€.9 Perfect Terminal

-

Y R . v o ca¥ ~ d 4 d
nLAToYAInaURBRLAIna1 YL TN uﬁ:ﬂT:QUﬂ?ﬂﬂﬁQWq1nlﬂﬂﬁﬁUlﬂaﬂuﬂ
- LI L] L} L3

4 9 ! . - o 4 4 - o
uAIUDn ag\u%qq digpersive INANTZUUT DAL ATDIAIT I T AIURYDLN wrls

i 4 4 v ' v
dwiimanatait dus s Unlﬂﬂ?iaﬁhﬁulﬂﬁﬂUWW uquﬂanaqq1ﬂ1ﬂﬂaaﬂ1uunﬁia:wﬂu
'U‘rlv g ) - o - -~ - vﬂ* ‘ -
uﬂwquﬂaqﬁuagnUﬁnum~mﬂqanwunumﬁaqnanaﬂqtmunu NAAD DABURLALTTD I

] » ty £

nansiininaiunaanss lufinArdznau i Antu L perfect terminal  uABAZNLALS

[} o ]
-

o » J
frnnrerulumnat o eyl fanar dznausaaniule Laz0 SRR AT L Aneiy
v v
dznaulnuan

. v o4 VIS WL vy v ov
l7ﬂuﬂuﬂ?ﬂﬂqdlﬂU1ﬁUlﬁﬂﬂﬂﬂ1 LRl aedenaunsnulauL au L annugIY
v

r - ﬂ T P Y a4 ¥ ' 4
Ho (Tumtu L gwiuniugauile) utanu L dut endnnuneil dashpot (A4

-

11
Nu

ke O .
. ]

S 5 4 A
vrifuniin r d@wsvnweaate)  Tuil dashpor wuawileinieeleninuduid

f
~ 4 < !
quﬂﬂUlﬂﬁﬂuwuﬁﬂT WY dashpot ﬂ?ﬂﬂ?ﬁJlT? u(t) dashpot 9:ADUAUDIND

4 A A o 4
HIQlﬂﬂﬂuﬂjﬁ“fﬂﬂﬁﬂ?UqTUﬂqdﬂIQﬂﬂﬂ?uuﬂfﬂqﬂﬂﬁﬁul57mﬂdﬂﬁUﬂﬂﬂT:WU
F(Ron L) = -ZRu(t) (€.0)

J ! J - 'Q‘i ¢ "v'
iz, VIuRARIAun L FunEaMUANTI0Y dashpoe  wazfalnanidu purely
' o - 4 e -
resistive IMINZ F(R On L) Yuufnnasesiaauia (dmiburanuysany
', “ a ! ' X <
AL TIRT UL TANNAT 230 0827000 reactive #7unyetinyraauiaau $au iy
4 4 tLve oy { 4 v 4% v d
resistive ) lnﬂlﬂ$60641ﬂﬂ0ﬁﬂulﬂﬂﬂuﬂlﬂﬂqT:UULﬂﬂ(quﬂﬂﬁﬂlﬂul%ﬂﬂ)ﬂﬁ

l“ £ v " L]
ANBUREAUTLEY 2 TzuuesIus enmNaan I veeLRtaedatty drag froce

FRon 1) = -z  (cew)



178

4% v 4

Tuwi 29/3t  1dunrun TagaeiduLJond 2z = 0 uazidurruiTa989 oucput
lv ‘viv [} "4‘

terminal |auf (371U lnan 09 Zz Aty 2 dashpot  zvimuafLaiioutdu
g v 4 4 4" v ' v
Auniiaa9L dut Jonuna aduas Ladaufne lindeustludazTruste #aludnqsazvou
4 v IJ 1 ‘vn
Uf938n 1w perfect termination ¢@di4uidonasiiley natafowalwluiinag

v 4 4 4 .
ATVOUTDIRAUL AAOUARNAT MUY  termination DUAUAUTYIOY dashpot A7UATO

(Auuiu

Zg = L = ’Topo {€.n})

v, v l 4 ’ v - 4 P 4
11017 (&.0) lolngnaee 13900 nrdufunuaane dashpor uazfimununrey
[ J a v -~ v o ] L 4 »
LUt dent 91 Tn(matches Y M9u19704 perfect termination lnudnslallu

Iﬂ C.v
v [ I ]
.o NATASVBULUASNITAINY (Reflection and Transmission)

- v ‘ UIJI £ L 4
duuft 141 aut Januafeaiunninaduitunus ty z, e lndaran
4 ' 4" ‘ : '
zm-= 0 z20 W z=0 noftl dashpor WiR Buumumidy z, %9z, lu

' 4 4 'avd 4 4 d
WAL 2, oz = — finToeddIunduLndeunenuluie 4z Aoduszdnduenns:

1
wuriu

winc(l.t) = A cos(ut - kz) (g.d)

4 4 . g
"z = 0 AAUANNTZINUNMUNNYY

¥inc(0:8) = A cosut (€.¢)

[ ] - 1 4 4 . [ 4 v
nolytr1ez Punyalaouuisucdenidu L (Fmfinuzie) un: dashpor i R

. v v a4 ‘ 4 o V vaa ‘ Y o
(ﬂ'\“rﬂﬂ'\uﬂ'l'\) 01 dashpot UDUWUAUTLL YU Zl MUY L NUDUNUAUTNO I SUL TOD

v ' d v % 4 .
1n uazluifinndudznou Tunsthi cerminatirg froce WLfiNIN dashpot NTzW1



179

% U «.0 whawn L Oan fuina du . nfoud

wn Lausdonuqaatifinautiv dashpot

% ‘ nalnifu perfectly terminated.

[




180

[} v
not dut Jam dy

rtem(a onl) = -Z (€.9)

‘o - ‘ 44" - B . 'Y LY .
unfUNUAUTIEY  dashpot L1 zzm‘lmmnu z, Fuidiezluceadiduidan

Ln » 44, v g v g
(mismatch ) W1 IniinnATazvaueE dnFuNFWANL 2 = 0 - TnnAudznauL raouR linng
4 q% a 4 ¥ ‘
At -z iy V_(z,t)  WIM dashpot W lWiRRRAUA=NOUITUNIY  froce
] []

f
excess HA1LVARY Bufunuzguiial w12

awref(o,:)

4 3c = Fexc(R On 1) (€.er)

13 wr
urindvun  F(R on L)lﬂiﬂﬁii?uﬂu%ﬂé terminating froce WA froce

: d ' ' o
excess ﬂd1nmuﬂﬂﬂu

F(Ronl) = Foerm(R o0 L) + F,o(R on L) (e.2)
3y __(0,t)
wio F(RonL) = -2, Wincl0:8) 4 g xef (€.«)
I 1 at

" v ]

] “ -~ J ' ~
UTININUA F(R on L) lauu‘f\]‘i]lﬂﬂ?']ﬂllf\lﬂ’ﬂﬂ'm'ﬂﬂq dashpot 'D\Jﬂﬂ'llVl']ﬂ'U ---Z2
v p 4 4 < X . 4 4

Qmﬂ')ﬂﬂ?'\ulf?'ﬂﬂ\lﬁﬁu‘ﬂ?ﬂ L PI"J'HJI.T'Julﬂlm'lfi']lln‘-l'i]'ﬂ\lﬁt‘iufﬂﬂﬂf sauuazmay

1 4
dznny

(0,t) _ 2y, (0,8} | 3y .(0,¢) cuso
Tt -a—zz‘—'-j_nc + atref ("’ )

- E J ] v
LIy F(R on L) AtHUGT9ABAMIN dashpot A
o -z 29(0,t)
F(R on L) Z2 ot

3 0, 0,
= —22 sginc( e 22 %%ref( t) (c.we)



181

ea by v 3
FnIndunar (¢.¢) IMIUANNIT (. 09) L5AIN(Az = 0 )

By 3y _ 3 Wy
—Zl-gzinc + Zlgzref = —22 S%inc 22 atref
Qﬂfef(oit) = Ei_:,f? gkincco't) (€.o0)
it Zl + 22 at
. ' ‘ d - 4
nanyn RIZ l?Uﬂ?ﬂﬁﬁﬂT:aWﬁﬂqIﬂZHGN {reflection coefficient ) & MTUNT
pin ¥ i
Z -~ 2
I
Rpp = Z, * 2, (€29m)

N oo L ¥ “\"\' 4 A" w¥
FAINBATDUALOTNANNT (&, oln) WAADIFAIUAL LUARARIAINONTAUALATY LTa1n

wref(o’t) = RlZ winc(o,t) = Rle cos®t (c.ox)

1 4 v

4 4 . v
DARBUATNBULATBUN IMI9RA -z 370 z = 0 DTz8z z 1A@MTY z <0nlumAl

» 4 v 4. v
LT Y, T9t7a17 ¢ = z/v¢ 111907 OWARAUA T HOUNTAWIUN  Zz 1A 1A L1y

v

' - b
WwuRINIuYs z = 0,t AL z,z;+z/v¢ Aauu

(€.+¢) wref(z,t) = R A cos w(t + z/v¢) = Ry,A cos(wt + kz)

ina waz ( Tt T
ahau g, (z,t) wazT oy (z,8)  AIUURATEIR
J [} ‘h‘ B

y(z,t) lﬂunﬂTT1Mﬁhﬁﬂ@ﬁﬂQﬂﬁU1“ﬁﬁu

. ' Y oo X
W FUWUY AU AU L FEnTns T

p(z,t) = Vine (Bo8) + ¥, (2,t)

y(z,t) = A cos(wt - kz) + R ,A cos(ut + kz) (c.e%)

12

. . - - v v 4 Vi - 4 -
LT IAUNGUUAS NN T2RINAURTASVDUR L L ATRINUNLAT DU WUﬂTN%EQﬂﬁU Rk 1l

4 . v
n1aanaiuasu 1wensmnnseih viz,t) warradadulanime T inaneane ay(z,t)
3t



182

¢ -~
wazurPundtlunyuanur afte T, fn -T_ ap(z,£)/92  FITWIINAUNAT (&, ob)
“« wv? 4 4 - f 9 v .
Waz(&.e¢) 3zimulnga aru fanay ap(z,t)/at 1A cAnBn T dznauLnilouny
. 'y £ v J
NTeN v(z,t) uARTUUTAUNEL -1 39(z,t) /22 fduls eIt dznauRLIuUIN

LI £ v . e ' wd d
ivfuduls zAndnardznoudmilt ap/ae uanneiuRLATaMENY

winc = A cos{wt - kz)} , ¢ref = Rle cos(ut + kz) (c.ov)
—?-winc = -wA sin(ut = kz) ﬂ'J:ef = R., -wA sin(wt + kz) {€.ec)
it ! at 12 :

) 1

5a —-inc = kA sin(wt - kz) , Szref = —R12 kA sin(wt + kz) (¢.9e«)

v

< 94¥' ! i A 4 o ﬂ

anﬂnﬂﬁT(C o) W'l“uiﬂﬁqﬂ z = 0 AUPBIAULTMLAATINAAUANAUNANL LY
4 4 d 4 vv

12 QNﬂ?UﬂQUMlﬂﬂ?qﬂﬂﬁUﬂﬂﬂT nu uac ?7ﬂﬂﬁﬂﬁ?(6 s W z=20 ?’luu1ﬂ1ﬂ

4 4
ﬂ?ﬂﬁﬂiufQﬂuﬁﬁﬁﬂlﬂﬂ?ﬂﬂﬂﬂuﬂ ﬂﬂulﬂu -Rlz ﬁmﬂ?ﬁﬂﬁuﬂlﬁhﬁﬁﬂﬁﬂuﬂnﬂi“WU

u . <
AL TAEATOT AT INAUNNT (£. 0e)) , (E.02) WAZT (&.08) iRUNWMUNALUTzAND
»
nardzvaud il g, ap/ee war aw/az 1iu

zZ, -2

v = Rayree ® Rz Tz w zZ, (€.w0)

itas R = R

Wiz (€.00)

12

v ] P [ ]
Tnfainnan ginrayrznine -1 uaz +1

v J t
NS AZNOUNTDUL INT 2W I AN AN

' v d ¢ [

AuufAL guLEDNY IO IR AUT z, iq MIMz=w Nz=0 0D

. v v ood 4! ‘ 1 v v d
L aut Jandn duwil wilarduRunus Z, TN z = 0 f9 z = 4 FaUUAGY

LH WﬂuﬂlﬂﬂWUﬂﬁﬁﬁuniﬂﬂﬂﬁ fnls: aﬂiﬂﬁiﬂ WﬂUﬂﬂHﬁUﬂﬁT(ﬁ ko) UAZ(Z .we)

rey

o = 4 a4
1Mﬁﬁlﬂﬂ1ﬂ R21 = —Rlz ﬂﬂﬁﬁﬂqqmﬁnﬁaﬂﬂQﬂ?nﬂﬁQ“QﬂﬂQlﬂﬂUUﬂ un HWﬂqulhiﬂQ
-~ - L} ) t J

” £ v . 8
WU EB ST L ANENAT denaunduit AHeutdLay RW iaUhﬁﬁUﬂﬁHTUHﬂuﬂﬂﬂT:WU



183

v v - v v " ' v 4

nctuLsantua loda dut Sonwdn (Tuurafauus duL Senneassinadl) Avulndurna
'4 LY v'! Jﬂ ,4 '

nTsnurant guL Sonwin 1uge suL dencuamut L Jnrouned R, tdumauan

NATAIUUNIRLLDINT S WAINAN

4 -4 -~ J - 4 J
ANz = 0 INATEOATALAATLTAIINUATINTAIUT AL ADGUIBIAAUANNT S
4 " & o ¥ d 4 Yo - 4
nounsndugznanTudineny »  ANUFINee » vanuant alaut dusuntiingsendy
' 4 adod o . v P -
gonduiataunoulivaedd +2 Tudinete v Lraesenarwandudanu ludfuaunag
- . [ 4 4: L 4
190 vy AwLTIRWIIN By, /ee wazur dfundl ~T, 3,/ Tuiilih aennsls e
- J [ ] v v »
wyrufentudunlufnany w wazizeaalsdnirz UL 9nn

!4
AN PRULAMLAZNITADLUBY

IR B 4 ¢ %] -t 4 o
felna1 v(z,c) MnTerULEnTERIeMInatanean alin i ndloudulune:
[ 4 [ 1
fnranmagarfonTefninmaerisiioansteut anhany WRenaredh yiz,e) 1iumn
'od L < « ‘!4 g 4
raLiine Al Ty au(z,ey/oe Niiluminoiliearrumauns efundi
~T_ 3W(z,6)/3z 1lummaideaniy dnmizepulanaInaTastiasdmiinasadhuaz
J L 4 v 3 L}
A7 Trraegmuilsuuidui dan (1aaunrotiulneuedhiau undnaiz vau aneee
. v|._‘ - ‘4 P v t 4 VqlJ
ureundioaulaludhosudh ovenaziiulnan s sfundiidunina e dludnam

J 1 1 - -~ . PR LI 4
z =9 ﬁ\JﬂUIZWJ’“I\Jﬂ'mﬂ'N o ULAZAINATIN & ﬁﬁ"l?]?"l'ﬂ')lllﬂnuﬂtl mammﬂﬁun

2 3z
. (] o~ 1 4 » “ L] [ ] -
nt:Wﬁﬂﬂuu?ﬁﬂlﬂut%ﬂﬂwqdﬂWUﬂ1ﬁﬁﬂ Uﬂ11nﬂﬂ4u$OﬂéﬂﬂdﬁﬂﬂlﬁﬁﬂUNQaﬁﬂQﬁﬁq

] » v v
Aundi ity -1, %%1 n1zvniiaant dut Tennaanunaute uaziiure 41, 22

- ‘ v : -r ' ' - ‘ | B

FAUIUL ANUBUURNAVAIWL TS uﬂuqawﬂquutﬂuquu»nauu
_r 3 W, . -
T, azl +7T, az2 0 dz=0

4 [ ] w1 ] [ ] ‘
Farmaninn T, %f L duarna il



184

ﬁhﬂaqnmaedﬁﬁr:inéﬂqraauwu

v J -~ J . " -
v g(z,0) urupduyTusemideoeanizedh maau T wiousatundy lu

‘o 4 . 4 4d 10
fIna10 » Wendunau £, (z,t) tHunatsanreendunnns svunacniudasny

tl(z,t) = Co cos{ut - klzl+ RE cos(wt + klz) {€.uw)

‘ v . ' Kl
28U IMNAUNIT (& wo) UAZ(E.s) fuls z8nsnnsdznou R ﬁn’umnu R12 ﬁﬂ
1

v v
R = (2, - zz)/(zl+zz) 01 g(z,t) Lmumun'n‘n’-fnua:n'mm?‘: uaz Rﬁh"r

12 1

' v v A e - “ A 4 4
l“"lﬁ’u -R12 01 ¢ (z,t) UNUNILUTIAUNGY ‘hlﬂ']ﬂﬁ”N e YUUMITUNADBULAADY
'

[} J L 4 ] ‘ [] 1 [ [] - v
Pufn+z  nmi 2elnunndusouidoononlinani Aol saaauas 0l fuuaunas

v " ) - - ‘ v
23, (z,t) 1n guzifvrfunrwundindgneesdnls sdnsnsdzvomiu 1
Cz(z,t) - TCO cos({uwt -~ kzz) (€on)
1 4 J ) [} ] J 4 - v
Toan1zm11 (2, ) tHunmailinsireuianare 2 = o 1n
§,(0,8) = £,(0,t)
Teo coswt = Z,(1+R) cosut
- ,
wie T = 1+R ‘ (€.uc)

J ' L) - . |4 - -’
(i Rty R, wil oy waz ay/ac uasivafl -R g mivuT afundl

12

] ) v 1 (] L4

_ v ' '
~T,op/oz  Tadeinman R Jntayrewane -1 waz +1 TepediRnTzwanaguona:

e

‘ [ B ] [] 13 v ‘vJI -
+2  faudulszavsnasseuuinatduuanidare asluidussnstandniuadulafon

ﬂI‘VA'I 13

v [} ‘ » L] [] (4 ‘ 1 1
0 Z, =2, Tuilnfudzwou nanafe R, fina uguy fnlr z8nEna a9usut iy

d ' va Y oy v & o ¥
BB TR BRTLT Fala fo 4 zZ = zl uu1u1ﬂ“l|'lﬂﬂ1"ll]'l"lﬂ']ﬂa'\QVlQﬁﬂQl“lmunu N1M I NNUN



185

1 v N w0 4 4 4 o o
WuuNIAUAz LT 9901 Ayt Fonnagaanat Uiuunang agn L daulunanu aguee afind

L 4 © f ] ] " 1

naflaanat Anlidiiumun 2 =JTe, uez z, =T, inamai uAnIWL T
[ » ] f
- ) - F -3
ind v, = ,Tlfpl uaz v, = ’rzlp2 1Ty dure st lussadananaiiy
s
NINN g
v v - B ' 4 !
01 z,/z, Humedun R, 1y -1 Alge 2 = o unlleudvaydiifeludingg
o ‘ v w & J

pBE7aLan NATeSRLAzAYIANL TATALY s NN T dzvauii -1 AndinAuanns zvY

4 v -q” ¢ 4 <4
uazadudzngui z = 0 sk Iniduguy nanafe mdumnnszwuiiiy  pulse yan

v v - J v 4 ]
(Su) (fnnaTasnaundimunnatyy dundudzvouniy pulse au(ad) dUTININ
£ v . Lt 4 n

ariiduls s dnanasaznouiiy +1 Fulturentzvineidutdeni z = 0 fRd Luvag

o~ [ 4 = » v -: H s -
LRgafudmilaauiaany v lwur uiugut udeina(Ananuariugne  froce

Laq¥ 4 Y e m o '

exerted Az excess froce) ua:m‘lmnauﬂ:munﬂuﬂa;ﬂLf]uﬂu HgusninIny
[ - J
BUYATNIBIRAUANDT TN

ad
NN o

v ! ¢ - v 4 - 2
01 2,/ frniiugus feutiomlanumavidutdend z = 0 ludatwdar: Al
mudirs du Fondigadudnntugue diAedils s fnsnirdsnaudmiiur sRundy
ﬂ .,vl} Jd 4uﬂ ﬂ [
tthi -1 v Iunfuanns svuiillus fundit it pulse vannanuilu pulse awvdssnn
v ! £ v . . - 4 4 v
nrrdenau drudiilszAngnasdsneudmitnasadhuazaiaui it 41 tsuidenas
-t d '4 J Jd - - ] .
A1 12104909 z = 0 AGUANAT UL pulse NATPTALINGIAL pulse
- v v J 1 “‘ ] f . v v
YINPEITINNT A2 NBULAY AT z,/7, ﬁﬂﬁlﬁﬂﬂﬂﬂﬂua:ﬁﬂﬂlﬁuﬁun1ﬂuﬁﬂ011qu

Y ¢ uaz &.n

-

. 1
hnaza Lilasenay gy lou

=

) t d 4 v v
TufINaTe » LTA0WIRAUANRT snLuazAdudznout Juula ty

p(z,t) = A cos{wt - kz) + RA cos(ut + kz) {€.0¢)



186

Q

[

11

o — av _I
ox i dz

[

(a) ()

WV €0 n1aEsvouvey pulse annszmufivatwiduifentanun  (a) noumnniznu

(b) w¥wmnnicviu

ete. etc.

(a) (&)

- [ 4 .
U €.a  n3azvauvey pulse mnnazvufluaiuiau. Sondwas (a) nauannizwu

(b) ni¥wanniznu



187

JV ‘ v 1 J t L4
Tuid ® AadiszBnEnnrdznauinteyroning -1 was +1 iils R failuguoia
*l" oo 44 44 441
h perfect termination A y(z,t) (dunduindeuiiauivifurindauilingg

4 44 L 1d 4
o4z uszide Rudu -1 Wizt iuedulvevnaifival ey z = 0 (s
Jl‘ l.’ 1 V.J 'vl
Ridu 41 ¥ez,0) tdundudveuratfivaaudy wathifdveynn = = 0 auunwﬂqd
' 4t 4 4 4 '
1zuzwaevn z = 0 L Huiswuiiedudneantaugnindu i R luidhny £ 1
PYIVP I DU N I . 4 ‘1.4
w(z,t) L Bunandudowandyiadouiiosnas vy i uundugilouialy geien
-4 Yy - Jﬂ'vv - o 4 44
grurnt dvulamarinnirsudueespdullemuedy wiasannasrautiaeanbiul adsuh
vu - o Jﬂ' J JJVBJ < .
mufl wioarveziilunar rufire sndudsuazatuinboun fedimaugulou gz, 0)

v
gruasnlaouinluuuy

v(z,t} = A cos(ut + =) sinkz + B cos{wt + B) coskz (€.0%)

da. ! 4 "
WﬁUHﬂu“ﬂdﬁhlﬂuﬂ?ﬁﬂﬂ??ﬂﬂﬂﬂﬁua ua:ﬁﬂ

-

4 o 4 4 -
ﬁﬂanﬂﬁiIQMﬂu%ﬂdﬂﬂQhﬁuud Mﬂﬂ?ﬂﬂﬁ:

1 4 ' . d - o 4
AMILWARIITL WIBLT1079 1 dundy y(z,t) TudtuuziAuniufe
p(z,t) = C cos(ut - kz + y) + D cos(uwt + kz + §) (<c.w0)

d ﬁ ar 4 4 ¢ - “ v o A ' o
ﬁQ\LuanTQHﬂuﬂﬂQﬂﬂQﬁau\ﬂﬂﬂUW1UWﬂWqQﬂTQﬂu%qu ua:uﬂnﬂﬂiﬂuﬁ:ﬁﬁhqniwﬂ

-

J9NU

- -

ot v d
T o NATAzvBUTBInAUL Ful

v

4 4- uJ = va. 94
ﬂuanmﬂﬂﬂqf\ﬂﬂﬂumﬂq“TUﬂﬁUlaﬂiIHHﬂUHUWlﬂﬂqHTUﬂﬂUHWMU1?UUﬁﬂu
- 4 v v".o v-‘ v - ! J - B v v(
980 ﬂQﬁﬂqUﬂU“1ﬂaﬁMTUﬂaUﬂﬂUﬂﬁqQUULﬂUlﬁﬂﬁﬂﬂlUﬂQ ﬂQUUquﬂﬁHqTﬁqﬁUﬂﬂWM
9 1

4 v . . £ v . e Y a4 A “
nnﬁ1ﬂﬁﬂn7uﬁﬁﬂi:3nﬁnﬂfﬂ:nﬂuua:nﬁ7ﬂQUﬂuaﬂuiutﬂulmﬂﬂﬂﬂ ﬂdﬁntt?ﬂﬂnﬂﬁlﬂu

1 4 v
av/at  mrwduls gy ~Yp, 39/3z AANUiILT AU AL ~T 3/ 0z g miuLauL 2en

Lt v ooy
Auivstasslaniuni

J & J - !
Mawdrniiu Frindurelutagaensfianit z  (ANAILLTING)



188

‘ ' U R ~
tluguunasn (inraz2n Tuiagasseannarynda i o nfauilimaverafon i +2

v
-~ - -

a ! 4 4 4 4 4 v
unauivtatudn 1elaruntlel pasuindundaansuoiviad waziadaut llnaeTy
- o tz o4 - v £ v
Ug)  AYUUARUIBIAIINLTY Ay/dt moalduyTsAwsnAsazuouidy -1 arddaauie
"1v - 4 4 v ¢ o 4 4
W Mﬂﬁi??ﬂﬂﬂﬁﬂdﬂﬁﬂﬂnﬂi:ﬂuuﬁ:hauﬂ:ﬂﬂulﬂuﬁuu A2 mALYT gL dundy
- r'd v |vl J ) -
L3 fUNAL -vp_ 9/0z {4y s Ansnas dznououannatuuaiit AT s i e UL 194
J - . & - v v v { v 4
RAUAIINLTY AU LRLL T IngAesdzneun I Al s AnBn T deveuiiy +1 Many
l'l“ o~ L] v v J - uJ
In WuRoauful s ngdnas azneuniuial seuay indeusundui e perfectly
' ! LIV | 4 v 1 v
terminated UANTUAALIUEDIINT (W5A217 MIRAUANAT sVLLAZASUALNBUAS Y
v v o . . d . IR
AIUAINT L uazanaundl lulieanagt fuadl 99r uALRe U InBMLIUIUN wazws 9ty

1 ] L]
AT A0 L UL IURLABWLI UL 287

]
amiunalanuLon

- [l

4 Ilu ‘144 - - :
Wﬂﬁﬂﬂ1ﬂﬂﬂﬂQWﬂﬂﬂﬂUﬂﬂﬁﬂﬁﬂﬂUquﬂﬂdﬂnﬂﬁWuﬂuﬂﬂﬂ po LRUAUNUB NN
1 ' 4 ! 4 v ! - 44 4
ung uﬁ:ﬂﬂﬁqﬂtﬂﬂﬂﬂdWﬂ ANIFFWIATRLAAIUL BBBNDUNNDET & mm:wuﬂaulﬂue
! Y ! 4 4 ~ y -t . ¥ “
Uﬁutﬁq1ﬂ1uWﬂ ﬂﬂTlﬂﬁﬂumﬁﬂiﬂﬁﬂﬁﬁ1ﬂﬂﬁHﬂﬂ z AUNLAYT AJUURIULTIDDON

J 1 l_‘_‘ [} v -
ﬂﬂﬂﬁﬁwﬂaﬂUlﬂﬂTuLﬁuquu AT amasrantanu L dat Anueene ana: Aty p

. " . A W vy . 4 4
finn ey Lnatual dudnd P, untuinafy p, WINZ17MAURINLALLAGEUAIMN
ﬂv J 1 4 o V~
VAU AADUDENIINNDRBDNL 1A Ha:WU?l1mﬁﬂqnqﬁﬂquqfﬁﬂT:?qﬂﬂﬂﬂiﬂuﬂWﬁ
LY “ « 2% 4 ' '
yorrav e Fasfngu dwarotrdausanluiius zuzuasaantasune
- - 44 - ' v - & 4 ' v
woduna 3 vufieu? L wilio nan it p_ fauumlanut dnes anantulune
v [ ] [s v ‘ v . e -
nrem s ngaauenvattudun 132 lndudr s @nTna dzvoudm i
4 - B ‘ v . L] .V
grangidu -1 Waneidn AeduduszAnsnarazveuamiiarmt iy 41 wn
-~ o ‘ v v L] - ¢
Suunus 2, govam K luwe s woatwdoudy duguy
' ' £ 4 4 1 '
aalil 192910 Anez s 2ut NenduL fu e mBounadviauidn nau
4 4 4 ' . o ' ”
waaui duevzialaut dnful adausanlune Lnoudheanirduardnazouinly uudy

"’ L4 t o ar - 44
uni szt Auativzudnatnandiununas SO Tuudundufu Wimnnaul 3uauadalany



189

rv ]

 DnapamaenansauatndoufiiiBaAunumiouni n Auvzgoodn lipams neenyng
Tuinrownlnonfinguiy W lanaufieanmsiuesiias dnussnawnd
\7UNI1 rarefaction  BNANEIUMNIEEIHToURBIRLALTBUR I NG vz
lﬂdﬂut;ﬁuﬂu#nﬂﬂﬁﬁs1u£ﬂéﬁﬁﬁ mﬁ1;nﬂnﬁﬁﬁ1uuulﬂu rarefaction Uaz8MNW
ﬂauuuﬁnﬁﬁﬂv1nanﬂn1ﬂ1:1;ﬂu1unuﬁéﬂﬂ1ﬂ5¢tﬁnnﬂrtﬂ?uﬁh Kt raiulngn

‘ ' » L L) 4
A7z a1 dzvoudmitaian Fachioan wazdmiuna i duauivat dn
[ L
Mo w  nardzveulusiueinag

VJ L) £ J V‘ ]
Tunfumrquanefnuaanusaindeutte vie) Leaidanu(z = 0) 1B3uby

't d d ¥ a4 4d 4 - ¥ d
gau SRy z, v lnifnrfunT sudiadounl I(z,e) JURRM +z Al

Yay z=0 (111
v(t) = v, cosut = ZII(o,t) {(€.ec)
4 4 4 ' ‘. v
Tnunnau1ngaunnr:udua:nﬁun11aaﬂ¢ﬂhunﬂwunnau

(€.0x) v(z,t) = Vo cos(wt - klz), I = Io cog(We - klz), Vo - leo

¢ 1 ] »

#u?t1mnﬂut1nﬁuﬁunu5tﬂ§uuhﬂnf:iﬁﬁh?wn zltﬂu z, 321 fnndusznouuazaay
. 1 . ..‘ v [ | lqvvv‘
fa0y nwxnﬂuamnwﬁhﬂr:awanq:ﬂ:wauua:nﬁtaemaulﬂul1u1nu1nuﬁ1nahu:un1m

» L} » v [}
adu sut Jonuazedie due 17230 uiinrwan Juna e lilwsuiBnararusuneunnan

Y, v ¥ - ' - a “« o
Marmin an Fondn uaL 1=V UL Rz VNI LIRS nifve B iRunus 2,

¢ . ‘4.
tHuguouaz dueiunuatuse stmaanan

nidlaryrevIdn (z, =0

] T v

4 » | 4 ] f ] 1 v
ABUUURYUILAILAINHIRI WATMMNBY M WAYIRNET 2w Liatesinuey
£ N ‘ » 4 v
vlugue Aol Anenarsenouilanodnehi .1 Tumnens afieuns susdifings o~

‘ v  J 4 [} s J [ ] f
fndnasdcmouiiu 41 Anlimuandutaninumasshsyin nasun i +2 g0



190

L4 - » 4 ] f (] J v L d 4
dznpunau l‘ﬂu‘ﬁUﬁﬂﬁu‘ﬂﬂQﬂ'l'mﬂ”Nﬁ’ﬂUﬂU #unauns :uﬂmngnﬁ:nﬂu'lu ) ﬁUﬂﬂUﬂT H

waun

nTflawI9T LN (z,==)

1 4 v a4 [} - o L4 ' J‘C - ‘¢ ] “ J
mﬂmmn:mu'n')ﬁuananummuw\uwnmtﬂunuuﬂ (LauanIn Wian

I v. L ' ' - L3 4 L 4 L - J L rd
varun991 Il needuesz1riawy 1uing zualwaswaandumi s lgedndivie /3
%] ‘.3 - £ v v
vung zudt Duguenlatsreis idn wazdudszdnanasdzvauanntzuanaaiy -1
e < v ' ‘
nQUUﬁhﬂf:aﬂﬁﬂqfﬁZWﬂUH7ﬂHﬂqQﬁhUlﬂu +1

i a - 2
CAMAITRINTRANTAS WY LTI 00 muRFLY S  AnEnAT azvaudamil
L3

1
AINUANNANY V . WALNTZUE T LUy

2274
RV = —z';"nl = -R12 , Ri = —-Rv {€.n0)

J v - -~
TN NRTITEOU LA GMTY z,
»

. e 4 . 4 v
Ri = +] uazduiuy 22 = o (\,Eﬂ”lﬁlﬂﬂ) Ri = -] lMlJﬂUﬂU‘ﬂlf’\“'}‘lﬂﬂﬂUﬂu

0 (Yarwdn)  AURAT(£.mo) n R, = -1 Uaz

I's v
Aus zAngnas dzvaudmTudauny E, waz B

(] ] 4 t ] ] 1 - 1
Tus s vt MEwEIN AR 1847 19T T INUDULANT dielectric BY

4 v

5uﬁuﬂungnnﬁnuﬂnuu(ﬁnnﬁi(c.;g) AU & .on)
z - Eira ' (c.ns)
£ < w
& v Vv v [} 1 -: x . 1 R V|~4 [
LA IAIMARI BN NPT g LUt Tude ey v Taanduiueu Judas

" v q £ E

1 4 ]
e aunuidin g LuﬁﬁuaWﬁﬂﬂLﬂuﬂﬁnﬂﬂﬂfanﬂnwuﬂﬂqﬁhu v WAzdunuuy
X

4 - - v - & il
man B udnneasasiingzualiin 1 Aatiiaala
y

wbB = —1Iyu (€.nm)



191

J » [ ‘ [ ] ] » [ ]
Llondugznoul Anluncuiu s s e n e Riesd21e g Mg @ usziinn
4 v £
parmesbility 1  (wioufundunnnsznusssguaant 1199z kUl s dntnag
Yo - 47 £ Y o . '
fzvoudmiy B Ui lnf il v uscdinlrz8ngnasazweudwit B tduie
o o ) M «y”’ £ v
shuaduin lndmdit 1 Tuwweadeady Lravzuiuinandinds c8nenas asuuamet
[ ] o v . ‘ 1 [ ] . o [ ] -
$E, et AndiRlegmd v uszduds s @ndnarseunigmiy wBy/u LR

41' [ ] - ‘ [ 4 [} © [
Aladmiy T wntsresnavIeaLawacdul s tnanasasneuiniu Ay

{€.nn)

suwlwn R, = z

' rw £ v - v e 4
LI WARLAUYT - AWTN AT Az nauguan L LT duL iva E, URNIATEIMUNY

[ 4
n1 It
[] v v

"luﬁﬁnmqﬂ'm;w'u'nu N2 47 BMNIK UAS ionosphere il p=1
ua:auuﬁ;wgﬂn:etraﬁnqhﬁhaﬂQﬁhnaﬂq (ABAINLININ o UAZ389I MY g ) Tu
01 L Ruaefioeuion Al adEIMAUNTT (£.me) UTwwluBuRunuT z 7
LAuunlaans 19ouianlnfe dielectric constant ¢ AoUM zwiTnaw 1//5
Fadrrnady 1/n il n = /T (duniREiEn L wee9dNT dielectric (WY

] v
w=1) Ingununa 2, = l/n; UB: 2, = l/n, Tuauna1(e.am) nazgunIy
: »
nn, (573 1n

b Dl

Rg = n, +n, | (€.ne)

Yo ¥a¥. 4 v o e a dd ! 4
AUNT(&.o¢) 12 Insuaduuntadn i ainnng snusenintudindenn e (1l
fV. v

- A - v - - - - J
uﬂaqmuwwuqﬂ LfW?Qﬁ?HﬂTﬂqiUﬁﬂﬂﬁu1ﬂﬂuﬂ1m1ﬂ0ﬂﬂuuﬁ0
e ! v 4
AIDE N « . NATdzvDUTDIRAUNAN
et ——————

v s < v 4 '
LI LFRUNAT (6. o) EAMTINAENUT 2 3NINT Az VEUTEIAAUT TUALLEL AR

v 1 ) »
Tuwn Anns snuAdRrnuuds 19n 1 ¥nT sw1edInane e lddeanin (nmagasdanans



192

- ] v VE Vv
fu=1_ t9u snaruazuny) Aot Infadinineasnnididy s.oo  unzfad

= v * o “ J J L v
UNLNAEAUNT 1ﬂu s Lo SMTURAUUAN ha'au\nmu'mnmn'lﬂw N7

c 2-0 _ 5" 9.f
RE PR B 1 o+ 0.4

- e

L]

(€.nt)

‘1 VVVJA 44 '\’lv ‘ v “4

Clunenauil ormauuddLhaaunIInuna Llfveanae s zdnanasaznouazdiaiey
wv 4 -~ u(v . e v

WIWAT U B + ofc)  NAVIWMARTAsnBULLTAMUN G dR 9D vau Inin

- = v v - v v o« La a4

AU 4IU789R ML IULAAsRAULLDR BNIA-UNT ATALAUY LI ofwe UUABUINYY

L4 v J L 4 -
¢ LUBLTURIBIAIAUL SURAIANN T =N URAZ NBUNGL

» - L 4 - f ] - ]
¢.o 111920 u lngasBununuas sur19danana Ll o4

At [ Y I Y I o 4
auudi N 19011 Aendut adaunyndanatesimil  Ligedanane alndy
J v “v ] v L} .
TnsUsaanaaudznout fndu tau 1713009071 dandaa it Juavananadnaeluan Tng
- ¥ 'q v "d v .vq-\ J
Tudeannadlunaalnulucing duesevou (winzaduaaznouanavaInt fnefugiuns
-4 4 4 -~ vy i ' 4 N v -
aranfuait dumInrunuln wiat 1101369017 denBuLEIIINBINARLUL 91 TUER
fV‘II’ II/“ » ) 1 4 -V
vauunmTsunuuna Lag L ni fauaedznay (n12 19077 d2nouan ugawy tuau
v . 4. » vv b L 4 v
Laupaeanud el e ldfeunianas wazi149799: lunaenas nuaeazvouluanns
o' d 4 ax* I T I 4
NULAINEULEN AT 15017 un T DD N1 §eu URaY L AGEUNINTINA NS )
1

. " ‘4 g - -
gedndmnatedulaslufnisazwen (19170097 "impedance matching® LT717:ANYA

ad” L oax " - aed
4991ANILUAUL 1FUINND "nonreflecting layer" BNIBM0 "tapering"

-y
17 nonreflecting layer

Y. P a [T - v
ﬂnllﬂ‘hhﬂ']ﬂaflﬁw o HUTLIWABULAAANUD z = -~ o 0N z = 0 4un?

J | - 4 . r\v - o« = R Az
NN & \aUlﬂiﬂQU'ﬂVM’T \MINA impedance matching UUT LUDIDLLGANIUN

- [ 4 - - L3 ' -
zZ =0 0z =1 UWALNINAIIM o HUTLIMNWBULIAAWUR z = L O3 z = 4w
" .

l1'm'aqmrwﬂvmummu'mqmnawn s URZFAINAIM o l‘l’mu,'lﬂ A MM TUADUAIY



193

4 A by 'v Y 4 v 4 4 - F|
ﬂlﬂi\)l}l‘ w NR71ND lT'1111?]3\]{]']7‘1“11?\'5“'5:“3“1Uﬂﬂa'ﬁﬂﬂﬂfZﬂanﬂﬂ')ﬂaq\“ﬂ .
Pl

R ) T v g4
vhaaulivaans # z aauawiduat el o nlui Aanar devou dandunn
Jn-i ‘ -{ ' .vad (vvv .,VJ
n5znURABLRULALT LunB L el uAt s 1a A 0w InduRuaugt etule 1audnlwagu
v 4 ooy g 4 v 4 o4
dznautieerngnlunsiiedl z = 0 waznudznauLiadingn luAeiiaw 2z = L
v"’J 'B - J - i~ 4
vAanarsaudile Twadugneutanunludinaned o Haidymdugue

Yoo =5 ar 44a - ‘
uﬂumnm’m z=00y L 1ﬁumnaw dispersive YAIBUWIAUT

4 v v Y o _a? " ¢ [ 4! ] ]
VLU ZZ n”]lIﬁllmf[wﬁﬂ’ﬂ'l‘H’\ﬂu‘lﬂ‘ﬂ’ﬂ\]’ﬂlkatﬂWﬁ LIavowun 22 Hﬁﬁﬂqf:'ﬁ’]'\d

r'd v
Z, uaz Zg qqngﬂimaoﬁhﬁi:ﬁwﬁﬂWﬁﬁ:waul5ﬂﬁ
Z1 - Zz i - (22/21) Z, -2 1 - (z /Z )

2 3
R = = - uar R = = {€oei)
12 ZI + 22 1+ (Z?./ZJ.) 23 Z‘2 + Z 1+ (Z3/Z )

3

- 4 - - ’; v - 4

ANUUL UL TIENUR Z1 < 22 < Z3 duUs sananqT d=vnau R12 was R23 ULATON
A 4, o 5 Ve 4 v Y

Wig L wuauny '2?\]{\1‘AU’1£IY1’("WIRI_“H’BQLT"lﬁ'rJﬂ’ﬂ\)ﬂ'H‘].WfI\Jﬂﬂ\Sﬂﬁu‘a:‘ﬂ’ﬂu‘s’lﬂﬂ'NﬂUL'ﬂQ

‘ ¢ v L4 4 ' 4 v o -~ FR
wutﬁuquu llﬂtI’lﬂﬂ\lﬁ"llNﬂ\J’]'\ﬂﬂuﬁ:‘ﬂﬁUVNﬁ’ﬂQtﬂﬂ‘l\lﬂﬂ’Nﬂum]W z = Q. uaz
. ¥ 4 e voor - 4Y o by
=1,  AVUUIWAIDIARUNSEDIAEIANDY LTI MINTRNAEDY L S UMY ILRAGUANNT S
t

wun z = 0 ﬁﬂﬁuaduuu\m*munmmwauﬂi'ﬁm RIZ ua'uwﬁhuaqmu‘lﬂmu le

4 4.
duls s Rwﬁnﬂi1ququ T 2 ntﬁuﬂﬁuantﬂnﬂ ﬂaanUﬁuLﬂaﬂuwlﬂao z=1L Y-

4 V J _4 1 d
uv\udu? llﬂaLU'\\ln'TlUﬁwﬂ'ﬂuﬂﬂUﬂ']ﬂfﬁlﬂf %Y‘ R23 ll'ﬁ:l]'Nﬁ'lu’ﬁ\]U"Ileﬂ aaudsnou
L] '

” o A B A% 4 row » £ - B
LRRUNELLAT z = 0 Annta wazmiladuuneduaeunn s zans o,, Al
- [ ] | 4 - 4 . ] .J » - - 4
furzonn el ludinaadl » ardeumue z = 0 tafaulyuild -z audindyan

4 v oy
1ﬂuauﬂ63ﬂwa4ﬂauﬂnnr wunsquinﬂmﬂqudruﬁm T LasNILAIAINLAEN

12823723
da y vogvo g
AN4TNA AL h IR INT R LT 127 R Aud s naun Fnanunafmaene 4150 1araIumite
4 de . 4 . . 4
Nunati pdouine luaznduludnanan v ussoznae 2L deuilufnaned 3

d e
paunanunt u

winc A cos(wt - klz) (€omet}



194

Y(azneufl z = 0) = R A cos(ut + klz) (€.ne)

12

p{aznoudl z = L) = T)aRy3Ty A coslut + kyz = 2k,L) (€.ne)

A v fe d Ao 4 4 . v
i -2kt uidddiiistuaduil el lunns cadeuiluuasndi fussus 2L mouae

4 4 4 v
UﬁuﬁﬁUl%JHM kZ AAUANTIT SVUULAZHBIAAUAZNAUAINAUNT (& vond) UBZ{& . o)

15uaﬂq1;1u;ﬂ ¢

U ¢.¢  uaaeABurnnIznukazafurzney

aawaﬁuavusnuuﬂ1ﬁdna1vﬁaavua:ﬁﬁnaﬁv

inil

v & v
N1TUT sUNLUBNAT AZNDUL aNUDY

ﬂvﬂd ¢ 4' ! [ ' " . v "
auud Iwduiuau Z), 2, uaz Zy teranatu luuamin v lnduds z3ns
[ [ I } 1

v -4 J -~ [ J v N ] v
017 4z MAUNANAY LUDLYUUR UMY FIMNNITA=NBULBINATAIUMT WY ERIUITD I

& Y oA, v v ! | S T ¥
ﬂﬂﬁﬁﬂﬁﬂ?uﬂhqﬂlﬂﬂﬁﬁuﬁﬂﬁ:ﬂﬂu1ﬂuﬁﬁﬂﬁu uﬂlTWﬂWUWTﬂﬁ:WQﬁqNﬂQl“ﬁ1UU1ﬂUﬂﬂ
. v > 4v viuv vlvv )
?1ﬂﬁﬂdﬁquﬁdﬁ5WﬂUﬁiQuiﬂWTﬂuﬁﬂOWQt%WUUﬂ1UL?ﬂﬂﬂﬂ@ﬂﬁﬁ?ﬂﬂdﬂu FNAUNT

¢

(¢.08) LTMMINTUINYY

2
T1oTy = L+ R A - Rjp) = 1-R), (€.¢0)

4 by v 4 v 4 v = -~
ﬁhUUWUNTmﬁﬂﬂﬂqiﬂT:NﬁmuUUﬂﬁiﬂ:ﬂﬂulﬁﬁUﬂU AGURSVIUNINUALNATINUGT IN9D

4 v
ADIABUASNBUIN Z = 0 WAz z = L il



195

* R,A cos{wt + kiz) + R,yq4 cos(ut + k,2-2k,L) (€.co)

Yref 2

¢ v

. . e LY VI v v - d .
mnsudmiinarm uduiuauat aadilanalag Tusiusawalnaanaasiden 2, i

Vv vu
Iw R, = Ry

N
()

= = Z, = 2113 (€.x)

M|
N
N

NI (&.g9) NAHLYY

Vs R.,A | cos (ut + klz) + cos(ut + kz - ZkzLi](t.tn)

-

1 a J 4.v4 v Vv Vv L4 v
apluidanan L fivalwndudznauteaeasudilauazdhanedindugue 119z lanns

Y ] ¢ v v d 4 4 - d
uﬂfﬂﬁﬂﬂﬂﬂaﬁﬂﬂﬂﬁdﬁﬂufm quniﬁQZk L vl ¢ ﬁﬂlﬁutﬂﬂ“lﬂﬂﬁu1ﬂ“ﬁd?ﬁﬂﬂﬁu

2
4 'Ll -~ 4 B - - ¥
LAADUN LUAINAIIMN W WQiUua:ﬂﬂUlﬂUTSHZ 2L uﬁ:?qn-kz = 21/)2 LRI

= A
L A
” J | 4 v ¢ 4 (] < o
ﬂ;ﬂTﬂQq ﬁﬁua:“ﬂUWQ“UﬂT1ulﬁu%UUﬂﬂluﬂ Z2 lﬂUﬂquﬂﬂqﬁQﬁﬂ¢ﬁﬂﬁuaﬂm A

1

» J T
was 2 URZHIATIUMUN L 999 nonreflective layer lﬂUﬂ11MUﬂ1ﬂﬁuﬂ1ua

3
4 4 41 o E
PRINAUL AADUN LUAINARIIUU

L - t v
MU & NITLAGDLULULND

eaudsnau: 21 T Tuwuuuny nuw:uwuuvun1lﬂu?ﬂuuuﬂ6¢u1n1unu

Yo

4 v W . Yo { v
Huﬂﬁ:01ﬂ?ﬂulﬂuﬂﬂﬁuﬁdﬁ:ﬁﬂuvé“ﬂﬂﬁ“ﬂﬂﬂ1ﬁﬂﬂﬁQﬂﬂ@%ﬂdﬁ%ﬂ?:aWﬁﬂﬁTﬂzﬂﬂu

L
] - - B, - 4+ 1 = - [} "4 v 25
Tuunazth nquuﬂﬂnrunﬁraQUﬁuTﬂwqﬂﬂau1mﬂquuuun1uﬂ1ﬁntmnuﬂqui5u1ﬂlﬂu

- v lv 12
IMAUNT (&.o8) TUABU €. DRI BUUAIGyL Aot inafy > - - 4%

' - .vt. v v a
8z sunlrinwiradauarowalu luifinnarguudumamiguuaaln Thunariadoy
v v

4 ’ - ¢
WNINIY nonreflecting layer WiRRANTANILANNAT(&.cw) NA1AT Budunun

4 v ¢ . . - - ¢ v -
ﬂﬂﬁﬁﬁflﬂﬁﬂnﬂﬂQtﬂﬂﬂu#ﬁﬁnﬁﬂQﬁﬂJﬁﬂQUﬁ@mﬂuﬁuﬂutﬂﬂdunﬁua:ﬂﬁﬂﬁﬁ ﬂﬁﬁﬁ



196

v 1 v 1
fin L n2e9d77 LARRURBY L JURTT IR 480 9184 - Ay n amfuunadan iy
- ¥ v v vt 4
s.to PUU Jo.fo = ».w UAZADNLRARLENT IWilR U LAy W, ek,
4
tlumrusranausaduaaludn ey duiiudal mﬂ'z'mmmﬁu'luzjmmnmtwmu
1]
coo A ﬂe’mn’nﬁau‘lumim%aunmulﬂu €00 /e .oln = &goo A
4 D e -Z o ar . ' v 4 A4
WIOINTY ool x s0 © 0. @MIUITNATLAROLENT  WALLUUNINAZ L ARBLIY
» & t
Tuuaaqqmmﬁ( vacuum chamber ) wﬂizﬁﬂumumwaﬂu‘nmman naeTutuanaay
- d v La¥vY Y
fiansdiv=Taindougnvn Inreusunatui dule Turanasanloans inardszasulyinaz

v

- v ] Vv v ." v v
UUU?“UW%ﬂQﬂUUHﬂ?ﬂﬂQWﬂﬁﬂUluqﬂﬂﬂﬂ ?uﬂ?:WQ1ﬂﬂ?ﬁM“Uﬁﬂ1hﬂﬂQﬂﬂT

- -4
9. Tapered section

4 v ' y
137 nonreflecting layer Wiadouans luirImuAtviatl A/4 Uy
L] I v

1 o 4 da 4 4 - v A v !

lalafitawnzadundandnitud Aur il ot salinaauniaeeedasiadaulneuns
v 1 v

LAU9#et 72815 1aAn438 nonreflecting layer 40 \nwle3d  tapered

] - v [ ] J v
section NAMAD AUNAlY L HArammuagriuanna e e I Rzulee L raaeenas

RIS Va4 Ca '
UﬂﬂﬂUﬁQUWUTﬂUTMDﬂﬁfﬁ:WﬂU Hﬁ:qﬂﬂNWUﬂuﬂMﬂqTlﬂﬂﬂuuﬂﬁﬁﬁﬁﬂﬂﬂﬂﬂQQUUqﬁ L

] 4 [} r'd 1 4 v ‘J ]
LR L L O T T TR - CITE T TYENE- AYGUNTPIOTA PN FON
4 v W ]

amwuﬂuﬁumtwu‘numuﬂimmtmnm'ﬁu AZ rluumav‘zn JATNMUN Az = A4 -

v
L]

o 4 tz 4 d o
Miuﬁ?ﬁuﬂﬁwﬁﬂuuﬁuﬁﬁiLﬁaﬂuuu ﬂﬁ:ﬁ:ﬂﬂU?ﬂnunuﬂiﬁnmﬂﬁuﬂdﬁcﬁuwuﬂUﬂlwnmu

- . v ‘ v ‘ v o
Nz, i Z, =z, + 4z walududs zAnenasdzuauivduu iy ar - 99

Z -2

_ 1 2 Az . . dzZ(z)
AR = z, vz, = 12 zz[ ]W‘) (€.a)

ﬂﬁﬂﬁfﬁ’WQU?qﬂuﬂUMu14ﬁTlﬂﬁﬂUlﬁﬁﬂgﬂvﬂﬁﬂd?ﬁﬂﬂﬂﬂﬁﬁ?l 8
T:U:ﬂ?ﬁ”ﬂﬁ?ﬂﬂﬂﬁﬁﬂé AR ﬂﬂﬁlﬂﬂﬁﬂﬂdﬂTMﬁUﬁUT:U:ﬂﬁd z |\

“ ! v
= AOUUIUAT AR = «  TUGUNAT(Z.6¢) W



197

_ 8= dz
A

dz
Z {€.ce)

- [P ] ]

» v ] 4 [£°4 - r's
ot ln A e luduiy z Sulunuslinranadasaeiena LU iuu L FuanauT us

J'l"' - v
ez delnannardufinivdunas (e.€e)  t11ln

S,
Z = e A (e.a%)



198

wuullnaunfl ¢

5.1 A rubber tube in which the speed of transverse waves is c. is joined

1
end-to-end to a second tube in which the gpeed is c,e A train of sine waves
travels toward the junstion in the first tube. (1) What is the apeed Cye

in terms of €ys if the amplitude of the reflected wave equals that of the
transmitted wave? (2) What is then the ratio of the aversge power reflected
to that transmitted? (3) Explain why the average power are not aqual,
although the amplitudes are equal. (4) What is the speed <, if the reflected
power equals the transmitted power? Ans. (1) e, = ¢,/3; (&) ¢, = 5.9¢,,

c, = 0.18c1.

5.2 A rubber tube in which the speed of transverse waves is 20 m/sec 1s
joined end-to-end to a second tube in which the speed is 10 m/sec. A transverss
sine wave of wavelength | w and amplitude 3 cm travels in the first tube

toward the junction. (1) What 1is the amplitude of the wave reflected at

the junction? (2) What is the amplitude of the transuftted wave? (3) What

is the ratio of the average power transmitted to that reflected?

5.3 Two transverse cosine waves, each of amplitude 1 in. and wavelength
2 in., travel in opposite directions in a string with a speed of X in/sec.
Construct graphs of the shape of the string at the following times: t = O,

t=2gec, t =4 sec.

5.4 A stretched string is observed to vibrate with a frequancy of 30 cycle/sec
in its fundamental mode when the supports at its end are 60 cm apart. The

amplitude at the antinode is 3 cm. The string has a mass of 30 gm.
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(1) What is the speed of propagation of a transverse wave in the string?
(2) Compute the tension in the string. (3) Write the equation representing

the wave motion, using the constants given above and computed in {(1}.

5.% The relation between the impedance Z and the refractive index n of a
dielectric is given by Z = 1/n. Light travelling in free space enters a glass
lens which has a refractive index of 1.5 for a free space wavelength of 5.5::10_7

meters. Show that reflections at this wavelength are avioded by a coating of

refractive index 1.22 and thickness 1.12x 10”7 meters.

5.6 Suppose a coaxial transmission line having 50 ohms characteristic impedance
is joined to one having 100 ohms characteristic impedance. ‘
(a) A voltage pulse of +10 volts (maximum value) is incident from the
50 R line to the 100 9 line. What is the "height" (in volts, including the
sign) of the reflected'pulse? Of the transmitted pulse?
(b) A + 10-volt pulse is incident from the 100 Q to the 5C @ line.

What are the reflected and transmitted pulse heights?

5.7 Light of wavelength A = 5000 2 is incident normally oﬁ 2 series of tweo
transparent plastic disks separated by a distance large compared with the
wavelength. If the index of refraction of the disks is n = 1.5, what fraccion
of the light is transmitted? Neglect absorption, internal multiple reflections,

and interference effects. Ans. It/Io = 0.85.

5.8 Compare the amplitude and intensity reflection coefficients for light
normally incident on a smooth water surface (index n = 1.33) for the two

cases of incidence from air to water and from water to air.
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5.9 Reflections in a thin film of air. Suppose you have two optically flat
slabs of glass touching at one edge and spaced apart by a sheet of paper

at the other edge, which is a distance L from the edge where they touch.
Assume the paper has the thickness of one page of this book. (How can you
measure that without a micrometer?) Suppose you want successive fringes of
green light to be separated by 1 mm so that you can see them easily. How

long must the length L of the '"wedge" of air be?

5.16 For light (or other electromagnetic radiation) incident from medium

1 to medium 2, we found that, provided the magnetic permeability of the
medium is unity (or does not change at the discontinuity) and provided the
"geometry" is conscant {parallel-plate transmission line of constant cross-
sectional shape or slab of meterial i: free space), then the reflection and
transmissioa coefficiénts for the electric fleld Ex and magnetic field By

are given by

k. - k 2k
1~ K 1
B e T = 1+ B — ’
Ry P E Ry kT K,
kz‘kl 2%k,
= e—— s T =t 1 + =
Ry K, ¥ K, B Ry k, + K,

where k = npw/c and n 1is the index of refraction. Show that the reflectiocn
and yransmisiion coefficients for Ex imply that Ex and BEx/BZ are both
continuous at the discontinuity, i.e., that they have the same instantaneous
values on either side of the discontinuity. (By the field on the left side
(medium 1) we mean, of course, the superposition of the incident and reflected
waves.) Similarly, show that the reflection and transmission coefficients

for the magnetic field Bv imply that Bv is continuous at the boundary but
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that aBy/az is not continuous. Show that any/az increases by a factor
(kzlkl)2 = (n2/n1)2 in crossing from medium 1 to medium 2, It is important
to notice that we mean the total field, not just the part traveling in a

particular direction.

5.11 Show that for waves on a string the boundary condition that is analogous
to constant magnetic permeability (across a discontinuity) for light is that
the mass density of the string be constant. Show that an increase in dielectric
constant for light in crossing the boundary is analogous to a decrease in
string tension. Show that the transverse string velocity behaves like the
magnetic field in a light wave, in the sense that it is continuous but that

its z de;ivative increases by a factor (kzlkl)2 in going from medium 1 to 2.
Show that the transverse tension -Ioaw/az behaves like the electric field,

in that botk it and its z derivative are continuous at the boundary. (In

all cases, we are referring to the total field, not to components traveling

in a particular direction.)

5.12 General sinusoidal wave., Write the traveling wave y(z,t) = A cos(wt-kz)
as a superposition of two standing waves. Write the standing wave w(z,t)
= A coswt coskz as a superposition of two traveling waves traveling in opposite
directions. Consider the folldwing superposition of traveling waves:

v(z,t) = A cos{wt - kz) + RA cos(wt + kz}.
Show that this sinusoidal wave can be written as a superposition of standing
waves given by

v{z,t) = A(l + R)coswt coskz + A(l - R) simnwt sinkz.
Thus the same wafe can be thought of #s a superposition either of standing

waves or o. traveling waves.
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5~13  guppose you want to match optical impedances between a region of

index ni

matching transition region. What is the optimum z dependence of the index n

» and you want to expend a total distance L in the impedance-

between the two region? Is it exponential? Why not?
Ans, The wavelength A = (c¢/v)/n should vary linearly with z,i.e., if the

transition region extends from® = 0 to z = L, we want A(z) = Ay * (z/L)(Az—Al)

5.14 Multiple refletion. In the following derivations you are to use

i{wt ~ kz),

complex numbers. Suppose is the real part of Ae where A is
inc

real, Thus widc = A cos(wt - kz). At z = 0 the impedance suffers a sudden

change from Z1 to ZZ' At z = L the impedance changes again from Zz to 23.

Let Ry, = (2, -2, )}/(2, + Z,) = -Ryy. R,y = (Z, ~2/(2, + 2.
Assume that in medium 1 there is a reflected wave that is the real part of

+ g
R.l\e:i'(""'t kz), where R is complex, and may be written R = [R|e ié

(a) Show that if we neglect all contributions except the reflection from

z = 0 and the first reflection from z = L, we obtain

~ . =2ik,L
R=R,+ T R.T e "2,

=14+R.,andT,.=1+R,, =1-R,.,

where T 12 21 21 12

12
(k) Show by explicit summation of the infinte series corresponding to an
infinite number of multiple reflections that the exact solution for R is

) —2ik.L
(1 = Ry )Ryqe

2
o -2ik,L '
1 - Ry Ry e 02

R R12 +
where the first term, R12’ is due to the rei.ection at the first discontinuity
at z = 0, and the rest 1s due to one or more reflectious at z = L. Show

that in the small-reflection approximation this result reduces to that of
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part {a) Show that the exact result can be written in the form

-2ik,.L

. R12 + R23e 2
-2ik L °

1+ R12R23e 2

5.15 Transmission resonance. (a) Show that for reflection due to two
discontinuitiesthe fractional time-averaged energy flux chat is not reflected

(and hence by energy comservation must be transmitted) is given by

2 2 2. 2
L - Ry - Ryg + Ry Ryg

2 2
1+ 2R12R23 cosZkzL + R12 R23

1- [r]? =

(b) Show that if medium 3 has the same impedance as medium 1 this becomes

2.2
12 )

2
1- 2R12 cosZkZL + R

(1 -R

1 - [r]® = .
12

(¢) Show that at certain values of kZL the fractional time-averaged energy
flux not reflected is unity, i.e., for those values, all the energy is
transmitted and none reflected. Call any one of these "resonance values of
kz by the name ko' Show that the resonance values are given by koL = T,
2n, 3w, etc.

(d) Show that for k sufficiently near a resonance value ko the transmitted

2
\time-averaged) energy flux is given by

2.2
(1 - R, )

2
1 - |R|® = .
(- r,H% 4 R oL, - k)]

5~16  gyppose that a point a on a string at z, = 10 ¢m oscillates in harmonic
motion at frequency 10 cps with amplitude 1 cm. Its phase is such that at
t = 0 the point on the string is passing through its equilibrium position

with upward velocity (positive displacement is upward).
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(a) What-is the magnitude and direction of the velocity of point a at

t = 0,05 sec? Suppose the string parameters(mass per unit length and tension)
are such that the wave velocity is 100 cum/sec.

(b) What 1s the wavelength of a traveling wave? What is the wavelength of

a standing wave?

{c) Another point b at zy = 15 cm oscillates with the same amplitude as that
at z = 10 cm, but with a relative phase of 180 deg with respect to the
cscillation at z,. Can you tell whether we have here a pure traveling wave,
o pure standing wave, or a combination?

(d) A third point c at 12.5 cm also oscillates with the same amplitude as
:hat at z, but 180 deg out of phase with point a. Point b oscillates as given
above, Now tell us whether the wave is a traveling or a standing wave (or

a combination).



