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GREEK ALPHABET

The letters of ancient Greece, which are frequently used in maths and science

A, a alpha
B, B beta
I, Y gamma
A, 0 delta
E, ¢ epsilon
Z, (; Zeta
H, M eta
®,0 theta
It iota
K, x kappa
A, A lambda
M, n mu
N, v nu
=, E_’ Xi
0,0 omicron
II,w pi
P, p rho
2,0 sigma
T, T tau
Y,v upsilon
D, ¢ phi
X, Y chi
¥, vy psi
Q o omega




LAWS OF INDICES

Definitions
a*=axaxax--xa (ntimes)

a®=1 (a#0)
1
a‘”=a—n (a+0)

a™/m =%am or (Va)"  (a=0,m=0,n>0)

Combining
Multiplication:
a*a¥ = a*ty
Division:
ax
= a*™Y  (a#0)
Powers:

(a¥)? = a*

Distributing (a>0, b >0)

(a.b)* = a*.b*
a\* a*
Carefulll

(a+b)*#a™+b"

(a=b)"#a™—b"




LOGARITHM RULES

For the following, assume that x, y, a, and b are all positive. Also assume thata # 1, b # 1.

Definitions
1.log, x = N means that a¥ = x.

2. log x means log,, x. All log, rules apply for log. When a logarithm is written without a
base it means common logarithm.

3. In x means log, x, where e is about 2.718. All log,, rules apply for In. When a logarithm
is written "In" it means natural logarithm.

Rules

1. Inverse properties:
logga* =x and aU%8¢%) =

2. Product:
log,(x.y) =log, x +log, vy
3. Quotient:
x
log, <;) = log, x —log, y
4. Power:

log,(xP) = p.log, x

5. Change of base formula:

log, x

] —
08a log, a

Carefulll
loga (X +Y) #loga X + l0ga y

loga (X —Y) #loga X —l0ga y




FACTORING RULES

DIFFERENCE OF SQUARES

a’? —b? = (a+b)(a—b)

SUM OF SQUARES
a?+b?=(a+b+vV2ab)(a+b—2ab)

This identity is always true, but it’s useful for factoring only when 2AB is a perfect square.

FORM a*—(r+s)a+r.s

a?—(r+s)a+r.s=(@a-r)a-s)

FORM a?+ 2ab + b?

a? + 2ab + b? = (a + b)?

a? —2ab + b? = (a — b)?

SUM AND DIFFERENCE OF CUBES

a3+ b3 = (a+b)(a?—ab + b?)

a3 —b3 = (a—-b)(a?+ab +b?




QUADRATIC FORMULA

If we consider a typical quadratic equation:

ax’ +bx+c=0

The solution of such an equation is given by the following quadratic formula:

_bi\/ discriminant 5
5 where the discriminant A= b — 4ac
a

X =

+»+ If the discriminant is positive there are two real roots (i.e. solutions) x; and x;

—b++b%-4ac

X, =
2a
—b—-+b® —4ac
%= 2a

Thus the quadratic equation can be factorised as follows:

) -b++/b? —4ac -b-+/b?-4ac
ax‘+bx+c=a-| x— -1 X

2a 2a

+¢ If the discriminant is zero, there is exactly one distinct root:
-b
X=—
2a
Thus the quadratic equation can be factorised as follows:

2
ax2+bx+c=a'(x+£j
2a

«+ And if the discriminant is negative, there are no real roots.




PARTIAL FRACTIONS

Provided that the numerator f(x) is of less degree than the denominator, the following illustrate
the form of partial fractions.

Linear Factors:
f(x) A N B
(x+a)(x+b) x+a x+b

Repeated Linear Factors:

O A
(x+a)”_;(x+a)i

Quadratic Factor:
f(x) _ Ax+B
ax?+bx+c ax?+bx+c

Example:
10x—-11 A B

(x=2)(2x+1)  (x=2) (2x+1)

10x —11=A2x+ 1)+ B(x — 2)

Letx=2. Then 20-11 =A(4+1)+B.0andso9=5A and A=9/5

Let x=-1/2.Then -5-11 = A.0+B(-5/2) and so B =32/5
10x-11 9 32

(x=2)(2x+1)  5(x-2) + 5(2x+1)

Therefore,




TRIGONOMETRY

Trigonometric Ratios in Right-Angled Triangles

Given the right-angled triangle ABC as shown in the opposite figure, we define the

A trigonometric ratios as:
SOCATO
H H A
sin A = side opposite to angle A _a Sin B = side opposite toangle B _ b
hypotenuse c hypotenuse c
cos A — side adjacent to angle A _ b cos B = side adjacent to angle B _a
hypotenuse c hypotenuse c
tan A = s!de opposﬂe to angle A _a an B = s!de opposﬂe toangle B _ b
side adjacent toangle A b side adjacenttoangle B a

sin4 = sin(180° — 4)
and
cos A = cos(360° — 4)

Solution of Non-Right-Angled Triangles

The Sine Rule:
The sine rule is used when given:

1. Two angles and any side.
| THE AMBIGUOUS casE  |->2. Two sides and an angle opposite to one of the given sides.

The sine rule states:
a b c A

sinA sinB sinC

The Cosine Rule:
The cosine rule is used when given:

1. Two sides and the angle between them.
2. All three sides.

The cosine rule states:

a?=b*+c2—2.b.c.cosA
b2 =a%*+c?—2.a.c.cosB
c2=a?+b%—2.a.b.cosC




Area of any triangle

e Basic Formula:

1
Area of triangle ABC = > X base X vertical height

e Formula using 2 sides and the angle between them:

1 A
Area of triangle ABC = 5 XaXbxXsinC

e Heron's formula using the 3 sides:

Area of triangle ABC = \/5 (s—a)-(s=b)'(s—0)

a+b+c
2

where s =

Angle units
d oy (minuteS)o (seconds>° -
egrees <
& -
II\D/IEI(N;RI'EI'IIEES’ DECIMAL RADIANS
UTES DEGREES®
SECONDS w \
180
fractional part fractional part T
degrees® ( X 60) ( , X 60)
of degrees of minutes
Arc length

circumference of a circle = 2w X radius

Length of an arc = angle inradians X radius
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TRIGONOMETRIC IDENTITIES

Pythagorean ldentities

sin?x +cos?x =1
tan®x + 1 = sec®x

cot?x + 1 =csc®x

Reciprocal Identities

Ratio Identities

1 1 sin x
oo _ tanx =
sinx = — CSCX = — CoS x
cscx sinx
1 COS X
cosx = secx = cotx = Sin x
secx COS X
1 1
tanx = cotx =
cotx tanx

Odd/Even ldentities

sin (—x) = -sin x
cos (—X) = cos X

tan (—x) = —tan x

€sC (—X) = —Csc X

sec (—x) = sec x

cot (—x) = —cot x

Cofunction ldentities, radians

Cofunction Identities, deqgrees

Rz
Sin (E - X) = COoSsXx

2

n .
cos (— - x) = sinx

sin (90° —x) = cos x

cos (90° — x) =sin x

/4
tan (E - X) = cotx

T
cot (E - X) =tanx

tan (90° — x) = cot x

cot (90° — x) =tan x

T
sec (E - X) = CSCXx

CSC (g—X) =

secx

sec (90° — x) = csc X

csc (90° —x) = sec x

Periodicity lIdentities, radians

Periodicity Identities, degrees

sin (X + 2m) = sin X

CSC (X + 2m) = csc X

sin (x + 360°) =sin x

csc (x +360°) = csc x

oS (X + 2m) = cos X

sec (X + 2m) = sec X

cos (x + 360°) = cos x

sec (x + 360°) = sec x

tan (X + ) = tan X

cot (X + 1) = cot X

tan (x + 180°) = tan x

sin (x + 180°) = cot x

11



http://www.mathwords.com/p/pythagorean_identities.htm
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http://www.mathwords.com/p/periodicity_identities.htm
http://www.mathwords.com/r/radian.htm
http://www.mathwords.com/p/periodicity_identities.htm
http://www.mathwords.com/d/degree.htm

Sum/Difference Identities

sin(x +y) = sinxcosy + cosxsiny
sin(x —y) = sinx cosy — cosx siny

cos(x +y) = cosxcosy —sinxsiny
cos(x —y) = cosxcosy + sinxsiny

tan(x +y) tanx + tany
an(x =
Y 1 —tanxtany
tanx —tany
tan(x —y) =

1+ tanxtany

Double Angle Identities

sin 2x = 2sinx cos x

cos? x — sin? x

cos2x =4 1—2sin?x
2cos?x —1

tan 2 2tanx
an2x = ————
1 —tan?x

Half Angle Identities

_ x_+ 1—-cosx ., 1—cos2x
sz_— > or sin“x = 5

X + 14 cosx ) 1+ cos2x

cos— = —————— or cos‘x=———
2 -7 2 x 2

sin x 1—cosx

) X + 1——cosx
an— =
2 "~ 14 cosx

or -
1+ cosx sin x

Product to Sum ldentities

1
cosxcosy = [cos(x + y) + cos(x — y)]
o 1
sinxsiny = [cos(x — y) — cos(x + y)]
. 1. .
sinxcosy = [sin(x + y) + sin(x — y)]

Sum to Product Identities

x+ X —
sinx +siny = ZSin( > y)cos( > y)

x + X —
sinx —siny = 2cos< > y)sin( > y)

_ x+y XxX—y
cosx+cosy—2cos( > )cos( > )

(XY x—y
COSX—COS_')/:—ZSII’I( 5 )sm( 5 )
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DIFFERENTIATION FORMULAE

For the following, assume that f and g are functions of x

PROCEDURAL RULES
Constant multiple

d df

E(Cf) =c
Difference rule

d df dg

a(f —-g)= T dx
Product rule

d dg df

a(fg) = fa Tx
Chain rule

dy dy du

dx du dx

BASIC FORMULAE
Extended power rule

d df
—_fn — n-1_7_
dx nf dx

Trigonometric rules

—cosf=—sinfa

dx

d df

— — sec? f L

I tan f = sec fdx

d B . df

dxsecf = secf anfdx
Inverse trigonometric rules

d 1. —1 df

d 1 f2dx

d 1 df

— tan~lf = -

&S =T

4 et f= 1 af

dx IfIfE—1dx
Logarithmic rules

d 1df

alnf = ?a
Exponential rules

d df

—eof = pf L

dxe ¢ dx
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Sum rule
f
L=l
Linearity rule
df . dg
—(af+bg) = a—+bdx
Quotient rule
d
d (f) fg f
dx \g g2
asmf = cosfa
d df
_ = — A
T cotf csc fdx
d _ . df
T cscf = —cscf co fdx
d . 1 df
dx > 1 f2dx
d -1 df
—_ -1r_ -
& S ST P ax
4 st f = -1 df
dx IfI/f7—1dx
d log, edf 1 df
——log,lf| = o= -
dx f dx flnbdx

d df
— W = pf -
b/ =b Inb—




INTEGRATION FORMULAE

PROCEDURAL RULES

Constant multiple
Sum rule
Difference rule
Linearity rule

BASIC FORMULAE

Constant rule

Power rules

Exponential rules

Logarithmic rule

Trigonometric rules

[cf(x)dx =c [ f(x)dx

JIf ) + gldx = [ f(x)dx + [ g(x)dx
JIf () — g)ldx = [ f(x)dx — [ g(x)dx

[laf () + bg()]dx = a [ f(x)dx +b [ g(x)dx

dex=C

xn+1
fx"dx = +C;n+ -1 fx‘ldx =In|x| +C
n+1
ax
fexdxzex+C faxdx=—+C;a>0,a¢1
Ina

flnxdxlenx—x+C;x>0

fsinxdxz—cosx+C fcosxdxzsinx+C
jtanxdx=—ln|cosx|+C Jcotxdx=ln|sinx|+C
fsecxdx = —In|secx + tanx| + C fcscxdx = —In|cscx + cotx| + C
fseczxdxztanx+C fcsczxdxz—cotx+C
jsecxtanxdx=secx+C fcscxcotxdx=—cscx+C

Cosine squared formula

Sine squared formula

Inverse rules

1
cos xdx——x+zsm2x+C
sin xdx——x—Zsm2x+C

J

J

f dx—sin-lf+c
f 1
=

xxz—a2 a a

14




MATRICES

Basic Operations

If A= [CC‘ Z],B = [; ﬂ and k a constant number

Then:

ate b+ f

A+B:[c+g d+h

_[a—e b—f
A‘B‘[c—g i h)

ka kb

kXAz[kc kd

ae +bg af + bh

AXB:[ce+dg cf +dh

Transpose
If M is the general m x n matrix then the n x m matrix obtained from M by interchanging the rows and

columns is called the transpose of M, written MT (in some books M").

Determinants

a by_

c d|—ad bc
b ¢

d e f:a|Z f|—b|d I;|+cd Z|
o i g g

Inverse

A"l = L dji 4
detA4 ad

Where the adjoint of A, denoted by adj A, is the transpose of the matrix of cofactors.

1 1 [d

—b
zad—bc ¢ a] fora2x?2

15




Multiplication of a (4x4) matrix by another (4x4) is:-

(aur*birt+az* bar+az* baitais* bai)
(az1*b11+az2* b21+ a23* b3i+aza™ bai)
(as1*b11+asz* b21+ ass* baitass™* bai)

(asr*brrtasz*bai+ ass*bsitass* bai)

\_

di3 a:m /-bu b1z bis lm

b21 b22 b23 b24

d23 d2g

b31 b32 b33 b34

das dag

aas ay kbu bz  bas l?y

(a11*b12+a12*b22+a13*baz+a1s*baz) (a11*biz+az*bast+aiz*baz+ a1a*bas)
(a21*b12+a22¥b22+a23%b32+a2a%baz) (a21*b1z+az2*b23+az3*biz+aza*bas)
(as1*biz+az2*b22+a3z3*baz+aza*baz) (az1*biz+azz*baz+azs*baztazs*bas)

(as1*bi12+asz*b22+asz*baz+ass*baz) (as1*biz+asz*bazt+asz*biaztass*bas)

Multiplication of a (4x4) matrix by a (4x1) matrix is:

di11 a1z dis dig b1

a1 d22 d23 d2g b21
ds1  ds2 dss dsa bz1

da daz das daa ba:

(211 * biur+a12* bas + a13* bay + a1s™® bay)
= (321 * bir+a2:* bas + 223* bay + a24™ bay)
(as1 * b1+ as2* bas + @z3* bay + asa™ bai)

(241 * bir+aa2* bas + @a3* bay + aas™ bai)

16

(a11*b1sta12*baata1z*bastais*bag)
(az21*b1a+a22*baa+azs*baa+aza*ba)
(a31*b1stazz*boatazs*bastaza*bag)

(as1*b1a+asz*baatass*baatasa*baa)

_/




COMPLEX NUMBERS

The complex number z has the form

z=x+1iy
imaginary
Where: *
o 2=-1 Y S X+iy
e xiscalled the real part Re r=|z i
e yiscalled the imaginary part Im
0 |
' » real
X

In terms of polar coordinates:
e x=rcosb
e y=rsinf

Therefore:

z=x+1i.y=r(cosf +i.sinh)

Using Euler's formula
0 = cosf +i.sinf
-i6

e ¢

° e =cosf —i.sin@

The complex number z can be written:

z=x+iy=r(cosf +i.sinf) = re'®

Where:
e Modulusr = |z| = {/x? + y?
e Argument 8 = arg(z) = tan‘l%
Multiplication
2,2y = 1 1rye (01+02)
Division

21 _ 1 ,ie,-6,)
Z; T2
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