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MATHEMATICAL FORMULAE

1. ALGEBRA

Quadratic Equation
For the equation ax? + bx +¢=0

7—bi\/b3 —4ac

X =
2a

Binomial expansion

(a+b)" =a" +(T]a”“b+(2}a"‘3bl —i—...—i—[’?]a”_"b’ +..+D0",
;

r?J n! n(n—1)...(n—r+1)

where # 1s a positive mteger and
ri(n—r) r!

2. TRIGONOMETRY

Identities

sin® A+cos® 4=1
sec® A=1+tan* 4
cosec’4=1+cot* 4
sin(4+ B)=sin 4cos B+cos Asin B
cos(A+xB)=cos Acos BFsin Asin B
tan4 tan B

lFtan Atan B
sin24 =2sin 4cos 4

tan(A+B)=

cos2A4=cos® 4-sin> 4=2cos> 4-1=1-2sin” 4

2tan 4
tan24—

1—tan” 4

Formulae for AABC
a b c

sind smB sinC

a’*=b*+¢* —2bccos A

A= lbc sin 4
o)

“
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2 af6 _ 24bf5

1 Solve for a and b if =

6 2

j’{;-—a.]z- & )2 tL)3

-3 ¥

(iﬁ—nﬁ)(2)=(ﬁ+bﬁ)(2ﬁ*ﬁ>
($-2a)J6 =2C2)+2bJ6 -J6 ~b(3)
(4-2a)J6 =(2b-NJ6 +4-3b

Comlonmv c.oe#_-; .F: wﬂ5+dh+ TCV‘MSJ

4 -3b=p
b =Y
b=5/
73 'fﬁ.l"l'ws}
4-20=2b-|
Seb b=%: $-2a=2(%)-|
2a= <
3
.
o

6/

[4]
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The curvey =— X+ 5x — 3xinxhask stationary points. By sketching suitable curves on
the axes below, find the value of k. You are to label all axial intercepts in their exact form.
Please show your workings. [5]

7 \‘77 3nx

:{4— —_-311+5-3(l-lnx v if?)

o
=-3x**5-3Yux —3
=-3x 42 - 3nx
at sfu-hmaarj rom'h: -3x*+2-3mx =0

~3x%42 = 3px (find infersectons blwn
3> 32742 and y= 3 x)

for j=-31—"+1, Por 37'3'""
axial mT&I’CCPTs (0,2) axial £n+cftlf+ (1,0
L) ~2x +2 U

2= %

x":tj—
%5,0,(-J%,0

u\

one mJFerse::ﬁon/ ok -‘-l/



3 (@)
(b)
T{x) =

1!

State the range of principal values for

) sin” 'x, [1]
T ! L
g g X £ -
2 A
(i) cos 'x. [1]
-1
<cos x=T
sin4x — cos4x
You are given that T = sin 4x, where T (x) is a function of x. Show that
T(x) =— %cosech. [3]

(51}' % +¢o 51,{_)(5,,,,'2_,,_ —cos x)

2 sin 2x o5 2x

2 2
EHS5 X~ S5IWN %

2 Sih 22’—0\95 ‘21

oS 2x
2 gin 22052 x
|

Zsin2x

e ‘i LOSC-C-zx (SAOW;;)



(€))] By representing 7999999 in the form @’ — b3, explain why 7999999 is not a prime
3]

number.
7999931 = 2000000 — |
=200° - 1"
= (200-1)(200" + 2001 +1*)

=(199)(¢0201)
7999919 s “o“' dprrvne as 1 ]VIGS moYe ‘Hlﬂh 'hvo factors

|, 193, +o20], 74090,

2
48x +3x—2 . .
(b) Represent I as a sum of partial fractions. [5]
x —7x

L{-B“g +32 -2 = 48x"4+3x-2 _ ,ﬁ_+ —6— & C
Ite® = 72® <2 (14-7x) X x°  |¥-7x
49 ?43-2 = Ax(14-7)+B(14-7) +(x*
when x=0: 0+0-2=0+8(I4-0)+0
146 =-2
B = —'—7'
hen x=2:48(2%)+3(3)-2=0+0+C(2)
tC = 19
C=%9 M
hen x = &80)x200-2=A0N(14-7 -=(14-7) + 410
7A=|
A=Y/
48x 43z-2 _ 1\ _ _! 49
= Tx 0 7t |4-7
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. 2
—sin'x . .
Deduce whether the curvey = e is increasing or decreasing for 0 < x < %.

. A
- Sin %
d} = - IsinxsSx €

-
. -Sm X
Smlxe " >0

ik
. -Sin XX
—sin2xe <0

d .o
y -

~The curve lz,c.re.asmy ,'

[4]



A C E

The diagram shows a triangle BCD inscribed in a circle, with BD as the diameter. A and E are
points on a tangent of the circle at C such that AB is parallel to CD and BC is parallel to DE.

@@ Show that triangles ABC, BCD and CDE are similar. [3]

£ BAC=¢DCE (w25, ABJcD)

£ CBD =LDLE (alt seq. Thm) [ﬂ]
=£BAC

2AB=LcED(evv-is,B () DE)
2 8DC = LACB (alt: seg. thm) [ﬂ]

=LLED

‘ L‘j AR Sih;,ﬂ‘f"ij TEST/' OHBC, OBCp ALDE are Simv'ar/ (skowh)

(b) Explain whether a circle could be drawn intersecting points 4, 5 and ¢, and state
which line would be the diameter. [2]

ZBCD :‘TDO(V"{'. £ in semcivele)
2PBC=28CD =90°(alt. 25, AB//CD)

)(55 a cirele cov!rtﬂ Le olmwn mf’e,rsw[ A g 0’"’( C
wd’h AC as the oham&fer(bj wnverse of rt. Z in Swmrcfe)
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()  ShowthatAB x CD + BC x DE = BD". 3]

by pyth thin, 8C+C0™=8D" — @

| BC
LJsim’“V AS} %ﬁ - D
gc’=ABxcp — (@
6C _CD
cp ~ DE
(0*=8CxpDE — P

Sub @& B in © : BBXCD+BCXDE = BD 2 (hou)
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The curvey = 12x” + 56x° + 57x — 26 intersects the liney = 2x — 1 atthe point

10

ot "‘Jf&vsc,oﬁbw ]oam—r‘;
122> ¥S6x?+S57 -26= 2% — |

,2x3+ Séx +55x - 25 i?
: ;.{m+;0ﬂ to +L|!S

b B 5 | 5 &

mw:nj 2x-|l 15 a ‘Qc'fdr O-F this

4 % +20x+2S
3x-1)\25 3% S6x" +55x - 25
'—(\213—' Y5
L0 +55x
2 LGO:L"-ZDX)
- 75x-26

—(75x-25)
_—

(32D ¥x* +20x ¥ 25) =0
$.*+20x x25=0

T " *=0
X =3 (2 ¥D) =
(jivun) 2x 42 "05

4 2-;:

15 o . . . . .
)- Find the coordinates of the other intersection point(s) between the and line.

1
G

(6]



1"

Inx

—

In2x

A right triangle has side lengths of Inx, In2x and In3x units. Solve for x.

bj (ﬁvﬂ Hu.q,) (Jhx)z'*(luh)z‘-‘(!n 3x)
(n) ¢ (2 41n )" =( 3+hhx) |
let w=Inx,
WEalln2z+u) = (W3 i)

e T zulhifﬂn‘l)t'-' w * 2uln3 +(he®)’
Prulln2)-ulln3) +(In2)-(In3)=0

W (fh%) u+(In 2™ (1n3) =0

™ M3 £ )(*u%)z-‘r(l)[(fui)‘-{fu 3]

2012

w=.3+433)or  w=-0.538¢4pg

lnx =1,3¢933 (rej, u>0) |
-
_ 3 3548

--3.35/[35-9;
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Sketch the curves y =— sinxand y =— cos

%—SfOI‘OSxSZT[.

()

Find the area of the region bound by the two curves, the y—axis and the line x = .
Express your answer in the exact form.

[4]
-

0

1,
dvm:—f(-ws_}_g)lx - —f—-sinx dx

=3
™w

T

= f(ws%-‘-B) e - fsinx dx

L (9]
= [2sfh'§'+3xJ + [— 0053‘]
0
m

=25l“!2_+311—951v'0-0 -cosO +cos T

I

2(\)+3T+0— |—|
21T un:"f57
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10 The number of views a K-pop music video gains, V, after t days can be modelled by

V= de ¢
video.

+ 50 000. The table below shows some information about the

Number of days that passed Number of total views of the
video (nearest whole number)

1 1050000
2 2098400
3 N

(@ Find the values of 4, k and N.

whem t=l} Ae‘m—')~r50000f- (050000
Ae’ = 1000 000

A =000 OO%
Shent=2 \/= 2018400 — 1050 000" jo%$%00
k(21
1000000~ ™" 4 50000 = 104 2 400
-k
e =0 7124%
— k=InD.718%

L—: -}nU‘H?"}

=0 o006 128
=0.001607(3s§)

ln0.998%(3-1
when £=3, N=2018%00 + 000000, +50000

=3|45203 (ne.arcs+ ‘.,Lolc nuMLer)

GN must be whele no. as
c.alunn Slvs

(b Suggest and explain the value that V gets closer to as time passes.

kt

as t becowmes J),'jﬁ(’/) e Se,‘fs smaller and oser 1o O

\/:10000009_*3 50000 gets closer o 0 +50000= 50 000/
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y
™ A314)

N~

The diagram shows points A(3,14), B, C and D. B lies on the y-axis while D lies on the
x-axis. D is equidistant from A and B and the area of ABCD is 492.75 units’.

(@ Given that AB is perpendicular to the line 4y + x = 3, find the coordinates of B. [2]

q,j_‘,:‘_:*a , Le/+ sLe (O) j)
—_ ' — -
J="¢*T % 3—0_'2:9-
- [
— j-|4=—12

(b)  Find the coordinates of D.

Lot D be (5,0
AD= 8D
Jee-r40-1)? = )(x-0)%4(0-27"

wZ=bxtU+\2 = xTx f

6x=201

“Dis (%3,0)/
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(© The equation of BCisy = lT7x + 2. Find the coordinates of C.

Let C be (p.g)

?,:-!':‘:I""Z 0
\|oe &€ 3 °| _ .
ia.q, 0 Iy 2 = #1275 |

%Zx)q- +3x2)-(2r +-f;’?_-?z) 24855
204824=-510.5—— @
Sub@ i @i 2p+ ¥(¥p+2)='5lo.9

uss 1SS

g ¥ 2
==y
Sebp=-4in @:q= ’IZ'C'“')*l
=-|5
Cis (-4, —l"7)/ /

@ Explain why AC is not a straight line.

Jra&,em‘f of AB is ‘+ while jratlrch‘f' of BC
s 754— hence ﬂC is mof a Si'rajhf Ime/

[1]
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12
o
I
|
I
|
I
I
o I
phe L _p
The diagram shows the cross-sectional area of a garden shed, where PQ = 3 metres and
QR = 2 metres. Angle QPS = 0 radians.
@ Show that the area of PQRS, A = 3 + %sinze — 3cos26. (4]
QRO MR
sSwb= 3 smb="7 "
[QO =35m0 | MR=25m6 / (05 =MR =258)
_ f0 - QM
7 3 e cs@= ==
fomses)  |am3g)

area A= areaof AOFPQR tarea of ORRS

=7 (3030)(35in0) + 5 (3510 + 35inf — 2005 6 )(25in B)
1 5B 056 + 6sin’® - 2simBeos B
%55n29+6(_"__‘é"__§_z_£>._ sinld

34 %sinzﬁ “ BMSZG/(SI\OL-H)

W
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(b) Express %sinZG — 3co0s26 in the form Rsin(20 — a), where R > 0 and a

is acute. [2]
J@)+3® 5 .20 -3c0s20=2sin(20-IR)
R=J& + Y 7
g ol
f 3
X = ‘l'an-l('—‘?)
=760
=118 (3s£)
© Find the maximum possible area of PQRS and the corresponding value of 0. [3]
-1 fIL
A 24 -——Sm(29 Tan ( ))
5
WMaX ares is 3*'1}-'%;"“1
hen Nis mey, s (201 UB) = 03
-12y- T
20 -tew (5/)°2Z B
29 i ‘:211 ++m-l(‘l?1
-l k/
ﬂ‘;._‘ 'romC
8_
- 8
= 3734
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13

y=0.1x2-2x+10.3

N
7 X

A bowl is set on a surface such that it can be modelled by the equation

y =0. 1x° — 2x + 10. 3, where the x-axis represents the surface and y represents the
height of the bowl above the surface in centimetres.

(@ @ State the highest height of the bowl above the surface. [1]

0.3 cmn (J -infcrc.epf)

(i) Find the diameter of the bowl. [2]

O.|xz—-2;¢+(0-3‘:10-3

0,[11- 2x =0
x(0.1x-2) =0
x=0 ov O.x-2=0
(found) x=20

&iam&f(/ =20 -0 = ZOcm//
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(b) Express y in the form a(x — h)2 + k and hence find the coordinates of the
lowest point inside the bowl. [3]

j:O.l(il—— 20x) +10.3
- 0d[x™-20x (22) - (22)*] +10.3
5 ?[ ™ |D>1" fDDJ +(0 .3
=0.1(x-10)"+0.3

m"n r‘l" LODVJS |.S C_(-'{O)’ 0,5)
— (IO} 0.3)/

© Find the cross-sectional area of the bowl (the shaded region). [4]

2D
avea = 20(10.%) ~ f(O-lx’—QxHO. 3Ddx
o

20
— 206 = [O-I?'x,.’_ xQHO. 3:(]
0

3
=206 ~ [0"(3”)-101*10.3(2@-—0 +-0-0]

END OF PAPER
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