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Uniform Waveguides

L4

*

We are interested in finding what electromagnetic field solutions are possible in a
uniform infinite waveguide with no sources.

We can always find those solutions by solving:

V2E(x,y,z) + k?E(x,y,z) =0
oo V?H(x,vy,z) + k*H(x,y,z) =0

Subject to boundary conditions.



Uniform Waveguides

This is really three PDEs

0? 0? 0?

@Ex(x: Y, z) + WEx(x’ y,2) + ﬁEx(x,y,z) + k?Ex(x,y,2) = 0
az 62 62
WEy(x;y;Z) + a_yzEy(x’ Y, Z) +ﬁEy(x: v,2) + k*E,(x,y,2) =0

a2 a2 ik

532 By )+ 55 By 2) 55 B (67,2) + K°E, (x,y,2) = 0

Subject to boundary conditions.



Uniform Waveguides

That’s a lot of work!
Are there any shortcuts?

This is really three PDEs

02 02 0°
oxz Bx0 3,2 + 55 B (6,3,2) + 57 B (6, 2) + kB (6, 2) = 0
ik 0* 0*

WEy(nyJZ) +WEy(nyJZ) +ﬁEy(x1yJZ) + szy(nyJZ) = 0

02 02 0?2
~—E,(x,y,2) + == E;(x,y,2) + =5 E,(x,y,2) + kK’E,(x,y,2) = 0
dx dy 0z

Subject to boundary conditions.



Uniform Waveguides

L4

Because the cross section does not change in the z direction

E(x,y,2z) = E.(x,y)e /BzZ

H(x,y,z) = H.(x,y)e /P*



Uniform Waveguides

*x

Because the cross section does not change in the z direction
E(x,Y,2) = E.(x, y)e
H(x,y,z)=H,(x, y)e

!

V2E(x,y,z) + k?E(x,y,z) =0
VZH(x,y,z) + k*H(x,y,z) =0



Uniform Waveguides

Because the cross section does not change in the z direction
E(x,Y,2) = E (x, y)e
H(x,y,z)=H,(x,y)e ¥

4

VZE(x,y,2) + k*E(x,y,2) =0
VZH(x,vy,z) + kK*H(x,y,z) = 0

4

—[E (X, y)e ’ﬂz]+ay E.(x.)e" ‘ﬁz]+ [E (%, y)e % [+ K2E, (x, y)e 7 =

[H (X, y)e" W]+ay A, (x, y)e J/“]+ [, y)e 7 k2, (x, y)e =0



Uniform Waveguides
E(x,Y,2) = E,(x,y)e
H(x,y,2) = H,(x, y)e

4

V2E(x,y,z) + k*E(x,y,z) =0
VZH(x,y,z) + k*H(x,y,z) =0

4

aa—;[ét(x, y)ejﬂﬂ]+ay E.(xy)e W]+ [E (x, y)e ¥ |+ K2E, (x, y)e 1 =

aa—);[l:lt(x, y)e"ﬂzz]+6y [H (X, y)e J/“]+ [H (X, y)e J/“]+k H,(x,y)e ¥* =0

4

~ s, 0% [= ~ s, ~ i
B y)|e y[Et(x, V) |- B2E (%, y)e 7 +K?E, (x, y)e ¥ =0

F ~ s, O [~ ~ i, ~ i
ZAexoy]re W[Ht(x, V) |- B.2F (x y)e B k2, (x, y)e 1 =



Uniform Waveguides
E(x,Y,2) = E,(x,y)e "
H(xy,2)=H,(x, y)e

V2E(x,v,z) + k?E(x,y,z) = 0
VZH(x,y,z) + k?H(x,y,z) =0

2 g

L .1 0% = 1 0% [= s _ ;e
o B Y)e v hy[ﬁ(x, y)e ]+—[Et(x, y)e ]+ K’E (x,y)e™* =0

0z°

2

fo ], 2 | ], 2 [ ] i _ g
H.(x,y)e rYd (X Y)e T [+ —[H(x, y)e ™ [+ kTH (x, y)e 7 =

0z

4

- e 82 - _ o N o
Byl y[Et(X’ V) |- B.2E. (x, y)e % + K2E, (x, y)e #* =0

- e 82 - _ o _ »
A ey]re Q[Hxx, V)|~ B.2A, (x, y)e % + k2, (x, y)e % =0

\ 4
% Et (x, Wh%[a (X, Y)]"' (k2 _ﬁzz)ét (x,y) =0

2elonls Rl - 57 R o -0




Uniform Waveguides
E(x,Y,2) = E,(x,y)e "
H(xy,2)=H,(x, y)e

VZE(x,y,2) + k*E(x,y,2) = 0
VZH(x,y,z) + k*H(x,y,2) = 0

4

;(22 E (X Y)]+ e [E (X, y)]+ (k2 )Et(X, y)=0
58)(22 H, (x, y)]+ay [H (X, Y)] ( ‘ ,BZ)I:It(x, y)=0

¢
VtZEt(X’ y)+ (k2 _ﬁzz)ét (x,y)=0
Vtzl—_lwt(x’ y)+ (k2 _:Bzz)ﬁt (x,y)=0



Uniform Waveguides

E(x,Y,2) = E (x, y)e
H(x,y,z)=H,(x, y)e ¥

VfEt(X, y) +(k2 _IBZZ)E(X’ y)=0
VA, (%, y)+ (K = 8.2 A, (x,y) =0

LET k2=Kk*-p°

VZE, (X, y) +kZ2E (X, y) =0
VIH, (x,y) +kZH, (%, y) =0



Uniform Waveguides

L

E(x,y,2) = E,(x, y)e
This is really three PDEs

VtzEtx(x: y) + kczEtx(x:y) =0
VtzEty(x: y)+ kczEty(x: y) =0

VtzEtz(x» y) + kczEtz(x»y) =0

ke = ‘/kz - B

Subject to boundary conditions.



Uniform Waveguides

1o [ s
| T

E(x,Y,2) = E (x, y)e ¥

This makes it a bunch easier!

This is really three PDEs
Y Any other short cuts?

VtzEtx(x: y) + kczEtx(x:y) =0
VtzEty(x: y)+ kczEty(x: y) =0

VtzEtz(x: y) + kczEtz(x:y) =0

ke = ‘/kz - B

Subject to boundary conditions.



Uniform Waveqguides

E(x,y,2) = E,(x,y)e IPzz

H(x,y,2) = H (x,y)e Bz

~ —1 -
H(x: ;Z) — _V X |E (x, )e_lﬁzz
Y jou [ t\X, Y ]

~ 1 '
E y Y — _V X H , _JBZZ
(x,y,2) we |H:(x,y)e ]



Uniform Waveguides

E(x, Y, Z) = Et(x, y)e_jﬁzz

H(x,y,z) = H/(x,y)e /Pz*

H(x,y,z) =—V x [E.(x, jBzz
(x,y,2) o |E¢ (x, y)e~TP=7]
ax ay a,z
9 9 9
dx dy 0z

Etx(x: y)e_jﬁzz Ety(xr J’)e_jﬁzz Etz(x, y)e_jﬁzz




Uniform Waveguides

&x &}’ &z

Etx (x, J’)e_jﬁzz Ety (x, y)e_fﬁzz Etz (xJ y)e_jﬁzz

—1 -aEtZ(xJ Y) | .
H » — -I— ] E , _]BZZ
«(X, ¥, 2) jou|  dy jBz ty(x LV)- e

1 [0E,(xy) 1 .
Hy(x,y, 2) = Jou| gx + Bz Eex (, y)_ e~ IFzz

—1 |0E,, (x, 0E,, (x, ,
HZ(xJ J’;Z) — L‘X( y) — ty( y) e_JBzZ

jou dy 0x



Uniform Waveguides

&x &J’ &z
£y 2)= jwe 0x oy 9z
Htx(x, y)e_fﬁzz th (x, y)e—fﬁzz th (x, y)e—jﬁzz

1 -aHl‘Z (x, LV)

Ex(x; YV, Z) =j(l)€ ay +jﬂthy(x, y)- e_szZ

-1 _aHL‘Z(xJ J’)

£y (3. 2) =ja)€ 0x

+ jB,Her (x, y) | e 7P72

1 |0H;, (x, oH,., (x, ,
EZ(xJ Y, Z) — - tX( y) — ty( y) e_JBzZ
Jwe dy 0x




Uniform Waveguides

0H,,(x, . 0E, (x,y) .
JweE, (x,y) = [% +jEZth(x,y)‘ —JjwpH, (x,y) = [ta—y +JjB2Eey (%, )
dH,,(x, . 0B, (x,y) .
—jweE, (x,y) = \# + jB Hex (x, y)] JwpHey (x,y) = [t@—x + JjB-Eex (x,Y)

aEtx(x:y) _ aEty(x:y)
ay 0x

aHtx(xl y) _ ath (x, y)
ady 0x

ng EtZ(ny) = [ _](U.“th(x:Y) = [

1 [0H(x,y) . 1 [0E,(x,y) .
Etx(x;Y) :](UE[ ay +_] - J(Uﬂ ax +JﬁZEtx(x1y)

_ 1 |8Heg(xy) | - 1 [0Ez(xy) | - _ 1 9Hy(xy)  jBs [9Ez(xy) | .
Foc ) = 7 (21080 1, [0 g )| = 2 ) S (95,0

ﬁiz) — 1 O0Hez(xy) _ jBz 0Etz(x,y)
]

Ere(x,y) (1 T k2 jwe Ay w?Zpe  0x



Uniform Waveguides

dH,,(x, . 0E, (x,y) .
waEtx(x,y)=[ tgg} 24 )+ jBZth(x,y)‘ —quHtx(x,y)=[ tay +JjBzEry (x,y)
dH,,(x, . 0B, (x,y) .
ety (6,9) = |52 4 o) oty () = [P 4 i)

aEtx (x,y) _ aEty (x, y)
ay 0x

OHp (x,y) _ 0Hy,, (x,y)
ady 0x

ng EtZ(ny) = [ _](U.Uth(x:Y) = [

g) _ 1 OHy(xy) Bz 9Ez(xy)
]

Etx (x, y) (1 T k2 iwe  dy w?Zpe  0x

where k% = w?us

=~ OHtz(xy)

] aE Z( ] )
Etx(x,y)= (kz_;gZZ) [‘Uﬂ B Rzt

+ BZ ox




Uniform Waveguides

0H,,(x, . 0Ee, (x,y) .
JweEw(x,y) = [% +jBZth(x,y)‘ —JjwpH, (x,y) = [ta—y +JjB2Eey (%, )

dH,,(x, . 0B, (x,y) .
~jweEry (x,) = \# + B He (3, y)] jouHe, (x,y) = [T + B Eer (2,)

aEtx (x:y) _ aEty (x: y)
ay 0x

aHtx(xJ y) _ ath (x, y)
ady 0x

Jwe Et, (x,y) = [ —jwuHe, (x,y) = [

OHtz (x.y) OEtz(x,y)] _ 9E¢z(x,y) OHz (x,)))]
Eux(6,9)= sy [on 52 + B, 750 Hole )= ey [we 7 — B, P

8,2 [ F oy

ath(x:J’) _ ﬁ aEtz(x:y)-
Z

aEtz(XY) OHz(x,y)]
B Dl 0x ay i

oy

Eoy(x,y)=75"—"= (= Hey(x,y)= (k2 —B, )[




Uniform Waveguides

— Bz,

aHZ]

By (e 2)[ Hy= (kcz)l e5e + b

Three Cases:

(1) E,=0,H,#0TE (2) E,#0,H,=0TM

- —j OE,
_ _J aHZ E —_— Z
E,= %) Rlrm x (kcz) ﬁz
- O0E,
_j [ Hy E,= ! Br oy
Ey= (k%) [OH 5 | (kee™) L
| OE
— 0H,] H, = ] weE—=
Hy= (k) _ﬁz ox | (kAL ay]
=] O0E,
i [ ok Hy= gy 02 57
vy (kCZ) _ﬁZ ay |

V.2H,(x,y) + k.“H,(x,y) = 0 V,2E,(x,y) + k.“E,(x,y) = 0



Ex= (kcz) l(u

Ey= (kz)l

OH,

aHz

Uniform Waveguides

oL, _ [z
+ﬁz H,= k) l(ue >

aEz

— bz,

Three Cases:
(3) E,=0, H, =0 TEM

What do we do with this?
Looks like all the fields are zero!




Uniform Waveguides

J0H, aEz ] % . J0H,
(kcz) lw ot B H,= ) la)e =~ B2, ]
aHZ aEz % J0H,

3/ (k 2) l ﬁz y (kcz) l + ﬁz oy ]

Three Cases:
(3)E,=0,H,=0TEM

What do we do with this?
Looks like all the fields are zero!

The only way the fields are not all zero is if

ke = k2= p,>=0

mm) fr=k = o/



Uniform Waveguides

__—J OH, OE, _L[ 0E; _ , OH,
Ex= (kcz) la)u oy + b2 dx Hy= (kcz) L dy Pz dx
S [0 g O = L [ 4 g, 2

Three Cases:
(3)E,=0,H,=0TEM

ke= k2= p,%=0

‘ B, =k = w\eu
=0
VtzEx(x:y) +7cﬂEx(xry) =0

‘ VtzEx(x:y) =0

VtzEy(x, y)=0



Uniform Waveguides

Ex= (ke 2)lw %-I-ﬁz% H,= (kcz)l(‘) %—ﬁzaaizl
By = (’fz)[ aHZ /32% Hy= (kcz)l %"'ﬁzaaiz]

Three Cases:
(3) E,=0, H, = 0 TEM

VtzEX(xJ y) - 0
VtzEy(ny) =0



Rectangular Waveguides

TM Modes

VtzEz(xr y) + kczEz(xr:V) =0

J 0k,

H, ) WE 3y
__J 0E,
Hy (k%) lwg ox



Rectangular Waveguides
P

Z "‘rf# A
TM Modes

VtzEz(xr y) + kczEz(x:y) =0

2 2

iz 2E(xy)+ 372 S E,(x,y) + k¢ ’E,(x,y) =0

Solve using separation of variables

E,(x,y) = X(x)Y(y)



Rectangular Waveguides

o

TM Modes

Z

VtzEz(xr y) + kczEz(xr:V) =0

2 2
2E(xy)+ 3772 SE,(x,y) + ke E(xy)—O

Solve using separation of variables
E,(x,y) =

ox



Rectangular Waveguides

o

TM Modes

Z

VtzEz(xr y) + kczEz(xr:V) =0

2 2
2E(xy)+ 3772 SE,(x,y) + ke E(xy)—O

Solve using separation of variables
E,(x,y) =

) X'Y+YX+kSAXY =0

ox



Rectangular Waveguides

o

TM Modes
V.°E, (xy)+k °E,(x,y) =0

Z

2E(xy)+ SE,(x,y) + ke E(xy)—O

’/

E,(x,y) = Solve using separation of variables

ox

— XY+YX+kC °XY =0
X v

" ] 2 2
) XYV XARCXY ) T k2= 0

XY _ X Y




Rectangular Waveguides

/j

A"'ff a

? TM Modes

VtzEz(xr y)+ kczEz(x:y) =0
2 2
2E(xy)+ 372 S E,(x,y) + k¢ E(xy)—O

E,(x,y) =X(x)Y(y)

X"+Y"+k2 0
X Y c

ox

function function constant
of X of y



Rectangular Waveguides
b .
Z ‘f A
TM Modes

VtzEz(xr y) + kczEz(x::V) =0
2 62

iz 2E(xy)+715 L6 y) + k. ’E,(x,y) =0

X+Y+k2—0
X Y ¢

X Y’
Z==BS =B kS=B B



<= x|

Rectangular Waveguides

TM Modes

VtzEz(xr y) + kczEz(xr:V) =0

—B.2 ) 7777
X

-B, ) 7777

‘ kcz = ﬁxz + Byz



<= x|

Rectangular Waveguides

TM Modes

VtzEz(xr y) + kczEz(xr:V) =0

— _ExZ ) X(x) = A;cos(Byx) + Aysin(Byx)

— ﬁ’yz - Y(y) = Blcos(ﬁyy) + stin(ﬁyy)

‘ kcz = ﬁxz + ﬁyz



Rectangular Waveguides
P

a

TM Modes

VtzEz(xr y) + kczEz(x:y) =0

E,(x,y) = [Aicos(B,x) + A,sin(B,x)] [Blcos(ﬁyy) + stin(ﬁyy)]

F,(6,9,2) = B, (6, y)e 9857 = Ay [sin (==x)| [sin (S-v) | e 776+

How many unknowns do we have?



Rectangular Waveguides

b

v
4/’/

P |

o

A_‘__.-f"'

Z

a

TM Modes

VtzEz(xr y) + kczEz(x:y) =0

E,(x,y) = [Aicos(B,x) + A,sin(B,x)] [Blcos(ﬁyy) + stin(ﬁyy)]

What boundary conditions should we use?



Rectangular Waveguides

b

v
4/’/

P |

o

A_‘__.-f"'

Z

a

TM Modes

VtzEz(xr y) + kczEz(x:y) =0

E,(x,y) = [Aicos(B,x) + A,sin(B,x)] [Blcos(ﬁyy) + stin(ﬁyy)]

Boundary Conditions

E,(0,y) =E,(a,y)=0

E,(x,0) =E,(x,b) =0



Rectangular Waveguides

Z "‘rf# A
TM Modes

E,(x,y) = [A1cos(Byx) + Aysin(Bex)][Bicos(Byy) + Bysin(Byy)]

Boundary Conditions E,(0,y) =0

E;(0,y) = [A1cos(B,0) + Aysin(B,0)][Bicos(Byy) + Bysin(Byy)] =0

[Al][Blcos(ﬁyy) + stin(ﬁyy)] =0 ‘ A =0



Rectangular Waveguides
P

Z "‘rf# A
TM Modes

E,(x,y) = [A1cos(Byx) + Aysin(Bex)][Bicos(Byy) + Bysin(Byy)]

Boundary Conditions E,(0,y)=0

E,(0,y) = [A;cos(B,0) + Azsin(ﬁxO)][Blcos([)’yy) + stin(,[)’yy)] =0
[Al][Blcos(,Byy) + stin(ﬁyy)] =0 ‘ A =0

Boundary Conditions E,(a,y) =0
E,(a,y) = [Azsin(Bya)][Byicos(Byy) + Bzsin(Byy)] = 0

[A,sin(B,a)] [Blcos(ﬁ’yy) + stin(ﬁyy)] =0



Rectangular Waveguides

Z "‘rf# A
TM Modes

E,(x,y) = [A1cos(Byx) + Aysin(Bex)][Bicos(Byy) + Bysin(Byy)]

Boundary Conditions E,(0,y)=0

E,(0,y) = [A;cos(B,0) + Azsin(ﬁxO)][Blcos([)’yy) + stin(,[)’yy)] =0
[Al][Blcos(,Byy) + stin(ﬁyy)] =0 ‘ A =0

Boundary Conditions E,(a,y) =0
E,(a,y) = [Azsin(Bya)][Byicos(Byy) + Bzsin(Byy)] = 0

nw
[A,sin(B,a)] [Blcos(ﬁyy) + stin(,Byy)] =0 ‘ bx = E

n==123,..



Rectangular Waveguides
P

a

TM Modes

nim
E,(x,y) = [Azsin (7 x)] |Bicos(Byy) + Basin(Byy)]
Boundary Conditions E,(x,0)=0

Z

E,(0,y) = [Azsin (? x)] |B;cos(B,,0) + Bysin(B,0)] = 0

lAzsin (E x)l [B{]=0 ‘ B; =0

a

Boundary Conditions E,(x,b) =0

E,(a,y) = [Azsin (T;—nx)] | Bysin(B,b)] =0

mrm

[425in (=) | [Bosin(pyb)] = 0w, ===

m= 11,23, ..



Rectangular Waveguides

-

>
TM Modes
E,(x,y) = Amn [sm (—x)] [sm (n;ny)] mandn = +1,2,3, ...

mri

E,(x,7,2) = E,(x,y)e /= Apy |sin (%x)] [sin(Z-v)]e /P

How do we find pz ?



Rectangular Waveguides

-

>
TM Modes
E,(x,y) = Amn [sm (—x)] [sm (n;ny)] mandn = +1,2,3, ...

F,(0,7,2) = E,(6,)e 77 = Ay [sin (=) | [sin (5= | e 727

How do we find pz ?

kc2 = ﬁxz +ﬁy2
ke = k%= B," = Bx” + By’

B = [k =7 -7 = \/w e () - (5)

2



Rectangular Waveguides
i/ /

a

TM Modes

E,""(x,v,2z) = Apn, [Sin (T;—nx)] [sin (?:y)] e—jﬁzmnz

Z

g mn — \/wzue _ (E) _ (E)z mandn = +1,2,3, ...

z) [ﬁz 2 B 2) [wgaEZ
—J 3Ez H,= U;} > [ g%




Rectangular Waveguides
1/ /

a

TM Modes

E,""(x,v,2) = Ay, lsm (Ex)] lsm (Tr;ny)] e iz

Z

g, = \/wz,ue — (E)Z — (E)Z mandn = +1,2,3, ...

Case l: w?ue — (%)2 — (?)2 >0

B, s real and the mode propagates without attenuation



Rectangular Waveguides
1/ /

a

TM Modes

E,""(x,v,2) = Ay, lsm (Ex)] lsm (Tr;ny)] e=iBz"" 7

Z

g, = \/wz,ue — (E)Z — (E)Z mandn = +1,2,3, ...

Case Il:  w?ue — (%)2 - (%r)z <0

B;"" isimaginary and the wave decays exponentially
ginary



Rectangular Waveguides

a

Z

TM Modes
E,""(x,y,2) = Appn, [Sin (T;—nx)] [sin (?:y)] o—iB "z
g, = \/wz,ue — (E)z — (?)2 mandn = +1,2,3, ...
a
At the point w2 pus — (%)2 - (?)2 =0

the mode changes from evanescent to propagating.

f " = Zn\lfu_g \/ (nan)z + (?)2 Cutoff frequency



Rectangular Waveguides

A_‘__.-f"'

Z

TM Modes

Eznm(x, Y, Z) = Amn [sin (T;—nx)] [Sin (%y)] e—jﬁzmnz

B, = szue -(%) - (m)z mandn = +1,.23, ...




Rectangular Waveguides

a

TM Modes

E,""(x,y,2) = Ay [sm (—x)] [sm (n:r y)] e—fﬁzmnz

, , The dominate mode is the
g — \/wzug_ (E) _ (T) mandn =+123,.. one thathas the lowest
cutoff frequency
(i.e. first mode to

o _ 1 \/(E)Z_l_ (@)2 propagate)

What is the dominate mode for this waveguide?



Rectangular Waveguides

v
F 1

/

TM Modes
mi .p Mn
X,9,2) = Apy, [sin(—x )| |sin e JBz 2
"xy,2) = mn[ ( )” ( b y)] The dominate mode is the
one that has the lowest
- _ 2 _mm 2 cutoff frequency
bz \/“’ He (a) ( b ) mandn =+123, (i.e. first mode to

propagate)

o 1 2 2
e 2+

What is the dominate TM mode for this waveguide?

2 2 2 2
27+ e \\ @ b 2.\ ue \\a b




Rectangular Waveguides

b
X
a

TM Modes

E"(x,7,2) = Ay sin (2—” x)| |sin (? y)|e-it"

B, = \/wzus— (%)2 - (?)2 mandn =+12,3,..

m 1 nmé omm
e ) )

What is wavelength of the guided mode?

2




Rectangular Waveguides

b
X
a

TM Modes

E"(x,7,2) = Ay sin (2—” x)| |sin (? y)|e-it"

B, = \/wzus— (%)2 - (?)2 mandn =+12,3,..

m 1 nmé omm
e ) )

What is wavelength of the guided mode?

2

m 2T 27

A" \/ 2 (nﬂjz (mﬂ)z
O pe—| — | +| —
a b




Rectangular Waveguides

4

TM Modes

E,"™(x,y,2z) = Ay, [sm (—x)] [sm (n;?r y)] e=IB:" 'z

B, = \/wzﬂf - (%)2 - (?)2 mandn = +1,2,3, ...
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What is wavelength of the guided mode?




Rectangular Waveguides

TM Modes

E,"(6,9,2) = A [sin (Sx)| [sin (5= y) | e 8"
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B, = jwzne = (%)2 - (?) mandn = +1,2,3, ...
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What is wavelength of the guided mode?
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Rectangular Waveguides

TM Modes

E,""(x,v,2) = A [sin (T;—n x)] [Sin (? y)] e—j[;zmnz

B, = \/wzue - (%)2 - (?)2 mandn = %123, ..
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What is wavelength of the guided mode?
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What is wavelength of the impedance of the guided mode?
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TM Modes

E,"™(x,y,2) = Apn [sm (— x)] [sm (n:r y)] e=iB:" 2

B, = \/wzus— (%)2 - (?)2 mandn =+12,3,..
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What is wavelength of the impedance of the guided mode?
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Rectangular Waveguides
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TM Modes
E,"™(x,y,2) = Ay [sin (ﬂ x)] [sm (% y)] omIB"2 B _ ]9
a bl HeRale
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What is wavelength of the impedance of the guided mode?
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Rectangular Waveguides
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TM Modes
E,"™(x,y,2) = Ay [sin (ﬂ x)] [sm (% y)] omIB"2 B _ ]9
a bl HeRale
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What is wavelength of the impedance of the guided mode?
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Rectangular Waveguides

E,""(x,v,2) = Apy, [sin (% x)] [sin (% y)] e IB"2 : dE,
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What is wavelength of the impedance of the guided mode?
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E"(x,7,2) = Ay sin (2—” x)| |sin (? y)|e-it"

B, = \/wzus— (%)2 - (?)2 mandn =+12,3,..
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What is wavelength of the phase velocity of the guided mode?
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TM Modes

E,"™(x,y,2) = Apn [sm (— x)] [sm (n;n y)] e=iB:" 2

B, = \/wzus— (%)2 - (?)2 mandn =+12,3,..
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What is wavelength of the phase velocity of the guided mode?
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TM Modes

E,"™(x%,y,2) = Ay [sm (—x)] [sm (n:r y)] o—JBz 2
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What is wavelength of the phase velocity of the guided mode?
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TM Modes

E,"™(x,y,2) = Apn [sm (— x)] [sm (n;)n y)] e=iB:" 2

B, = \/wzus— (%)2 - (?)2 mandn=+123,..

m 1 2 2
e 2+

What is wavelength of the phase velocity of the guided mode?
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Summary of TM modes

Plane waves in the
dielectric medium

Inside the waveguide

Pow = 0+ e

i
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Mow =y 11 &
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	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Slide Number 58
	Slide Number 59
	Slide Number 60
	Slide Number 61
	Slide Number 62
	Slide Number 63
	Slide Number 64
	Slide Number 65
	Slide Number 66
	Summary of TM modes

