Final Exam - Basic Equations of Electrodynamics

Mathematical Identities Electromagnetic Variables Maxwell's Equations, Force Constants
v(t) = Re{ V& }where V = [V|e? E = electric field (V/m) V xE = -8B/ét D & = 8.85x10™% F/m
V = R0/0x + §0/0y + 20/0z H = magnetic field (A/m) q')CE.dg _ _% jsﬁ.ﬁda lo = 41x10”7 H/m
A-B=ABy +A By +A,B, D = electric displacement (C/m®) V xH =T +aD/ot > c=1/fe,n, =3x10°m/s
V2 = (8/0x* + 0%/0y* + 0°/0z°)¢ B = magnetic flux density (T) § H-di= jsj.ﬁda% [,D-ada h=6.624x10"*Js
sin®0 + cos’0 = 1 Tesla (T) = Weber/m® = 10* gauss  V-D=p— qSS]_)-ﬁda = [, pdv e=1.60x10" [C]
V-(VxA)=0 p = charge density (C/m’) V-EzO—)C_ﬁsﬁ-ﬁda:O kg = 1.38x10™ J/K
Vx(VxA)=V(V-A)-V?A J = current density (A/m?) V- J=-0plot Mo = 3770hms = /i, /¢,
J'V (V-G)dv = qSSG.ﬁda o = conductivity (Siemens/m) f= q( E+ vx Lo ﬁ) [N] me = 9.1066x107" kg
J‘S(VXG).ﬁda - q}ca.dg J¢ = surface current density (A/m) Waves Media
e = cos ot + j sin ot ps = surface charge density (C/m®) (V2 —ped?/a2)E=0 D=¢E=¢g E+P
cosa. + cosP = 2 cos[(a+P)/2] cos[(a-B)/2] (V’+K) E=0, E= Eoe‘jﬁ‘? V-D= Pr
0 r .. 2 —
Ij((n) = J.:)O h(t)e Jwtdt Boundary Conditions k=w ue = % = TTC = ’ki + k?] + k% \Y% SOE =pr+ pp
e =1+x+x21+x 31+ ... Aix(El—E2)=0 vp = o/k, vy=0w/0k D=%E, J=oE
sing, = (e’Ot — e'ja)/2j Ax(Hi—Ha)=1Js Ex(z,t) = E+(z-ct) + E(z+ct) [or (wt-kz) or (t-z/c)]  B=pH =py(H+M)
cosa = (% + e3%)/2 A-(B1—-B2)=0 H,(zt) = (1/m0)[E+(z-ct) - E.(z+ct)] e=¢ (-0 /o)
Radiation fi-(D1 —D2) = pq E(zt) = Re{E\(2)e"} o, = \/Nez/mso
E=-V$—0A/dt, B=VxA E= H=0ifo=o <ExH >= L Re{ExH"} eeir = (1 — jo/wE)
5 Re{ExH
0= 1o o | J 4| v §.Exil)-ida= -] QefE[* +2p[Hf)av-[ E-Jav  A=2/(om)
o) =], 1Pl Thq|i4Vq s v o v
AG)=[. {“Oi(fq)e‘jk\?m\ J4n[fidvg Antennas 8 =/2/opc
q
Vz? + 032“0809 = _B/ €o P,= PthGr(}V/4TEr)2 Eff = [é(jnodeff /2hr)sin 6] Zlie_jkri =[€(6,9)] E(6,¢)
VZA+ 02 pgeo A =—pg ] G(0,0) =1(r,0,0) (P, /4mr?)  AL(6,9) = (A2/4m)G(8,$) P, = J[ 1(8,$,r)r*sin0dOd¢
Eg = 0n, (jkId/4mr)e I sin 0 R, = Py<i’(t)> P, =1(0,0)A(0,) By > ~4x102° [J]
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Planar Interfaces
0; =6,

sinet :ﬁz N é&
sin@; k¢ Jemy ng

0, = sin_l(nt /nj)

0g = tan”~! (nt/nlj
14T =T
TE, TE
Lo, =2 ™1/, ™41
Vi

7mE _ N €08 6;

" m,cos0,

™ _ M, €08 6,

" m,cosH,
k=k'+jk"

By =[%,[" /268 [W/m?]
Waveguides

Erg = 9B, sinkyx Lo~ ikz7

Etg = JE, sink x-e”%*

Eqp = JE e e k2 (1 x > q)

Erp = §E, sink, x-¢ (| x |< d)

ki +k% :kg :mzua

Vhg =1/0, =\/AG=1/2%  E=ht,

o do P
V.=— V., =— Acoustics:
Pk’ 8 d

Quasistatics Circuit Elements

E=-VO c=9
\%
vzcbz—y LA
€9 I
. -, e . dv(t)
D(1) = /4 -1\ =
©(F) = [ (p(F) 4mefF-Thdv' i =C T
HoH=VxA V(t)=Lw
dt
szz—pof A=IA1§~dé (per turn)- N

Am=[ o IE)/anr-Thav'  wem =2

TEM Transients W (1) = %Liz(t)

dvz,) _ | di(z,0) t=RC. 1=k
dz dt "R

vz Py TEM Sinusoidal Steady State
dz? dt?

_jkz ik
vz ) =f, (t=2) + f_(t+2) V(z)=V,e ¥ +V e
C C

i(z,t) =Y, (f+ (t— E) —f (t+ Z)j 1(z)=Y, (\_/+e—jkz _ \_7_e+jkz)
Y c

c=1LC =1/ /pe k=2m/h=0/c=woue

Z,=+JL/C L(z2)=V(2)/ L(z) =2, Zy(2)
ro=R=% _Rn=l (v v -z, -112,@)+)

TR +Z, Ryt

vin =2f,(), Ry =2,  Z,@=[+L@V[1-L(2)]=R, +jX,

Lasers Uz)=7,-(Z1 —)Z,tankz) (Z,—]jZ; tankz)
dn -1 - 1+
_t2 =—An, -B(n, —n)) [m's1]  VSWR = |Vinax| /| Vinin| =170 = Ra
= &: = = — 676 .7 :_iaip
Cs \/:—330 [M/s], Mg = \¥Popo. VP =—p, PYS Veu = 1P, ot

max

Electromagnetic Forces
f=q(E+Vxp,H) [N]

F=1Ixp,H [N/m]

Ee =-VX uoﬁ (inside conductor)

. dw  _dz
vi=—+f—
dt dt

£, =—IWe
dx

£, = dw,

|Q:const.

dx
T=1xf Pe~uH%2, cE*2 [N/m’]

|A:const.

dw
Tp = _E‘ Q or A=const

RLC Resonators

Zseries = R T joL +1/joC

Yparallel =G +JCOC + l/JOJL

B0

- 1/4J/LC , Q=M=A
(O]

diss

EM Resonators
At @y, (We) =(Wp)
2
(we) = [, ([E[ /4)dv

(Wi = [, (u[H /4)dv

Fomp = 3 )+ ()4l
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