PHY 712 Electrodynamics
11-11:50 AM MWF Olin 107
Plan for Lecture 21:

Finish reading Chap. 7; start Chap. 8

A. Summary of results for plane
waves

B. Electromagnetic waves In an ideal
conductor

C. TEM electromagnetic modes
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|16 |02-22(Fri) |Chap. 6 IMaxwell's equations | Exam
17 02-25(Mon) Chap. 6 Poynting Vector #11
; 02-27(Wed) Chap. 7 Egszgtance and transmittance of electromagnetic plane #12
19 02-28(Thur) Chap. 7 Anisotropic media #13
20 03-01(Fri) Chap. 7 Dielectric models; Kramers-Kronig Relations #14
ﬁ 03-04(Mon)  |Chap. 8 TEM modes '
22[03-06(Wed)  [Chap. 8 TE and TM modes
23 03-07(Thur) Chap. 8 Electromagnetic standing waves
24 (03-08(Fri) Chap. 9
] 03-11(Mon) Spring Break
[ [03-13(Wed)  [Spring Break
[ [03-15(Fri) Spring Break
] 03-18(Mon) APS Meeting (no class) Exam
] 03-20(Wed) APS Meeting (no class) Exam
N 03-22(Fri) APS Meeting (no class) Exam
25(03-25(Mon)  [Chap. 9
26[03-27(Wed)  [Chap. 9
27 [03-28(Thur)
[ [03-29(Fri) Good Friday
28(04-01(Mon)
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Review: Electromagnetic plane waves in isotropic medium
with real permeability and permittivity: p €.

E(I‘,t)= SR(Eoeig(nl}-r—cr)) n? = Czp,e
B(r, ):—kxE( t) = uek x E(r,¢)

Poynting vector for plane electromagnetic waves:

S, =kt e

Energy density for plane electromagnetic waves:

|
<”>avg ~ EE‘EO‘z




Reflection and refraction between two isotropic media

Reflectance,

_SR°2_
S. -z

1

Note that

R

03/04/2013

transmittance :

2 2
E,, T Sz |E',| n' ucosd
E, S.-z |E,| n u' cosi
R+T=1
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Reflection and refraction between two isotropic media --
continued

For each wave:
E(l‘, t): m(EOei%(nlA(-r—ct)) n2 —_ C2u8
B(r, t) =Tk E(r, t) = ek x E(r, t)

C

Matching condition at interface:

2 2 - 2.
n'cosé’:\/n' —n-sin” i
|
, o . 4 n
Iftn>n', fori>iy=sm | — |,
n

Total internal refracted field no longer propagatesin medium ' &'

reflection: Ny . |sin?i
n'cos@=iNn>sin®i—n” =in ———1
sin” i,

. 0.
n Sin 1

c

- 5 -1 |z o
-
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For s-polarization

ncosi—ﬁ'n'cosﬁ ' ,
Eog _ 7, £y 2ncosi
0i ncosz+’un'cosH 07 ncosz+’un'cos<9

! !

M H

Note that: n'cos@ = \/n'2 —n’sin’i

For p-polarization

H o cosi—ncos ' ,
Ey, U 0 2ncosi
0i K n'cosi+ncos@ 0i 'un'cosz+ncos«9

' '

H K

Note that: n'cos@ =+/n—n2sin’




Special case: normal incidence (=0, 6=0)

ﬁn'—n
Eyp 4 E'y  2n
Eq ﬁ'n'+n Ey ﬁ'n'+n
H - H
Reflectance, transmittance :
2
2 ﬁ'n'—n
R — Ly _|H
Eq ﬁ'n'+n
u

E'l i | 2n n u

—n—+n




Extension to complex refractive index n=ng + i n,

Suppose u = ', n=real, n'=n',+in’',

Reflectance at normal incidence:

2
H
2 —Nn—n
R — Ly _|# _ (n'R —n)2 T (n'l )2
Ly, Ao (n'R —I—n)2 T (n'l )2
ﬂ'

Note that for n', >>
R =1

' .
nRid.



Fields near the surface on an ideal conductor
Suppose for an isotropic medium: D=gE  J=o0oE

Maxwell's equationsin termsof Hand E :

VXE:—,Uﬁ—H VtzaE-l—gba—E

ot ot

19 0’
V:i-uoc——-us,— |F=0 F=E,H
[ e ﬂbatzj
Plane wave form for E :

iK-r—iot .\
E(r,t)= fR(EOe ) wherek = (n, +in, )—k
C

— E(r, t) _ e—f(-r/EER(EOeinR(w/c)f&-r—iwt)



Fields near the surface on an ideal conductor -- continued
For our system:

\1/2

( 2
QnRza)w/ﬂ—gb \/ld{ij +1
C 2 wE,

\ J

( > \1/2
inza) ’u_gb \/1+(ij —1
C \ 2 0E,
\ y,
1
FOI'E>>1 QnRan]z L.-COE_
) C C 2 o)

N E(r,l‘) _ e—ﬁ-r/am(EOeiﬁ-r/a—mz)

S H(r ) =TSR E(r, 1) =Lk xE(r, 1)
cu OU®




Fields near the surface on an ideal conductor -- continued

FOI’E>>1 QnRan]z IUO'a)El
) C C 2 o
In this limat, He C\lHE =Ny +in, = il(l + i)
Ho&
E(r, t) — e—f(-r/ém(EOeilA(-r/§—ia)t )
D(r, t) = gE(r, t) = i—GE(r, t)
a

H(r, 1) = "k xE(r, 1) =k x E(r, )
cu OU®

B(r,¢)= iH(r, )= "k xE(r,0)= T kxE(r,t) 0 2
C oW
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Fields near the surface on an ideal conductor -- continued

E(r,t): e-l&-r/am(Eoeiﬁ-r/a—iax)

D(r,t):gE(r,t):%E(r,t)

dl
H(r,¢) ="k x E(r,£) =Lk x E(r, )
cu OU®
B(r.¢)= iH(r,1) = "R x E(r.t) = - R xE(r )
C oW

0 Z

Note that the H field 1s larger than E field so we can write:

H(l‘, t) _ e—f{-r/ém(H iﬁ-r/&—iwt)

E(r, )= 5yw1—2lﬁxH( /)
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Boundary values for ideal conductor

— E(r, t) _ e—f(-r/ém(EOeilA(-r/é—ia)t)
:H(r,t):iﬁxE(r,t):m(”i lsz(r,t)j E,
cu OU®

At the boundary of an ideal conductor, the E
and H fields decay in the direction normal to
the interface, the field directions are in the
plane of the interface.

N

Waveguide terminology
« TEM: transverse electric and magnetic (both E and H
fields are perpendicular to wave propagation direction)
« TM: transverse magnetic (H field is perpendicular to
wave propagation direction)
« TE: transverse electric (E field is perpendicular to wave
propagation direction)



TEM waves
Transverse electric and magnetic (both E and H
fields are perpendicular to wave propagation
direction)

In the free space or within a non - conducting medium;

the "normal"electromagnetic modes are TEM :
E(I‘,t)z m(EOeig(nf{-r—cr)) n? = Czpﬁ

B(r,t) =Tk E(r,t) = ek x E(r,t)
C

N N

k-E=0=k-B



Wave guides
T

N—

Coaxial cable
TEM modes
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Simple optical pipe
TE or TM modes
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