%, 3 b, BRI 0945 3

| e ]
K ~F % rectangular waveguide

KT
LK) K 078 5 0 F A
2013.11.17



teaching objectives



teaching objectives

o Wl RLIR 4y




teaching objectives

o Wl RLIR 4y
o J& T W BE Ik 6 )k Bh A2




teaching objectives

o WL 69 4E Hr

o KTV WAELIKN KB H AL
B S 3 G

o JK-G b W mhk 6 R




teaching objectives

o WL WAty

o KTV WAELIKN KB H AL
B S 3h A

o JK-G b W mhk 6 R

o AIEINF;




teaching objectives

o WL WAty
o KF P WELKN KT H AL
B S 3 G
o JK-G b W mhk 6 R
o A IEINE;
o TE, & &) B Fal B WAL,




teaching objectives

o WL WAty
o KF P WELKN KT H AL
B S 3 G
o JK-G b W mhk 6 R
o A IEINE;
o TE, & &) B Fal B WAL,




1.9, Bh e =
= 044G Y




&= 0945

y) X“/ﬁ
A\ I

\l
n“



1. ¥, Az fe = 0945 4y

LI HIAW, KA, HEA

ATt (CFATRF%, [l 4iea




1.9 FLfe = 69154

.‘?J?)JEZ\:E_‘}]T"L‘? O ) 4&’5)&?0@“&; r‘%’i

R (PATG K, B

%) LT KARiE, BAKE, R
KA GRS 540, KA
])ZEH%Z&% slAaET, HBimhELE




1. ¥ B fe = 09454

° E?JEZ\:E_‘};’T'L Eu 5 ﬁj‘jﬁ il/ﬁ EEJJ ’

A

A7 &) Qi (FATRF2,, Flyhiesn
&) L kA, JERIEFL, 4
L LA REEE Y

B 2 7l R F

FR )
RTF (4EFS,

7 )

1ot o 2 5|



1. ¥ B fe = 09454

° E?JEZ\:E_‘};’T'L Eu 5 ﬁj‘jﬁ il)ﬁ EEJJ ’

A

%m%(«ﬁﬂ%&,ﬁﬁ%%
&)Rﬁ%ﬁ%,@*ﬁ&,@%
ek, KIHIBEMN

25 AR AL L 5
ARG a|#HF,

FR )
RTF (4EFS,

7

1ot o 2 5|

) mEKk. =k
KRB K h FAE Hy




1. ¥ B fe = 09454

° ﬁ@ﬂé\ﬁ/ﬁi Eu ’ ﬁj‘jﬁ il)ﬁ ¥, r‘%’i

AT H éi (FATRF 2%, FFtzsy
&) JUE kAL, KK, [

& N %ﬁ\%‘z‘ifg ‘
ARG a|#HF,

FR )
RTF (4EFS,

7

LU NEC LY
f 4t 3h 5 % 3)

1) JEARAK. TR

TR R R BAEHy

. JLEF



1. L fe = 0 4%

.‘?J?)JEZ\:E_‘}]T"L‘? O ) 4&’5)&?0@“&; r‘%’i

4’5%% (FATRF2, Fl3hisda
2%, ) LA kHrzz, @*xﬁiﬁx, ﬂ%\?‘b
I s S I
@B%jjg% Pl EFEF, R L3
KA (FEF, EIB) JERIE. R
RO KT Ak

R R, AR, R
12 5 1L JE B A 5 0 IRAE IR AF




1. L fe = 0 4%

.‘?J?)JEZ\:E_‘}]T"L‘? O ) 4&’5)&?0@“&; r‘%’i

4’5%% (FATRF2, Fl3hisda
2%, ) LA kHrzz, @*xﬁiﬁx, ﬂ%\?‘b
I s S I
@B%jjg% Pl EFEF, R L3
KA (FEF, EIB) JERIE. R
RO KT Ak

R R, AR, R
12 5 1L JE B A 5 0 IRAE IR AF




2.The Equation and Boundary Conditions of Electromagnetic
Waves




2.The Equation and Boundary Conditions of Electromagnetic
Waves

v2E 4+ k2E

|
o




2.The Equation and Boundary Conditions of Electromagnetic
Waves




2.The Equation and Boundary Conditions of Electromagnetic
Waves




2.The Equation and Boundary Conditions of Electromagnetic
Waves




2.The Equation and Boundary Conditions of Electromagnetic
Waves




2.The Equation and Boundary Conditions of Electromagnetic
Waves




2.The Equation and Boundary Conditions of Electromagnetic
Waves

ERFE T, WA 6 IR,




2.The Equation and Boundary Conditions of Electromagnetic
Waves




2.The Equation and Boundary Conditions of Electromagnetic
Waves




3.Electromagnetic waves in waveguide




3.Electromagnetic waves in waveguide




3.Electromagnetic waves in waveguide
XTJL y, BE 0.b =0 Ey!
Xj‘ EZ) EZ‘X2073207 EZ‘y:Ojb:
z A LR IS 6,

:O)

x=0.a




3.Electromagnetic waves in waveguide
I BE

AT Ey, 0p=0 . Ey

5T E; Ez

z A REER O IE T ),

=0,

x=0,a

=0, Ez\y:()?b —

‘X:O,a

Ex = Alcos(Tx) sm(Fy)eszZ



3.Electromagnetic waves in waveguide

By 5, 05=0. Eylyo,=0
X‘AJ‘ E,. EZ\X:(),a =0, Ez\y:()?b —

z A WELE B e,

Ex = Alcos(Tx) sin(”

E, = A, sin(!"x)cos(

d

y) oik:z

F
F)’)eikzz (3)



3.Electromagnetic waves in waveguide
I BE

X‘J Ey, b — O Ey’

5T E; Ez

z A REER O IE T ),

x=0a O’
— O EZ‘yZO,b —

‘X:O,a

E, = A,cos(Z=x)sin(!™

a b
E,=A sm(Tx)cos(%y)e"kzZ (3)
E, = Assin(ZF x)sm(n—gy)e"kzz



3.Electromagnetic waves in waveguide

*TEy BE 06=0 . Eyly—0,=0.

1 E,, EZ‘X_O,a —0 Ez‘y:O,b —

z A QRER )T T ),
Ex — A1COS(% )Sin(%y)e/kzz
E,=A sm(Tx)cos(F Jeikz  (3)
E,=A sm(Tx) sm(F )eik:z

1A, Ay Ay RE AR 4, B A




3.Electromagnetic waves in waveguide
I BE

X‘J Ey, b — O Ey’

5T E; Ez

z A QRER N TET )

X:()?a — Oa
— O Ez‘yzojb JE—

‘X—O,a

EX — A1COS(% )Sin(n_gy)elkzz
E,=A Sln(TX)COS(%y)eIkZZ (3)

E,=A sm(Tx) Sln(Fy)eikzz

1AL Ay Ay RATTA R, B
%Al _|_ n—[;TAz — IkZA3 — O (4)




ST —20 (mon) A P48 5 64 16
P K AR




x:.%?] *‘;f.l mn
ek A2

|04

2\

P AT AR S )





















3.Magnetic field in waveguide

)=
HZ__qu(a g 8EX) (8)

8xX Yy



3.Magnetic field in waveguide




3.Magnetic field in waveguide

)=
HZ__qu(a g 8EX) (8)

8xX Yy

745+‘ Ez:O ,EP A3:O,




3.Magnetic field in waveguide

- oFE
HZ__qu(a g 8EX) (8)

axX oy




3.Magnetic field in waveguide

H, = L%y oEx (8)

puy oX oy

3 EZ:O,E’P A;=0. mzA 4 A, =

H, = (k A, - k,A )cos(me) cos(nb y ) ek



3.Magnetic field in waveguide

_ | oE 3EX
He= 2l axy_W) (8)
Hy = L (kAy - kA )cos(me) cos(nb y)eik:

720



3.Magnetic field in waveguide

o aE o,
Az _wu( 7x W) (8)
% E.=0 B A;=0. mr Ay + 2z A, =0
Hz — _wi“(kXAz — kyAl) COS(%X) Cos(n_;y)eikzz
=0

Bl A, H,=0 B



3.Magnetic field in waveguide

- oF
HZ__qu(a y_a_EX) (8)

oX Y
& E:=0 /P A;=0 mr Ay + 2z A, =0
Hz — _wi“(kXAz — kyAl) COS(%X) Cos(n_;y)eikzz
=0
’gl#ﬁ? HZ:O Hﬂ—a EZFO




3.Magnetic field in waveguide

- oF
H =120y 9Ex) (8)

oX oy
H, = _w’“(kXAQ — kyA;) cos(%x) COS(n_;y)eikzz
=0

@#%a H,=0 EH—’ EZFO }S}TI/X, E/}J)i
% W R A B R SRR

N\




3.Magnetic field in waveguide

- oF
H =120y 9Ex) (8)

oX oYy

745—’: EZ:O 1EP A3:O, %Al—I—nTﬂ'Az:O
Hz — _wi“(kXAz — kyAl) COS(%X) Cos(n_;y)eikzz
== 0

@#%a HZZO EH—’ EZFO }S}TI/X, E/}J)i
FE W R AL BIRSAHALE, T
AT 1A% W AR




4 B E ( cutoff frequency )

k2= k2+ k2+ k2 = (M)2 4 (Im)2 4 k2 (9
X y Z 3

b



4 B E ( cutoff frequency )

k? = k2 + k2 + k2= (Tm)2 4 (Om)2 1 k2 (9)

b
4 k2=k2+ k28,




4 B E ( cutoff frequency )

k2= k2+ k2 + k2 = (M=)  (Dm)2 4 k2 (9
X y Z 3

b
4 k2=k2 + k28], k2=0,




4 B E ( cutoff frequency )

k2= I3+ kj+ k2 = (T2 + ()2 + K2 (9)

b
4 k2=k2+ k2AF,k2=0, Z k2-k2 +
k2w




4 B E ( cutoff frequency )

k2= I3+ kj+ k2 = (T2 + ()2 + K2 (9)

b
4 k2=k2+ k2AF,k2=0, Z k2-k2 +
k28, k2-0,




4 B E ( cutoff frequency )

k2= k2+ Kk} + k2= (T57)2 + (7)>+ k2 (9)

b
% k22 + k2At k2=0, % k2-k2 +
k2B, k2-0, #5486 B T3k T AR A
¥




4 B E ( cutoff frequency )

2= K K R = (T (T2 K2 (9

b
4 k2=k2+ k2AF,k2=0, Z k2-k2 +
k2B, k2-0, #5486 B T3k T AR A
T . FTASR/ANEGIRE A




4 B E ( cutoff frequency )

2= K K R = (T (T2 K2 (9

b
4 k2=k2+ k2AF,k2=0, Z k2-k2 +
k2B, k2-0, #5486 B T3k T AR A
T . FTASR/ANEGIRE A

ke=Ig+ k= (FP+ ()2 (10)




4 B E ( cutoff frequency )

2= K K R = (T (T2 K2 (9

b
4 k2=k2+ k2AF,k2=0, Z k2-k2 +
k2B, k2-0, #5486 B T3k T AR A
T . FTASR/ANEGIRE A

ke=Ig+ k= (FP+ ()2 (10)

omn =[G (B (1)



4 B E ( cutoff frequency )

2= K K R = (T (T2 K2 (9

b
4 k2=k2+ k2AF,k2=0, Z k2-k2 +
k2B, k2-0, #5486 B T3k T AR A
T . FTASR/ANEGIRE A

ke=Ig+ k= (FP+ ()2 (10)

omn =[G (B (1)



4. wave electromagnetic field

Ex = Alcos(Tx) sm(Fy)e"kzZ



4. wave electromagnetic field

Ex = Alcos(% )sin(”—gy)e"kzz
E,= A, sin(x

N7 1k,z
j x)cos(F y)e



4. wave electromagnetic field

EX — A1COS( 3 )S n(n_l;ry)eikzz
Ey — A S|n( 3 X)CO (n_[;ry)elkzz
E,= A3S|n(7x) sm(”_gy)eikzz



4. wave electromagnetic field

EX — A1COS( 3 )S n(n_l;ry)eikzz
Ey — A S|n( 3 X)CO (n_[:-y)elkzz
E,= A3S|n(7x) sm(”_gy)eikzz

‘:l],!m:]_,n:()ﬂﬂ‘,
EX:O,




4. wave electromagnetic field

EX — A1COS( 3 )S n(n_l;ry)eikzz
Ey — A S|n( 3 X)CO (n_[:-y)elkzz
E,= A3S|n(7x) sm(”_gy)eikzz

‘::_l‘jm: ]_,n:OEH‘,
Ex — O,
E, = Aysin(Zx)ek?,




4. wave electromagnetic field

EX — A1COS( 3 )S n(n_l;ry)eikzz
Ey — A S|n( 3 X)CO (n_[:-y)elkzz
E,= A3S|n(7x) sm(”_gy)eikzz

B m= 1,n:OEIﬂ‘,
Ex=0,
E, = Aysin(Zx)ek?,
E:=0




4. wave electromagnetic field

EX — A1COS( 3 )S n(n_l;ry)eikzz
Ey — A S|n( 3 X)CO (n_[:-y)elkzz
E,= A3S|n(7x) sm(”_gy)eikzz

B m= 1,n:OEIﬂ‘,
Ex=0,
E, = Aysin(Zx)ek?,
E:=0




4. wave electromagnetic field

Hy = ! oLy _ —&Azsin(ix)e"kzz,

wp 802 W b d




4. wave electromagnetic field

Hy = ! oLy _ —&Azsin(ix)e"kzz,

wp 802 W b d

H, = 0.




4. wave electromagnetic field

Hy = ! oLy _ —&Azsin(ix)e"kzz,

wp 802 W b d
Hy

0
H.

| . aE . .
_wlu 5% = _wlu(g)A2 cos(Zx)e’?



4. wave electromagnetic field

H, = wiuaaEZy qu sin(Zx)elk?,
H, =0,
. E .
H, = —w'uaaxy w”( ~)Ajcos(Zx ) el

Hycos(Zx)elk:?



4. wave electromagnetic field

Hy = ! oLy _ —&Azsin(ix)e"kzz,

wp 802 W b d
H, =0
X ' .
H, = _w’u = _w’u(’c,;)%\2 cos(Zx)ek:z
= Hycos(Zx)ek:?

TE, ZAFRIK, T AR .



4. wave electromagnetic field

Hy = ! oLy _ —&Azsin(ix)e"kzz,

wp 802 W b d
H, =0
X ' .
H, = _w’u = _w’u(’c,;)%\2 cos(Zx)ek:z
= Hycos(Zx)ek:?

TE, ZAFRIK, T AR .

. —ikza . T k
H, 22 Hysin(Zx) e'k2




4. wave electromagnetic field

Hy = ! oLy _ —&Azsin(ix)e"kzz,

wp 802 W b d
H, =0
X ' .
H, = _w’u = _w’u(’c,;)%\2 cos(Zx)ek:z
= Hycos(Zx)ek:?

TE, ZAFRIK, T AR .

. —ikza . T k
H, 22 Hysin(Zx) e'k2

L iwua - (T ik,
£y, = =E2Hysin(Zx)ek:




4. wave electromagnetic field

Hy = ! oLy _ —&Azsin(ix)e"kzz,

wp 802 W b d
H, =0
X ' .
H, = _w’u = _w’u(’c,;)%\2 cos(Zx)ek:z
= Hycos(Zx)ek:?

TE, ZAFRIK, T AR .

Hy = Kz sin(zx)eik.?

oo d
_ lwpd - (T ik,
£y, = =E2Hysin(Zx)ek:

H, = H,cos(Zx)ek:



4. wave electromagnetic field

Hy = ! oLy _ —&Azsin(ix)e"kzz,

wp 802 W b d
H, =0
X ' .
H, = _w’u = _w’u(’c,;)%\2 cos(Zx)ek:z
= Hycos(Zx)ek:?

TE, ZAFRIK, T AR .

Hy = Kz sin(zx)eik.?

oo d
_ lwpd - (T ik,
£y, = =E2Hysin(Zx)ek:

H, = H,cos(Zx)ek:



4. wave electromagnetic field




4.  wave electromagnetic field

< —_ ]
. Z
y

4-10





