @

:J
Aliter e
2q—3p—4r(i)=0 G =
i 2r cn
@ e
@ Tq+4}/=0::>q=—4y )
—)p+3y=0$p=—37@ i:

2(~47)-3(-3y) =10

-87+9y =10

y =10

10 - Combined Mathematics II (Markmg Scheme) G.C.E. (A/L) Examination - 2022(2023) 1 Amendments to be included.
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15. (a) Four uniform rods AB, BC, CD and DA each of length 2¢
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
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 equxhbnum as shown in the figure. Find the p
tensions in the strings and the reaction exerted on AB by BC
at the joint B.

(b)) The framework shown in the ﬁgure consists

of five light rods AR, BC. €D DA and DB
smoothly jointed at their ends. It is given that
AD =a, AB=+3a, BAD =90°, CBD =90°
and BDC =60°. At each of the joints B and
C, a load W is suspended and the framework
is smoothly hinged at A to a fixed point
and kept in equilibrinm 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.

(ii) Driaw (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.

/[t.me/mathsworldofNaV

https
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For ABC,
A} :X-2a-20 f’i_o
v (5)
2
For BC:
e /
BY . W‘/— W—2[3——Ta23 =0 (19)/¢
T= 2W @ : Rl B
For BC: : 5
w3 2
— X,=-~—2—-—, @
w
tr-w-5,=0. (5) 5 ZZ—‘E

Y =W @

GoeL_ ¥ 2
X ’V\/' B
9

/[t.me/mathsworldofNaVi
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= L < AN
(®) A} Pxa-Wx3a-Wx2V3a=0 (10) /) -

. P=33W. @

P o
P S—

% 23w - >
2R La 4y
2 =
o N wFWa o Y
4 e
L NG —
] ;
joint C: 10) U)
joint D: &\10 ) -
joint B: «Ia CU
Rod Stress | Tension | Manganiie | E

#55 e |
AB v | ) E
e g T T ey
B(., v - | K\]_'O \
\
W o b

AD v = 10

(8
https

e e e S T TS
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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

‘distance -_%:f from O.

A plane lamina is made from a uniform thin
sheet metal of surface density o by removing a
- senii-circle of radius a from the rectangle. QRST
-and by adding an isosceles triangle POQW with
equal side-lengths +/2a to it, as shown in the
adjoining figure. R = 2a, RS = 6a and QW = 2a.
The centre of mass of this lamina lies at a
distance ¥ from QR and ¥ from RS. Show

that 7=U4-3%a .04 . 2015-m)a .
X 6= an y"(26-m:)a

The lamina with a particle of mass m fixed to it
at §, 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
RS horizontal ‘as shown in the
value of m and the tension of
of a and g.

N

Il
g
(@)

/lt. mne/mathsworldofNaV
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Objects Mass Distance from QR Distance from RS

3a a

) @
1
—7naco 3a 2 —-— :
& e Gh e . P pawiee (U

(0]

ridofNaV

N | =
~
[\ )
8]
N’
AN
q
3
Q
PTG ON,
!5_.\)
\U'I/

WO

= 3
=qd'0 0%) @'@ (97(55
12a—lm'+a20' :
- o y
(13—5-}120 ®
5

o)

n - 1o '
[13——5)azax= 12a20(3a)—57m20'(3a)+a‘o*(a) (\@/0
=  (26-7)d’ox="T2d'03rd’c +2a°c

= ~_(74-37)a 0

(26-7)

/[t.me/maths

et el )] @)

x (dp)
R 3 3 :
3(26 ”)a20'37=12a30'-7m30'+2a T @ Q‘
. 2 3 e el
; 45q°c -3nad’o C :
=——T~—
— 2(15-7)a
Y= (26-7) ®
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53 !
mg(3a)=(13—%)azag(3a—f) ({9)

m=<26-’ﬂ>w(3a_wj ®

26—

(4a +37a—3ra)

Y 2TcosZ=mg|13-Z |&
5 =me > |d'oe @
= J3r-= %azo'g+13a20'g——72£a20'g

_4la’cg nmad’og

e

(82 37)d’og @
6v3

/lt.me/mathsworldofNaV
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17 .(a) Four identical boxes B,, B,, B, and B,, each contains 4 pens which are identical in all aspects
except for their colour. Each box B, oontams 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.

(b) The data sets {x,,%y ..., %,} and {yy, ¥y ..., ¥, have the same mean, and their stan
~ deviations are o, and 0, reSpecuvely Show that the variance of the combined data

Mg""m}. - : 6

{Ris ce0s X5 Py0 ooy Vi 18 given by ey

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

Diameter (mm) N(:‘:‘m ::n"’g:;s
26 )
610 5
10 - 14 8
14-18 4
18-22 1

Estimate the mean, the median and the variance of the distribution given above.
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
producsd by both factories

r

//t.me‘/mathsworldéfNaV "

(a)
P(RR)=P(RR|B,)P(B;)+P(RR|B,)P(B,)+P(RR|B,) P(B, )+P(RR|B )P(B,) (1
-l i, 1 Co e
4 4 4% 4 O
=4-1C2[1+3+6]
ol -
24 12 m
, PR f28,) Q.
P(B4|RR) P(B4|RR)P(B4) (\10> ﬁ@iy/‘e({>’/ s/‘# Qz
B e c
o £n)
3
5o
2
25 ©
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®)

Let u be the mean of each the data seis {X;,X,,..., X, Ja0d - {}}, Vyseres V) -

Then the mean of the combined data set is also 4 . @

Set;

o ____t=1 i=1

iﬁ+fﬁ
—u@

sworldofNaV
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= n
n+‘m : n =
2 nax2 +mo'y2
n+m 25
Diameter £(10°) Mid. value xf X A et
(mm) x m
.6 2 4 8 32 _
6-10 5 5 40 320 E
10 -14 8 12 96 1152 s
14-18 4 16 64 1024
182 1 20 20 400 O
20 ' 3% 2 | 9% E
0 10 ]
2 . Qg P~
20 e %
Mean = i =11.4mm (3) f | v o
@ 2 4 J
. c ¢ 2 4l
. g s 14 Q)
‘o . >2F o, o9 i )2 o
: me_zMD_mé$®4me% STRRRIY %,¢;
~16.44 mm". 2 ‘,E
* E S']‘/ \
o 5 53 :
Median'=10'+.(10 7)><4 @ ﬂ i f&gl 30
=11.5mm. | Spdi o B T
.‘j al %Jf% = Ko LJ
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1
o ol 20x%16.44 +40%22.53
Combined Variance 20+40 {200'1 +4007;} { X X } @

=
(©
Z
(T
O
O
-
O
=
/p)
£
e
©
&
S
)
=
e
oy
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