
ECE215/S – Principles of Electronic Cyber Warfare
Equation Sheet

DC Circuit Analysis

Ohm’s Law V “ IR

Power Law P “ IV “
V 2

R
“ I2R

Series Req “ R1 ` R2 ` . . . ` Rn

Voltage Divider Vx “
Rx

Req
Vseries

Parallel Req “ p 1
R1

` 1
R2

` . . . ` 1
Rn

q´1

Ñ 2 resistors Req “
RxRy

Rx ` Ry

Current Divider Ix “
Req

Rx
Iparallel

Ñ 2 resistors Ix “
Ry

Rx ` Ry
Iparallel

KCL
ř

InpIq “
ř

OutpIq

KVL
ř

LooppV q “ 0

Circuit Breaker 1.1 ˆ Inom ă CBvalue ă 1.5 ˆ Inom

AC Circuit Analysis

AC Equation vptq “ Vbias ` Vm cos pω ¨ t ` ϕq

Angular Freq ω “ 2πf

Frequency f “
1

period
“

1

T
Phase Shift ϕ “ ω ¨ ∆t, left = pos, right = neg

RMS Vrms “

b

V 2
bias ` V 2

m{2

(Vbias “ 0) Vrms “
Vm
?
2

“ 0.707 ˚ Vm

Apparent [VA] S “ VrmsIrms “
a

P 2 ` Q2

Real [W] P “ VrmsIrms cos pϕV ´ ϕIq

Reactive [VAR] Q “ VrmsIrms sin pϕV ´ ϕIq

Power Factor pf “ P
S “ cos pϕV ´ ϕIq

Q ą 0 lagging (I lags V)

Q ă 0 leading (I leads V)

Pbus “ P1 ` P2 ` . . ., Qbus “ Q1 ` Q2 ` . . .

Motors, Power Converters

Efficiency η “
Pout

Pin
“

Puseful

Puseful ` Ploss

Cascaded ηtotal “ η1η2 ¨ ¨ ¨

Mech Power 1 hp “ 745.7 Watts
Converters Only use REAL power, P [W]

Transformers

Turns ratio a “
N1

N2
“

V1

V2
“

I2
I1

Line Resistance Rline “ r ¨ d, r in Ω/km

Line Loss Pline “ I2Rline

Line Drop Vline “ IRline

Complex Math

Imag Number j “
?

´1,
1

j
“ ´j

Rectangular Re ` jIm
“ A cosϕ ` jA sinϕ

Phasor A ϕ

Amplitude A “
?
Re2 ` Im2

Phase ϕ “ tan´1

ˆ

Im

Re

˙

Sinusoid Ø Phasor vptq “ Vm cos pωt ` ϕq

Ø Vm ϕ
(same kind in and out: amplitude or RMS)

R-C and R-L Circuits

Resistor Impedance ZR “ R

Capacitor Impedance ZC “
1

jωC
Inductor Impedance ZL “ jωL

Series, parallel, and divider rules (above) apply to
impedances Z

R-C Circuit Cutoff fcutoff “
1

2πRC

R-L Circuit Cutoff fcutoff “
R

2πL
Bandwidth BW “ fhigh ´ flow

Gain in absolute Gabs =

ˇ

ˇ

ˇ

ˇ

Vout

Vin

ˇ

ˇ

ˇ

ˇ

Gain in decibels GdB = 20 log10pGabsq

Low-pass gain Gabs “
1

b

1 ` pf{fcutoffq
2

High-pass gain Gabs “
f{fcutoff

b

1 ` pf{fcutoffq
2

Ideal Filters

Low-pass (LPF) passes f ď fcutoff
High-pass (HPF) passes f ě fcutoff
Band-pass (BPF) passes fc1 ď f ď fc2
Band-stop (BSF) passes f ď fc1 and f ě fc2
= band-reject (BRF) removes fc1 ă f ă fc2
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Engineering
Notation

1012 T (tera)
109 G (giga)
106 M (mega)
103 k (kilo)
10´3 m (milli)
10´6 µ (micro)
10´9 n (nano)
10´12 p (pico)
10´15 f (femto)
10´18 a (atto)

RF Spectrum

3 kHz

30 kHz

300 kHz

3 MHz

30 MHz

300 MHz

3 GHz

30 GHz

300 GHz

VLF

LF

MF

HF

VHF

UHF

SHF

EHF

Analog/Digital Conversion

Signal Conditioning Vout “ K ¨ Vin ` B

Nyquist Criterion fs ě 2fhigh, Ts “ 1
fs

Quantization Levels # levels “ 2b

Voltage Resolution ∆V “
Vmax ´ Vmin

2b

Expected Level EL “
Vin ´ Vmin

∆V
Quantized Level QL “ floorpELq

Quantized Voltage Vquant “ QL ¨ ∆V ` Vmin

Quantization Error QE “ Vin ´ Vquant

Max QE QEmax “ ∆V

Digital/Analog Vout,DAC “ QL ¨ ∆V ` Vmin

(w/ Vmin “ 0V) Vout,DAC “
QL

2b
¨ Vmax

Bit Rate & Data Storage

Bit Rate bit rate “ fs ¨ b

Data Storage 1 byte = 8 bits

230 bytes = 1 GiB

220 bytes = 1 MiB

210 bytes = 1 kiB

Digital Logic

NOT A AND A ¨ B

OR A ` B NAND AB

NOR A ` B XOR A ‘ B

XNOR A ‘ B A ‘ B “ AB ` AB

SOP one product per 1-row, complement the 0s

POS one sum per 0-row, complement the 1s

Moore output from state only

Mealy output from state and input

n states need ⌈log2 n⌉ state bits (one flip-flop each)

Amplitude Modulation
Ac cos p2π ¨ fc ¨ tq ¨ rAm cos p2π ¨ fm ¨ tq ` Bs “ ...

(diff)
AcAm

2
cos r2π ¨ pfc ´ fmq ¨ ts ` ...

(sum)
AcAm

2
cos r2π ¨ pfc ` fmq ¨ ts ` ...

(bias) AcB cos p2π ¨ fc ¨ tq

Mod Index α “
maxpmessageq

B
“

2 ¨ AmpSB
AmpCarrier

single tone: maxpmessageq “ Am

Efficiency η “
α2

α2 ` 2
(single tone)

Antennas

Wavelength λ “
c

f
Speed of Light c “ 3 ˆ 108 m/s

Ideal Dipole Length “
λ

2
, G “ 1.64

Ideal Monopole Length “
λ

4
, G “ 3.28

Parabolic Dish Gdish “

ˆ

2πrdish
λ

˙2

¨ η

Wireless Communication
Line of Sight RLOS,mi “

a

2 ¨ hft,1 `
a

2 ¨ hft,2

Conversions 1mi = 1.61km, 1ft = 0.305m

Friis Equation PR “ PTGTGR

ˆ

λ

4πR

˙2

R “
λ

4π
¨

c

PTGTGR

PR

Signal-to-Noise SNR “
Psignal

Pnoise
“

PR

k ¨ Tsys ¨ BW
k “ 1.38 ˆ 10´23J{K

Radar

Radar Range Eqn PR “
PTG

2
T pRCSqλ2

p4πq3R4

R “

ˆ

PTG
2
T pRCSqλ2

p4πq3PR

˙1{4

Pulse Rep Freq PRF “
1

PRI

Unambig Range Runamb “
c ¨ PRI

2
Range Resolution ∆R “

c ¨ τ

2

` closing, ´ opening

Doppler
θ: velocity to LOS

freturn “ foriginal

ˆ

1 ˘
2v ¨ cos θ

c

˙

Electronic Warfare

SNRcomm “
PR,sig

PR,jam
“

PT,sig ¨ GT,sig ¨ R2
jam

PT,jam ¨ GT,jam ¨ R2
sig

SNRrad “
PR,rad

PR,jam
“

PT ¨ GT ¨ RCS

PT,jam ¨ GT,jam ¨ 4πR2
(jammer
on target)
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