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Wavelength (m)
Typical Frequencies Approximate Band Designations
AM broadcast band 535-1605 kHz Medium frequency 300 kHz-3 MHz
Short wave radio band 3-30 MHz High frequency (HF) 3 MHz-30 MHz
FM broadcast band 88-108 MHz Very high frequency (VHF) 30 MHz-300 MHz
VHF TV (2-4) 54-72 MHz Ultra high frequency (UHF} 300 MHz-3 GHz
VHF TV (5-6) 76-88 MHz L band 1-2 GHz
UHF TV (7-13) 174-216 MHz S band 2-4 GHz
UHF TV (14-83) 470-890 MHz C band 4-8 GHz
US cellular telephone 824-849 MHz X band 8~12 GHz
' 869894 MHz Ku band 12-18 GHz
European GSM cellular  880-915 MHz K band 18-26 GHz
925-960 MHz Ka band 2640 GHz
GPS 1575.42 MHz U band 40-60 GHz
1227.60 MHz V band 50-75 GHz
Microwave ovens 2.45 GHz E band 60-90 GHz
US DBS 11.7-12.5 GHz W band 75-110 GHz
US ISM bands 902--928 MHz F band 90140 GHz
2.400-2.484 GHz
. 5.725-5.850 GHz
US UWB radio 3.1-10.6 GHz

FIGURE 1.1 The electromagnetic spectrum.
Microwave Engineering (Fourth Edition), Pozar, Wiley, 2012, ISBN 978-0-470-63155-3.
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Maxwell’s Equations

Static fields:
Integral Form Differential Form
Faraday's Law 9ng di ——fM ds VXE=-M
Ampere's Law éJH di —fJ ds VxH=J
Gauss' Law ggD ds —fpvdV V-D=p,
Vv
Time-varying fields:
Integral Form Differential Form
, _ - 0B _
Faraday's Law fé’ dl =—— Bds—f/\/l -ds VXE——E—M
Ampere's Law 9§H dl = fj ds—|—f— ds ﬁxﬁ:j—l—a—ﬁ
ot
Gauss' Law D-ds = | p,dV V-D=p,
o
$B-ds=0 V-B=0

Time-varying fields, simple media, & stationary circuits:

Integral Form Differential Form

Faraday's Law 9S‘g-dl_:—u%fﬁ-d§—f/\7l-di ﬁxg:—uE—M

, = = = _ drs — = - = 0& =
Ampere's Law EﬁH-dl—a[é’-ds—ksE[S-ds VXH—05+€E+j
+ [T-ds
Gauss' Law 9§5 d?:lfpvdl/ ﬁg_:&
s €Yy €
$H-d5=0 T H=0

EE 481/581 Microwave Engineering, Dr. Thomas P. Montoya



ee481 581 Chapter 1 notes.docx 9/22

Time-harmonic/sinusoidal steady-state time-varying fields:

Integral Form Differential Form

A

Faraday's Law Eedl = —jo [ Beds — [ Meds @x??:—jwlé—M
y J

Ampere's Law j;ﬁ-dl_:fj-di—i—jwff)-ﬁ ?x[flzj—i—jwll)
Gauss' Law Eﬁf)-dﬁ = ff)v dv VeD = P,
s Vv
§ Beds =0 VeB=0

N

Time-harmonic/sinusoidal steady-state time-varying fields & simple
media:

Integral Form Differential Form

Faraday's Law Lcﬁl%-dl_:—jw,ufﬁ-dﬁ—f]\?-a?

A

xiz—jwpf_l—]\?l

<l

A

Ampere's Law Eﬁﬁ-dl_:(a—l—jws)f]z%oa’?—i—fjod? §x1f1:(a+jws)E+j

Gauss' Law §EL-d§:lfﬁvdV TeE =P
s € 4 )
fﬁ.dyzo Teil =0
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Other important relationships:

Integral Form Differential Form
Eqn of Continuity / — _ _
q . uity §j°d§=—ifpvdV v.j:_%
Conservation of Charge g dt] ot

Lorentz Force Eqn.

g€ +uxB)

e€=¢ 605 B=uH= ,u,uoﬁ

F
Constitutive Relations D
J,

Ohm's Law =0

Electric Magnetic
Boundary [Tangential- £, =&, ord_, x(E, —&)=0 a ., x(H,—H)=J
Conditions{ Normal- a,«(D,—D,)=p, B, =B, orad,«B, B )—

where surface normal g, points from region 1 into region 2, and B, & D,, point away

from boundry while B,, & D,, point toward from boundry

Permittivity of free space, g = 8.8541878 x 10'? F/m
Permeability of free space, po = 4nx107 H/m

Poynting Vector S=ExH

Poynting Theorem

Differential Form- —VeS=EeT+Eo oD 4 He 0B
ot ot
Integral Form- ~ fSeds = [E-Fav + [g. ap]dV Ny [ﬁ. 9B ]dV
/ ) AT ) or
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TABLE 1.1  Summary of Results for Plane Wave Propagation in Various Media

Type of Medium
Lossless General Good Conductor
Quantity (" =0 =0) Lossy (€ > € oro > we)
Complex propagation y = jow. e Y = Jw./ /€ vy = (1 + jHJoua/2

constant (1/m) ) 7 .0
= jw e f1 — j—
Jwv I e’

Phase constant B=k=uw /e B = fm{y}
(wave number) (rad/m)

Attenuation constant (Np/m) o =0 a = Re{y}
Impedance (£2) n=ule =owu/k = jour/y
Skin depth (m) dy = 00 8s = 1/

Wavelength (m) A=2n/p8 A=2m/8
Phase velocity (m/s) vp =w/B vp =/

p =Im{y} = Jouos/2

a = Refy} = Jouos/2
n=(1+j)Jop/2o

8¢ = 2/ wuo
A=21/B
Up = w/p
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