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ABSTRACT

Tkachova T.l.Electrorwave interaction in metal cavities with longitudinal corrugations

for seconeharmonic gyrotrond. Qualifying scientific paper, manuscript copyright.

Thesis for the scientific degree of candidate of physical and mathematical sdignces
specialty 01.04.2@Physicsof charged particles beams ( iLRhykics anéstronomy. i
Nati onal S cKharkiv ¢nstitut€ ef Physics ang TechnolagMAS of Ukraine
Kharkiv, 205.

The thesis is devoted to a detailed theoretical analysisecédlective properties of
cylindrical cavitieshaving a metal surface with longitudinal corrugations and intended fc
use in the secondarmonicgyrotrons Interest in such gyrotrons is caused by the need o
modern terahertz technologies for powerful aidn sources in the frequency range from
0.3 to 1 THz, which belongstothe-scal | ed fAterahertz gapo.
frequency of a continuous gyrotron is associated with the magnitude of the worki
magnetic field created by a supercondugtimagnet. Therefore, in the subterahertz
frequency range, gyrotrons operating at the second (or higher) harmonic of the cyclot
frequency of the electron beam are of particular importance. Their practic
implementation, however, is complicated by thetféhat as the cyclotron harmonic
number increases, the gyrotron efficiency decreases due to a decrease in the intensi
interaction of the helical electron beam with tperatingmode. For the same reason, the
operating mode in a gyrotron at the setaryclotron harmonic usually has a higher
generation threshold (starting current) compared to competing modes at the f
(fundamental) cyclotron harmonic. In such a situation, competing modes can serve ¢
significant obstacle to the operation of theajyon.

The problem of mode competition in gyrotrons at the second cyclotron harmor
requires the development of optimization methods to reduce the effect of mo

competition on the efficiency and stability of gyrotrons. This circumstance leads to t
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neal to develop improved types of resonators with improved mode selection f
subterahertz gyrotrons at the second cyclotron harmonic.

The thesis theoretically shows that the selective properties of gyrcdkatmescan
be improved through the use of longitmal corrugations with mode conversion. Such
corrugations are capable of significantly changingeigenfrequencies, fields, and ohmic
losses of fundamental competing modes in subterahertz gyrotrons at the cgrotrdn
harmonic.

Using the rigorous ethod of spatial harmonics, a dispersion equatiotrémsverse
electric TE) modes in a metal cylindricatavity with longitudinal corrugations is
obtained. This equation takes into account the couplingbadis modes (spatial
harmonics), which arises duo corrugation of theavity surface. The convergence of the
cavity's eigenfields is demonstrated and the errors in calculating the eigenvalues
determined depending on the number of spatial harmonics taken into account.

The possibility of using simgied methods for analyzing corrugated structures is
investigated: the impedance model, which does not take into account the interac
between spatial harmonics, and the Bloch harmonics method, which neglects
contribution of higher Fourier harmoniasside the corrugations. The conditions for the
applicability of the simplified impedance model, which is widely used to calculate tf
characteristics of corrugated wauede structures, are analyzed. It has been shown the
this model can lead to incorre@sults for cylindrical waveguides with corrugated walls,
even if the number of corrugations is large enough to satisfy the known empirical criter
for the applicability of this model.

For a small number of corrugations, higher accuracy can be obtasiegl the
Bloch harmonic method. It was shown, however, that this method is only suitable 1
describing lower radial modes and narrow corrugations, the width of whicrsmwals
compared to half the wavelength of the wavegweadgnmode Thus, for arbitray sizes
and numbers of corrugations, it is necessary to use a rigovein®d ofspatial harmonics
to calculate the eigenvalues ©E modes in a cylindrical waveguide with a corrugated

metal wall. It is shown that this method additionally provides highiracy in calculating
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the field distribution over the cross section of a corrugated waveguide. Exceptions may
around the corrugatioadges

A dispersion equation is obtained, and the eigenvaluesigadields fortransverse
magnetic TM) modes in a coaal gyrotroncavity with a corrugatednner conductor are
calculated based on the improved method of spatial harmonics. Within the framework
this method, the fields at tlaperturebetween the wawgiidechannel and corrugations are
re-expanded througbrthogonal Gegenbauer polynomials. This makes it possible to tal
into account the peculiarity of the field near the edges of the corrugations, known as
Meixners edgecondition. It was revealed that, compared to the standard spatial harmon
method,the number of basis modes (Gegenbauer polynomials) in the improved metf
can be chosen much less in order to guarantee the same accuracy in calculating
eigenvalues and fields of tleavity. As a result, the size of the matrix included in the
dispersim equation can be noticeably reduced. Thus, it is possible to avoid difficulties
calculating the determinants of large matrices and significantly reduce the computat
time required to numerically solve the gyrotron cavity eigenvalue problem.

An analytcal expression fiothe ohmic quality factor ithe cavitywith longitudinal
corrugations is obtained, with the help of which the influence of corrugations on the ohr
losses of the E modes is determined. It is shown that ohmic losses depend on t
frequency of the mode, the geometric characteristics of the corrugations and can
independently used to selectivedyppresionthe fundamentalcompeting modes in the
seconeharmonic gyrotron The parameters of the corrugations have been determine
making itpossible to increase the ratio of the ohmic quality factors obpleeatingand
competing modes in the gyrotron cavity several times. Ohmic losses are usually high
TE modes when the depth of the corrugations is close to a quarter of their wavdiength
addition, it was found that for a selected corrugation depth, the frequency separa
between the operating mode at the second harmonic of the cyclotron frequency
competing modes at the first harmonic depends on the number of corrugations &
therefore, can be increased if necessary.

It has been revealed that the conversionBiiodes to higher spatial harmonics in

a metal cylindricalcavity with longitudinal corrugations depends significantly on the
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number of corrugations and their size. Ratiesneen the depth of the corrugations and
the wavelength weréound, at which weak and strong conversion of modes to highe
spatial harmonics is observed. It is shown that mode conversion is usually small if
corrugation depth is close to half the waweih. Therefore, such a depth is an appropriate
choice for the operating medof the seconttarmonicgyrotron It has beerdetermined
that it additionally provides a relatively high ohnguality factorfor the operating mode,
which increases with a decssain the number of corrugations. Together with high mode
purity, it is also able to provide relatively low ohmic losses for the operating mode, whi
decreases with a decrease in the number of corrugations. This corrugation de
corresponds to approxingdy a quarter of the wavelength of the competing modes at th
first cyclotron harmonic. It is shown that under this condition, competing modes under
conversion into spatial harmonics with high azimuthal indices and caustic radii, even if
number of carugations is quite large. Therefore, the coupling of the beam with competir
modes at the first cyclotron harmonic is weakened due to mode conversion.

A nonlinear seHconsistent theory has been developed to describe the station:
stage of interaction o helical electron beam with tleegenTE modes of a corrugated
gyrotroncavity. For the electronvave interaction in theavity, a power balance condition
was obtained. It has beateterminedthat the presence of corrugations on tawity
surface affed not only the eigenvalues and ohmic losses, but also the coupling of
modes with the electron beam. For corrugations with a depth equal to half the wavelen
this effect is negligible, even with a small number of corrugations. It is shown that at st
a depth of corrugations in the gyrotroavity, only an insignificant shift in the starting
current of the E mode is observed, caused mainly by ohmic losses in the corrugated w
of the cavity. When the corrugation depth is equal to a quarter of theleagth, mode
conversion to higher azimuthal Bloch harmonics becomes strong, hence significar
affecting the eigenvalues, eigenfields and ohmic losses of Eh@mode. It is shown that
such mode conversion leads to a weakening of the coupling betwe€h thede and the
electron beamDue to this, the corrugations in the gyrotreavity make it possible to
increase the starting current for the mode of thecavity several times with a frequency

corresponding to the quartetave depth of the corrugations.
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An improvement in the selective properties of the gyrotawity at the second
cyclotron harmonic through the use of longitudinal corrugations has been demonstra
For a specific design of the @I3Hz gyrotron cavity, the optimal parameters of the
corrugations were obtained, providing the most effective mode selection. The start
currents for theoperatingand competing modes of the gyrotron were calculated. It i
shown that the use of a corrugateality with certain parameters makes it possible to
expand the range of generation of a siaglede operating mode and provides the

possibility of increasing the output power of geeondharmonicgyrotron.

Key words: gyrotron, corrugatedcavity, mode conversion, starting current,

eigenvalueQ-factor, ohme losses.
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Y2 :é XnGxn(c/Qi’ ¢Q’ t¢F§,)COS( n(X -V.L/a)’ (112)

HJGn(a,b,C)=J';(a) Nn(C)— Ngié J(”(),XnZ o U Cii:F%/(R -d).

Ji(a) N (ib)- N3 I(,1

[ j BB tcOdzdz’ Y WS nOA S sdz! dgv 8 Is! & to(@IpdiaPda
"Hj Odz dzis? ffiplis'odzy'dz’ 6j L SdzOststO® 5o j ton dz
dzjy SHdztstc' H dz' 2=R fotslazjlstder dz'dz' sets ftetseo ' Hded ¥ O
5o ddzdz® L OH ts9 t5dfj dpj ldoch Yoyt & @, dir e jY/dr o M) j to j H
ctsWt)jo</ (<) jts j=0L2. (N -3) G tc O dzd diYdg'dR=0 iz tis¢s dz
csWtg, Bji(</(E L+s j=0L2.(N -3). I dSstedmistselzs yd
QdBzlsOd dzddr cOteddsdz’ €, L yYydr bLditse sy
Odze j Bte O ydedn to' o dgW dz' Hdzw AdzjXq.' HJslsigd: 3Gy
' o dav dz' BO'd 2dzjteldsts op ¢ A C iz @ dglg to'ds s W30 kgt A W
Fd3stsd® Odztsie qf figyf j joth)" @ aigv dzdzv H 2w v " W zE SIE
CsWicso Odzd d3 o dzzlstc’ hdz' 3 ftetse ' H dzd € 5.

[Mdzsoded f dzj HisdZ' S5 B Issulkz [1 4 *  dzjfy
Hd MY j e’ 2 detsdilz  to' o dawdddaed ) j dritsdpdz? 2 tiikts s dnfsetaf
t OLsd3 L BHBL1IZw vk Qo Jddzs, HEtMdIs! hodH
YydidzO otORtseo Odzdr OL[(UBEIs Ay dadsL ods@y f3ts dz' d
L dzOyJ dzdz" ‘Hdsm o dldfjdsidr tc L dzj SB R " Hdats® Is ts Y
HdMyYdetid s to' odgW dzgdz", o WOtz otORtalk’ s fi

ANzt “ . sz jcf sLdy' v ydn GOteditsdz” ¢ H
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fsfjtejyddd §jtejte' Lsds MistekSlskted. 1 ddzvlss.
¢ s @10

134. [ ] Iststeits LG deQ 8 GrQrizfizg Bp

[Jlsdfptcj totsL € dzOH O dasialy’ [od YO filgdadsn & 5 dzO dzj dzd d3
BIstsHE [1). 1itBr' Hd Mis! od¢ sted Mmis ©dadzw
G tc Odzd Y dzO" ntfotgfodjjtorsds 2 3@ fiedjdissdgidiyvidedda) dz Is sy € d
tcj B[AL-113. v SOCdr odfOHSCOR f§tod dzOB dzd x J dzd
Codif sdzgj dzlsd f sdzv’ il g dRictsi3OE ids Bidds! Hts dzj f
f sWHEBSS dzj odL dzOyJ desfls® tesL o' WL Sk Mdmisg
LO WeBs n~moddzvw B3O €' dzyjod?2 LOfOMmM Jjdzj teG’

VL 9adfOHSE Jy fMmMlstekzCIskted "L HJWBOSC W Uz
tcsLo' WLCE djBBRr'  HdzZsS o9o9tsHdIsd HBHOIKSCESO |
toj Bt . l sdes fsdzv g O E oddtsL m¢ " deyd dad
LOf O] dOSCBREEME " dyd detsoBz tsB' " d3F 9 BCBd

AlelE’+ *)av - o (1.13)

\%

ftcod dzOB dzd ¥ j dzdz' V &n sts Utz tsBB th @3k

CSEk o0 jMisd ds¢ Ode d' d dz2) dzH B (ZighPs  teC) B tdats
FPdi3s@dl) o df dzdo O , M 1© o oG &ats dpjdpl€ @ to ts BO G dz' |
(EH) dej o5 L tesinlsois'q(s>0) d Hraid0. dz'

it sLedzvdz] d@3s HoBoadd3 tdzz L OH OUB) . H dAOH @ g
Hsf EMS O Lo WL C E odcdw il 0) s Pte jf usded
BOGdz sdzHlA 0 TRp ozt , WwWC' tofsL fzts ©fn 4 HOF bsHds o
rdzv uovf IO vy R"eddz eoff Ctdff sdzgj dalsd j dzj € |
Y tEils@, o' HYtseo ' Hdats.
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t d.1)6.] tctso ' @ dzafldZ).
l " Hfts9 ' Hdzd? Eeis@'s 'ovdIBdEW HH dfw

E,=J(k.})sin3(GitL),

SO LOHGe Bd dv ‘[ 'clis' CREEM I I BRI I, L dzO ]
39 LOGOd skl odfOHSE dzj y' itz Ay d@kmsidEs da
2. 1 0wOdy ®RYO' k' fv ¢ EOk] fizs: 2 L.hse @S¢ d &
bgse §(2siitn = GBrtksd ZOflskf d Hasfbflsdd L

n="¥_ n= 1, 2, & (1.14)

1 @d3j dzh j H i Iz Mmisadudigite ' Lod® i dledzy | dzw o j Bt O
o dzzlstc' M dzt, 3 IStzaslistEy H dzv  adzCf2 0 ff s o dzf &  H dzw
toj B&%O® /(27 "/2) = 2/13= 1s80dA,1. 16" Hdzs t&' o
Codilf sdzj dds ¢ Eff s dzf totstf Stoc &,/ Q @HBHPAO o HY o' H
yd des 3, sy dz0 LtetsB dlsd &4 iPdise ©F s finy  Gt€ o3t
o Its2 yYoOfy wE s A tsdzjils g dzts L ' tsn)s O% I 1o o w
dz0 B dzd 3 j dgdz'dzlz dzv , M C ' fpi Gkek. W iR o) BO&E Gz O
L Odzj 3 dz' ifids ' @ docjdeY ' Of ted € dzOH, Hdzv dzO{E Is @dzts
BOs Is! fMd degPodpOe o jiplste® . s OCEk Yy MOKE Mddze
fsdHMs B, WE§' Hdzve dudftc O wEyls Ghdz' ' HY 5o ' H dzts.
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(v sy Redd cwOddyd bd@ssd 1 j2 BOdO
BOs s dzOMiskzy dzd?2 o d ¢ dzv H :

it sLo' WH,sOf gk s’ MMAEz o dcdzvH
H,=J;(k.})cos3(Git).

v OCdd3 yddesds, L GcteOdzd w@dd R)=@RZ3s® skstg g d3le
L dzOy Jj3dmdd?v U [ ~9oddz (1L18). ¢ QH ldzOBW ZL y' sdikz
HSHOISCtso ] HGBY EZips@Plisd &35 J L a@zOy §f tedz? H ©O°  diEids toc
Jo(ki})) SCtO2tsots’ L GlOQ" C s d3tday dabitidz|Bds sfvisdzy §f oS
J(kiy) , daj dBOBIsy Mddzekzdvwicdtsmls® dzO0 tej Btc' .

1 " HimMEdsse s yd odh j dzOe j H j dzg' tejLlzdz IsOIsc
odfoOnHCE YsedzdLEz e jtcr dz "HJ Odzt dzgts ftetso
dz' 'y ~, destcdzOdz dz' E I£ @& 3t © dipjsfeidiscdlz dffv tiedzdedzsd , O
CsdiR3f sdzj dz2lsd L Odzdh O Is! Mqw MC ' deyj dzd d3d .

1 ' odewdz [ OCMmoj dzdzO By kAR o thiIsOdafd d &t
tc j B t1@4). s O¢, O cdtfh HHOAL OdglgY o'dH j Qdz! dzfs
ftow IS Zlsdesc s € dzd dzO 1.7, L w0 GsxdgCOdiipdsdnty] jizkz®@ * te flats.

Et! Ht=O r-%)y 'Il::l
ur- 0. (1.15
E,H =0 r%), 1

<
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Y
(U, €p) s
Ilpogionuk

t dfy7. 1 J oty ¥ sk s ded) B B33

]l toHMEE] stsH [1]1 Blkeo L OO s adfbdzch 2 Qislz
HdzV C0OCMm Odz detsets toj L sdzOststc® ¢ totsls tots dzC
(tcd.. c¢ 9 d3j sStsH ' [ 1 )t6] Hd3Js Bp O dziz® v
tetsL C dzOH Odzdz? s OL d dzlzls Odz! (BADBLEPte Zsdz' ¢ O3

Lasso df J tizj tco dzatsmlIs fsdzw &0 cctOdzd Yy’ tsB
ftedLotsHWIs! HE dzOMmlskzfddr M 99 Hdztsh j dz' :

_a A f.exp(il ) = c:a'__Xngncoséqn(t +)) (1.16)
3 A exp(il ) = éxncoiqn(t +)) F(1), (1.17)
Hy  t=2/ ], L =k/ /2, q,=p12, f,t G (e, ¢C. /£),

ganxn(c/C.i, ¢G. /OG)’ F(t) 7 WedCy' v, wCO (esfisty’

jdzj Cltedydss sz  sdzv s tedkba ). 20 Of j elske’ ¢

CS 56 QLI dzt daz 0 OWzAN tsTtse dzd o s figlas ¥ €419 dzv
dzj o' HISBO Fftlzag® ™y ' wWisl i fils @o dpjqe@izy ' tesL € @O
dzts o didigrls 5 6 ts d® dzdafedfiiv sk’ defg F@ds dze Oz § 6 O:

F(t)=(1 _tz)-n/sé a R’°(1), (1.18)

HJRY(t) T § Sdsdlf J ¢ § JeEOO Iz
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s O%jsL §C dzCR@ dzdazd L Sz f jtoj & Oc
1) f & delzts (B ¢ j ileedOtic s 5 ¢ 6RO datiz j t o O kLo OC

(1-2)" " 5 SOCE HdBireEzy ' E@&LR() BB B EOR ¢t

2) dzOdzls | tto Dz ¥ ¥ Iz 2@ ﬁ(t)(l-tZ)“ 5O ¥ s52 "' ‘Hd&z@® dzOH §
WkdC ywedsd , dstsy dz0@ HtsfmdIs! stsydes Of tets€ Md Bz
5OSCtY LOBjLYjukz: ho@i®Sk LB' yd Mls! twH" ¢

3) OdsfisdaHOL d Bz R0 de QIR Ats X, gz dsBiAT dzj ¢ C 5 o d t
YdtedL deso’ N EzQ@OdMElksfEEGY" © dfdd’; tBUdMd

4) €'z §  Mls! Ybd desi o &Bsyj BRI L&
stsydssfls’ W HIAEISY dzsfls’ o

1 ¢ tsted fls §blB s y ¢L18), O kOCEkY Gilstesdo
1jCjdzBOEj 16O, KBy k0 GltAiPsy ydydipks | sk tc° ¢

M
jD,a =0, j=0,1 .M, (1.19)
k=0

I A fep - 3OS
asn?._nnnjnk no{l"‘ n);

ty =1 " Teao(INF Gh iMd Bo sz stetsdzj € § 8O,

g4 dMmisj &30 (D) 3@V dzdzj Istc deds’'Lt O zW dzdsBzd H J Is§ tod3
D, H 5tc' aaled’

H JDJk

det|D, |= C. (1.20)

{ ' o dpWl2elew o v ' MsBSY¥ HIMYjth 2daj ' o dz
L zOyjd@ uv[r ®sH o SESOCH Od desdkz tj L 5dzO|
ftetse " Hdzd S 505
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[ idbtsH [1]1 HoLDODHSdYtSydz MlgmMsEsL tO-kzo Olsd

fsdzv Wt Odegs’™ MskzClikzted. vOCd2 wBBL:
dzd © " HsdBdr CBJW" y" " dels' @ 9o ttsL € dzOH Odzdz 1
HdMY j e 2 des Bz o' o dgv dzdz' , ¢deswslz o BRGtsusH [ 1 ]
mMésteslsdlsd yom (i3’ ¥ Isjtcdzdnm toBBL 6OAEZd2E " o
L Odzj % dIs+ " H My 929 " HdzsN j dzdgv 3" yd fmdz
OLddBzIsOMz! dzgd- OB ¢ 1 -0 ' Abkzte' * . [
LOLH Q] Gdzgj 8" HESBO By J LOdzy ¥ Ols(d 9 H
MskCIskzted.

135, f jlstsH fyf'dets fp drtedB e dzdzy dz

(5 fMttsedt djlsBH'® OkOdE Lk SoddjetH
o' Hdzsmdls: fifdze t54irls walzd & tc O ¢! gz [1068 WiF) | °
L Ofjdztso Odzd 2 O Lued iy fofs izl dkl' dzls | c 6 Odz dzd & te
wedn jCo' pOd dZsdes L o €R)d Is [LOGY 1155 dg OIS tunt Ol &
L Oflstsite Odzd? HdY tBLEOSEMSE o dzO M dechs g
C' toslstotsdz® & odARbiEts § @uxizts © o MisOe € s& , f st
f tod H iy Gla@iz] t&if ) .

[Mdeso dz©@ " Hiw &jlssHEZ wwt YsdvecOF(j)z o9

F(7)=a Aexp(ik, /). (1.21)

n=- o

IdSstedmstso s yd dISPdz@ydgsdzeized d ff jstf ji ')
toj L 5dOlststed j'tc jcBmmsdnlsdzsj f sdz' @ dzO@ ctOded Yy
L(11]) ' (112 Bsy dz@ slsted B3O d Fijg L W O d¥ Is 2@ @ B
¢ Otc 3Bz’ XS
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1 /L'/"2 .
A =— f F(g)exp( ik, gd , (1.22)
J's -y
20 /2 '
X, == f{ F(g)cod M & . /2)d | (1.23)
S
HJ
s1/2, n=2C
& =?]/ (1.24)
11, n,

O B " 99 Hidatsh j dadzaw

& AW, (c. ¢C)exeik J= AXW( /G, / Qoo ( xS, (129

n 0=

W, (ah=(¥H G an b

1 " HiplsOo dzw 8 yd (1R2B,J @.23)yd ‘(1B d L d3° dzt & yd
" HiMz®RBso zo Odzdzg? SO " dzlsj G ez o Odedav , Bsy dzO
fjtehtsets tesHEZz d&zO o' Htc' L C Iz:

/‘L/2
AHG.0F(gd g0,-/./2 </ <j/2, (1.26)

-fL/2
H J
HG/, 9=G( /- )a&( /) &t  j+),

G(X)=(1/:) & W,( ¢ c)exe{ik).

G,(X= {4/ )& en( /&, /€)cof , .

n=0
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ANz dzC B/ )Y o zOMdzj ¢ L dzO R Ha@kiR6) s te 5 ¢ f &3 U d f
B ssHOB], wWC' otORBolksIs! Mddzekzdzv tedzF(p)s:

‘o, By dz2O0 L dzO02 A d X, Gl dod3 AsdzOidef dzd H1.225 O(B2B)dHd® |, ¢
o dC sted MisGbs(ld), odL dOydlsd MistezClkztek
fsfjtejydsdl fijtejte' L' CsOCH Od dscEts toj Lt
ftctso * Hdzd € 5d3.

[jlssH wwf * dO028' dOdOs &y @i d iyl Btz 6 |
CsWtttso Oded i3 5o jtendzv B, ME' & ¢d o dz
ZzOB " te Lo' WLOddr OLdABEzISOd ddr ¢cOtedstsdz ¢
odMmMsC sy Istsyds Mists totsL tcOR kdzS & o dzOMmded dz' iz
GjLEzd ks yda o &OMddr f§td o ofmsud ofjte
MlstekSlskted, oS¢ d® yoOs yd B EOMs' foeddLbk ¢
o BOGcO" Istedo Odzdnm VGG J dp’ daf <z ts Y tpaftfitppej d@'ls
fteBlslzo Odgdz' ' ©flsdd LOY' ' tjLsdOsE 8 ¢
ftoj HMisOodzw ' Is' MW HEMdls! M zOH dzd ds.

14. dhdzts e S Wzl 1

1.1 0 ' HMlsO9o "’ OdzOdz' L 2 ttse ' Is' fOyxz@ECO da
fslstcj BO W Msbd sPzsdezes " 2 yd ¢ dzts lsiteidy dzdh) 2y C
LOMistsMizeo Odz' tExsdyizBis)) @PO® Y BaEZz 1 © M ldstisizts o dzd -
Yy! sz hdzw Rk MC dzOWRBHAEF | €' dz¥ z € & &z tzgH ©6RG didls i@
yd S dzslstetsdzdzis ™ L B R mis 5 tzdal jieSsiZdgd-~d3s  folz Is(te &walzd y * =
tcj L sdzOlfstc®@BL o sdzv HsfWw clsd B Oy OdzdE ts [ddddBd
Hicze' 2 yYyde dzslstcsdzdzd L Y BleBHtzB ko s 9 Oy dzd o
sO¢ dn C' lstetsdz’ o MlsO* tcsLtecBC O oHBME
LOBJ LT Judlsd tefjHdzih ¥ =i aegs dzls Odz! ded n .G s dz€ 2tk

2.1 Jeeyd Ht ko Oecd yoOmlkstslstsods tltso o d
o dMmdzatf detisC § j ey j &els o @A) st Iz o OMEtiZY §f MH jdkedzy ) d
ydqdz' dzH ted ydzd tc | Stetz® s sde@r Hiek de'sAste yd ¢ dzts Is
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Mkelsj OEdgce yn ' Of OL =D ¢ jy Qfifdsiidss Mz o Odzdzy 6 s W
Hsmdz' HiJ dzglz? Isd o dzd = 18 J2OE)dz@ Is tstR)Isg 2 L CsWtctse
1 O9 H Odgdemsdgdls H sMde'd u gzPdedzzdzy odfQL@dndlz’ ¢ t5id tpdzvs
SO td3 ydzzk ®BSBEGEHGSEG/cn' & OL d di3kz s Odz azdvhL
o ZOfMdzdm BBH tjLsdzOIsstcO® L coddzstsodd3 | dzj
BBH. [ O0dZO HdMjlsOyYy 2O tsBSISO ftedmoaw yd c

3.1 O H Odzfj?dzlsd3tsts fry drligblsizdagitils dizy, dzdsds @ tREDY On's §
o d ¢ st f filpls tmprdzte s 8 O dzdaw L OHOY' dzOtc j a dz@Apds'ts t
CsWtcso Odzd d3d § tso § ton dg¥v d3d , 1dzts' =03t BHOEAHEMEAL € d3!
ftosmMiststetso d G Otc 3=z’ CCdzO H fargatiztsodz | I5tisjHc | 5 d dzG |
"delsd cteOdz dzd - tof o dew dz' . ) tetso joBQ edgtsH jfdEte ' oz
mMdzOB € ° Mmiststets dzd . Il datsHYyd L Yy! tsets, o W
HdMJ elsOy’ 2dz" 2 tetsB SIS sBtocOdzets dBBj stsH e fr
tcizdzdzs e s ¢ ogstyc s e Mise  tsB yd mdzj dgdzy Yy Of
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tdryrwf 2
frodr ¥tdeovftfIrm Lot ffrws rfc 11omJfr
fLr mlrfdlfrwl v frovofrlRrRI{R L AT )1 R/

| sYWtclz odgiigdgy L Ofmls tsHndgw 2t ®dz'd v j dedzy My j dzj € Lk
tcj L sdzOIststc’ o C' Loslstetsdz o . JHddd3 "L flstc
nOkB®jtedMmisdS o ~R"oeddzjeotsHOR L C W tetso Odzd 3
COteBHdE' )¢ | HOdsHBEz ttsL H' d& B3y ssH [1 ] od
o zOMmdzed = L dzOyj dz ' o &zOMmdedr ftsdz' @ v
CsWictso Odzd d3d f S9 J ten daW' dgddz’ ylsts ) divs BILYtdzO Alslz digfw* ¢
L Odzj Yy detsfyls® o' H f OtcOd3jIstc' @ Roaddzj otsH' @
[ dzv  f tste' o dgv dzdzv dzOo sH W Is! MV ' det L eCGxzfisdis’ff, &3
B lssHE 1 &z 9y 9dn clOdEsydz ®j sdzdelz o gz®@ ) dzdf
()}

2. 1. ltjHMmMisOo dzj dzdzy J dzj S stetsdzOGc dz' Isdzd m {1
MtckzCIlskzteOR
t sLEdzW dzj d3ts  j dzj S Istes BOCG dz' Is dz' ~oddz 9
we' RBOE st i3] IsOdzsa ettt s gzt BZdz' 9 sH tsfdoyj dasldny® s
o MmdMmlsj &3O0~- , HJ o' HMMklsdz o' dz' dg L OteW H (
h s d3O¥ Is’[118]:d ¢ dzV H

rotB = }E, rotE =

1 , divB 0= divE C (2.1)
C ut C

=lw

L0 kY jd Mis! j &ZjE b®d | ddsctts y i & dzvds@Be oz k
yddz' dzn tedsyjods' 2 Shifsiie ) dz@l5 3s " G Old E o d ¢ dzw

E(F,t)=E(r/ )exp( i & ik,z), (2.2)
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B(r,t)=B(r/ )exp( + v ik,z), (2.3)
Hiwls@&, T Cteesoa © yYyoOmlsslsO f sSLHBO Y dg ~n 9 (d
o' HYto Hdats. | OHOd Y kb #,4) .My sdzj dzls dac

[dzv  OdzOdz' Lz odMsSsyoOnissisdts’  fistelzCls

fsLHtsey dz' 7 € SBEY/S deF, (elp ) Wistelgve  d3j d3B to @ (lags Is G &
F(r/)

B,(r/ )=k Y. /), (2.4)
E,(r/ )=k Hr.J), (2.5)

O OCEY odwOLdMBE yYjtjL dedrn §6§jtj yd €t

g = KHY o M (26)
roy u

E = khY K B 2.7)
worop

Br=ikz“—Y '—k—.“, (2.8)
worofi

B SR HY B (2.9)
roW T

H gk =K K, k=uw/cinoddz soj ydimdzs o o0Ckkd&" .

I d¢sstedMmistse ¥ yd ¢ toj HAIMEO@R.5)zj dedzVn dHini j(2G)fs d
L ZGORBSH®BES HotBd tdd Rodd so' o' o dgv dadz™
Wl dzS Yy o2

(D, «2) vo, (2.10)

(D, #2) Fo. (2.11)
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sl syOts§ ptcdzte rRoddzj otsHE BEHJBS o900l
fsoJtn dg IsOdzc j dzy’ Ozt dz@ M ZOHBSo O Jj dzj € Ist
dzz iz, =0)[117]. J dS stedmMissdzRygqiEsyklmses dL Hdzv d3d
YIs& dzO ctcOded y' ‘"HjOdz dzs fftetseo  Hdese s rno(
f s Jtcj Yydats 6Asn af d dejj et H iz | ‘dmOIf ded'fdgEQ@fo dzj dzts o LnH S ¢
ZOf tcOo dzj dzts 5 desteBOdZ® H s  ttisro dpticts dal dztfgids C
sOdze j dzy’' Odz' dzgd &3 ME dzOH s d B3I  jdrffjo Stslsitdzd | dat€ aist
El®&,, w¢' o' RIBE5&k@MsIsHtso de dzv H:

& . HY ik, uF
E =gpik— =+z—" (2.12)

& m 1 W
E, =k’ F. (2.13)

Il twjLikzd IsOIs* G tc O dzd y dz'  d3ts o do jHeRWdz' d3j O3
ftotso ' Hdzse s moddzj otsHE [Yld2 B3O8 Is! IsOCd2 o0

%zO(Gt@Gdzo[udz(D Edstse © | j AABdzO)

Fl. 0( ¢ 6 Odzed ydzO0 Edsse O [ ' ©2185)dzj )

sO0Cdds yddesdz, L OHOYO dz0 -BHz@Bgtlz H dzikz®1ty j ©
~noddzj esHE L ‘"'HjOdz! des ftetse " Hdzgddzd Mls' dzl
BB BB tc Odedzd RY @ dzC ¢ 2 dzOMdz' HBE, © ILOCBRE =«
~9ddz Hefta IsdifdzipS s dosudgdicay adezf dp! (-dEsETdg s
noddz g gz ) . -mp d28=0s(E,=0), Y ,0, O " n {§tsffjte]
yd mkz@ dzO - sH W Is! fMw?2.10) L tc ¢ & Gdzdzapdz2.14).2 d3fs dz'E o of fdz
Y =0(B,=0),F ,0, O "7 {fYtfjtejyde roddz so" ' (2apd M
' (2.15).
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l 8O B MG "' deyg dedz’ Mls! ftetse ' Hdasils' B
o' &z Bjlssotsdkk kO Mked & &jsesos sdkz H' Ot

Isj stc' = [118, kztjSdf?2 o MlsOdzetse dz¥ * L' WL 8¢ B Y
K.Is@, Hdzw Jjdzj Sstesd3BOGdz sdets’™ n~ o ddz' , h s tofsL
~n9ddzj o tsH ‘ ~n9ddzj o tsH L &) sOdzj oetss s8]

L' WL s8¢ RBO'[1I§O0Cd2 odc dzwH

- K2IY P +(K2/K2)| /Yl
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sz +ie §(2)E (n)exel m) %_% & 16 E(T) ext i)

(4.3)
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) sd3dztsy O d3ts (4e3) dp@zp(dadey Y sls' o5 ftos' dals § ¢ 3k
' dzls | 4@TO,&zER20/ 1if j o' SH S tdde Odyts RictEls j L 2 dz

1410 e S(z)E(*rA) = 7= ], (4.4)

1§ Shstedes d3oatsay @asizOR (7.), Nt oo jHj@R) od
‘dalsj Gtk B3t toj L Hfdmflsiads Wdiss efszhidep et L 2 tej L

L BmE(n) B @ =2 g Bl e @)

I 6OR 5o @289d(220), ' desfpE BRI @Ee dz' 9 2 YOMmisd

45§ ted?2 BO° odddvH

L : 0
E.3 B, ¢5 =Kk %%T ‘+—5‘?Y al (4.6)
Sg -

" o

LOY dMmE" Is! Mw N desd € kOl o 8 Gz dzts s P elzdzts ©
Y, f dztShLj ¥ 3] 3B tc O dzdzts Y , (WHIH(@R1) * * tBdL)) .

e 13y
k N gy -
g%w f?ﬁ

| tej L iy tsOts] ko stej dz Glted Bz &

H qu (@.7)
9,

— 42
r

0
¢f0d ;
pi o9

U

) (a)z/
m
m¢
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FRECE gs DK P 4  pKkN, (48)

HiP'Pidstediso Odzd 2 1 s5Is’ € ‘i dzff B¢ € O dzq gizts jlo SO

"HY 5= aqzﬁ P=c’Rd [FCk)f?(ndo. CENS
j @ &R’ X, 24 &

Rl Al ey 5 #(R) 29 @-57F 1
/s 2 i éc + c (} C+

I dL dz0yd i3ts g B0 fte@icide ' 2 OB dz MM
CotstcH d dzO s, hts o' wWLOdO L o jHEZYyddl)yd dz
Yy sz BERHj B, (ogfmE@sy ttoLfitsofms Hykz' |

nodiziascts S OOk )L skZzOBELY ( chHBOGENS O
M o9 ' Hdatsh j dzdz &3] :

er:j’\ WCOSQ‘ -./)l
Iy w=1n SinE - ).

td#h. 1. AJCdzclstetsdzdzy 5B J tols Odzdzy J dz

JejLbd 5Ok’ Glted®k0 &s:
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- . .1k, k
812 Bl g oy

=z ikn;‘%-f 4
aGe “ i
n=- o

i(k, 1}l§ef- J+ g

J dkre %

@~ DI
P
-
I/\
=
N—
(o)

7z

(4.9)
H JG, = A/Ji(¢).

1 jtoj sigtsstefdic Qo 2 yo@B)ddzed o gk zy yd Is,
] OW O Hdv WikEd ¢4.2)p136,dymy day | tedss

€W A (D IR (410

td. 2. wdxEHes®BY HBOEO.ddzY |

[ dzv Isted € zls dzd4 .01 ){ ¢dBO ‘( dsts[:M .

z=kr,Z=kr,w=kr,g= j, :/—; f o+ (4.12)

I dStstedmls @alkls @411) ° §jtej RsHw yd

HS L d3 d
s=1 49,49 Bsy dzZO Lo jMisd HES adedzwvHLE

8-, B @il Wk kzé G.exp( ik; 0)\%}( )=3i(k n) J, {kr)exd iy ).

S - O

(4.12)
H dro=p./(wm,m), p., w,=eB/(mqd, e ' mi ZOtedtste' o fp: Cd2 tcOH

C 3t 2 dz' my, dgj' t€ jOdzWusfSo dztdnjdste s dzdzO Y OMiIstsis O, L O



114
o' HY Sor, Hizsi § 5dzv te dz' CoststcHd dzOIsd o jJHEYBGE
(0¢ Y, );Bi" dzh S yh dz sSEBERBOCd sdscts § sdwv.
I SLGdzV dgj BB § Zuts$ N, Hidtdn S de@iad @ g dij WC IsLts 15 ¢
fsyOlisodd oL CdHBR L O hoadHSMswdR]. 1 d
Mstczdg RO MBIA€E 2 o dc dzv H

—

j(xt)= Zpbad(r -r) ‘(" /'j)j (t di)i’ (4.13)

Hil,=f.0S T Miste & fedeb b U O, V, i kv teded 2

fsdzvtcdzed?2 Ci2ls, yom wkalkz, hodHC 'jiglhes! J'dzj T I
fzyc O o ff sdztsy J dzdz L § 5L HoS omjfdiSs oS 6 H dgES. St H d C
1" Hinls O d4dE®) ¥ (4lP) 0 (45), tslsted i3z Bis:

I o

apw , 0, 8k a.0 0. V..
k2 % G, 2 K.r)|—
=tk 8(2) = na Sa_l_% (ki )expgesgz 08 ko)

sexpli(s k) )exis ),

(4.14)

4N TS ) WO jacos] WSt s .

I tOHdY 2ddn ¢ tlstesdOn &Otdst’ o !
(kergj<Dd . 1 vy sz odfOHCE, odSittdMmistaks y
WEdSy' 2 1 fMmj dv f dg9: BOdzd 5 Otec kz d3j dzls O R

5 1
n

|- O=Oz

J(2)= az 28 4.15
76 a2 97h 28 (419
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L dzOr tsH d i3t

3j(k.1,) :ﬁ(kﬂm)s’l. (4.16)

1 jtoj 2H @M ‘o0 § SL HEso ) dzt 2" @dstsde'His/tfzpds 1 1
BJLictSL O3 tedzed - o4 dzd yd dz

kb2,
4.1
i 2b,, % (4.17)
2454 2
F(z)= flz) kb5 & w 01/ expael— , (4.18)

B, (s- 1)251 W, -

H dbo =Va/C, by=V,/C, V. "V, T BYOISS 890 57 J tod ydzO
idzj Stesdz o, wswy L4 sR@ESS So | \( ey tiztztzdes |
5B j 6l Odadzy ozl ®G/ersdriof, s YOS 5o j L dzOy ] dadz
" OC OO tezc O fEZySo.

] ' Hfls Og4lt®) (4080 (419 s 0 o dStstedmlstsoze yd Ists2
o dzj MEL14) 8O dzdh | toj L 5dzOdzMdze,?2 husizj wizsta' o 'dayz
yd S dztietizs 5 ¢ Owekiwd138d Glsted Bz Bis:

S

: 0 ; k. 81
%J%mz 6( 4,8 cnsg‘e— ?ﬂ apeexp( i(s k) o), (4.19)

j1=
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RV

b , l,=mc’/e A7¢C ¢,
IA go(s!)2225 éy—l) A / ¢

H =k k)4 4/(k* . 1,=64

_Jk_s(k/\rc) a P . ) ; . , .
C, .= n— T e Wy dzls L en-tL C & O tafdiAsyiE 1dOts
' Ji(¢) VN P,

T | ) o |
pe=ae—§ xp(i L), p.=mVag ' po=mVag, i f 57 jtej uded2 ' Y k2 d
¢ho =

fzySo ' 26c¢t fsyOlSa,j L dOyjdd", o' HY B¢

412. 1" odgw dzgdz? kS bk  j dzj CdstWstess O dzf bl € Ot
G' totslstets dzO

[ dzv  u( BdgEiH k2 8 OMistsls o' W' yCd | AEded LG
(Hd@19 ' (220) . uvsBz shdase dzd?2 od szd$ z GAOO tcjzd,
toj L 5dzOlststc’ G' oslstesdz® &O° L 59 dz'Bh=d#,0,B,)BO«
(B,/ByJ<4) ' Jjdzj Sltedyudsj o sdzj BF(E.EDOhd )L doizay
c' odeW gz Ak jdzj Sktesdz® fEZYS O dBOsIs! o dc

dp. e

+——8p. °B, g =ek,
d mg
(4.20)
%:0’
dt

H P, = Py =MV 50-
lojHjds HE@EI)Fpsip, LOfdhj & fmd Ml &Gz |

ddp{ = eRe{ E cogd E, sin}‘ , o

df .
., —- Ww.p., = €eR sinf 1cos if
P WP, = eRe Esinf Escos)
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H ju, =eB/(mcg.
| fodvitddt C6tHdd)ls @@ daadldy. o d

O;it“: eRe[E coff ) Ersif £ )y,
(4.22)

p%-Wp =eRe{ Esin(/ ) Eeo§ )},

I fdMmisj &3 (428) SomEmidm dzj dzlsd  dzOf oy j dztsfls
o O O Isi Mw YjtejL dfj, dse &5 19 Celigty) SN U de.d |
J dzj € Istots dzdzd 215 ditz, | S £ HOsYS idiy W Hods dtes) HOJ@iEZO EBbo
Idetdhiste £t yd CRBY d¥yls O tzd&@AY (4] st d dst

= <2198 G (ke (). (429

E = 4ka(z)n§ G J(kyexp({k ). (4.24)

1 " s Og42y E(af)e MmdMmlisj d3@d.2Pc " oedzf s te d H.EAs's 2
(411), L dzO-tsH Jd B

ddri —eRe. ikk, f( )a G 1., ( ket) A ko) exe -4 §
- o (4.25)
dr eks

.~ WP -eRe.r—Lf(éa G I, (kg Y ki) exq Gs);

W= WA 1B (s kK 20 o- ¥
] ©OR o ¢ G #/s -h ts @/dt=\, d/ dz, (4.25) stsy dgQ t6j § O
ZOMlskzf desdzsz o d ¢ dzv H " :
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dp. _—Re| ikk, f( )a G 1 (k) I k) exd -7) 8

dz n=- o y
(4.26)
dL _ p aw 6 e_ €ks -y C
— = _ o Rei — Jl k 3
P s8R (T8 Gk ke ia)

I dStedmlste s yd (@IS Hede' HYdstaCjvptadbl ) | fd3Q dee
Otizaj dzls ts d3(4'16), o deds@ad Bk ' dts

dp. .
——R A;,
dz v A
(4.27)
dL _p aw 0o e
—— = 5+R
iz v &s A 94\2 o A

b= &p. b k& T B .
5 a G, (kgexp( -4).

r o © H' 2 Mdzd4&27)i3ts g dpOdzdzs ' ° H dzQlgi 6 frpdzjts Hiadzjo dgY

dp. . dL . p.aw 0. e
—+Ip.— F W al—+A. 4.28
dz Pz \{ge_s © 9y (4-28)

ltcOrntsolzs yd, nts

fJtedfdhzpdts ededvH

dp, _. w-sw . e .
= =ip, + Aexpli ] (4.29)
dz sV Po Y ()

lted fJjtojrmatSH' HB BzjLLGE tflildfgs ts et 3z L d3s dedzts
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dp, :ipeii W s CW'i—I'—ggZ)(p;)s-lé Cnsge% %xp(i(kn s) o) (4.30)

sOCdd yddesds, MOBEEL ¢sHY j dzO Ofidifs gatdstes
(419 ' (430, o' HB®ERO wWE¢ MlsOy' td@186z29, tc'bo dz¥ daft
9LO BsH' CcoddsboccelsyfryS OsY tzfs O tets dzls o to
ZOMmlskzy dzgd?2 o d e dzw H:

%“7 § ¥ 4.8 Cpulk /K’ <p§exp(‘(s K)ol (431)
| W |
1[326 :Ip gg (p H;S Z r_gg e n=- o K\/k) exp( (k S) O)(’

Hi Mmd(deftesde dzO0yO0' kfMjtejHdzj dzdzv L O j dzj Cstetsdz
gt dMilsj B3O (@31p alB®iAse 2 of dzdeo ff sSL o a pdzOE
C' tolstesdz® dzZO0 oL O BsH' ¢ T EZYSc O L [4dBhaEss:
105 H dzw sSBtOMzSnH, YIBH do f Tz o ftso' WL OQdzd 255G 1s°
{5 jtej ydesets 7oK Besd §@Q,,))udfigdgd B dzr b 9 Oy
wOClIs, h 5, wWe fsCOLOdts 9 tSLH' d& 3. 2, G
(SBdeo jtem' & BSHY( Wéaz'da OB ezl ORERZO 6 OtcdBtsdz’ €
HyC' dBHER (G Oteitsdz’ € 1 dzsm © B @@ N 1o oy tsCuide |
estcBs o Odz0 aD (B AEB ZH @] dzgh 2° s MW " H ©HJdzd
(n=0) cOtedgsdz’ € 1 dzZsn © ' LB ' dz' Pz’ Iss fiqw 9" |
B ' dzh odMsSrm®) 4ty mied @ ded®edizOn oi)e d de@ ¥
dzOB dzd ¥ O' Is! fw H S dzz dzvpp,, atslsle d azk ‘0 d3tén, 0),

C,.- Ins(kl) Yy sk o df OHS b (4.34) fotaig2daie

Jm(mn p)\/ éj{p' Ul

o' HE®J2 odH ' Sfdhkzslk: oL O' difsHEEH 5y d2f
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LBEHY Ed®s-MY yd¢ dztslstetsdedz’ 2 GOteditsdz' Y )
toj L 5dz0 s tste [50, &30, R9s Is tc ts dzO
t ' o daddltzsO Is! Blklsd Htftsodzj dz kdiise Od3d
on  HAasBF ( od¥=-Hds®Z dyv s tjL kOO ¢ |

Fi(0)= iaF (0),

FilXou) =1 & (od),

(4.32)

f twp@sC @ sexp(i L) L0C I, R HAdzZY B LtetsL 3 teded
"B zdz Mt e j IZAPCISBAG Az @ f EZyS O

| €OF ud o OMmdzj b dZOWdezdzOME to ERIS Ui lsy | CZdzls
Hoz6 [ BsH] Cchlittso Okt to@BldzOkBE @Y 5 k' o tw
{44t udd? | dzj sushig)l csgsbesezo o L O
f QOB Iste’ 8 j dzj Slstetsdzdztsc t5h, § & Wl O L Qs lizgzts §
Nstekd IfjuE@ dh ' f(otesesej L dzOyj dztlgy, o' H

4. 2. uvditeo O B OdzOHaNjzL o delsldztsitalzts fids' j@ts Istets dz0 L
] 59 dz0 f 5 BEe jdEzjis@y' ° v &sHd, s oL O
Bsyd BEZISd oadL Oy O o OS2 Mysm' B:

Pot =11V, (4.33

Hity=h d(1+%f 0 dd? | dzj ¢ bacwmdiipdiy ' #qCstste k2

I MOy CdOtdsdz ©jiyddh ¢jdieoy’
OMszf des Bz L OCtsdzlz L B jtoj ) j dadav :

(4.34)
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HiP iodR' HdzO § Blsky d2, fil§'s zq das hlists s de@3' y dzd -
BilsOdzjodn Mk' €O tjLtsdOsLO:

P = - REfRE 3B gS, (4.35)
8
C € = 4o s |
R)hngNRe[ fEE °B gdS + fig / & (4.36)
I's S )

l tOn 59 REYY221) Is @4.2), 35 ) dz0(4.350" (436 s O fgds Iz f dz
odOL " 9

w

Pout =§ NmnRe( kz)

2

f(Za)

(4.37)

2= SRIZG) (39

HjZ =(1 -)ko,i dztste Bts® Odzd 2 ' &3 j H O dzifp, =tjzoﬁl§d¥§t$|:~)f(z)112 W

Re

a|>ﬁ|2 /L (1 o) g(R) fg()dr

a /. @
aé—LaA 7
Q n—|ﬂ| Eolo— R

S

IS stdmissobks yd dzOo j H j4dZ) " (41B) | ¥ 658 dz0dzf
fslskzy dzdBdsy &Y yddz' dzH te d YA G fSis L) t& asyizl sdsds OC t
o jMisd HE dzOMskydsets B jLEBL & tdses oddd

161’20 Rz G.), (4.39

0

IO/7 =2Re C( od, |F out)+2
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Xout 3
H G = ?I@’kA—I\EJF(X)FV%d ..

[ Odz' BEkHJ B o (it toteed frHsAEERBadds d f Ntcj o * 6 ¢ d
' hjdg to' o dgW4Rl). cS todsds todsdaPe d ZO OB N dtod da
dee Z.39 Lo sHdls! MW HE o' HE®RS' kdss' B OEO
yddz' dzHted ydisdslis ' tc L tedzlstetsdzO® L ¢ &zO[BE.d i3 ff o

4. 3. 1To9'wWLtsC OLdBEzISOd dzdr G Ot
CS LOLdOyodztsmw odhj o wLH" & 4.1, t
o ZOMdatss v dBsHBE @) LLEIFEDSEE O B Yeftisig wzdzw
c, BB ydts' Q5B tistsjdisins Cizls Of £ 9 ¢ &3¢ v ts Bz
Hishdz H,q’Q;j;ths‘an,sa L Odzj ) dztsmis”’ " H JOtOd3j Iste’ o
ftod S dzOH L ¢ ddemdTA4IBsHE] ITEZOISSEO L 5L
HdzWw ¢ ' totslstets dzO dz®=2) to ye(l€ Ris de@Rtis BsdOMEsIEd .
o dctslstsa dzidglzci? L §w2Do0 bwdg/ fglst s sets MistelzC Isk
2ZO wWdf. [Mdsedlz ko Ok L s to] M dFnts WOs osGp
6 L SdzOIstste© L f sisfig) dzcpdp j Q@ 'l s dy C0s.” 2 H8 5
9LO" dBsH' W BBH tjLsdOlststc® L jdzj S Istctsdzdzad d3
SH&RZOSC oz cdzdes ddzzw=d. O RR, omBlstcW tc’ o |
ftosMisdda Hdzw o dcelstse dzj dzdzv .
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10 td. fs¢C0L O0dzd? o faladg® GeA s teleidy’ o tsefip
HEB e Is@g, Mistls te d &30 dz' BB SBHOBI {14 1 v° teEf @
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&y 1y ¢ WdE/,/8 0OhEzz( H db.. 4te.dBfifig dzts  f [R,A@ L C
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(m,°41.18) 6 dZOHSCB8E yYyddz' dzHdeDydes 6 5 o SHzOB G
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