ECSE 353 ELECTROMAGNETIC FIELDS AND WAVES

FORMULAS
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J'V-A dv = fA-ds (Divergence thm.) J'V xA-ds = §A-d| (Stokes's thm.)
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Electrostatics

V-D=p §D-ds =Q anz'(Dl_DZ): Ps

VxE=0  {EdI=0  E,=E,

1
Potential : E = -VV Vi, = —[Edl V-&VV = —p
2

Sources in Free Space : E = aRi V = 1 aq

T &y R? 4r ey R
Infinite Line Charge: E=g, d v=_"F !n(ﬁj
Electric Dipole: p =qd V = PR

472'80 R2

Polarization Charge: o, = -V-P p, = P-a,

FluxDensity: D = gE + P = g¢&E

S 2
C = Q Parallel Plate: =— Coax: C = ﬂg (Fm_l)
v d 2]
In| —
a
Wires: C = ™ (Fm™t)

)
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cosh ( 94
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Energy: We = $>.QV¢ or %[pvav o i[EDdv' or 4cv?
k=1 \VA V!

Physical Constants

Uo=47r %107 (HM™) S0~ 3; x10° (Fm™) 1 Npm™ =8.686 dBm™
T

7,~377Q or 1207 Q2 c~3x10° (ms™)



Steady Electric Currents

J=Nqu [Jds=I J, = N,qu [3,-a,di=1 J=c(E+E))
S C
EMF=§(E+E,)-dI EMF=1>"R, EMF, = [E -dl
C k Cond k
V-J=0 $Jds=0 J. =,
S

Joules' Law : P:IE-Jdv or VI
V

R=-[(E+E)-dI/l, Ry =d/5) C/G=¢/o R=Y(50)

Magnetostatics and Faraday’s Law
VB=0 §Bds=0 By = By

VxH=J §H'd|:|c Hi—Hxa=JsXan

m=a,lS B:f;;l(aRZcosejLagsine) J.=VxM Jms=Mxa,
. . 1 1
Field Intensity: H = —B - M = B

Ho Ho Hy

I
Infinite Line Current B:a/;— Infinite Solenoid: B=ga, x nl
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vxE=-B §E-d|:—ij5-ds
ot J dt?
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Az = N2®p = NzIBl'dSZ |_12:_12 L= I—11=J
S, Il Il
Coax: L= iIn(gj (Hm™) Wires: L., = ﬁcosh'l(gj (Hm™)
2r \a V4 2a

N N U
Energy: W,=2> > Liljlx oOr %J'B-Hdv' Wire: L., =8—(Hm’1)
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Maxwell’'s Equations

D D
VxH = J+= §>H-d| = |+j—-ds Hy —Hy = Jsxan
a ! L a

B d
VxE = —— fE-dI = —EIB(t).ds Ey =Eyp
C S
VB=0 §Bds=0 By = By
S

VD =p, Dds =Q an2(D1-D2) = g
S

V-J+dplot=0 a,, (3, -3,)=—ap, /ot

Transmission Lines
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Sinusoidal Waves on Transmission Lines (Phasors)

dv@@) _ : di@@ _ V@) 21,
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7= a+if= JR+jaDG+]eC) vy = 2 1=2L
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V (0)=V, e”+V, e (2)=1)e”+1¢e E == 5 a0
LosslessLine: R=G=0 «a=0 pg=wJLC Z = L Uy = N
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@ “ 2( VL \/cJ fro Zo c( 2a)[L cj]

V, Z, +Zptanhpy

Z; = r:zo 20+ 2, tanhy] tanh(jAl) = jtan(A)
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. . W 1+
1+|FL|eJ(€r*2/ﬁ )‘ g = |V ma |F|

V| - 1-|T]

Lossless Line:  N(2)=N,

Scattering Parameters

a=V'/yzZ, b=vi/JZ, P=ia -iff

V=Zasb) =@z, a=iVNZeWZ) b=/ -1Z)
b =S8, +S,a, V, =0+ SuNZw Y, =S,u4/Z0

If a=1and a,=0:
bz :SZla1+822a2 o ? Ilz(l_su)/\/z_m Iz :_821/\/2_02
Lossless: |511|2 +|821|2 =1 and |Slz|2 +|822|2 =1

Transients on Lossless Transmission Lines
L _ RiL-Ro Rg—Ro

1 1
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Plane Electromagnetic Waves

E, = E;e”? H E, e 7 s i +ip +2
= e = — e = — = |/ & = Ern =&+
X 0 y 7 0 e & 7y =1 cH J c jo

2
Phase velocity: u, = % Wavelength: 1 = il

B
= p+ jq: Linearly polarized: q=0

EOy

0x

Elliptically polarized: p=0,q<0 righthand p=0,q>0 lefthand

For wavein + z direction, if

Circularly polarized: p=0,q=-1 righthand p=0,9=+1 lefthand

1 1 N 20
Good conductors: a~f~— 0= A+ )= upe ==

oW OWe
ot at

Poynting Vector: ¢ = ExH  Poynting's Theorem: [ -ds =—
S

Po

x , N 1
P = %Re(ExH) Plane wave in +z direction: @, = 2—77|E0|2aZ



Normal Incidence:

Ei = axEj,e7* E, = ay[E;,e7* Ei = ayEj,e 7%
E; E; E;
H| - ayie_ylz Hr = —ayrie-'-ylz Ht - ayrie_yzz
Th Th m
My-1 2n .
= 2 1 = 2 If 2 is perfect conductor: ' = -1, 7= 0
Tt Mt
Antennas and Radiation
V = q o IR A= pJdv e IR _ pddl o IR
4reR 47R 47R
1 . 1
H=—VxA E= -VVW-]JjwA o —VxH
u Joe
— kR —jkR
Hertzian dipole ; AR:Me cosé AH:—LdIe sing A,=0
4z R 7 R
. ldl g R dlg ®
Far - zone fields: =j]— ksin@ =j— ksin @
He= )R Em s R
. . - 2 - PI" - PL
Radiation Intensity, U = ¢,, R Isotropic: U, = —  Effective area, A, =—
av
Directive Gain: G, Y Directivity : Umax  Gajp; ~max G, :4—72[,0%
Uiso is0 (PI/47[) /1
Radiation Efficiency: ﬂr:&
Pi



