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ALGEBRA
Laws of Indices:
n -n l
1. a"xa"=a™" 2. (am) =am" 3. a=—
a
a” m
— =™ no_n/am 6 a° =1
a" 5. a" =4va
Definition of a logarithm: Change of base:
log, y
If =a* then x=lo Log.y =
y day Jay Iogb a
Laws of logarithms:
1. log(AxB) =IlogA+logB
A
2. log (Ej =log A-logB
3. log A" =n.log A
Quadratic Formula:
—b++/b? -
If a+bx+c=0 Then x = _REVb —dac

2a
Newton-Raphson Iterative Method:

If X, is the approximate value for the real root of the equation: f(x) = 0, then a closer

f
approximation, X, can be obtained from: X, =X —% Where f' (x1) is the
1
gradient of the curve at x;.
GRAPHS
Straight line graphs. Straight line law.
Gradient = vertical change y=mx+c m is the gradient.

horizontal change
c is where the line cuts the y axis
Least square method:

n n n n n
mY X, +c % =D XY, m) X, +nc=7y,
i1 i1 =l 1 i1
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SIZRIES
Arithmetic series.
n n
nthterm T =a+(n+1)d Sumof n terms S, = E(a+ ) = §(2a+ (n-1)d
where a = first term, | = last term, d = difference between terms.
Geometric series.
a@l-r"
nthterm T =ar"" Sumof n terms S, =%
a

Sum to infinity S, =——

where a = first term, r = ratio between terms.
MacClaurin Series:
" 2 T 3 w 4
OIS S OTSI NE OIS
21 3l 41

”@z”m+Ffﬂ+

Taylor Series:
f(x) ~ f(a)+(X_a])_lf'(a)+(X_a)zf”(a)+(X—a)3f"'(a)+(x_a)4f-v (a)+

2! 3 A
TRIGONOMETRY
Identities:
tan &= ﬂ sec 0= 1 cosec & :_L cot H:i
cosé@ cosd sin@ tang
cos® @+sin® O=1 1+tan®> @ =sec® @ cot’ @ + 1 =cosec® O
sin(-0) =-sin @ cos (-6) = +cos @ tan (-@) = -tan 6

Compound angle addition and subtraction:
sin(A+B)=sin AcosB +cosAsinB sin(A-B)=sinAcosB-cosAsinB
cos (A+B)=cosAcosB-sin AsinB cos (A - B) =cos A cos B +sin Asin B

if R sin (kt + o) = a sin kt + b cos kt then: a=Rcosa,b=Rsina,
R?=(a®+b%) and o = tan™* (b/a)

Double angles:

Sin2A =2sin Acos A

Cos2A=cos’ A-sin" A=2cos’ A-1=1-2sin° A

Tan2Aa= _2@NA f
1-tan“ A
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MATRICES.
1 -2 4
A matrix is an array of numbers: (3 7 Oj isa2 x 3 matrix

_ (a bj (e fj (a+e b+ fj
Adding ¢c d) T g h B c+g d+h
_ a b e fy(fa—-e b-f
Subtracting — =
c d g h)lc—-g d-h

Multiofy (a b](e fj (ae+bg af+bhj
ultiplying {4 g h)  \ce+dg cf +dh

Notice that when multiplying matrices, AB and BA are not necessarily equal.

10
Identity matrix | =(0 J and Ax At =1
) a b ) 1(d -=b
Inverse of 2nd order matrix A is At =—
c d |A\-c a

_ _(a b).
Determinant of 2nd order matrix A(C dj is [Alor A, =(ad)—(bc)

P Q R
Determinant of 3rd order matrix B={a b ¢ |is
d e f
|B|orAB:Pb C—Q‘a C+R‘a b
e f d f d e

Bl orAg =P[(bf)-(ec)]-Q[(af)-(dc)]+R[(ae)-(db)]
Cramer’s rule

To solve simultaneous equations with 3 unknowns using determinants:
ax+by+cz+d =0

ax+b,y+c,z+d, =0 X:—AX
ax+by+c,z+d, =0 A
Ay

y=—"

x =y oz -1 _x_-y_x_- A
bcd| [acd| |[abd| jabcl A A A A Az
7=——

b2 CZ dZ a'2 C2 d2 a2 b2 d2 a2 b2 CZ A

b3 CS 3 3 CS d3 aS b3 d3 a3 b3 CS
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CoMPLEX NUMBERS

Z=(a+jb)=r(cos @ +jsin @)=rL G =r ¢ 0 Where j* = -1

Modulus, r=|z| = (a° + b%) Argument, @ = Tan™ (b/a)
Addition: (a+jb) + (c+jd) =(a+c) +j(b +d)

Subtraction: (a+jb) - (c+jd)=(a-c) +j(b-d)

(Additions and subtractions cannot be performed in polar form)
Multiplication: 21z, = rirZ( 6) + 6,) Division:

b e,-0

z, r ( 1 2)

Conversion

Polar rZ£6 to rectangular a=+ jb a=rcosd, b=rsing

Rectangular a+ jb to polar rz60

r=+a’+b? tand = (Bj 6 =tan™ (Ej

a a
The complex conjugate of (a+ jb) is (a— jb)

a+jb _(a+ jb)(c— jd)
c+jd (c+ jd)(c—jd)
conjugate of bottom)
ac— jad + jbc— jbd
" ¢?— jed + jed — j2d?
(ac+bd) + j(-ad +bc)
- c?+d?

Divide

(multiply top and bottom by complex

Powers  (rZ6)" =r"/né Roots Vrz6 =4rs2

De Moivre's Theorem: (r£ @)"=r"4n @ =r"(cosn @ +jsinn @)
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GEOMETRY

Areas and Volumes. Pythagoras's Theorem:

Triangle Area = 3 base x perpendicular height B

= ZabsinC = tbhcsin A=%acsinB a
Parallelogram Area = base x perpendicular height

¢ a2 — b2 + CZ
Trapezium  Area= 3(a+b)h
Circle Area= 7 r’= ”fz A b
Circumference = 2zr = zd
Sphere Volume = g(ﬂ r) Surface Area = 47 r?
Cylinder Volume = 7 r°h Curved surface area = 2z rh
Cone Volume = %(72’ r2h) where h = vertical height

Curved surface area = 7z rl  where | = slant height

Prism Volume = base area x perpendicular height
Pyramid Volume = %(base area) X (perpendicular height)

Circular Measure. 2 7 radians = 360°

. . 360 . . 27
To convert radians to degrees multiply by E’TO convert degrees to radians multiply by ——

360
Length of arc = ré@ where @ is in radians Area of sector = 3?6
Non right-angled triangles
a b I Sin2x = 2sin XcosXx sin>X+cos’Xx =1
sinA  sinB  sinC COS2X = COS* X —sin’X sec’x = 1+tan®x
a’=b*+c’—2bccosA C0S2X = 2Cc0s* X —1 cosec?X = 1+ cot? x
b* =a’ +c*—2accosB C0S2X = 1—2sin’*Xx sin®x = +(1 - 2c0s2X)
=3’ 2 2tanx 2y — 1
c’=a’+b*—-2abcosC tan2x = 22 cos’ X = +(1+ 2cos2x
1-tan’x

sin(A+ B) =sin AcosB + cos Asin B
cos(A+ B) =cos AcosB Fsin Asin B
tan At tanB

tan(AtB)=———"—"
( ) 1¥tan Atan B
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DIFFERENTIAL CALCULUS
Standard Derivatives:
dy ., dy .,
y or f(x) —or f'(x) y or f(x) —or f'(x)
dx dx
ax" an x"? sin ax a cos ax
e ae™ oS ax -a sin ax
1 2
In ax - tan ax a sec” ax
X
Product Rule: wheny =uv where u & v are functions of x, then: L = vd—u + uﬁ
dx dx dx
Jdu_ dv
Quotient Rule: when'y = Y where u & v are functions of x, then: % = dx—zdx
X Y
. . i e . ] dy dy du
Chain Rule or ‘function of a function’: if u is a function of x, then: L =—Lx—
dx du dx

dy _f(a+h)-f(a-h)

Numerical Differentiation - 3 point equation:

dx 2h
Maximum or minimum values: If y = f(x) then % = 0 for stationary points
To find whether the stationary points are max, min or points of inflection:
Differentiate again to get diz :

If the value is positive, the point is a minimum

If the value is negative, the point is a maximum

If the value is zero at the point, < 0 on one side and > 0 on the other, the point is a point
of inflection

Partial Differentiation:Rate of change

If z=1(u,v, ....) andd—u ﬂ ...denote the rate of change of u, v, ....., then the rate of

dt ' dt

dz . . . dz dz du dz dv

change of z, — isgivenby: —=——+——
dt dt du dt dv dt

Small changesIf z =f(u, v, ....) and du, dv...denote small changes inu, v, ..... , then the
corresponding change in z, dz is given by: dz = j—zdu +%dv +...
u i
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Standard Integrals
y j ydx y '[ ydx
n+1
ax" a + ¢ (except where n = -1) COS ax —sinax +¢
n+1 a
ax 1 ax . 1
—e +cC sin ax -—cosax +c
a a
1 In|x| +c sec’ ax Etan ax+c
X a
Integration by parts:
. dv du
If u and v are both functions of x, then: ju —dx=uv - jv—.dx
dx dx
Mid-Ordinate Rule: Area = b x length of the mid-ordinates
Trapezium Rule: Area = bB(yl +Y,)+H (Y, + Yt )}
Simpson's Rule: Area = % [(Vo + V) + 40y, +y; + .. )+ 20y, + Y, +...)]

Volumes of Solids of Revolution
Volume of a solid object generated when curve y = f (x) is rotated through 360° about

the x-axis is V = ﬂj ydx

Volume of a solid object generated when curve x = f (y) is rotated through 360° about

Y2
the y-axis is V = 7[J. x%dx
Y1

STATISTICS

- xfx f.(x—x)?
Mean: X = 21X Standard Deviation: o = M
> f s f
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DIFFERENTIAL EQUATIONS
First Order Differential Equations:If % =f(x) then y= j f(x)
dy _ _ gy dQ _ _ pokt
If Vi f(y) thenj fdx _I ) If it kQ then Q = Ae™ (where A and k are constants)

Y py-q
dx

I. Rearrange the equation into the form above (if necessary)
ii. Identify P & Q

iii. Find the Integrating Factor | = e
2 Substitute I into: y.l :j 1Qdx

Integrating Factor Method: If

j Pdx

V. Integrate the RHS (by parts or a relevant substitution) to give the General
Solution.
Vi. Substitute values to get the Particular Solution
Second Order Differential Equations (Homogenous type):
2
. If a 3 g + b%+ cy =0 (where a, b & c are constants)
X X

ii. Rewrite the equation as (aD2 +bD+c)y=0
iii. Substitute m for D and solve the auxiliary quadratic equation: am’ +bm +c =0
2 If the roots are:

a) Real and different, say m = o and m =, then the General Solution is:

y = Ae” + Be”

b) Real and equal, say m = a twice, then the General solution is:

y = (Ax+ B)e”

c) Complex, say m = « £ j£, then the General solution is:

y = e™(Acos X + Bsin X)
2 Find the Particular solution by substituting values of y, x and dy/dx into the
General solution and it's derivative.

Second Order Differential Equations (Non-Homogenous type):
2
If az—g + b% +cy = f(x) (where a, b & ¢ are constants)
X X
ii. Solve the complementary function y. (see above)

iii. Use the following trial functions for the particular integral yj:

If F(x)=k  assume y=C If  F(x)=kx y=Cx+D
If  F(x)=k« assume y=Cx*+Dx+c If F(x)=Ce® y = Ce®
If  F(x)=Csinkx or Dcoskx y =Ccosx+ Dsinx
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