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43 FIELD COMPONENTS OF TRANSVERSE ELECTROMAGNETIC WAVE

IN RECTANGULAR WAVE GUIDE OR TRANSVERSE ELECTRO
MAGNETIC WAVE

The general equations for field components is determined from Maxwell’s curl

equations.
VXH=jweE ... (1)
VXE=-jouH - ... (2)

Expanding equation (1),

P po 2
1 0 0 d . ~ o b
VXH=; 5 0_(2) & =j0)€[Ep ,0+E¢ ®+EZZ]
Hy  pHy H,

Equating X, y, Z components,

oM, _ oMo _.
p 00 9z =Jw e Ep ...... (33)

aHp 0H, _ -

o 9, CHweEy (3b)
1[d(pHg) _ OHp] _ .

p[ dp a(z):l_ ]ngz .......... (30)
Similarly

Expanding equation (2),

P p0 2
a o0 0
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H, pHy H,

VxE=l
p

Equatinglx, y, z components,
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195, _ 0By _
T 5y Jwe H, ... (3d)
0E, 0E, _ .
E_E_Jng(b ......... (3e)
l a(pE@) _ aEp -
p[ 29 il joeH, ... (39)
H(a = Hg e_VZ ....... (8)
Diff w.r.to ‘z’
9Hy _ 1o ,—yz (_
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9Hp _ . 1o ,-vz
Py - ]/H@ e
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E_ 4 H@ ........ (9)
OH, _
E_ ]/Hp .......... (10)
And also let,
Ey=Ege " L. (11)
Diff w.r.to ‘7’
9Ep _ po ,-yz (_
Py =Eze (=v)
9Ep _ . po ,-yz
5y YEge
9By _ _
5, Y Ep ol (12)
OE, _
E_ ]/Ep .......... (13)
Sub the equ (9), (10), (12), (13) inequ (3),
0H, .
p6®+ YHy=lwe E, . (14a)
H, _ .
—Y H, — 2 = Jw € Egy
dH, _ .
Yy H, + 2p =-jweEy (14b)
l d(p Hp) _ aHp —
p[ 2 il joeE, .. (14c¢)
1 0E, .
;a®+yE@—-jwqu ....... (144d)
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dE :
E,+ =% =jouHy ... 14

14 p+ dpp Jou He ( e)

1[0(pEp) _ OE]_ _.

p[ ap PP joeH, (149)

From (14b),

oH, _ .
pr+$—-jw€E®

Ey = : [pr+

—jwe

aHZ]
ap

Sub the Ey value in equ (14d),

From (14d),

10E, et

oo T VEe =rlwn Hy

1 0E, 1 oH, | _ .

;6(25 [—jws []/Hp-l_ 6p]] __quHp

P ph2 09 h2dp
Y2 +wine=h?

Similarly solving (14a) , (14d) we get,

For TEM waves E, & H, = 0. All the field component vanish inside the
cylindrical waveguide and hence no TEM wave can exists even in cylindrical or

circular waveguides.

The wave equation in cylindrical coordinates is given by,
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0%y 4 108, 10°6; OBy 2, ¢F (1)
dp? pdp p?2 902 | 9z2 U Z e
0*H, 1 0H 1 92H, 0%H

fpmSy DS s —oPueH, )

op%z p dp p? 00?2 0z2

FIELD COMPONENTS OF TRANSVERSE MAGNETIC WAVES IN
CIRCULAR WAVEGUIDE:

For TM waves, H, = 0 and E; is to be solved from eave equtions.

0°E, | 10E, 1 0°E,  0°E,
2y ——E24 =2

g
6,02 p 0p p2 0(32 972 - w- U gEz ...... (1)

0%E, 16E2+i6 E,
dp?  p dp p? 097
0%E, 1 0E, zp L 1 a E,
ap? ' p ap p?ag?
0%E, laEZ_I_ 1 0%E,
0p? p 0p p? Ero
—_ (0] 4
E,=E] e
=P)Q@® L. )

Where P is the function of p alone.

+V2 EZ = _a)Z‘u EEZ

+(y % +w?ue)E, =0

C5 L h2E,=0 5 (1)

Q is the function @ alone.

Sub the value of E, inequ (1),

o’p P 9%Q 9 07 2
Q6p2+ 290zt o0 T b T ®)
Dividing by PQ in equ (3),
1 92p 1 9%Q _|_ia_P h2=0 ceen(4)

P dp? Qp % 0> Pp 0p
Equ (4) i8s broken into two ordinary differential equations.

162Q__ 2

Q 002
aZQ
Frrie —n Q ...... ®))
Sub the equ (5) inequ (4)

16P 1 0P
Pap

=0
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10°p 1 aP
P ap Pp ap

+h2-2 =0

2

o

Multiply by P throughout

% +10—P+P(h2—;‘—z)=o

Multiply by h 2 in the denominator

0P 1 0P n?2 \
s+ onaom + P(1- gz) = (6

This is a standard form of bessels equation interms of ph. Using only the

solution of first kind we get,

Ploh)=Jn (ph) (7)

The solution of ‘;272 = —n 2 Qs given by,

Q=[A,cosn®+ B,sinn @] ....(8)

Using equ (7) and (8) in equ (2) wer get,

E,=PQe™¥*

E, =], (ph) [A,cosn @ + B,sinn @] eV

B,, can be put to zero, because A, and B,, determines only the orientation of the
field because both components are periodic.

E, =], (oh) A,cosn@e¥* ... 9)

Using general expression for field components

For TM waves, H, =0,y = jB

y OE,

E _-ﬁap
E, —-—]n (ph) A, cosn @ e /BZ

— ZJBOE;

E@— ph? 09
Ey = (ph) A, sinn @ n e /B?
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CHARACTERISTICS OF TE WAVES IN CIRCULAR WAVEGUIDE:

h., should be replaced as ',
i) PROPAGATION CONSTANT:
Yy = \/(h’mn) Z- wiue

r ()
h mn — "~ 5

a

i) PHASE SHIFT
B = \/wzlu € — (h’mn) X

iy  CUT — OFF FREQUENCY
At cut — off frequency f.,y =0

w?pe=(h'pn)?

n — (ha)'
mn a
—_ 1 !
wC - \/ﬁ h mn
1
fe=——="h"mn
2\ U €
£ = (ha)' .,
¢ 2ma+/u €

iv) PHASE VELOCITY

p=2
B
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w
v=
\/ w?pue= (h'mp) 2

V) WAVELENGTH (or) CUT — OFF WAVELENGTH

Ac

T (ha) p
2ma~ L €
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w
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