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Tramsmission lines and W"W?""d“ / (onTenT

;hf:‘nire/), /pnj Transmission /fné
7[:‘e/o/ (fua?fms /W TEM, TE, TM waveg
rec 7an07u /ar waueofn;o/e.s

- o/{s*/wr sion re /a Tom

-._ jkouf V@/OC:"T/ ond P‘as‘f ve/oc/'y

Swnr face wave

* olie/ec‘/rfc s/a,é Wal/€jufo/€
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Tmnsmission /fnes ond  wave o?ui;/(&

Considler "/\nf/nffeér /ﬂh; Transmission /f‘nes”.

7 ég ———7 W4uve f”W/Dajana'h/ e"olfz“ éd\w‘(
'Z” —— T

/'Z_xfre;s ol the field m»fahenfs‘
— Z witl, Ez? avd /7!3

CMIS'-‘o/er N
Fime.- /\armow.‘c 7[:‘6/0/3 ( Elﬂ/ﬁ“’ ?}6:( @fl @ 9'7‘, Z{Zf»}‘)

, : Wt

€2, y,2.t) = [E(z 4 2) e?” (Ja)
rwt

H(z. 9,2 t) = Hxy 2z)ed” b

e—;ﬁz (2 b)

{ E(z.y. z) = [@(z.;z) +Z€z(z.;)]e’o‘}32 (2a)
Mg 2= lhay +Eh(z 9] i

| Fm/%am?ou cnsT,
Z\ Transvekm// /07 i tudinal (12 Hﬁ K'z)t )

fie/a/x‘ ffe/a/S
(HrmEmp) (#1756 F288)
(2.4 a6]) | (Z3/))
j/$t~b§’nTuTe inTo MA)(we//'s <{s in f*’eg
6{0711017«
Vx i = jwe E (3>

rewr, tin us*in} ao»»/;onenfsl E=(Ee, &g E2), H=(Fx, Hy, Hz)
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0k (2F4\ _ _ -
g5 @ Jep e (%)

375 ’;';é = = jop Hy (%6
az%" 2'51 - “JW e (4¢)
2?’/;2 G2 - e B ()
aaHz 2?};(3 = jwt by (4e)
\%%' _%ﬁ;zc.:ng & / (+f)
Them,  the Z- derivalives ave 967’[/?8_._ R B,
(arf> ave rewriTien as e wv;fvﬁ ot
(2 iy = eyt (52
’Jﬁ@,\t/‘ Hy - <5»A>
< i A e PRI (s
%%z TIps = J”E@ (5d)
dpte = Bl = jue ) (5e)
%% - 2’*’%{ T Jve s (SF)
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x(we)

w

%/

2 E _ 2Hz
_:5_;; + Jwg (JIQ,L/,( ____) Jw/tHz (€)

Ey
- I R
N2
_db . _ B o
weE Hz weg 228
2B _ f oM _ _. P
29 s 2% d[wluHx -+ o & Hz_ (1

LEZ‘ _ ZH? = [~7 -+
2} oz -—<st/¢ //52)/—7':( . (4

Consicley ’TAAT wzf/‘( = Ciz) = koz (9

by wave Number in

Vacuume free space

Al bond side.
RHs = —(/ (/402-‘ /32> Hz
= ‘Jhbcz /'7'1.
kcz = koz— /32 Seut off wave number

(10)

T;M/// (54) is rwvr,‘TTe'n as

I'le

/82Hz‘-—»,é tr

szi_(wgf_é—/g 24 ) a
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From (54D

: / aH _
Je e (55 T ipH) - 25 = et

H 2Lz _ _ -
a5 *Z’g‘”v“sf“‘J“’/‘H’

AR - ws B2 = (- ek~ g Hy

= *‘J (koz‘ Fz) Hy
\ Jk /’/g
HJ = :;{- ( AL 3’5 /3 2H5‘) ()29

Same Vé" rhe e/eCTrfc #e/ds , we;ef

_ L g2k 2 /e
Ee=gr (P32 +op 57) 0%
L (0B |
£y k' ( P 0y TN 'Dx ) ‘ (4
Ez Hz
TEM =0 =0 - Transvevs electio- /m;ne';c
TE =0 *0 - -- - Tansvers c/ech (4
™ * 0 =0 =~ Transvers m;ne'n C

| ” ) ”’ [ hfrniTe
For  infinit } /rh} Transmissom [in, L adl the Trusyersa
/0"; Tud ihaf %C/ﬂ/&.

( Hz‘, EZ‘L)

‘f\ efds Can he é/kfﬁ‘éssea( b)/ the
(Hx H, Tx. Eb)
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TEM wave

E:(Ez, Ey,O), 5"/=(H:(, /‘/;,0)

Maxwe /] s efualions yeouce 7

E, _ .
_%gi_ = =W He ©
d Ex _ .
22 4 Hy

0
> Two poiv of equaTions (@, @)
'/

Z
a/;/x - di“’g Eg Two “ Scalar wave 4zua7.‘ou;~/"
Il

Two p/m:e -wave so/uTc‘ons

—éﬁz = J‘wa Ex
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TE wave E=(Ez.Eg. 0). AL/.‘(/L/X. H; Hz )

He,/on/'/z egM'TTO‘” T Tevms :f Hg

2,2, 2 *) -
(azz"ar’az**é e =0 (1o

ko = wiep
j He = /ez (z.9) e IFE

(222 -pk’) He =

222
(22 L)
< 2x2 * ;‘5,_ + 'éc ) /L/? o (16)
wheve 2= éal_/gz ) (7>
\{ {0/"0 ][VV /L/Z 'fAeM. we a/f// 74‘01?/
oH
from (u> --- Hy = 75’/3 3; (/&)
— =t 5 2H
w o My = Ee 2 -
, = TE o O
(4 - - Ez ke a 27 (20)
& dHz
P . = ——'2"41) —_
(1w Eg k’c M 2% (215

5.'w a)l 1he ZZI‘e/a( £ ponents .
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TM wave E = ( E. Ey, Ez) H = ( Hx. Hy, o)

H&/MAO/TZ engm‘n in Terms 07[ E;}

2 2 4

/ Er = €z2(z, 9 e If?

o

__2: 2? 2 2 —
(&2 - k) B =0

(—?— +{3-2—2 +/éc2) E; =0 / (23)

Y6
wAew Acz-’-‘ koz—/?‘, (2%)

sfove 74/ Eg 7‘-Le44 we wif) -/ma/

From (> -~ He = ;‘:é w e 2—?% (25
(2) -- Hy = %”8 ;‘? (24>

(13) --- Ex = if: gf‘f (27)

. Gs) £y = Zz 37[;5 (26)
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X Qa 0

A Vec‘fan;u/ar Wﬂl/éjuia/é’ s*uf/orfs TE and THM modes.
We  consiolev heve vhe TE mode ]

E ={(E E, 0),

H = (Hy, Hy, Fe )
' R findk thic /

(=9)

S‘fay'/;nj w;-rA Me /L/e/on/'fz ezu47,'oﬂ /n Terms of
Hz ,

2 2 2 2
(’2—+—2—*—-2”+é,)/'/g =0 (30)

212 2y* 2%
Aere ko = 06 o, (31

.léo iy fle /Jro/)ang”‘ CmsT | in /’rn Sface

ASS‘ume \
Hz (x, 9. 2) = Hz, (x. 9) e % | (2
'f/te Hl/m/lo/Z’z ej. 'S YewwriTTen as

.2
2 22 2 2
(Zz’ 7 5;; "/3 M '(’0) Fz (x,9y.2) =0  (33)
(e Ve . .
or ‘/

24 D méi’)/‘fz(zzz)e’~ =0
?Zl ?yz C 0 ! %)
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A, /)rv/)afaf;ow Consl. I frel S’/Dacé‘

(waae number )

IB N fmfdéd?’:‘on CI?)ST_ of 7’%6 gul‘/ed w ave

ke c%‘wff wave Number
pewm‘ft /'/Z, as

Hzo (z. ?) = X(R’) ’ >/(é‘) , (35)
and
2
b= ke é; . (36)

them -fle He/m hol72 e; s

2’ 2

(5;2 T 2—;7—; + 'éCZ)X(Z) )/(3) = 0 / (37)
2 2
22);(;) Ty T "‘"&72;) Xw =+ &"Xew Yigy =2

” [ X LOY e, 4

_,______,..r_—

X 22’ Y 294*

e — AN —_—
\ s<) /mﬂw/ of varable
éeﬂeYJ So /17/‘071 . ?/,/ o ge/m ra r‘\o 7

LHZ»(I,;) = {/? sl 2)+ B sinks Z)}.{C cos(by 9+ D sinlb, ﬁ)} (39

=0 (38)

/\/1"0 we /‘m/m.e éouno(ary Conditions To 7he ?enem/ fa/uT.‘ou.

S“FP’” Ex (x, 9.2) = Ex . 9) e JFE . (4o )

Ey x, 7. 2) = E;, (x. ) e Jf* . C41)
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B.C.

j Ev.(x.9) =0 at 1=o, b (12>
57., x.9) =0 at x=0, a (43
At
Ey =0
& b
A Z
4]
T a4
From (20) 5(,, x.4y) = ,é w/u _M)
(p43) ‘ 24
= ’i o - wsézZ¢B§'\héxI)’
/(’; ('C S’fméy <{7 + D 005143 ?)
OL L (%)
From (21), Eo(x, ) = = w
(p.43) g & & (L4
J. w/u /é’ (—'/4 S"m/é X ‘/'B Cosléxz)

TR

c(Coshy @ + D sinky &)

(%5
From 4¢), ot f=0 Fro = O (‘C'o‘*we'/) =0
Hevefore . D = 0 (%)
ot Y=b, F = C ) (~C snkyb) =0
-r/Lareﬁre,
DLy, 2 - (37)

4=
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Egotr.3) = (D (A o+81) =0
(%5*)

From (#5), at X=0,
| therefore, [B= 0.
at x=a, Eyg (1.%)= CO(-Asnbca) =0
-f[urefvrc T
’ ;éx":%/ m=17,2,---"(¢9)
7; Swmmari2e ,
{ Axo, B=0, k =% . mr2
- V .
Cxo0, D=0 £ =zb_é L m=1.2 )

amd 'f/u %:nw/ S‘o/u'ffoh 747 IL/Z 1S
Hz (2.4, 2) = Am cos(bxx) cos(by §) e W e

/é=2"_7_[ _ mr
1 a , N9 b/
/’n,r)q:—72'

2Hs :"{E Am'n /(' (-1) S'mé g CDS/é 4

Foom (18); Hy = ;é F oz

. 2H, € //92 o

(4q /—I; jﬁ _(_);;_l /49»4' ky (-1) cos fex A Sin égy

() ; Ex ‘;'L""/‘ g—/j—? Jw,a Amn by (-1 cosby X - Gin by &
c\ / e J/’?

: = @

(21 E} ﬁc‘ w/u 7?/;/? 25‘/‘%4‘ /éz (_0 Q‘“,(Vxl (05 l’y }

X A

T \2
(’2”) ($$)

ﬂn /8 ‘/____‘ ‘/ko T 2——

e ~JpE (52



/?ec‘fangu/o.r Wave uio/? (TE "'00/€> 4d./
P4 (D) p/oTTeo(,j ¢

]cz/o"/"?/-/g A=50 ,,
’ m ,é =0 /"Z—' _ /_&_u_z— 3 -
HZ 7&2/0/ (""Poh%'f,‘s‘ # 0) ’ ﬁ - c* Iét, ’éyz

Hz for m=1
0.05 T Th v T TH T ‘,

0 0.05 0.1 0.15 0.2 0.25

0 0.0 0.1 ‘ 0.15 0.2 0.25
z [m]
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/Q?C_/Gﬂjw[ay waweju.‘a/e, (TE moa/e)
PEE. (54 )

Same ac pté. [

E;l field Gmpohenls  (Surface /0/07>

x [m] 2 [m]
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ZIZII77777 77777 ) - ’ 7
% /,/
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& 2 > —— X
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\ /\
ﬂg/\\ 0"a/z\
H % N a
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% // \ N
/ \\
/ \ \
v
N Cmetal

Il

(%)
(_L
X€L7l_r2£ A

2

k=

—

Pro/oa;m"ow Cms‘T /3 /b~ kc /(
(]

gwo(eo( wave /en;—r/»

= (&
(72)"+ (5
é;

)-r/

(£6)

-rﬁz

.’

A, free space wave /CnJTA

2/, ) jw‘oleo( wave /en;;%

Ae ) Cat-off wave /enjrA
(=2a)
U

: _ 21
ﬁ = T /DVO/DajaT,D’h
constanT
=20 _2nf _ w
K free— space wave
humber,
b =28 -
¢ 7&. 78

227—

)2

N

o(e’krm/‘nu/ by ,/7[ and "



%9-/
D:\S‘PQVS;O'PI yelaTion /W‘/3 dfaj””’”’) for rec ”‘j’
from (56), o w=C ki p
L= b° -f/jz/ wirh k=

C /
= T2 T
= JEE)H (5

= /3 = [k - b2 plot
0 Cu.T—off wa e humber

w
T

evé’<c (/?A?i/,‘nq>

angular frequency [rad/s]

(1,0)

K yprc
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/:'] N’/3 a/.‘a;ram

v — _d_‘:'-) = ———/—' = / — /__9_2 2
Podp A1 (&g K4 2w o
dw 2 \¢? 0) c <e
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G"UW/J V&/oc/‘T)/ , (ﬂeﬁw\// Ve/oc:'7 af' eneryy carried b)« e waae)
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Sur face wavé ( % 1] :R.) Ry

/f\I
regiom i, 61, /A1
(Z}ZO) 0y, 2

| / .
0 7
—

region 2 &2 pe Egz Y ) (z% =0 ; the media is >
(x<o) g, uni form i - dvec.

/] fumo(am&n?"w/ mof/e df a S"urface wave (s TM )
He/m/w/72 eg . h 'Terms of E—Z m V‘e;ia'h h[ "’ [:70',2’.

2 2 2
d 2 2 2.0, =
<5"; + o *{,}3 -+A)€L/Ab)Ezi =0 (¢0)

Cohs‘.‘o(er /osc/ o/fe/ec tric media K
wx i = jurE + 6 = jue (/- jag )E

/"

. 0
= £ - -
J w
(Also, u" contd be lossy. ) = g
A R “(E-j25) w)
L e
&
N @ § Yy — actusd prp- omsT.
,rmv\-'.rv:()\ff (orsT: J\:
4 \ e N ___ _ __ > Tnl — prop. omsT. i free S‘/Mt.e_
' 7
g3 2
O ': l’e/d’/-‘om 07[ the
! prop- cmsTs.
P A e [
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/os*s/ess case : /ossz Case .
|
Assume z
N _ -t
Fo,0.2) = Ezy(v e % 1 Eq ey = b, 0e”?
(62)
\ (=172
\
He/mbho |72 e ‘\
§— ‘ So—
T R L
: | //
Ao; | -7 (43
( ,;
U nmoreovey pwe rewrile TAem as ‘n/
2
2 _ 42 2 = g
(?—2? ’ °i)5’°£ ? (212+?/ ‘}/"‘)E‘Z" -
V4 (64
2 2
LR ;e
2’ 2 :
(o b ) B2 | (5 4) Be =0 4

éene mj $o /u Tion !

‘f\/éc,‘z
Ez 0=A; 7™ y
+ B e 4Rt + B e X%




g3
F/-‘e/a/s 0 each Ve;fa’n :

must be ,jtfm‘T{’ 48 X = oo, #Aerefom 41 =0 .

i) In re;;oen 2, Ezozlx) =@—r 32/6/%1 (68)

musT be f;‘ni?‘e as X-» —00 TAéi'(ﬁrp B> = o0

vy

H’ TM moa/e, "j
7%'”' (26) Hy = 77 @€ 69
(pss) I 'éf[ (40
_ ¢ , 2Lz
fom @) e T R20f (70
l Y‘ef/ace
(7)
_ &
/—-/7 poE WE;
T oFz:
Ex - 9(52 2 <] (73)
TAer(f;re/ Ih Ve;:“a’h 1,
E oz =B e X% 7E (7%)
W&
Hy, 2> = %(w_;'l B, e XX~V (75)
]

Ez, (x,2)= —;’— B e ME-¥Z (76)
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JZ myWhZI
~rZ
Fzy(x.2) = Az e72* ™7 (77
w€ - rZ
/-/;z(z,z) = "l ZAz X (78
_rz
Exs x,2) = = A %% (79)

Nﬂw , we /Hin 0S e A&Mng/a)y @09’4:;7'\071/9 ) /L, e.

the freld tomponenTs 7°an;eh7/"4f 7o the boundary

musit be ontinunous.

_ Y
At x=0, j’ Ez = B e > B -4, = Fa (303

Ez = Eg, Ez, = A, e
JOE,
alse Hy, = =5 B, g .
Hy, :H32 He, = LW E; X A2
32 9(2 AZ

From (P1)  we get "¥Y 7 ac Follows

2 2 2
ﬂ/[:-?/‘*?/o[ y,

Snce
(3)\ _ é/ — 82
IV Y %
or éz _ 5'22
3/ - 2’ %22 - 7?* ,
2
@hfo/er +hal 40 /l& = — %L‘ ,
w*ES ) !

Cﬁfl/D / ol
“' —_— .
e 2 D) T ki -y (B

Yo -
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% ’
9o, L 9/02“ /
174 % & 2 2
L gt opt) = 22 (% -T)
/0(2 —

0o." 00" _ (’/014 Yoi
vZ = Mz AL
5t

/azz /L(/Z d—o/’(
Vs M
o2 [ _ /
— 2 ‘ya/z /uzz
- SCEE (82)
o2 , 71 __/ &
)’0/4 /t(:.z

/T—;r The S’/Jec,‘a// case a/‘ /a, = Mz,

2 2 “
ozrﬂl"a'o/ «

)/2 — %22

“ %
J;z ")/a/
2
— J/a J,Z o‘/’;_ a/0/
— p m
/ 02 ),02 _ n,q_
2 2
= %’ 2/02 {‘?3)

2 2
)/0/ +2/02 y
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Dnce ?/ s know'n, we jé’T ﬂ/[ as

ai=/ni-rt | i1z @)

WACV( 2

&= &all~jome ) (6
(see P15, (50 or psi, (41))
Ih Summary , The #e/afcwn/ohenﬁ aré

Th re;rou 1, » "
- -
Ez(z.2) = Ez € nx D
Hy (x.2) = - %ﬁ' L, e~ XX-TZ  (s)
W
Ex (z.2 = - —5(3-/— Ez e MA-TE - (s0)
/
and n N’jm"' 2,
( Ez x.2) = Ez, o M¥-T2 (7)
AYS _
< H72 (x, 2) = 2(22 EZO eﬂlzz ad (90

| Erw®) = 4 Ep, e METTE (1)



9&»"]&(? Wave 5'6 ' /

P56 (875 (89) (90) (927
JCCJ)X/09HZ

E’”/=/ , M= 0, =0.0/ I 5
T e, Gmog g, |73 858

=258+ J/\«Sx/oz

08 obTained by pss (p2) o (g3) KXo =1/2%(0" +J‘2.5'2)r/02
9(1: / l:: 7, 2 ave fmm (,ag) ) g

Ez

0.2 0.2

0.15

0.05

-0.05F -0.05

-0.15 -0.15

-0.2
0 0.05 0.1 0 0.05 0.1

z [m] z [m]
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/Vow w? CO%S’."o/PV a meore $/>ec,‘a,/ casée

region 4: o air €76, fuy = e

7

JITITTT 77777

begiom 2 metal (mmma;ne‘frc)

CUEZ <« 0/2 , /uzs/‘(o

In —I'AI'S orse,

i : s
Tor = juf&ope = jko = - (93)

é,, J PAAS? Consjant in free space
Co S}Deed of /:}n/-r in 74‘« space .

2 =02wv/22(/‘a[‘w_0;2;)‘/‘(0
N . 62 T
—alw‘/(gz'—}w)/uo «/;:=fe_}7f=e*2/7

_ g
— . 02 =
’}”/7 W e i
/01 /deJO’z /
= /—03-?—1‘—“ () (74)

PR ' S (TR ik
2 2 hz ?_‘ 2
/r'/"roz /—f;_;g ”.+ \k,
k Jw_ﬁ/to

/I-rJ L (95
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Xe = /W' - 71?
20
= oz
= 3;—"-&" (173) (%)
From éoandmy condiTion (1),
E
X = "?(z_g-,:—
2
w £I éo 2
RS af’é 0 T X nz
e %;
2
07:2 _ "ko

]
|
7
l
4,
3
o)
k3

_ 4 w6 2
0 0’2 /—f/'
_ 4 [ wE S (1-3)
G (1))
W Es .
= (1- (77)
ko 2@ ol) ,

1 _ 2
IRy T [sar o ske kg

/
The ﬁ'e/a/ o(eca)/«s' ja the ComducTor é/ a 7[&670" o F 3
as /1 />ene7m7‘es\ ﬁ/ e o/,‘sTance f
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This Type "f pww?ﬁw‘ole is Considered as a Two- dwmenssnel|
af/:rvﬂ’imawoh af an 0P7iav/ 74‘£er )

4 T k"
kej ion @) fe, & T/Z c/o.o(>
7 attenualion

AN

IR RPN

Kegion
R e
f?ej/orz@ | e 6 Nslab o,

Use oltffere'n‘r poTalons .
ﬁ : /oﬁase consT . of o) ;ufp/eol wave

Pz Trans versaf Péa;e consT.
(e(; ﬁhléc",‘ ~off wave Number )

oz : Transversal gtTenwation const.

ko = b\)lfo/‘o N free ance wave humber
ﬂ, (or‘ /)Aase const. in  free SPace)

ko =0 € o (%)

/eu =w /¢, /(0 (/00 )
Q/A,E wauejuia(e TE Ej CConT nuoy s ,(faho('ammTa,/ Moa/e)
™ EZ : d-'SConT-'huoué‘.

cf Sarface wave re /Wge attenuation.
TM ,S\n«w//eg- .e/neyj), (funo(a?nefn'fw/ hwa/ﬂ)
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We now cmsider TE  mode /pro/mgm‘ on with
the f (of Compo Nemls
{ E = (o, Ey . 0)
= (H:(, 0, Hg ) . (ro1

Maﬁwe//s egomhms
VXF-‘—/I,D_C =—jN/L/H (/Dz)

2 (103)

are wr'tten down 48
7:7;%./ - _f}é—i = —-O[w/&@ \ (104 a)
%_;ZE-;L - %% = —jep Hy X (Jo% 6
25 22 = oy (14 <)
2/;' _ %%’z = jwe Ex X (1o d)
Yo - - ey (s ¢)
%ﬁ;'c_z - 5 =jweEr X (re% £)

Snce ?% =0 ,  These can be reduced 7
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2E X

25 =4k (1054)
/// {“éﬂ7u7€

3E7 = —

DZ// /w/:H} (1054

2331 ) %‘Hz = JeEl

From those | we 9t the  Helmholr: efuaTion by e//mna7n
ej Hx omd Hz ’

osa)  He = —— 2&4
LM a2
I 2k

I

vesk>  He T TJ Sr

Sués-/:n*(,‘h} info (/08 c)

3[7 _ 2 /| ok -
aZ(,/w/L az) zx(—(ﬁ—/: _a_{z = JwEEy
or

2253 ?ZES 2
+ £ =4 +we/4£,=0 (106D

22? 7 (
Same Qg\ 'f”'f /L/Z )

/43 MSM/, we Can AsSume 7‘4»7
Ey(v.2) = Eyq IPE (r07)

and TAeﬂ (106> s rewri Tlen é/
2215:7,

222

~fEge + b B0, REuEm (108)
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or
_7_;% + (,é,,"-/g‘)é}, =0 (10f)
éoz‘/‘gz = ﬁt (//0)

\[ 2 TerTion
jﬁx —> & = o '*0[/31 Cr11)

2
or /312 — - ¥ (112)

7‘[&»: 7[? /—/g/fon/Tz wave .eZ,uaTim '8 éafwo/ea/ 7o

o _/059// Case aS

2
371'5_:&_@- 7 ,E;.(x) =0 (113)

'ﬂe ;o/nem// so/u‘[.‘on o% 741\$ e;uaZoh )8 Vcao/."/)/
Oé'fm‘neof a3

Epw=fAe™  + g™t
=Ae(°(x'*°[/91)x + B e"(O(X*J/gz)X

= A e“"z(cog/&:( + [ sin B x)
+ B e'«"x(cos/?xz —/\ S‘:‘n/Qz 2’) ey
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Dielec‘fr;c S’a,b wawju?afe (QD approx, of oﬁ.‘m/ ffb?r)

A O/z"",Bz .éoz
@ d /’(o , & %{6
B ko —
0/6
0 g =,

SymmeTric my4, (TEo, TE, ---) (Eb Hz He 5 )
‘ , ) on),

/i C\OSP z é d\‘ Z d

5 d (2) @c/ao(
B e%x e 482 Y
— <-d (3) @ cfad
V"E-"w H
¢ ,(0/5=—‘w x»}{) /
\ dM 2
~ JIBZA X -iB 2
i Sin B x P |z < o (%) @ core
H = Oy
Z _‘j B e-‘xzz e—‘jﬁg
o X > d (£ @ clad
£%
22 R e x X -
| 4Pz X<=d 4y @ clay

Boano(ar/v condcton:
Con%nun‘/ o]/' 7(7@/,{5 ot Z=d -

E . (1
/ng — A cos B o e #P% 8 e—O(xo{ e_J"BZ -
Z - = —
X= o ~ ¢F=x - ol \ ‘
w/‘(o A Sin /gx d e JIBZ ___::_;% B e-olza( e-JPZ
' 'f/‘e». we fe"r ] @ (U
_ ]/ Xz

P Tonfoxd oty 0r, Tnfed = B (D)
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Propaga‘l.‘o'n Co‘)j,s'TaM‘l _,Qe/affon
He/”‘AdTl’ egkATfonl

2° 22
- + 2 , 2
(32 '&22)57 t ki Ey =0

@ For (x| < d ) from the ;»QATO b ’(‘?)
. 2 N between +fe Transver saf and the
= 2 /a 1 Tud,
r + L5>L éﬂ /50,2— o ?a,/(, . i Tuddi nay|
@ For X > d TmnS, (MJ' ‘ e 7"""’59”9/
A/
2 2 — /
@& -+ ﬁs = ,éoz ({0) & A
(TVEV\S.T(WJC- | Tx = % ‘ro,‘lgx
(- (10) 4, e/fmfrmfe /g *)3(2 —(O(X‘*J\fgx)z
B4 o o 422 tled inlo 872 "l
x O(l = éo/ _ iéoz Su.LS‘T-TV\T?d inTo /81 To (?rr "yz
= /\)2/40 (8, - 22‘) N deTeyminan'(J egMTrcu.
or 2
ol 2Ueo -
| + ?:? _ Wik (2& £ | o =\/w74°(£l~fz)__]
e , F" . ﬁxz _ (77)
d —C”tﬁ d
:C/Pl A (7) Tan onl (m:2) Ton on‘

(m=))

——

(1) a)z/«lo(é'/—é})alz_

: (,310’)2 7

T 7(2101

4
|
|
[
[
|
[
I




D,‘e/ecTVfC s/aé wawyu.’;(e 64/‘\ /

I

a(=a.2/m ,(5‘, ’ Solve (T)=(11) (p63.6%) , (.e.

B E=7" Tan(ﬁz-a/):_‘/wz/‘o (&—Ez)dz_/ (2
(B d)? 2)
Perd = 08518 (55,
0.9504 (/‘3/4,”0
0
cafculate é,, , Roz (&)
/8 (9) :> Qo/u'f{o’)z of-l/m 74;/”4 /953 /7)/(2)
0(7( (o)
Ey
L |
09 '
~\ |
r 08 |
§ oz ! . o
\§ . 20’/§§/m1 ('f’/-73 0" Hz)
zj 20;/-3/,4%
> 0
L s (f=2.3/x/lo"‘,qz,)
02|, St iy O
01| slab, p63 (1> : ary pé3 (2)
|
% 1 2 3 4 5 6

Ey, 1.3 micron (231 TH2)

E:y (4’5. %m"f)
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