!'- 6.3 Rectangular Waveguide :
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6.3.1 Model :

Rectangular Metal Waveguides

Owall = ®©

— Eg ﬂ
O dielectric = 0

a X

Somewhat like a parallel plate metal waveguide that is
closed by metal walls on the remaining two sides

=== The lossless rectangular waveguide
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* 6.3.2 The equations for EZ &HZ ;

“+ Assume sinusoidal field. The phasors:

) <

( 5]% .
=—vE

QZ v
oH -,
R, & |

. Oz 4

(v =JB,)
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r E = EO (X, y)e_yz

¢ I__i — I__i() (X, y)e_ﬂ
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* 6.3.2 The equations for EZ &HZ :

.0

L)

[ SH, =jeeE, (1)

rotH = jwsE =) < _7/H ___Ja)gE (2)

ot aa};" —jaeE, ()

. X

( @mzy =—jouHy (4)

rotE:—jwyﬁ =) < _J/E _JwﬂH )

(BT, (6
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* 6.3.2 The equations for EZ &HZ :

< Khu H, tir (1) va (5), ta tim dugc E_ :

= |E —1(7@,( JaauaHZ)

< Kha H_ twr (2) va (4) , ta tim dugc E,:

= |E —1(75&1@1—
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* 0.3.2 The equations for EZ &HZ .

< Khu E, tif (2) va (4), ta tim duge H, :

:> _1(7/5Hz| %)

< Khu E_ twf (1) va (5), ta tim duge H, :

= |H _1(7/@ JC‘E_
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* 6.3.2 The equations for EZ &HZ :

¢ Finally, we have: 0 F;Z i 0 F;Z 0 Ki EZ =0
Ox oy

) 2°Z 2HZ |

2 2 M
K=y’ +a' e = ,BZ+V2 S g

<+ Nhu vay , séng dién tir trong ods c.nhit tong quat la tong cia :

a) Song dién ngang TE (Transverse Electric) : E, =0, H, =0.

b) Song tu ngang TM (Transverse Magnetic) : E_#0,H_=0.
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:h 6.3.3 The TM Guided Modes (H_ = 0) & (E_ # 0)

< Dung p.phap phan ly bi€nsé , gia sit: E, = X(X).Y(y)e™”

o |
0B 4 ZE L K?E, =0

0):4 oy

<» Th€ vao phuong trinh :

=) 1d2X+1 —0) = -M? - N*+ K2=0

Y dxz Y

X = Asin(Mx + ¢)
Y =Bsin(Ny+vy)

% Ta giaira :
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*** Dung di€u kién bién :

E (x=0)=0 = sin(p)=0 = =0
E (x=a)=0 = sin(Ma+¢)=0 = M = 2%
a
E,(y=0)=0 = sin(y)=0 — =0
E,(y=b)=0 = sin(Nb+y)=0 = N=2%

@ e 2 . . mzi7imz . nia i
“Tagiaira: | E —C.sin(— X).sm(-—-—l;—-— y).e
a

Vading B =l (%) Ho=L(orL)

By =5 (-r% £) H y=1(—Jw8@EZ)
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* <+ C6 b nghiém cua séng tir ngang TM :

EX = I(Z IZ cos(Z£ x)sin(BE y)e ™ || Hx =—$ ]::y
Ey — —%Msm T2 x)cos(BEy)e Hy=$Ex
: T (1T (% = 2 _| I 2+ il 2
E, = Csin(E£x)sin(5Fy)e Ke=17 b
e (Ej _(%T _(n_ﬂjz =2 | =18
2 A\ v a b ™ w&

Nhdn xeét :

A I\, .I\?
" Vo s0 kieu TM,_

lan truyén trong ods: TM,,, TM,,, TM,, ....

= khong ton tai kiéu séng TM,__ d@ng véim =0hayn=0.

EM - Ch6-3
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:h 6.3.4 The TE Guided Modes (E, =0) & (H, # 0)

< Dung p.phap phén ly bi€n sé , gia st : H, = X(x).Y(y)e "™

2 1 2 1 .
<» Th& vao phuong trinh : 0 %Z + 0 %Z —I—Kin — ()
o0X oy

=0 = -M’> - N+ K2=0

lax | 1 d%y
X dx?> Y ay?

=)

X = Asin(Mx + @)
Y =Bsin(Ny +vy)

% Tagiaira :

“ Miatkhic: | =_IJ§U agz =_£u X(x).B.N.cos(Ny+y)e ™

E, = . ot 42 Y(y). AM cos(Mx+ pe
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{ < Dung di€u kién bién :
y(X:O):O => cos(@)=0 o=rml2

—

E (x=a)=0 => cos(Ma+¢)=0 = M = 2%
a

E (y=0)=0 = cos(y)=0 => Yy =5x/2
E (y=b)=0 => cos(Nb+y)=0 = N:n%

. ' ms nz
“Tagiaira: H, =C.cos(— X).COS(—-—B—- Mo
a

% Va dllng: HX :é(—y%) EX — 2 1 (Ja)ﬂ aH )

Hy = (=v3) Ey_l(Ja)ﬂaHz)

EM - Ch6-3
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* <+ B6 nghiém cua séng dién ngang TE :

Hy = 2esin(3x)cos(Ey)e ™ | | Ex =np, Hy

Hy = &% cos(zz x)sin(2= y)e ™ | | B, =—p _H,

C

H, = Ccos(2£x)cos(5ry)e K¢ =(_j J{_

(o) [ e [

Nhdn xeét :

= V6 s6 ki€u TE__lan truyén trong ods: TE,,, TE,,, TE,, ...
= khong ton tai kiéuséng TE__ wng véicAm=0van=0.
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* 6.3.5 Tinh chit cua ods hinh chit nhat :

1. Tan so t6i han:

P¢€ séng lan truyén khong ton hao thi y = jB, : thuan 3o.

2 2
e (2) +(gj
o 2 a b
) =8 () () e
\% a b
+*Va né'uf< fC 4 az — \/(gj + (Il_ﬂ'j _(ﬁj = R
a b \%

==) Séng truyén theo truc z sé& suy hao : o, (Np/m)
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:h 2. Cac kiéu truyén song :

< Tai tan sé f > f. , trong ods co thé cé cac kleu truyen song
TE,__ hoic TM__ thoa min cac gia tri co thé ciam va n.

o A ’, N o A
< Kiéu song co ban la Kkiéu
song c6 f- bé nhat.
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* 3. The time-average power propagated :

= Cong suat trung binh truyén qua ti€t dién ngang ods :

. *
P =l,,<P>d8,= 1, Re {ExH} as,
r — 12 12
L. ) ) = N[IH,? + [H ]
0 Cé Re{ExH}z=Re{EXHy—EyHX}< . .
= L[E+IE,?]
n
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* 3. The time-average power propagated :

¢ Tinh theo truong dién :

a b
== | P =—] [ [IEz+E]]dxdy | n: {n""
2n 0 0 NTE

¢ Tinh theo truong ti :

a_ b
= | P =] [ [+ R Laxay | {”“"

NTE

< Nhén xét: Tuong tu tinh cong suat song phang trong dméi 1y
tuong.
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* 4. Phan bo dudng siic TDT trong ods :

< Pudng sic dién & dudng sic tir 1ap lai nhung ddo chiéu :
~ = sau 1 khoang a/m doc theo truc x.

< =sau 1 khoang b/n doc theo trucy.

_ = sau 1 khoang A /2 doc theo truc z .

EM - Ch6-3
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a) Song TE_ ,:

= V6i m = s6 nifa
song theo truc x.

= Sau mot
khoang a/m doc
theo truc x,
duong sdc dién
va tu lap lai
nhung ddo chiéu.

= Sau mot
khoang 1, /2
doc theo truc z,
duong sdc dién
va tu lap lai
nhung ddo chiéu.

& A ¥ Ao - .
—»:E |, - £
| E -_——— E e E
TE*“:I () R S € e, )
! H oo < H : -
P ot bl S W ® ! f H : ' H X i @ |¥=hk=
BEronoerT faer daeer] ......b_ g ™ . ! L\ ~— s (mp 1:]
T @ e LT @ 2
. 8 "
z=0 [mp 3] h
El| @F #e@ ([Fed @@ |f
® =al2
2 1Y © ® & © (mp 2)
(%) (=)
3 ; 1 ! (=) (*) i
¥ : ;..
S e —
-—— a =
-l ~A __ E
R, a" SO oo @ T IETET e
i I H ol I H :
B I R T Iy
2 I SRS O d @ y = hi2
® CIEFETA® oo @ e
o | I,___H _#J 1 | =
—3:E ® -~ Iy e T @ z
= 0
vt H —>
=% y A
: b
W A 3 =3 = - E’ = = E
E (=« H H () % H H ()
% » =al
) it (® ) x=a
kL s @ © (mp 2)
z =0 (mp 3) * ® €3 ® z
0 N
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b) Song TE

m,n °
/g0 A’ * 11
= Véim = so nia — Al e _
yd IR T & e Rl e Y E
song theo truc x. J TJL Y RPN I A S G PRT
" 2 v Ta (@ E el n e e
= V&i n = s0 nua Yooy e E T eEE e LI e |
7 —
song theo trucy. 2=0(m ) b 2
1] = = =
A Eummtrmmy o oo o | ys
= Sau mot O e @ T o e
o 2 Ty R C R IR
khoang a/m doc el et le |
theo truc x, | [ : R o
duong suc dién S _ (R —
va tr lap lai | ;fl——i-l o eI e
A 3 : e : | e = |
nhung dao chiéu. @\ Hs QTN @
[:%:lr____._{_ S I:E::l I____+_._.___I E v = hid
= Sau mdt RN ey FarnN B o LED
khoang A_, /2 E ) B S N
’ H &l
doc theo truc z, o : — =
P 2 * A ST T T T T T o T =af2
dudng st dign o e
va tu lap lai D @\l et e |
nhung dao chiéu. —
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= VGi m = s6 nia
song theo truc x.
= VGin = sd nira
song theo trucy.

* Sau mot
khoang a/m doc
theo truc x,
duong sdc dién
va tu lap lai
nhung ddo chiéu.
= Sau mot
khoang A, /2
doc theo truc z,
duong suc di€én

va to lap lai
nhung dao chiéu.
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TTIE AT |
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5. Applications:

Rectangular Metal Waveguides

Rectangular metal waveguides are commonly used to guide electromagnetic
power when dealing with high power levels (radars, satellite and space
communications, wireless/mobile base stations, etc)

They are usually made of copper — and the best are gold plated
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6. Waveguides and Coax cable adapters:

Sometimes it is necessary to transfer power between a waveguide and a coax cable

Loop Design Pin Design
power out power out
The loopis placed [] H ] The pinis placedat [7| [] ]
and oriented so that the maximum E-field
maximum magnetic location, and oriented
flux goes through it in its direction, so thaf
and induces current the E-field produces
in it (Faraday’s law) current in the pin
I I

power in U power in I
o

L J
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