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Electromagnetics:
Electromagnetic Field Theory

Full Wave Analysis Setup for
Waveguides

Solution Categories

Ey, # 0and Hy, # 0

* No simplifications to the analysis are possible.

Can analyze any waveguide. * Solutions contain all six field components

Usually very complicated.
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Eliminate Ey , and Hy ,

For full wave analysis, back up to Maxwell’s equations in linear and isotropic media (i.e. can be inhomogeneous).

%ﬂ'ﬂ% ,=—jouH,, Eq.(la) 9y, +jpH,, = jwek,, Eq. (2a)
dy N ' ay - ’
OE,, . . oH,. .
_jﬂEo..\_ ) - :_Jw,uHo,y Eq. (lb) _./ﬁ 0x : :Ja)gEo,y Eq. (Zb)
X ox
%, %o __; H,. Eq. (Ic) Oy, My _ E,. Eq. (2
o Py =—JOUH, q. ( c E 3y =JWEL, . CI-( C)
Solve Eq. (1c) for H_ and solve Eq. (2c) for E|, .
1 (0E,, OE,, _ 1 (oH,, dH,,
H,, —*%(? P ] Eq. (3a) E,. _ja)e[ x o ] Eg. (3b)
Substitute Eq. (3a) into Eqgs. (2a) and (2b), & substitute Eq. (3b) into Egs. (1a) and (1b).
13| 1(oH,, oH,, B 19| 1[0k, 0E | _
(e, =g, Y2 - e, < g, s (50
1 9|1(0H,, _aHUJ _ 1a|1 OE, , _% B B
;a{;[ > 3 H+w,uHUJ_ BE,, Eq. (4b) p ayLl[ w Py H weE, = BH,, Eq. (5b)
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The four equations can be expressed as two matrix equations.
Lof1(am, o, _ 1013 1919
E&[;( ox dy ﬂ+a),uH0v‘, =AE.  Ea (%) @ ox € dy @ dx € dx o H,, 5 E,, Ea. (6
Vol o ) s T (1200, 1a1a )]
wdy| e\ ox dy B ox = Py & @y € dy wdy € dx
_ii[%a&,y _ﬂﬂ_wgb‘w:ﬁh{m Eq. (5a) 1919 = lili+wg
wox| u\ ox Iy ) " » @ 0x 4 dy @ Ox L Ox E,, B H,, Eq. (7)
_ii 1 aE"u" _% —weE, .= BH E (Sb) lili_'_wg _lili EO'J’ HU'y
ody| u\ ox Iy 0x =Py G | @3y u oy @y [ Ox
S EMPossible Slidea

4



Form a Single Matrix Equation

The two matrix equations from the previous slide were

1910 1919, ., 1010 _[Liiim )
®x € dy @ 0x € dx {H"‘}:,LJ{E“‘*} Eq. (6) @ dx u dy @ dx 11 0x {Eo,x}:ﬂ[Hnl Eq. (7)
(L212.0) 1212 |0l 7ls, va1a . 1010 |8l B
wdy €y @y € ox @y u Ay @y U Ox

Solve Eq. (7) for the magnetic field components.

1o1a (1910,
H(,,,}:i @ Ox i dy @ Ox i Ox {E(,,,:| Fq (8)
o] Al1o10, 0 1010 |lA]
@ dy [ dy @y [ ox

Substitute Eqg. (8) into Eq. (6) to eliminate the magnetic field terms and derive a wave equation.
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1910 1919 1910 19129
—_— ———— ) - —| ————+we
@ Jx € dy @ Ox € Ox @ ox [ dy (a)axluax j E, . —ﬁz Eo,,x _|:0:|
_[gzgzm ] 19190 |l1a10 _1a1a (&) 7[BT0
wdy € dy W dy € dx Wy U Iy @y U Ox
<) EMPossible Yikes!! ®  This is typically solved numerically on a computer. e
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Quasi-LP Analysis
In many cases the hybrid modes are strongly linearly polarized. For these cases, a simplifying
approximation can be made that the cross coupling between E , and E ,, is weak and can
be neglected. Under this condition, the governing equation separates into two independent
equations, one for each LP mode.
1910 1914 10129 10129
R —a——a—+a) —— = =t
W 0x € dy W ox € dx @ ox L dy @ Ox U Ox Ey, B £y, _0
1019 1019 19109 19109 Ey, Ey, | [0
—| ———=—+wu _— ———+twe —_— '
®dy € dy @ dy € Ox @ 9y [ Ay @ dy U Ox
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Quasi-LP Analysis

In many cases the hybrid modes are strongly linearly polarized. For these cases, a simplifying
approximation can be made that the cross coupling between E , and Ej ,, is weak and can
be neglected. Under this condition, the governing equation separates into two independent
equations, one for each LP mode.
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Quasi-LP Analysis

In many cases the hybrid modes are strongly linearly polarized. For these cases, a simplifying
approximation can be made that the cross coupling between E , and E ,, is weak and can
be neglected. Under this condition, the governing equation separates into two independent
equations, one for each LP mode.
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