Quiz 2 - Basic Equations of Electrodynamics

Mathematical Identities Electromagnetic Variables Maxwell's Equations, Force
v(t) = Re{Ve}where V= V|  E = electric field (V/m) VxE = -dB/ot
V =21%0/0x+ 90/oy + 20/0z H = magnetic field (A/m) CJ}CE.dg = _%Isﬁ.ﬁda

A-B=A.B, + AyBy+A,B, = electric displacement (C/m®) V xH =T +aD/ét “j
V= (0"/ox* +0%6y* +6707')p B = magnetic flux density (T)  §_H-ds=[ 7 -nda+d [ B-nda

| Ol

Constants
o = 8.85x107"? F/m
Uo = 4nx107" H/m
c=1/Jegu, =3x10°m/s
h=6.624x10>*Js

sin®0 + cos’0 = 1 Tesla (T) = Weber/m” = 10* gauss ~ V-D=p—§ D-fida =] pdv e=1.60x10" [C]

V-(VxA)=0 p = charge density (C/m’) V-EzO—)CﬁSﬁ-ﬁda:O kg = 1.38x10™ J/K

Vx(VxA)=V(V-A)-VZA J = current density (A/m®) V- J=-0plot No = 3770hms = Ju /e,

JV (V-G)dv = (JSSG.ﬁda o = conductivity (Siemens/m) f=q( E+ vxp, H)[N] me =9.1066x107" kg

J‘S(VXG).ﬁda - q}ca.dg Js = surface current density (A/m) Waves Media

&' = cos ot + j sin ot ps = surface charge density (C/m®) (V2 —ped?/at2)E=0 D=¢E=¢,E+P

cosa. + cosP = 2 cos[(a+P)/2] cos[(a-B)/2] (V?+K) E=0, E= E,e kT V-D=ps

H(o) = [ h(te 't Boundary Conditions K = o = % _ 27” By ERREIE V-2E = pg +pp

e =1+x+x21+x 31+ ... fAix(El—E2)=0 vp =/k, vy=0w/ok D=%E, J=oFE

sina = (¢! — e7%)/2j fix(H; —H2)=Js E«(z,t) = E+(z-ct) + E-(z+ct) [or (ot-kz) or (t-z/c)]  B=uH=p,(H+M)

cosa = (% + e7%)/2 A-(Bi1—B2)=0 H,(z,t) = (1/Mo)[E+(z-ct) - E(z+ct)] e=¢ (-0 /")
fi-(D1—D2) = p, Ez,t) = Re{Ex(2)e'} @, =/ Ne?/me,
E=H=0ifo=w <Exﬁ>=%Re{Exﬁ*} &ft = &1 - jol we)

gSS(Exﬁ)-ﬁda :—%J.V(%S‘E‘z +%p‘ﬁ‘2)dv—fvﬁ~jdv

A=2/(on)

d =4/2/opc
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Planar Interfaces
0, =0,

sin®; _ kj _\/ iMi s Ny

sin®; ki ik nt

0. = sin”! (n¢/ny)

6 = tan~! (nt/nl)

1+ =T

Lo, =2 ™=/, +1)

e _ N, cosb,
n, cos 0,

™ _ M, €OS 6,
1; cos 6,

k=K' jk"
Py =[%[* /20 [W/m?]

Waveguides

Erg = JE, sinkyx Lo Jka2

-z

Erp = JE, sinkyx e

k,z( +k§ =kg =(02u8

Yihg =10, =\1/23 =1/35

V —d_Q)
£ dk

o
Vp—E,

Quasistatics
E=-VO

vZio :_V
80

O(T) = jv,{g(f ')/ 4ne T~ Ty’

wH=VxA

VA = —MOT

A = [ 1o (T)/ 4T -Tlidv'

TEM Transients

dv(z,t) L di(z,t)
dz dt
2 2
d V(? H_qcd V(g,t)
dz dt

V(z,t) =f, (t-2) + f_(t+2)
C C

i(z,t):YO(f+(t—Z) - f_(t+Z)j
C C

c=1//LC =1/\Jue

Z,=~L/C

Ry-Z, Ry,-1
L R +72, Ry, +!
vrp =2f,(t), Ry =Z,

Circuit Elements

c=Q
%
LA
I
o dv()
i(h=C=
di(t)
v(t)=L—— m

AszB-da (per turn) - N

we(®=3C (D

wm(t)=%Li2(t)
t=RC, 7t =£
R

TEM Sinusoidal Steady State
V(z)=V,e K 4 v etk
1(z) = Y, (V,e K2y e*ik?)
k=2n/k=w/c=m@

LU2)=V(2)/ 1(2) =2, -2y (2)

[(@) =(V_/ V) =(2,(2) ) (Z,(2) +1)

Z,(@ =[1+T@)[1-T@)] =Ry, + X,
12)=Z,(2;, 2, tanke) (Z, — 7y tankz)

VSWR =|Vinax|/[Vinin| =——= =R

Electromagnetic Forces
£ =q(E+VxuoH) [N]

F=1Ixp,H [N/m]

Ee =-VX poﬁ (inside conductor)

.dw dz
vi=—+f—
dt dt

dw,
X dT |Q:const.

dw,
fx - |A=const.
dx

=Txf Pe~uH%2, eE*/2 [N/m’]

Ty = _E‘Q or A=const

RLC Resonators

Zseries = R + joL +1/joC

Yparalle] =G+ _](X)C + 1/_] oL

®, =1/JLC , Q = 20%T _ Do
diss Ao

EM Resonators

At oy, (We) =(Wy,)
(we) = [, ([E[14)dv

(W) = [ (u[H*/4)dv

o =§\/ (m/a)?-H(n/b) 2+ (p/d)?

Qwp 0 _o 1 1 1
Pdiss 200 Ao’ QL QE QI
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