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TE Analysis
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Recall the Starting Point

The governing equation for TE analysis (i.e. Ey, = 0) is
0’H,. 0°H,
2y g =0 2_p2_p?
axz ay2 c70,z kc k ﬂ

After a solution is obtained, the remaining field components are calculated according to

- _M aHU,z E =— ]a)/'[ a1{0,:
Y S " Y S
— _ﬁ a[-IO,z E - ja)lu aHO,:
0y ) ok ox
E,.,=0
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Simplify Governing Equation

Assuming the waveguide is uniform in the direction of x
2
ad 0 J°

—= and 0
ox

ox? A

The governing equation reduces to

3 0°H d’H, | ABTINE
O N A I 0 k2H, =0 [ ox
X ay ? dy ’ — -
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General Solution
The general solution to the governing equation is
d*H,
y 2 _klH, =0 — H, =Asin(k.y)+Bcos(k.y)
'y
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Boundary Conditions (1 of 2)

The tangential component of the electric field E must be zero at the plates.
The solution, however, is in terms of the magnetic field Hy, ,.
The solution must be written in terms of an electric field that is tangential to the plates.

The only component of the electric field tangential to the plates is £, ,.

jouoH,.,  jou dr .
E, =- e 8; =— e 5[As1n(kcy)+Bcos(kcy)]

jou .
=—=—— 4 k.y)-B k,
O] cos(ky) - Bsin(k.»)]

c
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Boundary Conditions (2 of 2)

The first boundary condition is

E, (x,0)=0 E

0,x

(x,O)=—jkﬂ[Acos(0)—Bsin(0)]=—jkﬂA=O -  A=0

c Cc

The second boundary condition is
E,.(x.d)=0 Eowx(x,d):—jkﬂ[—Bsin(kcd)]:Bjkﬂsin(kcd)

B = 0 cannot be chosen because that would lead to a trivial solution. Instead, it must be the
sin(k.d) term that is zero at y = d.

Note that m = 0 would force the entire field to be zero so
this is not a valid solution. Not obvious yet.

sin(kd)=0 — kd=mr m=12,3,..

The cutoff wave number k. is then

mmw
k. = 7 m=12,3,... Remember this equation k.. for the next slide.
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Phase Constant £ (1 of 2)

Recall the original definition of the cutoff wave number k.. Solve this equation for £.

K== - B=\k-k

An expression for k, was derived on the previous slide that arose from the boundary
conditions.

2
B=K _(””7”) m=1,2,3,..

Since m is only integer values, it is concluded that there are an infinite number of discrete
solutions and the order of the mode is m.

2
B = kz_(m?ﬂJ m=1,23,..
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Phase Constant 8 (2 of 2)
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Final Solution

Recall the general solution was
d’H, .
T;’—kczHo’z =0 — H, =dAsin(ky)+Bcos(k.y)

But now it is known that 4 = 0 and k, = ma/d. The final solution is

H,_ (x,y)=B, cos(m;[y}

H,(x,y,z)=B, cos[mgyje-jﬁmz

The remaining field components are calculated from this result.

Hv(x,y,z):_]iﬂ'"ai:_jiﬂmi B, cos IMTY  ibuz =17'B"'Bmsin may \ -in:
' d k d
E:(X,y,z):—%ai:—ﬂi{& cos[m”yje’//%z}:Jwﬂ B, sin(—mﬂy)e””w:
. . d
0

jou OH.  jau 9 )
E‘(x’y’z)z‘/kzlu ax“ =‘/kzlu${3m COS( dyje " }:

it is obvious.

Note that m = 0 would force
the entire field to be zero so
this is not a valid solution. Now
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Why No TE, Mode?

For m = 0, the field components would be

H =0

X

y

H :ﬂB sin(0)e " =0
k m
C
This is not a physical solution because
the electric field is entirely zero. This
would not satisfy Maxwell’s equations.

H,=B,cos(0)e " =B e /M

E =‘jkﬂBm sin(0)e"* =0

X
C

Ey =0
E. =0
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Cutoff Condition

Recall the phase constant f3,, is calculated as

This becomes imaginary when k,> k. Values of m that cause this condition correspond to
modes that are “cutoff.” These are still modes, but they decay very quickly so they are almost
never used and are not considered guided modes.

. . mmi
k.= ue = >
mmi
PRI NHE ==
m k,
fc = = —— This is the cutoff frequency for the TE,, mode.
2d\Jue 2m\ue
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Characteristic Impedance Zg

The characteristic impedance of the TE mode is defined as
EO,x —_ EO,y

Z =
H H

TE =

0,y 0,x

It is derived by substituting in the expressions for the field components.
Q) . (n@
Jk’uBm sin| %Y

_ EO,x _ c ( d
" HO,y LﬂmB Sln(nﬂ.yj le ﬁm
k. " d

C
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Effective Refractive Index n g

A wave propagates in a waveguide at a speed quantified by the effective refractive index n .

This term acts to make n 4 < n.

eff

sk d=10m

n is the refractive index of the dielectric in the
waveguide.

06F

04F

ective Refractive Index

o
L)

Eff

0 L )
0 0.5 1.0 1.5 20 25
Free Space Wavelength Ay (m)

S EMPossible

Slide 16

16



Visualization of
TE Modes
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Visualization of TE, Mode
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Visualization of TE; Mode

Slide 20

4/24/2024

10



Conclusion
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Summary of Parallel Plate Waveguide
m=0,1,23... m=1.23...

k i i ol

k, 0 mr/d mz!d

s _— N R

Ae oo 2z/k, =2d[n 27/k, =2d/n

A 2zl k 27/ B, 27/ B,

v, wfk=1/Jue o/ B, o/ B,

o ktan §/2 k* tan 5/23, k* tan 6/23,

a, R [nd 2R,/ B,nd 2kZR [kf,nd

E, 0 0 (jau/k,)B, sin(mmy/d)e ™

E, (=Va/d)e (1B, /) 4 cos(may[d)e P 0

E, 0 A, sin(mzy/d)e " 0

H, (=Vo/nd)e" (e[ k) 4, cos(my|d)e 0

H, 0 0 (7B, /k.) B, sin(mry/d)e

H, 0 0 B, cos(mzy/d)e

VA nd/w Bk kn/B,
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Modes in Parallel Plate Waveguide

TE Mode

TM Mode

Ex Ey E2 Hx Hy Hz

\
NN
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2 SISO 1 SC
= gl [S2 [2<2
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Summary of TE Analysis
E, xay,Z)=jZ’” B, sin(mTﬂyje-/ﬂmz .
E (x,y,z)= / r
Ll

Phase Constant

Cutoff Frequency

* TE, mode does not exist
* TE, is the lowest order TE mode

Characteristic Impedance

N

m=1,2,3,... Same equation as for TM

Same equation as for TM
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