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Prior learning

Parallelogram A = bh (b base, h height)

. 1
Triangle A= E(bh) (b base, h height)
. 1
Trapezoid A= E(a + b)h (a, b parallel sides, h height)
Circle A = 772 (r radius)

Circumference  C = 27Tr (r radius)

Cuboid V = lwh (1 length, w width, h height)
Cylinder V = 7tr2h (r radius, h height)
Prism V = Ah (A area of cross-section, h height)

Cylinder, curved
surface

Distance (2D)

A = 27trh (r radius, h height)

d =0 —x)2 + (1 — y2)?
+X N +YZ)
2 7 2

Midpoint (2D) (

[EM Quadratic formula

—b + Vb2 — 4ac
2a ’
Topic 1: Number and algebra

ax’*+bx+c=0= x=

a#0

1.2 Arithmetic: _ _
nth term Uy =y +(n—1)d

Arithmetic: sum S, = g(Zul +(n— l)d); S, = g(ul +u,)

1.3 Geometric: _ n—1
nth term Up = !
) u(r"—1 u(1—r"
Geometric: sum S, = 1( I ) = 1(1 ), r 75 1
r— —-r

1.4 Compound interest

1 r kn
FV =PV x(1+ o)
100k
FV future value, PV present value, n number of years, k compounding
periods per year, r% nominal annual rate of interest
1.5 Exponents, logs
ad=bh = x=10gab, a>0,b>0,a#1

16 Percentage €= X 100%

error

Va —VE
V)

vg exact value, v, approximate value of v
M 1.9 Log laws
log xy = log, x + log,y
m —
log x™ = mlog x
Em11 u
Geometric: Seo = L B
infinite sum 1-r

[EM1.12 Complex
numbers

log, ;—C =log,x —log y

fora,x,y > 0

[rl <1

z=a+bi
A = b% — dac

Discriminant
XM 113 Polar,
Euler form
Em1.14
Determinant
2X2

Inverse 2 X 2

_fa b o1 d —b
A_<c d)=>A = ( ), ad # bc

z=r(cos +isin@) = re’® = rcis@

a b
A=(C d) = detA = |A| = ad — bc

detA\—c a

[ZM 115 Diagonalisable matrix power
M" = PD"P~!

P matrix of eigenvectors, D diagonal matrix of eigenvalues

Topic 2: Functions

2.1 Straight line

y=mx+c¢ ax+by+d=0; y—y =mlx—x)
4 _n-n
Gradient m= X —x
2.5 Axis of symmetry
. b
f(x) = ax? + bx + ¢ = axis of symmetry x = ~3a
2.9 Logistic _ L
function f) = 1+ Ce—k<’ LkC>0

Topic 8: Geometry and trigonometry

31 Distance (3D) d =/(x; —x)% + (1 — 2)2 + (21 — 22)2
xtx Nty 2 +Z2)

2 7 2 7 2
V= §Ah (A area of the base, h height)

Midpoint (3D) (
Right pyramid

. 1
Right cone V= gﬂ'rzh (r radius, h height)

Cone, curved

surface A = 77l (r radius, I slant height)

4
Sphere volume V= ;71’7‘3 (r radius)

Sphere surface 4 = 477r? (r radius)
a b 4

3.2 Sine rule - = — = —
sinA  sinB  sinC
2 2 2
i a‘+b°—c
Cosinerule ¢2 = g2 + b%> —2abcosC; cosC = ———
2ab
Triangle A= %ab sin C
3.4 Arc length ¢} . X
(degrees) 1= 360 X 27Tr (6 angle in degrees, r radius)
Sector area 6 2 . .
(degrees) A= 360 X 7Tr“ (6 angle in degrees, r radius)
S;rfsr)c length I = rB (r radius, 6 angle in radians)
1
jgitscir area A= Erze (r radius, 6 angle in radians)
- . sin 6
[M3.8 Identities cos?@ +sin?6 =1  tanf = ——
cos @

IEM 3.9 Transformation matrices
cos20 sin26 kO
(sin 26 —cos 26) (0 k)
reflection in the line y = (tan6)x  enlargement, scale factor k,

centre (0,0)
kO
01

10
0k
horizontal stretch (parallel to vertical stretch (parallel to the
the x-axis), scale factor k

y-axis), scale factor k
cosB® —sinf cos6 sinf
sin@ cosf —sin6 cos6

anticlockwise rotation by 6 clockwise rotation by 6 about
about the origin (6 > 0) the origin (6 > 0)
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V1

Em310 ) B
Magnitude [v] =4/vi +v3+v3, wherev=[v,

V3
[EM 3.11 Line:
vector
M Line: _
parametric x =xp + Al,

XM 3.13 Scalar product

r=a+Aib

y=Yyo+Am, z=zp+4n

V1 wy
v - w =V;w; + VW, +v3w3, where v = (vz), w= (w2>

V3 w3
v-w= |v| |w| cos 6 (6 angle between v and w)
M Angle ViWy + Vwy + V33
between cosf = ————=
vectors [vf |w]

Vector product

VW3 — V3w, V1 wy
vXw= (v3w1 - v1w3), where v = (v2>, w = (wz)

V1w, — Wy V3 w3
|U X w| = |U| |w| sin @ (6 angle between v and w)

[ Parallelogram A = |v X w| (v, w two adjacent sides)

Topic 4: Statistics and probability

4.2 Interquartile IQR = Q3 _ Ql

range
k
Zfixi

; k
4.3 Mean X £

- =1
x =" pat wheren:i_zlf,-

n(A)
n(U)
Complementary P(A) +P(4’) =1

4.5 Probability  P(A) =

46 Combined  P(AUB) = P(A) + P(B) —P(ANB)
Mutually _
exclusive P(AUB) = P(4) + P(B)
P(ANB
Conditional P(A|B) = Q
P(B)
Independent P(ANB) = P(A) P(B)

4.7 Expected — —

value (discrete) E(X) - ZXP(X - x)

Mean E(X) =np

Variance Var(X) = np(1 —p)

E(aX +b) =aE(X) +b

Var(aX + b) = a? Var(X)

[mLinear E(a1X; £ axXp £ -+ £ @, X,) =
combinations of a;E(X7) + a,E(X,) % --- + a,E(X,,)
independent  Var(a;X; + a,X; + -+- £ a,X,) =

Xy eee s X a?Var(X;) + a3 Var(X,) + -+ + a2 Var(X,,)

4.8 Binomial
X ~ B(n,p)

M 4.14 Linear
transformation

EM Unbiased

estimate of 2 =" o
population n=17= p _1°n
variance

[Em417 Poisson  Mean E(X)=m

X ~ Po(m) Variance Var(X) =m
(M 4.19

Transition T"so = §, (s initial state)
matrices

Topic 5: Calculus

)?H,S Derivative of f(x) —x" = f’(x) = nx"1

5.5 Integral of x" fx” dx =

xn+1
+C,

n#-1

n+1

b
Area, f(x) > 0 A=fydx
a

5.8 Trapezoidal rule

b
1
/ ydx~ 5h((0 +yn) + 201 +y2 + -+ +yu-1)), Where

h= b—a
n
5.9 Derivative
of sinx
IEM Derivative of
cosx

IEM Derivative of _ ’ _ 1
tan f(x) =tanx = f'(x) = o

Derivative of f(x) —e > f’(x) — e

f(x) =sinx = f'(x) = cosx

f(x) =cosx = f'(x) = —sinx

xDerivative of f(x) =lnx = f’(x) — ch
) dy dy _ du
Ch | = = - = 2 -
ainrule  y = g(u), where u = f(x) = i X I
EMProductrule  y = uy = % = u% +V%
du dv
[EM Quotient rule _ E = d_y _ Va B ua
Y=3 dx ~ v2

[IM 5.11 Standard integrals
1 .
/)—Cdlen|x|+C fsmxdx:—cosx+C

cosxdx =sinx + C

f;zdxztanx+c fe"dx:e"+C
cos2x

b b
[W5.12 Area tox—Azf ldx or A=/ x| dy
a a
b

or y-axis

b
- - Volume of V:/ my?dx or V:/ 7x? dy
revolution
a a
om5.3 _dv _d% _ dv
Acceleration

TuT e TEs

t
distance = / [v(®)| dt
t

1

[EM Distance
travelled

ty
[ Displacement displacement = f v(t) dt
f

5.16 Euler's method

Vsl =Vn+ X0 Y0); Xpg1 = X, + (i constant step length)
[EM Euler, coupled systems

Xnt1 = Xp +h Xfl(xn’yna tn); Yn+1 = n +h sz(xmyn’ tn)

ty41 =ty + h (h constant step length)
5.17 Coupled

linear DEs: exact x = Aeh'p, + Be’'p,
solution


https://www.pietromeloni.com
https://www.pietromeloni.com

