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Mensuration

circumference of a circle 2C rπ= area of a circle 2A rπ=

area of a parallelogram A bh= area of a trapezium 1 ( )
2

A a b h= +

area of a triangle 1
2

A bh= total surface area of a 
cone

2S rs rπ π= +

total surface area 
of a cylinder

22 2S rh rπ π= + surface area of a sphere 24S rπ=

volume of a cone 21
3

V r hπ= volume of a cylinder 2V r hπ=

volume of a prism V Ah= volume of a pyramid 1
3

V Ah=

volume of a sphere 34
3

V rπ=

Graph equations

quadratic ( )2y a x h k= − + ( )( )1 2y a x x x x= − −

cubic ( )3y a x h k= − + ( )( )( )1 2 3y a x x x x x x= − − −

circle ( ) ( )2 2 2x h y k r− + − =

square root y a x h k= − +

reciprocal ( )
ay k

x h
= +

−

exponential ( )x hy r k−= + (where r > 0)

logarithmic ( )logay x h k= − + (where a > 1)

trigonometric ( )( )siny a b x h k= − + ( )( )cosy a b x h k= − +

Logarithms

exponents and logarithms ( )logx
aa b x b= ⇔ =

logarithmic laws and 
definitions

( ) ( ) ( )log log loga a ax y x y+ = ( ) ( )log logn
a ax n x=

( ) ( )log log loga a a
xx y
y

 
− =  

 
( ) ( )

( )
log

log
log

b
a

b

x
x

a
=

( )log 1 0a = ( )log 1a a =
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Calculus

( ) ( ) ( )lim
0

f x h f x
f x

hh

+ −
′ =

→

( ) ( )limit of sums 
b

i iia
f x dx f x xδ≈ ∑∫

( ) ( ) ( )b

a
f x dx F b F a= −∫

( ) ( )( ) ( ) ( )d d d
f x g x f x g x

dx dx dx
+ = +

( ) ( )( ) ( ) ( )f x g x dx f x dx g x dx+ = +∫ ∫ ∫
( ) ( )k f x dx k f x dx=∫ ∫

1n nd x nx
dx

−=
1

for 1
1

n
n xx dx c n

n

+
= + ≠ −

+∫

x xd e e
dx

= ( ) ( ) ( )f x f xd e f x e
dx

′= x xe dx e c= +∫

( ) 1lnd x
dx x

= ( )( ) ( )
( )

ln
f xd f x

dx f x
′

= ( )1 ln  for 0dx x c x
x

= + >∫

( ) ( )sin cosd x x
dx

= ( )( ) ( ) ( )( )sin cosd f x f x f x
dx

′= ( ) ( )sin cosx dx x c= − +∫

( ) ( )cos sind x x
dx

= − ( )( ) ( ) ( )( )cos sind f x f x f x
dx

′= − ( ) ( )cos sinx dx x c= +∫

chain rule ( )If   and ( ) then dy dy duy f u u g x
dx du dx

= = = ×

product rule ( )d dv duuv u v
dx dx dx

= +

quotient rule
2

du dvv ud u dx dx
dx v v

−  = 
 

trapezoidal rule
( ) ( ) ( ) ( ) ( ) ( )( ) ( )0 1 2 3 12 ...

2

where 

b
n na

wf x dx f x f x f x f x f x f x

b aw
n

− ≈ + + + + + 

−
=

∫

Trigonometry

cosine rule ( )2 2 2 2 cosc a b ab C= + −

sine rule ( ) ( ) ( )sin sin sin
a b c

A B C
= =

area of a triangle ( )1area sin
2

bc A=

Pythagorean identity 2 2sin ( )  cos ( ) 1A A+ =
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Statistics

binomial theorem ( ) 1 ... ...
1

n n n n r r nn n
x y x x y x y y

r
− −   

+ = + + + + +   
   

binomial probability ( ) ( )1 n rrn
P X r p p

r
− 

= = − 
 

discrete random variable X

mean ( ) i iE X p xµ= =∑

variance ( ) ( )2i iVar X p x µ= −∑
standard deviation ( )Var X

continuous random 
variable X

mean ( ) ( )E X x p x dxµ
∞

−∞
= = ∫

variance ( ) ( ) ( )
2

2Var X x p x dxσ µ
∞

−∞
= = −∫

Bernoulli distribution
mean p

variance ( )1p p−

binomial distribution
mean np

variance ( )1np p−

sample proportion

mean p

standard deviation ( )1p p
n
−

approximate confidence 
interval for p

( ) ( )ˆ ˆ ˆ ˆ1 1
ˆ ˆ,

p p p p
p z p z

n n

 − −
 − +
 
 

approximate margin         
of error

( )ˆ ˆ1p p
z

n
−

complementary probability ( ) ( )1P A P A= −

general addition rule for 
probability ( ) ( ) ( ) ( )P A B P A P B P A B∪ = + − ∩

probability of independent 
events ( ) ( ) ( )P A B P A P B∩ =

conditional probability ( ) ( ) ( )|P A B P A B P B∩ =
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Additional Calculus for Specialist Mathematics

( ) 1lnd x
dx x

=
1 ln  for 0dx x c x
x

= + ≠∫

( )( ) ( )
( )

ln
f xd f x

dx f x
′

=
( )
( ) ( )ln  for ( ) 0

f x
dx f x c f x

f x
′

= + ≠∫

( ) ( )2tan secd x x
dx

= ( ) ( )2sec tanx dx x c= +∫

1
2 2

1sind x
dx a a x

−   = 
  −

1
2 2

1 sin xdx c
aa x

−  = + 
 −

∫

1
2 2

1cosd x
dx a a x

− −  = 
  −

1
2 2

1 cos xdx c
aa x

−−  = + 
 −

∫

1
2 2tand x a

dx a a x
−   = 
  +

1
2 2 tana xdx c

aa x
−  = + 
 +∫

integration by parts dv duu dx uv v dx
dx dx

= −∫ ∫

volume of a solid 
of revolution

about the x-axis ( ) 2b

a
V f x dxπ=   ∫

about the y-axis ( ) 2b

a
V f y dyπ=   ∫

Simpson’s rule
( ) ( ) ( ) ( ) ( ) ( ) ( )0 1 3 2 44 ... 2 ...

3

where 

b
na

wf x dx f x f x f x f x f x f x

b aw
n

  ≈ + + + + + + +    

−
=

∫

simple harmonic 
motion

( ) ( )
2

2
2If  then sin  or  cosd x x x A t x A t

dt
ω ω α ω β= − = + = +

( )2 2 2 2v A xω= − 2T π
ω

= 1f
T

=

acceleration
2

2
2

1
2

dv d x dv da v v
dt dx dxdt

 = = = =  
 
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Additional Trigonometry for Specialist Mathematics

Pythagorean identities

( ) ( )2 2sin cos 1A A+ =  
( ) ( )2 2tan 1 secA A+ =  
( ) ( )2 2cot 1 cosecA A+ =

angle sum and difference 
identities

( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )

sin sin cos cos sin

sin sin cos cos sin

cos cos cos sin sin

cos cos cos sin sin

A B A B A B

A B A B A B

A B A B A B

A B A B A B

+ = +

− = −

+ = −

− = +

double-angle identities

( ) ( ) ( )sin 2 2sin cosA A A=  
( ) ( ) ( )

( )
( )

2 2

2

2

cos 2 cos sin

1 2sin

2cos 1

A A A

A

A

= −

= −

= −

product identities

( ) ( ) ( ) ( )( )1sin sin cos cos
2

A B A B A B= − − +
 

( ) ( ) ( ) ( )( )1cos cos cos cos
2

A B A B A B= − + +
 

( ) ( ) ( ) ( )( )1sin cos sin sin
2

A B A B A B= + + −
 

( ) ( ) ( ) ( )( )1cos sin sin sin
2

A B A B A B= + − −

Graph equations for Specialist Mathematics

sphere 2 2 2 2( ) ( ) ( )x h y k z l r− + − + − =

circle ( ) ( )2 2 2x h y k r− + − =

ellipse
2 2

2 2
( ) ( ) 1x h y k

a b
− −

+ =

hyperbola
2 2

2 2
( ) ( ) 1x h y k

a b
− −

− =
2 2

2 2
( ) ( ) 1y k x h

a b
− −

− =
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Additional Statistics for Specialist Mathematics

inclusion-exclusion 
principle

A B A B A B∪ = + − ∩

A B C A B C A B A C B C A B C∪ ∪ = + + − ∩ − ∩ − ∩ + ∩ ∩

permutation ( ) ( ) ( ) ( )! 1 2 1
!

n
r

nP n n n n r
n r

= = × − × − × × − +
−



combination ( )
!

! !
n

r
n nC
r r n r

 
= =  − 

probability density 
function of the exponential 
distribution

( ) 0,  0 for tf t e tλλ λ−= ≥ >

exponential random 
variable

mean 1
λ

standard deviation 1
λ

sample means
mean µ

standard deviation
n
σ

approximate margin of 
error

sE z
n

=

approximate confidence 
interval for μ

,  s sx z x z
n n

 − + 
 

Real and complex numbers

complex number forms ( ) ( )( ) ( )cos sin cisz a bi r i rθ θ θ= + = + =

modulus 2 2z r a b= = +

argument
( )

( )

Arg ,

tan ,  ,  0

z
b a
a

θ

θ π θ π

=

= − < ≤ ≠
arg( ) Arg( ) 2 ,  z z n nπ= + ∈

product ( )1 2 1 2 1 2 cisz z r r θ θ= +

quotient ( )1 1
1 2

2 2
 cisz r

z r
θ θ= −

De Moivre’s theorem ( )cisn nz r nθ=
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Matrices

commutative law for 
addition + = +A B B A

additive identity + =A 0 A

additive inverse ( )+ − =A A 0

multiplicative identity =A I A = IA 

multiplicative inverse 1 1− −= =AA I A A 

left distributive law ( )+ = +A B C AB AC

right distributive law ( )+ = +B C A BA CA

determinant If 
a b
c d
 

=  
 

A  then ( )det ad bc= −A

multiplicative inverse 
matrix ( ) ( )

1
1 1 , det 0

det
a b d b
c d c a

−
− −   
= = ≠   −   

A A
A

linear transformations

dilation of factor a parallel to the x-axis 
and factor b parallel to the y-axis

0
0
a

b
 
 
 

rotation of angle θ anticlockwise about 
the origin

( ) ( )
( ) ( )

cos sin
sin cos

θ θ
θ θ

− 
 
 

reflection in the line tan( )y x θ=
( ) ( )
( ) ( )

cos 2 sin 2
sin 2 cos 2

θ θ
θ θ

 
 − 
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Vectors

magnitude 1 2 2
1 2

2

a
a a

a
 

= = + 
 

a
1

2 2 2
2 1 2 3

3

a
a a a a
a

 
 = = + + 
 
 

a

direction ( )tan , 0y x
x

θ = ≠

unit vector ˆ = nn
n

scalar (dot) product

( )cos θ⋅ =a b a b

1 1
1 1 2 2

2 2

a b
a b a b

a b
   

⋅ = ⋅ = +   
   

a b
1 1

2 2 1 1 2 2 3 3

3 3

a b
a b a b a b a b
a b

   
   ⋅ = ⋅ = + +   
   
   

a b

vector equation of a line t= +r a d

parametric equations 
of a line

1 1

2 2

3 3

x a t d
y a t d
z a t d

= +
= +
= +

Cartesian equation 
of a line

31 2

1 2 3

z ax a y a
d d d

−− −
= =

vector (cross) product

( ) ˆsin θ× =a b a b n

1 1 2 3 3 2

2 2 3 1 1 3

3 3 1 2 2 1

a b a b a b
a b a b a b
a b a b a b

−     
     × = × = −     

     −    

a b

scalar projection ( ) ˆ on cos θ= = ⋅a b a a b

vector projection ( ) ( )ˆ ˆ ˆ on cos θ ⋅ = = ⋅  ⋅ 
a ba b a b a b b = b
b b

vector equation of a plane ⋅ = ⋅r n a n

Cartesian equation 
of a plane

0ax by cz d+ + + =

Physical constant

magnitude of mean acceleration due 
to gravity on Earth

29.8 msg −=
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