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25
And what is that to me whose mind is full of indicies .l W
and surdsg squared plus % plus 53 equals eleven
thirds i W
Lewis Carol it
"You boil it in sawdust: you salt it in glue: osl
You condense it with locusts and tape
Still keeping one principal object in view— o ) @ @

To preserve its symmetrical shape.” Lewis Carol -osf

af
I. MATRIX ALGEBRA s} /\/\
Matrices are not commutative in multiplication, i.e. 2r M

25 I I I I I I I

AB # BA -8 -6 -4 -2 0 2 4 6

This can be determined by considering the dimensions of eddt 1. Pendulum phase plane
matrix. For example if we writed, 3 to indicate that it has
2 rows and 3 columns, then
Il. 2X2 MATRICES
Asyx3B3yxs = Coxs

is realised by cancelling the inner 3's resulting in a 2 by 5 a b
matrix. A= ¢ d

If a matrix is square and not singular it has an inverse such
that inverse

AA = At A =T A_ll e ]
__c a

Wherel is the identity matrix. However some matrices are ill- ad—bc  ad—be
conditioned so that the inverse is difficult to compute. Natr eigenvalues
packages such as matlab often measure a condition number to
indicate whether the matrix inverse is sensitive with respe l 1/2a+1/2d+1/2va? —2ad + d® + 4 bc
the accuracies of the computer. A=

Matrices are associative so that 1/2a+1/2d—1/2Va® - 2ad + d&* + 4be

A+ AB=A(I+B)#A+BA=(I+B)A )
A. pendulum equations

The transpose of a matrix interchanges rows and columns Gjven a mass on a rod the equations of motion are

A matrix is symmetric ifB = BT

A matrix is orthogonal ifB~1 = BT 0l = gsin6
A matrix is positive definite if:” Bz is positive for all values ) ,
of the vectorz Using the identity = £ = 42 = dodf _ ,do

The scalar(Az)T (Az) will always be zero or positive. Thus  Integrate eqn 1 to get

if the matrix B can be partitioned such th& = A” A it will

be postive definite. w2 =29 gino + wi
Note : stuff on Symmetric Positive definite :

Note : stuff on eigen values/vectors See figure 1 for phase plane

1)
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[1l. DISTRIBUTIONS VI. DIVERGENCE THEROM(GAUSS'S LAW).
px =E(X) ,
Normal (gaussiank. o j{ F b — 7 Fdv
o) 1 [ 1 ( )2} surface vol
r) = —exp|—=—=(@x—n
V2o 202 V.Vs=V’s
TOST <0 VNV AT=0
EX = pu, VarX = o2 VAVT =0 )
_ 1 oo VAVAT=V(VE) =V
mgt = oo [tﬂ T3 ! } what is del squared in this case?
o [ Potentials
erf(z) = _/ et dt Scalar potentiaky can be defined wher& Av = 0 as
VT Jo v=Vo.
erf(co) =1 Vector potentialA can be defined wher®.t = 0 asv =

Bernouilli Let X=1 if event A occurs 0 otherwise

PX=1)=p, PX=0)=1-p

ie
PX =k =p"1-p"" k=01
EXF=EX =p
tx pt2 t
mgf = Ee” =1+ pt+ — +... = (1 —p) + pe

2!

Binomial (n,p) (n independent binomial trials) (out of n

things choose r)
n -7
PO =r) = (") (1—p)"
EX = np, VarX = np(1 — p)

mgf= (pt + (1 - p))"
Multinomial (n.p) k outcomes with probabilityp;...ps

Zipi =1
P(Xl = fl...anka = f + k) =

r=0,1..n

n: f1 fr
il ft PP

where) ", fi=n
mgf = (pletl + ...pket’“]n
Geometric pnumber of failures before first success)
PX=r)=(01-p)p r=0,1,..

1-— 1-—
EX = —p, VarX = 2p
p p
p
mgf= ———
Ty
Poisson)\
P(X =7)=e " /r! r=0,1..
EX =\ =VarX
mgf = ¢
IV. FIELDS

V. STOKES THEROM.

7{ F.d

- /S(v ATF).ds

V AA.

VII.

Differential form of Maxwell's equations (Ramo, Whinnery
and van Duzer pg 235)

M AXWELL’S EQUATIONS

i p
V.B=0
— OB
VAE=-22
NE ==
- 0D
VAH=i-22
ANH =

NTS: Need to put in the integral form as well!
Auxilary Equations,
Force on charge moving with velocity v

f=qE+7AB)
current density (ohms law)
g = O'F
wherei is current density
D =¢F =¢.¢0F
B = pH = prpoH

also wave propogation velocity is given by

v=1/\/a
Retarded potentials
V- Hé% =
- ue%% = —pi
B=VAA
E=-V¢-— %
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VIIl. FORMULAE
A. Markov process

A Markov process is one that is for any finite set of time

points! < m < n

P(Xn = k|Xl = haXm :j)
— P(X, = k| X = §)

B. Bayes

P(A|B)P(B) = P(AN B) = P(B|A)P(A)
or

P(A,BIM) = P(ANB|M)

P(A|M).P(B|A, M)

C. Convolution
f1®f2:/ fi(m) fa(t — 7)dT

D. Fourier Transform.

DFT

N-1
S(k) = Z Wﬁks(n),k =0— N_17whereW)ﬂé — e—j27rz/X
n=0

E. Laplace
F(s) = /OO f(t)e stdt
0

c+ioo
f) = %/ eS' F(s)ds

—100

f(t) F(s)
unit impulsed(t) 1

unit impulsed(t — to) | et
Unit step u(t) 1
u(ty —t) e
ramp ofkt 5
L sk'(s) = f(0)
e—at 1
o—t/T i

fT+ls

f(at) SF(2)
f*g FG
Asinwt 2‘4—‘12
Acoswt S2+—Sw2

Laplace of cosine arch — cos(27t/T)

1 e s se T
s s s2 4+ w? 524 w2
Note : Could generate this in maple with the latex command,

need terms for second order systems, plus can we space out
the table contents

F. z-transform

F(z)= Y fln]z™"
wherez = e7¢?
Shifting Theorem. iff[n] « F(z)
then fin —m] < 27™F(z)
Convolution Theorem. if1[n] « Fi(z) and f2[n] < F»(z)
then f1 ® fo & F1 Fy
Final value Theorem:
floc] = lim (= = 1)F(2)
Initial value Theorem:
fl0] = lim F(z)

zZ—00

Not yet available

Residue Theorem: If(z) is analytic within and o’ except G. State space equations

for a finite number of poles

/Cf(z)dz = 27iS

Where S is the sum of the residues at the poles within
Residue
) 1 dn—l
a-1 = lim (n—1)ldzn—T1 (==

Final value Theorem:
foo) = 1ir% sF(s)
Initial value Theorem:

F(07) = lim sF(s)

a)" f(2))

Ax + Bu
Cx + Du

The continuous solution is then
Y = C(sI — A)"'Bu
which in the time domain becomes
x(t) = (t)x(0) + /Ot ®(t — 7)Bu(r)dr
for time invariance

d(t) = et
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state space of a 2nd order system Not yet available

x = [ 02 L }x—i— [ 02 ]u K. Velocity and acceleration
—w;  —25wp wy,
y = [10}x+[0]u Arp is measured in frame A
The velocity 47, is measured in frame A
w is the rotational velocity of B measured in frame A
K
w = M
Ay = Forg +TwA AR Br,+ AR Bi,  (craig 5:13
B2
STV Ik if R=I this reduces to the formula in the cued data book
Note : Specify this as a sampled system Recursion formula is
P =P ) . . . .
i :;ﬁ-l R'wi+ 0410 +17,
H. Pace ) .
i+ __i+ 4 % i
Delays in a continuous system. If vigr = R(vi +"wi A Bigr)
Lit)=C(t-1) (craig 5:45 and 5:47)
then
L(s)=C(s)e™
) ] ( ) ( ) ) ) A'Fp = 'Forg + gR B’i;p + w A SR B'f'p
An approximation can be made for time delays using the padé FOA (WA gR B,,,p) 12w A ng pr
formula.
B sT/2 .
~TTer2 (craig 6:10)

for planar motionw A (w A 7,) becomes-w?r,

(eg Richards pg 270) (in craigw = “Qp)

Check matlab or wikipedia (probably) for more terms.

Leads to approximation for sampled data systems . . .
A0 =2 Op+ 4R PO +2 Qp A 4R BQe

21—271
§= ———
-1
Ttz (craig 6:15)
Zero order hold for a signa}(s) — y(z) is
1—2z71
Go = s L. Cayley’s formula

(Brogan)

_ 17 _ p1-1lr7 _
I. Lyapunov stability A=[I-B]"'[I-B]

A Lyapunov Function is of the forn’ = V() for a non-

linear dynamic system that can be expressed as M. Rodrigues formula:
& = f(z) For spacial displaceme¥ — xz = b A (X + x — 2¢) + ds
If using screw axid. = ¢ + ds (McCarthy pg 21)

oV is a scalar function with continuous 1st derivative, and

oV < 0 for all trajectories, therB is a subspace of the state

space wherd” = 0. All system trajectories tend to largestN. Newton-Euler
invariant sete B

J. Light source scattering model F =mi
b _ keos"6 T=Io+whlw
P, r3
Brightness= R cos(i)I+W (i) cos™(s) First term corresponds Where
to Lamberts Law. In second term n=1 is rough, n=10 is w — ﬁ
smooth. dt
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IX. LOG ARITHMETIC

log(AB) = log(A) + log(B)

log(A/B) = log(A) — log(B)

log(—A) = log(A) + log(—1)
log(—A) = log(A) + j(1 + 2n)xfor integer n

Adding logs can be done by assume> B and by then
approximating the series expansion (see [thesis ref]) lwhic
provides a uselful technique for computations over a large
range so as to avoid machine rounding errors.

log(A + B) =log(A) +log(1 + B/A)

The Mercator series fdn 1 + x is

& (_1)n+1 2 3
In(1+x) = Z — " =z——+4=—-- for |z/<1 unless z=-1
n

n=1

log(A — B) =log(A) +log(1 — B/A)

A. Multiple regression:
For N random variable§; = maz+c¢) of the formY = BX

where
C
Y1 1 I,{ m
Y = X =1 B=| B3 |,
YN 1z :
BP

one best estimate is
B=(X"x)"'xTy
1 N .
62 = Y- XB)T(Y — XB)
(Annette Dobson 1983 pg 47)

X. CONVERSIONS AND CONSTANTS

14.7 psi 100kPa

1m.p.h. 0.45 m/s

Ho 47 x 10~7 henrys/metre

€0 8.854 x 1012 farads/metre

c (speed of light) 3 x 108 ms! (2.998)

T T T S TR TR

c 1/y/(poeo0) mis
1 hoppet distance light goes in 1 nS (about 300mm)
G (Gravitational constant)

speed of sound in air ~ 300m/s
~ gamma water = 25— 71 erg/en? perhaps

A. EM Spectrum
Infra red light isx 720 — 940 nM.
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