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<WORDS OF WISDOM> 
 
 

Everybody is a genius. 

But if you judge a fish by its ability 

to climb a tree, it will live its 

whole life believing that it is stupid. 
– Albert Einstein – 

 
 

Sometimes when you innovate, 

you make mistakes. 

It is best to admit them quickly, and 

get on with improving your other innovations. 
– Steve Jobs – 

 
 

Today is hard, tomorrow will be worse, 

but the day after tomorrow will be sunshine. 
– Jack Ma – 

 
 

Success is not final, Failure is not fatal, 

It is the courage to continue that counts. 
– Winston Churchill – 
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Algebraic Identities  
 

( ) abbaba 2
222 −+=+  ( )( )bababa +−=− 22

 

( )( )2233 babababa +−+=+  ( )( )2233 babababa ++−=−  

 
Inequalities: Basic Rules 
 

If then 

ba   and cb   cba   

ba   cbca   

0 ba  
ba

11
  

ba   and 0c  bcac   and 
c

b

c

a
  

ba   and 0c  bcac   and 
c

b

c

a
  

0ab  0a  and 0b  or 0a  and 0b  

0ab  0a  and 0b  or 0a  and 0b  

10  a  aa 2
 and aa   

1a  aa 2
 and aa   

 

Inequalities: involving Modulus 
 

Given 0a , axaxax − or      axaax −  

Given yx, , 
22 yxyx   

22 yxyx   

    

 

Quadratic Equation 
   

acb 42 −  0  0=  0  

Nature of Roots 2 Distinct 1 Repeated No Real 
 

0a  0a  x-intercept(s) y-intercept(s) Turning Point 

  

a

acbb
x

2

42 −−
=  c  








−−

a

b
c

a

b

4
 , 

2

2

 

 

Exponential & Logarithmic Graphs 
 

Exponential Logarithmic 

 Rx  
0y  

( )1,0    
+→−→ 0, yx    

 0x  
Ry  

( )0,1    

−→→ + yx   ,0  

 

=++ 02 cbxax
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Graphing Techniques: Conics Graphs 
 

Circle Ellipse 
 

( ) ( ) 222
rkyhx =−+−  

 
 
 
 
 
 

                                                                             

( ) ( )
1

2

2

2

2

=
−

+
−

b

ky

a

hx

 
 

 

 

 

 

        

Hyperbola
 

( ) ( )
1

2

2

2

2

=
−

−
−

b

ky

a

hx

 
 

 

 

 

 

 

 

 

 
 

( ) ( )
1

2

2

2

2

=
−

−
−

a

hx

b

ky

 
 

 

 

 

 

 

 

 

 

 
 
 

Graphing Techniques: Graphs of Rational Fraction 
 

dcx

k

c

a

dcx

bax
y

+
+=

+

+
=  

fex

k
nmx

fex

cbxax
y

+
++=

+

++
=

2

 

 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 

 
 

 

 

( )0,0  ba

 

 

( )kh  ,  
a  a  

b  

b  

 
c

a
y =

 
c

d
x −=

 
c

a
y =

 
c

d
x −=

nmxy +=

nmxy +=

 
e

f
x −=

 
e

f
x −=

( )0,0  ba

( )0,0  ba

( )0r
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Graphical Transformations: Translation, Scaling & Reflection 
 

( )xf  Horizontal Vertical 

Translation  ( )kx +f                units k  

 

( ) kx +f            units k  

     

Scaling 

       

       ( )kxf                      
1

k
  

  
        ( )xkf                  k  

 

Reflection 

                                         y  

       ( )x−f  

       
       ( )xf−                        x  

 

Graphical Transformations: Composite Horizontal Transformations 
 

( )xf  Step 1 Step 2 

Method 1 
 
 
 

 

Method 2 
 
 
 

 

 
Functions: Vertical Line Testing & Horizontal Line Testing 
 

Vertical Line Testing Horizontal Line Testing 

To determine if a function can be defined. To determine if a function is one-one. 

f , Dkkx =  cuts ( )xf  exactly once. 
f , Rkky =  cuts ( )xf  exactly once. 

 
 
 
 
 

   

Yes No Yes No 

 

Functions: Relationship between Original and its Inverse Function 
 

( )ba,  of ( )xf  ( )ab,  of ( )x1f −      ( ) ( )baba 1ff −== . 

xy =  is the line of symmetry between ( )xy f=  and ( )xy 1f −= . 

( ) ( ) xxx == −1ff  occurs at the point of intersection(s) if existing. 
 
 

Functions: Condition for Inverse / Composite Function to Exist 
 

Inverse Function ( )x1f −
 Composite Function ( )xfg  

( )xf  is one-one. [Horizontal Line Testing] fg DR   

 

 
1

a


( )axf ( )bax
a

b
xa +=
















+ ff units 

a

b

( )bx +f units b ( )bax +f
 

1

a
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Functions: Domain & Range of Inverse / Composite Function 
 

 Inverse Function ( )x1f −
 Composite Function ( )xfg  

Domain ff 1- RD =  gfg DD =  

Range ff 1- DR =  ffg RR =  using gf RD   as domain of f 
 
 

Partial Fractions 

 
Binomial Expansions: where n is a positive integer 
 

            

( ) nnnnnn
bab

n

n
ba

n
ba

n
aba +









−
++








+








+=+ −−− 1221

1
...

21
 where 

( )! ! 

! 

rnr

n

r

n

−
=








 

 

Binomial Expansions: where n is a fraction / negative integer 
 
 

            ( )
( ) ( ) ( ) ( )1                     ...

! 

1 ... 1
...

! 2

1
11 2 +

+−−
++

−
++=+ xx

r

rnnn
x

nn
nxx rn

     

               
 

                  ( ) ...11 321
++++=−

−
xxxx                     ( ) ...11 321

+−+−=+
−

xxxx  

                  ( ) ...43211 322
++++=−

−
xxxx               ( ) ...43211 322

+−+−=+
−

xxxx  
 

Maclaurin’s Expansion: Standard Results  
 

 

             ( ) ( ) ( ) ( ) ( ) ...0f
!

...0f
!2

0f0ff )(
2

+++++= n
n

n

xx
xx  

 

   ...
! 

...
! 3! 2

1
32

++++++=
r

xxx
xe

r
x                                                                     ( all x ) 

 

             

( )
( )

...
! 12

1
...

! 5! 3
sin

1253

+
+

−
+−+−=

+

r

xxx
xx

rr

                                                           ( all x ) 

 

            

( )
( )

...
! 2

1
...

! 4! 2
1cos

242

+
−

+−+−=
r

xxx
x

rr

                                                              ( all x ) 

 

       
( )

( )
( )11                                                ...

1
...

32
1ln

132

−+
−

+−+−=+

+

x
r

xxx
xx

rr

                                             

 
 
 

 

     Non-repeated linear factors: 
( )( ) ( ) ( )

px q A B

ax b cx d ax b cx d

+
= +

+ + + +
 

 

     Repeated linear factors: 
( )( ) ( ) ( ) ( )

2

2 2

px qx r A B C

ax b cx dax b cx d cx d

+ +
= + +

+ ++ + +
 

 

     Non-repeated quadratic factor: 
( )( ) ( ) ( )

2

2 2 2 2

px qx r A Bx C

ax bax b x c x c

+ + +
= +

++ + +
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Maclaurin’s Expansion: Small Angle Approximations 
 

 

xx sin
 

2

2

1
1cos xx −  xx tan  

     Note: x is in radian. 
 
 

AP & GP: Standard Formulae 
 

 

 
AP  GP 

nT
 

1−−= nnn SST
 

 

( )dna 1−+  
 

1−nar  

nS
 

( )  ( )nTa
n

dna
n

+−+
2

or    12
2

 
( ) ( )

r

ra

r

ra nn

−

−

−

−

1

1
or    

1

1
 

S
 

- 

                    r

a

−1           
1r  

     
 

AP & GP: Equation involving 3 Consecutive Terms 
 

 

 
AP  GP 

If x, y and z are 

consecutive terms 

of AP / GP, then 

yzxy −=−
 y

z

x

y
=

 

 

AP & GP: To Prove if the Sequence is AP / GP 
 

 

 
AP  GP 

If the sequence is  

AP / GP, then 
constant 1 =−+ nn TT   constant 1 =+

n

n

T

T
 

 
Summation: Standard Results involving Sigma Notation       

                                                           

 
 

( )  1 amna
n

mr

+−=
=

 
( )

 
a

aa
a

nn

r

r

−

−
=

= 1

1

1

 ( )   
==

=
n

mr

r

n

mr

r uaau  

( ) 
===

=
n

mr

r

n

mr

r

n

mr

rr vuvu   0

10

 uuu
n

r

r

n

r

r 
==

+=  1

12

 uuu
n

r

r

n

r

r 
==

−=  


−

===

−=
1

11

m

r

r

n

r

r

n

mr

r uuu   
−

=





=

−=
1

1

 
m

r

r

mr

r uSu  
−

−=

+

+

+=

−

=

==
kn

kmr

kr

kn

kmr

kr

n

mr

r uuu  

( )
2

1
 

1

+
=

=

nn
r

n

r  

( )( )
6

121
 

1

2 ++
=

=

nnn
r

n

r  

( )
4

1
 

22

1

3 +
=

=

nn
r

n

r  
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Trigonometry: Sine Rule & Cosine Rule 
 

Sine Rule Cosine Rule 

C

c

B

b

A

a

sinsinsin
==  

Abccba cos2222 −+=  

bc

acb
A

2
cos

222 −+
=  

 
Trigonometry: Special Angle Table 
 

 0  
6


 

4


 

3


 

2


 How to remember? 

sin  0  
2

1
 

2

2
 

2

3
 1  

2

4 ,3 ,2 ,1 ,0
 

cos  1  
2

3
 

2

2
 

2

1
 0  

2

0 ,1 ,2 ,3 ,4
 

tan  0  
3

1
 1  3    





cos

sin
 

 

Trigonometry: Basic Formulae 
 

 

 
 

Trigonometry: Principal Values 
 

 

                
)1(       

2

1
sin

2

1 1 − − xx 
     

)1(       cos0 1  − xx     
2

1
tan

2

1 1 − − x               
 

 

Trigonometry: Compound Angle Formulae 
 

           
          

 
 

Trigonometry: Compound Angle involving 90,180,270,360 degrees 
 

( )  cos90sin −  ( )  sin90cos −  ( )  tan/190tan −  

( )  cos90sin +  ( )  sin90cos −+  ( )  tan/190tan −+  

( )  sin180sin −  ( )  cos180cos −−  ( )  tan180tan −−  

( )  sin180sin −+  ( )  cos180cos −+  ( )  tan180tan +  

( )  cos270sin −−  ( )  sin270cos −−  ( )  tan/1270tan −  

( )  cos270sin −+  ( )  sin270cos +  ( )  tan/1270tan −+  

( )  sin360sin −−  ( )  cos360cos −  ( )  tan360tan −−  

( )  sin360sin +  ( )  cos360cos +  ( )  tan360tan +  

 

A 

B C a 

b c 

BA

BA
BA

tantan1

tantan
)tan(

+




BABABA sinsin coscos)cos( +

BABABA sincoscossin)sin( 






cos

sin
tan = 1cossin 22 =+   22 sec1tan =+  22 eccos1cot =+
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Trigonometry: Negative Angle Formulae 
 

   

    ( )  sinsin −=−                    ( )  coscos =−                       ( )  tantan −=−  

Trigonometry: Double Angle Formulae 
 

 

           
          

 
 

Trigonometry: Half Angle Formulae 
 

 

      ( )A
A

cos1
2

1

2
sin2 −                 ( )A

A
cos1

2

1

2
cos2 +                   

A

AA

cos1

cos1

2
tan2

+

−
  

 
 

Trigonometry: t Formulae 
 

 

      21

2
sin

t

t
A

+
                 2

2

1

1
cos

t

t
A

+

−
                   21

2
tan

t

t
A

−
          where   

 
 

Trigonometry: Triple Angle Formulae 
 

 

    AAA 3sin4sin33sin −       AAA cos3cos43cos 3 −       
A

AA
A

2

3

tan31

tantan3
3tan

−

−
  

 

Trigonometry: Sum-to-Product Formulae 
 

 

                 
 

 
 
 
 
 
 

Trigonometry: Product-to-Sum Formulae 
 
 
 

 
 

 
 
 

Trigonometry: General Solution 
 

        

( ) 
n

nk 1180sin −+==  where   is the principal value of k1sin− . 

 == nk 360cos  where   is the principal value of k1cos− . 

 +== nk 180tan  where   is the principal value of k1tan− . 

A

A
A

2tan1

tan2
2tan

−


)(  cos)( sin2sin sin
2
1

2
1 QPQPQP −++

)(sin)(  cos2 sin sin 2
1

2
1 QPQPQP −+−

)(  cos)(  cos2  cos  cos
2
1

2
1 QPQPQP −++

)(sin)(sin2  cos  cos
2
1

2
1 QPQPQP −+−−

)cos()cos(sinsin2

)cos()cos(coscos2  

)sin()sin(sincos2  

)sin()sin(cossin2  

BABABA

BABABA

BABABA

BABABA

−−+−

−++

−−+

−++

AAA cossin22sin 

AAAAA 2222 sin211cos2sincos2cos −−−











2
tan

A
t
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Differentiation: Product Rule, Quotient Rule & Higher Derivative 
 
 

Product Rule
 

Quotient Rule

 
Higher Derivative 

( )
x

u
v

x

v
uuv

x d

d

d

d

d

d
+=  

2

d

d

d

d

d

d

v

x

v
u

x

u
v

v

u

x

−

=








 








=

+

+

n

n

n

n

x

y

xx

y

d

d

d

d

d

d
1

1

 

                 

Differentiation: Reciprocal Rule, Chain Rule & Parametric Differentiation  
 

 

Reciprocal Rule  Chain Rule
 

Parametric Differentiation

 

y

xx

y

d

d

1

d

d
=  

x

u

u

y

x

y

d

d

d

d

d

d
=  

t

x
t

y

x

y

d

d
d

d

d

d
=

 

            
      
 

Differentiation: Algebraic, Exponential, Log & Trigonometric Functions 
 

( )xf  ( )xf   ( )xf  ( )xf   

a  0  nx  1−nnx  

x

1
 2

1

x
−  x  

x2

1
 

xa  aa x ln  
xe  

xe  

xblog  
bx ln

1
 xln  

x

1
 

xsin     

x cos  x sin−  x sec  xx   tan sec  

xtan  x2sec  xcot  x2cosec−  
 

Differentiation: Inverse Trigonometric Functions 
 

 
 

x1sin−
 

 

x1cos−  x1tan−
 

( )xf   

 

21

1

x−
 

 

21

1

x−
−  

21

1

x+
 

 

Differentiation: (Strictly) Increasing / Decreasing 
     

    Given: 21 xx  , 

 
Increasing 

Strictly 
Increasing 

Decreasing 
Strictly 

Decreasing 

( )xf  

 
 
 

 

   

( )xf  ( ) ( )21 ff xx   ( ) ( )21 ff xx   ( ) ( )21 ff xx   ( ) ( )21 ff xx   

( )xf   0  0  0  0  

 

xcosecx cos xxcotcosec−

( )xf
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Differentiation: Curvature 
 

 Concave Downward Concave Upward 

( )xf  

 
 
 
 
 

   

( )xf   
 

 
   

( )xf     
 
 

Differentiation: Stationary Points 
 

 

 
Maximum 

Turning Point

 

Minimum 
Turning Point

 

Stationary 
Point of Inflexion 

 

• The highest point in the 

neighbouring region. 

• The lowest point in the 

neighbouring region. 
• The point with the 

lowest / highest gradient 

in the neighbouring 

region. The word 

“Stationary” suggests 

that the gradient at that 

point is zero. 

( )xf
 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

( )xf   

−a
 

a
 

+a
 

−a
 

a
 

+a
 

−a
 

a
 

+a
 

+
 

0
 

−
 

−
 

0 +
 

−
 

0 
−

 +
 

+
 Change in Sign No change in Sign 

( )xf   

 −    +   
+  

0
 −  

−  +  

 Change in Sign 

        
 

Differentiation: Rate of Change / Maxima & Minima involving   
                                 Volume & Total Surface Area 
 

 Cylinder Cone Sphere 

Volume hr 2   hr2

3

1
   3

3

4
r   

Total Surface Area ( )hrr + 2  ( )lrr +   
24 r   

 

+ − − +

++

+

+

++−

−−

−−

−

− +



12 
 

   
 
 

Integration: Standard Forms 
 

( ) ( ) 
( ) 

c
n

x
xxx

n
n

+
+

=
+

 1

f
dff

1

    ( )1−n  

 

( )
( )

( )
c

na

bax
xbax

n
n

+
+

+
=+

+

 1
d

1

  ( )1−n  

( )
( )

( ) cxx
x

x
+=


 flnd 

f

f

 

cbax
a

x
bax

++=
+ ln

1
d 

1
 

( )
( )

( )  f2d 
f

f
cxx

x

x
+=




 

 
2

d 
1

cbax
a

x
bax

++=
+


 

( ) ( ) ( ) cexex xx +=
ff df

 

ce
a

xe baxbax += ++


1

d
 

 
 

Integration: Special Fractions 
 

 ( ) xx d f  ( )xf  ( ) xx d f  

22

1

xa −
 

         







−

a

x1sin

      
)( ax   

22

1

ax +
 







−

a

x

a

1tan
1

 

2 2

1

a x−
 

      









−

+

xa

xa

a
ln

2

1

   
)( ax   

2 2

1

x a−
 

          









+

−

ax

ax

a
ln

2

1

 
)( ax   

  * Arbitrary constants c are omitted. ; a denotes a positive constant. 
 

Integration: Trigonometric Functions 
 
 

( )xf  ( ) xx d f  ( )xf  ( ) xx d f  

x cos  xsin  xx   tan sec  x sec  

x sin  x cos−  xx cotcosec  xcosec−  

x2sec  xtan  x2cosec  xcot −  

  * Arbitrary constants c are omitted. 
 

 

 ( ) xx d f   ( ) xx d f  

tan x  
          

( )ln sec x

      

1

2
x 

 
 

 
 cot x  

     
( )ln sin x

            
( )0 x    

cosecx   
( )xx cot cosecln +−

 
( )0 x    sec x  ( )ln sec tanx x+

      

1

2
x 

 
 

 
 

  * Arbitrary constants c are omitted. ; a denotes a positive constant. 
 

Integration: By Part  
               

        
 −= x

x

u
vuvx

x

v
u d

d

d
d

d

d

                   
Log  Inv Trigo Algebra Trigo Exp                                                                                                       

 
 

( )xf ( )xf

( )xf
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Integration: Area and Volume 
                                  

 Area 
(along the x-axis) 

Volume of Revolution 
(about the x-axis) 

  

xyA
b

a
R d 11 =  

 

xyV
b

a
R d 

2

11 =  

 

( ) xyyA
b

a
R d 122  −=  

 

( ) xyyV
b

a
R d 

2

1

2

22  −=  

                                                                           

                                  

 Area 
(along the y-axis) 

Volume of Revolution 
(about the y-axis) 

  

yxA
b

a
R d 11 =  

 

yxV
b

a
R d 

2

11 =   

 

( ) yxxA
b

a
R d 122  −=  

 

( ) yxxV
b

a
R d 

2

1

2

22  −=   

                                                                           

Integration: Finding the Area using Parametric Equations 
                                  

     Given: ( )tx f=
 
and ( )ty g= , 

Area 
(along the x-axis) 

( ) t
t

x
txy

t

t

b

a
d

d

d
 gd 

2

1
 =  ( ) ( )21 f  and f  where tbta ==  

Area 
(along the y-axis) 

 

( ) t
t

y
tyx

t

t

b

a
d

d

d
 fd 

2

1
 =  ( ) ( )21 g  and g  where tbta ==  

 

Differential Equation: Direct Integration vs Separable Variables 
                               

Direct Integration (Once) ( ) ( )== xxyx
x

y
d ff

d

d
  

Direct Integration (Twice) ( ) ( )( ) xxxyx
x

y
d d f f

d

d
2

2

 ==   

Separable Variables ( )
( )  == xy
y

y
x

y
dd 

f

1
f

d

d

 

 

Differential Equation: Modelling Real Life Problem Situation 
                         
      

 

 Decreaseof  Rate Increase of RateChange of Net Rate −=  
   

Example:   Liquid flows into a cylindrical container at a constant rate, and flows out at a rate which 
is proportional to the depth of water (x) in the container.      

     
xrV 2   Liquid,of Volume =

   
1Increase of Rate k=
   

xk2Decrease of Rate =         )0 ,( 21 kk  
 

 
 
 

a b 

1y  

2y  
2R  

1R  

x 

a 

b 
1x  2x  

2R  1R  

y 

xkk
t

x
r

t

V
21

2

d

d
 

d

d
−== 
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Vectors: Dot Product vs Cross Product 
 

Dot Product Cross Product 

332211

3

2

1

3

2

1

bababa

b

b

b

a

a

a

++=

































=ba
 
















−

−

−

=

































=

1221

3113

2332

3

2

1

3

2

1

baba

baba

baba

b

b

b

a

a

a

ba
 

cosbaba =  n baba ˆsin=  

abba =  abba −=  

2
aaa =

 

0

0

0

0

=
















= aaaa

 
 
 

Vectors: Unit Vector 
 

2

3

2

2

2

1

321ˆ
aaa

aaa

++

++
==

kji

a

a
a  

 

Vectors: Parallel vs Perpendicular Vectors 
 

Parallel      Perpendicular   

ba =  0=ba  
 

Vectors: Ratio Theorem & Mid-Point Theorem 
  

                 The point dividing AB in the ratio  :  has position vector 




+

+ b a 
. 

 

     The point dividing AB in the ratio 1:1  has position vector 
2

ba +
. 

 

Vectors: Equation of a Straight Line 
 

If A is a point with position vector kjia 321 aaa ++= and the direction vector b is given by 

kjib 321 bbb ++= , then the straight line through A with direction vector b has  

Cartesian Equation:     ( )=
−

=
−

=
−

3

3

2

2

1

1

b

az

b

ay

b

ax
     

                                 

       Vector Equation:  bar +=  where   
 

Vectors: Equation of a Plane 
 

    The plane through A with normal vector kjin 321 nnn ++=  has 
 

    Cartesian Equation:    0321 =+++ dznynxn  where na −=d  
 

Parametric Equation:  c b ar  ++=  where b  and c  are non-parallel vectors which                                   

                                                                                 are both parallel to the plane. 
       

     Scalar Product Equation:  p=nr  where na =p  
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Vectors: Area 
 

Triangle   Parallelogram   

ba
2

1
 ba  

 

Vectors: Acute Angle 
 

2 Lines 1 Line 1 Plane 2 Planes 

   

21

21
cos

bb

bb 
=  

nb

nb 
=sin  

21

21
cos

nn

nn 
=  

 
Vectors: Length of Projection vs Perpendicular Distance 
 

 Line Plane 

  
 
 
 

 
 

 

Length of Projection: d1 ( ) bac ˆ−  ( ) nac ˆ−  

Perpendicular Distance: d2 ( ) bac ˆ−  ( ) nac ˆ−  

 

Vectors: Perpendicular Distance from the Origin 
 

Line Plane 

ba ˆ  
n

p
 

 

Vectors: Foot of Perpendicular 
 

Line Plane 

 
 
 
 

 
 

 

ba 1+  where ( ) 01 =−+ bcba   nc 1+  where ( ) p=+ nnc 1  

 

 
 

d1 d1 

d2 d2 

c c 

b 

n 

c 

bar +=  
N 

p=nr  

c 

N 

ncr +=  

11 b ar +=  

22 b ar +=  

    
p=nr    

22 p=nr  

a a 

11 p=nr  b ar +=  
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Vectors: Point / Line of Intersection 
 

2 Lines 1 Line 1 Plane 2 Planes 

 
 
 
 
 

 
 

 

 

ba 1+  or dc 1+  

where 
dcba 11  +=+  

ba 1+  where 

( ) p=+ nba 1  

( )21 nnar +=   where 

11 p=na  and 
22 p=na  

 

Complex Numbers: Cartesian , Polar & Exponential Forms 
 

Cartesian Form Polar Form Exponential Form 

iyxz +=  ( ) sincos irz +=  irez =  

     Note: 0= zr  and ( )  =− zarg  
 

Complex Numbers: Modulus & Argument 
 

iyxz +=  x  
y

 z
 

zarg
 

1st quadrant +  +  

22 yx +
 








−

x

y1tan
 

2nd quadrant −  
+  x

y1tan−−
 

3rd quadrant −  −  
−−

x

y1tan
 

4th quadrant +  −  x

y1tan−−  

    Note:  − zarg  

 

w
 w

 
warg

 

21zz
 

21 zz  21 argarg zz +
 

2

1

z

z

 2

1

z

z
 21 argarg zz −

 

nz
 

n
z  

znarg
 

 
Note:  − warg

 
 

Complex Numbers: Conjugate 
 

iyxziyxz −=+= *  zz =*  ( ) ( )zz arg*arg −=  

)Re(2* zzz =+  )Im(2* zizz =−  ( ) zz =**  ( ) ( )nn zz ** =  

( ) *** wzzw =  
*

**

w

z

w

z
=








 

2
* zzz =   2sin2cos

*
i

z

z
+=  

d cr +=  

b ar +=  
b ar +=  

p=nr  

a  

11 p=nr  

22 p=nr  
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Complex Numbers: Polynomial Equation with Real Coefficients 
      

Given iyx +  is a root of a polynomial equation with real coefficients, then its conjugate 

iyx −
 
is also one of the roots. These two roots form a quadratic factor as given below. 

 

( )  ( )  222 2 yxxzziyxziyxz ++−=−−+−  
 

 

Complex Numbers: Special Results involving Exponential Form 
 

 cos2=+ −ii ee   sin2iee ii =− −  

                    

















=+ 2

2
cos21



  i
i ee                        









+









=− 22

2
sin21



  i
i ee  

 
 

P&C: Basic Selection and Arrangement 
 

Number of ways of selecting r objects out of n different objects 

without replacement rn C  

Number of ways of arranging r different objects in a row ! r  

Number of ways of selecting r objects out of n different objects 

without replacement, followed by arrangement in a row rn P  

( )! ! 

! 
C

rnr

n
rn

−
=  ( )( ) 12321! −−= rrrr  

( )! 
! 

P
rn

n
rn

−
=  ! CP rrnrn =  

 
P&C: Arrangement with Repeated Objects 
 

Number of ways of arranging r objects in a row, with k1 identical 

objects and another k2 identical objects … etc.  !!

! 

21 kk

r
 

 
P&C: Arrangement where Repetition is allowed 
 

Number of ways of forming a row with r objects, if there are n 

different objects available and repetition is allowed 
rn  

 

P&C: Circular Permutation 
 

Number of ways of arranging n 

different objects in a circular manner 

Seats are identical ( )! 1−n
 

Seats are different / numbered ( ) nn   ! 1 −
 

 

Probability: Standard Results 
 

( )
( )
( )

1
n

n
P0 =

S

A
A  

( ) ( )AA P1P −=
 

( ) ( ) ( ) ( )BABABA −+= PPPP
 

( ) ( )BABA −= P1P  

( ) ( )BABA −= P1P  

( ) ( ) ( ) ( ) ( )BABBAABA +=+= PPPPP  

( ) ( ) ( ) ( ) ( )BABBAABA −=−= PPPPP  
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Probability: Conditional Probability 
 

 

 

 

Probability: Mutually Exclusive Events 
 

( ) 0P = BA  ( ) ( ) ( )BABA PPP +=  
 

Probability: Independent Events 
 

( ) ( ) ( )BABA PPP =  ( ) ( )ABA P|P =  ( ) ( )BAB P|P =  

 
Random Variable: Expectation (Mean), Variance & Standard Deviation 
 

( )
( )( )

( )

( )( )




==


==

xXx

xf

xfx
X

P                

E
 

( )
( ) ( )( )

( )

( ) ( )( )




=−=

−
==

xXx

xf

xfx
X

P                     

Var

2

2

2






 

( ) ( ) ( )( )22 EEVar XXX −=  ( )XVar=  

( ) aa =E  ( ) 0Var =a  

( ) ( ) bXabaX = EE  ( ) ( )XabaX VarVar 2=  

( ) ( ) ( )YbXabYaX EEE =  ( ) ( ) ( )YbXabYaX VarVarVar 22 +=  
 

Binomial Distribution: Probability, Mean and Variance 
 

      Distribution of X ( )xXP =  Mean Variance 

       Binomial ( )pn,B  ( ) xnx pp
x

n −
−








1  np  ( )pnp −1  

 

Binomial Distribution: Probability when x=0 
 

Binomial 

( )pn,B  ( ) ( )npXP −== 10  

 

Binomial Distribution: Cumulative Probability 
 

Binomial 

( )pn,B  
( ) ( ) ( ) ( ) ( ) knknnn

pp
k

n
pp

n
pp

n
pkXP

−−−
−








+−








+−








+−= 1...1

2
1

1
1

221
 

   
 

Binomial Distribution: Common Phrases 
 

X is Original Probability For binomcdf [GC] 

not more than / at most k ( )kX P  ( )kX P  

fewer than k ( )kX P  ( )1P − kX  

more than k ( )kX P  ( )kX − P1  

at least / not fewer than k ( )kX P  ( )1P1 −− kX  

     Note: k is a positive integer.  

( )
( )
( )

( )
( )B

BA

B

BA
BA

n

n

P

P
|P


=


=
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Normal Distribution: Standardization 
 

( ) ( )1  0N~ N~ 2 ,
σ

μX
Z, σμX

−
=  

 

 

Normal Distribution: Symmetry Properties 
 

     Given a is positive and                   , 

( ) ( )aZPaZP −=  ( ) ( )aZPaZP =−  

( ) ( )aZPaZP −= 2  ( ) ( )aZPaZP −−= 21  

 Note: The above symmetry properties are also applicable to other Normal Distributions     

           with mean           . 
 

Normal Distribution: Linear Combinations of Random Variables 
 

X  ( )  N 2, σμ  
mX  ( )22  N σm,m  

nXXX +++ ...21  ( )2 , N nσn  
( )nXXXm +++ ...21  ( )22 , N nσmmn  

n

XXX
X n+++
=

...21

 








n

σ2

 ,N   

               
Central Limit Theorem (CLT)  

 

Original Distribution Condition Approximate Distribution 

Non-Normal with     

mean  and variance 2  
30n  

Sample Mean 









n
NX

2

,~


  

Sample Sum ( )2

21 ,~...  nnNXXX n+++  
                                  
                                  

Unbiased Estimates: 
 

        

 
 
 
 

Given Sample Data 
Unbiased Estimate 

Remarks 
Mean ̂  Variance 22ˆ s=  

( ) − ax  ( )
2

 − ax  ( )
a

n

ax
+

−  
( )

( )( )












 −
−−

−




n

ax
ax

n

2

2

1

1  
 

x  ( )
2

 − ax  
n

x  ( ) naxax −=−   

( ) − ax   2x  ( )
a

n

ax
+

−  
( )













 
−

−


n

x
x

n

2

2

1

1  ( ) naaxx +−=  

 
 
 

0=

( )1  0N~ ,Z

( ) ( ) ( )













−

−
=−

−
=

−

−
=

−
=





n

x
x

n
xx

n
s

n

xx

n

n

n

n
s n

2

222

2

22

1

1

1

1
  

11
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Hypothesis Testing 
 

Population 
Sample 

Size 

Population 

Variance 
Test Statistic Test 

Normal 

large 
30n  

2   

known 
)1 ,0(N~

2

0

n

X
Z



−
=

 

z 

2  

unknown 
)1 ,0(N~

2

0

n
s

X
Z

−
=

 

small 

30n  

2   

known 
)1 ,0(N~

2

0

n

X
Z



−
=

 

non-

Normal 

large 
30n  

2   

known 
CLTby approx   )1 ,0(N~

2

0

n

X
Z



−
=

  

2  

unknown 
CLTby approx   )1 ,0(N~

2

0

n
s

X
Z

−
=

 
 

    Note: ( ) ( )













−

−
=

−

−
=

−
= 


n

x
x

nn

xx

n

n
s n

2

2

2

22

1

1

11
  

 
 

Correlation & Regression: Product Moment Correlation Coefficient 
 

            

( )( )

( ) ( ) ( ) ( )
=














−














−

−
=

−−

−−
=













  

2

2

2

2

22

n

y
y

n

x
x

n

yx
xy

yyxx

yyxx
r     

 

where 
( )

n

x
xS xx

2

2 
 −= , 

( )
n

y
yS yy

2

2 
 −=  and 

n

yx
xyS xy


 −=  

 
 

Correlation & Regression: Regression Lines 
 

   y on x : ( )xxbyy −=−  where 
( )( )

( )


−

−−
=

2

xx

yyxx
b

  
( )

=

−

−

=







n

x
x

n

yx
xy

2

2

                   

          x on y : ( )yydxx −=−  where 
( )( )
( )


−

−−
=

2

yy

yyxx
d  

( )
=

−

−

=







n

y
y

n

yx
xy

2

2

 

    * b and d are called the Regression Coefficient of regression line of y on x and x on y respectively.     

    * r, b and d  are all in the same signs and bdr =2
.                 
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