Electectromagnetic Theory EEG 814
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Gauss’ Divergence Theorem:
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Stokes’ Theorem:
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Vector Algebra:

= R0/OX + §0/0y + 20/0z
Ve(VxA)=0
Vx(VxA)= V(VOK)—V2K
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Basic Equations for Electromagnetics and Applications

Fundamentals

f=q(E+vxu H)IN] (Force on point charge) Eiy — Bay =0

V xE = -0B/ot ~ Hiy — Hay =Jixi
(]SCEOds———J Beda B, — By =0 ni 1
VxH=T+aDjot  — (D,, — u) 2

Fods [ Tedsad [ Teds T

(}SCHOds = JAJOda+aJ'AD0da

VeD=p— I Deda= I pdv Electromagnetic Quasistatics

=0—>j Beda=0 E=-V(r),®(r)=[ (p(T)/4ne| ¥ ~T|)dv
Ve ] =—0p/ot Vip =P
€
E = electric field (Vm™) C=Q/V = Ag/d [F]
H magnetic field (Am™) L=A/l
= electric displacement (Cm™) i(t) = C dv(t)/dt
B magnetic flux dens1ty (T) v(t)=L di(t)/dt = dA/dt
Tesla (T) = Weber m™ = 10,000 gauss we = CV? (t)/2 W = Li%(t)/2
= charge density (Cm™) Liotenoia = N°RA/W

J = current density (Am™) t=RC,t=L/R

o = conductivity (Siemens m™) A= L\E eda (per turn)

T, = surface current density (Am™) KCL: Zili (t)=0 at node

ps = surface charge density (Cm?) KVL: Z V;(t) =0 around loop
€, =28.85x 10"? Fm’' Q=wW, /P, =w,/ Ao

Lo =41 x 107 Hm™ o, =(LC)™

¢ = (gobto) ™ = 3 x 10° ms™! (V2 (t))/R=kT

e=-1.60x 10" C

Mo = 377 ohms = (py/g,)™ Electromagnetic Waves

(V2 —ped* /ot )E = 0 [Wave Eqn.] (V2 —ued*/t*)E = 0 [Wave Eqn.]
Ey(z.t) = E(z-ct) + E(z+ct) = R.{E/(z)¢} (V2+K2)E=0, E=E ¢
Hy(2,t) = 1, [E+(z-ct)-E.(z+ct)] [or(et-kz) or (t-2/c)] k = o(ke)™ = o/c = 2m/A

[ (ExH)eda+(d/at)], (e]EF/2+ulH2)av K+ k7 = ko = ope

=- IV EeJ dv (Poynting Theorem) v, = o/k, v, = (6k/dw)’
0,=6
Media and Boundaries sin@, /sing, =k; /k, =n; /n,

D=¢ E+P g, =sin”'(n,/m;)
VeD=p,, 1=¢/c g =tan” (5, /)" for TM
V.SOEpr+pp 9>‘9 :>E—ET +ax—jk,z
VeP=—p,, J=cE k =k'— jk"
B=pH=p, (H+M) F=7-1

(o) = a(l —mpz/wz) , 0p = ( Nez/me)o‘5 (plasma) Te = 2/(1 +[77; cos 6, /13, cos G, ])
s = €(1- jo/we) Tim =2/(1+[77t cosb, /n,; cosHi])

Skin depth 8 = (2/wuc)" [m]
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Radiating Waves Wireless Communications and Radar

25 1 0PA B
ViA-Z o ==y G(0,9) = P/(Pr/4nr’)
10°0  p
qu)__ F :_?‘ Pp = L (6,0,r)r 2 5in0 dod¢
K —I /IJf (t - rQP /C)dV’ P = r(e (I))Ae(e (I))
VT Ac(6,0) = G(O,9)2* f4n
t—ry/c)dv’
O = Iv' P ( & ) G(6,¢)=1.5sin> @ (Hertzian Dipole)
4retyp
2
oA - ) 2 fu/e( dl
E=-vo-—" B=VxA R, =P /i (t)>:T[Teff
. . i ik x+jk
V20 + @ ped = —pe, Eg (0=0) = (je /ur) [, E (x.y)e" ¥ dxdy
@ (X, Y, Z,t) = Re[é) (X, Y, Z)e jm } ﬁz = Z a.Ee_jkri = (element factor)(array f)
o~ a ey Eblt ~4 X 10 20 [J]
2 2 _
ViA+o'peA=—pl, Z,, =Z,, if reciprocity
ﬂ(x,y,z,t):Re[,&(x,y,z)ej“"] At @y, (We)=(Wpn)
T — A~ o K- Y ' 2 2/
d(ry =1, pMe /(47r8|r rl)dv (we) =IV(8|E| 4jdv
Ny
A= (uT (e fanlr—1l)av (W)= fv(uh‘{l /a)av
Ep= \/%Hfﬁt = (jnkid/4nr)e ™ sin0 Qn =0 Wy, /Py =0y/20,
2 2 2\03
= (¢2){ [y +[o]" +[p/dT’)
Forces, Motors, and Generators Sn = JOp - Oy
J=c(E+vxB)
F=1xB [Nm™"] (force per unit length) Acoustics
E =-vxB inside perfectly conducting wire (0' - oo) P=P +p, U=0+1
Max f/A = B%/2p, D*/2¢ [Nm™] Vp = —p,du/ot
. dWT dz - 2
= Veu=- Op/ot
V1= dt +f==2 dt ‘u (]7/pocs ) p/
f=ma = d(mv)/dt (V*-Kk*0’/at* )p=0
P = fv = To (Watts) K =o’/c = ’p, /1P,
T=1dw/dt ¢, =v,=v,=(v2,/p,)" or (K/p,)"” or VRT
I= Zi m,r; Ms = P/U = PoCs = (PoyPo)" or p,VRT gases
IEE = M?[ Nm_lJ Force per unit length on line charge A Ns= (poK)Q5 solids, liquids
12 1 q p,u. continuous at boundaries
W,, (4, X)==———; W (0,X) == . . . . . .
Ty A T p2)=p.e’"+p e, p(z.t)=Re[ pz)e’" |
W 1.,d 1,,dL(x) . Aon ke oA 4 ‘
f ﬂ, —_ M :__12_ 1/L :_Iz — 1 sz_ +jkz =R A jot
w () == == 2 L (0) =5 = 8, =0 (.e?-pe™), v,z = Re[ §,(2)™" ]
(g x)=— e :—lqzi(l/c(x))zlv2 dC(x) upeda+(d/dt)[ (p, [l 2+ p? /24P, )av
S x|, 27 dx 2 dx -[Aup ar )Jv Polul /2P /27K,
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Optical Communications
E = hf, photons or phonons

hf/c = momentum [kg ms™]

dn,/dt =—[ An, +B(n, —n,)]

Transmission Lines
Time Domain
ov(z,t)/oz = -Loi(z,t)/ot
di(z,t)/dz = -Cov(z,t)/ot
o*v/0z* = LC &*v/ot
v(z,t) = Vi(t—2z/c) + V.(t + z/c)
i(z,t) = Yo[Vi(t— z/c) — V(t + z/c)]
c= (Lc)-O.S — (Mg)—o.s
Zo=Y,'=(L/C)*
FL = V_/V+ = (RL - Zo)/(RL + Zo)
Frequency Domain
(d*/dz*+@*LC)V(z) = 0
V(z) = V. + Ve , v(z,t) =Re[V(2)e |
i2)=Y,[V.e™ -Ve™1, i(z,t) = Re[i(z)ei“‘]
k =2n/A = o/c = o(ue)™’
2z) =V (2)/l(z) = Z,Z,(2)
Z,(2) =[1+T(@)][1-T(2)] =R, +jX,
I(z)=(V./V,)e’™ =[Z,(2)-1]/[Z,(2) +1]
Lz)=Z7,(Z, -jZ, tankz)/(Z, - jZ, tankz)

VSWR =|V,.. [/ Vain
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