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Mathematical Formulae

1. ALGEBRA
Quadratic Equation
For the quadratic equation ax2 + bx + ¢ =0,

e —b++b* —dac

2a

Binomial Expansion

(a+b)" =a"+ G P T R P S L P T
1 2 r

_ n!l  nm-1)..(n—-r+l
(n—r)!r!_ r!

. PR n
where 7 is a positive integer and ( J
¥

2. TRIGONOMETRY
Identities
sin?4 + cos?4 =1
sec?4 =1 + tan% 4
cosec?d =1 + cot?4
sin (4 + B) =sin A cos B+ cos 4 sin B
cos (4+ B)=cos 4 cos B FsinA4 sin B
tan 4+tan B
1Ftan Atan B
sin 24 =2 sin 4 cos 4

cos 24 =cos? A —sin* 4 =2cos?4—1=1-2sin* 4

tan(A+£B)=

tan24 = 2204
l—-tan"4
Formulae for A ABC
a b c

sin 4 - sin B - sinC
a’=b%+ ¢? - 2bccos A

A= Tbcsind

+b",
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Solve the equation 36" —6*! =27,

67— 6¥(6) =27

(6*)"~ 4(6%) =27

let u=6%

U —bu=2] o — (@)
u-1)u+3) =o0.
[u=-3 o we9 | —l@w)

éx:—3 ol 6197

cref-) 06 = Lg9 —@i)
x = AL
Ly 6
= |-2262
v 123 — ()

[4]
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2 In 2015, the population of a town was estimated at 15 000.
In 2020, the numbers were estimated to have increased to 17 500.
Analysts believe that the population, N, can be modelled by the formula
N =15000e" , where ¢ is the time in years after 2015.

@) Calewlede fw popuslotion of e tawen o e neavest pesion , in 2e30. [4]

N = 15000 ¥t
) X k(S)
17500 = 15000 ¢ — (i)
(5 ovo

-~ . 17500
LY Ql’l 1S 000 R 5K-= ﬂ‘*%‘

(7800
kK = 0.030830 (Sff>. —‘é‘“') S Z‘L w Lpoo “é/“aé
171809
0. 030830( Tl 75005
~ N:= 15000 @ R N =S99 &
|n 2030/ ., 1780
3 e
0. 030820 (1S) IStoo
N '5000.0, (—:’ ——Q"‘f> oR N:/fﬂgoﬁ
- 23819.3
= 2580 —(a

< popudation 23 81



((b)  The town is labelled $overcrowded” if the population exceeds 30000.
" Estimate the yea:m __1_1;611_ the town is first labelled “overcrowded”. [2]

I1So00e”

0-0308 20+

+

2018 +23

et

010‘3:0&930 t

) alSo cccept
= 30 000 ——@g’fﬁ) [ it Shdewts wse doool on
! RHS]

s
7

= fu
= 22482
¥ 98

= 2038 Pos: Year 2026 @)

=y e pengbpiis <
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Tln

,3 (a) Given that §mo: = —\% , where 1s_ an acute angle,

,. show that _t,gm(45°+a) -'1-\/—__——. B el s A 3]

o Raser [ 5-2r
e

A L B
i MSM i \13-

S

$in &S +o£) S8 ¥S% pos ol +

2k , - cot#S°
—_— s, o=
S - )

(@?’ Pt

i

__Mq"n . ot 1‘,,“%,. - vy
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(b) Hence, find the value of cot?(45°+a). [3]

Recall: | vcof?€® = focec™®
cot?0 = cose’ O —|
= GATASTRL) = e (4SVy) — (i)

Gottetis™o) = IO (ap

cof® (48° = 8 \2
(48 +oL) f;m> ‘,

= 2153
Go _'"’
= 5 — @)

AHeractive '

cot? (450_@()

cos@so—ro() T 45 oty — CintSCgin ol PR s’ (5% .
= ] —0n®( 150 n)

= __’ i | 2
Va- (\IS* J1 (—_\Ig' l
=] _ 3.[“: 2
| N / Llﬁu
= —_ -2 - _ 1 '
Jro Jio Ji _@ﬂ)) bl /’o

Bitornatue 23 ) 5 ( e
51?1('}'(‘15_"—(-0{) = wst(qj_;x) _ , = [_O\ -_[
s / a o [Turn over
AMue, o\ — | \ Y = 4 %(Q‘D
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8

(8) Given that £(x) = ax® —3x* —2x+b , where a and b are constants, find the values

of a and b given that f(x) has a factor of x—3 and leaves a remainder of 4 when
divided by x+1.

‘f(x) = 0‘13 ~3x>-2x~+b
ft3) =0
als) _3(2) -2D+b=0 — &)

Q7a +b = 33 _@
‘]0[") ;L',
0‘(")3 3N~ b =k — ()
-G -3 +2+b = J
—a tb =5 —%

O-€): 2. —(-0) = 2

28n = 24
4] o ' —-——-@H)
Oup =] e @ 2 -1 + =5

[4]
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(b) (i) Factorise 250x° +54)°. 0(3 4’z (o +b ) a*-ab —(—b’) 3]

2153+ 27¢%)
=2 [Gu)y Gyl Gy )
"2 (5“31 )l 0% (29)" - sutzyy)
2&3) ( 2.51_"»]515 f45’)

- ToTN——
& @y

(i) Hence, given that x and y are positive integers, explain why 250x° +-543° is an

[1]
even number.
S’?wu, 2, Whicl i s an eyt No., (S a '%u{vw uig
3 ~
25021 -r547f, fuis makes stxz-rswyg an Cuen no.
. Hires -
Cituey

Siee

Fu

pact (i) it g Mulfiple of 2., 4u ever no.
'y ; '
4kt it u., eay ne [oR F1¢ ten Mhio MulﬁM’

- L»vb Z’X
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- . .\
. . sin x sin x :
5 (a) Prove the identity + =2tan’ x . '
cosecx—1 cosecx+1 [4] \

Lus - Simx (S?MZL a
«S‘Mx. ) Llnx, )

Siax SMD(

""thx.
iuJL) C'f.sz

Slux_

Sm* x

Al

Lin’ X
[—Sinx |+ Stux

QX ( |4Siux) 4 S’ X ()=Sinx)

/
,‘ giq"{ wrcokab:ta@)

. NI ( |‘f.S;WZ+{-—&inx)

w;’x — (m"%, dmom;ucd-or, ,-$3w>df=w\$.l)c)
Sm>x ( 2)

coSt

= 2fan?x

1

()

P-Hemative

—_—

LHS: @U‘ A€ ) - St + @95(.(7( -.|) I a

Losec X —|

,.(W,@rwm biui«at %ohm;)

= Simx_( cosecx +| +cosecx )

roin —{W"-/lbr Cefec’x - | :wf’:()

- Sivx ( 2eosecx)
CoF? x
Sinx 2 —
- (S’iu:o) \_____CW‘ Colec ¥ ;J‘M'L>

cot? x '

) ij?—x_ = 2tan’y _Cm
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(b) Hence, find the exact solution(s) to the equation
sin @ sin @

=5secf—-4,for-n<O<m.
cosec @—1 cosec 8+1

2fan’ @ =5su0-Y
Uan®9 ~5e9 tH ~o
2(8ec?0-1) ~Seech 4 =0 — @)
2¢ec®® - ~S¢uh 44 o

2ec’@ - 5800 + 2 =0
(seco “2)( 2%e6-1) =0 _— (#w)
fec =y v Q- 4

2

cos0 =5 or sl =2 (ry) —)

B4 T ‘_(m)e et frnbed

-1 T
&' "ér;g

kf"'\.-—-‘

@)

Alb. 24’6 =550 -4

Zswm¥ ¢
AT

26M*0 <G40 - L eos*0
7 (1 -co820) =850 - beos® "’Q‘M>

7-290 = Yus0- lfwszﬁ
2¢o080 5205 O +) =O

(26039 *I) %so -z) =0 -—Qm)

&959% o 50 =) Crep _@9
B —I;j— ——‘@M) :

A, -&L . L _ M)

[5]
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R
13x cn/\l 3x cm
Q S
hem
P 24x cm T

Tue diagrom Abnb!hws a N?ual?w#umbr PRRET .
Bes is Gu iSoseles triamyfe While PAST is o veetaug(e -
OR=RS=13xcm, QP = hcm and PT = 24x cm.

Given that the total perimeter of the window frame is 720 cm,

(a)  show that the area of the window frame, 4 cm?, is given by 4 =8640x-540x* . [4]

R Rm = ‘/an)lfQM)z — (K1)
132 LN\ 13
(. = 5x
Qe ¢ 2(3x) + 2(h) €24x = 120 ——(""'5
b3 2 125
2h = 720 -50%

l\ = 360 - 25X

I
\

6o x> 4+ eyox — boox®

H

= &6y0— Svoxt — (@)

L @oolst) + @60?25")(”“) —E)
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(b) Given that x can vary, an interior designer claimed that the value of % has to be

160 in order to obtain a maximum area for the window frame. Do you agree with

his claim? Justify your answer with relevant workings.

I
ﬁx_" = &840 —losox

o
> - Tloso ( <o)

ol ‘ By
St %% 50, Ala 1S 4 Mmoxamum . }L)

+o ﬁwf Statouavy value of

%E =0
. §840 - (odox =0 — ()
o0& = Lgyo
X =¢ —(@m)
N X 28, s 360 -2s(e) —G@mY
= leo

»

Ly Iozﬁnze, wWHy e (uFerior p(e.f(ju&/'s e
Clem fnat phen (N :Péé, QAvea 1S Maximum . 3 GH)

Alerrapea
A= 8640 o —SYoy>
2SRl )  — (@)
T TSHo((xt~iby 89 * 5ko(g )
= =5yp

‘ 2
(x-8)+ 3 g0 —— iy

[J\“"u wéﬁ" of x* s nejafwe, A s af rax-
When 7(,‘}3]___63’)

Mhepr x < _ -
X248 L= 360»25(‘;) __@,D§
T l6o.

’
-

’ "‘é_w_t Wih, infevior o(erym'f elpinn ot

CM [Turn over
h hot +o be 1ho +o ebtom Fuaviurwm dumss j )

[5]
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The diagram shows two rods, PQ and QR, of length 7 m and 3 m respectively.

PQ is hinged at P while QR is hinged at Q. The rod PQ can turn about at P and is
inclined at an angle of 90°—@ to the horizontal ground, where 0°<6<90°. The rod
OR can turn about at Q in such a way that its inclination to the horizontal ground is 8.
The vertical distance of R from the horizontal ground is 4 m.

(a) Find the values of the integers a and b for which h=a sin@+bcosb. [2]
¢ POA = IS0° 1@0”'9) -90°
=0
h= QA+ RB

cos = B =5 O = Teos 0 |
}@‘lﬁ’-ﬁr e,‘r{w)
§mb = _’.?. > P8 = 3¢kné
<o hr 360+ Teos§

[~a=3, b=1]—®)
(b) Using the values of a and b found in part (a), express 4 in the form (3]
Rsin(@ +a) ,where R>0 and 0°<a <90°.

R={ 347> —fp)
= J58

= (3) ()
=b6-$01° (3dp)

o e JBESi (64 66-p01°)

= [G5 o (6 46.8° .m) (also acvept W Shudewh
( ) —& lef + 5% i 3&9;‘7-&)
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Hence
(¢) state the maximum value of 4 and find the corresponding value of @, [3]

L =58 —ED)

monx
/58 S ( 6+ 66-40)°) = 55
Sl (0 ¢66.801°) = | — @)
O + 66. 801° = 90°

& = 90°- 66-801°
= 23.199°

r 2320 (1dp) — (&)

(d) find the value of # when PQ is inclined at an angle of 35° to the horizontal. [2]
90°- 0 = 35°
O = 557

“he 7085504 2e 5% pr JBF gin(55%4 66-801°)
"'__'__“"v""\..___/ ""—‘\/—-\__)

5 [ﬁ‘" Pr gubct. /
6:55"1 .

= 64724 ()
T 64T (3¢P) —)

[Turn over
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8 (a) Thecurve y=kx", where kand n are constants, passes through the points

(2,64), (3,486) and (a,gi—z). Find the values of £, » and a. [5]
SUb()(b‘f) 0‘*\’( @;4&6>
b= )" —O©
- g@l*ﬁf e‘rruw)
486 = k(3 — &
‘C%‘ ‘ 81; = %v — @)
3 A tresnatve
2 \N
ZLPS (/ ) ﬂizﬁ) Qj (3>
32 ; Py
2 L [2\" \ o= HER): b
(37 -(3) i )
- H .
Y Y _—{)ﬁ-lﬂb
AHemetive #2

fom@® k= i}-“% —&

Sub@imto B . 485~ b 3 )
. PR
A% ra\n
o
2‘(—3
= =)

(#F -(D"

- N5 —(ar)

Sab =5 wto®: 64 = x(2)°

kx2 — @)
. 5 -
TS e Q=% —@w
ab,_l.__

(02
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(b)  Solve the equation log, y—log ,9=1.

[5]
,°3g‘j - 9:9

ley3

-] —@@)

e e R RS L

— P ot 2= 1eg, 213 Y ?@ﬂo%\ﬁz
2log,Y = log, 4>

(x =2 (x#) =p

=L or x = -] —@L

S (g Y=2 er /°J33 ==
y=8 o Y =3
| 3

=
oy )

@) @)

[Turn over
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(a) Differentiate xe®* with respect to x. [2]
2L
26
- 2X
= ¢+ zL(_ze”') — @1{)

- oA
' ¢ ):ce,z"L ,_@,f)

(b) A particle moves along the curve y =xe® in such a way that the y-coordinate is

decreasing at a constant rate of 0.2 units per second. Find the rate of change of

2
the x-coordinate at the point where x=-=1. 4
d
= - 0[ 24~ -
akx = -1, Z}}ic_, o2V 4 2(*{)62“)
= ¢ —2e™
. _Q‘l
- -2, dx .
0-2 = -¢7 (%) —@) [Mwadm bids ¢
A Qub 24_ 59
& o Ctudents ;&,oa]
At T T
- |.¥T7§

Zo1us (3SF) (ol dcuept 0.2¢” or %:) _@9
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3e* +1
4 [4]

> 2x i 2
f;e £2x e dx = [zen] — ()

v

2|
(¢)  Use your answer from part (a) to show that '[0 xe” dx =

1 2 \
fo 2%6”(0()6 = [xe”(—]’l '/0263)( oA

0

ry

2et = [ X7, —fu e fead)

2
/ 2% _ 4 &t
Inteq mfg
X " kY
s 2oty ‘
= e’
2
2
Q/O 16710(3( = Bl ol
2
i Xe gy = 3ef+4!
0 & = z— —{#)
A kevinedive

Qx €% S 2x ;
! A= H s O e

= 2 2
_X’Q/ZC— 2’36

| = o g@m)
fX 6.23( ofx = xezx N e))( .
B T, — t €
f ™ - xe* eX 14+
o ———
(3 & )
> (2% Ly
—_— B @ )
(5-9)- () —aw
= 364 )
+ e
= 3ett)

[Turn over
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10 A circle, C, of centre 4 intersects the x-axis at points P(1,0) and Q(13,0).
(@)  Given that the y-coordinate of 4 is negative and that the radius of Ciis Jet,
show that the general form of the equation of C is x*+y*-14x+10y+13=0. [4]

pChe) al13,9)
e/—\\ S -dwor ' 2 :
: A -dwordmatt of A1 1413 -7 _ar)

:“; - 4(713)
6-')27@-0)1 = 6 — (i)
él t 1’ = 6/
J° 61-3¢
g =28
J =% er -
(rey)

= A (‘7/ _,5>

11

LD W) < (V) — al, ot %‘})

W-ldx #49 + o + 1oy 425 =6l

’)c>+\1’-—1'+x+iOJ +13 =9 “'”@")
ot Abe (ab).
e | <. - (71'5
e HP L\,(ﬂ_l)lfbl ( A )
AQ b\,@z"f:%')z'l‘_!," (7("7)2"'(31'5)1: @)7—\@{>

’ N X AU + Y oy 425 -
@) 467 = (a-13) 42 —(m) | (AT 2 4oy 25 ¢

2 Tyt
az——h;.{.[ C a%gta 4169 A Y -ILFJ(-('!oj 13 > O —@,)
e = g
Q =7 ‘

s J(?-I)L-rb‘ = JCT or \/Q-B)Zﬂ,‘ Y ——(‘”“>
bY =1y
lo’- S 25 \
b 25 4, -5
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(b) Ris apoint which lies outside the circle.
Find the coordinates of R such that triangle APR and triangle AQR are right angle

triangles which are congruent to each other. [4]
MA’P: ~5-0 MAa :-5’0
7-1 -3
= =15 -
6 *3
Moy .
R
Bt 0T ) e o -t
o Fx-/3) "
L ©:y:-4 "
- € J X 4% | euer,

C"”"Ofma‘fé: J‘P{i. (p @ x -6

- = 7:
&= gl —n)

2X _ 8
W
T L R(,3¢
Mernatue. )
= m {H}J" Mg, o0 Mg,
S ﬂt«d‘} 9 o PR or Bgy of j’?ﬂ%aw"

X—COO/XM((}fK'. x=7 ——(bl)
S x=7 —@©

((7;3@2('1&&“ /C/‘ 'fx-r_:fé] —B

Ao

ROR) —w)

(c) . State the equation of another circle that passes through P and Q and has the same
radius as C.

2]
(x_7)l + (y"x)l;
(81) @6
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11 3

The line y = —%x +% intersects the curve y =

at points P and Q.

2x+3

Find the area of the shaded region and express it in the form a+5 h1—2—5— , Where

a and b arerconstants. [10]
YR —f-u —®
J- 2;c+3 — @
~2x+)) G

T 53 @)
f’}x'f”){)xﬁ) 1Y

—lfy > —by ¥2PX 33 =4S

P> plb —(2 =0 7] ipfor St
)(/" Y +£3 = O
(x-) (x=3) =9

[3-7(‘*\ ov )(:3‘}%_(&!])
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Continuation of working space for question 10.
Awnee, ‘)f er ion |
St Iiihee- R
') ___
j Tl — @D

O 23(.-‘3
/ L PA—
- [ (3 _ [—Zx M] — (v, B o
[ 2 ]o 512 RS o g,crrrc,vf lw*‘d"“*“‘"\)

Sk =23 - ()

z —g—’,"‘\;"% ’h3 = l

Prnea of Mgyion 2

3 3
x BGRE a [ — e

[l - (1)
[#+% - i, ~@)d—§;hs)

(%
P R T R VI

2

G

\s

Toba| area

< -ih

’hy /3 Z,'f'?’v 2_,__’“'9_(’3/“‘ b@%‘)ﬁy
. add

il

--- End of Paper ---
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