
TURNING PoiNT
-⑭OFQUADRATIC FUNCTIONS

i - For graph of y
= ACx Ih12 IK ,

i lForm
· when a >o,

y= ax2 +bx+c
min turning point = (Fh ,

Ik)

merisedForm
· when a<O ,

mapsectaroe

max turning point = (Th ,
Ik)

e.g . y = 2(1-312-5

y = a(x = n)2 = k solt :

min turning pt =(3 , -5)

HOW
? e .g . express 2x2-6x+5 in the form acx-h)+K .

e.g . y = -7(x + 5) + 8
7

ensure that coefficient of 12 is 1
.

solution

2(x2-3xt )
1 -max turningpt= (- 5 ,

8)

2 To complete (( 1bx1c
= (x=2) =c - (2)

2[(x- ) + = - ( -2)] pationsto curveToLie Completely
Are e

= 2[(x - 2) + I]
· when a >O

=

2(x- 2) + I #
· minimum value of curve is ive

2 Below-axis
-

· when a <O

· maximum value of curve isgive



SIQUADRATICSEQUATIONS
⑰ -REOF ROOT nd distinct roots1 By Factorisation

2 By completing the square

3 By quadratic formula i .e . F 49c
7 >

2a b2
-49c(D) >0

CASE 2 2 equal and real roots
EQUADRATICSIWEQUALITIES

>x

I ensure that one side of the equation is equal to ZERO 77

2 Factorise quadratic expression .

b2- 4ac(D) = 0

3 Sketch a diagram & s de required region .

CASE 3 No real roots
->7

' as2+bxtc <O

->7

P 9

P ·1/11 q

I
"II

/

'Ils
,,

-

& ⑧
.

b2- 4ac(D) < O I
a >O a<O graph is always positive i graph is always

SOl : and lie completely above negative and lie
- -

x-axis .
completely below

P<x < q soltip <a Intersectionbtwline & curve x-axis

AC2 +bactc >0 ① Line meets curve atpoints
... b2- 4aC >0

"un I IIIIII
P q P q 2 Line meets curve at point

cline targent to curves

9>0 a<O ..
b2

- 49 = 0

SOl: SO17 : 3 Line dues not intersect curve .

-

Sp or x79

-

P(x .. b
"
- 4ac O



#OFSURDS

1 x B = 5

2 NaxXa = a

3 =
4 Pra I qua : (p19) a

SMYINGSURDS -ALIZINGSURDS
e .g .

150 = 25x2 you rationalize when the denominator is in surd form .

= -25x52 HOW? multiply with its conjugate surd .

= 552 # e .g. ** =
-

2

eg . IEE = as943

=2 ax 3 5(3) 15ast -
e

= 653X 2(1 --2)
-- = a(1)2-(WI)2

4 - that te 53+21



DEGREE OF A POLYNOMIAL -IInFRA a proper fraction .

-

in the highest power in the polynomial -

* degree f(ic) < degree g(x) ·

An eisoux quotient + remainder ,

If degree f(x) I degreeg() , use long divisionto

make it proper first .

REMAINDER THEOREM ② check whether you can completely factorise g(x) .

-

f(x) divided by a linear divisor (c-a) ,
then f(a)= remainder. ③ Express proper algebraic fractions according

to the cases below .

ETHEOREM
f(x) divided by a linear factor (c-al ,

then f(a) = 0 .

CASE Denominator g(x) Fractions Partial Fractions

a distinct linear factorstal and
A + Asa remainder of 12 when it is divided by (ct2)

,
find f(x) in descending 2 Repeated linear factors

-

e. G . A cubic equation f(x)= 0 has roots - 3 , -1 & 4.. Given that fix) leaves

& caltb)2 acctb (ax+b)2

powers of & the remainder when fix) is divided by sc2-2x+1 .

uti =
- 3

,
=- 1

,
x= 4 are rose

3 Linear &quadrat,actioteal can tala
c

(c 2
+d)

...f(x) = k(x+ 3)(x+1)(x- 4) ④ solve for unknown constants by substituting suitable values

Since f(-2)=12
of or comparing coefficients .

k(1)(- 1)-6) = 12

6k=
12

k=
2 CUBICEQUATIONS

:.f(x) = 2(1+ 33(1+1)(x -4)
I Find the first linear factor by trial and error

.

=> 2(x+3)(x2
- 3x-4)

= 2(x3 -3x2-4x +3x2 - 9x-12) 2 Find the remaining quadratic factor using DIVISION

=> 2(x3 - 13x - 12)
= 2x3 - 26x -24 3 Cross-factorise the quadratic formula & solve.

By long division : -zict1("sy
* if quadratic factor cannot be factorised ,

Use QUADRATIC FORMULA to solve it .

- (2x3 -4x2 +212
-

ae
Thus , remainder=-20x-28#



MALTHERE+ C(a)- (b) + C. Ca (b) + .... Cn(a)"
-

I e
- -

1st term 1ast term

RALTERMFormer re
FACTORIAL

#1 and n ! = nx(n-1) x (n-2) x ... .
x 3x 2 x 1

...C = (v) = rhrt=
i the erependent of I constant term

=> power of e = 0 ·

find the term independent of in (x+ct).
solution ...

8 -2r
= xo

-

General Formula : (i)(x) (2)
= (8) (x) ()" (it)" 8-2r = 0

=(2) (x) - () )- r = 4

=(2)()"(x) - (x-Y) subr= 4 into coefficient .

= )(x8-2) (4)(2)
*
=

# .

coefficient
since term independent of x = x



FINDICES -OFLOGARITHMS

9Mxa" = a
m+ n 2 - . 109aK +109aY = 109a(y) <PRODUCT (Aw]

am : a =
am-n · loga-logay = 1) [QuoTIENT (Aw]

Cam = amn · logqC = rlOgaK [PowERLAw]

(ab)" q"b" ries
op 109 a a = 1

(b) =

En
· 109a 1

= 0

90 = 1 Ex= 109aY · Igy = 109 ,Y

* a
-

= 1 Les · Iny= logey
an" Fire-logab=1gcb (change of BASEm = an

exam\
** HS

109 : 9

i am = a
A i exponential

e. g .
Solve

~Y
=9"where 97 1 (a) 109, x = 4log, 5 +3 (b) 1095 (5-4x) = log(2-x)

e . g .
Solve 9"+2(3) :3**

-12 y
=qk

solution solution~ -
-

solution
where 02a1

log=
( = 4[ ] + 3 1095(5- 4x) =[I↳- 1

(34" + 2(3") =(3(37-12
O

>x 1095x = 4 [10i] + 3 1095(5-4x) = 1st
(3" +2(3) = (3) (37-12

logarithmic Let y be log]( . 1095(5-4x) =
-)

Let y be3 14 y
= 109ax where ... y

= 4(5) + 3
1095(5-4x) = 2 log=

(2-)

y2 + zy
= qy - 12 a)1

y
2

= 4 +3y 1095 (5-4x) = 1095(2-x)2

y2- 3y - 4 =
0

.. (5 - 4x) = (2-x)

y2 -7y +12 = 0

(y -4)(y +1) = 0 5 432 = 4 -4x+x2

>x x2 - 1 = 0(y-3)(y
- 4) =0

0 I ! .. y = 4 or y = - 1

(x-1)(x+1) = 0

y
= 3 or y = 4

I y = logak where
1095)

= 4 ; 10957
= 1

.. x = 1 or 1 =
-1#

3x = 3 3x= 4
0>AL1 .

x = 54 x = 5
!

#

can 3 = 1n4
x = 1

H ic =I = 1 .26(357)#
x = 625

# x = 5 #



GRADIENT
y
i

.Ye
N - straight

line

graphs

ANDARDFORSee
⑧ m = -

x x ,
-72 where v= radius

;
centre = (a, b)

Ex,
Y ,) y ,

- Yz⑧ yes an
Nigy+

I LENGTH
-

-((
, -x2) + (y,

- yz)
where centre = (-g, -f)

⑭ MIDPOINT -radius = g2+f2-c
, 4)

MALELLINES
If I

,
is parallel to 12 ,

then their gradients are AL .

IFM2/
M PERPENDICULAR LINES -

-

Ife , is perpendicular to 2
,

then the product ofgradients--1 .

-M ,
x M2 = -1

↳RECTILINEARFIGURE
anticlockwise direction- 1,147 I must goin-

(x,
Y ~ must end with the starting coordinates.egy... "

C2 C X,- In ↑ ↓Psy 14↓ I↓ ↓ ↓ ↓

I Yz Y3 Y4 Y ,cniyal , Ye

= (( ,y
+ x

-Y+ x(zy4+xyy,) - (x, yy+)yy,+ )yy+)y)]



STO TAKE NOTE

is variables X and Y cannot contain unknown constants such as 1 andb.
-

↑ constants m andcat contain variables and1 .

SINGNowIWEARFUNUT
=me

-solutions
Take Ig on both sides .

Igy = Ig(aby)
Igy

= Iga + lgb
"

1gy = dga + xlgb

1gy = 1gb (x)
+ 19a

↳ ww un

y = m X C

e .g .
The diagram shows a st . line obtained by plotting I against 2

EXP ress y in terms ofC .

Nation
y

>
13, 6) ① Find gradient . M = !3) = E

(-3,1) ② Findy-intercept . Y=mx+ c

↳x 6 ==(3)
+ c

c = 5
: Y = =X + E

③ sub Y= Y and X = x 2,

:
= x2+

j = 2

:.y = 5+2



ITrigo 30°) 45")60° special
· ons Amplitudeacce of the maximum and minimum value eH I -sin I - 2 Ang definit

-

COS - I
·

eg

-

2
I W ~ rivdeasured for one complete cya

2

tal H 1 ⑮5
- - ↳ERIGOGRAPHS

Amplitude = 1

↳mentary angles A NEGRAS"for 001 3 Period = 3600

sin (90"-E) = cost Max : 1 : Min = - 1
-

COS 190" ) = sint 18 r > 1

x
Range : -12 Sin=7

tan 190"-E)= ant
amplitude al iso o oo

K

N

-I-Aeve angles Iperiod
sinc-O)=-sin b -oh

tanc-R)=- tant
x period = 360°

y en 1- ...............................
- -

COS(-8) = WS

S *

b I
EGRAY 0 x 13 Amplitude = 1

All positiveSint=tre- · For y = a sin(bx) + <

7
amplitudeI2

Max = 1 : Min = 1

-

(2nd) (1st)
>x

y
= a cos(bx) + c

- ab is zo bo > Range : -11 = 1

(3rd) (4th)

Lant= tre COSO = tre ↳ amplitude a E....................

period=
1 period

Nant=in
↳ max- atc ; min= - atC ENGRAPO 0 = 3 e No amplitude
· For y = a tan (bx) +C period = 1800

& Sect = 1 ↳ amplitude = NIL No max ;
No min

period : 1800

T
x

③ cosect = sino II COSOh L
.

iisn s e

↳
: positive ; graph shifts

④ cott=tan = 8 wards

- ↳ c = negative ; graph shifts
downwards
-



SOLVING TRIGO EQUATIONS 190°sinic 1900
,
where -1[1=1

I

ADDITION FORMULAE
-

① Express equation in the form of sin , cos or tan . -(i . e . sin(UE) = a ; cos(n8) = a
;

tan (n = a) 00 cos-1 < 180% where -1<x= 1 · sin (A1B)= sinAcusB I cosAsinB

② Calculate the basic angle, 2 .
* using positivevalue · cos (AlB) = cosAcosB I sinAsinB &

of a.
- 90°Stan-' <900

,
where is any real number

-

· +an (AIB) = tanAl tanB

(i .e. X = sin'(a) ; x = cos
- (a)

;
x = tan-call Ak

I F tanAtanB

③ Identify which quadrants it lies . e . g. Find the principal value of sint' (-).

TAN COS

-

sin30° = IiSIN ALL ·mo sin(-30% = -I I DOUBLE ANGLE FORMULA
:principal value = -30°

· Sin 2A = 2 sinACOSA

TRIGO EQUATIONS · COS 2A = POS2A-sinA

④ check the range of angles .(nE) . Articl =1-2 sinA

⑤ Find angle (no) and solve for 8 . =ICSA-1

E . g. Solve cosec (x-10
%) = 2. 5 for 0x1(270
-

· tan 2A = 2 tan A

1-tan2A

#11 sinttior=
e .g .

Giventhat sinA= I and tanx <o
,

sin(x-10 % = 0. 4 findthe value of

#21 X = Sin 20. 4) AND IDENTITIES (A) COS 2A (b) cos #
= 23.

5780

lies in 1st 9 2nd quad . x 3 (a) COSCA : 1- 2SinA

!
- 100 - 100 260

↓
*

R - FORMULAE

↳ =1 -2[]
= I

&5/x- 100 =

23. 578% 180"-23. 578%
· a sind I bcost= Rsin(t !x) (b) cOS2/E): 2cOS(E)-1

x
= 33 . 578 % 166. 4220

· a COSO I b sint= R Cos (0FX) COS A = 2 cos(E)-1
= 33 . 60 , 166 . 4"(1dp) where

R =+b
=

and < = tan-1( ) * 2 cos(E)-1

I = 2c0s(()
· Sin

2 & + CUS28= 1 How to determine maximum and minimum volume ? to = cos (E)
B

· It tan
? t = sec2 *

~ For a sint I bcost , cos()= I (rei -Fo
-28= COSCC28 Max value = Ab2

,
when sin(t IX) = 1 .

Min value = - +2 , when since1x=-1
.

=

· For a cosObsint ,

Max value = +b
, when cosc8 =x) = 1

Min value =- B
,

when cos(8 IX)= - 1
.



EBRA INCREASING FUNCTION ERNS OF TANGENTS & NORMAL

at (a) = 0
,

where a is a constant 0 Amitionof a
-

(a) = nac"" DECREASING FUNCTION If y
= f (x) is the equation of curve ,

(ax+b)" = n(ax+b)"
-

(a)
O then & : gradient function/tangent

to the curve at any pt (1.y)
a [UV] = na+va

·

diferentiation
s

Finding gradient& equ of tangent+c

① Diff . y = f(x) to find

·
i nee

W
② subic-coord of Q intoY ,

to find the value of

grad of tangent at Q . (D)

(since) = coss t (sinCatbl] = cos(atb)(a) t (sini]=n[sinc]"
"

(wosx] ③ sub value of gradient and coordinates of Q into

tangent I 7
equ y

= mcctc to find c .
(*))

at crsic)=-since [cos(axtb)]=-sinCatb)(a) (cos"]=n(coss]"" <-sink] ↓ alsy & Equ of tangent is y = Dx+ &

ot stanx) = sec Stancatbl]= Sec(ax+b)(a) Stan"]=n[tans]""(secic] ggradient& equ of normalAt

~normal &Diff . y=f(c) to find &

EXPONENTIAL LOGARITHMS
② subic-coord of Q intoY ,

to find the value of

a (ea) = Gea at (Inc)= grad of tangent, b , at pointG .e

ad.nfx] : I Rateseee W ↳ grad ofnormal = - (0

a (eax+b) : Geatb
f(x) I 7

alx.y & sub value of gradient of normal coord . Q into

equ y
= mcctc to find c .

(*))

I ④ Eqh of tangent is y
=

+⑯"
e.g . Find equ of tangent and normal to the curve y: 2x2+1

e . g. Egn of curve is y =-7. Given that is changing at point RC-1
,
1)

.

at a constant rate of 0 . 25 units persecond
,
find the & =

4x + 1 gradnormal = -I
rate of change of y when = 4.

y = (2x2-x) whenx=-1 , 4 = - 3
1 =

- I(- 1) +c

what's given ? A = 0. 25

& = 1 =
- 3) - 1) + C

1 = = + c

Find?? ca
Whene a

1 = 3 +C c
= E

C =
- 2I di =

E
-
i I I =0 .4/ .

...equ of tangent = y=-3x-2 ... equ of normal

=> y= x +z



IONARYPOINTS ↳ ⑱NARYVALUE
-

occurs when a
= 0 .

· occurs when & =
0 .

-

can be maximum ,
minimum or · If a <O at 12 = /Co

,
then it is a max value

.

point of inflexion .

· If ) 0 at1c = /Co
,
then it is a min value.

FIRST DeRivaTive Test

- to determine the nature of stat points e.g .
Adotonatable t screen moves along the

curve y = 2x3-3x2-36x+ 5 .

Let's say after solving for a = 0
;

we get =So -

DIS
(i) Find anda

Maximum Point Minimum Point (ii) Find the minimum gradient of the tangent to

x 20 so xot x Ko Do xot the curve .

a the O - ve a -ve O Ive

(i) y
= 2x3 - 3x2 - 36x + 5

Sketch Sketch -
-
/

a = 8122 - 6x - 36

Point of Inflexion Point of Inflexion

x x0 Do xot x Ko 20 xot de = 16x - 6

a the O tre a - ve 0-ve

Sketch - Sketch --
(ii) Let z be the gradient of tangent to the curve .

z = 4 = 8x2- 6x - 36 dZ
= 1670-

SECOND DERIVATIVE TEST z = 16x-6
di

The minimum gradient
· If a <O at 12 = /Co

,
then it is a maxpt . For stationary value

,-* = 0

is -297
16x- 6 =0 :

· If ) 0 at1c = /o
,
then it is a minpt .

x = 5
sub= I into z . -

· If a = 0 at 12 = /Co
,
then go back to 1st -

= 8(5)2 - 6(8)-36

=- 297

derivative test. 8



ebraic Exponential

Sadx = ax + c
7 sathdic : de

astb
+C

sas" di= act + cr Sit di = Inc+ CI Et
Last b eSaetbdi= In

S(astb)"di= bt I, di= In(f)

inometry
Icossdie= sin+c

S sinc dic=-WSK+C SOFDEFINITEINTEGRA a re

Ssec dis= tanx+ cD litL a

Scos(ax+ b) dx =1+b) + c

Safadic=-S"f(x) diaC

Ssin(ak +b) dx =( +b)
+ c Ja f(x) dx = S "f(x)dic+S

,

f(x)dse.

a -
Ssec (ax+b) dx = tabl to



AREA BOUNDED BY CURVE & X-AXIS

y
= f(x)

Total area of shaded region
-in=
!

"

f(x)dx + /" f(x)dx)0 Ch b

-BOUNDEDBY CURVE & Y-ANS

A-

- x = g(y) Total area of shaded region-

0Y =Sglysdy+1" giysdy)C--

-
A

~

-

ANDEDBY LINE & CURVE

+ y
= q(x)

y
=f(x)

Area of shaded region

"IIIIIIIIII
= S"fix)dic-Sg(x) di

G

A D



v= a =A
~ V

Displacement(s) (v) Accelerational
M

velocity
-

S = Sudt v =Gadt

NOTATIONS e. g . A particle moves in a straight line so that ,
I seconds after leaving a fixed point ,

O
,
its

· displacement/distance (s)
displacement , scm ,

from O can be modelled by s =t-9t2 +15t .

· velocity/speed (v) ie. (i) Find the values oft in which it is at instantaneous rest .

·acceleration (a) ie . I v= At = 3t2- 18t + 15

Instantaneous rest => v = 0 ... 3t2-18t + 15= 0
TERMS
① Initial -> subt= 0 3(t -1)(t-5) =0

② Instantaneous rest -> When v= 0
: t = 1 or 5 Sec.

③ Max/min displacement -> ↑ = O
(ii) Find acceleration of particle when itfirst comes to instantaneous rest

.

④ Max/min velocity -> # = 0

a = a = 6t - 18

whent= 1 ,
a= -12mIs

⑤ Distance travelled in the second (ie .)

Isubt : 3 to find distance . (D) (iii) Find the total distance travelled from += 0 tot=5?

subt= 2 to find distance . (C)

t= 0 when t
=0 : S= 0

:distance travelled 3rd second is(1-4) . tot= 1--

-- ↓ I when t
= 1

,
5= 7

- 25
when t = 5 , 5=-25

total dist = 7 + 25 +7

=39m .



USING CONGRUenT & SIMILAR S <

Mercy /enties)

A
s

of Plane geometrySimilan tangent
test .

midpoint
theorem chord ·.

A S theorem

M >
N *
-

I ⑨
B

7 C
C

/O
B

If M and N are midpoints-of AB and Ac respectively ,

then
I MN//BC 3 reason :

a
O

② BC = 2MN midpttheorem T


