De. - h.[. W. Eroole

Aol bk pc.‘.'r m&ﬂc?qu.;_ko{w‘(\
wnol (Rewoes o, oo le ol el
Utniou '@ F | Koixste. A2
PO koclicube

_@PLO &Qﬂ.k"‘f@“ 11.

Nl Lhs per res R s

Sedle

1. Wlilsontn, ca (:\m(rfq.é'rpuh vl elellowq et~

- ! /

sde” Qadlar, 4
2. Furdrpu pf-.cam‘l..o.ﬁ..'mﬂ.._ ;cwd.ﬂn;w Y
2.4.  CllCou s SanodArulbibur N
2.2. Plovsma SacdWrulbwmr p
2.3, g!-ru.» protene AP
2.3, 4. S\l'rwun o obaHhr e Moo pmin 47+
2.).2. P\-rwwuj . opbisda, PLonsute. 47
2.3 3. TManulal- w-ed ?o.':&h.l-alﬂran..uuj 4%
2.1. 6. Stdend el s raatata 4¢

2.2.€. Gwelm‘&ka.'(‘ ol QthJut-r: dn'(l-;e:‘fgh'«o(,]&e.‘l 49
3. Oplirdte S:fu.u-olfa}g»\.

24
3.4. Alowistir e :D%Luh“ olos 'L‘:PIU‘):'@L. 258
3.2. RefBaidm waol &re.ehuuj o 260 [roerflicle 33
3.3, De ek Rerouator €2
1.3.4. S‘umu—.b‘-vr::c\u LA lhcretl 2 Ra (e e
3.9.2. S&chbwellte faler — Redoualoc 3
3.3.3. frra'faccelt b tiler 5£4

3.3.6. [hea'frevellon By vt falpa Lo
Unrolexcpro ¢ 2 S
3.0 Mo fouwell b bolle - Re20ualoc co
4. Dedoelrcleun) e Hral Quwp unl Hatede 62
4. QBolbru-auw ~ Vbh-'-ew-j 60
€.2. Swlsiion A 66
4.]. Mwnulol Poresse co
3.4, Plhwulivle Vuw@‘rkuh’} 1

O wsS3I(?1



De.— Wy W. Frouade

Worlalab fee m&m“u_;kd@q
urol (eooes o 2o le(Cohacl ey
laisur @k | Ko Ar. A2
MO ocliculbe

Vealalds ges e s &L‘@_
1. %&(:o\..w.f_ L (:M"‘Lé'rpuh ok dtﬂ(xowq/ue.l-,‘_
she Ol 4
2. Foldrpu plym el re  foumoltapor. 2
24, Clellesntn Saadrulbbur 2
2.23. PLovovni Garsl Wrwlbtar Al
2.3, ?f-ru—\ prorewe - 43
2.3. 4. S‘l‘rwun aan obertir Lo Ao gmon, e
2.3.2. Hrwuu.j o opbiaAon Phonsnte 49
2.3.2. Mhuplal- wsed ?-\Jc'Jth.Lnbtrm..ou 4 ¥
2.1. G Wé'r-\kulu»Wrwou 1€
2-2.5. Bwe‘(ﬂ&kﬂ_‘(. Y § QKl'H\"'ut-r) D(NI(LV)J'J:&O‘;J((&‘( 49
3. Oplirde quu-ol,eaya. 24
3.4. Alowintar e :DMnC-ougLu ']ia‘apn.!')r'«u—. 28
3.9. Reflmidr wmol Bre.chuujo-n- eha o [cocrflcle 33
3.3, PelekiwHr Lo Resoumator ¢ 2
3.1. 4. S'Uunu—-o(-n‘acku LY TN T RRPY Y IS P €2
3.7.2. S8 hbrwelle. botler ~ Resouatloe ¢~
333, freafoccoelt t Biler | 54
3.3 Jtcelfrewellon il et faloa Liw
‘L\nolz.\-:pro&‘e k4"
3350 Mol fan ol b Bty - Rerowa boc o
788 Dm&atﬂm‘ckuu‘j e Fleal Cung wol Malode ' 62
4. Bolhtw-aun — Vful.n.‘-Em..j 65
¢.2. Swission , 6¢
4.3, Mwnuiol FPolesse Iy
¢.2.4. fawuwlivle Vo'ﬂ-&‘rkubj +1

OE Wws3e/(3%

T s hoi Tt A el bk ek abe Db oo gl Wb o L o ] e



Fnlo B soera’ Ly (Cﬂ'""'-"%""-_)_ $a)Le.

£ 2.2, Lo -0 Later 3
$.1.1. ﬂ«‘bk?[ﬁ-«‘&uujk des Lbw -~ O lhlalocp >

S. 0’0(0 elobklrouirohe ferotes

94

$.4. Bou foru-o. won "};.."e.ht.‘a.s o, 449
SA.4. SPOPPQ,Q - Hetero ~danes (DH) 420
£4.2. Spercrdiele - I~ Larw (DCC, §5) "Xy
543, Qucced ~Helero —Larw (CH) 426

4. % Chaunellesl ~ Scborbroile ~ Placoc -deay (CSP) 4108
5£.14.5, Trawuvet - Haveliou - Skeipe —Leny (THS) 429
1.6 e f&.[) der awiafoa T'n‘;wag‘fekm'&._‘ ¢24
2. D—rarluu-c‘ugnu..;_. - Doole

124

€. Luusluwgrrenr — Dlosle <32

4 Ausbick 413

6. ephzﬂc‘d‘Ouhc‘-‘Q Q.h-pea'.‘c.j,q_r 125
6. 4- Plolo dtodte 418
6.2. pin - Plote ot ooke 196
¢.1. lewine, - Ploleolocle “Fo

¢.¢. Ploto bcaraltlar {6
6.5, Plolo feldd t.f(e“- bcau~'s bar

WiXa

6. C. Orto kopr.&u %3

6.+ Plole GrotecAacesl o

6- 0. Arbiclke Yy

2. AMNrabho hicwese A3
3.4. BSelu 132

2.2, Ciretarlibel -~ Op&oef_ekkouc')ﬂ.g fee ot AX]

> . Lowlackikal - @Pbo elalelcon il e Eh-p?&..w A3C

o8 WSIP/¥

RN R e T

T | R |||i|i il e d i-‘ I I




Korrelebac g nc V‘orﬂnm\J "Optﬁb&u-cou“t"

$.3 S E. v e\nuf&.w—.v‘c& vlal ~= Qu-Pa.P:w.- atohaaln't
.40 (.(2~22) UL KKy — Al &,, Xo

V‘ c’-"zg) n o “o - - :i‘hq,k Ko
- BEl) . C k)
L2 — L =l%,
p-2-10 S a0

SAT [pu (2-8820) Al dar rechk b Sele Aevo }z-:.eu% YCT LI
bor 2.,

243 ¢R.voam, t&u:&.«k‘f).:l — ,.::{.g,.,‘g.:;..,;l
£.43: 2.e.vo. KRaji o —w J\m‘:‘p.lr
5.4 40tviu. umpfilLc g0 SPOK — e CSlaceo T}u.parat-.r;k..
.23 [f(3-4C) ~qu —> - sul2

41.%. v. 0. &= a»/k, —_ = zk,a,
f.1e Tabelle 2-2 Llwa
$.28 At Zvie. A0 —n 4PFO
5.2F 4t v.oe, £20 frc V29 ~» tfy0 ¢ 00,
529 avtvme o= yko»0 —w» a=2pk, >0
$.39  p.(3¢ ST — 47
Syo P33 J= o= e fa S

—_— "N

kax {heax
$.¢2  ldva derbale Leok well e —»  pbroch s Modte.
$.¢3 1Lt ve. bolewr Lo, o (e5rochame  Moalae
S (30, 97), 2w 43 Rovw V-,

S.4%3 A w AS2. vu. Re = Rep |, Run ~» Rugy , R~ Ry
S4P v WpR2 Uy =N, w20 w e N,
$.54  A32v-0. w (R.(I-44q) k > ke

8.2 (9.(3-43) k= ko

8¢ CRrve. Y =2uwly)ke —e= yly)= 5xly)lh.
356 PQ-) —Apey (B4]) — —k A, (Q4))
[¢-(1-128) A" = Agg,
s RQ1-an) AgY — Agcy,
p. (2-130) Halyq) =0 = H (n)=2n
564§ (3-4) Ealcter %,’_"_3- AY 7S
[£- CI-a50) Fal toc %,’_‘.-2 (s v fdo rectie (06 do Wu‘“—[ﬁ-
568 M. Le=aP) HEQ>  —= 2MCEH
reY p.(v-19) (Are = Baqaa ()] —= (A1 + D2emn({r0)]
$.3e elermusmnu - Fo- —~e -3}0a -~
Ll.('f—lf‘,?.G) wa Loy }!-(?-lr) ottt i~ fane
Nag - 300~ (o -3006-~ ‘-“-&‘-’;'«
.31 P-(‘('z‘) LE(My ~-My ) O sl
3.3 Te dlloe §F2 W b fonta
£33 J(6-35) v(wtwd=a — v(meu'Y o g
$-+y l.tv.o Nieie ~* Poy,

4 .ve, SLv.oa. Resromalor robuuan, —= Rt‘ouu.catu.odc.,
4i.vow. R€1-26,23) — g-le-25tH

—_— WapzO Via = ~°' M,"z -t._eNl

O 9.2.3%

B e e DRded ik wll e wn e it ie etk oo JalE cid s v A

b Db s il ot on § e 9 les o | onhiod




Kore tlbren v Vocleraey “Oplo eleleleonil (Q.-tur.;u..j)

S35 Ple-00)  Mue e My s

3.+ ¢t v.aa. P (6-52,€3) —e pre.(e-£59)
4. Fovsa, T Lebrle Halinlzr M 3 Ao fa .
f.!'-?' 4;.%.\!. o, I‘!Fp(c) — J‘!‘Q p‘o‘ﬁh‘.*‘dh S' _4‘“ e“‘g\ 1™ m&—‘
. (e=¢2) Vehio | MAw
M VNNG
e.9 M, PO Pe UL, SCHL Lial Lot fonn oo
SEE llvv) M Mg Ny Mg
p- (e-¢C) Ny —~ 'Vﬂ{.
s.%0 Rote-g2) Mo K —. Meg K
AiceTp Vi Ty 4 ok 1:-’, va Tp
5.91 Jpte=c3) TplSMiuV44) —w  Tp(SV4a)
5.8 L Ce~0Y)
¢ o SnpiniV #4 Ty
s.tr |,e.(tf-£+) KeXa — Xo¥,
$.9¢ . £=9 M My —= Ng Mg,
5.9¢ di.ve, Ablocplovirate —w Sulmiouscale
400 R0 —= f(£-6a)
- 4
f5-00 (Ve = w fpappju i
1w, (Vo)™ — Tup o

9.109 Albe [0 (¥=:) — [.(S~-)
$. 410 e aldoy b M b 2l fvean,

§.444 (5= t9) e —~ el

£.42¢0 4.2V 0, Chautefed —» Clotrne ool

S41 £.3. Aunybiel —_ TG, Al el

$.4%0 p.(e-6e) §-8m> — g

S.4¢9 6./ 2. v.o. ‘:P" ~ e‘“"“ — ap aJ(w-,‘%)g 2 e ¥™
£1¢3 Lit.ve bl du v B dewa

O f.1.33

P T T I T T T T T T Y il




—n/f—-

4. Sledeteommn u Pealvlv.é‘r,ouh udk ¢ lelelrowoi, ebirlle (Dffer,

Dar Repnff “ Oplo el Gonmit an ok A plgmha 2 Loe Ra-
twou-eue glas Oeeﬂuﬁ«h'rkw—‘i O &?A_&Lcomnf@.o&.‘;&u (Dol
wdl, Clebilroumon L pﬂ*hb’cpﬂi—. . Bl eotar bowdels g,
e dadSes wua e Abocplisn wew Pioal Zu.uf wrchk abipra ~
e oo ol o Au:m‘rtu-k‘pu. Lom  Clalico o 2w $le |, pole i
de Bulsgion v Dheal fue , dawrlaerdo, p aun b, ter -
weoncd el R Qﬂaﬁ.ﬁra\.w{)ﬂhﬂ A Ha 26 Lol

Das .?Fe,&(-ruu- obleres eld(rou-?[c.e«h'z-ﬂm-. (Dol or. .&'QIL
lan Ooflo ﬂd'c.jm.. buarl O dpn Gy J‘;uu.. , VOun f’mt..e,._.
Ulkro wolak (UV) by Los wlbtue Dfrarsle (IR), ce
8./.)(- obe LudGeromoterg ol ol alcldleoror, Beret’ 2 ole
PEeaS QM—l—r’){)eQLruu—-s, ' 2ot A~4, prauct Al

w'lQ @JQ C,QQG‘GL“ - W . 200 300 390 455 482 517 $97 61 . T LSXIO0 xIO 4x10f H ey
LL) DL-‘(;.S. de) | Bxiem Wit NfVeke B GAn Glb Onng  Rot ! By . mit Welt;rxtl‘\\'mi
\ Ultraviolate - < schibares Licht . Infrwot - -
. e \ e vy
. s . . . L L e
floe ks 0.4 proan N\ - e
. ity Py e
. ~, s sl
. N * ey ~ e L
& s 4 WA A, M‘—A Camma-Strahien h\‘\ ™ /’ /_‘”‘ , Tonfrequenzes
Kosm, Strahlen Rdml‘ﬂ:gl"ﬂlkﬂ 1 ]I I { mmWele Radin-lv\lenen . lange el:kl:’;f\:hwi:gungen
( ) i i
PP | Q-Q’ Mq_ - l i \ | ! i b T
- LR A (L l‘ L
- . e T T 1t 5% It T »
A-4. Wwrowminu -~ WG 100 107 1000 40t 10T 1070 00 U0 4 10 10F 107 107 10° 10t 107 10° 10 10°° 40" 10" 10" 10" (um)

[k oLt

o S'&Nﬂ_rpuuu
ML.‘V_) @Jc:‘lug,]
&‘o_[l- Lu~ IR- A~Beselely |, cibro Llan nol s ')hpra rot 2
Vo  FOD thar bt A,ff*m-n [ wet £ olect olan G":-?J"FOJ-&L.{) -

Brlst A-4

wa 2ol e, de O'P(a.),_,o_ﬂn—. Uﬂgﬂﬂ'&‘d—ukcﬁkc‘( fa'“h|0. LEQ'?@W,
hesor-oler s %QVCVL Q‘J% rLa Pl o ootk e R ver -

' Strahlungs- VAR 24 tn OFL'i‘,Q . Seoloer s
T Angenforelch | bezeichnung @1~ p ec‘\.‘ “ Lo o Lo © wl . D57 L\PL._ -

100nm~ 280nm | UV —C : . .

280nm— 315nm | UV —B b il £SO wun beserhs nglq.re.‘(q_

315nm - 380nm | UV-A .

380nm — 440 nm | Licht — viclett Qrﬂg.b\‘((, L R YT W) u‘_‘! ol 2> Ge -~

440 w558 um Licht  gon /f Q“ ’( J S i‘—

495 nm — 558 nm | Licht - griin A “ 5 w, AN o -

- 558 nm — 640 nm | Licht — gelb et Ry f )"’ 4 /"-

"-640 nm — 750 nm | Licht —1ot

7750nm = 1400nm | IR - A wel
1.4 pm - 3gm | IR -B

-3 um—lOOOpm IR-C T;&QMQ 4_4

s 1 b e e il:?‘,ii‘iﬁ' sidli ke o bl ik . ilEkeal vy ikail' b e wle ik ||i!|| “]\ \‘




2. Festldipurpbyntnls e Geumolfag ons

2. 4. CLlilehron b bauolabrulckr

Y ttear Rile o Qkpn.n'w\ Oden (ar, 72-‘;[- dos Cloleleens wc L b
Kovpuslondoc — , t0olere (Opllac clacalcler, wn'e 2.8, Loy ol
Ab‘:ﬂ"eolua-«r FINSY N o OGI‘M.Q: rar Eloleleo pu Ueo O wa Mero) ka)g
Ty @.‘.’r V_ué"‘uﬁ.‘.ﬂ_ el aa, eu"rw“'/ dl-«w-«owu.-uqe A‘H:Grc-ﬂ-wy

' eMLrOm&lqupJaJ V'or‘}"uu_ o(g.V_p,‘_ lociin Lin mataclda Lerwady-

stoclutipr, berses dlucd 2in Kocpoilas Lot or'lot , ob'e Plolowen,
Bodnhin et in . Bu (iopid Wufde oA oter Gowplon ~
Q(’{’N; 0t sl Aetd an 2w Bleletron  Dmpat ler Frepl
Were &havoles Mﬂtﬁﬁ"'ﬂpﬂn—dm Res res'Couspe forum 2o alerred ~
b . Plocudunttns Werolta. wn olor pofunq.ﬁ-\‘uuuf oler 02, o (o, -
Meom'e u‘@qrh—.ﬂ-!‘f%' U-Uﬁ-\'r..u'}l-.
N N N Eperiuont e Slellron olor (Lare(ly, 2dar
cho it Qelle *prlmed e Wuraktn 20 oA & wW'ld 2w wold
Ve aalea e Oud b 9prtelse, Prese Aa.-m:apl tbrp Nl Sler
Un > Late fe relontlom Dater enml oles €leltcon g lon ~
uaoehoan d o =~ ol ad R ol AQP.SQ 2'en s CDe,Qlu.wrf}u/) ﬂ-,-
ting Gbptraleke ittt 06 2rvable (zwicdat mg/ﬂgarg) kowplece
I}&'/)n, ¢(x,€), Q(uquhl- Balerrle'v LR belis au.fﬂ-'l-h.de, be -
1hmeb e |, otafa, ﬂd-rcx}oc'kadrouk

Plaxc s x < xtex) = | Fl=et) olic . (2-4)
dar Dalen i Rk ot P proportiomal oA | olas [&'R8h 24 s
Nl ool x - xbodx W Pef & and Ll':.{(h-‘, ehar teabe-2 . 0
u.a,,’l bac o,
(O aen b, Fozore s’ Lo Q'Lﬂ-’f&fuhw .&.‘_‘(-\rh. e r .fcfnl‘r;'o{c'upr_
W‘j_m‘[ p,‘:r. oh'e Wale ou £ef ‘:a,.'lraun,a-«&'k‘d_g &,

A RIC i gy -t 2B (2-2)

welda Are EForws ol Pd&yhpt.u-upﬁa.‘;_ﬂu.«.‘/ tal. e b2 o
das Planekae U"f“-'-‘-“pjrwﬂhf*““n h $erope omf i w ohe,
(R«Q‘c.—)hASu sles Elekirong wucl VUx) oh'e pola bioldy Q"“-‘-’[A‘Q
dey helelrons (e AL(\L“*{A} (@t . O . Der fefoar‘ql—.‘m.:-
oanrobdE Fle, k) = anilx) vie) &1“-\?‘- wak P'or'si . oburel &
VoA iﬁ-fl'?-) r fle_h‘a)\war

Ihlfi‘lilwﬂii!ﬁ e Bl e Tt ol

O T T R I T T T T A ey TN T




S Pl A A dv(E)

2 dnt T ch)”“"’]ucx) Jt'v(e) T (2-3)
Do ANe 2ot $o 't e [f (2~1) eha redan Cunlln'on e N,O"l'é.
rechle Cetle pln-Vpk e e Faalh e uu-. t unt.n'hﬂn-, o,
p,.‘h.,. 3""‘)‘ PATY) 9ow.&uu(u_. fgf,q.ra.(ao'\-s km-c»(»aul,e... ng'e ol
'Luu € = comat, V.quul- S0 QEEYVE Vln....( ‘ales P.mu..l- fauye'e w,

%J(.Lrwr M. Do ul b ade Av Betate. Dol
..{::t “_.__.,;;(") - [E - VCK)]MCK)-—'-‘-O ; (2-4)
f-'\dv'&) Evie) =0, (2~ 5)

Dacoy manlidtuse \oearL o!uc_ A.“qml}s\ e olas fre 8 lelroe,
Vix) =\,

e g
)= Aed g getT (2-6)
v((—)a e J‘ﬁ ¢ (2'?‘)
k é) = lkex tt)
Fixe) = A ed R0 p e (2-9)

U atan rebr— wadl piue Lials bowfoncle P~ Oelly o> Elal-
bromt . Die ki uels's ke Qu:ul."o_

L \
€E~Vo = 2': ol ol ﬁoﬁ'ﬂ‘-%@f;:l €E=tow ' fzf‘ﬁ)

difiuduen obe P&ﬂpfﬂahmhp&mml-autg k ucol  lerets freque sy
W oles Vary-h[,a

Go chec e ol'e [ran aane ZM.A.M(-&\.."( ol %Qm(«'mlkmn%ﬂﬁkuq €,
o pan.h-l-maul.'n. ol W(fﬁ-lf WFM’[}W?J- Dan tn o G/-P‘M -
ML kbe e ALfrlldcort otey Blebleony boten Awc-
WM Uaoke uad R ol al Qllﬂﬁm'; e e (Dolier Lo, 2008 ~
lals atplitole e tantnol gl gunrpgotalinde £ aane (Volte Careng ~
(SN

Vi aoer & wn A€ u-uu‘._.eul 20 wilab fd wrowa ol f.o‘“nuuy e
C«-puppw\'um—\ ebrmar Oellon, (erfeol toer LGL..ML..I-&_‘ G,D‘fc_
Lo Omﬂ.&—.f,rufpt Ll wwod &t—-l-aprcc,lb.j.( L 1 el cntiten
do A foun b @ s oalesnd! L0 lat Po Bt pipuc, . Dam N
Al oen Walrielioda Lo d e, Ont ole, £8,0roug oﬂcf:'ou‘ul- b ~
predaod oo Uau».ﬂ_n'.‘rﬁe refatioin | Womo A oles Prostuld um
Orbt ~ vl  Dwmpulymnns'do Gu'E ' 2R llorg lomsbanle
olet L—Iphorotou h <.

Dre Plasrie o chan'cot (o
* - 17 e ¢

Vi & == & e m —
1) & t L r—_—-———_—‘.?uﬂfe-vp) (2 f40)

Lh‘roL G\.u“‘q_.. taned ohatad /NO”.A-!A&AQQJ?MI .:{ R ot.(..of.;';,;uhv}




-4 -

cua ol he chgopuocvim‘e..t-/ et

_dw 4 JAE P -
Vie L ralbT = (2-44)

Eu-f-?f”"‘uu dar %?@,ru-qJ-.‘o\ e bes adle ﬁa’.ﬂ-@:‘-*}(&-‘t oles
Ee {e brow b eocpealinls . Do et ofaty tail olesn ek aenes b
'h..()ulc [ u-uiu.&‘PH. ‘
F'Qfl—'aﬁ. P..U- Ade  ole - ﬂf‘o?{t.e—— &h‘duhf

p=mvy = ‘hﬁ ?‘.T(E;‘ - {6‘ %"},= bk = I"- , (2-42)
che ol wopland) Qo ')L-.f.«..s 23m0s (A eQtag et Adec Fam ~
p&é'r-.i‘% Ollan Soge A verkuspft.

Do Acslinch E—Vo = B otu [0.(2°7) cenh wnoe Oulrpmec -
Aot pelonllon . G Berdirih (Liv fie i Prder tlalleon)
e obile Oullan Qe (k= -f) it ol ar ?:?-e?-—-u-p (€=t ) o _
iau—u-&-tﬁ-'a[/., Dot 2- 4 . Te_v;
(Day €k - Dapramn oteg

frﬂ.‘ﬂn—. Pholoa; S L‘u.n.&r!)
Das Veu bty o, € tnd
Y G 73 PRAouwm‘uJ-'f-
et properbonel wisl A
Mayjf oles Kucoe  olo frep - Bilol 2-4

P tan [hrdd Vol st . D Ast

wa't k<O Aot led A‘-ﬂ'ﬂ"*l‘-"‘j v tefalloe - R-C,U-WI‘

=Y

(Srote waom oton Clalilron W) 2inie, v
Po{.m—.t.'dk‘af ol ark &‘-ap:.rrm,oﬂyb Ve oo
a4 o d L (o (e Quup"c._ brw'—ﬂ'u&r

TV N VP VIS W /W PO VRY VIR CIRT 71 U 272

WA obe [ Fl) ane exna ebedico -
wojelis de Qlle Sn imam ol -
‘-Lm!ol-ucmmr ol o fedalec, G-
di. olw L‘Lu«! [ VS l&-qra-oalﬂu/J .
ook Aewn 't oo elelilriife Tadoladirla Mdl ¢ ﬂeo(.lj.u) Lot
e Walirnlaa ﬂ.‘J..Lé.;'L' olesr Qlalelrom au-\/ulnﬁﬁ ey Portanilred
berrtoci Q—ul-hlr.f{(’u-\ ,od Al Des wnd ) le Vuﬂau/ oles

Feolillon O<) b, o o oles Obu%ﬂ-.‘gﬂu?'PAdrcM, dgud—
va bbb ol wnf L 2a ¢,o«HuHA’wuu£A'upm Loy An-:'t-u«/p—-
resevmatocs oy Ln‘.‘upe L. Dve Ob@ﬂnﬂ...&?w/,z bouu canr P“"”-

z-ﬂt\.ﬁn‘j,l_ Brochasg, w2l .Q-clro.-}u_,, /aflj..“j e ol

xy

Nl 2-2

TR o & o T

| A T A T T R T P e T O T |§-2f§:z ol




—5 —
(k kawe war pornbve Bl oundhus o, da mgpatve & b

‘M I
mod s f.:‘\tﬂ-h : be) vhoh iad o, (Dol Lo P." - NS Aov

&}uw-‘. oL AUl 2 Laffor an Vpr. o R

hoatea,
A L nir )
iy wanol ku=—£— =2 A4,2,3, .. (2-43)

U-Nol A,‘t QA&UV‘Q qu-\ Paar o L o{.')f.,.q_h U‘OQ en___}i%z_ k:, oq,‘_-
oq_.(-.u-.lv-- , Ade ol Punbty o OO0l 2-4 .!.q'u[’)-.‘&u.u LAY I

Mae et waon, AAde Pd-‘h-(-'gﬂ Ganoles taschd tean tanod 22 G el | WP
W A Mnolﬂq‘_h (\pﬁkra,ﬂ.ﬂ-‘uﬂ-'i&"f. o“\&\l" OLA/J oAﬁs
fellionn & olitan A«aﬁb«-tw—n—u—- o{n'ul/(_’ A d LIl A, ta

k2amirlae Shintmg olade 't v ales éﬂ«” ware , fbof L-7,

Do olos Juoualem ar ecRacss X _Be - . VT 7
frechtole Elelelren, Wl otes LD-PL o .. E—
U e Q«.n_ry‘g_ E< Uy sberd Pove 1

ANV Pm,...t-.‘qebu[ e oteer o e ~ T s

oln‘.,.w_, | Alatd waam Aeses  Plan - ’;:
—_ r. 2.".?
fe o Tuuwel — el Zomes dh'w ol

AL YT TVINE BN Py Rn-&b_ '),)ﬂ‘dd&)- . DQ% &'u 7, 2.'c, G_fn-'h:‘a.ﬂ“ A-Lq-.
.(pyc.-. outay oles #—‘Luﬂpkq_w"q.

Dasg E-bL~ lDa‘nFo-u-u.. aias oo : €l
Lo Aeolul.n..‘t-un? H—.“,l- ah'e wlbe '
A’“"&“V'( L'l cne s (;-e.Jg_ Kocitan |
Dre -prup.uﬂ—\-c- oA oles mo&?wﬁ‘u}(

wl-uy.f-..J-r-‘- prpotloval . P ﬁ-‘va
h¥ | ol.."r/lu:v'M—:PrLJ. Ple P"\q”«’l -
’&m‘t—oﬂ-—n‘lﬁ-'f od [}A-'..Q alles p-“‘f"

Hoblle ler

' N -
P‘V“p‘ﬂcﬂmuoﬂ-’[&ﬂn‘(-. Bild 2-¢ : k,

e u, Hol LM (B8 2-%)
bt ete wutre [remifre -
Parn+ ﬂ"-{’f < ofer ate
Qﬂ%%)ﬁp&.'ﬁ-uuj b

s sbac “";[/a“inu' 5 onodern
e Foelut L rlac, Lopiy ur -
PR wat sliae Ort 062G~
s, do Ao Pﬂﬁpfé’qu-
g barn b ade f""ﬂy'«m’."r
el . (Merot . fet lolon,
Freager s oA daberenl-
°9=-2ssu.7¢... Jew  FlOGAL - Bilot 2—¢

A tes s yop (& A Ao Dol Lar :enf"c-»[,L [ 20 woret der HetQ lulars

BabRitl e 50 ol bl

kil it fisicbi il s o Wb 6 ok b s 60t s 0 otl wld o | e L | 1 i

-—

§a bt e itk



-l -

o'-..rperha—-:(’ﬂ- (Tashan On cepe { )

L 27 2o lokes A(h\_naeoJMn il fuut—goﬂ.l.((w e b -
b Ve, el B8 Linas (ppeb e e Ahrﬂ.(uu—r, freyuase s o
ot Rl Ll Yl ol i Hyp = Rocte; Ac-.uu..'c,'/ warl e gaaod -
L ﬂw[}-— ol LaYen (an w&-—a// abperd Lo » b (3ol -5 ).
A dae. (alcawspe, Hold Lot oA e wb&‘h“‘*""'"““"f
Loe Piegumoonr wdpl | ol d ot she lelirde feest -
wsrbe. € Mttamwbu‘au Vdo.mfﬂ- e Yfnmumeld® o e
J-a.‘l-w.‘lpm{‘i‘okq_ . R Aes 4 Toted - Eq,f.&.m'u.., M B ;ch—-
plalie “hauuels® ohe Oulle thponembiold paldwpf el
w olanr Mmuele olu Pohfe. Kbuu We dSun ppavg pea bl
ok tan ; Nt ooy Jaictd Fobd Totadreflunios - C'e falls ~

walel ou-.'J Vdé.‘u.fﬂ- o&-«roﬂp-elnuu..

Ee_waft- Wl e Yalelron pu#&.b“rpu (20 ol ban ola'e
Virtas Alsw'sse warf-.‘ Hele, Db Pax‘L-‘u V,{g,(ﬂa.m.—. Ao, —
l--‘.‘u—pFa ekt Elelelron ta, an | ohse b wanrtan o Baon
A‘(»wrw‘-flp "‘\"'ﬂ"‘-“-@*-u-ﬂ'—" et dabal pa«f—z.ub-'a.bb. QHU/.‘t
vo lteran , Bt 2-6 obey, . | *v
Do oles Kriotall pecipotisl
A, Al ol ohie T eboles
uanel ool olas Potentiol
des Claleleons perioctin A
Uar F olas [A'ﬁ-q- lc ota A 0t Fl,
3—- Al A‘keo..ﬂwhl i -

")yh‘ni anrl e a'erecyr i ‘va by
Uorrholl Bebeadded paol .

das puiodss e Prbtmbind D m [ H H H *
V el 2amta. Rechdecde - LV,

pa'f-«a‘ﬂ‘ol Mf}-ﬂ-&cﬂfr P Bitod 2-6

/\Smung okt SJ.F;J—\&-PU—WJ. '@-(t-‘f)‘ A b el ol ez lors 2o -
b Lot s bh'od  leuca 9«9{044 e ol gen I'u‘;.e..‘.e..'/}__ Ul vall au_/pg—
10 mey e ol 2o e F ool o F‘MI-P(’.?nu a.ut-/aka-u-ul-aulq,‘

ur(€E=Ve)
k(ecxga)= o = V%“:—é taaal k("ékso)*ﬁﬂ/z—&—-)

( R-ec"w\ou ar Varela eo.-iw.v wa't Vp>o0l)

S R N O A T Y PR P Pt AN Y T P R Wik Mg B kg o Tobibdenr vl d be taioita Dk sl i



.....?.___

.d ,
OExsa M= A el L op omI%N
—bsxgO 1w (mA eI L op PN

. ‘Al (2-43x)
asxs, 1 My Cx),AJeJﬂCK'-,)_f 01 e—Jﬂ 8—;)

= eJ‘ka (Az e_.ﬁ”“ﬂs)_‘_ 8, e."J./J (Kﬁ’))

e k»-efft'h'ﬁ"-*("‘-\ Ar wl A baw. 0, uiol B3 otwol tan ',
QLR fpae ' B G0 Toplin, Wln . Sep oler Porioolt L oles,
Prtenlials V(e)= V(k—5) bletid abe Av'e DEL [2.(2~G) wad
dowct ol'e L-"ou.ul Bt Traws faClon ten 3 Lan Urerarwole - b, Dawe
kb cdita. Wl 0Ges 42 (X)) tasl g () ea€ wtan 22w 8t (ormadaw b,
Fobbsr vlensdaolon, | w(x+ug)= c uln), atr, olawih oble

4N LTI YRy ¥ 7 uv-rou-')ukul?dpzh.o‘.‘/) NS 3 u-‘-pl.o{n"u-«pff- teaad
bt G ra Do, Guar b res'led, 2i Heuer Plasae paCJor

= aJ‘k"? can - tarvade aele wh/J. Pre Pleulbar oles
Laow:l ch obo Al 2w el tnsn (el | g W'l Lhar ol e
O lﬁa, b e A&:‘omlwp‘whw‘-&muh b &ﬂp(’&uu eancd
EHL D wil lan Whewmumeranrol 1Tokh ples [e. (2~ £2%) wapolus 2.'yL
A Bed - Founllion ).

P AApa"nM‘-j oles b“'?w\-r?akoiu.'fk s, Llanlllay ek ta
ool Ao Sabug s sl i | gt | e (8D ),
(@)= g (0) wansd any (0)= MJ'(G) . Das vvd e Dast. luy,..
P Retan g fSc dhie wier kbg{?(.‘h‘u.u., AveBe, Ar By Bate &'( -
Atn e Lowopmer W—“d’_m-,pm?xl-m.... Dow.t o'c e Aé‘ouu/
er AT ub, uw../,) e C&Lf(.‘h‘wmabu:w.'mnute D

1 4 -1 -
p -B - &
D~ _ej("O"”ﬂ") _eJ(tg-l-ﬁ&) W sl 2,

-8 ef“'f i Pe,‘(lzs +04) « ed™8 _“e—f““

gfars. Ml b 00> e 0 € S Vo, V30 dus Booki'eaparaf

att it
lu.p

M- X0 Q)u/lh + o xacoofle = kaa (2~44)

Agunivoadocd AL [0 Q249 W al Pripercions be i Runy oles
Deshreh tasn Moselly. Qo paet ol ASQJ:H[:J(‘—“L" e fo-
Wunt nwpie € ambboldtn (v = (€) Mﬂ.—./}(e) v olas
Aﬂwbb&.?—w—p%ﬂ-m—»w le o Do A0l | st cn'td alle
€~ sty &Lﬂffu-] Wl Cduwte, | de e el ke, oLh. e

T O L O N O S e o O I T T YO o O T S o [T O S Y { U | Y ¥ P AR N o o




-7~

A.oforc_Jt-u..J 2imat Plelelronon welle | o (Rerte £ o'l oler
rectleen Cole won L. (2-4¢) onf olay Wlwuvall —4-- f A be~
alraia Wb S . (v ke t'MV't-no'.‘r, w od Ao (Delle LVawe; ~
Yo b | AL Al C;.O..‘c.-VIr Lgepr ar taln'edl e B oGl Lo s
cu-&—of( ab . ' '
o VUL'c.,eo-Jluf olesr Dhilewssian antrdl ofes Lfk—-d»t.‘:c.-uf}u_j > e,
b-> 0 , fleo ut fib=coust. durdlp fTCH, Wobe e —»o
urol a—> g=atl Ared s N dten Dofnita onn oan D P
]

p=..ﬂT°‘° =y Gu (2-15)

@ L2l waet, a8 Prspers oo relobyos wann ﬁi’-fz""‘)
P d—'-‘%ﬁ} + cgpsxg = wr/a}

polay (2-1¢€)
COS(N‘-&-—}_:) = eosk

c.or# ? ‘
P oA oabe: 2

* L"",}"ﬂ Bilat 2=%#

F—Tr o\fq_ H-O..LQ ol o
sdtaoder. Potewilrat -
Ot aum O oles

-%shxgﬁmtg — Louke Secle GL.(M8)

Wt kg --;- rechte -‘EI'fC. S‘lc:..f‘)

Aoun rd w. Ei . B N TR e Y

P o ARANEY 4 ?ﬂ_lﬁ x_ o] W\ g 7 k
Po © Leg ot Lalp ~4T TN L NN Y g K

A = P .\.‘;/:., AR r.'\\.«/ I ‘
ols, s (2l ol g ey : '
Wokbelcot e wak -
k L ,fu,) - P2.359+ cosﬂfa als Funktlon \—nnus fitr Po= J; nach Kroxic, @ ist gleich E, wo € die Energie

o= LI I

I.Et. Die t:_r‘.aublcp_ Ene.rs'ic‘hn.ndc: ([fuq)l < 1) sind_ auf de_r o g-Achse dureh Verstirkung hervorgehsben,

Baclty ong rerle oo
e wol olar
Lilan Sele om,
2. (2=4¢) & DAL
2~3 olefiuluia
W ke Werle -
bp v loden aly' o
v~ 8t Ueod IL P el -
de . Dbl 2-F
wraacul & Fone
20 (po o lor b ~
Webductes amip-
Pl Lutdr Alaod .

€= B onge ot € s & '-f—e-l'-_-w.:ﬁ alte —& -
PRI Wil ) SR MRS e

At P

N_' - W ‘
. T Y : ‘ _g “
. -'!'.Fﬂlumur-ém.re -

D) td Ao !

-ir

T T il db i el il o




-9

Day 'ﬁ-'ap‘awu—- M perdoots' s L vt b dler p.‘ﬂcr komsbacrten (0 daf
Ju_ Vnﬁu—(ﬂ. ’Ll..foru-q,b-\m._\ t'an Bﬁf.ﬂ-' - ? £ < k< -;: %‘-Cﬂm—u
oA "D\qu Recat R axrl arle Orllone ""lzo‘ﬂe quﬂtbﬂ.q.‘- Do

Ruwm Aa(m) S d e q“*c‘-ﬂ""—'u H?<H<CH+4)§
~ - ol +/¥(<="ng)  2Palnal-ng) -
@~ o= ol 24 [ ¢ ey )
Do kn9 oAb &cpwhh'd&&i&r wrlpuwo b, A 2 .e..‘;.,e,,._u,,.__(l
daf) orer &(pmwhhﬁ@ktroﬁ o kg dheaelGe ﬂe?.ﬂre-.'bwj Lie ~
L e ot'e (Gtadonte lcb\?-f-u.«Zr' waO A k2 . 20 olaf)
trolz okes r{d—.rdmﬂ-lh.‘l. olor o luscalls f 2. Qru-\u_e..uuuT 2alng
,u-.ul.e.«..(au, FL%LAJ-. sle Todrade be2deceban whrl. 7

e waahy V.(Z*-ﬂr) Seler ﬁ.(Z-—AC) * wwarlie | ewMlvun o

R ol 2-9 vabolene Saupiebaraile solo Davel Afekew, (eveyy -
gop ), Qe ote Wnb. s Lles o olefinluf wnet L Op L sl e
M 06 L e pels £0e Ao b o o lkle u-ub‘V-J..QCA . Datel auant

Baolgriumren L0 0< G g <20 oharl oble flekivyucy

car(«}-/..)-_-(—»f)"'cas/* ' (2-18)
g‘k.‘ut-, LS Wae
(g)p =T | €no = (gL (2-0%)

f%s Ae obwe flacolprecie vasl s

- : = [(n—€)7+2 thl (2-20)
(&7 D= (n=a)Tr £ 20 +. G [(n -¢ 2] Fuiga

6—‘:;- d'e ualue ﬂnuo«([,rhk .&:“-\H-fr.}uau\ s 4,2,1, - gy Maw~
wy ooy fOocotar | poroleat wal Ha kg cles Qv..-u[f'e_ Lok L e
Ol oo verbofemtn rome A€, = €, ~ €, 4 wddot aks for
p-a/h nowal xgEnT Mﬁs;‘%: a—uju..pbehadl ol oA e cSes ¢

A€, 2% (2~24)
A e weeblEapy) e ke Gmgpie el
k5 202 ed olin B 2t freden Blal bowr 2luppiet et
don Wl fu. Petenliad V=0 beogy. be,.& 0.(2~9) oo dar '
Pacabel. (oo alucictad by Covrpitloielar otn Kirdallelelbony oo
Ao 0505 0o, Gahdprh_iu-\. Rr g«nu(/‘ea.(. Sl b Wil oba>
Kt dolleletlhron (a vmtin Vol Lo, olen fred b Clk Leown

A don Dacel b len, sl olle LC‘*PPM-ULJJU-.»@U Gt oter Clel Lo
i W elle Lok (L. (2~414) Medl | Day oA otor L ﬂrn73- Refar o

O RRTR L ST T8 R b e et b b T R A aifiilleiwitic ol sk 30 e dhd ke b g b e AR g ko]

o I O O



_40,...

erb e Gor. ((-‘of-qﬁnfﬂﬂ-fn'q_., dorft L

24 Bt Lefallic edw elbtoon Oully

anf ti~on r'ilall procke plow of, Bt 2-9
- Ot nk= 23 S Y L= ;"‘

2
P

‘j"‘“ﬁ"’o “o<®

| Wi—f- P YO [ﬂ (2“4?") ol-t. Cuc.r;.u..m(... alu Oac.\.!‘;ru.m_ Al
0 uld Lt aw aw oler obess. Bom{p-uu oles v-lew [lauote, 5‘,—
e (Qaley Dol 22c Loty oltlly. (@2 alu-.... Au(&uﬁaw&- aa (% = c,)
1B1E, ~ e 03 [ = [%%el e s x] P~ A= cos 2uy
ol o oler Uales o Bquotp-n»-n oley (nea)re, Pacotes

(2-22)

L L T M (mmo) e
[g'“'““- n’{u“"“" - [‘—Cl;—f_;s?— w“.u,l’} ~ At cof zum—«.u.x (2""-3)

aho el tacle ekl oha Lobir L o feapp toppr dentoly (oot

M2 oG e, 1Pl30 /’m;«u

Tre Ot Pty fues ~
Preouvl e fo., face ol —
bownte,, el ur l ol e 3 > e ) x

U err el oler o e 2o Bl 2-40 V.20 ,n3»1 G0.(2-49,20)
pottents' ol lar Coarpiien, (el Al olos sberea Bacuotloite oter

meten fasoles ot ol Qolerdade 2000 A fonblobdrof b ole,

Clal Loy tnal . (2°22) wasl Rigut 2-40 Wi o Ao -
H‘-':WF(QIQ(UO fua PVl ply priw i’ e a-tar[/'ﬂ. eren (LS Vorol),
A oler en targe.  Dacolloale ol (n4a)- b B-u.u:_{m S oles wale -
Mt Lods Aufrabolicod o QLellonr wad [0.(2~21) wel

Bl 2-40  bei  dow Mo rluepfen 0o b prben (iulla
Quuae pam&uu A . Dra %p[UM—f bed oty priec. b'olles C‘—m,«eu

(oMo (il fo Q'-orVa. A o Rovle s Qri'flowin~ voce Muld!)
vy ‘)401;&0& Ad'e Brette oo Qbsu(.e,ﬂtf'alm..

N ol RS o Dacodlouwler (Fwwce, of-.g Qc..ul‘c C:Q-\Je.r' At
IOYQD('QA-.CMJ..&Q.I der Yo kpw Mr ﬂgu-u-b‘rui-k. f_w\u.,n.‘,, &
2ty PeraGel 9r/n:9mw~.ufr w:lu..,

€(L)= € (o) + £ Q&f 2 ) k) e (2-2%)
Ello) Ml ANy wieluode T2l e Raerpile | Wetan b=k, acd rpun] i
Tethon podonadtiflat Mull i, ol Vel Bl shie prtoninite
D«.\g_\lﬁz doc. Doy 30V Tirew A oo wotestasdio e ol Eiiwg -
Hida Coorpe o Vopfldl waon wail oer lcmd e, Cowfie 2he

TSR 2t T b A e eltata e ] 40 Il b b G300 1k 1 o e, 0 8 s e IETe o ot bt B 4o VRAEAETe WAL B 10 Wi GINE ot s,

i g frollal of o



- AA —

L
Frfa'h E&(‘kw’ ! €h‘¢.f;¢.‘= ﬁ_&&: ¢ w(@,ﬂ. O‘l"t rthfpmfut 0‘“‘“““‘

2u.
er:unu..uul Ale Bﬂd&«ﬂ-u-j Lt .a/fbﬂ!—.'uu. Raose
ﬁ"
e T Riek) : (2-25)
' okt - )

e tuon Prlen Slollron olas 286 b kinul s A . Corvrpre wnst
olne 20 tn %Pu&:u ﬁil(pn..‘ = (k-lo) I rorolente w&re . T
affblfa'o-c Foose bow I‘a tan L eb\u"pﬂ:'z €, Ol pn2ha Me/(>o
o do welvon fawedlawla Shes u—-a,»p:'_"co At C.Du_.e,o_gpumu A
moy <0 o des obrn fRallonl anuwelbuasn, Do olie Bacot ~
o ldenr &UV)qu-.a._ v, oles ‘cn'vf-o.ua;‘&’,c“‘.j_% R'aU-«-T ab -
(Fop o Aie eflebloe Nasse e walon Kertollow ade ricdl -
ob(Su W Thenoc, -

e Qatol , Ped slan. olle orfocbile., (erte Bezedpd sl b A
Yt l.n..‘Lee:L.‘J(a-‘l wldde be', da rle Clelilrowiten bpleg ke~
o B I““' w ol froppa Wuna, M daly 2o DBauot tuba i
wlohSuall( Berhrd o e (e ratanbon wotle Dlellrons,,
tac u.es,o.t.‘au .(o.o(w..I wiol wefabive c{(.,u,'w Hasie ugep C O bia -
T YPREYY o&sp ol e qu:‘:;?o:_mﬁwd-# el Dacn syt abe ol
Wb de TLlldbn rDppocule Weler, wnk Wi, = ttn,, >0
ol gl profle powihou Lnalu-u-x (o ¥ ol Kn'chadl  wn ger S
dut Gttt . Fnn Pedilun Mo .Z.e..‘£€¢£..'l(n..'l. Lebramllel thaoma
il wathie athe ovele ol brote, alacée wen Cos 2ol 2"l f)(p‘-\-'
Toundlera et t.MM.'V, LPelee watl 2t Lt et Ioste aw oter oéu-u.,'
‘H)[},n_&”\hlﬂv Vodearb ool bat o .

W Dol 2-F  Wwrole -8.“4- A & faw bt ﬁ-\d;;'qf..ul.‘,ag olas ver—~
brormle Bacolerrctboma ad emblauum ta € ~ (Sesfon, o PPt sedch ~
ted . LNe e L L@ (2~43) xrwc‘fﬂu-d.' (1l e [Kom flatnmin st

be) oo ou.ﬂoqdd?.u&.u-\ Kr'vboll w oL, Hol do Keasloo @2 ol ] ;
ol 00 Aorarobuaesses “ L, % weol onel v 2ol 20 ke
€= Dasle it .

L L= $9y (s>»4) +nl',l- ctan (o Vorp&e M Rocol Qeot e canons o pP. (2-13%)
[ eolas Adou ol lGle fw Wl sl a-w-{ an{«f‘/‘_ =5) emon le-<Sert Be |
B Tua Aosbandt Aﬁ-q“'g &‘rfﬂ-v... ?;\‘-?-:‘- A Ortn ah fo~ Gl AunaaS e S oolsts Loy
Rowsk oot ivjury e 4400) = Au(x#L) > AT 4 e/ A/ g RO i Ak = 2T
Mo i g ke, k-Sule ol , 0 2 hdlt waw ol Vﬂ-t‘l Aupalf |, o Sun Ular -
vkt ~F ek £ T vl , 20 dy Bla® LAk Uil . M et Mleroard ob pin
'y fveoﬂ«‘d %;E 2r boa bte h~cOerla. M Thrdlatdts ey der olre! k‘:%“
T T [ N A N akad Sl Pk de Produ (4 dler 1 RLIL O~
k- pro Dt , aRo

M. ClYollk o (& Yotlk [2-26) ,
T O O e ] O B O O A O T R 1A O TR 101 1 YO TSR oo




[

—42 -

te. odre) of Coan 2 -

e otar N ot Dacned Qo o, V% gn-r e c’-‘urf‘Q
AP ¥ I f-doua.p
€= BL

wa

wib ke kbl + 4 (2-23)

_dﬁﬂ e 9'9‘-\0.\'”..00- Qouat wrﬂ-w_ft. VoL Lo, Lo, r'e du o ve

€ E+AE 2l k- Volutnon, Jrr[(ude)’-ﬁ]e vkl kerrer -
pooliul. ©folpttrmtn, st ld 2l Bwrprie ool € E+olé
pro Vol tn ben e e L e, Ktsballp

M. (€)al ~z—r'3 sk -
A e ok =255 ol (2-28)

Peike |, ey warl mqt os [ (2-23) ad
Ne(e)ole 2220 2400 € tugpd€ ¢

27 | Tieme |
(?‘) 2 L2 2“-”'& ,. (Z'—Z‘})
Ne (€)Y ol€ =227 (2—2:#‘?,‘ ™ ye o
L 2L LY LT NARXVIPY FI T fL-.(o..,;.‘o.rL Uty Lo, €20 fevs
€= ‘LT,w o2t o ol Al oo D.Qﬁ-hgrf-ﬂ-\.—- PEA'-'?( pe
%v’a_.\nwvuu LT'

N 2 kT N2
Ny =227 = (ﬂﬁ'___'_) (1~30)
wWas wal e WAl n.seu_\go.a; TIIPLY DI P

I.c.. rSeu.dv.u.u”— Mg ul-,g_,

’UB = 2. NkT __k_‘.r - 1(ma~. k!‘ le

sokulpfd ™. Do l-—c..CJ.ac 2 Uontnl con oder 600 wldt Goanied
LN BN T of""“ mtparkw-\f e, Cloleirots: Du 2286t Q_up.‘o__
wioeen bes e k-Gt lobon o Ct%un..‘-muu.w‘> tae b ole
Por ) -~ Varbot e’ Tloalilcow o v T ot lusdeieol £ R ace fp-'u
Pios |

Rac Le ’(n'm ‘)e-,‘pn- 2w ses L 2,00 [w-\.fﬂn.xuz Botwt ~ .
ralchae o A des Besechieltw  Moolells .

Pocn v s 7 02 clad 4oy L aes Aolr b Loy, waol plir ok e,

Ho 26 Ratwen , RV RA 2-A1 . (o reollcoleltn, Mol Leller (&) Ge)
Lgppn hie waiclaate fuer e ooy Lelunp Gaceles (L) unel ol
Mt et e OLE Q«ulf'a Ao, Valsurbovedes (V) 8¢ Oerr oot an b
F\o-l“‘-pﬁl.nui-uuphhv(-&hbl«_\‘ Ne'e. oba'redden, Hta £ Loty (GaAs,LuP)
A oo prim e Dacol aGtocel beian wbbio k=Gt i beoG -
acldea. .

Wiﬁﬁ:iﬁﬁﬁiiim@tﬁ@@i@léhﬂmﬁﬂﬁiljlihuil!#iﬁl:iﬂiimﬁll»i;l&fhlﬁ]tﬁhﬂuﬁiirallr-ain‘ﬂl;Ii.:l‘i:muir‘ T O T U Te T {1 P OO U T S ot 0 M M | Py ARt B et o b i



—_ A~

%I MJ\ Wn (2‘-%) 6?\0\ ﬁ. ’{ﬁﬁﬂﬂk‘- nach Cohmn & Bacgaironyer W0 aWékt
(2-42) @Aur‘a weok (Daf - Sif . R |Gahs

&..Qiupw. 2wy £ llcsns / L,.; % L
w(‘u:(?" ot 4 f.2> 80 - | E&=1mey E &g ch;-‘--fﬂgx"
wl e Bawtabddwdta N : -
cest A zolonm v Mo leriodion ¥

anl o8 Qella Kuyc. Ot ~ /

¢ an, T‘g@w 2-A e {119 ’ {100) LS {1y ° (100) ¢
p- } aQ . Vef'(’.;nfl_:tt.:h_tel Wellenzahl k —e
Be.ua (:.l.-ul,a.._J POPY Elektronische Bandstruktur von Si und Bads

Clelbons vou. Lt ~ Betol 2~ 44
PN VQIQ‘MQ-LM oolas

Material | Bandenergie- | Wellenlinge Strahlungs- | Ubergangs-

( ) e e e - abstand . | bei300K " bereich . | typ
et i vl ] ) |
€0 .?J-u»bp slee f e Jo- Ge 0,66 ; indirekt

o’ Qu m gfc ' ;.39 -0 . indirekt
' T i ‘ | ,49 blau indirekt
puls v 't P InSH 0,18 6.9 JR-C | direke
y ‘ 2 ) g&; g._als . 3,45 IR -C direkt
\ 3 @atal? A ’ 1,77 JR-B direkt
:D‘U A ofa a'“"" ! l(;tﬂPA }’26 -1 0985 JR-A direkt
' . s 38 .. | - 0,898 JR-A direkt
Q_ﬂe&h‘ws cn ol Larbe GaAsP 1,90 | 065 rot direkt
Racolbaet " A gg %%9 N 0,565 griin indirekt
wolbac b M na 8 0,69 rot indirekt
dor Lo GaN 31 04 violett indirekt
&_czqz_) wuk [2.(2-24) '
—
ﬁ-‘_a d& ( Q-t-’ buc 2— /‘
1 d€ - 2-34
Preiskall = 3 Ak = h(k k°); ( )

wobe. ko e meprQh‘tuﬁpLOhWou-k a. Gcbcown ol oles

Bacol honte vt Qe wonn °°fov‘- am Bl 2-114 A, ko
A Qﬂuk&%wdsuPuJ Belun Airekboe Ha 6l fic otu_‘.
Dupuls Puoiatate * 0 wpoliu %‘T Jupals ub.&\l—-w‘\f. 4'>(rgkﬂ-~..
S"Fof.'-PO.vl-u.u ue»!-uwal-:‘. EQ QAbjtc.oL'/’fuun# mr.& M; L
2oy Ltk guanatls des Fregutns o v € emclhaul bio. a6 -

. Y Materlal 1l -8 | T Zmax,
sorbiat. Dy Awirebie s - a
S _ Si - 15100 | 1.7.10 2.5 .10-¢
Ho 6 &' GL"'PQ e bees Go 2,4 - 108 0,61 1,610
) . P PbS 3,0 - 1018 105 - | 9,0.10-¢
Hgl e dem (‘“9""‘] M‘Jl.n-! PbSe .| 62-10% | 2,0.10° | 2,6.107
. - PbTe 4,0-108 | 24-10% |.1,9.107
“a Cle le b seny PHVIL Ln InSb C20.10% | 62107 | 1,2.107
ks — wol Va Qad bocol & - GaSb. . | 43.100 | 90.10-° | 37.107
' InAs 1,6-108 | 1,6.10% | 24.107
A Gem W-uoppqu.ua; , welcdas GaAs 9,5 . 108 2.0.108 —
4 ' qi
d.ean C'aov-\&"m]m_ Ou..rhﬂa labetly 2-2 _

. 6 Crat T, : errechhucte Lecthourbanibe oler .&Em-
M(hcwmb .o P' ot Y] binabron (e )nf-ft'um'c—Hﬁ"ﬂ".ﬁ-g p
aS e dloc C:LJUJGD [ Thamic Jewnessene Hochstwerke (V“"‘“rw'"]“"‘u‘b')
©olicr & e Lol el TabSelly 2-2,
o€

T A A Y D | 1 B O O T N 0 R e 1 O T e e T T R T T



~ A4~

2.2. Phowoune bacd Arukbnr

e .Cy-.uy‘t ole g p\'fl-u-:.ﬂun'u.lmﬂpo“ Livas W Aalls oA i
) @uwh_—’o&hm.‘u[, Clen 200eles Q‘—!éybrw-‘uﬁho«;? “apse,
da 03 R win piee LRallrdon'cpy louslelsr, Ploman.
G el duacl ALdar Q..nr(.'e. E=tw , bro. Frespusinnr o |
wa~chd Atdae F\Mf‘f.ﬂﬁuwupﬁﬂh—-{.mk k otefewiel P-e-;l— e,
Eleltro. Be Cﬁlrlwem'rku.uj wa T ol een F‘ALQ; e S,
le F'l{e_n.lw-iuju--r fon-s L, 20 'zn[/l- tntitn 2 (0Se L
Plormon untfert . Hot dos [ller Burcgie oun olar Slel~
beor abppebra ;10 lol das Clhllra. e'vv Phouwsn abr0cbert.
ﬂﬂ.wapt- i ate Plormaan derd plren WoA'sall 10 Feol b ~
kd odos , aln-(} Al tae S\J\c-.uo.ﬂm'alut—f fﬂ#ff,&aql-t s
des p\-upru« V:Jc.h'uou{(,s..."ﬁ Vpr = i—"-: [ PR3 Bt ohe prcv’a
p= tk tbrpnicd.
B A Soetl wellon s Ao . ludfe v Car—
sal el waoan BN L pan /&uk‘kxa‘n‘umﬁﬂ-\, (AR o Loanle g
paretled ur Ahqg.-;.,'Lw-,on‘pU-w-j ) vl trasuveriad p [ Aloun -
w.,_&,_.t.«.w; e ferecd har Am(are-‘l-wpoh‘uu-w—\f) Plo e ou fan
Wwobe [ eoles frow oeriele fuﬁkh‘ufw—f-u-&ab-r W o vBa 2t -
F VIR 3 w-noustafupu‘p. , e e e et m-{ Qi'w ameler adel eole Jeo -~

olin w,ﬂe,gr werol pan  kaun,
die Mebepa

L r—
S &"qn\uv‘q esr Uﬂ ..G.Qg_c oul.ﬂ el tm Mjmlw f;’ﬂtﬂuuhr- T
Plow v 0,:#'-‘02-‘- wnn, o ouleita’~ T Sotiete ]
'hv"\ ban pc'\-ohw A ? -o-l-Jw.uu-— ﬁ.c act ~ Omwmiulue ;;;1?&';

Schwinguny
bast Adpune o [ plase, 0 AP

7{3 h‘()g‘- A BAa P GP "'"‘.9\ [ S Pma - wachweres tom

LY Z >N fle el 2-42 clbende b ool tan %%‘T/Bﬁmu”ﬁm" Atgim:

S‘o.f).u.uw.. e ok s Darulodle ~
[pr oA + Dec Lo, olaﬁ ZWV——

Frequen: der

M, @")‘mmierel aplischen
: : Sehwingung

At 20 st
] H it N ..
e %I,ﬂc:—.‘-'—-——— ——-——hiichsie|

fe dn' sy ool fromnoerraie Mas - ’t:_“_‘_";' o
,(_y\.((.u-u uﬁ_ cu-( o Orolivete a--/‘.- T :
P'"“‘V’“ Mool 8 ad ode ww Abow- Thermisehe Sitterschwingungen

Y L bro. — voolduncppn Bl 2-42  Lowgbudiuale Hosden
2000l 0b ok i 2o NOw plan -

o A ples 2 fesdo pb\.ef.ﬂ--. Ncto w- M‘- lacel gl ‘.ﬂ-t-u..‘. C.Fuu'r_
’U—-pc"'uaa.”wu.. cher olan rD—-‘;’a_rh‘M_,w(n_/uw o Platrm o 21,

il wuwt el Gar Lol 2-42 B sk wslwee, e Q-.'P. lf-rt-."()rd -
G+ 0 -as 'J&«.;\\“jﬂnde._ Abow.s i3k &Q:'.‘D{w\ L (“1,(3_22) by CI-2%) .

Y B oW N et T PO P o O O | T O N T ot A A 9T R € O o YN B T Y e e T o I




— A5 -~

by b vman N LRLSCLIL fed Ul e Posi'oold ) G¥L oloy thngeed —
R lournt pan [,,‘H-ug §=2a o ado R oletm Aoppallbic Adsou
al kool , 10 Befiliol e Al o ga'ear Elacw wCAr?.a.Qh L0o3 ﬁ'{“’f
N"':f}"“" wwh e 'l L Llre rekn Gl L&ﬂ_ G A ‘feau,';
Lleas “RGlst) watun el s, Da by ﬁ:ﬁruk Selele Baen,
Paspernd ons ofr'appocinua Q:C.r{-‘ag-q I'cun...‘i’; e plal o Pl
4o surela san Mlewn ounlerdd o 2w pan I{ﬂmlhfuuﬁ“.aaf_“g =
,,u.u_wg,p:. ( wel sbsprtclinol ol AureCl sl Peatby P
Clin tnline relle P’ Aala e F;U«'o.'-‘nﬂ.t.t-\ .

20 2 aans oh'a praia i,
Y predatlan, . Mo *u.\

1 ! 1 \
don febrachbuc pon , : : :
She dre Qeblrewu.- \ ey, b - e
broepuay ca perio- T :,—'” E
ot Pobmabn’al Suu- ! ;
desl gy o waeds : E !
Wuatn A plrie ~ lL — -
don e m:a.,t& SR Lo oI Ik

F—:‘r g E.Ru,&&’-o-.«-s—

1
4. Britlouin-2oue 9:20;.&'
bu—:t—wj w2 ohve

_————————— 4. O lloudu ~ tone g'r-'a —_—
Freopar ssgeomia ol Bt 2~ 43

be: dar Ao frup-

P""‘[}’J""""“J“\{ Gl Mol en'ed. HElde uncn ol Pardoot o (M0 §' = a0
oSt 20 ware uar ala Mostes aclrebrebton | cdun L3 L ates
wtnu.z.u fo#p;z.zl-w aleen Lty L Eutu[ .

Rl ol Plpslc bok e wlllr2lle (DaQl sl Ll ac tar selle
wa el s B b Dy foffes; okl wella o4 l'o. e am oL b e ht
P lbta. ( e v AL s O+ pler MOM-.Q( qlefc'c-..'ul-. wa‘fu,{’ﬂ
brdret bt e 2ol 2- 42 sew0\L ohe n’-ﬂ-rcipf.hﬂpu-n AIuie ﬁ.f‘r
don Foll g=20. , ab accd b gl lolle fiule pte Lo TolL
}':a\ olve Maﬂwﬁ—wﬁ'\- der plow2 anq oo R—ucc_»&lpg e
DL#-‘-Q-U Wetie . i v Oall g=2& C.QQ.V,M'- oAy Hd’z{h ole,
alialls fae Bty win el @atol ks op bl 2a i'-un.,tlg

e ncw‘de»J “oleer ks Ly i—uu..‘J ol b vl olar sen , M
o Lve Fregue sben bas. Forp flocimings loniban fa, da,
Dﬂ‘\rbu"““’" .L.'apra.uaw\ tolop Al eer e, obho lalce rD—-':f)u-‘;e‘ou..
er‘““’({" ¢ arned YPlow = thpkcz SYN" oh'e C‘“[’P“‘V’JQ‘"LG—L}(&T
O L oter lmabae Qo fdalld ptrdemeet, Wb

o O Y I O T TN 1 SO B Y T OO IR OO A A O A AU 0 U S TS RN 4 A Y BT A 11PN 1] P LTSI ER VAP S i 1y ST



—_ A6 —~

e Btu:JLm-uj “ ot Ses i—-an_‘j" LN XS ols.) b bole ~
A BT ftn ro.ﬂaru—. Wedso L0 ve s S e ot wnm &g,f_q.ot_u_‘g Partr‘lced
[2 an gt awobesr :«ﬂ-t-h‘c-u-... L mumntan wnol olo be! alarta .bCLC..(r'.'“_E,_‘
Celat & aafﬁruﬁu«. e Mh:‘wo.i.fn-e%u.m, 5:‘«- Pl oen b~
wﬂruhj L B& A0 Hz  abe £ [t rpuecn 0all so -
Lrajpn pioer elel o unapoandds Lo .S\gﬂc.ha./'-u-‘f veaa 19y O
o) vo et e frarolen op s L2 Buotd elee nle.rla Kopp-
,Q..‘.M7 ettt Plolow b, t-crr o:‘u/un.‘__ Felalep tuncd Ploues ~
s e Bpllr e ?—u@—lla ou-(’l-rt—l-l.a.. kauu .
e dos HFoleowace Lc‘ﬂa ed e Dol 242 e 22l ke, p{gﬂ
er bl Frespuowis ot aleast's Lo, Ploticmen wewel ofes
‘_\‘{M Freopen sar oy optischin PLoucnpa  wield Jolonty -
e S,_,Q.‘__a..‘hjurﬂn‘ﬂyf-u AL delun uaduoodvwar o, lkﬁﬂ‘y(o.{(
e pruteole ,L‘nou-\ L/ foé‘pt derno, Ao ,ﬂ-—...ﬂu (Dol £ 4o, -
Brape Ao Brespe ser oler ophtsdae Plovomin oo aeleree,
botus g Daubk ool ga Wu-\/ ol Ale oler glecends o,  Plonoue. .
Fir k=w/g (akartiets Ploton, o) Jehertepe, e rfcrur e,
Mowra u b u..‘e_oﬁn'au- ﬂa.c;—-—wo-, [P a'ot‘..i‘.._, Plsn o g,
"'9"""“0“ ' Lol bl ban AAOowap wal GHrlues f:)-e%..u.n-. Dareom ~
N TOURPS! G - B p#&ﬂfﬂ-\ tmp SF b w230 B 2-.‘9_”.\ oﬁ"ugﬂ.‘.,b_
Vir (2 28 urge e Bed 2leor etellcondictirn (avel Lok o vor,
be des potials’edle Qupe b obe Uk lrow s welle e~
ekt ki tn B, L oma etar Qacolobashaw e oeef! ol
et ok (phe (a0 Ramoelcan s lonte . ey, Qieal 2- 4,
s oA M‘-M‘J‘L‘“ p cﬂ\/) ! o
He Dipuidons baucoe, :
Fl‘r im»w‘k—ol-.‘uoie ,-:I- - .-

;

|

i

AN

!
7
1
1
Al
x
1
»
L)
]
e, KU
1]

-

=)
S
had

ptack e e Gtd —

A tan £ oun 20er 2 o - C T
~ 1 -
Nosk e, olde oaen it : alevst. ! N
. “ ol — " A N
C‘jwu.u‘-nl-[.rh‘“é‘ﬂ-\ _%{r -r ....7'_L g—r-': k
T PV R mnborle ?‘—A.Br.'llou-'n—iolﬂt 95‘2&—3: 9

(votets R) ook, oot 2- 44
4o &uv,k- ' G

resr oot e waolea . 0}-».'.;!2.'—2. early Lo 2'wtan widbbpolar e
AR PLENEY S 5 ST S AN W pc)ﬁﬂ“u.a gf-‘-.As ~ v Aokl e oll'e ﬁu(-\
ﬁpéuuhl u‘.q ,e,\‘a.u.-. -CLDHL{"M&OH‘M&.LLA-\ (L) LM—GL :D\‘hﬂ-"—- 0\—\6\0-1'(4’-*“
‘—rwog)(fnmw.. TQ-‘L CT} olo.s 'D—-'r,;uu‘m-’o%‘anl_f‘a.mu_g P ﬂ,ﬂ_fz..';ﬂ Ao

mmﬁkmiﬁiliﬁ‘miﬁ}wimﬁﬁzﬂﬂéliul'ﬂmaﬁl;iiilmhmﬂiuiuﬂlumﬂkﬂwmﬂimfmuij-in-ks.:il;uiuil,ﬁ B O O Y RN L0 N (T T TR AT PN ST MINRS | 0 EomTETIE N N AT Y s e g ey



- 4?'-_-

, v =640 Ha
--.Freiu Elekbron be: r=3_oclc  kT= ;025 ev

i
Sngroreaushacich
wadglich 1 Beatihowre W

e Dpillow's — Rouwe ¢

{400 - P-\‘uU-w-J vl cweclarg E i BT UL
kn\Mag‘a':(‘C:J.e ﬂ-.'d.{-r.uv.., Enw:: i
uﬁ-k—. Are Weroe, anoclerg ' S _y&\"

O~ 2 o’.ﬂ. 0’\-‘@_ .M“’!‘C ol ¥ _"_;___6

1 S tasn o B .‘ool-ror; APy B 'fmmh ‘

PDie &aun}wﬁu Apugi beolea on, abiok- :

3R oan H“"‘:ﬁ—ﬁd& Aloual Lo Miket ot h- o 9w o5 @ ) o 07 o a5 08 i

v Padtmatan Grapinelie b . Obar Glwacsly pre S o, s+ .. . normierte Wellenzahl k.p/awm,.(m>

a8 ba browsotied abmabdd e Mooten. T Phonanen-Dispersionskuryen
e'-errl du Qou g b ican Qaa. op Ol 2 Ploro. von Si und BaAs {Messuny)

Wi A Glewr; Qonw die frowaoexd ophal -
Mhlu-olch Alow.g v VRl tnl Posnter Bigat 243
el ,

2.3. Sl»rw‘am *CSe

Ce. Cleltroan. boua 'l ohr l e 2an "f'r‘*—'j (N-rt'oai.‘,_,ﬂn,._,
L Aol uuu_-y(f-é‘c{. walt .M-QJV‘@ a&Kﬁ‘-‘uV'w bf{bﬂ-}.'.)-u’ Nanie
besegaa. (el !'ealool Ave Undadl periooly i (L oler L alo~
ol Lo Harwas Le Qu..)(fm-(/_\ oy [JHeaoloun g doles olacd
S e bl prn F,bﬁ—:;fl-, 2o fetns ] olnn Clelelron acf 20 tan
Wep abemted olon Priber Duupie vl Juped cotl alew Kro-
Mol otms. Da ni L ole Le’ 1a'we g-‘f-pfie.u»uc.rn'ub‘-wj
Suoket F (&) orl Cue Rauwn “erpberant’) rpR e urass n
Ph-wr)m )esrfae . De b'lé’.,‘.’(..](-ﬂ.'l o> Meoticng AW wokd melr oo |

2.2 4. jf-rwt«.uj o aleend, 2004 Pl ota 2o

Tun Hlasunds L 18w puotie Ll acaol tambipre Samol ol
Dirputins kot Phonon o prévemb. Lo tluwad. L o~
pbtphs Qlaleirea, m—kf i\'wumkuﬂptral«r Tea200i Lot &'up
Welln iy A= W/ (wafr Viterw ) | oo tninded s wua telae
Cré"[)wavelwuuf }r&'ﬁu ed ah S Le P'l{-o lemad o Lo,
(NI-AO-""CH-)M'_Q, Da b P‘o/a s f V'lkanlowca_. olas
Qq_,\_n_;y,‘g... o %quu(.n-ur_fpor,k [l mﬂ 7 RVYPRN P
Uelelron wml €= k700K £t Verk Ll ‘' ulbsn k= Rewtaran
Wt ok it [awmbe ol s [ofes obpela ola 2y
necdd SHo la oot G—Lué't.'lld«.. ')ﬂ-r)r.J. ve Lo, roclera
umt 2t Bruelleld no, oka. /) Ee * Catm = Egp | Pu *parm™
Pet §a 4. D'e P"ru-nu.uj darel Quatadon alacrl, e Pho-

T T T T O oo T Y N o ) AN BN [ 1 0 U YA ST SO P Y e W1 S



_.49_.

thow b, 1 olabar &k—'(—oa,‘-\n«.,o{ eda s 0,

2.2.2. I:F'fwuu.[ (- 2N OFC’Q_(.&\_. P‘\ohmpq_.

Clleleonsm gl loba Qu;ule't (Fuce., sera Hofl coni'c
don [l opc:-,,z._ Plouom o, 2inifr'egoa, cuol ole.Gel cien —
fer Uimadduolin Lere [pawle Qt—-bln‘c. ver e s ae,, pla e
S'.ﬁu-‘upuuu Lre. oles (D\‘-»pun'ks lcroe., (B8l 2—45 Lulc )
b’ E£ 0 Wil Dere H-rlunou A oS0 o pphanel e
ol L. Cle A Deoodert Bet pofarin Koo fen effelb —
wll |, oo otar nlarle elbmrge D«‘rd{f_u&x opt's Res Ko~

TSy VA S VN STY 3 U(&uw‘rkua-/ e - of Ll u_-@n.{m..n.._
QU blron, Freten koww, '

2.3.2. Fueagbel ~ waol Zun's Lo GG-.Q#rn.«t..uu_7__

%HUM-&'M‘H-&I ST PRV PR VPR o hcd.w.‘:u—.u; B Y
ek romts praletnn b Ol tn | aber Al wlG e Bacal watne’ —
a0 6Ll e Do Aluvelerw ote fFovbppflocrncys Lon —
hoaata, vt hReo /oﬂd.,‘d. Qj‘uuy... vng  Plormoa. on. chp/tr
et~ ey bedo 2y e, Sieol ot2se alwlh b, W olu
Pﬁop ol L. Dot e .Of‘-'"-j\ , O ol %/.) i~ e Lanll; 4

2o r B 24 Cnﬂ'*(ruu—kj PV VRTINS TR AN %ﬁ' D ol pen, @l
Clede Lroan ton 270 tam Fordanol ote, lralie s & 2k ol
Pdsisl Llaer Salefd le &£y | goles :_..:.‘..Jﬂ_tg,C.r—f-l ?.erﬂ-ru...;.
el . M s o Felle o Mo A‘kﬁ-ﬂuu‘[ ole, E&r—#pfba—
Mur)ﬁom"-bh.!&s 74 pm/ﬂ F:;‘{VL.Q Alal Plunaoc i oe s
0‘:-(.1‘;04»\-?. e, mmlecaly, Lo, ocler At der U prarre  ole,
-opL‘;J_L... 2“09—-'1,0-9 /G-L‘en‘ﬂ-‘rl-. Deese Pfr%uh‘( RV N A
Lo honl R, ola e Cw:.rl-‘e_ ac e Hrulen Plocom g
iw ole) Lﬁpkarolmwuj oles %QU“—W%U[-‘L A'!t‘(-.

2'2‘1 WFMFA—%WM%‘[_

Vo wust Hfedell o fan by Al HPEe b Cldb Lo S
dotl (B Loy - Qrellentreus) oh'e O ot lewn o0 e,
bes Y XL TN Clhy s o b M—u“'w-\ Y S A s wipfan Oran
e brodae. Soralellec, waot [l ot Pl Rore Al ol was LI

T R e g e v e o o L T T ot T 2T L 00w e P e 1 e s Y ST oy PR 5T T



-AQ-—

2.2.5, Bw{fﬂ\l“—(‘- s .SEél-n]wpdn"F‘-m&@f@Ujhe.z

Pue BU—JG-V—‘!-L(JJL Ve wi Be VUuGuQ-Q:M.‘Jc-j Lo bn'f{uu'ﬂw--
of{hden.  Propoib'ov okl ls fallor BnYM san ﬂt—.i.&gw'ﬁm

deltetrdor Fildalatrla € wet oles O O prodeni iy bt

Vv = MrE (2-32)
das IO\GLWV)H(:’(J. S’ M Mo ﬂtve‘ﬂ.‘i&‘k Poportiona b
dus (ponwlioe. ode Mj‘}\‘-'d-u-.) ﬁ\ﬁ-'fcﬂ%&a(u&‘[? ol Aes Kokl -
Peomy 1 T, O elole %Pt'lol-, We LeSe 2ot wns Lo o0 (S e
de> Gu:ﬂﬁmdﬂ-u—. T8 80y wal puderse Patstk el ves ol L ;
oy, M e Er.uo_fﬂ.‘.ﬂ.ﬂ.o.'t wwapel et rm,par&‘m—a..ﬂ. e el -
o Moose e Tlltns, alo

. = 2,;3 . (2-232)
Pie WPQ P YRR AN rh.(:) ole e | ey fred Al el
Clolils 6 Son e ol ll bcr—-’ey.- lowg, c"“""'!“.l’“ ?\mﬁ.}.em_
harian  houe otes  Sellrow, ke'ia vers by Cuwuplle wat
olualtrdon. Plonotmin | gorokarn wanr wan bt Sidrolous b, gas -
SNy TV (7 WIS SYPEr PN P r{_\u-—puak\r Co-t gtasr Lled o
lswe Hwiual,Le Qt.uﬂ)"l.u«.u-u-el pAle %‘rwwwwuhf
ol o dwddas o Dafle ulaw b flee dcduim‘rﬂcar_-[ wnd
opliret i Pldinonm e %n , o0 elic el Q«n.rr.‘q_ 2 f il ot
bouatn . UL OGael au e Pu-.pua.‘ﬂar A abo kA 2
Motalpe dtor Bewrptd fall 3 eratac b, wust wael Che —
adretlen,. 2ngs MNawiwaLosulnr 20« Abuafe ou, BEr GaAs
Lip eares Deogld GIlf womunwun Buetts G’ AOK  for
(' by LBberan ﬁw’nmﬁ-ﬂ- e phaa oles  duoCasan, A‘\-.re{w-[,o,&.yy‘q_
oplirter Puomonin i Var ok s GaAy, Mol 2-41
Pre e lng oo Dn'ﬂ-ynﬁ m‘u—&)‘-ﬂ.."l- wa'l Gadineoly ok ~
Ferder Fillotlcle % wichh on Gopr snpd a8, oda waan
Wikl war Lo das Hgusuard G- Q"‘Q'/"t 'y %‘-(JMT[?%G&&__
(R 9re Qo Ghwpie ktohune drd day ferd b ppadl [
A QI Lg\"g..(l' %‘pg_ wa 'l Of(a‘:.lh_ Plon ot oo Maﬁkfu\o(m.‘
Daduarll ‘x{;wu- ROAN P N'Y Qw‘ﬂ-pteim'-—ﬂtgﬂc.‘l. a-f FIOREYIR W—
ke ual Oap (o Bl wn ek der b 0% 52 Lt wedt
(e Falol A& chonn o 0¥ 07 K orreidt oned.

[o1 =
T R A R 1 0 e o e B BTk et 464 s e i T e s R B U b A b B ket o o R




I Tabelle 2-) mivdd oddtpe Dabon oer Halllalo  for -
waouasumn ;0O taned ﬁ.,ﬂ&'uu- ~ Acosar ol BrIatn B P ~
el . Qilikaas (b Adse CSdad o f&md&puht-#uuo( dhe
heo'clne @E‘ruaﬂn_l-e}"ﬁgkn.i, 20 o&;ﬂ ,/n-.‘y(-u-c-fsC&ZS-&lu frofe
das w[)h.‘&a%'\g W""‘j““‘ MQ&-&—-QNEIALQ(«LII» oy B
bas pr ko lh crerdm.. e B wetaun CSlate Cele Lronn oo b eirg ~
Lot wlA GCoAs an/ (pzc-'up;k offelbioe Mosre foc
Clale Gowmarn . Wy sm*) A99a An B waE der 30.:3..'?,40». Aodhes-
becsep iR lealt.

Ge Bi Gads Einheit
Kernladungszahl 32 14 Ga: 31; As: 33
Atomgewicht 72,86 28,00 —
Dichte . 6,33+ 103 2,3-108  §5,35-108 kg m-3
Atome pro Kubik-
Zentimeter 4,4 - 1022 5,0-10% d4.4-10% cm—3
Schmelzpunkt 947 1420 1238 °C
Wirmeleitfihigkeit 63 84 40 Wm-1 grd-1
Spezifische Wirme 310 : 760 318 Walig—1 grd-1
Relative Dielektrizitite- .
konstante &, 14 12 11
Bandabstand 0,685 1,12 1,43 oV
Eigenleitungstriger-
dichte n; 2,56-1013 1,6-101¢ 92.108 cm—3
Eigenleitungsbeweglich-
keit der Elektronen g, 3900 1350 8600 em?V-1g-1
Eigenleitungsbeweglich- )
keit der Locher py 1900 480 450 em?2 V-14-1
Eigenleitungsdiffusions-
konstante fiir Elek-
tronen D, 101 35 .22 cm? g1
Eigenleitungsdiffusions.
konstante fir Locher Dy, 49 12,5 12 em? a1
bezogene effelrtive Masse ‘ .
fiir Elektronen m}/mg - 0,88 1,1 0,08
bezogene effektive Maase 0,08% =mp, s ew e
far Licher my,/mo 0,37 0,69 0,6 ks B e TR ™

O YFS T Mk

TaSelle 2-3 . Jakou firr Ge, & wust Gads
b, Rouu-bew perat.r (.?oou‘)

~n



—21.—

3. _Qp b2 Lo 9(‘%0’.4@&}9:

gz:—oi.ﬂnfz o Bu.ﬁra..‘ivwv d;ft(.rou-\anaLu't&J VarP‘."qu ol ol
p u@-t.vm..oeg‘,h&ﬁ«n Fh‘&ij wha  Maxaell

T_ 2> _ = =
wt H - ‘9—: =‘? d.‘o:D-*:f =0

~-» (ﬂ)_'c:' . (3-4)
wt E +Qt =& oo E""O

fre Ao wopaneldle Felotlicta & c A 2l lehge  Feloty e lo

E, de Utr;-pn‘qgug[)q'\'ol.le 5 ] ele (¢ ke Woct (4 50, o -
l«o-m:"-), He kmw&abuhp¢'4& £, e ﬁ(ohucc.ﬁ.‘ot.-:w{.roa—-at-'f:-
e 5wt A wogualide Nauldion 8. Poore Mool -
[ T uA-\o-QQ'uJ.J i Meoliuun | dora, Q_“lu,,-,,_ep,f{_n._‘ va
A ptof’fpen\‘&u‘;\_.

Ba (&) E FaF(€)-E  G=p()H  (-2)
qu/)(, wrol te . W QOPFLQP()L'-QR N & VO o YO rf-\ﬁ"—~"ﬂﬁ'fﬂ-~ we'ls
g_‘_@, O v Deen /oQ[,oA_oMA_ i Licpere Laod 4‘30&0(!2 /Tv_d-.e...
vo-qo.u-\y;w,pl' 0 d_a/) LAY/ J:Q (3"’2) r

D= e € J=r€ BapH (3-3)
mb'a-fw--ﬂ—!-. Pie chut-..-eﬂolu.ur, hdle ¢ tel . Ml o -
frotntata | sy gl pefe V-.Q Un"(q_:uuj .Pv.."r wedalle s le t -
ler wol oce- Vwokckﬁ.'l Mol PR ool Al&‘-uat.f fd‘r
Ho G G, OF . ta (3-4), Galy 200 ohie el iife Prlarr -
Row [ wacld Ao EDa.PC«-u‘L‘&urﬂn:dLuaj |

-5y E" = -0 -~
D=5, + b ool P - D-PD-E’ (3-%)
tapfatel WO A U et an | wen welleh o Retro; oMhe Vo-

7&4\19%‘1')4“4& Lo Moot <Se A% bé-\‘t_t‘(..u__o&‘.ﬂj;be L cac
wlo Gl el | Re e wth..a.L.‘»Q Unde (L) o @‘i‘/)i— Ll e
M‘[bﬂ-c\& Po lac i so i o &'H(ﬁé(\l‘ﬂ-\.. Da J'anleJ alan 0p & oo,
prLUQ,QLUCJ. = o Cin ele P'a(tr mﬁuw—-f P, DU olas (e
e pe?[c«,ath. A\..)PQ‘QCM%-IQ&. bR 0l . Nacd wo, 24w
Lot s, o, A.'mt?.. @_br oNe paiplp.ré’ﬂn«.., w ollll wao

> [ (=4) ot (6(2-1) i de kowplr e Awplibate

Al

T T T D N I e e O o T



m-!-[:(.-j‘w?l;: = 0 (3-£)
ot j‘-’)-tﬁ =0 (3-¢)

wach oles kou-phh:o«_. Tie e k' 17" G sliou au b o ('Peru..-'(ﬁ'u.'(?)

£ = S‘.""{S” = £-1‘tr/w ‘ (3~-3)

Ye knhcl(’eol.i‘-.]w.lu_ O, (Auv(ch]&.n.‘l:/b?oﬂu foten wal
do FOLavorue Qo o ¢ Bt 3-4 /ofrkaﬂuu-&ﬂu. :

-
h Hellvw. 2
) m' H(U Ef!: jn: Bfl

Te Moruaal Lou.-()Q——

g
' /
haabk . dar slal o

[ eol tatae A

4) {4y 1) 4) () {4
£ ‘)q ¢ “H ',E( ¢ D A ﬂ

Ridot 2-4

;\?~ (Ru')—— O—l‘:’) =0

- (3~8)
Dl Noru—chLOu.f,oq.. W B PO P (/uai:‘e.ﬁm.ryt‘m oncolan,
W o o froeh 8 ww olao Betcar ot

peﬂ‘fnﬁﬂa\. ﬂg\a{uu
fa (=0 p.a-~-0),

i

- - —
h'(.])“’_.j)f“’] = fn. (7-9)
D rl\aujm..uc.ﬂtou.r,mﬂ bin o elellnvde.  Elelallarly
Al o e .Lﬂk—#(’-ei‘& nk.L\‘{,
- ~
-~ ) _ -
nx (& EM) =0 . (1-40)
T q\w&wh‘aﬂ LOu..r)y\.. el olo u_ajh.u-g‘:dc_ pzﬂ_gfﬂ\'rh

Guolan, 00 os oo [emy Pl¥de wn i 'Ie.&ra[ oo £ Aew .
AL om- d L te Da ,

" ¥ (f-T‘” ~ K1) = r;'u
(2-41)
‘ajk (J"‘ S‘(B) eﬂ?r &\hq d“-)

3  wil A< (B =)= 0CAC)- (ABX,
Vx(V<F)= V(VF) - AF | ¥F=0 (f.1-0), -
/7

Pe LB'JHL—J ol Tbxuﬂ—‘ﬂﬁo&u
PWFS(\&.. an Pdote> £=¢

A
= 1= = g 3 Jat
AF +‘-09).AF =0 ) F = Fel 4+ CC (‘1_42)
W e ebtne Ulle |
‘e - e ‘(uf—:?)
F(Fet) = F ¢! (3-41)
ae
T T .

N T e e




-21-

[TV ) WSV an?p(@qt—- b-m-foo-etf-or

e kel + k&, Fl o (3-1¢)
urod Ro~n Oviggelilpe

Faxé +y&, ¢ 2es . (3-45)

Dok V.(.?"ﬂ) GDLU-J TN PQ.(-?"(Z.) 424—.““*[’#"“"
ook, e 8l A ke )
‘ (3-4¢)
: = ko n —jOL/.Z.
Do Po:-&p(’bul—uur,(.ou%m.u wird e ila Q.Q—thw‘?-\“*"*-u
howp b aeie

k = ke - sk (3r43)
Co A pAlg %kuh%a&'ﬂaauﬁu'hﬂjke-"-, Il’o‘_' %?‘ o'e oM —

r(zqm.m{,t.wwauu L Valaawu-

;) N Cowp lon oy Rrectuen ~
detlex  urol n o= L’&.

dan Vol@llu!, o PQMM—F:‘.LM'..J-’,‘(&'L
L Meplivuwn s J—-‘ou-ua._ﬂulork‘lkx_m v Valewwin, . Meza,.‘lro
helhe dowwad 2w M:orpt‘a\..\(a.puntauq olor e Zﬂ.‘—rt—uulﬂ--..
A

kl-_'- kt_l-ll:_z'f:'i:. = Q‘}AE_ _-_-(,3.‘}‘([._]‘9./0) (}"‘tfr)
(oﬂ‘t-r ol Oc ree fley ¢

K reedd

M e ebog  (Opld e, 4'“-. C\On..olﬂﬂ-‘k vt u oy b felen
Heotc:u‘-u-,

,;Lg./) Cen wQAoLﬂtJLO.Pb.(-A‘ He_oli«u. v Lo ep e l:'-l:... £o
Lo oo bonsbonty Plane £ F pt stie oot se bonn
wowtu Aa_rﬁ-‘&.\oh. E.; r Uld wmelc 2lire iy o.a.(e.‘c..m.oﬂ.u
WS (eoldunpfle Dellee (u bowop . Mooliue ),
win ok aLg/)_.. con vl Qua b Peal e A‘k"!o'-ﬁ-@kﬁ.-aﬂn Meglive.,  wai't Lo -
Plrum kb d'e A»up&'l-a';%_'— ol Plarte fOVL G np e cd
anfeiconoty olefe, o [ ke ki =0 (evaterracic %w(ﬂei'&ﬂ-ucfeﬂ\
ode lechell o )
Th'e f'lo.xoa.u-[,(b_‘d.w.(e«. st 0o ane T ol e %offﬂn—‘&w—-ya«
Al Qlne Kovhuusw - heoeve  weot ‘am.‘CoL'»\LLU/h.. Lt ol
dloudlhde Hculdure do Made, ¢ . DPe A plsle Voraes ~
"wha-uj T TV S (o biv wict Selracllat!) LOA-\WN—LL,
€"‘~'—°|*«M—\-‘-‘-\°~LQ9‘-"-(CVL [,ré‘()k a el , Nk ua..h..tre/(h-w(.

-~

O T T T T N T R R P e e e e T A T F T e



-2¢ -

Fle deioinuls dedd 20vl> Qames T=0, O ota
Bredomp odaw soltte patec . ¢ P 3=16), wnac wi
[edo L Lo Vﬂf,au-. R N=422 wl o oo ol R o,
He'huuj Voo = .0 , e o((m«..‘ut,m_;a_v U\'oh_n//,rud..

F:‘_.‘r VAQ fb\\-ol R-'t—.‘*(
Valew - Oalla o F r/TH
el e v Prequer- = S | T /TH n
QS¢L[‘-M des Dre - 34 nw. fuv-A) £34 1,539
. N W4 v (L-violek) £%2 4:SLE
CQ..L.\..(“;::.K 14 P6 (L~ 6 o) AP 40523
belee el ~ £P9 wwn (L-pelL) S10 154
U-o g ALRRE, NG 608 nun (L~ rug) ¢ JAKA'
elie B~ Hell- HE va (IR-a) 394 1544
N AL pw. (LCR-A) 2570 150§
,QQ:LU A |Q% 2 P“_ (DR-'Q) 4150 1,%9 >
31-2. 7w (Ukw) 0,000 4 3

Terve Requ oy al -
l\ﬂ‘.-.kv\j‘*ﬂ-\l M ‘ Po,.,h___ TO.&J,Q._ 3"4 ED(';{) UL e f@s

Lot wan veluln  REFRACTIVE INDEX AND

" LOW-FREQUENCY DIELECTRIC

de P‘:%‘J'«-ﬂ-i Vi, ﬁ (3‘4), O‘.M‘Ou—{ CONSTANT
S L™ =2
kcuo‘-kegﬂ.ck, dn/3 D ot N . Compound | n. n? .
€ vmet H Lan bebraclobs. 2t wald '
\ P InSb 396 | 157 | 179
VINT 3 PRV TP AP o.LC\si.‘ulM, doudle, InAs 344 | 118 | 145
- ot ‘ ' A e IR L RS
A a . . 7
i (o dns i a:,,& “woul ‘f“ A 2. GaAs 332 | 110 | 134
Rl oo lae, E0L) waet H{E) ft- GaP 301 ) 903 110

d ermn Uovmnpﬂ.‘eupo‘_k- Q'?—\Lr'hhu: VD..‘L
dp.LbD..?.g by . unO-Jc..c,L‘;J_g Po farteru
(24 ekl w- ¢ S\JLn‘FF, doy Meoliuwe (ol o' hLa_gthulJ-ut',-".
N [ﬂ\(?*']) M e el p

Tobelle 3-2

DFt)= &0 E(Fe) + [ $EIEF, t-c)ate , (3-8)

Tao
was Pecual wul [,Q (2-%) Slodstiuwwl . AY 2o e loacuo ~
wode Anedy alafh wac O~ oA ﬁow‘!&rt e llse §6o)
- ® - ot
£ = & + [pre” ae (2~20)
Q
B e R&H‘«lkhj ek Wmn.uu‘a«-q Caetr proiie b ol AL 4L
e Vunupz_wﬂn.‘huuuj e P (2-3) dor, veRela Bty PN
et Ve Meall i el 2 0o S AN I SN ) T

cE

ol [ T T Y N D e A B A S A T N T N T T
Y| 1Y e vy e, e g | lEES L FY L I LEI ST O HERE RN L -



25~

Fe Raelon L) U O alle Yol wm T sl £78 , amck
83, T =0 | weed AreQt ge! %eﬁgﬁ\frl‘&ﬁ fer T oo P [
Mt B2 elelbe o Jadoe, ohcett FE) -0 pepn huln,
Jay A Aol pu ol ol RLMJQ, dnﬂ It h‘lﬂuuu t e
Bule v E (&) 42 LEept oo @ pe o fbpeatt e, bain o €3,
(—?/-(J Ul Osf D[ﬂ') G bt ‘ui'uhﬂ\_, N P rteg_uo,_hce_ o -
hitwovelt A a de ﬁ‘o"ﬂu.oroluu.\j Ao R‘.&_\caf_"a‘_‘ e 'L
. ‘ [
Mﬁ\d:n. Ne gm.&w.o&,cu de> betrochlilon Propesier el -
lesiwot. €. an,L alo o' lowratu 2ratntn e lae, wor vt
. :

LP. (3-34) . & (3*—?-0) ek Jun Sl 3 e KQ,»;-M datcl ole 2 -
wasbece kb de Tharrle Ly @1‘:«)«.};80’,\ v, H.A. Lorew by (48F0)
weot L. Lorews (4FPA) Gereleed .

3.4, Acbo uw. O ) e :DQAA‘-&M.\J Ao rg_“?'pu“.&h

Ne Vu&'uoluuuj oke 3 uro&uur melorx nownt ole f:‘requ 2n
R § 'D-hpc_rm'&k pu.o.uc.t.

Coon Molehetl  Lede Gb anr e Araltd sLueoc Pac &0E o8 ,
din Mowlontn wl ponlioe a(ﬁo(uoj, i welely A
Lokte Porlit e, CRel lou o wal c«.ero.t-'.!-u Lootoo, .e-cc..u(p._.

Yan albra o Rl £ Aoup “wvoe Wl At Laolae,

e D,mu-lr &ol.w:r Mol . 3. S‘..Qu-u[:uuu; otupdh‘b‘uiu.. wacof
das w.?t.‘.u... l(n.nlut..]h- bl oo /'u!o.ﬁ u.«‘:.u- Frattn R b~
Mg‘,}- ol ~ 9\}/”.0:_ Cotl daun o) 2lel (s dc, '}1'["’{"‘—'0"
wopaab weed carot pebe p~au b
Fo 2ol 2o r"ff‘ 0. 4t 2—42, 2% 88 o A'e o /uerﬂ-«_o(ﬂ-ﬂ-\

Dacat-ell ole) Q.'-..@,,QLL."L Calle wer u.-‘c,u--,,a&rq_ f—"mu-.._q_
bu&'alh"ll,‘/&- Ok A

Trote oo ﬂ-ept&..l-r-t..j Iod&.ru

U e Polardwouca, wod a(_o.ua._"l 6 ol yg. (2~ 46 ) olin
B.rzc}.w_.lpﬁhah.k feseluon o Lducan mef ole Vordiel e
ened Qallsous st 2'w &?.LQ(IOM-O-/L\OJ_';J_U pdo( /Ovunul?—‘ul-
wo ke, A,(' olsr Elalilon ca'clld o Locewly — I{m(’;

- -—p — -
K=-e(& + UVx0b) (2-24)

Wl de) CLlGom on Lol @ el olos w\acnm(-..opt‘:&k elsd
£ . wolo\_ e kooalacl e (L‘c_atm—f e (Lo 5e_uoc;...[[. be t ract -~

0OF

T N T D e e e I T I T T e e e e T T




-20G ~

febo ) HaRt Loty akel e ValonrelelGoa oty Lol k' ~
wulb. Deto love wan aucelicac, oﬂnﬂ 25 Galew U Coidioo
Wb lee Lolalue w'lrdlopd d e Colal wnel, Usa b s GCopdda,
Rl V‘l‘d‘; f"e‘p&‘-ﬂ M laoce LoraoFe - kocrehler 0\0‘&-‘&-9'-/'
o 82 FadlFepon w il conddo Bicotayg . e [rrdenn -
oL.‘JL!-'L oles Qe vl wicd- relaCn-Aha , afo L Lo\, L TZS
dhe Rdodewsddikel | g0 dap olan Krecrprooteld . [2.
(3= 4%) u{,u_o.&ﬂkml[c Sulic oarf b das (o 2w S Podda,
(Solle D.‘M E=WH=':F B=c 8, ahe E--Q(4+—CEK)E~-¢_E,
Dan QUblson m_.'v—-\—e_)‘pugtfn‘,g 5y el Lok Lo (ams -
Loabvap pasrst Woatle ) Rlob ol b D7 el ol tan  wael o~
de She 2C o QQ.\'LM..{: Ferw, "3 AF/dd W““““"‘f’f"- e Decse ~
pznt.«rspb.‘&uw-& fote b

w S Fug St I = —eE (3-21)
e ele PeJZ:hLi‘r(m Ety- & C—J‘oé tce 2l woa oAl
L:,'gu..u.J ? = n e 19t L deo el odr g, Acu-fe-'&-ott

A
-
% - -e&;/m
o

Vo =tat + 31.93 (2-27)

vl oo Q—.“‘h... Gre> PMQL.L;.

©o = 1 - ' (3-L%)

Bater Uelleon kit e Prarcnvuey % o onl —ef be!
2.0 oln.{\ Undtn @‘r o' [(Qbmk-k G.OK(’Q!—KQ A\-\p.e."&.oﬂ.g oles Pol ~
mialion b 2lcw Kovranleabion w N hllovan pro Rouw-
eoe Lot

e Mel E;

Po= ar Qgt-w' + £y (2-21)
gL . Nt V(}-{{) .Q_ry"»f- 'l oddocany

E'CO)= & *+ Mt ! amnalt ;rio , (31-26)

“r o Of-ot 4 gy

ocla w.t [9' (3-15)) 5:"’(““1.0')1= n'- - ZJ'H* = 5,’(:.,)-3'3,'.'(9),

L .2 =t
¢ -4 = nt- L A = Neb Py _
’ ¢ fon (oo toob)t -l-ol;‘ ' (3-23)
f Net wg

§r = 2”&— = o . (,_,.,"‘ Ly +UL3L N (}"‘lJ’)

e



-2 -

Reo e Foclesie wnedt w2t 2rg QQ)&AQ(-.\FP?.(?L\@LW—. (of(.“;‘_.h thbo~
ﬁ.’uﬁ) m.-{’u.l_\n.\,., "'Ooo-n[) aﬁ'\q_ V'—(?—ZF,LC) al p‘_whﬁ-\.-.

et ©:f-o?
2{"-4 = Ml—xl""’{ = 2 N_F\e .

{ fo (t‘.‘);‘-- l)l ‘f‘QL’{L (‘?-Lq)
[ L .
g = fup = S Mice™ 9 )
r ¢ £o WUa (CJEL-' ‘)L{'Q\Scl (3 30)

e rdrallon A, Stadt ParGlel cuclow Momme weol acocluw
D&w,ﬂpuuj Lws . .&u&u«_’ ML\L‘IL, 20 Aol Al fuin e 2L~
'\FN&Le.!. - mod..:[',.‘h‘uu. Mo A A Avall oo €Lel (fon &
ual ole ﬂuw&m»(prquu;. We wead Ao ﬂ)&‘w{,(ﬂuupcwwauu«
g F; Wit ol Oy LotorUsrle @c..auc.t-.

Moo Ao Ca—-(J'L;"fLP) (s @{(Mer W el e

A, Rosfl — wadk D»aJ.:na:r(f_‘z oo Do Ll R @(rhovd aunbta,
b ﬂracﬁ\u.urc'aolu- N sl Abracph'oushon o k& &= YKo
Mk M 2l g, ol a.$¢'.9.hyl. Dese A-SC&.V Lt gt ale-
ol lor Lovplise TOaL, Gelote al oualytirler Fal

L das G.o-n.-p&xn\.. prqu 0—«-}-%%& dnlopreliul udk e downs,
wadd Qo b wit V)= Vi(w) + Vi(o) , w= Dt W%,

400
- Ve (w)
Vito)= 2 51 ol

- 4

(3-34)

Ve (‘9)-:": E V(wJ A w

Dﬂh (3"14) o&(:hu)ﬂ-. qk{ Hieset - ﬁM"(&(WGL"% D,
%QF‘\LP—(—Q—% f Qeol%‘d- A #n Cﬁ&-cﬂfj y L o (-(an«,,(-wf-
d.L, f—"dw-n&ungfrdw+ g dw? Doy AMaw.e

gro
am%h;.{’_" (A.D-lnt—k._.cﬂt.\d ola/D okle l-uG::EAa-\_ Vi) 0‘-'0'-97(-! «
PV TSI IV ST Kn.-ﬂfk deg O~ E£Caa M.
T(@= 004 J01) v [0, (3-20) A s Rlpr o (onnna 2768 o
fﬁ:) e 2. (3-20) re.V...Q?{( A oo wloen g - €S m-.o_.(A&ﬂz.‘&«-J
2. 0. o Koo ~ LS80 ) Wlolpdene plie. e v HA.
Krow.as weost R.C. de ‘Crou...‘? 4923 oSpplate bon &h,bc“h;ﬁ_\

400
'()-4 = 4 £ (w)
r ()= 4 '—‘_,i ___-—‘;_u otw | (3-72)
+% t
“ls) = — A s (W)—4
glor=-1 § oo AW, (3-11)

B Z::ii;*gf Y

o hl.‘.'.’ :iii:-si"lj=1=s-a [I [T (A TRV R R AP A >l iliz-ilwi-' i RS T T ain.}t‘ [ B o e



-28 —

% wacd W'(J_zo) E’(‘w*) = E'*(u) P“u, AH ek G:(—Oﬁ):ﬁi‘:(@))
u~ed 6;'.“1- ree £, (Prqun“"ﬂ“'" Qr”("‘\’) “""arﬁfu) ( 0 ﬂh-ﬂ fr'f 2
T thn Nh-u?hhu ')uo-l.‘t.{?cn u..u.q,&c

Ole Funtli o . (0.t~ 12)
Y W STIGPHSRN |

~ L - [l =
! _ £r (W) ) :
gen=is g {202 a o g FEG aue; Pt o
] o

]
odbea b o

o {’oE‘};a AL A’noc()uanr Lovndatle o @lues Q_o(p((, ()t.‘:r mo e
f:rq.a(uhl-ﬂ-\ Deloul, 0. docd H'W“‘jt yo bown, dacans oles
n&d““P“hM n o frc ¢ ol e “ 'r:ra.qh“‘-“-h taoeR a,(J-JQ‘) wad
pg.(l-z%,z?) buecliuak wentin . Tie ol o alle Q"'M“‘*f P
KO0, wfuliR €50 fir ©30, ot dabd aumlowaldd v fIRU,
W £'(050 sw) Bebownl 1w antet eS o Polls [R.(1-3%) Anc Ne -
Wi on 28 OROSLeL | dn WL alowal’ sl tba Fllis
Up it he e fr & a0 Lamw pnlls A (Lede Dpurdon,
ote  Abrocplisn !) .
T‘sp«;&. pw»-(d-.‘ag_.g...
WQ&A& Y R T
Bl 2-2 W wten .

Pl B4 ok ole W[ m |
A r'e,(’»ev'-t‘ﬂ-\s—- At-wo-oo A J

[ T "
()t d pt o

bed ()-'wpt— Vo ~
Vol wal a4 Y
Ol—-f dan Fusl Jutan
aaev,c.mi}._, Bre

(XY VAT PN V) .
f‘jkp}u; SR ¥ -2 Tk er &;"o
asatan , vl ALy Qo U

5
.
&
A
|
i
=4
>

T~
ag

Pl

O

r
\,

-
-

T - ——
.
-

2. ReaR- vl Jwapinclell oto Dokl (50 40 GLsl 0 rba ber
bis. Dreclutp ceslex n atol AbsscpCasloumdanle o= yke
QRPN § FS‘QO(H)-\)-O.L uhyk‘l, A 2ok -2, ake ot-‘:fgru“gq__gkn
hs-fu-l.. nEl N olce FRrovanyk b 0=, taa Al u...é‘lﬂ_‘.ﬂ,
Yo AR Wo= 0 (frices Yeblon obhun RS oclrlelllra (k) wrind
s bts Puld €. deves Abrdalfe wotlwl. DSt n wil

-~




-

-29 -

ol (Pro_olu L 1Pn‘d.4, ron e novwades ‘D-n"()uh'&q.\ Y
ol dw Abracplises Luls wiceml n ancl do F:rq?:nu.)- QS’
wosm apedd dani e a0y D—-‘;Pun'&t...

Brgsl 3-3 W oo
Vub«( WY f»\?rb -
belyclia A':'Jﬂcp(a'h-
bocte wea Bo_?o\eu-u
aLo.QJL-‘:..Qu Focu. .
DVarars urde 06
£ (00) heotdiak . !
At esacln aoles
(Do S50 pp oiA
8 on , Lrradet o

Mo et et unel vilark

‘1.0 Absarption

& 0/

‘08

AN

o

(g~} W/

Dielectric constant
{reat part)

VL et Serb dy %t 0 0 100
(5l o o) Ca e ~ ' Relative angular frequency (c/ ay)

el do Abras p"-‘s\-.s* Calculated coniribution to the dielectric constant by an absorption edge
kavte . e f_r:(k Rofal 3-3

do W ARSI

howntante., biw, de Brtcﬂ.%r)t‘hm Lo‘:e..pa.. olp e oles
l-a.pr. g ASaa:pC-‘c&\-s&m-h_ o, Tereis oA p du Kewrlubra-
Row N do (28 ucdt gt (leleor o propoctionad, [0.(3~23).

S Pm-.'L.‘ugr Oh—ﬂk'a&‘vh-:lma 3’,., & >0 , claralde i e -

ein  abrocbruckes Tlotiaun , (0. (3-47,2P) , @ woaRR 0

kiro bro. wsghR>o oA

Rre 2a codscbodas Motiaun /2 8co , LiCO, 0 <O,
Ava [£.(3-3%) f‘!{p‘ dotnin | daf) Wl flerzRe woruales Pus -
powon  Amn absoclhiwecol wn Hestiuw, <o Doelle avounales
Dopuiten tn vorllichtmoto, Maliv cerketcre | wasl Re -
e ovowalo Dhpuwon sncatCols deo Abrocp Lot Alvle

Lo Noalle werawolo ‘D—“,{w;.‘&-;, Aaila £ Ro (/é.ru.»h‘.‘rf.ut-fo-
Rluce , Dt 3-2.

Ya [:2‘.\.(3—-2.1,2.?) w}.l—ﬂa. Gan R e;‘."r ol e Call w—-[;_.!u_uo!v.—
wy Celltonmtn  Bunn aho hie RSk Welllre fF IF ML

Py S | eaq—/—\‘d We = © witel die Rileuame ua olen PESGn ~
A Cehlomg M wenc ele dicdl Ale effhCse Name waep
der quanfrod s, Lelbrons w wrelbiie. .

e ?s)&:u-r(uuloparakhdu ! boun O &la KotuedRaleblfdw <un

e Ly e



Aalr o Felot € Lo ~loprediut eat e . Mol AL -
el 2.3 lowndd oss el Gan by J"-rﬂ-«n(;roun,n.._, o~
fhe I § ;‘)u-npuﬂ- w' Plou o oy Oann QA..(e[_n‘uf- e aa P@

(3-22) che wlele HEfe dnwwlols Lo Wt T, w0 olsly
Wetie alan b A M monal e, Eale

de [T T -
mey & [0 4-9%,»:{0 = -eET (3-1€)
Ulotion o USfe wnaRath R, 10 W v= & wag jeolen,
. oM+
Mop Ml vl x{' % Ao teawntnls oo 2l T Mol

el (hcecha, oo KLT/T.— v=—pE, f.(2-32), uoo(c%)
wen algd

“3"‘7?}*57 = ~e€&T, (3-2¢)
Sk o N 3 Ou-.fv,(o“ml.

e A

%:*—-—- =

0 oafd unt [€.(2~127) 3 PN o reprolan Wolliiscr-

kT 2Ll fe Ly atessan cnet P 3-29)

"4 = mbtole g < - Net 1
oA = nmpod gy ot 49 (3-39)
" Met* % 0. /¢
B = Yy = . =22 -
r af FOWW QL,'_aL 4+—( ) )1_ ) (3 33)
et P
O—0= 'g‘:‘-(-( = eN}A N (}-t(O)

ht de S68Ls. P fribion o per Pl ([rdhron - )
fet oyt | o (3-€0) ) Ll [0, (3-33) o ff i wWeld 24
de Lt gl lat B Gob e Frogueni e,

e

(o) = . -
" ),_ ( 3-¢%1)

( ()

—
C o Net My
Do Anerolirach wp = ;%.—- = -‘ft-,_ wcd g "Pegsu-q-—((-?‘a.?hh)-"

e o R

pmaan b lOP wl Al u,"‘q,o(npk E\.‘J,M_),_Qt_)-‘ulc_(.,j el e brg -
O Plorwas, My M phSe(r Oellen p_;c,(; VRTINS TS S A

AW 2\ q p&ﬂn\:ah‘&h:\&.‘l-. Cla Q.Qo.rn.chu.‘p\‘u(., Uit Oelelars

9_7&&»\‘“4;](&-1 Wl e lGonan '-"Uﬂtpucn (Suedn | wm 2\a




-4 -

ve rloedece  Felatdicle 3 kowp ervue, | Audel .8 gt
CobotAtrcla rende ol olNese R fawallswsiel oLyt 20
thowee dle Pellomon wlt wmelic wnl®, s Felot ared
ua bkl oas e Ra ol prpku‘uﬂ- ol brelel 1l aws, Atdeyl
md AN Felot datcla qu.-.'oqu-.m, w0 beo'rl o, die €4 (ro —
Wb OO QAVJN-‘%: 2ne W 20 Beanese Ldsu.Fe..v-(a'&.. ,I'e_
oy e v, Q-rrc.(l-'-vo relbcwn et eyﬂ..l- Vsl ; 0 o&_ﬂ -
““‘“‘W Q"‘Le""“““j dos Felot Cucio 1Rod e erirol  waal
eepon Ll o LLE,:“%.

e 24w ore %(0( ; oo 200602 .l B'le Lo} @:L.'Jc.z..‘l. , ol
avd. Abaorplism datl Rengoma anfoed | She Lagic il
Me ‘D«‘)pu'u‘«h-s 9.0 P-‘AW-PA.“ No o:slsl0

L 4 L L L
¢ i = nto rt_d - Mt . Me~ -0 (2-¢1)
& M”f GD' +}. Bo tn, (‘o‘l.__ol.,'-*_al-::
"_ = NACL &/w N el . L
fr = 2‘4& 5.“"%" obtegd . PV 3:.1 o (3~e)
Y 5 Wy (@ -0 ¢ %

Fae Qe e e rdtsa fe M:Orpu&-\q Nt o, wrd pﬂ (?2—k2) arcl
wacduwa € oo &ﬂro\u FIAIS | S.diu.ﬂ.‘\r— P Cg

' 1 _ A C '

A 2T T 2 5h (i)
PrReek e Anf e (Seae (o e Belie 'y weke Be> o,
U(Zg.()(— ol ban .

Ke Plan gt Lol G vy = G/
howve (un Mgolian,  (Lluas MUPQ'- A
ii 4
8

A A
flo ok atie A‘&LPU&M':_J-\JL&..‘L Wby, | '
st 3-2. Rigal 2~ G 'ir—-“L- NMede ~ _.
et b, e Knvieald,. e Ketolede ~ . .
2le b5 o 1 fc:er.“ T $ene - s o
‘% P

o ar | pRbukoten ATl el
e Nalyehe b o alq,(('c..‘ut-e.‘_ (/'/lc: -
paclle . Ko af AR L'e[koﬂ.n... Re -
et Ut e woelie, darl 2l

vl it oflreflfemele  van Lo Gy
Lol rech by {o.,-ém.ﬂ.r;.‘t.q,_.q 28 ta g Bt 3~-%

Yl



_21_—

(Dlhle 3 Q.Qkh‘ujuu‘u.. Au ‘Zn.:.ﬂu Plane gyprepl . e aecot oo,
dotaca léavd.wa.u.u. arn, dhe VR tal olew. Huquﬁﬁu'uﬁk
PALMp W 2w 2GSt Oolle Fnguw ccuwbie, . Xre Phore o
Al T ek Pt ppban. Dioe Oulle Grelat 'l wnl oo

Vo leacaaten &'MQAM&-&QJIL&‘L Co B> - Mre Pleoae o AL O
dowe. @'s o(t~d/ee) . Do pddupflen Rerowanrigrewe
AR weodte ade M oo Plose  wie. Aip= eod /e, werpo o b %u_“?{f-
und. an i ved (AAV,Qua,E.QM.. wnl g Pane @le (t~d/ce ~¢),
Wwobe = are oL, (—03/0.:;-—&:")) oAe PQQ')MW)JL‘«JU«-.J oL e,
onrepady Felatalicle west eilvo Rilotadascle M, 0. (3-23).
W haun powlin sole wegallo aa. Fa lrrepecle u~d ol e~
e 94’**—’*‘:\‘*‘1 u‘i':vbkq.y‘v\ sl te ol AMobpel e ALY wa T o
Rt Plane o @'z lt-dl/e), ad of dile Delle wi'ls
die Steeche ol tonkor, dhe HMcecta A (4+4) wel LSS0 (La've
Aarorplion 10wk G kowplorx ) ducel loe Porn Gille, Raool -5
Dan pllcla  praddell all e _

Nodpebonom. B kel dalie s A
ook gth ot Vo Bl Lv ¢
Pone fa. Valuaww. aw, obe
ru-n‘&’m..c..tt.'ub_ D.ro.ol{_ ot

wad s Vo lou f lun Meobiven,
Bre&u%q&_oﬂw vnod Drelele-
Frogmte is Contonle Aol offe. -

N WV AN RN T 29T) &‘Jumf«_
C"‘E.ruqr(r-c.v..faw(c") oo, (lasticany, Bt 3~-§

Do, biw &\L-V,npc.)m-[n..z T A-otadle

het ¢octet nrolen [, (W wodl lalie Aumag Shes ol Q,J,_hq_
brs . Sreppieprrdiniotybal oolso fPo. , ot wanbic il crames
bda've o8 oll'e A‘Muz&u?—a&"/c‘a..z o MN. Pk .QS.'L«{(. 2-'ag
Okl on fromt Ao knAall 10 wimie ot'e Ferdtaloce. olo
Meb el te . 2t M?&d-‘h,hﬂ . t:"-.uu-enc;bu aho olle euldula,
Felotley tunwew wa'l 20cw redar ol ol o Pc\qx,odd’.e., ola o
Q\‘Jhaﬂwﬁw‘- wnod @@;,L‘i "jr < Co -U-)-u-\'t.\!}..




.33~

3.2, Raflrion vot Br‘ey\owf o 25 2 00 5}%:{’1&'@@%

2
Foe For

S Maohte wal  errd e~
I, YTV CI\OMP&KM.) fre ~
cliragr unatiees M.o/)h- O
do Cruflide x=© -
Yamman s | (L%l 2-6, LEy/4A
e eSte Wby, ouns
dewn Mok wunl Uaole
4 bouain wgh | w{’ A'e
thtme Cromre ol aanan
Reols cawn 2, 20 mol wlan

Btk I-¢
aawh‘uu dve; (dellor,

oo Buslly | waane oArg Rm-diéeol"‘yw-(’*- Ao flen. (=PG40, 41) wai't
2250, Yo=0 m wfillin wEu il A e fall eote Delle
(Toderx @), dve refle'Carle (Dolex r) veol Ae rowsaslidule
S roc sa ¢ CDM__FCL»M t). D Cufalbrebice it wun Eoit -
pllovrncpoellor ke du v fatlocd o, Oell wd olew. Aoruafia.
veltor af do g-r&-arfla'-'ele M{’;&:}owﬂ%. o Bg 26 M
y=0 ke pe?tuﬁjaw ﬂe-'c.(aaﬂ(reﬁuquc-a( G'aé:. Adts P&?SQQD‘**
Povbats F = ( € solo rf’)& wod e wadl A le. fe. pacoliés € (F;,) ol
urd Al porual (E) e S‘g(’?(.@rccu.‘g Walepe. Te Vorwd -
Bt Wnrdte 20 OIUWL, dp B, F owed b e dhire BlGan St
9 e'a Ped.(»rmj«&-u«.. b ol 2a,

Pre ol Bebel L Cen  eboon Qellin. vt L [2. C1=43) o
galit ot
—h. - -‘:' ‘(Qt“kq;:)
R(Fe)= F el (3~€$)
Y ,'(wt-k.?)

E-(?'t) = Fre

(1- 4¢)
e e reflefiule weot
5 . 2 j(ot-lr)
Bty = Fp e (3-4?)

6:‘" e bromwsuatthiole QOelle . % olo?.rea—.f-(ei'ou_ ;‘;=(Oryﬁ')

(g1



. 3#.—

lu.uP Me Q‘ﬂ&]’ (e (rBect c‘ufml W (1= €0, 44) ualt 1}; o

Lot - BE) A et -63) A o T
E, e * +Fel o RelTTHS (-4 &)

e fCih . Das M uec wWERL, Geww (v L Orbsplanin ~
falors Lo do Gran - L5,

5 - k% - B9 G-19)
g, Rt ks koo, | k= ki | kn= k@ wwo
o= bews | bas kot =k, | ky= kotn, ( fP.(2-146), folpt s> owall~
u-elaole  Suell' g, Orrdluppuu'.;.

=4, (1~50)
B4 fadls = vt Aofolly chulel Mol 'l caadd

Vo @, = h, (3~C1)
a8 M«wwwf.yboﬂwl br ,}l Ao, euw auo.f_o;u.. Gbe Lofuny
Fur ¥=(x,0,0) g,oV oto-) L, L et L on eew £0ove o2& oL
der  Cow Pallied ace Ligpon. Wak DPillony o [F.(3-€9) Lounen
i gh'e Awfe”kdlh o 1 fllQuée. usl froacrw ol o Lelote,
hare Aeparie Lo (orgeb'alCowpon sbon (K. (2-6F), proon -
i, ot . Naw oGl @-‘r‘ Ps lorralion aliecht wce Cla Mt-
26t b PQP&W o pru..g.(&.ab_ (€~ lolariration. , H~- QOelle

-

cJe‘a.\.. Hg.-—cfou_-fm.u.(g F;.-'.-é:‘ = ,Re)

r
Eye +Eﬁl" = Eﬁ,

(31-52)
H&C + H!-f' .

]

Hae
M‘L- H&g’" kt n;u\f\.g," HQ.; = —Hrﬁa&, t“l-(- He h\h'\ﬂt U'\-O'Q ("’:r
Potacialon pacellel we Dufallielisme bis. walrccls We Qra«*-
(P,-e& ( H= Polarirallon, E- Ul Wefi. Eg ~Uowpouonle , ﬁ;ew H, ,

o= - &)

Hye + Hyr- Hyt

(3-52)
Ere * Epr = 64

vy Ek = - Eg Ao “-", ' e‘\__.r--'= Erm\\'-\dq t E&.t = - E‘_.‘\A‘l-\‘\pz_ .



-3 -

Zmn.dtu-&[)«] M ol :D;(.L.{L.‘&\_ o Reflesions - weed TRow seisir ouem
ko e r saban, e dae ?beo{nu.pﬂ.'l—udq_.. i E-Po fartation P
[ r N
= _E,'L_ * lf‘e_lejge
ye !
13 3-
.- &y | (3-S%¥)
e

P':r H- POQ&":)@.L‘G\.\ P"U‘

Hye ' ¥,
"'y_" = lf‘u,lej -

Hye !

{:“.__: ﬁ_y_l_.: (3"‘5-5“)
Hye °
FUW UUO“M l',q,..‘L Hc‘ae(.( .
rurqﬂd e p-u_...f,eg_‘_q' Lo
W olay 24-a. Cole

[0.(3-5) O e Eoedfaowpo\.h-‘-ﬂ-g
E-polactiuton Delle oAy (Delle -

2, . DM _ope
4 =
’ H!-Q k.f‘ k“ q,:(..\ 19-" ( z—ﬂ )
o\,“&n nedq‘u% 4 %d

2,- Eye _ opo . 9Mo
Hae by o 9, (1-53)
an Restivuw 2 defiviuh . R f.(1-64¢)
parall e, Folol lowp s bl 2 2ieg K

{70?[& fec e §r e Plicke,
mpelaelnubo, (Dell, oL

Ol u~ L2.¥ e e
a~ ~L
Y{E-'—LH € = 9 & = Cﬂf.n:_—
ELQ hﬂ‘ ‘l.q L t_ﬂ-' (3-$.P)
NN HQA-«‘U.Q.\ A ol
. ~ ~l
Y = - ﬂLk = L, - __...”2‘___""
z Mue ko kpwad, (3-59)

4.'1.4,‘ "leol-.‘u.'-n.. b1 .

wbdk. e &h.(3‘$‘f(, $6,5%) L ﬂ~(3“f“£) f-\\ky_ , ,wutﬁu
uatrta we [t ko =~keox ) wact Hy = + kyx

klk

& Hap = = €
(- (2-¢) Gpa VS 1 TEET Mgy Byr o
e = Eii‘. - kﬂ‘ "'Ilu-.-
E‘- +1'!71 bie + kyx g
_?..
tp,““*‘re_: 22, _ 2 bex (1-69)

2, +2, b ke

. P b i
h-ii‘hlt‘: EIS ML

T Loy e 0 e



- 36 —

ato ﬂ(.HJ-.u»-Ih.. : NG uac usn e [lo“\ro-».n-_(o,q ) F:rd-fg&c.. -
y_u?,uc,(.,t.brw worw ol e D"h—«r(oﬂn‘fcﬂg GQC\S{"T‘-\.-..

et wiow e (A (-5 17, $9) o Q-5 Lo, 1 wlset

- leex
WAt Wl E,\_e-—-—'zo"a—-l'fgg , Eer=+—::'T: Hyr au>s &.Cj"?)
- rod o
V. = :(; Y1 = Me 4'"‘ - n:‘."t
Pt ~F ,
e + Ye n,_t ((.u.- + h:l‘.n:
(1-¢€)
2\( m~ T
bum A th e =2 o 2%k
: Gt Y, ;{: ow + ﬁtl‘-"‘

afe BeNoLm..Ju_., e . e t(ﬁa-pa..m.-.l-ﬂ« ole parbp(’&uu-u.(l-
0t lo rtn :oru..qﬂ e prn«e—(.e;:c& ol e, ol e, &ow,ému_ l?rf_cﬁwn.pg._
rnoliier M. weol My blole Meol'ew, a.QC@:u{u.. e . (260,64)
wmedd e Frecwel - Foew ofe &xc ﬂtfﬂ:—h{o«. waol Frans ar'ss feon
Gan o ghle. 0 prh—e-ftn:oee h'c k—-‘-ffcro!.er fuelts e Bre -
ctu-(,pne.l-wr F (1-C1 lave oo ~- J-C1€0,64) corlbimtnticle
Nt 9 dbiwnwlul wedl, w a!.o.(] A ﬂzh‘c_.(.m.[f.._ AW ¥
von (Null o, dy 2w foll e ko ebemtn el pye. oh'e fearflsl,
aU-._E.'c.[m...

Hel r: notal e s}kﬁf&:o& (20l re el W ol oy ) , 10 UL~
2icfyle e A (I-60,64) (beactie : kg = = ke ') #n

[ad P
ﬂ._—ﬂ..

h‘“" =—re--d S ~ !
Ny + 0,
tu.u; = 20 te, = 2;'-' o
N, +h, ' 1 ﬁ:u{-ix;_

he ﬁay_vl-ra'\..ﬂ.k kJ#(M-J pre FRr el 2. oo el A€ o qtv]}ﬂ-ul—-
&9‘:&& (Nt v, e mi&%‘u#u winol Ao Froaswaclrub-ec, Gef-
fo Sbocouawen, @:@L‘eﬂ pet
e 1* _ 161tV Epei
2 1 12,1 l2, L,
(3-61)

|H10.u. . IHyew IH:elL
AR C AR

e olea Ft,t-. (2-5%, 5%, £7,§9) (Sl wac

L P e T R T N I N S T T Y



- 1% -

1= [rl* + ""—cﬁ%‘f ,

12l 4 ()] ke [

ﬁ:: &1[
% dafd die ﬂth‘q.Luulw

Rc + Te. =1
(3-64%)
Rh‘ + T-..,\ = A

al %hoqu.w%wj du Zg:y‘..ou_{,'{(&,k(‘mq;—- wned ~ oy wals s daap~
h0?(€|‘h‘%"% g‘:(‘ E--fﬁeprt\b\‘utc OM“‘-\’

"rc = ﬁ!"éellz— ‘f"’!&ll‘

- b A = ‘4}‘ - ‘i‘ L
Rc ,rtl ( ——— l / m l (J—Gr)
o im J

kax +byn
Lol 6‘-‘( H—Pofutf\a‘uk Okl o,

ar d
- L _ Ny lﬂt _F!: Ly_k t r')-‘l‘l L (fﬁ:"‘lv: ’(“r kut'
R-Kq 'run, —[ﬁ:_ &ﬂr"ﬁ:‘tkl ; T“‘::l K’~’é."l ='[

A ——— ———

]_
(ﬁ:lﬂt #ﬁ:‘-u)‘l’ ¢ 6‘)
gelben . Bel neclirectten, C-‘heo.ﬂ w et wiag e E‘-To&rt‘u‘uta

1
1) "'K

(D2 ta-
Y . o
Rp, = |—— - _ | 4nn
e4 l hs ¥ W l ley = lmtl (7-€)
Uancl b‘:t H—P.‘)fncr‘u‘u(c (Dl pa,
< |- Bz | _
R“‘d l qu'ﬁ._ l - RC‘J Tu"d— |(’T ‘_‘: )]_l = ‘Cd \ (}"7)
b &

QA-.')&POA-\J-OQ_ M b qee ety - ol ens 8_’.’( P N akt?l—-j

U-Q-LJ-A-‘A'-‘\— - aﬂ.r wat N n=A4% olo A:nuk(,rcf&»,‘m_s ékﬁpr
p-g": zu.. = ‘f% .

Be e folpede Bdradbucion sod Llive (porcse o
w.s,o‘(-ac) ‘l&uf:f’w—ju\ wrardpwrbd | do [yl& n, 2w oof) oy
UO‘;LQJLU*J % n Qa‘u e Aunww vocLatdlec e g—i:fu_r)c'm- ole,
Br'uku,cnrn'-ate.r Wode olabe, w0l o n=nlw) m&du'uu..'ﬂ..
Mo Luv Vwmﬁﬁod}uul 9:..‘,(— Buea{ b Ae Orlslecroea
A Pulatawpl-‘kala— Poflorions falloren % comol fie. wua oloc,

A fa-urc.h‘hw Y9, alo Paramvlu, weobad Pa >, et n.' Gl
3-6 V_u&'kﬂ- traCole |

I i L ! R A

edde cuidaiiahe bl st s a s e

b



~ 38~

i Dwa {l'e}
1
d
131=° ,{{ 1c B,=0
\ v o L
-1 o) red 4 Re f!‘t} ~4
gl“e‘{ I~ Ny > "y

‘FJU\ ‘L“eo( 3"? M‘...,ol. Nes OIA.«')F()UeQ‘—tb'( 53‘\1-4(‘.9( a'ap_&-akp_’ .Q':o’
R T G ceclireation LKLt el folle

"9 = :g : R&‘ aebireel b e, Qu‘\.M wanlegrdeolaa, afl ghh ngzo,m'm—
thffc"h‘h_l-u-. wair due Vocre' e, af % e A INEL
-6 gebeoffan s Vorred e bovyehon.

194’ ‘\940 ? ‘:‘-'\r - YV "-'OVMAuul-a.M Bf‘t,c.oq{,p_r- (AT ] 49;”3

=, = g
A g = orcka o 192-'»%0 = arclau T:'._'- ,"28‘“‘%0:? (3-69)

vt luhudat e A\-mfﬁ\'fa-a(h_ - el ll-.'vfr-u«r, se {3 bo ~
off et Oic H-pobelviule (008en, Reflel s oly waol
trown o e Adbvbral g Wirdl b 2o, (Nulal ce
S0° nA'«-\mﬂ-QJo_“?u. , DA waca glay Nf&.‘tﬁ.'u(t Adl ol o
aunpreft G ‘Ps‘Po.Qi-A_ Aan Maodtivn, 2 .mSl;toLro.Q-u( ele o -
worpu 2drle Buauple mf(o.ﬂ:u_ batun, e Wpol
W v Z&.’u/ﬁachd{ aSes Lelee gc-\e.rj(c_ aSnbrallL , 20 M
peradle fun (ulil v, Q00 L puﬁ&);hju.ln,)f(‘u!»‘-tmhj o an ~
meegh i Slelelrouen & [c-‘ri-wj Ml w. eedackte,
=ote abvo mpo&rc‘u'ukr Add vl sew. Drewsder ~
LAY 4 ou(’ PN p&wf&lk ocle, 2/« a-olareg 97&‘).1 oA .
hoes Medbium , 2. 0. (Qammes, e Wik oas reflelGoule wcd
Aoy bravowtttule Add {202 polaciiiut wie, oo
dis H-polic'ol Auterl felle O do Reflomion , 0t -
ol af Avs bravsw e ki Lo b obine Reflorm'ovs ol -
PF““’] (u.‘,_ By onolien. lloupometon, ) vac Loaglon, oA,

q91=0 : B w‘-re..‘(’m_a!.c_ Pl M =Ty ==—4.

b sEe a s kil b dal e el e lioaeow Bos e .

Cte ok el Lol el

T T W T e




~19-

Gl dar ﬁ‘uM:o\n‘qu g,ﬂi..'.ﬂ of Qe ﬁcm..i-f‘h’h‘q.lk ’lg,q,
W prlb o i ToHalreflrm'on. | vif. Absdt 2.4
fe'le 6 weel [P (3-51),

4]
19,=~94c=qrcco: ;—'-' 19,_.-.4%(_-0‘ (3~30)

. !

poﬂvﬂ-.‘& Wl sancl  kyy = £, anen 'I.Q,_c =0 waol &;;'—‘Lgcwl%c:k;,
e Oulle Jun Rellanw 2 bectlad vl wndh ol wo vl

w.d ;,L«.lu-\ grbpebuwurﬁouﬂrqut-&- At - ’N.ouu-"j R T
Quare nae fron, fode Ligt defue by =0 laine x-
ALt vl [R.(2-43,43) vac. Oiel 08 &, < e,
° f A wsl pﬂ (I-51) unt Lowplowmens Sl al 1.9 119,

cod ‘9‘=w’d"‘9:=c‘”l" '91.“= ""‘4‘0’”91 ] (1~%+4)
bl 2% |

A 0.9‘- = 5«9" R 1‘0.‘;,“\ 19 ..4 f( ) o) J ....4
us ol {oef}-‘«l
- k CED'IQ = k —'- CO) s = kd(ﬁ)'\g.' = k'a._ ) (3"?‘2)

= k.LMl-\tp = ._] ‘t- ICCD"J (—"' )La —1 k:;-“k:

% dafp ons [0.(3-6F) wh fo (3'“)"“”“% ,

Eo- - > j(Uf"“LﬁE) -hl’(‘o:lcpq—(ﬂ.‘)" x

(fe) = Fee e " (1~ *3)

Jua Melluw 2 wvrdd. Nur olos fALgA‘-'M Voot L e, dier

Ouerel e L (3-32) i phynlelird releotat Wan

waen focglo b, ds\P olie evamermbin Felaleys Cun eeol~
Lo verrdennolon, flow Wil ahe e o,uugzald"u.'f&
Oolle Can J.‘-.-.kou.-ov..o.-_ Notiwns 2, bl avl A 2= Bls
‘-u!-( walt daan L.Oq.r)&,ku. ro;(.pe.e_gc.wgpu(_g(‘r

E - (_ j‘ka {CU)L’\Qd _(Ef)a.t o ) L< Cen 1.94 ) ()";‘4)

0es bre (e, (ol Reslill odabl, e voR € (1-4P) be -
spllecel te, Wbredd Ou.-e ol eta )u.o.r‘«..&r(t.‘t ) F‘oQ‘;_.‘J;
Mol o Aok ~ ot Pﬁ.qw(’ﬁola.\ wolrecld m.(’-.
taotdler . ©y Conoledit Wl wn 2uas el O‘o@/é’ﬁfi% -
Well 24 .

A i Stk M Sl s SRRSO SN PR AT B



- %0~

Vo au Hheecha

4. - A (3-35°)
Ik&xl 27 ch,),t&* - (.2.." v )

2 § anﬂnu'jl’w(’.& prounl, % den el (v ox~ A~
("-*-'- ol o 2~fe Tl o Qoles o okeo [roemp ~
e—&-d& a‘-p('iud—l\@\. e Lol t-urg @Z‘ of e J:rf&-nk-
welel o Totolreflorcon s 20, Bor s,
M-w 0 otk e Qualedejbiefe Mall. Fre Bt A efocle
Q..eqﬂ, G << e ek A %.h,'JLLL A Q.go(n...jhe_.
(lc vou, Ualorldied oo ﬂrt&m-ru-dl- res ot L,

A
T8 &8 ) v —222— (3-3¢
(8 &) Py r——-—-":_-”t )
"}z Q;‘S(\u New 'D“(?(Ua“" M, dente P'-"‘“‘(P el Al Bu-
dle :‘71 ‘ﬂtﬂﬂ .

e ohia. Pp Libdtexreflrons Loeffinonlon als'hl wom
wal o R (2~S%,60,64,32) -

ko +4 T kia -kt | Pe (3-1¥)

Te = : =[rl e
kﬂz ~1 k:l-"“:

“le
[rel= A y Pe=2arckan 1,(! !

t LI X 3 _ L .

by tindbath j jeit (1-38)

= .
ny ko = fud Tkl -k

[ )
rl=4 , gu=2archay % .
Pie kfbllule. Odlen baboe MNaredlew A‘--pﬁ-'ka—-
Ao, e obe ol foll e don Oella,, wusl ol e sl
Polar 1ol A ot Plane w:&oéa‘_i e wbho Enruu.
Al A Meabiug, 1 % 2w dbelitadloe. Qelle
x - &&Lm.j wt ol Qellew 10l by . Dun Thol'vnw. 2
lat & twac e reelle 3- Kow por snle ey , abe ©-e
Saepadee ¥ - Kowponaale ki [0 (3-26), De>ef b Gt
do Poyutdoi- Vellor Lu Meliuw 2 wer tine ioupo -



e i

momle e - Rd- .
L . l L
“, W OL\.P am X : kuz
Redkbn baive et~ cos (ke X + Pl 2T~z -t -
M—uc—_l wtlly frowsga E
Pyl vk (ol Ny, PhexMo i o
fw dealocEen. R, W pumpae |V ! *
Gus i la b’ arcat ' SO i e

he Vals L wisre :

Ao Bk 2= 2 ol -

el . Do P - Btk )-&

Rbe'es beat -‘»Iw...l

o Ao (otnn fLEL , (0. (2-¢P) , O o Focoter ey e~
velont | dop die o~ Rtbon cun Matiaw 4wl
he  Depor snial funlhion Cun Feobiuw ) (bw. 22
Wl e HL‘JWDWW:I_.QQ Q.;:..Lt.‘oq_' Wee, lave Totalre ~
Yorion woriorotin) ou oo {_‘ran....(aé.h w_(..'l Wi, wacsy.
. Uack q,La_L'Ju. 'f?u-\}u-.l-&-\, viL. obe LB"Jm-J des [Ra.
(1-17%) weot BLk 2~§

Gef sm dhv ol Lto Q\Ae.‘.‘(..x(g des Aoy A'w ols
Fool e 2 ddhaic (0 Ate Re flonion widh as oles
f,t‘“-!-eﬂﬁ-'oﬁn. ¥ =0, fouwiden dw v Hlaldlly Q;efa.-ola.-.
Elrme x=d Lro. x=d, wk

L
",

5, - T (3-19)

L
ni corlell ~np anly,

Wﬂke\'hc&%ﬂ Nene VU?J?«_Lu‘j do Eﬂ.(ﬁaw'ch.r ebere
weol, Ade. doshacd M-'c.[k gré'(kn. Lau\em'l.- Ao el -
L ‘)JL-QS."L (VN AN ptav%uu;&.:‘a&uh’ea_ Po br.
B v [0 (334, 39) weats . U oo [rocy P45 e X
dv ceflllut HMratl <o +1--PccU-w—j uu. A [;qu.-d'k.r
down &= ol enolen el verRobtn. Nac wewmatb
teres PLéwoun b alew. foor- Ha'velew — € Ffebh .



-2

3.3, Dae talte)r Loy Renoualor

e Hafllu fane vero mslele Reoonalorin  besfehon oann
et Ouade oles L&‘t-[}. L, o Diche D weal oo Oree Q
PPN S VX VET T Qreduur cedaw N, , ol e 2t Mestivw wa
u‘f_otrc‘v.ro.'u Dmd.m-‘,,.‘...m n, epbebet U. e A'e AL~
Unehs ane [ $4e V\'.U.- weA P B, w o(n() Wwen b L'de N—%GJM— be
ety o Ao Moot der oNe LlhrdRon Shicht wetl e Loy
wek Q= th-c-du- wok . (Sunon . T e el v Lo FL AN,

Oesok i an Lot o, 0 st frod Ge (geOU fan, Abr S 3.).¢ . wrd
ook o, Foarl Dwary Mou..ph.wu Yndew pro P’ Le Lel, gent 8 Lrn ,

.34, Spuinebitsdar SR A0 Mo foler

Dt ':Du..u..b!.cb& SRl el e, Ty (2 8ab (0¢ puiote ) Lerert gand
dres Lo ?—-M-J-ﬂidxut.j wan e ol 208 M‘\V_a(aﬂ.q(-q., f&"JJ-O-«-\,
dew ekl flrnmadlo. o2l wat odew. grépote Drechucy ~
Aedex n, ucol olew B Ixl= D72 O | £ an of o Deralfea wa'L
o - w-‘uln‘wu. ﬂrulw-rﬂ'.._.h.\w n, Bt 2-9.

Steal e ee & - REA-
h’"l a2 8 o~

n, -2
ddule Aaien quelle ﬁel,
(wat ehonar Dolle be - Ny -
) A 2 ;
s hlaler SLL) A T y x
doa e brauc. —l{ & 3 |

ds T do Buearyd, Bigsl 3-9
0 Wodt. Wi ripe-‘.

vou, Oellon O Lre[b folan.y_ Jy > G = arccor %‘-" Bl A,
Vot dh'tre Shcol Qo var ks fotdre Been A—.fl—rq_((u.. G'-'-, A
C(&L.»{’B&g refle Lol , (1l pdm.j a...""‘p;gmm_ Awr Meol'uw,
2. Paﬂcﬂ-‘.l. Uikt Mo pv.( Cele Ia..‘ﬂ—ua.j Ao - fkc,u-u.-] w,omhﬁa._
el b, Now tamcl Ay (DelR enn gebrechtue Mool 2un . hb-
jeRod Ay < f¢ | dane LLNE e o Moo ol der Rauw.
wrnels duggvt-ro.\.ﬁ(‘e b."%-t-t-‘[ G o Sl 4; o aw Qecar

o~

— " T L i et T R ui:“\-.i? o) |;l l'ﬂ” it



~4)-

2 w.‘(g.a&-ﬂn‘a(k f#-:r(-u.-_J L\ﬂn'c-.ll- 44 K'-ﬂu‘cl.}-uhl Wr&hﬂﬁ-"“ﬂ

als Sofale Ol womnl won RPN Oullom oofe Ean-
well e, . Sowo\l oo (}ﬂ—pﬁ'it*-n- ab omel Ao gebrodece Fool e,
-\,.:':—o& Lab")\-wéna- ot m.\cwaﬁivb—‘iu\jk VOua (l-?‘-’p 20 @5t .
Olle ( F-(3-41). Dfratl At Auloquell, tew. Valuwun Ao=d
aaar ol Beretl A4 30 wodic war Sreal Lo wal e VBlku-

unn = C Pl Nl o e Al 2-Achu wack FCy prflele
- Mlesten o

Min ngc = g, '\A\U\f\g:'c = '”41"' nt = NA., (3-0)

Wose! des Fuds Ruses ketidon el s waemo Ot Apesbur
(M. A) gmauet ol (Kel ot h—n(—c-'ﬂ*:ofnu ey (eold
.Lm.ju.) Coavdtoutl e L w)y dhe Ic-‘vt.u.-.ruute.'lu Cho oles
(Nelal ftruaeno, 70 e LLE wean 4o jrowetbei d ~ @f)(_‘,.,eu )Va‘\'(uy
eM, daf) MerelSe Apukar e V (3-yo) an-wﬂ‘eb.dhut-
wedd .

Ry Bl vella. a'col wemr rplela F Qv f’.—_y.ru.u_ , Moot o

gqhoutn(r, kﬁim.‘i, 'y edld Low Wb et vieed , G, e olag
Ffurwodis bocal b tutacly cbog Qelie wad 'L el hoe
%?&‘-ahdufufftdk Reflaveionan L ooy Plene G’ a-n(? A~
all g Wlfede wn It rgprodenuen  dawa b dlle resu oo -
de howfoicr v drdhlo Qulle weed Weu.ol re ol -
LUL‘)@.Q_,._ kocvheand Gy . 98,0 ol L—b{’uu» derbra LGy,
2w warte e Walle wickd gud Qrc_‘i-w-r@ti{-u'ﬁ'. Y Plan s sfog -
!"‘“‘V‘-‘ F=Pe bho. Pa Zu o £.(3~3438) mSm o tabat -
L buddan bbb oudu . R BIBA 3~ weok [£.(I-43) & -
(&el won afo N g‘fwwt-’y&‘iw—j

~ky AD + 2w, T = - ky (AG +8C) +2 7 (3-91)

s o Varou..mdq.uo], a(g./) nd Reflhrcon. te oax pth_!-':L.pb-
2,'1[%0!4.‘ Faden widdt Hee'c flamen, afo P Wi W Ch'ce
Bichir du Vo fed or Oullie fiope . Ko Fhrechen | an Jucat
A amr e chl, Adaosl AD = D/aie9, t ne = A‘ap AD = A + 0D ! 09=
At ve (T-284), ase

A 4B~ Ap= AB~ 0= 2 (- cmz_&d)=§3‘(4—cm‘&1+dat’34)'—‘23’1""\‘9"-

Ma9,

-~

e T = R R N S I



- s ~
FOQPQ-'& LGLE e

M, T = & - k.,b'\n‘h&,' (3~82)

a% Oeaticpunpfidun f Fitwvdle do Ocoliaey my.
fedpt wa E-potrivoln Ol worans, o Wt F=@ , ado
wt . (2-*1)

ghax

M, T = 2arch -~ ke Do, . (1-22)

i

Nt don N.-ob:ci-\.u.-‘?.\ » V. m (376, 90),

w = kD = kDS, = DI
j‘.lxm a:)'pl._ k;'-

ot preniks (13- 84D
k= ky o, 87 G T aioan)kd

D BVt
J‘(&,«&")- k,Dvn, n,

fre e worwminly x - kowpouole 1n ole> pod-pfﬁt-i-m—pw(-(.or;
de Mediaw 4, d'e woruiok (bt Tolalre flirwion. reatle)
k—uoh.pon.ﬁn-h. W Aua Reoliaw 2, e %-—kou—poha.-.hﬂ ey §
Ao wOrwlnlo, F‘ru(u.u-..\-parau.vk.: Vo (ho ot Valowua. ellen O -
) el e (£ (2~92)

1]

< o £

w=a baw (£ +uy ) (3-95)
e v_ra\oh. My &EL w~an W X=0 watncalen e TE~ HMocla,
(E-Fuak rele bramrvgpd, E-polacivwl ), oanck H -~ oot 2 (tanur
H-Fedot Lol 2~ Kowponeale) ppoann b,

w,,:u.,h:u‘—;ﬂ wp = 0,2, %, (1-86)
wadl Plc vaprode way W x=20 mnh":bu.u-&lrf;.& H — Moot i

Wy = = My (o ZH Wy = 4,2, 50 (3-23)

wik des J‘*%‘-‘bbcd-ljw—) auy [£. (3-2¢)

b+ wt o= \G,z. ' (3-82)

7YY g&w\‘“pc—ul.k der et (0 (2-89) unct dem Roobus V) A
v W-i- Ebane wut olan aroen oo . (I-F¢, £3) Atk Lo -



-4~

M oo D OOk giluny [0.(3-04) . g e frife olas V-
Pacometas wppbon Al 2ot 'L vl othrkreke postrl Mo ote. .
Adwe C\Dajle.._l-:wu med wd b aa-%ﬂ-‘i—hl—r@'t{).

Rt o H-{la kol Gl vesa—md, 10 qn'eed P Fu p Ao
wee b W. (1-39)

"}
My = 2ar fa 1:1:‘* — keDacrd, (2-#9)
1 1%
&h‘a&hkr’u\l—‘u_
L
we.r.:.uquh(‘.;p,m,lg)_ (1-90)

4

e '\a.'.Ju--uLLthc. €~ Mool UlELL wae

L
- M ue
We= —5 Mg faw 5E Wmy=0,2,4,... (3-94)

U«"-—-Q‘l e:f W(r'\‘lju.“-@(-r;a-al. E- Mool t-

T
Wg = — % g cob -“f My = 4,2, 5 (2-92)

4

warl oles -\‘.\-'tp-L'!-Lo.n&Ct-Jw-l &.(J-f?).

e Vue Tond i Ll 3-8 bordriebon, exdiul g pefit o
Moot en v Qecrd 4 e - R.»fpu-uhj e »Qaufc.-.oh ek

k= Rdhun( 2tn ebunde Oulle. Jun Boerd 2 G20 L otss
Fulot <~ K"R-:ou-h'—j smpoetatidd ab. Fol 28 pld4 unl ol o
Upduwisin, Ro Ru. (2~8C, P, PF191,9L) ¢Tc 380af fStrncte

Filue nixznt ud oo A&lal'rg.m..] A O5c A relaly s e aoln, ~

ok . Mol tuan il eole

L L
h4—h._ hz'zh:_‘&” H1—h3_
A= — » g ——r
2o, A& n,

f-"r e A"-'-(’-a".‘\-ﬂ'\“\-« ooy elelirngoe bure. ‘-\«QJL-UL.‘)JM F}.Qdu
e Uth'e.’-w..l.

(3-93)

A A
— -

- _‘ l
Foy Fit) = F ¥y (o) 0% (1-9¢)

YM:‘(K) ek g‘-t‘u(’ﬂ.rfu\..(..(..‘% Aes Mode> mag 331.&1-.-.-.(- i od,
Lotet P« uju..u.cﬂ-n“)u_ E~ el H~ Mol wt A< A

—1 1 . I T [T [T e e i | \cﬁ.ljg“kil-s: u} || I!lﬂ“lsgéﬂé;



.
Wad e 4 2
Ym’(K<".'°/2.)= N <o ‘%“b e ? (x+3)

Yup (IXI<DR) = N o> u..,_,% wpe O LY, (3-9)

—Ws (- 2
Yy (x> 32) = N con M0 73707 E)
wndh Qe ou-‘{vjwwdm'hh E- v H- Mool w/l A« A

Woe» +2
Y,.s(x(‘Dll)':—Nm'u\“—“" e (e+3)

2
Lﬂu,(["l(.’bfz) = N an M...’L;- lu.’:ff,?,‘;... (3"?6)
_&)(x_ j-3
Yuy (x> D) = N e 522 e 3 2 )

Des MNorwaluan, eq_(..(ac N el oy olo Uocum‘uuu.l'; LQOL\"\JH'-J

e
-‘L \ru“a(t) Y“".'D(") dx = J;‘.b'“_'n (3-9%)

Bescduat. Tuypirde Telotov ted Lag b alaok A~ Bl I-20 olAr -~
@ Aokt Voo holex wy skt

o ffta~db 2L oie MavnalR ol

Felotvaicla buob e, pro Ticke P "y
des (Dallon le-lws o, n, 5
W dee Buaoli@l do Rileuy ’T:'Z - -
e Beatled Lo, Oirl &Y !L‘qk.r,- ™
Lo brabos e,_ktor ¥/
wap = H Nodes defiudod, ¥ x
sl 3~40
+3M2
r‘..,.m = _( \l":’(k) dx . (3-98)
~dn2

Owgie ober Mosunivirp Seatiquey (0. (3-93) (7l 0[], < 4 .
W rile du Lenvec bration: fabkloc Nrd, dele eme M oo

Mo dern o'_(’.r(-.wL. grm-d'b\"-#\“l N de o v brotioes (o.t(nc- s

Ho- hoo(us P r;”o ! Mkl‘h_o\ﬂ, ola en-‘.'r .\.L.!-\ WHM At }rohﬂ“f—\- (d‘ffa&_.

A b liﬁ‘;‘ il



7 -

I Qo 08 V<7 N alle'c oo uieol e ple q,Ju,.u..qJ-r.‘-
sde Ho~ Hoder {(uvaol der l«orraar:a-s_o‘-‘uq.uole Eo ~Mpslen ) aaslore)~
b p {5ty B wanded 20 Nl e AB'Ou.t-Ju\ foe e lles ko
(A:\A-O-V.‘I\at‘tj w) aed Lechwllon, dhe E‘AQJI{\Q_ & oot Buerd 2

o Mras e, wnol 2 wa Wp&.&—ud& L‘%&LPQSL\Q.L\KQ oer (Oedle
Ca - R.[J}-uhj ooy Quallsy 2 voumacden.

3.3.2, - S&idtodhen bller — Rerouatoc

Gved oo SEid el Bas wme Rt 3-9 oo [al=L{2 duark
Lo e lelibeckunn wmck Bes4 beprand , Bl I-44, 20 u.u-‘/l &."r
Konrdcabl'se o tmae oo oo ey rd’d.ﬂau(u-«(h-. Sells 2~
we Pk&'w—kl-h‘c}-w! pu-\o-bi - [,e.(z-rz) gLl s g ua L L

T = @~ kel corady, (3-99)

woebae Wiv unahlcfo L obe %-kpu—-fox.wk olen poccpfiaupuu[;vea—
focs moaPpteld et m W sele gof) prron {4, v b otk 20
Ga As — dadee wik ng =3,6, Ao= $20uu. L= €00uus e, = 3300 .
Ju Replsdonyfaldoc Reg Runz

- : -2
Re (Bte e 329 oA v |

‘A L4 b ne |04
gt 4, o y%

wy

Ris L{2 haw ok dU _ |
Eulal et ferbikellGnr, ny -2 t
rounctoe 2?2 Q"Q(ﬂn Vi (s AL -

gl‘u 3-44

wire aLL 2 e Al c
&M 7-42 vor. Do 2&70— ,

notbot U@'Lt" [ Ay p!‘-.h'l'— '
-3 ub_o.rpmh‘f-"d-( VUB'VVJM'JL ;
der oplird o Rerotalpe &L~ "'|' Il
" na L, de jeoted wa SA ! }
welo buddawatyt wode

Wik, 20 daf) walt G-I BIAL 342

-

P TR 11 1!‘211»]1 e 15’1” |§| Jﬁ :3;‘1"| 'J‘



N =

o (O~FP) = P = @, =T oot (ebipn'cdd oo A wcSue
N4 PP 0n, ).

Lo e avrele (-ﬂOHV‘FQoUL.oJQ_) Modairall £ = “ay + A p(u alo

£F=-—FL. ( 1~ 400)

Sehrh wion [£.(3-400) weol P(I-P(, 02) bro. [2-(3-94,92) wats
&.C??) aw b wihe Rc.'h‘dukj v ﬂ.(l-d"’?) s, w wld b wean
e QA‘JM—WFPQL'oLw-J ( Rerouatbeot . .4._:‘) 6:, € - bia. H-MNoole,

N L5\ L

k, =~ (T_“) + kex . (3-«01)
kx z,,.'l,(- el al Mauaf Cravrrec ol o (g %‘J.m-fh-, woebey oA
Malouey A <4 rea b M. e slco Qbolety o olte,

)

WL o "u!p.ﬁ. (v res 2N o Ot ) n, M, wreanpul b QOU~
Ao ; oo frsniorinlel ato Totalre fliacison vhrel b otows b A
L - . .
W2, walesd Q-c.olrmj(..‘nfz ta R "} (2-37) g2y on Me 04 y.C-L.
e Mebavole, Qaller (@ bFravroencdn B dbae, lafo fo £p2 A
K o4 o Ao Iie /2 . Ac)ﬁ eld 4 w.ae [~ TREN w-(?—PZ) ft_"r o'y
(volll) fromsoumty Mooltuiall o= my+a

Oltl-= "‘(m.‘l’,

. {(1-402)
0 ) AN Rrouacy beoliw s
b () e (Ey

Gantel, Bl 3-43 aqb odewd while Modu. Empu, ~ bR
H““n"‘i. - Moda, wat ; Vo 080 ek us b, Mg = 4 = N,
Wag=0 =N, , wy=4 “uag = N, Des Makauu'uf\b( Jo (b’
ALMm\ﬂ.wj waol  tablrddd N Vﬁtm.«mh-«uf% ok [£.(3- tsO)
relobit ') eices Mode Lot L.-L&'kuc.t-.podu_ foelc..o!u«.aﬂe.c_ loe -
rluelk wudta : Doy Vel llu, a, A et o Mooxico ol
kq-..'m-umf.ﬂ«. uaol oo fot-pu,'h.o&-'c.miﬁa. hoo»(na_'

d
Ni= 5 (3-40%)

YN DTN S PNC VX P VI N PPy SR Y Cf)dun...ﬂa.‘(._;‘ly_ow.d—n'v. A e -
L“'Q "911

VT T S TR R T (T TI N ié—:’ T I T S G TPy T AT IR AUR 7S N TN YIS PRSI, z\l“h'ﬁ [T T I I:%i:.: Vel afly | ;IT@ull;;,;m



€9 -

Lou 8, = g._, , L‘ﬁ"_— (2-405)
Lu b oley Su ol 'k @redw—f)‘x»d-?— (2. (3-50) wt Sy L
hadiun mo= 1 verbwpft M. FoQ0 oth

nqﬂ"-:

' "
P o = n4ﬂt;\a191= W4 mu ore bae y—L = D (3"'403)

D V—FL_)-—‘
e vubliate I‘-Q‘O.L.R d—‘d‘Ul ik Sl adho wuall o ¢ Bre t.lu..l.rd—. -
dax wn, , oo Re?om!—nr-&.usg L winol ol verbilia fey. Mo otew 1atid
d. e wint ab wdt cadonde Ocllon blegiche D wol Sacdreo -
dv ariadar Modewinll ¢,

(2. (3-423) [ bro. 4w
bem.vec M‘:‘.me.J oy
(. (3~ to )] Lxh ik
Mo Valuww - Reno —
Wontat Qo b En‘.'uV. Nae
Ghv.bun '

X - 2wy (Adt) (3 40})
de £((22) U
L (zﬂ_ e :

Jo G HolS laly ane
TV “-cd..‘ea.«. pA O U 2t )
do Qued oL 5‘2 ~ 800,

D
do Quotia v .g_ a(,:u ‘ :
- L >
Ol vo. O &1 — .13 pp B
tanniuanl, boue pedtol Bl 3-43
w 20(Ade)
ot Agew Zne

‘}L‘((uh..h‘ut- MaD &y ﬂ (I~to}) wad Lo buV'h.aL.‘m.Qu.. Noot a. 1atl, f,
i bo.g.uwl-rm)dk ol loutlunlol'de Van'alile ﬂ-(;;(q/ﬂl- Uk a
boun | w0 ol U won  wlt %’:i' z %t—"‘ = AMe/Amgnal oo oumio R
Mook ta, 6.6 bac ot

):'Ae Ade ¢
- X Lon AL
AL{ 2'."1& 21y L Msh

(3—+108)

L
- 248 qlquw Al
Akf ZLVhb " !

e 1l s L



-0~

(ebed oo o ffelloc ﬂr!ci%r»\'wh?' (ﬁcu()ph—tﬂrf_cﬂ.m;oc'ualax)

A A
Ny, = Wy (’LJE) [4 - ﬂf‘:idg} . g.;‘i “)]

(3-403)
div Haderabollipuuon Lw. Raisouatoc J—u:.‘:ﬂ-ﬁw!..}l._ Mélao hoac -
vorale Mool (oGa. won ol U&'(*U“HJI‘P&‘GQW—] pe-(3-oP) sS sl -
Arcols aniale AbAdcale |, vewrrndd gecclk wnlyr ol Ll 2 - lxe -~
porsnbon des Betpflourunpulons upt- Bt 2~ 43 (geowahrrta
Bispurion ) . Oeroet el WS Qo !'vchl el wd oo ‘Dw'nﬁt_r:.'dk-
ey Qrzdw—r(«.ahr A

Ree dan tronoena L o 31’}&9(% ab Aol alFlt wan wod ol 2,
%.‘J.OA- VRJ@Q.L\C(M.. wa'k 57!' = %"A': Adge (gw Ak

L
Ad
Ady = -2 Me'i’h'amdd
.ZLn_u_ 2N, k)
(2-440)
L
AI\&H—' ’Lde . d/.b "Ul‘alﬂAd

2L n e/0

K lac adcheGar % MNe AS‘-&"H/C/QL‘L da froacoverlee Maol e alabar, -
ey v dat oawidalen. Mode b L ;) addrler ol ol fro edcirLe
Piprarion chd A foted 2l Wiu dhe Moletda ol Ipesn' o
ard . ij‘;J.,_ Mool e abwdwale ﬁd‘r Xde = 2000 0y = 3,6 ,
L= €00 |, D=0 mun , ado L(d=1)= 3260 | mndt Adg = 49 A aumal
AAg (d=1) & 0, ¢ A

Pl wumwuirte A"‘"—"‘U"“‘“J das 2110MQhLG¢olu'uubj FP.[.?-»(O»{)
e PR dlew o (afen Medaobrtowsl gule bl.ée;ﬂ..'n.q}..'u..u.t.qu
wack {£.(2-408) | oles travwenlde fostonabdast wictd feolocd
mate (R (3-410) dbenH A&yt , da él’r D e O pana uof My =0 olus
{(Wg.n«.,tca.t.‘m-seq&(pc O=0¢ N, o!n./) A 2//14({-’\: 'D-‘ct"c.,
Ne tia V.(J-—JCM) wocl .B-e.nkd’-.na‘dz‘-w'{f- -, ,3{‘3,9‘-' o'rel |

TR T Y R Y N T T T R T N T T T e e T A -



-5 -

3.3.3, Steas o ol s Lotter

NeS o dae 1. y- ﬂ-SJJ-ou ( Lotecol) nebe bea'ban, JSHolboella

BNy glewbibacon babo. Clalecat Besotamite S‘&m‘?u—.wd&uhﬁﬁ; Fo -
pe at,J.wLu.l.l, Bolal 3~4% Wk alay

Modell &'t "uargmsu.w"(é,un‘u}, | -
db. Fl® Wi Mebiua 2 wem %& a
b onon. S’h—n.‘eu.s w'l olem- fee - Y :‘ —

chatin> Cslere My - Anel o ol * [
Cb‘f-wpﬂi’&k fyl= 872 el waan

Lire Fllua welle ote A«n(.rc..i-w-fo- Bidol 3-Al

kot onnbon 3, (0. (3=PY), tolal

refallol. Avs [ (1-P¢, #0) % foue au kA, ola /4 Oef o

1t
B= l”..‘: ﬁ;:‘.'i‘_"- x {AC&4}5 M.’L‘.’ e..‘:’.- L tin bl un b b Modlaag
VB (ar-addkg (e Yo

die uworun'ol PLassboutanie B wot oawa't R wwt V, wad aldre
wek D odelnt . Der ﬂff@k‘-.'df- ﬂf‘e.d-w-rn'--uh.k

h4_'p = -{} < n, (?"444)

(me mew‘m&m‘h.ﬂJ leh aun Oellon Ll n, A gedfer akls
A aadadl 200 wapdn}“l—% Hater’al #n,) 0T AN aho 25 o (qﬂ}
b o SRt dele D (prowehrdle Birpesrien ),

. Mgt 3=-48 O ate -

20d oo Bt 3-9  clar

S‘-rn_.‘en.,\ ohe(}'ﬂ-&w, ady N -5/,.\| 8
biu v o y-t—E!—m.\e,. n \M\ :
1p s
Ce FVluwwelle w'k 3 \4
o Plase Gownban b o, n, % l A c
Y

p: l’l.'DL o %fc‘Lr%_

Z—-‘d«-%ﬂc(\—Ucr_f e Btk 3~4€

tegl . Ne popm ot

maled et i G LLl ¥ e 2 -AcGae. Do effdmﬁ‘..»g Bud.w-;,nk..
dax  ctacrolles ol dos Mebiuuw. , Celalbiesr durd o Beru 'l o
L‘lwl do oublald EFromnotrxe fou. ﬂq,,,—m..;.uuj be' fxi{= D12 everau-~
dob wrfettt. We Few olle wrd o oo Laleal éromsoess fo.
flt*rh-l-uujo(ﬁi‘&e l=D/2 doun folal ceflalloul, Gane,




-2~

B, = PCM& > nak (3~442)

Wik R.(1-32), e abo dacd ol Reaorwag o Pel) Laa'he an
aw feurfiicte , f2.(I-%9), Vboun it Wil olaf oty Dol e A -
V3 PYVRE ﬂ\‘du-whj Aun Meollun, 2 kdrwer U ol obhe Wkl o, —
Gege Aolin .

c'_g‘:-c\,(,_ Nool 2. Ut g AlR un.J?. e &(ﬁa«'ouh—. 4w ole Algare
r-tpcao'uh'uw. Rie wie P\U‘ obo  fnua Q.‘Ih.t.}utpen_‘u@ua—j aha g
OQ.(,?- ), Gubo‘-‘hja M kpe Ly e ol ﬂy=‘p’h\h\9~ ol
i v (L0O-32) ek = IPF - i

p s o AA)'UFL\L(AJ-’,-.
hountonte Ln oy w~2- E£&one (f-ul_th.- do priwdro i:.e.....wuul)
wd twe ¥-lowporacle Lof .

&t)'arg_d.u..ol tu [ﬂ\(.?—?‘e) wer ol b, {’aefu_.,t. A*S(c.l‘rmujm P ~
e drtet (olo Wdex & Metb At ftrelfo Lo )

Ky

}]

Py 8= BYK-p ~()
flayB= BYpd ¢(B)
‘k_‘l_[%)l_(%)T (1-413)

2 1L
el ™ L-e ﬁi"'n&ko
N Y x {A«A}x e

(M- k,
\/B = kBfuwi-n;

£
#

fow) ]
"
! n

e ole ﬁt(f.n.yc:o\_s p‘-m:m.c..h‘u(.dl P, veud P‘l"“—\ﬂ-‘-'pt fecre -
Pbassw-j veresd QE'M.‘[L Wit , wat Q. (2-33,32P)

¢Q = 2 are Lal-\ j—'!\Ll = 2 are "GI.-‘ _“ﬂ!'
Py ug
. L (1-41¢)
Pu = 2arcton by L g oce fan 2% .
w fly hy L

Pe ﬂ'rd.:e&.c_aq,ftg_ , he O~ e Vu’;d‘:ru.a.] olo &?,."- R e vl -
Le ‘v do y-t- BLoe b bhb | wonnl wan EHuym, ~ Oelle , At
Gans G-I Vuu,ppwl de H%—Q}Quﬂwdﬂe fanbofatol tae  ffral Pa.«...--

ORI 1Y W I I il ol Lalee i b iltii&hﬁiiﬂﬁiﬁ?!;:’:Jliiiiil?ﬁ c :“ltlﬂlir!n%‘l I ||}l|hi it -




—S's_.

velle  waunb waac, HEM_DMB - Oty & laclolr w8 o
dtn EH— wdl HE — Mooy, wa. (MJLf\'ola pocu-th.-., oda, 20 —
Wl & ~ ok dand K~ Felol ‘C"—L\POHM-.LIL\_ e g-n.w,uf s ~
BeM, Vi Lol 2~¢5. Qe EH~ Mootur _ U e-:r chfnm'&\...
bes h]= B/2 t«s‘s“-wua-.r»%‘v_ H= polacmol, o0 HE - Roata.,
E ~palaciidul,

Pe M{A—\OQW-—J L V (1~ P4) €5t v focuwat Aol ) 0 2
Benlianon  oie e b (e (306, P2, PP 90,9 2) clacibedd oo

L3 ‘
w0 Py EH"‘S“"G- Mool 24

- - A4
W" - M'f éa“ Ts‘. mﬂ= ot 2,9""
(3-118)
AL
w.f:—Ms‘ CO" 'Ié“ W\Bhffnjfg\’.-.
wadk Gte HEuw w, ~ Fodon
n" M
— 1 —
w.i' = -V\_": Mr J'QH 2 WB= Or’-l?(---
T . (2-14¢
Wy ._-;.}& Mg (ol -2:—‘ wmg > 1,2,5, .. )

wt e,  FCAaIBe 0 £ a Pasen pacau. etes My oler Ll Por welde,
M %“WL%M“‘\JMJ (}.U—

ui + we = U (3-413)

Qﬁ.\—uﬂ-ruuw Aeres kra—-"lJ s de W!"MJ- €LOQ.-Q U\—\.‘ﬁ- ol

Kacoear (e (2-445,446) Aduol lb‘amjw ates E\:lwwiptn.‘ot%l,
Nese  hwmunoa, wal Lo, lc":mﬁ‘u.. ﬁ_\;.— e Folen welle ,
Berdrailon e HrecPuncedd,,

D wwn e beonoenale, Poneo -
pacawcbes u, mg awa Mooliui A ueol

F; 0 Fromsowan £ o .Dauar(w_rrﬂmu..e_
fes w, W dan Moslue 2 bl &
weld , boun wae be Feloloo e 2o -

{oan Sto e Guondof NTIIN f_ﬂlfm EH.,
s £

T ol oy M fons &0 ud o= P

L booms o oda ﬂ\:c,u.m.’ Ul echy,

Bl anns anfoteds Wiupm s et 2-46

[alS

R N T T R T T B T T T O T e Do

sl b e



~S4 ~

Feloter poaecall  ab vl [l (2-9G96) . W BILA 3- 46
et Ry piide Vole Lownj i aupegeSan. D S’&m@(—-‘UWJ wacbiof,
wo aun Quernrdlucék Lote .(e.a'ww,oo‘-.‘utlu,\ woelonot s ALl | dho
il of  lefle Focfina anf Cudf@ELe., dur Steed feus DN
dos Do (rurtunodn dos Ctre)fou lilos b do EHp - baw.
HEwo — Mooty (Qemu ot quﬁ'-‘cﬁw—‘[ 8> D sier, crrol suck oler

wa.l—rod«\mré\kfar Luaa y- R\‘J’-‘-WI r"“ﬂ ? f:h LY- A , K Guan

berfrte Q}.(J.‘L\t(!_ gf‘w.-.olu»aol-u) N daoan e . HE,, — Hoduo,

3.3.4. ftrefocwell i .0 wl falera Lew.  Mmdexpmf L

Co g(—re)f’mw&uu Lol loa wsdt e desl sbruptle B,
fesale pptn:'h[,e der vee R8s B&waot\o«o&% e cw Rl 3146
defiaiol Wudtn, r1omdesn anl el e PRl e, Gou. -
P@)rh.-. ﬂ'fcﬁ-vuaafn‘ualuc ";:(y) U.'-«-«ldn.o c-.'l LYY AN SR L RPN ST
Wouate Prollw ol wnlonal Lelacaddla w oz,

Wit Wetifuan  ele effellior Breodt “snpr Cnale b fedloas ala -
e luse. (vulilab.) Flluiuwcodinr wol LQ‘(J_444) def iuiuk
bicar Sudol SL el L wnt oty Trla wetlen ~ Bortp flon -
hkrﬁw%%f-k‘ Denrlals cnedd v elw fertes Fllun w0 dann

belraltel. Pre MAC-)(J"C.:,Q.LMJL h.ow,ﬁuce e./fbf-vt.‘o( e ba.Cloe
P lhle (i lolslond aunly 421 Mestiuws nay oo Ml 3-48”
LT QLQ,F-.‘I-\.‘UL al

ny fse [xI> D12 (3-118)
Erap (<4y) =

tris ¢ Mgy (@ef) [1-(Z ] o Oxt <o,

ao wil Iﬂ;'_D = Erqpy e parabelNrde Kupf-uw..‘{ Jo oy~ Ridbuay,
dogrisn elie abrople Awdorung dn Kk~ Rickbue s 2 £

dor Sredfonc, W protand s Shrulibec 2 b Cunmw (ALry/
Srp) &€ 4 70 ool Ko Vuw( dey bowmplaron Bredunpicolex

SN oo Ua‘:kuu“"j m‘(n:'g‘dp(a) = ”4n"‘f‘£ zﬂ{b(4+%£) [

NnE

e L e e e L

bl



S of AP

VT.,,(y) R Ny {4 + __":_"m (Q+q)f1 —(—-—-) ]fﬂ‘y)*j‘r(y) (3-149)

Erq’

bereduelt ool e bowe. Do QED.Ql-c.c\f H(y)=Rn{;i:n(y)}
Ln.:()l- s PR

n(y) = gy {4 * S @ [1- 811) ”

28y (3-120)

TPIN" G DWQP{,‘D\A‘(:"Q‘.Q U-(y) =,—{a<(y)/k, = —3(y)/h = Jua [‘:{u ty)}

Aty .
3(3) = ko"\.!’ 7 D [4""(—1-) ]

arw 8/2 (]"424)

Bt 3~ 4 i de An

Vo 2—“‘*{7 o Foo i ome |
&.(1-410,414) fec olee. /\7
Feo 22 @icor ax's Lo, h M

Bredinp ooter ool ,',-neg/z B:/z \\ y
R0 dun vorUSl oot o,

Recbiue Agryy >0, (v 7
ik Ha'lle wen [0 (2~43)
fa Bedun tnwonad 2a
flddb a ediee M, wl-

1
P n b Aé'r:p‘}'O WL"JU ,"Wl

)
812\
@« \
UM‘-L%I winpd Asr‘o {0 /

¥

Lo ol oo Absorpls.

To Fotloc @ et o Bitol 3-4% — @ >0 , Agsy >0
N Wl we, Ve lbul, A -——G<o , BS;D >0

(reetde ) Breduspsinotexd -

d.uw-l wanol  ghe VMerr&‘c—oﬁvuhj A AS@I{‘]L&T- ww. OH-
anf e ekl balo £'f ardla Pben. o> F"\"L‘fﬂ.‘r Pl A,
1«'4[6 op &l VM(CU—\.“ we, 0 tnbiprdd Q<O eher axdad
E\‘AQUMW"“ oles Q"cciw-f/’t'hohk-

A«.ﬂvz,\u.ol v @.(3—42') uladt wiaw wel plews Aunalp

S A .
- 2
E(xy,r) = = ‘Vh’(vc) \P...B(y) e 1P (3-A2)

ot s Al

| ‘;;!‘i
L1



_5-6_.

d~e {D'\.F(Pf%. (AP} P&-'(.Q @

A al“f’u-,(i:) 1 o’“ﬂusty) L iy 4o
-— . = . f— k4 _ = _
\Vmb()() adx? \f’me(y) oyt ( A’: ) kox ) (3-1232)

A ad wdl oo Qeryntqfa‘e‘\-r lovalaonl e k,:} Lo ade  belol e,
Pifles rnlat %«-‘ul o [ 2an

]

Adwt VH‘D (<) =0

(31-11y)

O(L\Vmg (‘j’ +
L

13
0{3 (k1 "&.1; —ﬂ:)WmECy)=O

(3-A17)

w&j‘ﬂ—- Q;-'P’L . :D—:(_ La“ﬂ-ﬂ-ﬁ\.‘l v, &‘ (?“"(2.9) e wr—-k’f Al
AL > 2wl M 2.2.4. oA Q;[ﬂ.‘:.w: Y (eow.elrnbh 0 ~ or,(.,',,_ﬂ b,
Retcodbuc ooy Bl wcllen s ompepet o, pe. (3-9539¢),

wanod 2ol Wlone ot and pCLLY foc ol e Shrafa. -

ekl oo faly, Q@ (3-4149) [R. (3-425) 2byprad k- Loy
pracle e aa [2.(1-P¢) definiol o fow o) wan wt
dom. effetilive Ilrcc,!.u“,a.‘hder v?;: = frqy = PYLE otu 2. (3-114)
Wre'6 e bona

d‘Y’(y) LY

oy ) Bl v -0, (1-126)
ob & e VUP-‘t-.ep-J\h.uj o (deel ot oty Woter wy wep -
on e Wcele . Sedit waan O e Berer ot [l & D12 o
[f.(.'?- 418) A

At¥(y)
altj‘

FQ-(J-JIC) l.:u.,"ia wrrel  olac o

L L f ' ]
+ [ko Erap + ko Asrgp (R 41) - Pa —keBry, (&h‘)(a-{’% )‘] Y(y)=0, O-n

}ucdu—&‘();j AL et  oh'e Dg(.'u.

Lomen e, UOrv el ta. praful-\a--—
perowaedy s

2 r By .
Vo= ko7 )agt(aeg) (3-11.9)

T T )

Lot {1 b el 4

isbiabi el | i




ot

aol ol worua oftn (t-ou—p&xmu Pkn\aa—‘..(wc.-d-a.c«t-a..,..

-

. /‘to)l-fr., i
B}=B& {‘1@; = (fe 1A 5" (‘_4}2 E;/&o--n" 20,

Ag” €rep Ag?

v4D "D

(3-119)

wu'l slar  orteuc ol po«‘-p(.a@ahhuchoqugl.n.‘, BE- tanel ol (ot

wai e oo Vzn}-d’r&u.uj G - Sude e pet., (1-128, 429) pextz-tn)
Leperedpl | re bV,'lrL Al

B L d."Y’(y) _ B& ¢+ {Gi ) i
(';_-) ) "Lh‘:t“"_ + [Va V[g '“a_“'—" = Va (EE )]VQ Y(y)=0 . (2-120)
e bl drubbs fule Wf(u&-k\qfﬂ.‘oﬂw_]

L e () ,
Tay P ety lel ) =0

(3-134)
] e S_qu.()- Heruatie - Fon (Lol e,
— 4.t
Pur (M) = Hy, () ™ 2" (3-432)

uc ‘-D'J“MI Hu,,(ﬂ-,) ancod  obh'e Herwaferl e P"e?uou..g ur— b Orof -
MI, Gl-ﬂ..ei‘uﬂ.‘l.)(—- el

dtHua. ( dH

e (1-427)
?s P e Reliwervos focu el
o“';m(h) - R Huay o) (3-134)
Y
waned  ahq'e M%&nﬂ&(src&c‘m
10 L
£ o) o) &7 oty = 2%t 0 &, (1-435)

Dye Po-%u\owg Aataed Ay e b e Oy (u-.:O,?.,g:,.

) octe Q'-J-.‘bvu.\u\e-
'h'l\hl (“ﬂ = A, 1(r|'-') | “?‘-"' O wnl lacwle. G e oln'fle. Otvot -
U\u-b\j

Ho(‘\,) = 4 H4(fl1)=241

. (3~-13¢
Hy (&) = ‘r‘-', ~2 Hy (y) = P473-4Z«7 )

i Wt iyt - bEbLEd v

vkl g it b bl B gl i

Wt obd bt Bdisd -t odia - i 5z



~5p-

e Rwtona, Buly) Whinin «it gt ppocactiell af, (Sua e,
ado elr Wolll . Fratrpurel Herdraalles Felat bordreth oo, .
Dalas wacet L. (31-426) wal ol en

L .
( o Poruc (oen

Ve (1-133)
- y
4= W g
w'--‘po’-v't. Forw
Ol ¢u.(‘1) . B(.‘l‘ G;_.
i P SEEY - lai)so -ap

3;2(_,"0.0\.(- . 9%() - Huuale = Cunton s L2240 ollere ?\‘((U""““"!“LQ—-
wn.\cl.wh] e oty QI&-WQ
8, +
V, (4 - __*__l_..)

= 2, + 1 Mp=0,4,2.3,...  (1~439)

o oo [gmald

Hug (1, 3%) -1 Valas
v (y)__ g 8 Blz) e a Bn_

g

(1-14%9)
8

Nuar dbrlrele Medew Biu, L%furw afo S lyl— oo uve -
s@wneoloate Felols. Dyl lalwrade Fefot @:—c,.—u,J lawe, 2l -
sl Manc darel ol g Roa bt otn at‘cclu-krulo‘-tr arfolpr.
[t > 1 (Arotex 3u-‘of-‘u1) ; 0ot wuar oluark  oles U‘u,{_g."r(,\w“,,_
prof it , 1@<« (gada guidtive})  ssto (w pradlle Focu, .
Tt <o 1@ wied o Hoall wiad Ju LG actl e Meoliun,
A, oler 2-1* %(e,:*Lrt Ul foluscieart | 10 oo, olLfgfu.«rh'ul,
et do Breducy doser dote e Roc e (e e duiant { chotax
autn'au-‘ah'uj-). S‘of.a.t-«‘;. feolod (] wale pra() taral , lowac ohy
Fl"—rw-j Al e V‘pr(.a':r(«t-u-r()l‘v@'t &Q—uu‘c_[n.q.‘_

D blle ShoS bl hotex fiGray (RIM A wird aas oler

Q,‘IM.WCVZ-.‘QLW—] V (1-139)
VG x ‘lo %‘ UAEr;', m

Bruwg * (1 ~ 2“141}%5‘?)'0' CI-A%4)
G’&w-li ~ 0

o il LA

abiah i il




=59

e Qﬂ-r)(fnuw\g,c..mwt-mt-k Ak {-—R«‘uuru-uj M- G Asr:o Q>0
T(’_P.»Q-e wanol r,t‘;/l{) oA ko N4p .
o Foten, ':‘auv-to_f e ol Vu%&'rtu.«..,,(é'krual [R{K 4 eS¢t

Walea .
B — At 4
Vo = ko 5 Vacd, —E_‘L

dwmg + 1

8 % -
o L"% fAs, I ( )

_ 1“-4\(] + 1
ko & faern 17

Do P‘ﬂ'"ﬂf’b“*ﬂu()ﬁogu—uk eA'rel L’.Ou.qf&%'. Daor Voo oo,
e, VO M e S wé‘Lﬂf_\’ dafi oz LBloa e Felader wicld A
Ay U,

Be.n:rl'\n‘d-u](— Mt oben,  Aunadsy F( (3"'122.), 1w laun wao. nede,,
dof) 4o \/uwd'rt.mr(.:*krqu ww'l Aérdy >0 otie Planee A5 Lo,

. 8 2
-1 [,_i ko 7 JAscy f‘f {B_:’E)L 4‘/3& 2] 2 toudt (3-1¢3)

ket e & 2o wn o€ ALl enle be) Mg(&f-‘rm | omoler, Aurg -
M{’Ed&u| A a Sif-ro.tﬂm'(,l-t-w»f belracdlel (o liau el
(G‘*UV‘O_ Wourt oun deoeun luioen). Abrocphion. wat AE:«O(O

Wrole p!.zﬂa«... Lo Moot n'clbuey kowvexe Posec {4t vein
ursa LoV fzfill(o'g “Af:qp' 4—,-1:"" i

'j‘[_ f- k°%““&:bf ;LT (,‘;’i‘)’_ + Baz ] = Coun, (3-1%%)

ol Q'-\byQ - das f{-rn.‘(’ru,. Lol wo b un e, Wivelctlidw b,

D u.;uAr.‘lqtﬂ«. betolew, faleal frowsperta Lo, Mookt mg = O,
meg = A4 leabSe, Felaloi ity &la o wn'e An Mlol 2-40, e,
de v -Ada dacd Ay y- Aclre emedpt winl, Ve bolucta Rt wy
der Quisludotes wg=0 Wit o8 Abslarol oo Purlie dlefitiol,

A Aot dye  Fold slinrla anf oo e-ke T30 ofer Soles Le
y=0 adporanlion. N,

Wy = ___B_/_l____ _ (3-145)

(Re T4} /2

R A an s i bl e haa ) e e obl Bicsighed T ol Bk i i sigs E el ks

£



~60 —

Preres g{-mkﬂ(-aelawwu Miates b T QI8 ¢ b9 e oo P&L"t—f(mé“ua
do Pacabeln nly) bro. gly) al . Fic bowvbante Sf0'te/liGa
wimmnl wo wnl oo dguloa fet o ftrecPonGree B .
Do Bloode  Rourtrahionsfhblor don g~ ke Moot an'ad
maEOJ‘ “n p’ (3-92) oef ciut oap

/1 L o
- t
Mg = c{"’m.,(y)da / f%..,,(y)d, \ (3-4%C)
-8/ — By

Tes (\BQJLQ.(:QJL\-.Q -:v(. a“-\f-Q— LLa,\U O¢c [:"‘0 £ 4, wgru_ [ IARY) ’\/19"'-
U-\.fUW«-J o Ruc o V{.,a(g) sabiprect et o (1-05) MU

oo Mo v pa (I=1¢¢) Cg[)._-p.ta. W~ 0. (3-9P) wnngfla’ef
NI

3.1. 5% ‘§J-rﬂ--‘€wuu€1u\ee—-‘fu - Revoualoc

Bodd 3-49 M‘IL /
dor Renagloc-

wopl ol | &G,
Vo llad uagt
amoll. doruf W~
dw\pﬁ.‘:c.w_ n,
aufn,_ bws
Ny anf no (V& -
hiaiasan) bt priaag - h,

Ao, @\«Q\ol.u an g /

WU Q- fret eme x

Mot call . Do Bolof 3-4¢

PDerd 3 Ge -

gricit don Rsoeador Wi i, wtoweteo dard en lder { Vads ~
lwn.r)r)@{;Q , olag t.\n':({_;u«(a«.\e.)m " PO S DA q"«\oln.mprw.‘j UG Ay
atnf Ny Lerfeves se wntel ool durl et phynlal, e b -
b %o’-ugnpruuf gy Abodnlié 3222, "e.alf.'-.,. atLe 228
M >y > e Kiggh Lbate  uder /Veadd clunpe fSlrvsy wn
% wodn, fre & fofpudes Defralbuifen Ne [2ufl~Heruale ~

Ok

H
4

N N

il gt il



- 64~

dadl H-‘wmwdrff& ol ou e wedot . Do Ko boad ss —
@.k(orh.. An awilolyr, vl wdl lalucdo R\‘MW.J VNI ¥
bo d_ ol’n.p ol Felol v oun olta fle_}rkwura (2;"’.2&‘., la-l=L!Z’
[yta B/2 | Ixl= D/t o Ml praelpt wooten LFunac. As (2.
(3-41%) wek LQ (1-4%0) A Fr‘euou..dr”&.u Uo.{-arl.«t- {N’f‘(l- Ao,
de Roronacib etinony mit b= ungt o

- (0 G -1

Al 208 olan C@A.(J-—wi’,440) v et wan o e ot
ooaiafe. MNode abh A ool

Adg % — 24 LAy

T (3-1%P)
FEPN B/ Ay S STHIE T VCOUSTN PV & PYY (PN SV I Y )
. /\,:,u,g "/B (3"4‘!‘9)
A,\b ar 2—1_"1* Mo‘]u Ab - CfL
RTINS
A, X - 68 nam Ad _
A, Yo 9 2/C (1-450)
wal by Ren orvon i wedf s -Eri'u‘,(
2 ny (Aace)
Aae = 7 }(' (28 4 d/D) (3=1541)
é€/L e/l.
ol lew.  welda, .Qd‘g‘n._ a,g(\p‘:h;‘]h_\ Gredu.u\fu'uab_r
no = Ne{Adee )[4'-. Adee . Q“Q(M“)] (3-152)
A (Aage ) oA '

l:-:f e &LUJ-M- Aéwra%mhu Vu g,"__( R'CHLQUA-&! L(..L‘._.
L (£-(3~10C) |, coobey N' e M'= 6/€ 4o waedpoan M.



- 62—

&. we.rﬂ_-ukk)\‘rhwl O ﬂ-co&&»\MJ watk Madesde

A e fadles ol qu.a-uﬁ-u.\medlam‘,o( focuan live, Fodeld o -
YT UR YN A7 N (T gelodoni Alouss 202 de 2ol LR
ot ebmoticn ool Pedsliol topf day Abrlulls 2.4, hdd
2-2 et Ve Anfrtlallr onterd 2 LRl waed olaca.l
do Luwarlunpool dos Oft 2e, Clellous b@Ge ekl kew-
%%P,w&mu awdl olan ElelGor, Avv wanar i eun Bbonal ¢ be -
frotet | berdnab e duck aine bowplire (Salerdeln &' hlabsaupd) ~
froke D (x,£) ol G‘om-'j NTY S‘&ré’o‘-«'x«;u-—‘gée.‘iw.«f f. (2-2)
@:-f don Potautial V(0<x<lL)=0, Cue Qeralnrliun wua'h
AT @QL&L"OMJMC‘L;?:.QL-\ (Delle Deearlh ales o(e/c'w‘é'o-.\rpzk&‘P

S«A)y‘q&‘mﬂ.vw-yoa_ dov  wwedrlone( eeol o f.’«.qu-w’. /v‘?‘L«ﬂ latans

du  Slel Lrou oo mand andl  witd  roie W 2 Pmdler uw..[) PYA - TUP

dlo (:Boﬁnpg_,m.J (olewn Gew b 3) witlerton Weo e w o b, -
ol st b, e wa 't verdiest e o (Qefa L2 £ Rlele
veskeebon ndvol, 2. 8. o dlew Lpu.-..ol%')‘d(.-w( waal =4 ol oleu
st avgrerkin  Buvbosal n= 2.
Ads o oan pﬁ.\.(l*ﬁ,%,&‘) ol ll wan W ’ZQC\OQJ‘UMI ol Rowolle .
d-'\‘-‘IUW-PQAq u(x=0)=2 m(x=L)=0 mdt oo Q“'[&-d-ol—u o £ (279,
41) e ﬁtw&ij
\ef
‘ vt
Fct)= Ajanuw by e
s €2y (4 -1)
‘ =1 &
az_(}(,".')‘—" AL AA L~ ‘llk c

Das Uc.wn';.ﬂ. s IO choﬂ rd ol  paad ou,.V,cp_{l-u-\ T dand O data
f. odlrert o b

afz(xlﬁ):‘¢4("l{')+ @;(’l,{), (#_1)

Nach 52. (2-4) e Pc e Aufamnlladd; wabor e At v,
Mmlpoal dr W B

PCEx) = |, Gt alx = Al adlyx + Af adltlon +
(¢—2)

+ 2AA Lk x vu bl x cos &€, t

o€

colbdeds « 1

P A T I T 'MII T o gt ;;l;iil!‘; J|§|H‘ 3.|!




-£3—~

Pow. bt | ah() e il-‘(-u-\.agf\a\'hrl‘]u.. Tuwe lﬂ (eee) |t et

[ Gooxi ) ol oo, andoaele wabae ouec. k—-‘l-é‘g@‘-{-'{w (e,
anfb i do anlt do B Pl sy mawple o relc s fualdaole ong
(k. r!:mr‘- e A L LN A TR A:A(ﬂwltau:o{t,
w Ok deo ode Rowsnt X(¢) = [xIF&O A / [Igioile .
by Gk e | W& L ’ ’

A AN (EY 4 24, €€

A, ——
x (&) = V7S Y
(At +A2) £
L 8 _AM 6~
= =4~ et L -
z ( IRt Ar+A} €5 g ) ' (k)

R = (- orr BB o S6yy
Do walerdale Ll te A\aem..l-ﬁ&vu-rod— des Clel ot o Lliul
abo unl alcer Beguayr 0, = (€.~6 )t . Da 21 ohe /nolu»«-j -€
B, el o od Bpet wt eban. adbenes Q‘ul'(u.uf- 2Lellso-
maud—-‘:clc. (Detla. . Deae Quu;.'eou.&.-m, weda, ve R.(46~%)
Wpdicp wb Ofal  da e Rabsrden  Cuouple vl al
Lo anle &3P¢-\ € widd € LT aLr (rreded ool e, U.u..u_f‘.o.LrL
bove a'c. Elollion, dar 'eren Meclowdrunny ver. 2ve e elel -
l-fou-qjuo&‘,d?.& R st om (s ert wxsotaan o Mag WAL stane o A~
Mo ssae Var funte ﬁbd‘dn'd,k'lt usl e 10 wied | blarm sl Ce -
brodbil sy falloc g e e [2o. (2-22,21) eben aladtercl be-
BV AY VORI KU A e @ Becoles ‘D‘l‘rqc—f)u.ﬁ,ac.‘ea oles elel bl Lo Falole
Lo (2. (120 LM olas Cle Lo, ual 2'cw asa_a.‘t.ju_dg._ Sy -
cu.u(-d-)th-. Ol oL . &‘Icﬂ.u‘r(w-\jbﬂ an P dlas Folot 12'en. vercael —
L. R dae Luvackuepoutl des Qaler 7= (5(6)-£)& s
oly. (s
-§¢
x(&) - % = - %‘%’- -ﬁ m‘u"%i"(‘g‘)hé . (4-5)
g

Die eGCa\.Qw..P;QCAuA»j MW poporlional  olem pet 2L pee (el e
Cheowe quadoat < T'D  din Al Lialee Dipels, oo &- uad -

OE

Wl o« o

ol . i

L et s T R I T T T e N T e



Felstas WOWFEJPMUGM@Q ad ol f:::QP&'.l (gt wan é)i'r e
WO tua ol A'ug‘a—u@gcu_ v(f) ot Rerouatarlinree ooy Clel Uog
uall m.(J*IJ) ' = Ko e-:  wol v~ ?{(I")} ~ ?{4%50,‘)}"’ H‘-”:olt

\

i
wune ok U&‘Luvm-j WO ® Wy Gles O

L4
v(f) = CaY:
p (%)L+(O-qu)l ! )
aAo ail~e Wnanule  Lorenty - Aute [ wobe oo 86ls wen (2.
(‘F"'G) .y d-Q) UG(’M:U%FM.L\JW“

+ OO

g dy 40 .
_lfg)‘+(w—w;.)‘ w {U“»a} r(%) Lp(o-ou ) 2F )

ravliiob. Do Halboulelele oo hommiukon fule

™M ﬂ..!adﬂ_
Aw ’8 x

Ce ™M w't b-?d-m.k-—&st.!.'c:’cm.wm.#m. Typ=A/g
UULU-'-'(F-#, (2. (¢~€). Mol ddieas 't M e H—ra(ﬂw../.h%uu.j
M( Ao -t Tooe pouel 4,

- =—:'-—~ - —-4-.

Lo Aw ¢ (¢~?)
Qeun aSes, qumkwwecﬂqu.‘;x Getcacdde ., ola, ff)eﬂ-rhu.. ol
v ok L. oler absec bluboa a&,t(wh.aluu.‘:d&. Qell,
el ol 'y RreMe L@J., o, lowmu ' Q-\ui,‘q €, oen ot o
o b Trbatoles  wa M‘e&»] “9Jlar/‘-
Uowdulat A€, Letawn b at'c

, Wolon, uar walth &gy
Ckpa.'u..au..ld_( tracda Mﬁ"‘w,
dof do fruad nobacsl ns 4 dlue snfoe Q.\t.h‘r(\uu.‘l betiety
bop berarsn Boll, wie Cuuple € aks darpt o, atad
jecto R e le kdtaly w4 L MLt Sho ovate Afouws cet
thyu dhacalitadti e 2L gpecian ((otnue dufero. M taf) 4y
v frucol 3eobacat AIQuV,lG\.. werol te ol ghve Qgc)')..&’.d'mr]}, c«-\ul'b..
L Boon Rl Gowageet) Ly Pi—m(Quu-J (oo they Plolowy ol ta i -
Loran, Qq..w).‘o_ "’"Dnm, QSV_,&&\-\ levatan.  Dene “JP{‘)-—QQ et tatn b
wata felssoloce aier daupatee; baspliR dpeutane  Eradssdn
widd ey Auad e als 't',P. Yar Predld v, leb ot doww Type

aneh Bofrnndo el A€u dan aepgrglon eddacstes u et
e (.h.a.ﬂ_ﬁ:‘r @e FI,QAL‘O-\.

Aeo\,.\'rqp-_- _:"

(€—9)

OF




-65 -

Oirt e Auisnbenle e'ces Ceonew lge, Vk‘uﬂoot.‘w Aowe
Puonbtn w2 clocs R prproden, wa do Ueaddcfe rataGon dalllul,

ol wan w Lebd ) L A‘hf&.erLukkf, Keanm A oo -
havol i U Ao Lraada GCM(’C."&' .C‘-m\Qw-’od,‘.’u-peui..’ dar Fe -
wlhot ffe Top ohuwl ale unl oo guact2e e clowd L b J:ra/k
Wik Shoeta, Typinte Sole g Ty, Lo < A0ns wedd enb~
7P el an. Fudte Geattor, ve 4078 Soel we'ue Poreme Gele! -
L“,L, Valde Ne LbSordacy 2wy Qnpplepben fuabacdes vebdr-
Mo, w il e Ay Gratw . fon spadd sl st Lo 2eg)
'/\-OWOVA.% Ruie. '

D‘“L‘OM“OV"” Auian, enbplebin daue, Vo &w Eunte. bl Lmn
m"("”’-f“’“ Mow. . A uA-.nSQ‘.'«].'V_ e b, ol dd cuciol e,
lovtun | Aot fole etk Unlordded L'le a5 Le AL Aol
€-€y plonwideat vl . pde Aowllne folyh olie cobir-
Lhe Relt o dow Fuba fregu i ovilieten vnn oles aa. -
oy Adlow Wlawiae, M. e C:"Uﬂ“ww-] erts al1ell volsrd) Loy
Livi g Lk oAt L..oa-.o‘,an.x. hude, B e W ele .Cti"(d‘-th-t—J
e lon Aow b@sion ws il ((Redalls oo Kle'ndjtaloe st —
(mg., G’ 00 rettn Pro_qun\u_., frec,t-\uuj Lo Le Sqrm.'aJ}.

. 4. Pe Bolhrwaun, - VU&-'QLM..J_\

Mok oo hicetd, L Tleene oo [pae ph fec dos Joacl £

it (2‘.‘1‘ L(:Eu
P = AN("P—")-—- pro F::.‘U-‘u;:,a’ul = MkT (t¢-410)
r 1 ZW\ Gk- _ 1&"" 4
e = 7

Bl N e Konnlcolon slo Moue , patr dpels ; u hie N,
T Nre obselele ?ca.pual—t.r uoh & Ay Qoltruwacd ~ Kovrbacle o |
(el 2\ [;.-, Do ktwa, bowprimdol, da_dew, 2he Jdn(’L ~ o

- ﬂ\‘d}-w-! &I Akt Fdx o fesl e Alow., veriddet, o Gadaa-
ot day La.a dar L i)c‘.o&ur_;t“‘ wi, o Pr =dAMLT &une km(:. =
cade Oun , abo (Nl (o [failpten b (e doy VBlawas V

T T A T




- 66—

FNdx = LTdN

Ok (§—11)
- d
Fa Lt dK(ﬂkN).

Doun. de ‘Ct‘o{’l- F dard o0 P hial Beordedelo wodea bauw,
ot ﬂ«.\l-:pfc‘d} oler Acbell Epor | e o dew QOmpn'wt'uLh—-\
(o> popeidut wncde, she Abualue do prleliellin Coupe Eptr
(. 0. 2uop (22 paun-bon qu), afo -de,m,:= A€pst = — NV Folx )
foryet
N = =4 A€

(e V) = e Falx N TR (4¢~12)
wt oor ol g i o, A&'au«j O N = — —f&g—‘;’:—, ¢ S e Qafip o
At — V‘U(L‘-Qm&

- Lt
N=N,e K (4~13)
Golot. So focma Lol plafl s Howddin [Leidyctt de
(Se. ber R’ l Lol , Alowyg A« @ww berdduntnb, Fauw 204 a0, A
Maluwj it beefftnn wr;o«.u.ﬂd.ﬂ ik Ao pohentall 2 Sannrpi
" NRYS A\AO(oluw-J abtian b tdt uat Ao abap bt e ??q,..,;gah..r
WA

. 2. Eualrsion

Placell Berdriel die 0P Ok ave ﬂ\-aﬁﬂu;..‘oq,u,.‘;h‘.h, ebies uldllph

kdepos datd 2n (porte Liules  dordk Memuujon ol spdlue guac-
for. wedlaw O Le RQ&L.M*—-‘M. MA’L'{QJ) i rel e v, Llacuou -
WM Grlblocin | ven At goste oble QL-D,.‘O_G—.']ML)QCQ En=nha,
n=2 0,4, L3, - otelun b, loudle (Aun &V\_'\o,l* o ElelUeon ug
Pat gan L 0l l-o,o( i V) o (k=3 ) 1) Dy Gelnddee de't o
‘Lﬂ_'u,l—}\.u! eNey 102ud e Hakotoler 10 £8be ol Oolbiw ote - Vo (! Ly

CE




~6%-

(R («=42) pelorlem (0 /) Plavck ffc due Avnld oo Orn'la -
loroan wa't o QL.DP.\Q €, o ﬂeh'cQu.L.J N, = Noe-%‘h)

, n= 1y
1;?.‘1'.--- f?-'(-\it(:- Fre e poowle Guopt wpt Wl alio €, -
‘?‘ntub.e T o e dae Cuou.-&ku_ deo Orn Lalocon. My, =
z - phw
Ejfuoe &ﬁ'l‘_ AL e ab grliallle Q«-u/.‘t wlilelt o alo wail Py

o
Abfui‘ra.w_l x=e &

cey = Sp o Nobow (Ot =+ 1t #3574 .. )

Wyes Vo (1 tx + nd 5000
oo (‘1"--4‘()
Sux" L’I
= t(.a o = tco-——-(":x) = tU P
x" . =1
hxo 1-%

NMad Cleqpdye. w- X .QJV“:L L e Hecrwad, e R.auﬂ&‘#—wqj

o= <€>AL = ehh€_4 Af ~ {l.(‘(c&'r} & LT‘A‘(‘ (=45
he L= 2-w Po&ﬁ‘?“L-‘ch-.\r.'uU—t.uJ ol g)‘-“r 2a'tv 2 fhl—&. ﬂp{-.-afgtg,
Poch(’Qth«t—(aue_LLors ener clellowesiety e, Delly Aon e -
gurbul R Af gt ol enpd .
M (2 (2-28) Owede Lesediad | vieNele hddiole oo elellon . -
Lo, Odﬂwemku%% “a @nen, Brefels olor Kanbo @n‘uz; L
fre olos Witwoall Lk oas ﬂbl-rn,o olen pacﬁp(égt.;u-//) sellocs Plbg
bobtn | 0 IL btrop. anf da> VBlaun on £} prady
2

= %;‘—, L, (4-16)
Bevca Lok wac. et ok ol LG oD Lo, wwlu(%u_.‘ma\, rouolesc,
worwale dellsouwnpuels, fe Ocklu, ol 6L Lokt o'y thppold fe
wacﬁmks Folol Ao e euw dabocaloriuies — 400l oo iac e -
ﬁi’ks,z. L darl gint fowus e Fouere - Cut ek by 20, ols/)
do Labocatoeiuny - "Ll © sau b slelouagueds et Felat o,
a 24 o Qm..wn“.ﬁ.l-w.l,«— poiod sl wesdo el walellb o lal 'L
K Andtn vk . Ravw el wiclb i pdudtor | ma e hawt wag
Cuo dabocatociuans — VUl Y b e Mo sl Filoles forual
dal eier. Qhey &V_;w.‘ 2btes Ooll e, anrolededon, | e &9 anl

for e elelGondlon  Oullin fuclbiovin nd il wer. Dates ot

fﬂ.-(‘f—'{a) prraote obe un;"ﬂ-.‘i-c Aye g Mode. 1 poo Vo e n, L1

arm, e Por et Dl Ak oufleeb e LkFanmsn. Da fic ﬂ%‘;‘:
ok BEEAE 4, 0000l wodon batn, 23l man o Derd ehnd )
re vy

wodm ol sign etk III T R TR A

e Db VBEL b ei e i ot b bsys o




-6~

o e /A ot Hopoua e Po lomal ans ' Sl e tom peo k-
Velboo e dae 9Pdd.rc£g guu‘-"g_ d'le w{¢) { Enhelt 1\(};’) das
Plawcle trle fAcas ﬂu.ur’twt-i- “

w(f)= 2M<e> = Ny So hf

. -4
NHG: &r-L ‘ NH - 3‘"‘QL g, = 1 . (‘( ?')
Vph Vi ¢ Vo' vie Wt ° e %ﬁ’ -1

Nug bre: Mug M e Al wd e hoden pro Voluws. wedl
Fw.oluﬂd.-s- by, QJ—\-U(A‘Q. iva  Rown covude el 1. S: ?r‘ﬁf e PLoloi -
el Lo Hpralr o (R g po Hodua odes Feloles ot

.3 Uwalioly Poreme

Cvmtee. Lble avs oo Placel'r2 oo Foru.et LR MRt [
koamubuisie ab. Detreadtet codec

el ng_)fc_v\x\o{ou-.} 2ines Adou.y P

€ |
perount (rucelinnbaiad € Ul o - \
peele danband €, Dol §-49. €, A\ e
Stcallll weon Ald dor Frogue- S. o eﬁﬁ-
Ve = (62~€,)7/6 - dlan Ao o, e, \‘\‘/
10 loue ey Aslon. 9Srochiut ou- T~
dac ued dan Adow, VLL ~ ol ey :N‘I.' ;u ;l
Anpigplin bk €, Sles . D
(Sal> Qe iRt oo, Ghes oo Bitat &-49

Ls‘-'upl. v, ol i (thtwc.(o rell e A/
vaol MY ol , ot 2.8, t-bypted uaod oy Rellgaaen - Fulllon
U-U‘&:Um‘t.o(, (}“Lr(ulbﬂ_l-c larog |, atw e ' acl, 0 Q-'t..frt!-"-\,
propotioncd oo eicpoleltbie spellalic Qwupodidte ) = U(fad)
’

49.0 o Lﬂ:ﬂ-bu.‘, 0'-1‘0.. "\A‘._j._ At BLTQ-‘-L G‘U A‘b\l‘l (hk&d-p{-) L cdd-
Fedoe. Ric it Agall oo po (dhuvee avpretim Abowe it
w.an abo

My = M By aa(fad) . («-18)
Tie Awall do pro fhucde e 6 asdl €, unlo  Cuipsien ey

NIRRT



_69._

Photoug & o, d"ao‘pﬂ.a..ola\ Aouwe (-

”2«: = z' {AM + B, M(‘u)] (?—-{?)

Des kmnff(h'h..l- Aza 3\’_:&':114114.'/!.- dase’ Lo gpovlace Euvprion . T
Kog_({‘vH'k(k, A wdd 0 woke, Elndede - f(oe/(.';.“a._l.a.._ proouct .
Far eeyet 22 m'-t‘(-Q(;un'rJ-L 1 sz\mumiku dord ne foliiuw.oun —
VU(L“-Q.uMJ de &Wu«pmkﬂk M'bw( fVL’, Ww\ﬂ dbe  Aurell ol

YLYSES 32N Ak;ocpc.‘a-.;,,mum pa'd do At wldud £l
wars.‘&:pmma we, ado

”11‘ = UZ: (?"ZO)
Foe dar VlE2buls ole Deadv-gup relle pa'fu wall [,Q (¢~13)
. ~hhn
-g}-' = e ﬂ-r . (((-_24)

Ducl L bt von [2. (¢~20,21) 'L alie [ (6-1P,49) (3Lt na,
@q—- Ave (ot ue Belauuly) ')Fbﬂ.(rc.l.e L&-‘W-uhriah‘cue_ U(Fu')

A
"*(Fu) = h ‘

1 (e—22
B-'}_e._"-? - Bz,‘ ) )

Do Hecuadr Loy [ vt wrasngiebit sac | waef) () otew
Plavel 7 ec Preol Runpperebe [2:(4-143) abipredan, (50 s () wou
6§‘r die  Elundele Qoef((h‘aa.l-au 9 S bann

Biy = Bag

!

(¥-23)

811 VJ
L1 Ve A -
Mo T Fre g M Mee b B

Dies Seclowle b :

Ao Doy n  Eleatade porin Livle Plécousn oo sdatd a'e Plolo-
. feleh  (F) Auwliube, ((dedonvbi, e doaninie) Abrop-
Row (D) bro. Eulssion (84) fotel wnte auaa,m'#.;,uuj
9 porabacw Qw.‘rr(.}\,\ (A1) ou.,(b'c.u.\ MP@.'«.A..H;& Lesrvmc —
o pamanol &Mh‘lt-u. Fooamuna bawp fer o (€). Spontoe Buosdounm,

God ., derd ad {(&L‘dﬂ Fetat (Nutlpunbds felal |, Bntpie Uidd tnb el bar)

olas 7paldmfd-.. f-ﬁ-‘#uur,g!..‘dte Mug Ly kuwrun..(u., be' ten, getey Hodes
e Qeaspte b kel

313

T R T T I T Y D T T e B

e iii:: IR P R i



-?20a-

Qun:ss“a\_y— u-ad AL?OrpL'&.-.;ro.L&, Aol e w5 D e 022.‘9( -
Rt tlcacete platdl .

2. e den Vo @lin s

do W Ligbo, pt')qtu..‘-‘n—. gbu-u‘l'!-'&-\
(2L ek ﬂ.cn'c.ﬁm-j

———,

Pw.'h.. - By M(F!d) _ Q'%T%

> (¢-2¢)
(> A+ Buh(@u)
_ b6
Yo ndbCaren fpelbal bl Al o T doowok e ST ey

Datas T\LU- fu. Howdde, ﬂa.‘;.(’yu.‘ou il Ll Eui're oy
lorce Rolle vl Rowrdproresse &hes (e

&, [,_LL.‘/. t, , dve Harw,de. ﬂeu/ta—-..c.fn wlden plard 2h e,
Pu.u,-pvarpﬂ-t—l an-P.'r'anau..‘-.q_ (820 3 tmdeobrerta ‘ a(o/J"\J»o
V'S w0 e and M S N, L BReallt mese ol
C-‘ILn.Q aﬂu ﬁ\‘e.quh.l- F“ 2 0 wnd oieres i aklue -
Lol Euisiiom, weblde rpotace  Suiision be propec.
u(@) 5)1:_‘{. c-'a“'-.-uf-..n'efk Lm...n.\’ rerErton |

Al Witele wal F\ru}uu—a-hf A e Ay 2l len, bouna YTN
du ol L. Aaulenbcata oo, C\‘wp*-p Iyo{d‘uﬂp(’t Lro. vl el L o~
donn . W o [l (%48, 49) face dl) derd m%“,e.'cqt.‘a«, rechly
weok Lls des lelGMnicdas il do norwobtn, Auin forun Lp
(6-6) bolduwdl(t vodi., s VAL L OaborRee 2R G plafre
M oaf) o &Q)V.nj A=-2 @l et Plalor, 4w @e_qt«&.o-goﬂ_‘_(
o fedg C“\_Ut&um“‘t‘“"‘j Feite, (ol widt Hewrele R~
s e, ,)g\_oq_e,:‘htwoho&rokqt.‘;gle ebewe Welle &Lpe A-ral Ll 0 W M(K)

ano (R (4~4%) Atan Nocum'cuw-‘auub.u.m.-. Vall R ewba okt

wm (L) = P J(F"f) ucol ol Beflaal Khe bede e, o

LLVpl.,
Pl.ﬂ-‘.lwi - A‘M({Ft‘up.,\. o w2t dawe, épr o't (A‘:OV.L.'prq(g_
Lo ol gl a'h(ﬂ.rll_e-“\ }-;’N"-dt_o(

P
H‘”_ (F) = M' B”_ Y V(F)

L.'Uiu,
TR S N U(’-;uy.uj (e ohaa f(u.t.a-( R heaced (¢-2¢5)
'P
N (0) = M LA+ By 5 V(O]
L—Ti——=S-hF A e ﬁna",{eat:d.t& oer sbanna. Velle, S derinn Olhvtow o -
VFI., .
Mehle .

ok b kb D Beit i s i -i%‘ Y T T T T T R T Ii] L h‘ gl s EI IR "\J:ililﬂiﬂ- i ?iLi-‘ij . I [




~70 6 -

Aus des Bw‘“‘au“f (LY TN P %“cﬂpﬂuw: ‘ ﬂ, (6-20),

it wnoun O Aud (F), ad0 6 maot wona - (6—23), wect

S= 38,V wacs ﬁ (e—«3)

843_ = 334’

(¢-2¢)
A (0) = L\jﬂ ke Buy

Feve 9p o bouae Birsoonn, AN I'colol dor poasbe Akl ~
puostbefelol  wallt allin Wetn Modte vesoutosd 2L,
. (€ ~23) e Khgundrl e M«‘JV_M‘JJ— da.rf AS & pcnr
d'e  Mebo analll oAvna L'uiles L:‘oo[;?hpL (Q'r ol . Gebroel -
feto. Nodu) plo’lpathit oo e o Auratl poubfanes LWe-
P?“PQ" Mo dtoll dwarelsee Nootus o, Nee Bpeenlbs febofes
At Lk S wudaa, Deae 2p dnlace a‘:oP-t-vaak 6 L8
wn e ol e Avoolruwel M A (F) vesvacot oo wesok e (A (f)
#FAu 1) e pawile peboane oMl tabiolle Cff.upc-.’/:-
elcrl & Lol Gl d Ay, ﬂr‘“ 'l dick Ha-ﬂf'!'p&'(.mﬂ.'ot..
o Aw () at oler Modew anrat € Ny Votf | [o. (e—43). Macd
Wlepralion Sto Me Ande ol o

Ace ™ Nne hE Be,
AL( VCF) CQ-ZG*)

Ave(6) =
al V Mg

Datel wrurde worawadeh | oaf) Wl NMyp bl Fua Berel
dou ARuile war th'J gl ol abe woc olan 'L\-Qf_ra-e
pEW(,GA—\ werd te  owua p( ($-26% ) w~ol ;,1 (¢-L1) 2end -

p e i LR U

a1

PO ST T B T L e I T BT | o B O A R R T




- 34—

S Koeflivet Ao bt o, ot ponies Glepin

pre lelucots dun MNWlet ) Adow. VO %%Q{Laﬁ fe ol

Qrund Ralotel  waa e el deau,q U o Beripol et
Vit~ A-‘._,' olle ua e LS v dlan olrese | w—-p(relf-a.-. o e —

oley bew g0 np owbacu Qu\...'rh‘&'-\,

1
- 4 _ VL, 4 1

Cyp = S (4~2
*r Ay, fa h £? Baa »

Te Lloasdacy 2 e, hwqok Y hacole s lace, durel aliag -

Lol Quinion offuvidbtid vhrk suldcort werd s ( (R (€-49),

Auy de -(‘i"x)ﬂeruuj L Elundeln resnthol roar olie Cacepl tn Mi'wn -

Lule Buisiton | widdt dafpro. el eteek Nl Tabrad o :

¥ e Wawllol  Luisgisn Ufﬁ'-@"— plaracle(Era & (104 L
wol ot FL L ) s Mua L'u ol e f&m‘kjuur, Aol i« otos 8 ~

bee Planon fage wedl o do elGa P-{J-A-w.j Ao e folll e ok n,
Welly .

Y S\POMLG‘—Q. Euni rsegn e(oéﬂ. oo jera uu.,,qn'(.ﬂpl- 4 ol g~
Naw b o Revu~cnuwled .

& 3. A. Hinaw Lol Vuerkup‘_

Pty | welele oot wn Llvle funiniisn AL cedsrl e
by, wut Rﬂ'dx‘\lﬂ()‘otunga'ﬂ-fu(&ﬁrm A Uil , ol b

Loser bt b, 2e Mu’rhkj @.:r L,'au A upliflaabiey, 4,.0 Shia -
bled Euwlision of Rakalon . Derl it Wunliober C)‘L,q_,‘gc.j

O a—-wa—@- A o 2~ LC‘MA-..O( Tanbacod el alle k‘w‘-at_!

P
AP = L{ G, v (M~ M) 0 (F) (¢-18)

L“'\- Vobqh.f\. V= Lz -QJ‘WPL. (.,9"@_ N R’QGIJ&.(_I & dﬂq AS’VQL\\‘H'I ‘f-?
ol wep o AP Do e'te houren de Maetiues vorkdep b, W0,
Aold wn't el (G-24)

' = e 7oA (‘I"—'lq)

b o folloe qu‘mjt-eh_,ne_ro.k-.r F.<0 oo ou~pee(be Funbacd
il beaetbrt ™M ef Jdor  foucsl Rvhack .

AR

I T T

i b s L




- 32—

e Pl e tn'od ty lC"M-“-»-I,OL'L A A/o\'w-‘Uwr;wbau_k.. ale
2uen Bediuwmle MNodiy (e el (Dulle ) e 3~ ALLL-..,-..J

(ECQ{]L, N dar Prodils e o't Li'v e lq'v‘-uuraal..'au( AP/V
weod i ffermbellen. Valeu.o

P
W By, (M- M) v(E)

oP = E < Lrala
Bolu (&4-30)
22 v e
't o Vo wlekuep Locnban ke
vip = hE B (M-M)Y (0 v, ) (¢-34)
LWobe'  dar K
M= MV NNy (4-22)

e Ksrwntallow ol ﬂcwlhup\.a_kﬂh. b‘uuf‘ﬂ-‘tf- Wrofe . el
Wdhln A &.(Q ‘.}'f) ke Lﬂ.(qia-l?-) elta, 10 auls il w.aw (9._';‘._ ab'e
qu,l..&‘rkw..,n(.owﬂ-m.l.g_ (6'.? M~HK4 20 ’uu'v‘r A(—aorpl-.'og lc‘-‘)-—-—— v(i(E) !')
- () (Mm-MY v (4-37)
V) = o () €)
ol E):t e U'gw—i cle E,D—:((Lf‘u_(n'&l FX_R\DQULI p{? (4«-30)

vi{g) e

Pla ()= P(x=0) ¢ (4-24)

)
(,\_g‘:b»L‘..L 2iee Lon -}—R;JJ-»\L? %POMML{M oa e, cle ZL'%-'M.I
L‘Lt,{_ ( VI-\Q.I-\ a.L_F oles Hns 2an e {1{ , W M ddie VVar da'r ‘uu-mr: o, -~
Acnle wundt [.(4-C) pmpoctional &/g wecd roundt i e Celet oo ~
potlhioLeal o Aulic breie Ao=g. Qeue Aie Ll egdacw Thp nal
V.(‘f*l’) AR R ohes rerprolie Aulecbrale A M, avdlue F(’(’d-.k
al Lokwi,o.-\o_ Vulem_‘Lumj ado lLale Folle el wrel & Aalde, -
wa e oles Vuvks‘?ri..c-\—r' Lme.((’-\-\‘h—l- MQGH’.} v oo Aultw focan .

Do do LMupoudichuns fate Pl (€) /P(r=0) = e VO o~
woab'edl wab ol R’a_;ru.bu- kqﬂ.mwa-\_@ufl., N e Z&%Mfawqftr—_
(ww-lp(.c;‘olbﬂ-'& ver, de Vu»(&'rkuhj ;alie vel. 3, Qs’%r«—f.'{uho(
st b et Ao Vo wi‘ckw-j ab (o 04D Vu»(d‘rhguj oan f O ol

e




-31-

Aw/z,y), da ol Q'Jt‘o..ﬂah‘p&'k.a{h_ aa Bocolon e 20w edie Ly Otn b -
ol Waclyt. od ac do. ﬂo.uoﬂf,:m-.am“ T quorel e, of .Lra(.)_n_

Vv;&i‘rkuh‘}\ ot oMt Do o soly et M -y e wael e Qoo -
want ol oot Unel e wluninm b ab . Fe Yo dddhunys Lac ~

by tnimtal dotin 3, da Ao [e:ﬁk-‘-&&h.ga(m,u das Aireac; 2
O e Lty Cunirsion reslemul wind. Mb Al legunousdd.
le M-Ny procke aaf ol HSLfle otes Wolks ohta Wuwlivtiole
Felol aﬁp:u.ukk, Qpr\‘uur Untntn P ﬁd‘(ﬁ"luuj.

& 3.2. AWfOO%‘%%(‘

(el e fanu aGh'oee Valiwiea dercd el resstanle  Phealboe
e 2B 0w Qo 2-41 oo 2-AF &'«.pﬂ.r:ﬂ-ﬁrﬂﬁ-—., 30 latia 'l
ANE Mcﬂ-n.rrg,fk g'.ﬂuw‘u(]w—j aufé.u te.. Mal pﬁ? (%-3%) <
dhe V(S"\AB\-.\'(AMJ W%kﬁh‘afi 29:'*;)‘*-“9‘5-'“]"] ; dalosr wrd 2le
UQQQL ) NN AN P\‘Mu«‘ ol - gro() len A‘h.m-ro‘s.wmw_f ( =~
P-.uu-m:]) aunboclel o uatitten venticld . Do Vuﬁr&wﬂlh ‘e
@.&anou-w.»‘, Mn«.‘ otw..PLP«_.c..‘S-u e s &,Moﬁ..l-
Qtﬁgytqrro:ruj el oot en, e N Roemalorw-ooln, ol
erm i Dot &t—.f oo daiv e L vae 20 on'ed vendarGh wn'ed afn\/l
Ao wiillec s, Varleode ‘u_ro‘oﬂ-l_ W7&¢V/-‘QEQM wuol e, . e L(..
b s dFclivny Bt olatin By wol & pilp e Shollbealll -
P

vie )= 1, (%~31)
Wewn V¥ oo Vuv&ckuu.ru..c./) wus L V (G=73), 8¢ ohie Vol o .
vesluade ( A‘oaorp(na-\,. ﬂrwm, Bu.Jut-I) wol ! obe Verdo, e
durd  Mabypoleal t?.mj (Troaaswdssio, an ale &erkm{a/&‘da\)
62[. imo. Modar Geretduwet . & Dd.l-ﬁ« 'y mtftii’-(_\(ﬂ‘ﬂ-\lwwhj}\b\

G..:TF: = — o dz p 9;;6'3—0!.'0{2- . (4=2¢)

Piere Vir bl olos F_a.w‘on«. Rorouslors bduwan el i\{?u.‘uqﬁb..l-
datd. eme ctacolle MLy Plotoon b Lefs ey d e "’1‘ pu--'a-ﬂ

-

e b g L T e L]

IR



— -
oes Be.'h.'e)-u--s Crl. pe.(e-5))

bl
Pir =Povo e (€-3%)

ferldevef o werol i, oS’ Payy he eua Wilpucld €0 wol
Now e wouosntan worlocdae Lotd b_‘*w.-‘f A gineus Regonaior.
v oday ?"\T ot ol Resovafoc p'e A‘:kpf_ L wol Mrn?/— oler
Mﬂ-wr)rnt@%ou»&ktor lc (wslen) wmlireclle Ao ol ey
o Beral. Dicw fOL (B(=2L(2 weel [.(2-63EF) Reg = Rugps
=R 0 wlwnl Yy Ze..%m-v oer i Lacfael b (el 8y ol
CXT N Rc.f&un‘ouk b 2>L/2 wol 2=2-Lf2 [ S0 ol ole 2o Y
b= 20 prade onf Ry (A4) = Puvy -RE™2 ¢ ol 2 ol
wa't w (6-26,23) '

R /Y A . v A
Tp L - g2 ",f' o‘“g_ + Vo 0, (€-3¢)

Exe dve Pholowt Lbosralac ven ol ofo turt fertn tn ool o,
waonf) bl welde olie Dacalbcatte Awpg ehtr Roroualorngotes btrlbinmas,

:'-. = —‘—. + _:!_ Aw A

L~ Va A

PR R L—29)
4

SRS

ub -l e Pobon . &tosdan o Tpo Rerifd ol an olo
Gk Pl o aoopbopp M v Uu‘-].-;l_ro.(..@u.:_! w~ol oy oloc e -
Lbusdace Tpy be i alle ovolesm,  pleSel wt & u@a&,
A-fswc[’(«'au.l U~e chan w0,

Pk o Plolowtn il tanddomes Tp LM all bt Aho.ﬂ.uh‘sj be -
d.‘c..lw..j P,(@-—Jr) amcll maclur Porwan Liesta. De wdbcaol Tp
“ﬁ&rﬁocl«.pzem.‘[u_.ﬁ& “ Pholotisn, w9 kg prracle  dharel e’ wrcd L'wlg
Prreme wallppliefub v ew , alio ptd san oter (Qoelle wal

der Plolon s gtichie L= Lis Lu~r Reroualorve b oo V=L8D
h¢ - 8Dvpy,

( P M wredoua, Me Poqunh. [ﬂ..")!.u.q,:[ Citn bebrachtera Rerovmiarmoak;, P=2P.'e.i-)
U-\.-bl ok b peh- (?-2,5, Z?‘)

f

o€

b edd

it 14 -‘Ii‘[i‘ it



\ - P___ t VPiE

S MuBuEpve VIF)  Nugroe ShEvir)

tf’ ‘V‘ top !
Lo . _’i’.é.(m)‘. e 2(€) (4-40)
tf \'2 f" v /

1 \'A £ Pr T =

= = . . . L
Mo b B v ) T V(W“‘) a(§) Tp Vg Tp

(oo dar Volllluy von spoctace leSsasdowes o, 0w ppreboen
Fonbonols v Poto vic Lobu~cdowy  bre. Osc ohe SLwell -
Lwogradonsolidle ( fRawwlou — Townues — th‘eﬁnuoj) . PaGe)

Ne= MV = M- N, ($~41)

At Woow s bl sl Mip snbrpced ol ofe (L00elf ol'chie.

Dot e Renotudbocuodas, Weleler olerw Pour arwua der wor -
wmivt e Haitw forun R(6~6) omn Lselab e Ligl, wfSLit A
(Shte Voddsr h;u—-.! ol ').Qc.h‘up(- /o?ﬁ-‘.& o il aw. /—-‘qt
eee bowogue Lule we vmel U day Medduw, macl Scbll L
kormme (pn Luotr Uk, 10 aitl e 2 Sl Ressnalorusoles
a.._‘\&uq‘qjoaﬂ, da. m—-f rrw.-o’; o Miun livbhre,  Lunirrion  obo'e
V'ud&‘c(cw-j al uun b, weol Msar wrfer oo C\.an.olu.a«. Fatayid -
bt Glar e prere Rlede b 20, obf) be) oo ftw oy frequmat
F;' de Be_o'.«'a:[u-uj e ﬂ-((‘“?!‘)
ypseRE Ll ¥-290.. D
SQwi( frequins o> oot fe,
("‘kn..'Pu Re>0umabec ) wa b mhla -
et L wor. olo M;L"-w\n“/.\ o fhfe 1 b

Bild #:20. Suttigung von Emissionsiinien durch cine
S A regiatan R o Eigenschwingunp mit f
Bung R

“ - L. Inversionslinie chne Scl.wingung
h[ﬂ*&‘*‘n R_' r>ouadors . md. €1 2. gesittigte Linie

ANG)

(NS-NDW(F)
(NyN

a

3. Schweltwert

Wt ook S el B0, Soan wAq ) S S o pomoger vetrones L
de werwale ‘Dx'-:{:un'&-t.. ols,

Breducplnotin o flereil oo Voudchuny Lieie adduddt,
Rt 3-2, dn 0 wnwllC dom Audmanllie fo wit olas W veu-
Homtdidde M aSulawt, o50lale fiy [rodol odlat. Iad
(.ll..‘/)‘- oo uack V.(J-thf)’ Olﬂ-/) alce ﬂgaoum..;-ua—iﬂz.g,b."ukz &_f‘,—
Aetee € Aag, dil. G50 fa = fave > foy wact wadotieln heoesie

o&




-6 —

e Awize walie bue wads 2w wnred a.u{ A;u,g MZ‘T ' ol

daff e Adie > Aen e Ol bdcpe be Lulewwathe bl ab-
uehw s ward = B frﬁ‘-hh/ Frcc,u.u_-.l- oba, "[ul-.'/)h_" ﬂuoc..qapq-
Lifl Cwmv wlo 88 fH M b ol Clolé st Berovalors, Die-
W e fleht (Preoluh_gj pulhinr) 4 wam 20 podfo, e (e -
Pes ote Reronatoc boaval bratle  west /e blaleor ode Aulte brale
N

B raue 8 «a Lou—wlk wovtiubtn Medliuw, (ool 2.
axiates fodig dic hovwe lecplrdldld g Bdal o, olar
eofbrh Ll Felol Adrle abbant) Ldue b, anmdd golere @k -
b Nedo oty ﬁowo(hm e m..-...em‘._.la.‘_(ofmb-.'o-! Lode
butm‘hi).

klegh olve «ebowopme hude wee 10 bronal fede Rerocaloc-
wodiy LG Lol 4. oAe VUv&lTrLu—-P burtoe ; %0 ob-ﬂ Afe Aude

W klo , alo Acbouwofen ( poodbhyl ea'ret | ot 4~21 6.
Oolrtnet oy fawat orllh 2'ces bwoedldclay redeto sdoed
wa b e Vuﬁ“rkwnj 0h r mual, AGr LK . 3.4., berdapul Al
dve 1pellkcade Drode oo Eudrsdons gl QJG%Ur‘e{hc—j oAcamo -~
&, da de (Gavel ©rate Loy ot en ) Redoralor ger buade  olantd,
dos  borditcl teole Thliwa bomprntul woolte, . Te ol lile
&0&.‘)\-0—2‘—:*“""1 dal gl Ly pdntan tunltriuie I‘l—rqﬁ.ﬂw..3
fecrcll Jesto s ( olaf) <o V (¢-1F) v fanu 22¢ e (Ll
YIS ¢ &_f:, C v ot alle'e we Wealv@w furscen oernd -
gackt . B¢ Suwne ven poalace wned W wa Lulu A'M&-‘rﬁ-]
M ghid v derl o tx' olew~ Rpronoloc voliutn, eambiof b to
I(__‘“.W! po?“.‘& el L2'e UDMWLQucL'[A Q«.‘-o&u.r)fm.j
de> Renrpuatlocs nc.-f wndd e Ewnssconr Ganol Gretle G el el
AT} (7‘0), vl . L. (¢-S%,89) . 0/(%'\.'9&2.'.2 C\s'.'f.(l. alo ol
ulrsionshbacdbotle vl proiucieadsn, Aulel pontlanw (teal -
ﬂu-uf o, ole ﬁ:aﬁu‘-“h‘*ﬁ\a‘@-"- a6, Ml el wty, ooy
der Mesbiuws wricl afo on oles uu.[,_(,uc...] ol & S Doty ot'q
Auce Fask rfwates,

i Adld L i b



-3 -

€. 1.1, ﬂa'flnm.pﬂn.‘iuc.fk der favy ~ Oy 2lalocs

Beive fano M corweba &L s 9uu,|’cuoﬂ~ac\1u( el e
T £ f-?,L%e_. ve Gzolu.‘-uu-{,oltu. fc74cef-.. der awpererke
LASeole , wnol oews %M-Lu-. e Platou e (n. Resovatoc,
noL Euu‘-‘q_apn.:dlo ado , dhe e Jude bl ovetl wnol l@.pc.;-.‘l.."[_
wack imandle Oeclelanclin (oune.
hlo evmon, Koldtmiefletle widh, bw. dacorl ave Wedned -
(‘h"rLf..u-.J des lowra goluws wl et Srcab -Qw-rlf-tco( (ol'e Au-
oo ey oo hovwa, wol oo Ploton s dielle ) Lacp o Voo-
w_‘\d.  olla. Relovollons bt oo, Du_‘.?{(_ ~e Nerlce -
beansy ooy dyho.n..c‘utk. Volalbtas elces lanus ot'e Bfolteld
vew Bl de Resedyucs - weot Plotoc t relb Lo . P ol
Ulh-(‘*““ ) owelol Wl g Kouttfoul'om ole> Qg £ (- Lan M-
seony b, des fruwstecnbacols wne
R e My [Au@+8y SUP V(D] + M B SLEVCR =~ 2 (i)
ols- o4
T Maliotsre, Fabondd rerc Lbhul odarocr olay Placcl'rule
Sheats Quapp paedy 00 b Pholomedbcdle § 4k S b Mode.s, (0.(e~43),

Dawct 20ae rhwh-uup CROU L, awc@gf,; a_._.f”‘_u ULl e,
wudtsn kaun, wap tiae “Pucpe’ mib wne Rake p pro
Volwn o, V' ohe w-.‘g_rtrf—h-. S ba e M({d‘&u, ol tran
hehpreds s Adoune ol [ruasl 2 haroles anperefb el e
Paf poid {8 Ne Vorddr hay Malle sl bousonolilde
= Me~M, , [2. (€29, ¢O0,%4) , Pdf,}-.‘d_ s(E el wae, pEr Ale
R Loy (o L e o vaCo olo (f'avau.nd?-j , Wof wer &' Noduws daz
Bettes oo dony b,

%—7’ = p- M Ay, - M By S’LFVCF)=“%I4 ,

(¢~%3Y

48 . LEv(E) ¢ A S
E ”" OM S‘ F F) VNH(‘- tf *

yArS achur,qL‘J.Lg ooy ogﬂ_r;r(pk fundanoley St @t olesr
Pau—pro.u. P Le wiunml af o'l Ipoubacy Gl i e lar
Csscon . Pe Plolou s dbilie £ ddud wua't iponiacy weed

oc

e by gl

I T N R T N I D T R T T TR P T



M va e L3 ales Bisidom Aa 2eae Revobw.ﬁoc-moak.m, e Aduwan b
b walt ol sn gna«-d-w. R.uoumbrwﬁu*m_..

Do e qr.vowku.p_ B Camwon. £ wn Veoteiunsm V' Cunota s ole,
Brela Ap s Cre,ﬂﬁ‘-eoé_.f;ru.:’- q.«p'_c.ou.nu-u-%) LUOcn Wb e,
Rule { Paxduad (oG V(<)) v alle M:PG-‘J.M-. Moot e, Nﬂl
des  Cfrab Qwurl fdola pAb,

Mup= 2M 2 247 V(L) A€ | fvpmye 1 Lot
"t (‘7"‘) Vge *’(FMJA{'N} &’rrVJ:'] (D

Po(f=6 46, 4%), (A PS¢ din Bebroclletin Modus oer holo-
i feloles wmr oo Anlele N Ay /NM' mqpyﬁﬂ-'i(p?.('f-tst).
BryCer wac a-y.pu..oununk.-., o(gﬂo e (:tl,yp‘,‘gp_ ms Mivtauw 4 duan
uer Al Lo ol u(’o?r’u-. C I day  witd ot pcyﬂ.?, 10 M o

Deflalon oles Aucara, %m.l-m.u‘r&%f;mak: Y 6*’-1"-?[-
L2k Acal Leoler a‘aux,&'upw_ wza‘.u.q"/).‘l, Vel Ao LeGow) -~

dauner dey Miscons 2 et Bl v R snotes G'Qe)‘)uptt‘.ﬂ’w.z
da pmqu.-LA. Lt snsdave T, O«kwt'f[’i-'

Q= M t’p . (4~45)
‘Cg‘, A &-(?"'23-) Ak doun R wwdriae durd T, vouam Ad—
ooy cadag b e S ﬂ(’.:.b'-!-w_r; 1ot Qe bebcachled wuotee. T&r A -
dovnion oo Plolow s olicdle L lelcl T,y wafeS20R. Aus R
(¢~%0) &Gl won odaun obe  $heelf Lmotra,

Tw 4
T UfBuv(flt, ° (¢-w¢)

M:u. = MM[’.

A d Scfes ol o W/J ohe oM Al oo hiww vk en Sunitriong -
prowste fuwnlols oo Plolovsu Lbmsdacw | My W{ By, v(€) -Tp,
graste E£'un 2, oG [ eotes ‘o-uforu_‘;qpu[nbe“ Ploloe, wh'tel
eretyt . Flc wioleip SOoull dicklen My, 1088 e afo ohi
Rerovaloroe funte Lo, oG, T §rofl sele | waol otle Lol by
dav o 6{1«_“”.'.1 1Wonbanes ol et  Eunirrlon 108f8le (oo

L7 2

Unte, VUQWOLW-J o “ﬂ~(9'¢F,k6) UL waaln ot dus

1

Uoe vk e b a1

R e T T I e,




- 39—

Bc-;-x‘n.lw-..‘ I:P (¢-%3)

L Y | Y T Y .

old- ‘P tﬂ M"‘u_‘ tf ol ¢

48 _ M S . Mg (-3 )
[V T .

Mu Tp N"FV-;,P T,

Mo Ny, N S wanst P vt s AR g o G’ Gan h«‘tnsﬁﬁ'up«'r: Jfro -
foe . Ocd fowes Badda ot th <uwasa LS oo Vas et e b uago -
bowrof bcedle (Rrooke K elellso u—ajc..d-“.-&._ Ma\lw-fou.-oo(%

Gangprepl VOO S e tatn | 9 N p? (¢=¢?) foefna-.AUuao. Bn W
PYTR Y P TP

d.'_y-!' -P_ f—': - gm . ,S" dM
o T tee Mo, Tok - AU

(¢~«¢
A .M S, M s ’

o Miw, Tyt MV Tp Tk
W, ok o Wedlavna, A«..ofckcup,_ w 2R O 070 Ut e 4L e ol 2, | olo?A
WEGracol oen flelevely ey dnwy N, & N, O, a(n/O abo s
waloe  Barbowol WLt e Leselpt AL Koun < ;P (¢~v@®) (or
K Mot pretyd wudse S= K S, W,

. e = Mg ( Tp =Tl wa b
a2 4,23

-, K ;7 W U(ﬂ.u POT- VI YN %gt-!u_ Oun) Lhanr st F_
'\pppdal—u\ (.D-'f(uw&.‘dl,!n.‘dmj-!« b e RR

AN, M M
e r T, U ?r f
‘ (L—%%)
o—l_..S' = yi‘. _,*g, - Q _A_/_" —- S
Wob ey
_ oM K K Ts
Q - - Y —

At Anlel L des vfa\nﬁ-c.uu.. Euasilon s olas ﬁaqu-.(.oim.ﬂﬂu-uj lst-

'h,lt’.ﬂ-')‘- aﬂ- “azg&,‘bfawu Ml vaa b OL "lafllvlf- c.}t)(n Vﬂ-\/w
s Lo™¢

o€

il e oAl

I R T AT




_?o.—

Nact Q.‘t..pc.f‘(-,cw‘l D Fuan {os ﬁré‘p&. X,,I,Y @:'t‘ e o ~
CAao-r e M e Puu—prc.(-o. P wd e Folou 2a ol ko
e s,

I=£ | x- X% -
Pu ! P Ty ! Y Pty (%~S$H)
web &
PH‘ - N.,‘u‘ - {ﬂh,('f'“f‘,fO)j = Nﬂf - K V (Q""n)
4 Ty W Tp V& - gy

e .Fdwd?.ﬂpuwfarok M Qe r peracte ohe  prrac b pe Keroca. -
bo cot Aha kou-pu..-u'ul- Weolon, el lh wionn ohe worwe bt
l'!a‘lam-tp.‘uﬂ.uhjka

Ts X = I—-X- XY

'

(v-53)

»~

Tp¥ = XY +QX-Y .

Y UaQonder. Rt Lok=Y20 wptl il kie Alh~ fap-
fatte - Ko ia'e vt Viwed ,h"m;’/w.j ale> v’oaul-m-. ety ~
te. Albhoniedds (R=20)

X=T , Y=o L ¢Tu a4

- (¢-5¢)
X=4 , yY=ar-4 T2l >4 .

o A‘QIL alo -ﬂ-\“-\l ‘CWI‘CQC'-‘-HL- L‘hc'g_ wvor ¢ ﬂn'ﬂ ff-Zd F"-fi‘tjﬁuﬂ‘
le fuactor.,




- 84~

Qud’du‘&_“L A B ')Pmnf—m.e Eunrniom ¢ ® wldLld o

X = Y L+4 - [(T-0)*+eal
Y+ Q 2(4~@) !

(¢ ~5%)

X Q. L-4 ¢« (r~0O* + ¢ QL
Y = =
4-X 2

v ptm..l-i"u.s?ul L=+ 0 #LC‘— takl Qe der r“pu..‘/u_ GO -
ot dic 056G RE ol U GLe do flwelly o (£ (¢-5%),
$r pr2bee e [rentfuntlione,

T
X ™ Y~ QT Led,

A
K= v Y= & I>Tu=4, (4-S%)
X% 4= & Y*I-1 +Q IS4

for Ao RebeieS Wt wloe S, Be' wast el ol o lS oles
$Quells , B oo 'L 0l gy ﬁru.;.waol&_ e wocuar Wbt
Plotowtdidle (ppunllete f[rractec <o Bl G~21) r18usiolec,
et dpsnlane  Earitsion el [R.(¢-5T) Ladclaudhyl, 70 Lo
Aty KCA weol Y(I#O))'O, B ok ¥-21 dhr&aaolh.q Knroen, .
Aes [0.(¥=F3) f%c X=2¥20 (aue e effellioe Plolou an oS oug
doe or (‘M—t‘ 2. Revowalocuodny Seblroclletl)

Tp Y+ H.(4-~5Y, )

AP Y Y— KY ‘-Y [y )
dt(nh\UL ter ol . ¢ d-’\ —-1-_-'—' = Y'a - t';('# ﬂd.u. rp'l'- ‘/(CR‘-.‘—
e Polonte bbecratary % ado du Aoloc e acabl (w Lerocalor

br: o vorw ult. Pq..u-.pra(c propicliocad wal ale [}m.; wer i,

Cperr

T, =1+t L Taq |

Sper o4+ (@ |

Tp & P2l (-5
Teert o E4

T | ® T»4

Rt =22 Wit Ao darlan Adolwuny e ol acf Tp Goruaier-
e f.f(d-‘-"dl— Ploloce b 28 tgalon s (o Aia(\&'h[('Lﬂ-.'l oo o

T T

il A Lt s e f e Lo baaddls




_?L_

Puu—r:co-l.a. Dre ‘-Cn-ﬂ%wt:‘.cc_‘(. Acop_kdg_,, qu"on-.. Re r00a tory
(W—-( e Modas Lebracller ') otice Q«..(ab:'u.p(m-! bl ol ey -
Lol Bulssion (“(““L‘Uk Rerocetor) epral olered Cp j"@p"f fﬂ
(4= ) w05t A Rersuacr bucoe garl elae  Kocseft - A'ue
perslau b wncde Ag, = %p . Rl e Q-.l—ab‘.'u.’(w.l olr

v Lol Sl seo o, w;,ré'/\ol- Tp2yy, ol plle HolfSwerls $ra'la
miabd aa.-{
1
£ Vit (r=59)

U N restuvivle Luwgacboets suol . PLoldiaan  indurack em-‘/h‘ul-’
0 dﬁp (ﬂ (¢-T9) A HotSwolefrels ole lonw 2umitscon, a‘-,‘,q'l-‘-,o‘-'tf
Wi o, Cu Abrdail €.1.2. acgdaal juact dos Phsloun. 0L af~
Uiwatan b, "leﬁcouce B Aoy L% were, Wo wietd .u(‘q/ku Q.'t..(ﬁd‘.‘),_
WG . Wegew der sbarken Auslumg <n olec ypelbre Len AUl Lay'sh tianpse

uo(--{iuhjké.‘url- P B Y [L:;‘/Je K 63u. (A (w [e.(7-5D) wea Las. Afle Qerrelin
fontn dece. & ol howrbacter Paravncle fuapleriot ented, houm e daler iC ol U -

ptSw-I ot
Sduselle ."P_'ff.* LTS
te

Awvg = Awgy

w-c ol Ay
Guat'le- LGJ

Foe Ao -

Wie oer - L+
ool a. 22 -

VUl b,

10 =~
AN
Q= QD) ! ‘“ .
-

12 1

10

8.0 &-22




— P~
PdQV\oQQ @‘ﬁa'-(rﬂ-\—kh‘r(.ubr;;taotﬂ wesof o c‘?pc‘u-:a.)‘-:

4 N Ecreugie Pot.pnrV b losenes @—-Ahtkur'rﬂuupp_mo( ‘

1¢ -é'::i dvertionedichic Cop M it kGogdacu sien ac g ~
Fojbon rnlanotes (B¢ spocdace Suissioy
wins Plolore, Ty M do £Soagdaones
64-,- ponbone Wk slrol Qaote a‘:"Fh”'
fvma Lk c"?opi‘-hp. ek fmnd Hwl -

Dov lans 0u amraote ot pro ¥V Bt

Yeu = TSt wey oy'clle e &.Gg‘-khﬁr&u&r’?ﬁaa{ be -
il do Nuf»rwn\ﬂm]-

'qiul— =

A (9. Ao oulvweds Rat.poV)
AN, ‘

wetd T

'M(v bl sl @Quaclownr -
s geonot

oo ol saelpepc Muth@‘r‘(uu/)og_rgo{ L;_‘(_,V__ She

P lavw oo famiotsa PRobomtrn |
Mo = M (€-60)
V. fono s phe PCoboin by

Fasintat,, B Guoliocl - ﬁ ($~60) (s &:-,- M men Ll
B irsion (R 0) 8ol ode ho du Shwelle w T [R.(F~27) %,

1/Cps
S crerol G oda
AfTes + A/TpA Ml 2hden ¢ o caf wae

2y
Mes = Mo Ef.s‘ (@<+0) (¢~61)
wls 2L .
Pre G de flelte 2= L/2 (Rt €822 o-/:C;.ﬁe_ /c_%u&j annPor ~
(000 dan Renoaloes et Ot i Lule Lu's)ioy al.ou-c'm'u(-‘
u ol oles Je—?ﬂ-w-:l (w dw b ferdlen Welle < Rorpnctor, Pue/2,
wack R (E-3%29) atbeo

p o _ v

o - e T -

fo= BE(-R)= F (- P ) (¢~62)

woooumtnon . T die poanle /mf.m._,, or L km..olu. v le L4
e L Ol ta0n (e f;ofha Pit ), < bnocatoc Poy aLF'S'BDVpL
Pl do deppeld o /,c."ﬂ-u...] dv wek 2=l Low frool s Oalds,
N P\Ll- wn-u do Vocm—qod%u1 41:?:4',& << {4 ( R=%P7 =

T

L_Lz«tvs, s b L2031, e 1ALk WU i GeAs- L )
P

oE



- §h~

_ v,
=:}_L(‘-S’-B$Vﬂ_(4-e tpr) :L(.F,S'V (1¢%),
(¢-63)
Llugey L/V& /"d-)t L_._{_u_fct. Ye-

B Sty d-.&..-j fir Ade whhca(’wagh hocvepwt ,

Doy ‘-—-—’-55% 2l Lo, b R>OIF LAGL. hd e g:*
?

§= Yputp e arguplotte Metwen du (£ (=Fh) a0

a2l wan, (O~ 0)

T o (2F.) Q"‘

£ - 1. (¢-61) (¢~64

Tes  Wf oA (pV) - {p b= )
B b0 Belancte. Mploralotale, uwel ppes sew [rowelete ol
fanos Tpy Loecdued cerdtan ok, LMt d caad (2.0 ~E4)
e Polou b L6 wsol anw Z'f, o> e pf-f-;ltnt-j des A -~
p oy WL sats 'L te, w200, [Fuces .Qn:‘/)c. PSR o

2P
e wwwm (9T (4-65)

&v W“Q_ m.l..ﬂ«.c.ﬂ_ Wrch\_('p‘-o.o{ Ung P 0n ol uﬂf‘L pe-((f-64)
o Anlerue &.Qu#&.m’r&uulpyad( G clen e,

Jn datationgen. Tkl X€0,Y#0 Lerdce'bin bo PP e
Ho.lan.‘,,lu«‘}-_ p? (4$~51) olas oLJ«-\nwu'a& Vaula b . taney
Lov~e 05 W LLs. Cocy . Q‘kupm‘-‘w v—.‘LaSCn‘.'ap‘V .C;J'(k_ M, o
sl o B olreld (Sbo i Puwrlrow ) wodi. Lorkt Ha €5 -
Lol oo, | Ao wocuadple Puwrprale [, 4« ounstacen Foret e
ancd L Reouatorpale (ade bt Polbow . Lebtnsalamu) oot
ol h:oum..;-prq.qu.w;. ((owapralrerotd Shas AL Sclueldl wowiious -
drddee Mipw [eates ResdouaWruooks [p. (e~<¥) ). p (¢-53) M
e p.Qo(J(JUU-M Ul L rare;  Pappu A«-L'a.ﬂptn.'du»(qnjat-eu. , olss
o an qﬂoﬂ.wh'h‘-— U ¢ tmw- V_QJ‘A weol e, (e 1'(9!0:1 A
de A'he.qrc‘\«'an_J ol rel R e K—Gz_‘-.m"/c.c.ﬂahut-p.

/

L) = I + T,(€) , X(€)2KotKo(€), Y(E)= Yot Ve(e) (5-6C)

wdRl., We Torwa wil Uotex 4 shelan date’ e re'tal -
P\F. P‘-o“(‘[,{‘o"()ﬁhl e 20 (Mate s 70211&.., dn() AL Pw-;%m-ﬂ«..

v

T T I T e e e T T T T Y e e,



-9~

T(e), X&) wal Y(&) Aw R-.‘l-w..aSQﬁ‘uP‘Jﬁn- Arse..’(rpahu L, X,
vmol Yo datl dGree Pﬂuly\.l—d—k pu.o‘:‘&ul. wesol s, Lut .,
felt wrcan a (e-¢¢) v [R. (€~ 852) 4 u~dt (rm.qa,e;m.'lt
Prodelle olu Wt‘pré'/)d«.. ;v @l waan

T Ka > Ta=Xem Koo = XY, (7-6#)
To¥a = XoYa ¢+ XY + QX =Y, . (-6P)
P> [ (4-68) et ek
= t'; \24 - (xo_'f)Yq * t‘,.‘z, = (X'o—'f)‘/"., :
X Yo + @ ¢ K Yo +Q ¢ Le=6q)

ay v [ (4-63) 2L 3 wlren T wd 4l eiew Wl voliad -
v,a.\‘..!.uu-j 61";- Ae Plolow 2 o'ty &l-f_p-"

Yo + @

- ¥ &

Y, +y Yo+t o Y, tieg (¢—%o0)
Ul ol b A(a(u?n-w-()...

Y=t Yy,

Yo+1  Loea +{(L~) ¢l
& <4 2T, !
- -L -4) T,
vy~ =X, ot t{(L-1) +4QT, ' (e~21)
14 Cp ).Cr (4~ ®)
oF = Yo+ QXo +4 - Xe  N(L-Oiegr,
'I.r to c'

o otoe D&'w’:fw.ya(..o.r.f.(,';-{l«t-k ot Aie Wemun brets fre -
Ut W .

(Ssrol  oAde Pw-u()ro-l.e e Z&‘rw..‘J Uddealierl, 20 Fuokert g
al e Lot wlule K&gm[mibototoah.al.ebh Y taacs for.
ualf o Poc LS LL w9 ={w tie (rquu...agqq.“r% (o bpn ~

fk‘vr (w-.f.)-.oh
Yl' (4:]:0) _ ‘(J,f-Q 4
L.(e) T Cp altyster ! (¢~¥2)

e Do el J-.q. g Q‘Qquu\-aSCg.ar (AR TRNY Loeatbn ~
JAA Lo-t- pf (3 21) . AR N o 215G s P.u..reu-.ol LAl Cared,
de Quol \.L.t-

Ye(w, o)

H("‘))- |Y-| (o Io I.)I.

()~ ot

o b

T T T

T ibiata]



~ 96—

Lerednel |, du tice belcd il e oo oeptbe (abun, b2
{

we=s [ - ¥72 (4-3¢)
oflsetnon Conn | Bl ¢-22.

10r

V ’rlwu = 0!1

H(ca}r

5,0} 02

A=) ot (4~#5)
wrd ob Ml A uecian e el duet

e 'Ju-fn.ﬂ,qc.(.wrl. ven, Y, (¢) m(
Cine Aurr[w—j L, (a) =T, o ted

L Yt o ~(k-1E)¢
Y, (€) T o, [e

. e-({dE‘Jt (4-#6)

]

Unod (A eep o paals R (p e p ﬂ-.
D V“P“',I Lo F-UCNL‘;& e,
do/ 9—-‘1}\. b yess fru(wu.;.

We = [eq (-3_1)" Aco (¢ ~32)

ody O-f)ﬂ.h‘oat-\‘)i Q.Q £qh€d~. ‘ A?ro De apa«'oo!-b.ﬁg L{&.p(ﬂ
AW F&'r _L‘MPM-?')-— brs. wWuwsy f’a'r “wiin Aurquuj ool
-at = 2 _I.

i e,

- Iz (¢-#P)

fin
do,eu..(ul-, el v-22. % Atfq.l.( ol Mool tob'ows epfica L0
balt w Lol e Fregu v o b Vot ualt «Ooh) (Delacly
He wofpt de Diuplucplomtacla prop o 1 (c-2¢)
die Llaiwe olu fetolee Klovwnwwacrdlerely G.K',’Ohﬂn-.‘-ﬂ‘-.’

o I‘MP

oo
A
oy <t =yl Aco,
(¢~79)
4
&, wire =1k -8 avo,

oS¢ apesoolh Ul e Q‘Lu.ﬁua'c..[&_ b U()/’L M. rep W

vacl wa de notwmivba, Puunpeate To 4$(n‘-‘t-[-'l, R ot €~2%,
bro. o ooy Pobon i dille. Fie L4 und Q=0 2yt
e D&‘u-f(m-.l (olu ot pngolted le X, Yo W l'o. A ll !) akle

0E

T T T T T OO o O i e e O A T e e o T T



-P3-

Che e tWllinbonte T, a Mt Top ol CZ‘-wP‘:t.V b Moo
4, (=31, Oboell ot floelle tra gl Ave Habowdre
Al u~c Lol &‘F—co&ﬂw.f Yo W&l 3¢ .'D&'u.p(w.-! b&.‘,.(}m,-.
feve Swnisiion & dla, Dedeaclls e f&u;ufhu‘mmoolo) bocatn
e !D&'wmfuhj de bR wlSCn vt ohe Keroconrilelle oler

Node LaClouy ~
&a_opefhe{ 200 ~ 2 {
Ll 95 flaca, ‘ ?

i 4 ,l0 @= 0,01
Jecto s wa . ‘C’_l N { //
doun e Ao " . /K\ - :/

. \\
w o Soele e, ; . if -
do gu..‘:gf&.. : 0,001 \‘_\ ‘
bedcd A L2 L T ’ =

‘ |

(2. (% -53) Tett /Ax/ \ I
W—-G& Ivu 1k!- z..—f\)‘,\{ . |
: W20 '

(("'Ll . 1e 0,001—"’\\' ',_’—: T, = 2.5 na !

. . ’ Wio T < S Ee -~
g‘.‘ oAe'lir . ll '1 ~== T, = 500 ps iHaBntabl
€l M oben- i |
@.ﬂs auo.ﬂ?h}.( 0% H;\ "
- Uol-a., - ° I‘rfpz/f,) ' 1*?‘;1,,/4?;) * _ 1":: l 0 5o
28 ANe Re- fo. e
allion ol L~ Rkt ¢ -20
e ot Al

unlo e du Sdoeld, anf eee V'u&"c.oluu.-] oles Pc.u-’oto-(L,
Wimn L &K 4 bt colen Goaa. Qe diora Fall WU Y=o
urel waon LWL o> pﬁ (v-$2)

(>

T, :

-

M T(-2$¢<c0)=2Dy wet L(t20)=D, , datn opibl Al L
e Lé‘pc-.uj

X&) s L (4~ 2=l

+
e %) K(€) S X nd, («~&1)
(A

A'M&-‘ww—‘ Witd v sunlul Uk bn, Vaan e haowr'dus -
docthle ote. (o ellyol orlh lol. v, aslia e pthl  dh'e

Q€&

ek hals W batl ik Dbt oo bdiogitliot e o 4 olbl b

T T T e T T I




- P9~
Ve rs (e wrspr e

I;. "r«

tk, = T, & << 4 _
o 2 T, 4 Q : (¢-92)

Ay (L ey 2t Oerle, fic 6,¢ (nbcupfkpt &:‘r Li=0) lowe
alo oM O.DGH—L 25 2y Ao 2o tﬁ"‘?*ﬂ‘ Top ey NMireomr 2 be~

rechad woerolo., t& W)..Qu-\‘t.d.yt.' O g Lo r>/r#,=’f pﬂ’mc
wrrel .

Nok oo Elurplien Miwa-
Lowle fuirsion Gana e
&\an&-pb.'&ubiuﬂ ol e
Q=0 *r ﬂw..o.rn-.'bw-]* ole, L{Q/]_.
q;lunwt.p\uu., wldd welbic
uu:.?.._eo...u Strokae . Muwvad
uv}.l«... vl ¢y dto Okl ~
erc(mu-hj‘ vorn Ruyervecr N, TSR

da, Miseans 1 wit oluw Mo 3 4 4 =07
04 10,
. oy —
Fow e tcvove des  Resoua olo d Huist a3
. 0 N ‘ .
boars , e 1den v W2 0 50 4/%% 100 150

%‘lgatéﬁ( %qﬂjp‘u"-, M ~ ' — thT

wp oo e Ren oen ount-pls ow eeg, ol ¢ -Lts

Re . 0~ &) 1c‘1m‘c.‘m.|'¢a_‘ peaaal . _

Rolat -1 (b anbrpCed tole th—-!;_ O c dee ourd ceoale g
Wele vor Gl el e ¢ £=0 gl fprwa‘(c..t-\%'&- oles
Puu—rgro.(-n. wil ofo (G I,= 4 ﬂ-.'n-p./)ro‘.'lr,‘ o wredt He o~
bt ohidle el s WL = 3 ITT, o Sdwellow b
ot able Pholensmobilte oeyl Ketl an. S lacp Ve omCulals
Lhres Aall gulce, Sy Yo x D—da = 0,4 bLlot, wdt X <SS
donm S00 Llwest v f Cwarws oa  win dhacl Al ras £ owpadien -
de Mausce Zole Tulssion e YoV, anwloan G m( K,
Q‘-u,(soun(- wwude., L derew lf_.'Z’Pm-.M (ol Ae Pleolon tobilie
thete Maxiualoul Yaaws . Xl o, s ¥YCY, el Oar
Yucxa P Yo (20 Gotut Xuio ( €€ K wodlse . Jave b X aned
otn [ Wahkrecd Y G anf Y, € Yo &L, 'y wasnl Ky o~
rett N, Do Vor?hl Wil (o 246 L , qul-'o‘.t\’n M Yo o >0,
w daf) e Plolon o dbilly . allondre. Yol ¥, Mmiles u'ff-‘.ﬁc(



-9y~

wan e p.t-.'aoq_rls e 7&4..)¢“~{°\q Y&.qx; < Yra.mc.g [l g‘eﬂ' Co.[.
Ao W awnck X’MH_ € Kuart el 20 {or(f e ﬁcen\:qcﬁﬂ—.;—
1&@.‘&-.4\.«%_1 Q-Q\'MV- 26, OdGronot oo Lol e Plore ote. Auo—
-;‘ﬂwﬁ..[e.\_; A 2hee &C-&.‘wu‘l e an.‘.’c\.uw.‘f M (B 3 Lo, e
Ao Herdeectt 20 e H'c‘ﬂ-&( wheeld [/.((‘-?-C) he

L . A W 1 .
ng-ua...Iou_. wvorl | e wawn fuoru-.! “a 't oles Krd.\a(ra.qg‘u.;. &,
F{‘ (6~T2), 07 AL LL waol 2 potn b’ el il e JetCpen -
ot le Cw ¢ [f- (‘1"‘"?’?) ¢ Vo(eunpg‘- ‘;’{‘ )A (6.‘.‘:' ans-ﬂn.tq_,..
b)) T, a:.z(o’tf ol M, wedt 0SeCals ol {90 ele,

T, r"-'t&

peeslut ud an lave Ty = % = f; ‘ -f,—‘a: '23,‘ I-1 , Hacest
vt Ty > -é,—c_ oh'e ﬂeﬁnwa&.‘&«-w.@.u-'&f H-'-j wlo ey Pou ool .

Ria war — unit ke P (=12, 0) ~ O L €0 tentn 21 DR~
Ao, , d,ap v v R wte %up:u}g peoperhiocal oo owrisus ~
TR J PR WTRY SR | FY 0 T ARTA RAJM&“’}., e e VorGrbhucpe -
Qo uaty  day Ko £¢ bW o) VIR olaf) Ade opLirde Var -
Mr(\w-\[ Vb By M o(E)/ vy, wvel . {¥-34) dicl 2aen faut-
ool o Laamhk(@.k‘l '
. PHotael €3 B T=l00K )
v=yv, N (£=1 fo-T=0k ) (¢-£3)

bordriedse God e m/) unilt oo Wourbacton Vp ot £, du
Bl wroctwal oot ohle R/o."‘h.ruuj

va v, (M -M,) (-2 )
ds.rpewbw eA'tol wua'l e, Kowmkacken v, wred U,' [e.(!‘-:lf)_

Mol e E""—L("""j ocur vl ﬁré’/lm. ol 'L ﬂ.(‘r-f'd)'

N: 'y
r: = = -
C A R
Woeba  Ade S&udQ(:-uwr)Cb-(Q
(¢) A 4 )-5-
Ple = ity e Tp (4-¥)

WVuluun. axns e ﬂc&t't:(u.t-j QSVJ-A.'QJ- el ofa/) Y SN RPyY
‘&w:u.'ou (/Jo-ob_ F NS [,Zmu.l-a-uf-«-vtt s Ry oalors G.bu..p-‘-'-sl-'e.-

OE

:
il L

. s ot .
P PO R T [

N T T Y D AV IV TR



—’O"‘
e u...._/), LR wan Al sl R—-‘&mﬂ.‘.‘duau—.

A,

X = I-x- x%y

T ¥ = KUY +Qx-v, o)
Re @=0 '@ [r. (e~5Y%) 2iie Kulchlbow Licle % b
oS usl  Ploton tuoi e odGrtol R EO, €E T AL
Acipie (ol o tew Pen el ol au-.ﬁ.-C-oI e te~5%) wraan
p!-rquu-ot-

Co (C.Qc-‘f_u:(t-\ou‘- ool 3- V (¢~ b6) 6‘-‘-"*"‘ ""{ e a"‘({”‘*"
H«fpﬁ-‘lu"j 6\‘:(- e Plolow 2 ol ,

£~
v . (el éXo YL+
Y, + ¢y, ¢ oY, = I T, , (¢-2P)
webel e A‘Ofui'(‘auu‘h.
() ) 73
EI Ik +¢Yf !
(&) £Xe Y, +4 cer 4-x5

AR (Al (o)

@2 LK @K e~ xS
¢ T, Cp

pllee . Fir L=d4 O (L (¢-0P) Jdalid vt p ((-10). L
oley Nc':“-.uua-l' U0l W ol . des ﬂl.;'l—ro".'u_ 1p o Lo e iulas
Plolow ., , R =0, 2 050G LE o [duell

(¢~90)

£)
0: 3.= ec‘,,l.'

dap obo reL0LR 'D&‘f—u.pem-r: C-o{{(.'h'a...f- a8 ol olas o altat
Ao Kana W frequm i we e RACwr £ proflo weden.
Ll €~25 conrela #or ‘&."r La 3 beredued, u.:/l. l’cd’od o A
guallinCo ooy Vala 84 ee evuey daaw) wab £= 4.

lv]>3

i L bt i e el R L e e T T O T R Y



._34..-

5. QPGQLQLL‘-"O'»&:)&L rU—GLU

I entan HaL6 D' (Sunmee Cleltrow e, o2, k.'Lu-«_r,_
Bowddt) wunb L¥lese. olae Valowiloowotes olech Laol re -
ko biucutn. Bie Cuopiy dar twnlrvbon Plolowan Lyl
A oo pré'[)koroLqu ole) BO.L.«LQQ.A-QL.-(I', e:tx(’zes.
Ove 18, ana Cuole oten Al LUl 2.4 “-*—>'u(a‘“-t"-, A A
Rote oo shcal Lo ol oun c{"an\V_ {Sc adbcetle Ha LS faler
bersdteo; leod: o enen E‘.&.Cbm.-u.&‘-w};u/ Ut . oles
Quuy“..- wiol ol Du-\rc--ﬂa UC&L.-M()')Q.‘-’_ pLLb o Dg 21.{._
Fuu.\.. 7SN AI—\(AHP— ol Cc.o(h—-u{.‘q_ oler QQC(:&-‘: el
datl B el 8k AbaseplLiow Llues  Postwus %{pzc..ra.nt..
Poo Plolon (ol unr olon, (2ebc Calc o ) 9"“'!""‘0’ LEle
Coll ohie Rhow & mallons wale 1ol £ L't alro Gl oo,
olarf QAo el Stofl pactae ofordeo LR ol s, wn ehe
wd e ')u-(n..ﬁnl-.‘((uu-.;_ w Lefon g o e 0 Rt
Drore Beolimpuny of @c Hrehle HalS ol o frlLle (o
oo o olan /.a..‘i—w.péauo{m'«fu«uw ancl dar Va Lawil acad ~
Aa e g tan heltole ol g Du—,ufo th =0 (o500,

A po et v Aeehdte, Bocol — Nacel — Relow. bialy'a, 2,
bovin & . Hroslecdtn Bocel - Tarn, — LlorGitab'anty
bouncmsn B oo e [elacksee  HSeadelle i ver -
botot s, Qaval woel elcange 20wot Ll v ClllGeol alo
al 2ie, Lok us{d‘c.fc_ win ol mach Cicanote relowlodale —
ru. - WAl 4 o w6 Bele, ladt relil oo, Ho2G G-
b el 25 e o s oAral Loole
Olbs ‘,ﬂ“h‘}.‘ vor alleu Bavd -

direlber HL direl ber ader

. . - fudirekier ML Jadralcier HL
T}Ju___ &QO%&&&.’W&—%, “ﬂﬂf- =) e -
. R
.e\'&_ \ V'w . n‘b J“L 2-1 &:‘I" 0’1t Photen (P:‘:‘r’:on Photon
e +Phonon) e
"(9‘ k) ¢ a ) VIR Q“C; G'O( p' Gq N hfx €, E'B—’[ | +Phonon
e
Te cwolireble el lcote : ® &
a b c.
BQ‘—ML - BQHO'L - RLQDH— e ualle, Bild 54~ Sirahlende Rekombinationsprozesse in direkten
) ! und inarekten Halbleilern
Belol $-4 ¢, % 0 e e9alc a direkte Band-Band-Rekombination
b direkte (und indirekte) Band-Term-Rekombination
' 2 P AN TN Vuu W L2 (o, ~ *  an einem Rekombinationszentrum

¢ indirekte Band-Band-Rekombinalion

kurrcu ko Rolow bcollouws -

T T

Doie ik biotin oo clilwe sl o b o0 b silis



_92_

e dhouw HDuaen ( Usc atona [,.‘M.'; domame ), o) ale Gavae

P ratls Le DLUL“ALW-J bat, vil., el Ade Ruemane, fieo.
robabs Lol mos o an we f-“f § ant ot rrechuneten, P rbmi
boe dcelble  [acst - facat —pt.clohah‘m(..‘m_., Tatelle 2-2.
Q&Co&ﬂw‘olmt ReCounotnati'on gLl OFc dey Mol ol
Rdde @ beas s [ aes 30 Ver B uetefoceduns olar, o hic Cho -
39._“/. L e La Forwu von QGQ&cwn ac olas e ol e ce ~
ba . tncet . Fu. Fafle oo, .

Clotes §~2 6 vu@el &g i

La Mt vangn & o el ron, wae t ¢
Relow blvoh bt o a6 SR
e ooleres weol pHAE Ay

V&bﬂ.—‘-g awgl t—:‘t—l'.)‘ (Jnc“-nl‘l.u(, | éa—’ﬁ] ’ | & Phononen
dor ocgreghe Slipe Sl TH . !

‘-f [~ 5N aqt A dr boﬂ lClD &A‘k\d\_'\ ) Bild §~2 . Strahlungslose Rekombmationsprozess.e-‘
urc- olaa P\'k} H ermadd ~ aI:; g:fé?i?r;?l}nel;omgi_na?on mit Augfl;pmug

Wb, Fon teeanlb 215 e wl- ¢; Band-Term-Rekombnation am gian: trap |

s Corpamg “ A - Proref)’,

Yoo abale Meaw Huan (Ban anl & Foru el Decst —
Tuws ~ Peboumbiuwation st lan fec | Aot §-2 6. Nt
e aekou_(u‘c.nc.‘&-.{u.u‘,(q_ oun ehg S rakelle aSpr(eS
Ao A uv&&‘cf)m‘.o& sl Ploleu b Cund s NCor A Ce -
?,uuyﬂ prtsfie .M»fr-.ﬂ.eof—v.'fl-, 0 b man ohire Horrlells
“prant h-n-f" , Penren {5 L .

(2 ol @:f d'a Di-ro.c\zeu\..r, &H«Iukl vere) emol e ke, o 26 -
oMo BewuSht wan m'.,ﬂ.r dird toLSee P(‘t‘f/)qbc.c_.‘o‘_.‘ olu
Note to e, oble fv(-“o-\ﬂuu_r.toa.g e GOt bn'vaGlon, u—-c‘»"lﬂ.‘.evt.
(2200 w (slbtn wunod dawdt e, dulua e (D ova Leg, cr e —
t‘-‘-‘-"—-p“;&o’. 1t wa‘ﬂ—‘oﬂﬁ- FO(J W waacd oo,

e Dorvlerbany Aer Boed - Miseow — by wom 8. 4ot
G~ 4%, He ‘o ASrdalle €. 3. o"\—‘&V-CQ‘CL’F "-0"‘-(""-9., &E/PL A §
w—( ok e Eu..«'m(a\.;pmum 6o He £ La'Cs Lanew Q“ul—rc,p.g_
Do &-V,rtPl-L Koot 2 AV waibh dan durk Clellronm o Ge-
whirt o Al celen ole> /-e..‘lwnfﬁvdhn&:, donr Mirecan 4 cacl
oo ool Elebebracoy pan o enedpt i A e lan ples Vaf—'l—'—t-(vw-du,
eho ek ADlen , W AaMO RTU A, P'e Vu(«f-'ﬁwj v 2l -

0o

Vile Jde b bdn ALt ko s Bt bd-s




~93-

Fromt, ol Lider onf Ade oo flacan BoThe M i
Mo ld p &3 botiom e hskacoloohdle  Ne e dos Leltunp -
(ML) br. Valerboandd (N, pﬂ,(l-‘l%}, wat e Fowe -
Vuu—-}im’o {’uh(-’-:hf'k [}nh‘ul-\.ﬂn...; At  famnlh'vrw cQamal fe -~
ridpb, unh weldes Walkerdete 020 2'q o baclite ﬂd.-\bpl-
h' Qe Plaby vow Mo an [ IR TR o Y A VYV &‘hV_koa\..cﬁdq._. il |
U‘V‘“ oter Pac L) — Pr-.‘«.\-c‘()g hau, 4w {'Mau\.. Rrhanot  pecacte
e, $2e htrow Al auf o lhan | woSL obe jpgl.e.-.t-c:«.rf.u...,ll,g..
r;:d..-\-\‘d.i-‘lt- e od el m-u.[J Rae, o(&2e alho foaxr Ade Sal -
Ly tn — bwt. Lodelon tanbralioy o, Qc-\UV‘Lt\-\Q.)UOvQ-Q -
€ ¢+ &

n(e) = M C€) f(e) p(ey= Nycer[4- fu (€] (S~

Parinn V-‘M be! pﬁ-t‘ﬁ-'ab £y 060 Ddwcker | ﬁe (2"?.9'), .0:(' oA'g
forall ot waS gl Pislre e Elellen 2 < Le..‘f—u-.’o...
Lavol ¢ M CE), bW e LoRu A Va Lavpbanesl My (6) , wacl
DQ.(?.'-?.&) pro &«u‘gi thol Vo Lm0y

N (e) = Ng(e-€)=2 2¢ (E=)"[e~6,
Mo (€) = Mo (€v-€)=2-27 (A2e)" (€v-€ .

€L wsl €y aducl AL Quuk"u., Vo, bw."-a-&’o(vﬁko(ﬂn-(u(tﬁfq({

unot  Vadiot hamd oS bonte €c = €~ &v D oo Rawet aabecol
wetee 'R okt ety ow vesSot et torr . m, wol up Aol

die eflfot,  Nom iz o Coel VoL, o ol Liden . Mo (B0~

loc 2 reGrb vem oo ffafcqw(.a.cl-uhf de [dccle . Be Phaly -
idle 4w tnean  Ceopleshtooall LT vene obae [acet Gacle,
on v oy Jarwe o Ndcde (erluel, W ot (L (2~3ow)
.ot Ns [Re~n b , dad Qqu\d..‘gc.h'&}.

(s=2)

n

lﬁ*“ﬂhls_l:: 2 2T A LT b
(AT cEm T

”ﬂl.:z A

Dre Feosw: - Fulh o Loulet

E~Ee -1

ot (S-¢)
L NE Fuua}.—-‘&.ol'g €c M e Cuole oo &ya‘-i-uu,ow.aﬂr—
adat. Kbt f(& &)= T Be Mol Loly wl pun- Goe -
Pu-l Jam NS (;.0-‘&‘7_094:,04- Ala ol &."r e ﬂ-t'uJ-k-.qu ST ol

f(e, ep) = [H‘F

nNne

ST T T T T T [ B | N PV INR o g e <M i bl s b ;JEIE'EHK il l’fif'r i)




-9¢ ~

R 2N 2o clbdilan oo flelloca. wol Licles Al Aoy
Fowi ~ QA—@,fﬂ.« € ot GF(P) u—.q/lpf."o 28,

fo (€)= fle. &) | g, Ce)= f (6 €cP) (=)

V'ora-c.u.v‘-'i-m) dabel M olaf) e ﬂ-n'_-ko Aeneslals Jesta;
lacdes wely L'uwotole (,Qﬂ-‘d-plu‘-‘ou- Mﬂ-\, 0(9./) albo olie

br e re lava b oas Jat ((4,}9) G W g epen At Relou-
brodlont 3l (4---4ouws)),

Aot $~1 ik el o N, n(€)
18 7 1 19 20 . 3.1
Lehpiek  fic e Fuelo ~ AL AL L S ol L0
i £-q,2) &> ¢ W )
(P8 olo wn( =1y ) "4>- d}f} o A\d&_
z‘whuch%r,uq‘h“c' L 2N eVl Tempuobar: T « 287" K

adee fllobe, Bl Len WL e
' q\c‘i'wﬁoul-&uf-mln‘ékk‘ Ko
hu~d p oo fLO-6) .

M oto U ble fuckin'on

Akteprorpad e Ng = 1,S % 10'® em-3
Mucheraadiiie Ny = 3 x 10'T¢m-3

TTTTTT T 7]

O STIMULTERTE  BARSR A5( GAAS fip, 838 40" coi?
%8 EMISSION FOR Prmin = %2167 o™
(Ep,,-E;-':,, » hf

l]]

o8 . Bandalwl'clyte (50
¢ (<) aleckt & RS 2 undobisrkes GaAs: Mo 4P io el
oA ‘ Ny = Ronso¥euld
N My
SnGaces Q\Ca.p—ai . We _ Mg

0,2 :

pa.(r-e-) giot AMabgrac -
e o ls oo Q-
o.r‘—-w-r‘\;%pg, <= A,
bl Q‘.G-e.cl-uu’[ winod

“
Ep

10! 107 10l8 1o 020 g2l (emPeV)!
le,p(eJ——-
Biled §=1. BoAoaiels Alhbon weal
W'l 0Go e LG do Cl. Trdplavratbralionw anf do p-
o\r(—ua-r; (Forie Oun Wi ed-ey pc_—(:'ab‘,au.j: CSAAS)
be 2hu A‘AI‘h‘Ul—Q‘\-\ Clel ko onn GO
e bal o vou, na 107 cn?

A -

[

ne [ncerde = My gl e | cile - S
€ (5-¢)

€y
o= [plerde = Ny lev-€f) | € -€f- §GE)

LT [Aex + Aoc + A 4 Ax? + Ax* 4] (S~ %a)

WT 2 x fic x <O, Fertw < 407,
g('x) x {
KT (D) pec w5, P2y <07,

OE

Cir o s ia o nl b s e e R T T T T e T T T



1T
A= . 0 3CIErI3%0 8 A= o= g »~000¢95003
7 46 3
i
7

Avs 2+ 8 z-;_?¢4rﬁrare-w"' (5-%b)
qug—:ff‘fﬁ- ;_-‘,_-s—; J-—E‘;z—?rﬁlfé?-w-c

e wihtsbecleben UL x<O% , J(€-6 4T )w ),
S""u' ‘»90-1}'\- _!r;'e—yo(y = an—" Al 00“4:.4..:;&40-. - Afa."‘\uadj' FP\(‘(—-
41)

€ - el:’

ﬁ(*, CGL —-eF))"’ MIF(_‘, , (X(O,«lf)' (S~8)

Far e Udbmaade — D'elSle ne V‘U- o,

Hc‘."‘ NapPy, = anf = Np, M ov Q-hp("’ %) s q)

Nin g P ol 0p pp aeal A 02._&&.,.».444 (ot peu leallon 2
Adan n~ bl e p~ HalC 22t |

ool $=¢ Yok rRemali R ‘G

dan (D-\\’(\'U‘M‘M-ss e Com w \ /L
ey dh'e el o Ha 6 Lallug. ,

Ric 1028e Materia fte wnck ' &
Fo\(.‘es-ﬂﬂ.c-e&z A @ b © (t‘jf'?cx I < 1 ,'\\Z —
for TW—E - Vobiadums ) gld Ii_e}: ;’ hf e~ k
Lol L Guonnbin waeelan, - fuXi

QL pan A':.:-h"t-y...u.j o olas T 5?‘\V
Vulg U nls e t((dub.'ua.., u {

Gl ltror i mame sr Narme

den fra- s Qellcons m, Botal §~4 . = Begeline st felef-
trova bon. Llclere
Teo WK
“n Ee
Mo O Yy 0 (§-4p)

oabosndd Ao e ffohbee Lo uanae cayt- tehtaa L W pro
M, Tabelle 2=, ( Dy Bt-.‘l-ri'[,t e brled o ia quJ v~
botok ot Valtnrbdvols (o0 100we Lide , Y5 - 04T,
pok T Q0lMa LFdu, B8 < 000F | suotee wih wmprHE m wnpl!
fﬂﬂpljn =(o,$‘0an )fl. ‘i-\.'m.u...h—&-.p?.@pc. Dre Bacdlo GAS e GOl
M Faxiuce fa §6=0 . Daracs o &Ll woy H.,/MLe(“_-‘e!:)gz(

Sar wu., A gL £-3 Qg2 e Lo 2 Qs b ol we bl Die Pav~

OF

N [ T O | R I Vs ek M ke it b il chn Lol L ih boredia s L’ Sin

o bl e o flc o] T



-9 -

l\rf.pcu.a- (ot~ t ola dn £ Habacle a‘n-(J ohca (/;Drau..o-nl-i-unf
do (2. (2=B) | Tl pacaSethle Bovedtrallur, L' LoSar
boh‘uu(—.‘j Ue e Rl =) Wil el uf.:'u;- L) fJ;V._‘
de 9“"’(’“‘ a.f(d.(n‘c-&-\ Lo feurame Y oloo OQL..JVUJJ—&OM.
Va oo v bacckes uvel pré'[).u ah alos otes le_‘l-wt-foéac.olu.

e aa e Ha ks la T~ Pt :

A ppanal 237 L, HMeclo ~

I e €
WA uatey e  €lelinoce. ~ G 7 — Trntaopa.r Ry
lEdw — Vo (J'-‘Lw-l olay L |€c<E<E~6&" | obmulivieRel.
O Roles - ﬂ»‘hw‘@w. I lef~ef < € Abrorp bow (TEO)

) otes [ em~perabec T=
O et alte vofs)Sa- Tabelle §-4

Con Plabre oo I-e-.‘f-mfo..

baw. Valamwbacat b's m olon Jeoer2ie. Fuad-Airens & -
wbid . Hal els ea-‘jnqr.vl-ro.(;ﬂﬂ PlLolou. e g_\ur\‘ €<€q,
wﬂ&,‘HL 2 bavee Qetner m‘rﬁ.uﬁj tual olend Kn‘v‘-a.u' oles
{o%.ﬂ 'l—rau.-n‘,ark-\(- nelll | Hot oan Plotow elae ghﬂ/t'q,
e wwac p%'[b M ok e Bawolab ranel, aser Llal o of
dv AL Aocal du Guoax - Ferwa s~ Miveoas , w (@-f..t.\ ol ol
A"DOOCPL:Q\.\ adae bin  Clallrow onn olew Valsne — coyg fai-
""“"V Qatl o phot e el | da lene Prevec Pes b e
La.,‘LuuPth.\_ok Bestyt G el eroe, ‘\.\'o&‘:lm.‘ Ceo Va Lewrbacol
VW‘:I‘UM“*' wolll ade ot du Adualiule LZQOV-C-\I Batieg
[ bompGacot eleh brons  As VA Lot bacol w Ll , 20 olaf) olas
Meoks . veordbacld . Oedt ol'e PC\OL@‘—\I-‘.—-.-‘—\UI\‘Q_ propo ah dles
AL Aonol ol Ban - Ruwd - NMCvemes | dace (Saas., Clellco-
. dan dhtmn Vo Ly — Gny L&‘LUA-PSQLAL g..ﬂgkp\.. tuaol. oler
Kaholl aborecbiub. Tatedloe -4 iq./)"l- oAt r¢ Q.;V.St-c‘rse *~ -
LNV (WA

HOLQMJ.\‘P. Vocarratt yuu -@:r 2\ fen 0/)"\‘)4 vo s c (20 ol B
Halt ety S, M aho de Mounseas ﬁ-!al;‘:..Ju\?

o < & < e e _—

wa 3 fu—rl’-\')—-'ul.. olaf) o Aok acel or @ﬁaam'[umc'u.‘mu[
g{c;(lu M A ol Pawol alwased .

A S=f pith e o Hafllaler Jun Midd pla'l peen'cld .

(313

Sl ekt s

N N T R T I 1 A




-9 -

Ube kan Amrifucp weda—
{“r :
hortmen g Wharke wo R v dUg S. & 5.
a,,q‘yl. Pe &l-u.«.&u.-'[ o!_._)p_- \\\ 3 - |
fordte bee mouion M > by [ TN .
gt Lk oy ULuapg - : Jf"i'
N
b s abcup boe g~ ——lm————— — = — L
~u~'[ up‘ f . a1 -\ S~ P
(A,‘-»UP.'“PG-) el bl §=5 '\.B i . i
wd pid o o tetborit do - N N
vk ucd Pp‘-‘{) n.f/u"-ﬂ‘l' 18607 ‘U, x
vocIe? Qu._“. D’L_ 9’, C.‘:.j.g l Bild 5=5 Prinzipskizze aines-fi@:!;-ﬂlfpgrq'e.hg der Breite 8 und Linge L
V' " . A skilva Schicht der Dicke D
B chbopp by dotd ofa mp st
Reromatocpriept S 20 o
voceen wieht berdchad - Py ;Ru."_i.% . Bild5-8 Béndarmodell ..

('\‘i‘-h){.l‘otk.\. RAAd $-6
b dan S palSeip Nac -

> | dea _pn.= Dberaoun
) : . {Prinzip) "7 gs T
:. ‘ a stromloser Fall Jeo,Uxo
\ " b Injektionsfall Zgo,ueo

J‘U o M dinn WO Lo €. €, untere Valenz-
bandkente
18 \ \ .l 9 ﬂz ""u( " bzw. obera’
L V_G-J'\ » ( Leitungiben -
kenta

i Fall (fank) coltoASe -

€ Forminivaau
& G;P’Ouasirermi-

J’\\W D auol Pl;* w"‘] t &:‘— £ e nivesus der
N p~HL it nf II n=HL El'ektropan und
Ao, (wepm pnel L8 e\~ / i b G Bieriemscpan-
~ ~ . I i 1 i [% nua s
ituASeote wiv erreidlart) Gommi——6 v nh
U T L — Suferen Flup-
Qt.t S fQ LM—J u’ - u an U_'-U ) A m‘:’m!r’t't

do Rowtn Balunprone (ALY)
W Bl (rdoced e A . Mo Wbt ey w AL&&‘.,;Jf.a;L . oler
on.uuw-“ U de Q‘“ﬂf-ﬁaﬂj"c G b Quaw - Fuw - Mo
(Y X-X L e;’", eF‘f’ ah-(’opo..ua. wr ol pe‘(r—«m) o S LLE wnrat
e oan uo‘fruh..a-.“,, S}oo.o\c.\uo\f AW andealer ey P&-‘& A b,
flawol ab Aacsl |

el = €67~ ef’ > e, . (§-2)
P ULAuo‘:,.(..u wat Ao, Qrpe,su-'nk dts ALr R ér 3.). wipo
t. e Ctsux}g.r,qu\n.ﬂ. Cn Lt defitiul owdle,
welcRe e elebhbrou i o (:‘uvp:t-P 2o 2 e [&‘Lm.r, -
(Mivtaw 2) u~d Valemrbecsl (Miraw 4) g3¢ &0 0 Nostan oe,
Stecal\Runp feloles pro Vo L tn V= DBL wol pPre guuk'c. €=L{
o Mool € - E€+odé pebicolon

nE

G

N R I I R T I




_9?...

BW_(E) ¢ Pima ol Abrorpbovrrale 45 CLoqoe
Va Launy = &3 Zn..‘Lu-uJ)GQs..u( [(c.ni'ws‘)"']

Vo,

YR €) : Huewliule Ewlss fouslafe . ‘g}r G.-Q”[ﬂ?‘-PQ VO
/A‘Lw-p -~ s Valocplacetl [(cw W.r")"]

Aw (8) + Qpovilace fLuissiovirale ¢ (i"-.;uP‘:«.Pg L0
lebunpy -~ 5 Va Lol acol f(caﬁjwrl)-"]

Vorm.opg-w!p{- wode ol e berd'el e e CU-.....P‘:L../;. U ~
AR P ¢ u.o..o.sf-._&'uj(l LY Y
A‘lnafol P 5 p&_.(‘e—zﬁlcf?-h) Pt oane Al e fr-era -

Hevirole §(€) ucd e Rlowbhwallsnsrale r(e) (e Wi)™]
'l ol PholonananieGl §'= ¢V

9Ce)= B8ve Ce)-S",

($-43)
cCe) = Aw (&) + B (&) §'.

e Gta OO ancalondd Lo Qﬁupthr;uc&o.ﬂn-‘«ﬂa'e‘-‘-ﬂ-.‘f-k I~
e, laluepy -~ west Valanebacel wy, dowe el e, (alocy -
ol .lc..\f-u«’a baroel wy, Aol ?ﬂn.‘f_l . v el V.(C(-.’_J), .1'e_.,
dod M Wo wwbrLd we ‘ko{ﬁ.«—(—uu!( it omele Eleltro -
won p Q& by L Aa..‘&-u«p.bagat. wad'k el Balcrlats L'l
besadid veel, 30 dapny oliere  Ellibron b am sbiprecd b olo
Welle O Va Lo voardl wiewnele PR andl elelo (Jalr -
1A WAL wmberdyd vorfibolin, (her alle wd Ll L. Cou
bitellow . "M I Dbt i . £ M o 'les o Besctel A el
(o dafd e Bhupie wlaldn baab e v0 40, ohaf) atbo 2l
A‘LMPQQL_&&(“&H Mwe poacle 68 ol Relowbanabis
free weooles de &.u“'e_ Ay Eoga. 2ues Plotony a4 brel Lo,
002, umel olaf fic taa. Fealy (Bl ) aim La¥eunpr b anal
de ‘a«ur'a Ce W.ot 0'-';: 9“—&‘--22(.1‘ i e (e 0 M o uatl
VO ')u..ru..an.\_, wiun Bhy = Kle Mraw V'r‘-ﬁ-(k‘- e lowa ,
nbelut 0"-{ Ao ol ed.'r M-t le ou-‘o--e:r uﬂauu..c.‘[’ perbrd
chedle Plotle & Ll §% . T gkvk‘o.ht-u‘ocu—u L‘q_fl. ac,
'3y, &‘qupcsakol%(otakl.g €.=0. Do\w Ut &y =~ € | Mac
wld it abo wt A, &.UJ;@_ - ol Jupclrvaral Lo Ee,z;
PRI M‘Lu.l...r— wunok Voo ib acel , Gtuit.\',,

13

-m-.:‘iJ T IR TR T e I T T T O




-9~

Bv.(€) = l’.[tiw“ Fe(€o (ko)) [4~ £ (€ (EN)] & (€elEe)- €~ €u(T))-
- Ny (€0 (o)) N (€eCGe)) L (ly v ) o7k, P,

Ry () -‘-'j[Sww {uCeellen [4~ pu(€aCioN] 8 (€e(ie)- €~ €5 (%)) -
be L,

¢ N Cke)) Ny (€4CTu)) L Cle, Go) oLy ot
A (€)= By (&)

P Lalide Lﬂn_‘c)\w_J {oep‘- aa_obf).‘
i et e Hawd des

(Fr~20Y) waurde fracte {c

(§-1%)

[£-(6~26) o> do Re-
[ Lpoidh wol €= &80, .
Awv (€) = 0,_., (e) Q&“&u .
AR, MNobto &‘a-u‘,cur;rat‘g aefi-i“ﬂ.‘ol Wa Luvles Cusrsdon whcel
o!.@fc.‘h Tu l—
= B - Qv Ce
B(€) w (:e—) v CE), (5 45)
Bee) = [ (wy [f 6~ py(eu(@on] 3 (Ee(b))~€ ~Eo(lo)) +
he &

N (e (Be)) Mv(CuC)) L Che, ho) o7y o'k,
Do wck dhen Trovoforwaliont, €= ECe(le), Cv= €(%)
urmel oo Fuaisvold ol b o l :DC&.G.,){: 19_%1 3lo _ O[

g
;-’

@ )
e L thmt.'o« Cbo €y pordaede. wwucte, Lo

A (e) = §wiy £C€e) [1=poCee-e)]-
€e
M CEN, (o= €) L (e CEe), kolere)) [ DCEe, &0l Ee
: (S—16)
BCe) = [w [AcCe) - fCec-€]- |
€

« Mo (€e) Ny (€e~€) L (EeC&), Lolera) [DC6e, g-g)lol €,

peth Lic e (D-ufeu tlalquob'ecten 2‘-‘:%@’ = (Llgraned Acv),
L0(€) _ : . ¢
e T (Wleyronal ) JNe V.ﬁ-&uuj

(»1-4




_,{Oo._.

a8ce) _ A€~ A CCem€) LA, (e
ok e fe €[4~ puCec-¢)] o€/

(5-43)
AR (C) - € - (€M~ €)1 dA., (€)
d€e [4 “p LT ]

ol €,

Do, ha Vamalle €< A Klawin o solcaol, wa'ld waef
vocle ua k| bawn Zee A‘AQL(C«JL oolae, mnod At -

(-J-LL Ne o, NL ( NV Fl L W\ﬁsqhk“'ﬁ. O‘CH‘l))“-LQI

BOE) = A (€) [4~ ewp SZE=CETN ] (5-40)

Po(5-48) poth foe e Toder st fheal Queps Pelole s
Die gemawte rpellrate poalace  Eendsrion rale Acup, (&)
(tbypeietd Apq on [ (€~26%)) .0 olawe, Ay (e) ( ety po ris
A CF) < P (¢~26)) mulx—:'lyl:h'ul- ac'l oo Mool o poteld
Aw, Hetralte bt Qn-ul-‘c.f'-atvuaﬂ €, ako

{4)

Aoy (€)= Nye A€ VB(E) [(~ xp 6T ™ (e

wa b N"e, CAs gy g-(‘(“"(;‘). Eae ok o Q\u Freransl e
[ pponcbhs €= €®), g(C) = rl€) polpt
Acv (€) 1

= = S'
—BCG) e% | °

(§-~20)

eb-/) aho e 10 leng gm“:s.‘o-“ Lo e 8 Mooles ole,
&l'vo&ﬁ—w-'rl fvbb.: el tarp (o M e e decl HeG L -
r‘aumt\&-('o-(.f.%‘ L bt el o Moot r alhivew 2iule Melfo —
ol‘:owcp(ﬂ'&\.. ( Placcl "Ylgn P{.rqc\ﬂ.%r VuJ-a-)
AceRof - pe.(fr—zr) M oler el e plared Anene -
Lule fwuissiom Aa 24m 0 Fo dag iwa P‘\ol-oc..l...u—\up‘c -
Gaood € 64 € umehk Ubhiuotn V= DOL fepe’ i dorel
AP = Ble)v i, € s'oe . (f~24)

Vo Konwbraliiary Pallor [, (2. (3-8 4¢¢)) Lec el Al g
Aoy und Pl By M L (R oter frrawt tetue anf
dsn Relow. brccionr vo buuntn ol O b wanol o Mrune LU=
ks Culssiom Andof pid . Te ohfforlelle leHrumny b




~A0A -~

Lo Volinsn ¥V on 2ia e Lerlun bt Mooes 2 - et -

by PP | M das  Prsdatld v Ml e Liasle oMo sa
P Volvuron wcl e diflerm el e (/o Lvinn oo, ,

AP =[B(€)-€ SUEDB s |
ocku wl €38'= PL/vy

%‘1 = v(e)dr (s-30)

ut deo Vosddac Qu-c...r; touw Aantae,,

vie)= [}, VB8 d €/up, .

Carede, van [LCS‘—J?:?—H-) une'l V'Pc.%VP- g-“ﬁrf- -

v(e)= wib

.M € — C&" g m
er ¢t [~ enp o)

LT ] A(.vgn (&), (f'-‘-.'l‘l')
dn"“‘""l W e e Lwh‘é\-t ‘G-f.oL.‘v\‘,uuA! -U&l'ul- ‘Mf oA C .
A FT f-:‘r B(€)>0 oo EFuthoc ole, U le

fracol e e V.(S‘—
16) prsfleo ok null el | aho W A

fe C€e) ~ fu C&e~€) >0

ody (<~-22)

€6 < €< € 1 g P

Wa)? ol gus Q.CF—J*I‘) Ere (+7>0 /ozpc‘ D'e u~log
prk-n. ok R\OLOL-.M,.‘-L-GJP\Q M hrel odae. Macemal o

es [lavel ol atote peses e, ole ['q 104 n'tkutac\/)(_ (at,q
Uo.olt,d'-ur‘c‘-nuhj M.o.ﬁ-é‘:q..ott ; Boat §— G unsad tatelty s— 4 ‘

/

e Ciosracs Licle louw L'.ou-..ch._, ocles t.'-\‘-\ou.olp_ e,
Ce .Aff-\(-\ou.op\_g_ Fole Lol daman wot, Ve war (Chasy e
v, Clollrov o, wol Lol w 'l olewnelbe Kn%e.ﬁ(z'u.r)an
t£U witecanste relpubinley ad C;_n‘a‘w.Lox_' el LI 2aa, oM
&fe:u%[ do bes Gk, = &lho e lot e 2o ol an, ﬂ"&'w aL-.rg(
‘JuuoCankM-uu\j wes' b awn ﬂm-\rzﬂ'*-'v Gﬁﬂ!'tfe 2l ol b ~
&cruhj dan el abtan o A /(e e‘kl-'?!—l:@‘!q-’. B A_'t:u‘u.. (SN A5 At “N
L & [R.(T=d%) Liefle otace Llhe, )= §L~E). Qe Cono-

. .. - N C
PJ_Q Aoele wirole o‘.nw_r!-... Al b pp eGeloen M &Cosa.ylbe,t_'

OE

corooiit e bl s b e g e s Ut




...402_

e ahe ol Aﬁ—f[&‘&w‘{ Bl o el k- Qo dop
(Fromun vk rar Lo ”P“’z{h als okl Q...Lze_u-wv wSpo O,
% o) e & old'e ‘fu»&krtuu-r Baie Liubrenmaoles Lock ofor-
leskeo b prebued wirel, e P abe 'l e Vorasel vy
Aesprrant reoumivb Be Trapo deal docn widd welir wak
Tnpetet. Llamifirtubar, olie Aalu faullis, ot 2h¢
Worvakante L& bv )= Lo . e T\rﬂ'w - Qh-u‘,.‘m reloxellow, Gl
e Wwllowmadly T¢ = Op{ - A ps Bt Colt - waltwes Roo
Huw.[}\. NMacf 2. (e~8) u..t-)prc‘uu- olewe. He PlOouu, aLe
L\o\..OVn.L Aaaloboele we AAg = 3¢ < 3CA. Bioale olo
aw'a e Resanadoc - Foolecabhacal AAdg > AAg (0 wsre G
APV T VAN Rade Malttwoolie Gebeva & woacke,,
dre AAr < Adg [ wSfile Mocouwods Gebn'ed & Leobackie
awl . Tatyraaa L L.'n.(o\_ toal AbLolH 3.2.2. ‘7,0{:..04. Noota, -
alAdcote fes Al = AAp o LX, e, woirele aho Ll festen, e~
Ly Mowouweolic Gebcvet wosacksm,
I %put'uh A § I‘c_plo& ﬁcoG&Mt oln.ﬂ N edaee Oued,
o ladt do fQoelle s L6 Lederlane w0 0w O] fe’ e -
b e P%pk-. ole M«.M{undo'-n‘! acbettin, Rlery fowa oo
Ve kil | Wity UG M&"cl‘\a‘o&h‘;&, oLn./] be' (oSt Detwec, -
(- ole !)“\-\r‘-u'oﬂ ol ﬁ&w ua'edde  wa e pat ﬂl“’-{t"—u'tv‘- A .
1 eoles Qo‘:w olas Krinhollpilbsr da npww LLu.uSm.I darld G
Low ~ & fie deforutsk waol & bl ﬂcmfc-c-.f pteg Al
Defocumallons ~ _(‘..l-b_ppo. Wi ot Wk, u«-.’[)&- 4 olen ‘)h.fr.(,
oo f}_‘z_.La._, st e el e L fJ.-&."Fn_ , 0 olaf) Re-~
&ou‘o«'ao}-‘&)prokuq_ Ol b Qﬂc.((.rokq.\__ (m.'l—fd.ﬂgrpg) wanof
Loere (wnik Shleppe) @folfon Llucen, onk wonu ahie
Trepw wles wictd otén 22000 dupels Lo-sna.\'. b Ao
Uedndut'rﬁ-uaj loeen B Q‘Q ole> ﬂ-c».t‘i‘-:!‘-ﬂh ﬁ‘/{uu_a.l‘f-._
puloLs ou Aie SR Rep o agV_C,m ooler Vo, Al por Ot an 2,
weolen . L. duren Eolle cncot gt Atoolonoh oo Avltw -
(w.nld-ih A ca.(r-atc) nacl czum.(-u.m-r.dauc‘:&k Rﬂ.cf\hw—p.,
Madtot weod e ol c L
- P YA J(Lr__, % %
N CEeINy (80 ) LLke(6e), ku(ee-6)) = . (Tx) [e-g; oo e BT
($~22)
Aoa Ly A (S~ 3e)

afE




- 403~

wk o Costuriob e Rame wyp | oo °par@(h£9&nUmJ“ o
e-((d«(n‘a-u Clelebrcom b - unl ASRo uvame. Do Guoblect Gok
Ao (pAall tlew horwubo lorevbprficle . Mine ¢ weac o
dop il b Vodedvuo wn € dcaton hnbpracdton oo B (F-
A AT AR) Ave FReda fontlion an aldclob o dLotash, 2@ ol

d By (&)= RLVC&)LCGQ,G)a{ec , kG ohe fale slo A-cracw ke
unirs fom '&:f éﬁolu&.p‘-l‘&'w U--UI;\U-\ A Dol eg---&ede(
W e T?;pu a6 91—.00,:'% Ly, Moxiinuwes o Aa iz (u;._
YR N 2. L N Tedps Alerw Buwpie WOt abo e
el Al R eeoles Lol olo Proton ity € o m.(’.c-\gua&ah
ﬁ-sv_ruek.\ than ol pesoncan tn n ol o o bm ben . 7_;'0’70;) a—.ﬂo—
lals olan Moxinnuwy €o = 2L (€-€2) vtracmon e e e,
nata dar . odd rlaeres Pu.u-pm, Ale peram e rr-\m‘:w (o e o, ~
Ko sopsfot ok, wddat e lovrcbmbion unot dawt
NS Kmh\\f{s)«dwﬁ‘rkﬂ o oo £S o Adadt fanllion g
uclie. rasdar b s Taclcuna. Das ot gale dar olaf
a.‘_eqc_.r o ar atn Maised e des (f‘uyLG“rQth PV ﬂ-\‘-.o-v.'w Nood g
avrderaph, do Ao wiedwple Vi furle Cot, L2y Cotom,
Puuﬁpcat-k.\ eS0 aml Mol reoAbs wnol Ak olavew qu.(
e € —DPloka p:«n-:‘,a._ot v A it okt ( wem ebon ol on-
el odopin, weot doa oSl Ade < AXg M . |

W w3 (gl n'el Lekuny otato Ipebiboal % Cocianboy e, B
» VA by oerl, de Dotvee, (ol L Q.A’"L,Qa...' olac - adaarcd
LRa'ves Tg obe A'hfkfw..l.,l-.‘&. bre't an'eel tumol Al el
WKep o boy,  wdSar b,

Yo (Ctntr fo 8 Dnpelioatbu LCbe (o) = (e =in), Bt
A LZ-(P~16),

8C&) = [wiy [f(6e) = po(Cem €N CELI Ny CEe-€) -
€¢
 §(Re (€e) - hv (€e~€)) | D (e, €c-€)] & ,
boste Coone . R e Delia fottton e

_ W (x9)
EWCK) (S‘E(P(K)]O(K = %Tm'l" , (5‘*-31‘)

Lober L At K ah 2n fade Guevede oo [lducy @(x)=0
O wole A
Upbon . fedid wac pacelbo f>Le woke wocmn, € =

(¢TS5



—40% -

pd
€Co=—-€¢- _“-2_:"?0, ;10 eatel dle C\MM'%JML‘**\‘-Q“Q (2L =

__p.. A ol 2, ped wt 2. (5~2)
% e 4 #

wlee) = wiv [fCe) - pucee-e] e (L VY& ( ) (e —ec v€

,4 2 Il.up
W f—ec -€ete
luag, '
@) = €& - [T [Te—ecre 4o,

dpCes) 26l | wanyit -1
d € Uap Uap (F) - [6~€¢ ] .

L.Dq,xu. oo u...uco.,bL Y (A(x) v odalc b gl Prodlu
NNy war ‘-MM—A'Q e, Hollec 2 6—'&' Spc.(-\ha(-a(‘#w.\l 1-7:{’1,2..&
UlE U wa, sl elewu~ sdacer &..J-L«'-A] Loe o lwaw L ute
Q(-\,. 550 &

8ee)= "':'-TR-_“A“W “’Lv[ft.("‘ €~ eﬁ-))"f"(‘ M.\ m‘, - € +€G))]

e (Bt yemes
octer obiee QM\M (Ja& 2 oles &xulu. o\.hur;ht.(w(ej (S‘_gc)

BCer= T wwwp Wi [P (X (€-€e) b €V - fo (- ES (e~€) v €0 )] -

Zt?( )ml'e e,-,'

Aar e LQ.-qu- 31’9‘ U - ﬂ-e.ec.mr & op e Vo AdrCe,,
BEID>O ut rneu de hoviong el Sepuy L@ (5-22). S._L._
ar,rerﬁ.woﬁ ot P 0{791._(0.'-9. Coen (PO

AL Ce)' —- “"u‘Mp Weu [ﬂf-( :: (€~€¢) *GL)['( fv( L(e~-€4)+ Gv)]
e (‘IM—r)JIZf‘e‘__—eG' . (s£~33)
p. ($=36,23) e oo a LR pec ady P et Wd}_qj (. (£~49),

g &M}-E}M{ af.n.p lae e ‘Jh\‘)hx?uc‘t%w‘[ pg(ac'ole)‘- f-h'r‘u{(
L (GeCee), G (€e-€))(D(6e Ce-€) k€ = alEejun [£.(5-4E), Bt
fe T20  aho fisd  f =0, smprive.,,

OE

T I T e l R T I J N

S TIPSR ;I‘i.i;;!‘,édcii‘ I T TR ':%-'3 ii:-]ﬂ!ﬂi!:ﬁ “‘ RN ’ 'iélé?gii



- A0S~

Ao (&)= (wey £C6) (U= fu CCe= €] N CeeI Ny (- ¢ de,
€=
; (9‘-3?)
€-€5
BCe) = (wew [fC8e)~ v C&r )| N CEe) My CEc-¢) oL Ee
- ‘ 2 (6-a)"
Betatn Uce, BGeacllot ola/.\ f[(x-a)(é-x)]‘-atx = (fﬂ)' I"(%{.,()'

= A O A 2y
0 def} Ae Loow-l reae Lau bk

Ay (€, T=0)= B(e,Te0) = Buy (€, T

- w - 22e (B Phar () § (660

By, (& T=20)=0

Rl S~ el b ol | SV RN
e LQ.(S‘~3C¢3?-) ual k- Qrtal-
‘-bu..] 4 T2 Ok wuot T= IOLCI
Begoh $-8 tabrppreck taoles &i’r
p~C$‘—-33)a¢aue_ L~ Cr(&ﬂ-u-\}.
B Bbea i, N, M bsc (20K
dae Y PYIR /TN (Y Nede Lhn.‘JSt‘G\'

Ko (o M oher Yoo~ bom Oy S

ston., ha' Folon b oyt
€-Eg > ef- qu”— € nuil
ward . Fr TEOK revalivl
BCEYCO wanck A (E) #0 ,Ta~
belle $—4

Pon Momiunatn fdc spoloce
Suninion Lyt b (i
P‘-\OLOHJMMAN{;U-\ EA )Gg
ah don fhrianaan W Adua -
louten Neodto - S5 0w €g.
Cor To0lU W €4 > €0, o

Cinfl N oo v lbr e A R

Tow: — Bonlbiont ~Tr moalé

. Bew-ulGac.

. Cu-wkb&- x= € ,a=20 b= €E~€¢ n= 1, (‘(J.):

g

-
—~
=1 )"'

(5~39)

G"ASJT' BOK
€VL € s mev
Cy —Ef e eV

n= ?‘3‘ ‘OJSC“‘-I

20k AT BT AL

10 [/t

Emission rates {arbitrary units )

20 30 40 50 60
E-€; mev)

0

Bild £-¥ Emission rates with k-selection rule
calculated from egns. (4-36¢) and (5-3%)

T=0K Paraweber wie
30 6a-Eg bey 3:lot §-3
v ol il SRl be -
g : '
o ' '
E2or :
£ i !
s ' '
'g t
E A€, ,
c . ! Gg= € 1
.g 10 14787 %% ‘ Ay (6)
E : '
ul ' ]
i I
.B(G) i
1 1 [ i .
0 10«6, \ 20 30 40 50 60
G‘EG (r'neV)

. Bild-5-2 Emission rates without k-selection rule
calcutated from eqns. (5-38")

A




- 406~

Ua~ e (Ra0uwle ')r)&uém-..z Beliown blaallovwirale Luae, (o S olu
Lale, Gredle 464 vo. BBl (S£-8) 3 Leredue |, M oo babe -
9ca R

-7

ALVW = gNMe(GA)AGA Aw (e)d & (§=%0)

€n€e
~ bobtvauna., . e G.QOP:AV_ otq L—E:Ra.uw.j P\‘u b
e ')hb_ﬁrcu-.a(u-. L(€,€) oo [2.(52P9)

Lo &G; «® ag
ALV= I jICG;GeJaleede = ‘[ J.-r(e;eg)dedeq'
€€ €D €e=0 E=Getbgq

605 ec,""e —%e
ALv = oleo--d'e} = f ‘[ .[‘(G,-e‘,,e.,_)(._oteo)dee,
&=0 6,=~6¢

uaot eo%\k

A= | (ww £Ced (4= pr ()] MLCEI My Ceu) L €0 ke,
€e=0 Go::-oo
'Joo'o..() e qﬂ.hmwh iy VY] quh_..-w /t\“—u-.r)(:o“o( PR~
frevma - M’:‘;_.ec:Lr‘L voott. lowan, Mé pQ-CS"——-ﬁG)u(a'.‘u n Outny

2
" VAwg = r'np= tprkn = cnailp,

Acvps = W Nue (€A)A€, - np :;:{pwp,}x V%;n , (5=%a)
20 daf) | Ve SR RL et Aw dU Ha £ bW Keon'e “‘C’-"-‘"’W,
Y poawtbe (Qu e atlacole ) Relowbocall o role PWOI‘L"O-—
hat olew. betolie (Pt bac Fucbrabionen M. dwe Kerwnadey
i g et (St P(5-9) . Falid v Awpes gepen. = Wev Mue@a):
<A €a n;l.u Top ‘™M i kSasdany e 2l ) o bac o

e schwache SHiruug der Hajorhbio: pxps,

Ro_kou..lo“..\m{?-(ﬂf) p\'.u.. a(en._—\,."_,u,p_;_q %quh[‘.l vou
Raclov Q.&t—( Lo allan, Hell B lwy | widd u.c o) oltelle
Mole oo, wack rhrol U~ole Leliow bimata'on.. BEr odoclle ool

plockwle L~ Slolbuay teben Fodk et 2

RQ&“(_AL.(% tns Paca‘oooa'a.ﬂ.ﬁm TN PSTN 0-0-“&-\ ol ﬁrumo(M'Lp._
Oida . Tabrack KL ol ob'e Sk anoliohe'c b, b ol cotw e —
Lotoe Dohwrany haice G el e Lo oc watle . T M-
o L sole e Dovaler — wat AMuptoratouwe b 'lal e e
Qalcots , die e w-cb e Latuep ~ boo. Va 0 e rHael
vl e lre . PG R Belormns dhin Bunbstabiolidtbe, “flade -

' w . N o e wes e vLbobi e YJonme uc\h‘t—m[}.h,'

OE




oVt e, €
. L L ]
B K : ™)
l B £’
({))
181 “ " € / .
- _ - € T|Em &
i N g S e
77 'K GaAs ' . . l_
o . I - (M LY @ <+
R & &
14 : . .
| — 1 I 1 1 ‘.l ' ) v v
;1018 1016 . 10%8 Atome/cm3 1020 £ n
| fyp— :
" Bild 59 Dotierung und optische Eigenschaftan von H Ibleltar| - i ian i randadichte
als Funktion der Exergle € i von Halbleltar aaerln a Laser-Photonenaenergie &ale Funktion der Dotierung  * t b Zue Na
bet yer::higdenan'qoliarungan ‘ ¥ Bereich der Donetordotiarung (swDotierung) P A Bersich-der kompensisrisr potlerung
7_4‘4. areich niedriger Dotisrung P Berelch der Akzeptordotierung {¢-Dotlerung} V,L  Valenz- bzw Leftungsband

Bt =9 n- west pm Dokivue| . froAcilels W do Ghariel-
wkm..( s phco s

FXe w‘q_aln“;. A - 909\\01.!(4.;.1 AN ahie Pﬂo%b\ku_ulc'c € wu~p-—
6*_-(.‘- (\}.-.‘.,Q dew. (Jocokolatanst. ML LSWY t- [ogg,‘uuj (,(M‘
u- oS alar: '« Bl ST )ancl das Frwr- Miseae, G5GaS 92
lelunphacol grlobtn, Be plade Mareung (ias p-feseet
Apinul fRep didie sl £-C) Lyl olay Guand —FReress
wiceme, Wele (. h.‘l-u-r;(aakok ad frn Eode <. &ﬁﬂ-'fﬂ et f
mibatehon Bacolsodare s n- (g6iel. Mol Bl -3 L-yh
He Lidte  fadkucpbrdpn (0w un bralla wayp fabr ge' ote—
Fruat ~ Quuogion . F\Oz‘ﬂ—-'dl wrird oy Plotont i g_ro“[],ﬂ ok,
be Al—fboh'mukj. e vadotcty, p-— .‘Dal-.‘uw.\]- (e p- e 2GS —
Lblasy) Buao.sb- vl oo Fuwdu dutac, wvepa, oler aelr }:m/,"'\
Thotols dictle  wat w ey A dlar Dol Lilaeln | ade = V'-“
Qawstrlddane . Pe "-—-l‘d«k'w W L¥dow Ses n-febrad <Nt
G of Ll Sel F_rt---.d. (oS Trtacodlolicdie ) avc th'c..-e‘-!j 2o/
hovrion (Verdicbary von €67 00 n~ Hals Loty ) reks weme™f
apbi b Reofiop fldte vor allen & oa> Aleploc =
baed Vel | 20 oln[) oh'e PLoLot.-.n..-.M-.ul'.t (Lo onrat o« X
Le' &- Do,h‘_yug__]. Wi wuadk u—-JVa\'iﬂ- f,uc.'--/h_. (LG E&.L“‘m-
we. = ) Ckrovmno, o > 3 6o Uaca o [ e, 2Lq V.o'ug-o-.z Horer -
olr0 o-pG)J-e_ tfvadchw-J LR ety wneed olan obtlue e o
O Rl 2 Ho L6 e  olatw p— bowpicuvl slehiuis A6,
Padiell n- ek . Rbordef) pesebachb plobiur. 0=

i |H R N -; ook i s l




Ty

Lob e .&.‘Lu.uio—' ol .l Vol pbowotl ol p—ka.es L2.Ter 5
lap o, Bacolrudwie | ol (eraote oo k'f-uu..,p facdl wepe.
Ao (e b ada ot rarl & g&"e—ek rAneod, 20 of-n.ﬂ
Ier B prriap S&_CLros.c....ALJ‘sz.‘a oy dee, enbarles
dotrvawbo. wn— HolS laMes oA'e how'ocs B-cd(c-.‘(m.-{ u(}‘:.@,{.ﬁ. Al
R ctyare -'pe‘l-n'uuu"oq.rl— et Al Pkotm_.b-.u.ul.'e n wa'eoledy -
CpHL L - pHL n-HL Wi, Bl -9 %
!I:-' e €, F—'H— de Avbachsrold -

AT ‘:-
T—-{ .:?_/._._f\ g™ e 1w wnwabel barerm
S

L

' | U (pA tatn| e 00 Spere-
Bandsthitdnze - I- . 'l .

€ Fcnae , I 7«1'.:11-, Canmaad o,

AN

|
l

% 1:‘ € Huw o la W&V-k}.ou-'
—=t= i - — | ._....'.__'GF -
e
NE) : b 16) %ﬂ Fﬂa—-p-tr;a.uuuv K. R
- v p~Ho ol lo v offe.-
Bidal 5% eia RS R AN § Cq.pu.-'akm‘ul.
Heruaiden ‘- .
"a e, > eorot doti'es .

TTRE) b hote Flufapiaey Ao f Ade FECGGLE W
ek WA ot (Lompianivie) Bokiviny Taens s atn oo
N W ($-23) bcu wrd . Anlerernty WA e Abrocp.
ow derR frafe dcluwpbedpps oo o 203-29) 2" oo TiSper -
kov o bcoldm  wumol ol R'H.'procuk. (Co P2 vony 1acE ,oror;ark‘ou.
we £ U . Touwey wWald oo L?red-m-ru'holen we't oles o b ~
Hon . e B&oh an f ol 373 ML, dap) Lsc FPolon b snes -
QA‘UA Al {-cumpa.rn....c-n.\, fera 24 HeGy ol Rrech s —
i~oleyw Wl Dadotiotes K abrollon fe= Vqu—c‘c.Quc_J A
A‘o)d\'p‘-'%.\(.pb.h. P (ot Q.._ur'bg. (R fFCU!\‘g.&L. Pofﬂ.{.&
ovtd de Fuwe ~ Sape hethw dn LA"—MP'QM'&'&(&-. wiot A
Photom tm tiaei 't (Abrorplon uol B lrica, ) o ( Qoo ~
Moss - U’UI.J-CO.SHLJ)(J&.L-

e St dlAron oh'ctile 2L darl 2lvnon. oﬂ(_.‘;.,(g_‘ Reroua -
lec covoh u.(noppbu-k Stewtdar nacl B = 1528 tamtn
Dece Sl wuotee . e Brole oo alCoe, Zowe D, 21
el . Loty wak 3011.—{&-‘0((19\9-4 AGrde ' 2.3. 6., U -
plstc gl otar D Pfurons ALegr oas Mo ls Fefpo Lan
bo D=L, Lﬁ'd-ufc..‘l‘c.(\.&‘a\. wide e Ve ba'c e Rolle,
DO olas - (el akdelo sukacth otebiut 2t ab dtay Goun -




- 109 -

pﬂa-\'ulutn. [ &,(r\v{- Prard ol o A'l—ft‘h‘uf-ax Hrow. wnucTaoa

La. Voliww, V=20L DJQOQ-C rown'e Lo Mralleok relow.b:'—
wA R taole Zn.otut-r:C-t‘i‘[,v el fet vedia ; olaf) alde Ve e ade

WX ree ol oles lane beteiely prekeclh e, e (¢-37, £~11)
ado -t V-C‘(‘Jf)

vee) = (Tofed v ), (5-2)

00y wr Soelo, seven Amxlvit Prozenme e [ o Shoaas a.rcl-.-

Ploto Lo o Lba, Lucs el H‘M-:J‘oo.r, Do, V‘,U- Lo ok A
Urom, oRP © (racte e hciponlane. flou brealtion be ~
ho“l-i“l-ﬂ-- Tty A ef e “""“’(J ‘

. oo
ﬂ‘%—;_‘-_ = [Awpcerete. (5-43)
€

et (undlSbe ) ol Scfw ele pott (A Ce~¢l), woSe v(€)
O5¢ Lve baaliuwle Plolon b tuesyfe € marimal ool
e, 2t 52, Do V\A"O‘.W}L-’-ﬂ.‘t—-@. Re10watoc ool mn
v&uﬁ.vl dant, oo - Mol uhﬂfwmm.\l Lpet A fre ot
Shu el Acon A:g,‘ = < (v(€d))

6 A
_ eV JAweOde  AwpmCEa) L (eg)aga . (5-4%)
i} : Awvges ()
“?u-(- AU/F_, CGA)AGA LV ges a

.

€o D dvofonipe Q«.UI‘._ , B oles ote gpovlace Secsi oS WKl ~
wol carst , ol S &, wber AE€E4 N dhe HalScruleootle
ottt . WL ols. A&k&'ruuulw

€s- (& €Y

QA;VP (c)ole Acv (€A) ‘
= é F" ' r]:- [A"- Lkp kT—] [5-“‘—‘

x" A(_.[I” CGA') AEA ! r& ALVP: ceq )

ulsh wou odbee S LudlArona

. gre n’'VEg AE,
TR LR L ¢ Tt int Tpu (€¢) (1. (€g)
Do Quiotitat ¢ v Belicone Mlepral vesk Zecktbechadwn
i Bk 5 M wefad ey unel ot fowpualer dinedlEN -
P“J‘ re wadyAd wat ol T\m.{:unh.r, AN &L‘r T™=0o K olw
2o b P9 lLs 2nsp. AL W dA w - dee T"t.'-\...Pl.r‘o. (ST TV §
ok Qsc T=0W wefo € ¢ €~ g Vol ey, Fir

(5s-%¢)

ne

BAMERE e b |G el

NI T e e




410 -

tiue lpirk  kowmpunivt dobule allioe p- doue <y =
r.( r._a’g = 5 b 'f_-: 308 K. r

Dre Skeow. - _S}oaanu-.sa-léu.su&'u:‘._ Lir wnbacled oo biebe por -
a_w[;m—y. .&c-'(% Al el el au.-( e« 6.«& el Bere L tr
A GcomLbace Ua.""c\.uw-s'r kot aoan I‘e,.to..t e Cl2'cle W, _
Ll s [-,UJJ-UM_I
m- Rk
<= 4_'::'(: (e ckT

~4) ($-%%)

M oh'e acheria ou.L‘pIe..aC.g S‘pauuu.c.
U o o oo S‘pf_rr\,ﬂq‘d\p e kraua g Antle L, vk R 0. S5,

kf_l‘%'}“"’\aﬂ-—.i £ = uf"R.‘J: j.
!

Re oo Dol wndo ool vl 4y dur S'd‘(ﬁ-t“’uufotrou-\. 0w,
Falle oo N!-‘GM"\—;LQJ‘“HMI 2 bhielre uqan uasl Lﬂ~(?-9)

2 = ' . i. '»h A i . .

Lﬂ,Cv‘! e'BL( Es Np + _i-: * ‘IA )ﬂ;: ¢ *3,c22 ¥ A0 “'._f,c=(. (r'qp)

Dabe! el Dy, D G- e @u’({uﬂn'hs(whﬂ"-ﬂ'—-frk, Ty T B oe
LS widlacn Jn - el po Maledal, My My o tie Doualora -
wsl Alreploc nn otelbee , wed wt Ur= bT/e Ocd olie Téuwpe-
robacipaucw) de fluivh. W otw Ve ol 6an Vﬂ pr- (5-%€) awvcl
bey tnbaclelr Dol a.ug_rol(u{-, it welr 6\% A Tewm -
pesabnc 4sc~a‘.1;]c._-(o.~ncur unol A3 . Thdee Alls crmst obr
S‘&'&'JU—,’*O% et Al Gola Do-'k‘uu'-:r 1efr G Rale, ook £ |
Tqu;a& Mefoo .&‘e_‘;_ , aS Lt J-e.unruaturu\o.fy(.n‘.'ur'f, i
PA- Buel. Do aue Terw & o Klimuwu o, [ (5=Cr) be-
It e Lo Wrpua., o il ola Clellows WO .
Uar bota spliade Vuui'rtuaj  prre low W Q&cuwc«-‘k/‘d\‘aq
au.‘;o..-,ui e, rrt At g oladkuccl alﬂ.ﬂ ola.s M-—Lﬂqﬂ'd— lelegy
tbactat otoliub wicd ah dan p- (el vl K an Tomt 1 2L
(5-3). [P CF~€P) retawur WR dans o ‘:a,c"em-r;:r,’ oy
Wwobe feretts der e [,f (F-%4) btredunele Glerk fJhe obe L2
bigolo v T oler Clelilconon <ua p- Holercal elnpp sttt cncdde,

Qe ac iy il oe At.nnaj,a\ Bemon Al gz ok b (R (e~} P) aam Qanl
acltt dolvvbe, Foalt widd adlats..

e Kowharmle ¢ aw V.(S'—‘(?-) Zrud‘o!u'dv&'/(, lr) i bl o barlet-
dolwien oo olafl Reliou. Limallow < ote RLR olen [g -

sammbrltoun b frates p{.)cul.qu-h‘ uu.‘un',:.. C&r R LA ;p,ﬁ.
e P ote I en LNl i L e uak €=2.(Ju ok el oy~
{2 ecw sbo ohee AhngGu.l-.j ole hh('o-n'&lr Frégr oli'e b e oo

b I"\‘ ce il di ol

.kfi!l et kil bll‘l‘-ii‘c‘i‘; e




- A44 -

die D fleonsronsn widd waede Wu&gﬂln"ﬂﬂt'ft VO o ey,
e LQH»(@U&‘ c=2.) Berdl wlbluo Heownddrla et
wb c=C ufafit. Die S\Q:'(h;/uhroﬁuo"u-e. &5'1' M-t'e.nln",c_ ool can H—
Loe freow Wicle, unlerd 2ol e Al lﬂed&.—‘-!\.o{f - (5F),
B at oo b gnl Wy bLave Lt%u‘-calu(..f aa.(’ e's gt Bealarlet
dotiole Tode L ; o Hr»w..[a.,, L5t R [Sedoug
eUr = eUr(300k) = (23~ ) Ur(300K) af wma$Cle wu oles (Riu-
prakc A Qouerl -209%C - ¥0°C .

e Waan L'wie P (5=43) herdecbl cu C‘z‘.pw.',; AR
Ho RS Lelo Lary wane s 3 00 2.0 20 qugﬂhu‘_’h - Q‘J_‘( 20 —
Lomp w2 (5-0) @ (u-Ryl) = €7 €40 = A€e < €6 poh

Paun whid ndw bl Lowalllow 0 weol e Cowd'~ Muea

laste Aie Thudltnk |, £ e Abtacot n volarrm.: OSrle
do AL Acnodl Gadii., 0 UTdo e c’:‘a'u‘prupo.-&'ohc,( (et p(.(!“-,?a,
36 ) 3.0 excponnbiell ) Ao Vedic bhup lowbacte ol aloenct
A At Lol B sl ,oyfet.g datf Tc‘n‘.‘wmr.‘hwuj AGF
orf oten Slwell oot A€y R el GeSGE N, (Ere omoleg
wts Abe < A€pu, , 20 Wice oAt Anll Hiwa Luesr Rebou -
biva Lo e Qboprepsrh’ sanl s rs , 39 olaf) A€p dr olig
T den Ml o Wonay witte anf e, Slwellwoel Alp,
p}.coﬁk. wirle. Bo coleal o Vo'E Lh wiis s frale ado aNg
gpquau.urw&#-c‘r/-u] 2N . Odce By=0, 0 wmcHe it tielasng
Rfo.m-w.j e houwndant (280, Dier wrrd sl V-Cu
Metara( Geoballelt, v oo weaah Ehredrin Wuallioler
Quatsevan. fie dlde KKetna L £t‘u( m. (;-__32>’

s & _ Aépy M €
“* R Y (s-4%9)

Do Bebries L Vorwdrls n.‘e,\Lu-u_! 6r."u,l. Ao r(-:&.u!--t—ﬂc((d-(;-
A{,u&-‘lw—lﬁ-«-\ ¢ 2.0 Ja otes L) e She retve D-'{(w\q'a(_, (4.,{_
ror L kbt Tewmperalanr a&thftJ(n.‘t v ellpe. Nz e
V) Ce RS lwdelr rd by wanod, ‘.D.ol-“uw.j af A{Dn.,fo‘?cu.:"
o BaAy dowwialul do | avueledfeCl v oaf) rRon L

e 225 nAn f/:zrd‘afnauc.wufu\ 28 (alq BS el oarls Widanr fﬂ-‘z/)a,\‘
(Ked € L Wl F~6 a durld 2'e ffc.rropqc-.kun.f abppranld
10 Lownt.  elicoce. aer p-HalSlelyus wl €< €™ an
ot bl prdo ot Perba da n-Hall bty uat € €
Clearwe s e b | €l 2w e odu'e Vobsled ¢, rauulil sebe 18ma &g




—A4 -

dove e ol S\pe.rrmﬂ-.:,,t} datl e el ’wlﬂ. ole. Taxt b
Rl 2-3.) Dar Oac elew ol ol ld ' oog alie Rted-
O el koot (Mack dard Dioule ) e Dobwunren M, ¢ 4077
6‘.9‘— GoAr ot Lowte o darl G rucl w\a./)ptsﬂ.'.l [ do bl (pan-
waa (o, ab uuy_-(u‘.‘f-r SV alawnlpd,

Te IIDNES Drate oo RLY ofacth ol Vuu\meﬂaﬂn“mj«‘[ ol
Sru.rrs.ﬁ-a‘d-k‘an-"'ms‘u'l-‘ e fie Locotbionell slotiewl, Dvo-
dt. wu't aStuply 'Dol«"f«.k‘( preperasval Ror Wured o,
der Operedrpaavas) oilid . oo un'ciub oAl Dl leriong —
h,o.pa\-t‘(.ﬂ"-'l- p verar ta il ol d A&Mrwr&'@uuj v, "L.'t-.or.‘;-
h‘:l.;l-r.‘.'put-. du  LeSamsaanes Mine Top Cd..((:- l—-——%—""htr < z't‘,l:,e“:
A sepor u Gl wnl olar Pﬂq./)opaw-.eu.j Wdlot. Br fuele
do Nod.talio, Wt odar M, ola 4o (/orarmut.) 050 Cals
do laswird otle CA..‘((*O ph e 5 P vl uaelr T
qit Tip =Ty, Weddon Ao kb todawe do Mlcert@hea ot
ditl Act Mbecaw &b s Or)‘(—‘l Loy, p‘-m(\lu.\—r { Moles &—-)L._
V'Q'PL Aatu Crrdofhd . elwed pl-ro"ﬂpruul: weld L
Cufy o WL oo, wie th B2l =25 foc o WEL L
Vo o f dor (Lo Ellerron - ) laourous dhiclle - nele
A, vl ol L (Y=F2) . Mal dew Erurebie, atioa Loy~
ko Bulrston Yo ¥ 0, A% i Rallion v, X werewtbl
Ty 5 TTIN

T rpocton LalHUG LUl fathimy P b Ay Giagb cad
P‘\ (§~4A4) Lintar, v, otou  Salelcow ol ' lle namp <n | e
[ ek ab. (KFdwinpeblio verad &daaé pEpp=Ma) Bean
,(_p.otu.hJ tored ol aNew Hrow. L=enVr, iu den [Zelow. -
bemalbsw suo bowwan V7 frowporlint (wd.n/) Pof'vi enesl . o~
e M PRalowbcealon 4w oo RLZ (w'e et ArefQen ol () ek

) PYR AT (L-(\ ey (fala eroted acoley o-ur_.n-.Lﬂ'fh.«‘;L. Tat 2wl ~
Bl M fetoh udh oter Lhcoun, Waoluy e Ipauc.w7 pras -
re Weaacle oer Bulsicom , vis (0. (T-42) . % Bollpwaw-
N'd.‘kuuc-j ( b snlarbst etiwbe. Rlo ke, 2t ll’L Ut Yot Li09
""[/! ) pz.(r-C) Tstaatn B @a pr.(r—f). e (L. (S-¢,40)
G wnoan g Ratote ot RLE x=-wp, x=wi LA -6,

I I T TR £ I N TR f.“ifi‘;




~ 13-

f"' ecp) u
nC-wp) = iy exp e B (s
LT "'m)
_ €™ — €4’ U
P(wh)'Fu""P—"“";—':_—-—-=Phekv'

qu“(-.uu-\..‘,uc:u. wnrote  Ade o ol ity ket Lo 1 beeGon,  olas
u.n-‘olpt.w«.‘d‘{«s&-uu Lwprdd | p(-wp) = pp, nlw )z n,. Qfd-'d.
P wle [ (F=%A) ffc e ponlam zufrul k‘%uul , Nz
w-wp), pupp, np=ntop il

7]
Pop (€)= Wiy Nyg (€a)AEL € mite Ur (5-£4)
FOE [ (O S=E>) vt &MLy o U= clly ln — , 00daf) waq

L3¢

P’P (€)Y = Wiu Ny (€a) A€, € HL‘(::‘;‘C )c (§-f2)

easbadd . (Do B u-‘c.of.c's\[)._ (St A wltslsal Lo oty Koo
how hea ov. L deo RLYE wearemil'ld he Slaoen Beledyt, c=2,
tacek Pof,c.=z_ "'(m)" wae. By wvéeve pl-roh-ou(. ek

L
L TTT——— .
Pmy,c:-( $y,024

Dre 9(:9«.&‘4..{ St Lt-u...[ wrdl A oaleg V:o.m-(.a. Roacin ante =
ot ewltvub | bl i ma Lok /f-“dr-w-.J olﬂ-ptp-s fﬂ-\"-*(l- AN
PC..U-w-.! olv prd ()i d-p‘-:hll« Vu(ﬁ'rkw&( biv. ole W § 34 o
Nblopp ¢--J S B A N Or(-‘aue"-\ Penowotor (e & AL R
1.7.2. waol 2050 herleledel) waod u&:‘m oaoSe tlue, oved
(Lo wee, Racwowdiunled AR, Ua e Aot - lrow - et -
2.wle wale ‘l:.‘cn-.(.ﬂ\../) Wwn Lol Poierre olar dlel e,
M/) (uEW.L Ae Uw?.u,&.u‘c-km.f L olen, opc.‘a.;te-\ F‘c.e.c L -
6.()# IRVITY I NN AN (a&w:_ ol N Fore wec R Lav v pla -
NRRNTN Goe ke Roww el Gogr g AJ2.

Mael (£ (£=tA) pth 06 - E,La.u.u...‘, oo A e rpoulacg
Fuirsiom trale otee Produlct von  $200 (rottn — el LS les A ble
poport oual M, 0oba vl FPelow. (.-'c..a.t‘-.‘u_,pron-»q, He Aa -~
WGl ., Clellroc e wal AFdon, £ P n../) d-un'-—vuf- ek,
fedot wan wrgs, daf) Jwl allioe ohiwe At Ldw - il b
eth, eF(H pu_i(.(}"tr V.t-‘J. el ., Oenedl s, E-'q,-q,._' w© A
g,.,_;,,r,“_.,gn..._n.( e wertetL 4 (Sl Va.,eh—;-()c.t_o.!“u‘M o~ A
Mo L3 Lo lociaicaa. vors 'l (5o ol Ay Clef ot e Gou ~
W brolion . We avrote (o MMLCQQ‘GHE&'&@QQP_ (A de. ol

A N AR N N T .



bt Gedoe TeSuaoclnn wal ehoe Rlowbicalomsall, ode re-
ot Audsue (i (totod el Qerani R emLiden. (b
weaae, S o uied e’y sokes howp tuule D&‘q‘ugt_“ s Qoo
Coan Qavol Lomvaren M,[t., bace, He' ouspea’ R 2 of prrigu beoesion
(210 PR ote JuiWule (lllone ) pudlat ude,

ViAivges # wiWVug (G)A€4 pon = Aun = ;_r" - %" ’

Ty = Ac | m [WWNue CEDAEL (M- )],

20 o!a.(.\ Ae Ralow, b aVovirale wiw AMeaw orawrrel HH..-)
quGusV‘I voe. du Allu il ool
e Vol v bie &L"'c- AL Wue kol fwricon alod vt~
helde,. Sre oo Addrask 4L ek Klaw~wue oo [2.(5-¢1)
tug 5.0, for T=0K, w0 (tlle ole Prpscliscel’L B8(€) ~
Awpe (&) ~n e & (L (£=53)  unel aie opite Varddrlcy
e o  Uehbco ke o le Wk dawc't olen, %I‘LCC.‘&ntro«_.
prop ot omal. Tabitd 'L Hc‘{{l- ola> b;;‘JJ- . £ LN AN
abes wflon (0Cue Ab2bum() wit a-e{aceme

(§-52)

e e:;f b‘.‘ T"OK ) ﬂu (r-—f‘hq’d,rj)

V3= B0 ($-5%)

£=12 be T= 100 L,
vige [t (e-£1). Rec ot )\'h.d.vu.j oo Clelelroc o, A'lle
(ﬁ'* o P'-‘;‘p e Vocauyieb i—u.ou W L? (C=51)) ol oleo o lotie -

Llle bouw woaa AL A—Qﬁok‘q ~ V-(Q'(f‘-?a‘f;)'w-‘l- V-(r"43)
et (p o i e e Pasmprale wickh sie Lot !)

d L ¢, = [~X-x*

....?-‘-:P"‘ ta Boh S "C,X r x x Y,

a8 _ £ n -~ £ VL SV - —

w TS vy T T SV TXORANTY, (D)
. . T

P = ELV ¢ Al VO L(-(S—VC) 1 "K"Nﬂ‘:'é: W'-[,e (¥-%6).

Mocurul  wecde o.h.,,ﬂ-" e Fﬂ («- 85, £6)

s o s A A e
T fo X o Yeim PeeglEg), (=9
was' b

-2 B . K D pegaay @etohoaot (553

SIS | VU | PETY S| RO R

N FF ) Elﬁz-‘flﬁléi;

P

T T T



VY o

P pz.((«—n). Alle QJpl.Su.‘.rm oy, AGadu s ¢ 3.3, Lama,
ar sl |'drr—" Re> A4 v-——f olay Ha 28 -QL'(U@:,V"‘EQ.. L;'Q-vl-ro‘d—t-..

il $-40 neph
tin abﬂ’o% €o ¢ ~

40
R wdHRro Doc - T - //
4
Aell die wor-
. WI Y -1 Q.'-'O;O‘! //
mole Plolen . - 40 e i >
- . Ve
dtle (e d [R. o £=3 7 /
- 7 /
WMU&} Vi, 1 p
K Rmoronlocuwode, 40 / Y1
melo-r(—.‘w| o 40-5' /,/
de. Row. 'l >
A ohprcatiiin ) 0™ /7 o/
Gle der toruwaes - ot L/’ Y""sz
lee., Pusnp mnle Pl
(poportonat osm @ kL - _
A e s s o) 0F 0t 0 a0 0t w0t w0t 1 e
’e, .M O 1.

I —
e puospe Wejeb- pigt T~ 40
oo wavtd el

Pelio bt o & o RLR2 usl V-CI‘-I"&) unl =2 s Re.
won Wlme (U e poporlonadar horuuw tnlan, oles ohue
W Liule Vo udrliony de opomlons Qi-rﬁ“s.ﬂu—uf oncl P R"""‘f"
b Tod ot u. (2ele. Hwuttwl l/u»Gch.;.J , brlee ~
M due Lu ?v‘mu..uu.e_(.n.c..j Ol Lo K-k’ol-.kofpﬂwu:r, 29¢7

do e ,aln.() te Relow.Gleationy 'tl.ro-LQQJ oto Aﬂ-otu.h‘u n- Ny
wLQ'*AAT'L.aL'I (g1, =0) Auuliot uc’oe‘t. ¢ wuol 20 Were b -
NS GEVIS Yo LQJ"V"'U“J als Lorta Mol ag, u&/}&_\ Rouw, enu (et AR
emilob wvet, Do Al ol el lot . dlble maer cwo . cencse ~
wl L (R¥0) Sclob, vl DAl €-24, (et wa T [o. (§-53)
o do Ml pen v ?FmQQuA.J Condanl, cplonel

Ml AL M Ll Ewlrica. do Aﬂtju.“vt-a({ Y=IT-4 «sbast,
FQ. (e-5%) .

Fre e AbArall clarallo 'l M Jan sl Qg ol opGale
Procoloe vvanloeriely, do o (At - ade Pbe.)_ea_ur.ue\..

CE

T I S SN T TR YU I M I




~A46 ~

Lg,."(p‘ met il wat Laloal pon %a‘-ﬂ.\c’pmge ' M)V.c.-'w (‘;\
Da ‘-—vp—-‘-.ﬂ-t. J’,ra“/)k drolwu.«.ju Jic dha Mu%u.a.. U~ ol o
a2C telo oy D=0 4 O, Cpw | B2 20pu., L=too - 5DO
pras WNVM, N v Ab At nulal L g xa—~ $Have Heo
Bolotes €5 gens)) [t. (3= 408) were bR e (e I~ 3—)
abh - o oy - oo C“ﬂ‘hJo"-'é-). Pv'e 2e A-s':«.(.s‘:l-mfk Ty
w e (:fk\ﬂ.'-\ (PR § Zc.rd'cAM‘J—L‘(a.\, /TRy B“Vm"f‘

e Av-:p-urpo':&ﬁ-rw a'cz) woalddnrey arbe Leoln, GaAA-
lans Acdl Ao BTl A1 L A-sﬂs‘.'u’t‘l(;ﬂ.‘l. o, ol O Funes -
(W Puw-prate = o, Ot watwlat( oas {leselle ool e
de poanmle. Roowalor woslin, (uer arxiale Mbole. ol (n R. Cat
placibar) gl Sy voddell. Be' AndCary on At Sd0 elt
Wl oo ko Guaiolte Are L N YN ﬂra&.du..! re.¢a, ~
Ko we (,oqu_l.-&.%u..] VUV A V'c_,,.{h-c_e_.r boc vt annl >0l
O (g 2b ol Sdwelle erdMiault e fuald, Ja olew wac 2L
o v e Res oatlor nao ol mﬂ.uu‘hll. L SGred 6 (e
Pw«-.prc-cﬂ-s [N (ﬁou—(’&‘l—t‘u‘t> Mo 2L im0 ot an speleloan
Cbo Lapprten Moo, Giunwn 4 Beobaclla, oA .

e To.h—(a.ua,f._r Lot wron ' C}""" A.\;u-.\-L“c..{A, 4...( olen
Vala b4t van Holl Lo fason, Ma L V.(S“-‘(G) W O C
all e ofes Sho ellAow Lebroflen | o Wl L Lou
Tu...r.\umk.t [}LJ de ‘COL((.‘H‘&..\-OM e H—w(r, a$¢‘—\1¢-,“
J..(} cu. wal odo r\.un-p:.rc..kr wdd; dd'c Lrun — b0,
patalie b dase S AR PAle Reredrnn | (Floo bustdecte Oo
]z_‘l-w-r)%ﬁkdq LT d‘(’ Ade losn foAducle gharall 28 e e —
ks o PLom witslew o (p [ it 2 et Leles
(ol g A«.own“rfd»ha.\ aa_.( olan f},oc,(frw* ol £on lidile,
fhcat Q_w-[. Y0 Mlacrl & acicd b verdael ¢ vl - Gitreng
Plolot o b v s (@bt oo WjethNoudow préflo wn'rt {Bar-
P - Mor — Vm..ﬂ.c‘d-w-J , be Q-Cu.u-..u{.ﬂ.u-.‘;uq,(.\c o ""'"j ey =
RESE L) - Vou psSNon Dest by M ohie MecaSine do Dacet -
soAostes wal de (iwpoater dardd Tar o erectoeloclany
e udooles Gaas a2

€c (T) = 4142eV — 42 407" eVICTI(T=300k), (C-5P)

Mad ot o (£ (£~36,12,39) mutd e Plobonas sup’e Hr

o€

T T T N




-4 -

wrlooh=1 *wfer =g ..s:\h_onﬁ

Syawes ! 3A0FUGAMNI2I3E 1 IS - iRy - Jaddeq

t—
M ooee 08
, 1 I
AN AL 11 LA
001
Q0
5171 = .1
e+
M oore o5 Th
Trs é ﬁﬁlf...iu‘_c
01
or't = 1
GOt
¥ 00Za oste
erd ~reran O
001
St = %
OCE
¥ 00Z3 osz8
e 4 o
001
L QE'T m X
[s 214

ym our=Py y Ho=yy Bunssiiny
Yy lra] uEquqso..IoPH Sap woryyung 5O UJPyods -m3

- or

MNOT+ MELZaL

£ +25v]

i
Y

NN

1]

i

e

S6'0 = ]

ooze

o

w'T = I

¥ 00Fg8
e ]

sTZe
L

o5t8
!

-1

£y 4]

oI'l =.1

y‘o

2'c

o0oz

(TE-% PTYE

- - UMTOUUTY UeaATiWTe: uf BUMIVIETIYDTT eTvXyHeds

nE

zll.‘h FEREH

|

R W I

Cd e

-

R A

=

15 .



~A4E ~

da> Vuﬁrkuf;u\r{unw« €=¢, enbop et ol

S DI‘LJ-w-p dodore np de, Rasowatocs daclol o'l wuanl olme . -
[o&'—.’%sﬂ(—rou (V‘ye ﬁ?-(?"ﬂ.), AlcelSug e, Wp it oler Ko ia .
o Lo, (rnn‘u' .Lo.otu-rvf-ﬂr(/-)), abe) ucl wrollew, wr'C oler Tea -
perab < SIT V'qu.“q.&QHJ Ao Aborpf-'u.gr onle € (R RSt
31-1 , 0, < (-rmrcxr wle, ol | Qo & €elti). Bxc GaAs
e

;‘?5—“; = 30075 5-$9)
de h-rarce Tq‘..wqc...ckoe((.'){kl- e ﬂredw(o*\owﬁ. Des
Qdease A..-;.!Au\wr-'cml-((c“h‘wt- va. GaAj M"‘x[/" U

4« dL _ -0 -4
T ar - S@ K. (€2¢0)
A (1-4F5. £ b 4 y
> [ ) wk = » E e w@Wl wan
Aodhe 4 Ane) o4 dL 4 du.he)  re
Ae AT n (A AT ¥ L aT =~ ndgd & - (5=61)

Fre GaA) roclihul o do Valtuuwuw el ﬁ'kk(_ Aoz RO,
eMe [~ msnne Meot s 0ers 2 Cebuan; o

AdAe .~
T - + 055 AK , (f-GZ)

Wbt AL oas  Nawiwuu. oo V.uy{.d‘r&u,o(m.cuc 2l -~
1r,rt.c). told

dAe O -4
4-_—
ar + 2,43 Ak (P—CZ)

atder k. Ve Tewpeobr Pak} bypevdd relh [paan ol 2a,
Tun..puc\&_r Loe.(("h‘a—dﬁ-. ey facatafrtacols p‘t.(r-ry).

D ot Sicot --§|oo.t...t...i-r, lacu&aie O deo Sﬁ:“'t:]kk{")Ltbk-\
wye, oles meballd Kb L 2 Lot uap hocallos wls "l-',(‘-\""
‘6"“&‘- #u_ppo.(hro.ﬁtﬁ'a.r.‘l_ 8o w. Cc‘;um‘a(u_\ . ri-\ut..t_.al.&{(cﬁ(ﬂ_‘
de FRNSont M clle he Koukacl her il dlec {Sompe -
e . Do Dale cnototacet foia { (& aal flof—ho-eo[n‘c. ,-ﬂ-\t
negaCoe ?uapuakvﬂﬂe((-'n‘ml-h. CoGa,

e Ao Ko~hea (o won, flasou 4 .h.r-oa.fl... acd (e, aﬂa’ﬂ
o SdolbAron 10 wledkn (&lel, daf) olie ?rroé'rt-.\a-.j




_419.-

dat e oo Qtrou_.uLSLkul T
a«.c L 7o, et Ne S8 - 3'-
-
foa . Mot w2 oS, vo- .
~ A E )
2leh b @ dafl Cp, Lunan s 4 T CW-Betrieh
[0 oh £ b2kl da o i
580 aRLA0 e G50 pro partio— Teaser = Tonger (1)
wal a Tw<, 8086 542, odav

N“r cun DMV&QJW‘“' ovh-r Temperatur. Tiager ™
Karoe,, it € Go (T) ¢ Teaww = Bilat §~-42

Teaw (£) boan o8 fowwbe -
Frcels (CW: Comlar o0 Wave) rdeclelt Wetolog |

S 4. Bau focwt. vl ')ul'd-.t-‘okcfa.wc.,

e $hewlbe oler Llaley S2¢ el Howmmo ~ (b “ pe-
ol . Do we st {2 fpp-ote o.ﬂuuwc‘ara.ka.u-._ Mo (a2 Qe au.f:

4. Due Qenle Q oo KCr'Aa £l late ow> Pmuﬁu‘faprd‘gdh.,

wid coentn 02wl R= m}.u._. reoked 7'uk werel e, . “Be'q
Vobe D dou allGos. log wnrl ordl ohie rﬁa‘({uu‘&.;ﬁsﬁ
(g s Claleleon o (u. - Notes ca Berdounints | D™ Tpas . U
N N 7 T N N l/'carhpn'ull-mj ~ G
W fd okl Mokdoc.ei‘u,x. don BuCl Ve L oo pa g,
e ﬂb.-fc.(—fowo].,.d-',aﬂg_. Folale taol tae 2. Lo b daarc
%q(t..-—v«c‘auhj (Abr0nH 2.3.6.) pfolek, (o €4, B
cbho D Ly n- Lo P~ Molas fo L i 23w fa poole Felol au -
ol o lleled n oben o glg'u*k. 16l Mare A‘G‘)Ol‘f)‘*"’\t—
v lAe , oo olock ALD €5 Ao,

Lgoe‘;mh A = a.(r‘q'é) O oo, [Quellolron. 0-—
Wwoth 2 ooy Raliowbimalduivalaw o V= DIL heel , al ok
e Plobow s Lebtgolomer wnok oler Konitoboatiows fplloc
O 2ele ke, £SO 0GelLUgoun dlilh b, LN %-"f- > 400 kA

T




-A20 ~

Waol oo R-n.paﬂ [ e ozﬂ-/) a 2 o egﬂ: fe L”z— ﬁw.fg_
P bhaton, (+FFK) Vg l> bebrved wact u..‘u-!n:lu-. Tar ~
Lol b uly wmE L Su, aSe kan Cw- QelrieS, iR -
Q28 S- 42

Uni Leno  wacl u“uln'{u\.. SIwellton, o “whesn artesc e
Qe b 2 m‘rﬁ-wp pm.o{ Yemt Vcc'apu K aran s B Mqvl-uhl ol
dotuw }ro‘n.u LeG g ok qrn s bar taalell s, u-u-.() ke 2 Py Mo
Koo Sbupasy wmodifidul Goolin: Jas Relow binalions vo Lunan
20 2le Lol faluwarl wol dhe Mkf&ﬁru—uf G em b el
P ortvrvenal o o 28 LU v buhacw, Wy ( Avrcabeae
CSP—-Loaw ), U alnn '

38 T T T T T T
M e a2 unn ylpm '1-'-/) 1 - T=2iar°r< ; ‘2 |10“a 3| ,?"2
b =2 cm- 4
. N )~ P Si- 0OPED <
WA WS¢ ).\ﬂ.,.l ‘1" [ i Pumrv_}siﬂs %%
Ly 2s0a, , LT MR ol A
N e Ru . g ) /;:0/,07 00 015 020 0,24 0,29 4
Virpiepe R vy o :r o OO N2 02 034
Uge e ')po.u (,Ed‘c‘-. e b E’ * ? - // ]
e - / .
et l/) widd wecp- 1“4//// 1
plon , @ oaP oMe R e .
[ ]
o to. £e% i Lo Zpp - ]
L. ¢ L 1 1 L]
i w0 oler onn GQop ~ T A 18 16 17 18
% Lhﬁ— . - P‘ r ald §-43 ' ENERGY, hf (V) _—
r &L'reﬂ-. }" CM" Lau ﬁu""s . Refractive index as a function of photon energy for Al.Ga,_
xAS, .For purposes of comparison, the refractive index of high
G LQ, (‘J -6 s" 6C> w“. purity GaAs and Si-doped GaAs that is often used for active layers of

GaAs-AlxGa, _yAs heterostructure lasers is also given._ .

LQ.(‘F“ZQ) - X &-‘20{
S-4d) bere Susd e, hhna al Funllo, o, Potonen tnegit.

S 4.4, ‘:Dopp.l.z - Hetero - Lanw (DH)

Bl £-4% Laat AlE L ( @ ‘c:ﬁhobr')&h.. ﬁrtﬁ'hoﬂ&-‘ recht

Lp-«-fﬁh—\'ul-lq..) -ert'l-q(..,'-x‘s.ﬁ. (Lo by P,).“c,u.a....f(.% Maer
DU - Lot Os e, FIudro .C-p(—e.h-. Al Garnc As . B LL S
AC e tth e wenet Lol Qecarde v ol star. Al BUS
Fo4e at fFc otndicdsns Mblupouldhwire otes 9eaa -
o udic oun C«.r,f-u-—\r‘ ALAi1, GaA,, ALS6, Ga 6 okve ’lﬂ.&-.o(agvt-&‘c\.L(_
Lan p e il do Photortmerpie ) enfpebaron . Das boudicn

T O S I e 0 I P



Syt o 83 Gl (S-1%45
Py, L\‘JWT’V}\OQ"A . Q, &w.

o--(, daf) ' ual waelko
dew. Aol iwma T 4~

- BCE =
flac st al Aout o-ui_topbl-.%t Oiéé =
poolontonle (gealidatte i
oroer. ) L2 A olahal Lot

—4tA—-

%
THICKNESS (pm 3
L — o
Csn-pd-Au
- gt CONFINING LavEH "
b ACTIVE REGION
Gass N CONFINING L AYER
T | e Actives Velumen, CAR FOR EASER CDNTAC,T
- STRIPE REGION (P} g
gsm;. SPREADER :

P
P

HEAT SINK (DIAMANT ~ OPER
CU= WARMENINKE }

de s‘ﬂA typical CW stripe (proton bombardment isolated) laser wit]
: all associated layers, their thicknesses and functions.

© -/7777777-7W'7~9°r7,r—-—\__
) “ Chy
3 o e €
'-’ZJ . \
giT____AT = ®
z r 1
2 oD —uf
55 ! !
Lit i
& Z
@a= : ~3%
|
= ‘ '
T | '
U t !
3
B
/ / GaAs  /ALGae-iAs /GoAs
( n n P
400 3pam Jas ; ‘
L ne J-‘;;‘g ﬁr:);f"!'f niu);:: ny l’:l]f hy= 34 “ /
{ | susstraT I iy Ir A
- 7
AlAs

flotet $—Ab

ENERGY (eV)

o€

Rt =4

(Al ,Ga)As

5.66 Ix (Gutterkonstante )

\ 5.124A
Ga(As,Sb)




~122-

lowtau(  wea> l‘ﬂ”'\"yt Kr'sla £R Cow Pl ter unl olawe.l Cobes
Qs i Lo S rsdacw prrachieh TRe Polon e ran
froopacsnbn, ol oo ACragplonslencoe Mgl 3~ velilaiugy)
wd dotn do Uf‘e.ciw-rnL\o‘-&’.K ny , B 8ol $~45 Qi obie f'phﬁd_k
Cun Qoeslagatacoll vk i Clellron @ wsl Lol g fo -
(e. Qo Secrdue a.‘\«PoLan.l (a d..n{.\ Ae Pche D do Rlowbrea~
borsrone Wik dard A INflanons B p, wmlare elerel  ae
Prale e aa(wqa&b%% GeAs 2oe  bert cannt ek | Ay B

by pemancl e [rd ol sn, p—ontaret (a%e kowp el alolit
Iy T "n-‘c. RCQ—-‘Q B plas

Re (oun o cnllons roLe
Ot L el menolere
M{)ue‘-u-k berr iy,
Rt §-43 . We G-
g.‘r,(-m._\ Paklo ot vl
b Vo lion eices De-
el ant tleer Oxidl~

[

Ponle | e enf e wH

Hﬂ.\e P Greste B pﬂ ag{—- . " S SUBSTRATE [n)

hed ok u 't q...f";catﬁhﬂ- Bitd S DU o ~ v

bo. Metatt konablel Froton o sannbuions @) Brosd, (5 Stipe contast, (9
ok, Wt P-4 6, B hswrosuctus, 8 Koot srgh. The sopp e e
oo p‘- S oo A_"t o ALy A 8t cases, provides an easier contact to the metsl than

fshetaL o fo o Z6 oo

ferarfucrone et Berlef) unt Peobocen | B4t 13 | unot
dao Abre. 2w Meom ~Slealbnr unll acnd Reflodte Koulakhe -
Cotnf, N0l S-4%*e . T‘Jp:a,e‘. Solk -t D 0lpwm, 8= l0uw,
Bay cdao  Relio b coh'ois vo Luvn te, vaol dacatl ol f&c_._,u,g..
ACOu &3l B M5 uw, da Falle SO ppenCbe etens Howo -
ol au..( u-.‘j,(,‘.‘(c 2LAcu? wrfawl-. sl 4 enrel
ot e - Steubiter ale ol A C.Dd-ﬂk_.eé‘kpuhl N ooy -
leulale Rbur( cuborm ot Botod S=APa syl g D=62 prm
vl o ed L m:&urw&'ww‘ru v e Jecudller Cu.l-\f-J\‘O—
w {P1Y o (. (2-95,9C) Ooc oo frundumodes B 20 les
Fé:krw‘l, Acca [£.(2-13) vl e~k gl 2-40. Do Al BE daf)
unl coagot e Al-[fall W e de> Lo wode e Qe -
Sorp Nolere g | ML F242, O don o ol Re P €t Brol e,
&.‘n‘d—k__ A Oellec e\‘:(..cm-] twn alQoe. Volowite,  bessns annl .

b i adeesh W T I e L em et s e i ‘;l[-in::.ia!.;i:‘ils alodan Lk



~423 ~

AQuivalecle Mmap plie, T T
e Varmate, de Dele ed-r Tan 1
LO&..'\J-&-»Q'. N'J.Lw\.rd-u@.u-- %Dﬁ: :
Wit |, Bodel S-A3 b, s L ]
Blut £t Wb olsed M- R LI
o o> SLOAt weld b, - % .
brlos. Bl T~20 i @ . =

=%,5 - a5
Uo (‘— I! Ko‘_ e HQL‘ oS~ MSTANCE (microns) _.y'
&Lt‘cs FND’FP'(S"??),IL I I S A T e s e
A&L.&L’,JJ C'_,_"{_ v, oy rp‘;cctt Tqa:u X=0,3 _:
D e Relow 9aliong — Féosz ]
b . Fxe Do 0 S At ‘ : . .
el -
My = 99 & (-'Jp.‘:.ﬂu P a _:
Gotie xe0,1. Bt 5 :
20,24 O‘C%mq"h\u‘f&/’ ® 2 85 0 05 1
DISTANGE {microns) —_—
do Vo foua ool 22.\-.»«1 Bild 18 o i y
. ' ?pticul electric field intensity (¥i? of the fund:melllital .]mode
. to the het i I inst di three
(i rebot Gaol, ool e Beroinion i st ditenc for hrsdens
L w‘ (S-¢C ) POV B W% ¥ several values of x at Iy = 0,2 pm, (b) for severa] values of P ut x = 0,3,

L ear wt D b, ol

Y
Pl G26l awcl {:-n 1 o,st ‘J
halbe b bowrranl, af Pa E 0
- L E 0.5*'
0, P)A.u-\ [estol alntd [0, sl
ALl a3 D, % & e\ han
0 -
utacmnle, Sdd el s o, aef-
we o Byt 2-2 - ' N
pe=4”
- ~ ~ - f
o, beioAw sl ¥ ﬁ\‘t'l- Bitd §-149 DISTANCE (microns] v
- - . i - I¥}® agalnst x in a three layes Al.Ga,_ .As/Gahs/Al,.Ga _xAs
F. c 3 = 0', - a( 2}4"'\ 6-(. slab waveguide with x = 0,3 and §= 1,0 f:m.l'IJ‘the gundar{lenﬁal, lﬁfst-,
fg‘ A: -2 4 and second-order modes are shown. - ~
—_— Lin =4 Ctn lﬂ:
> = par ~ U kA pu "
{ 10 Ioﬁ
- *
2 08 ]
g E oA
5 os ol
g g
= Z 04
g o0 g
g a2 § 02
00 T S T TS R WY A N B f 5 '
02 04 OF 08 10 f2 18 16 18 20 : iz oA a5 a6 4748 g3 O U 1213 | 3 [
Bl S~a0  ACTWE LAYER THICKNESS, B (microns) -tpm

Botel $-21 ACTIVE LAYER THICKNESS, I (microns]  -mmemfiem
L

Loagainst d for the m,=0 mode In the Al,Ga,.yAs/GaAs/
AlyGa, _,As threelayer slab waveguide for several values of x.

L,against d for the first five transverse modes at x = 0,3 in the .
Al Ga,_ . As/GaAs/AlGa,- As threelayer slab waveguide.




~ AL -~

s KNenon ‘-‘H-‘!.olc\‘( 2o Sleoolp-
rounas., s Dovorbofrieb

J73 PR vhb“ﬂ"..(. Toe Peoke &r %’--4.9 Ka/cm2 um

do ot Subrbral wwt W
dacf wldd Al Llaln e,

£
Aol Wil pstanm S le ,..:' al-
B s aSr0cbuaote 3
. = 3
ﬁ,wd-c. [Re A g & lacotal ~ S

Harols prlocpl, Belot S~a5
Cre vou, ha'sulw.rvw\;'lt--. 45 |

e CAVITY LENGTH L =380 um
. ) 2 1~ [l
ey X al ta"‘] N % Dclee // ACTIVE REGION n= 6% 10 7/em?
- ~ 0:9}*% (o2 AL - - d I | | | | |
. - 0 0,2 04 08 0,8 1,0 Wz 14
Lrtung) 2ol Wikt wnber- D (um) |
2 4t " oo el 2 . O M, " .- » . Threshold current as a function of d at room temperature for

a seriea of similarly doped ‘“‘uniform’ DH lasers. Cavity length is

D~ Or "/‘“‘ ™. T%(,“,UQ 380 um; active region n = 6 X 107 fern?,

(;‘-‘r ol e Jtcubbnceg
ol SLellArSune wim A20 ur A |

R

Yan a()(...‘uﬁ{ Felotk OH pece Lhel p.c fpm'ul-.'&ﬁ-fcg‘& 7 b -
q,‘ul..{'(“e—(.)pb&.)l ola, ¢ oo, u‘c..dr-:('»{-ﬂc. boaroresa L ac,
Nodwr ol Reflar o> fylloc an da, S}.h..e,t-fﬂa‘:ctu. Brr Alane
Polaciralon Wi (A ol fc TH-Ooleen, | fidot 3~7.

Pre Laluaks @:r.e.,.j Thoulutnl dan Verddrbhupnproft L
u~le olece I‘Lrt-‘('u- loalald , Ab>sulf- 2.2 ¢ ¢ @' Teourton
wedk Loaloal c.)u...‘w vel' (el , orbs eS@ﬁ{c". M oué\&c ‘e
e Flua ' le  PrownoerledMundi | g (e ot oy 2N 2 D Llio -
9 2ol i “rg_‘gk..  ENU el Gretlot Clalelrosta Wie . A2
b Le Nro-.‘(a._f«.ol-\h‘d—ﬂﬂ.. vl 20400 Drae M o Lolua -~
Lo [rusduw-dodis wmnr rleotr g mndelis | NE ool tolea, Qe -
"ng Wow, Wure Lelve Mol oonlliute (van olas 9/9:.4_..
e tmol stk Gevplemetansd Cuew @l ol atucto, Mo
e, otan Q\\)&M‘a[wtﬂ-%k wmol At AaeardeH ot Alctd —
Ote o wrhhon L= e w-.l,.:t-\—lm‘! ML‘A(L-FL. 8oLl $—21 retyt-
"‘JP‘"“"'“ Mal =« Fun felol b band' ke 2ia s LR AT
DK ~ Lanws  do wnlt Vo diestmao H—r‘-‘gkﬁu.‘lu-. R barpe -
et oucele . Cue pemioe Lalooke Bellen fECruvy be-
erq)t- v oles ah"dd-‘ch.-l Arow., ~ MCA"—’&I.‘I LaeM.,

o€



- 428~

§\
-]
) E
£ 3
g
e
E o3
% 9 . 5 t
o~ E E 1
- &
£ 2
-]
) e 1 3 3 3 3 2 E§
N L} —
e s & 2 2 ] Y -
- 4 3F
. mw ~)
' 2 8F
328 L,
| § 33
. : ) z 8 3
: = é
S A2, Spercodldl ~ DH — Lanw (DCC, 0)
+ ¥ bias
Relan DCC- (Do e N ] v t5un
r—Aau ¢ ac =)
. - v N-Gag ssil A (""‘10 ,™~2.3 )—-
folera 2 M\Jcct-ou Garran e ,p_su?\: o8 si~1d1':ccr:1§ ~05::rmn)_.
P =GOy guAly 46 AS {~10" cm ,~0.9um)-a Fiu
Co-.... P\‘L\.ﬂ.h\-\ u.J-) doker ?-S'- P-Gaks 0 [~r8x10T co® ~0.20m) X
o Sen g B B
- - ~1 ~
C?’""“"*L‘ ov Stepe) - DH . q P G“oia AEDHMFE) =4 40~ 1o b—_?
Lonw ot Al fete 8 n-GoAs i~10® e | ~100um-> SUBSTRAT /‘l“‘"
dacd obe Avodr u“—ué In- Au contact = > T

e de Spacidide e Bl S-2
defiucut begconpd, Bl
F-2¢. Be olorle Do ppnr der Phow 2aism el el fla
DH - Phcubbhac el dladerdl vefun el be, ols- (1 10 QL o oler
Ohes -, ob sudl an dov Unloncbe do D - Viw ~SR0lba. fol -
oo Gl §-4F o Throw. dacd 2\, w poperchee pa -
Cc'.'aufu&n«-, (Fwecac) defliaiutey Lo fi-‘n{lu M[) 2
el e et Mt A f:ﬂ-—c‘#ﬁh(faﬁ-« {oefkotu«-o./)e.« gD
A 2« & Resa — Fora. rélytes febdot ows n-Gahs
.,&‘_'/)6- Hnda, 24l e P-qu,"A[omAa—S\&ioM- Lo P&:rr.‘(rﬂqvk—
or-‘l-am‘e. (eee) ol adon, , obe of o Mera - Fat e



- {26 —

o Bl u-.v.c‘l&cl-ﬁh ﬁr&‘AvLm abe b o-u./é.a:.ut_ Rawe,
foQ.o(L daie oo i one Lle Dt — (trutbar ual ol You e [

vy V' dar Rflas €-4, Pt d J’.C()F wadh el M- Gagor Al
Ao = S&IoM oufoddote | e A Bnen (il ven D= A
Brele b a«( facs 7 Lu.:m-\f-up.o‘-‘h—(— wnel wl Motale
bt,a{a.u-‘o(‘- el . Honrowal wel falval Wun e b's e Do,;_
pelé & 2> Sdoelevrows de grut..olu.-.oahﬂ b'hy'ﬁ-dau- W ol 8y
for 2leao Aunw -ﬂl."lﬂ-t«--f oo, AbuwW pee fpc't_pye. Qc..(;)r)rc.ol t ok
pab M doe Augawt oo Ad - Sleow, - Canu 2erg .

§$ 4.1, DBuaclaot — Helero — fang (BH)

Bl §-2C R otew Aof-
bowa ety NH- lamosy. Au(
&n w- I:O.AI - . Gakeatl -H:ﬂl—
M itn Ann LPE ~ Vm (q-&-!‘.'u.,
e D — Skeulbdar e N
Ro kA - 45 W(w"“‘\t
AL Ml Ll gl gnol 5's annf
oo b Acod harwnlop -
o bl wnbel, % aﬂ.n./) al ol -
b Joue 2 GaAs~ fledq ~
Aot tan Aoty 2, b2, W Rl =25
gt AT, LPE-~Jlelé

B ware n- Alg Go,_  Ad #nr v‘b.ﬂﬂfﬁ-&‘f—-d.'{u. Einbebfuc oo oGl -
Bt Yo ommfalas, . e p-Foce WA Atk Ziul -Q‘f(t—"'u‘&-\
focunivh. Da puac Ga AC As og e oles LWSWae Qavol alrtacote >
ela prdfloe (P\‘é’(cqm'o-.\.w(xuuuj Up acfse U ol GaAs (AUy =
Abele ), wire ovlowallnl e'ue a‘hu-\[uq oles P‘Mhr)(&d‘tg
ol o on CaAs ~ Rue 39.;;.&0«. U I‘Qo‘-aJl e, $ifesell o,
olasrel +¢-&--Pﬂrqﬂ-t~x3(d:u!cpg paca™ ldre Plroa. f@d.g twachd W Be -
N LY N N S A [ BV B Y flentPon pafipe
Netoll gu.(v_olc.h..rfl. (FRUPN § LD‘G\“&‘H‘UL. fLluelorioue o
L, = ASUA A sboprechind T = O3S LA Tt incolan, AV 5o
re U be N-‘:p\.c..rﬂn."w-'—uv.\-. (P Lh-.ﬁlﬂn wlW. Day Mol falsl
)c.:yl. @Er G~D Hﬂaaﬂumjwwm\‘g T = G.akﬂ,@ (fu“_vb_«_j
do Wl dan [rucelwwodtns | Rebriet by ane A0 fo 2 2
Tl Mu o M wud fol, obne olef) Al olan ffmJ..Lra.n,. scles

: v
o €203 ‘hé"‘\’




-~ 423 -

A b -Show -~ Ko ~
Lo un bpulco Mla'v b v~
Sustelt . Das "f)Quﬁc_p-&.Qb(.
Muole ot D~ lanu
de TE - QOdle Lbeiro
o { e Ppur»J.JJJ-e,ﬂ.uq_,
ola Ao an_xhuhj P 'R
Bwoll Pu.t-uo'-c. Ko Lo, ola,
PRNANTY S QFW—-‘(&& Liefut,
D &T.‘LALC\H& St -
Acldar L ots ble Lo RIA~
{-ua..-.] o&n‘}."’. M ‘)ﬂ-t‘ﬂ“bﬂ
e ole MelieSe to der KnAalls.

Pas belslopiit ofonokip Vofylon uch LPE & e Sla'l an,
ko wer S fo b Luddtn, Ut ot der wroneGAKALLS o,

n- Alx G“*\'F As~ S8 nu ot P lae, e ~Sdovikes PGP?Ln‘o(A Qa-c\qj
ol otaips Go As P (OcxCO04) Bun o Do.t-c-.p&oknw. ( Vaprur
Plose Eplaxy ; VPE be 600°C) gnfuodclat  B7&K F-20, By
bl le 'I\zt-...,.\ua-kr A priape o tlen LPE- Vuf3Ste, ( Peo*c)
Uan ol eoﬂa-‘& Ao (BaSrr L 2w La Ml ot (a&m\ah/agjue_\ o -
ekl o unel olss Exboss v t/'uuhrﬁ-\'k-yhkpw (R B
hna—xh‘m—j oy LN e %rA‘eﬂus browmcld wichh G ac f ota >
Colrab o Fo o , da ot GuAsfu-Saidd ok of n—

Ga AQ A> anfusdat. Das abloc Veluwsn wicel O5c ol s Slros
dor e Loobusfpy GaAsP~Jlicht Shprpe et el
dancd, 2t wdeter e Dredlosp datex od GaA> o w( o'
eton fRd el o 2'ues opCsrd o Rerotaters slefiudut z.; Boote. -
wel Dook fo5 Lo, berorpp dan  olie prso e L e .’N‘(-ﬂ-rc..l-k.r.
Do SLoell-boudddt o fe B =S Lopo be g = O FlAcw®
uok fFc Be 0 - 2Opan Wep oled bermutn K btraGous oG ~

bocs b B&L -« 0,3 84 Acst We Uorlcolle otas Hloe -

L n-od.nu.qru.t(ruu..g A s e o bl (Dol Ao o~
rom bk, Y wel Slee e boade 2o Modlie 0o Licdle -
o falosale Broluwasy an, T ruGlole Blollbuy bre'el 'l
wet o frmastudos oad, vpl Bl 223 Do Cudk e,
hee 2= £0/2 ool wie b2 dered S"OQ,Q‘-M. odle awcl
dicd Ak QUP.—A@%L.

<O ¢ S o'nem
GaAs P (vPe)

o0&

T R R T T T A e A T T T T e T A e e



-429 -

S 4.4, Chaumelled- Seprbrate - Plawar -Zary (CsP)

Heta Ll
D - ol ol P-Gﬂk:%
DCC - Lavs Mmool n- QoA npslgh o s
Loyl g -

feckuobprs ~ Ay, Go_ At np=de —f- B'=9 poun o] T
R&J‘A‘u Lo - r ¥} i ]IE Qi
foh bod. - Aloor G"r‘"‘" Pe=d63 k‘) \) 3 :»im
ﬂl’.uk iy | M‘Aeg,u GQO"}AQ ne=3¢ | // / I D'z 0t
Y Y Fro(}p_ (\ / Z;/““*
Yoovlimt WL n- SoMs apsibe e faered

2 L(_L,L (Setneel)
U 3 - ol

I

daues. Dqr "

QH-daae b B2t T- 23

hoae ote, Ve -~

ot ol QOellte fSloun( Nk sSu fedeodlo,hd anfotd
l,}q,(,p, ole, Lot Br?.d.l-ur- “wole v il ek C ol LD an Fl-re.‘(h ~n
Wumglua d batwa BH~ fanw N A Qdﬂu_pr.‘:kru-v Harl . & &
Froed Oon [rucol wes ok w\«.[') ol ot Hratfou guatrsRal i~
Loy o, Dawe, M oSer g Bc;rm.\a-w-.J ole k—o‘;.-\fe Ra U
ol By W fordo SR, Uan G"”"ﬁ“":{““[)“ o ol S‘,oqu._
(e drd v Gla Fetstsidrbon o evuadoton . Mo M b4-
Ld beAiGl, A Wkl f5Ce un thuas 2 RTUL u weockde,
W do a0 torg wih. ddwas pr:?‘pu&.. Buarsleat 6o
Y wuu-qﬂ-u. .

et $-23 @ e (3P — Jteelibewr., @a fuGatred an'edd
. Mol o o‘:t.;...._J vl Rolbe. (“lancd2o.%) verzell o . ;’Dnro.a(
.eg‘:p(,. wrtm A LPE ~ VU fslce, ohie Wi, Viw-Slid - DH -
Chruletas aafotaddatn. Qe (Uidd T afolels oty Role

A utn ey M err Jb ol Ah:b'?..&_; do evacenrenlen (Jeld,
we. {phaed £ ot feGrlcal ol v ladcled olort darla W deAe
LEGracol S ol Gl o [ Ao dbooclle. o'l muvto"t'l-
kResbot. bt urot. anudloun ol f«.ot--.c:pu.g Ol-roh.uc(q_‘iu-\f Slhe
v Rotle wocown ((er Tl ool edn pesdop L bretuces
Celoret [V wrrel b)) 20 M o elebicoadle ordSrlue; Sle,
Ao R Lle Poac L.DQAFML.L' ate e, dudla, Wl Al O’P«Qfgo_ﬂ-g
Ak > 00 pla s O R A wpbh\--ﬂg e RAe. Das u—u—-./) ey O
200 Q.ob_pewn.._ Drtcj\u&rt\dﬂ.ﬁr wee dn Vl.(?—4-{°¢) berLrce -
b vuster | 18 o) Ja. lsantetw rlog vac "Lrnst\st'c\i;’j}._‘

il

el s ideds s| A e T T T T .:i!ii“i;»:?i",ihi‘lli@=‘:|!§|,w ,mx:i|=

i d s



—429~

Ver ferhon  wucl orbo uw-SU.‘t-/.‘w ek rowdv e VasAdcbow( #4a
so.c't-. —(u;‘ola‘t..f - Medland uay = Aacole kownub. (elen, DH~ Lw
beslrld obie Lubpmo n e Chrow outn.‘JLu...] Lae QOella Glewr,
Al .-,c.{-oh.\aS(.n‘-‘L[-‘[ vl olato uu.q] AaG8 N, B e, CSP- lane
Aol orbpal bdc e VO Lot w2 andstnon, ftc olas ETNEN —Fc...‘ah'u‘
boantwert Dl o dap da> Twalerpekicun e pet lowtot
Lot M, pocomnaetyd  olay) Vet Q<O (cuoter M‘-l'P-i‘dt‘HI'
heek (£, (1-38) wetdh oo Qrt.cl.%rt.\.dm: ua L oles ?—Pcf'pukahm_-
alion ) wcdd e Ds.{ola.‘u.‘uumr U'{B.vwc'er‘.. Pary G afw
Qi drdl el all v Diche D' wol oter Brele B' <L
Rl S-23F e alll wuolta,

T‘:)P“'J“‘ Lo LeAcSug ﬁn'c.rh B Ly = LOwA, A\.‘)PHPL-M.
e L't AO wW Pro Rozlte nleod fan Dacvw Geleded erral 2 Sar.
Bon Wi WA el Shw elloArow {-ﬁs'ef!t- all . oo (voub'ta -
b wol Cocironiate ) frundmsdos. Pe Cerc Pulol Aall oA laes
Yanr ,&‘o,ot. Lbe' uer §°. P Aatacclt oo Ad-Slow ~
Kew IWete M tas vOF rafga ol

4.5 Troansveoar - ‘}ou..da‘og ~ (teipe - Lo (T?S)

Pe Lot A9FY ouen l—coﬂt-obr‘a& PR €a.&')‘-¢k e rea ') veod,
Cheubiles un't pamio | AWon wabldeiw Oellen LS ey
ool TR~ Llanw, Bl £~28a . A f 20 RGorhcat L
UaBla fatng pgﬂnt&‘so NS Lt $—45 o8 Toue Ep(&‘ho'—vh. Hral -~
b Jan LOE - Ve faSo m-.fue.._ﬂ.-aa-._ s of ol((’(w..«t.‘ul. Bl
Lo dhie q.ﬂro.(’(..'ub. toLe &w,; w0 Lafh tna p- fact g odaa,
Twe de tone T tebrlehl . Wanip kg wicd ' sloppalis
1.1;‘;;8{30&_ P+--;.oc...g_ A}.,d.a'((u*at.‘ul-, o GeAs - ol A
verllol gk Go Al Ar ~ [ele wuaT profeea 3l of a$ ans{
e Al Loteny taes Qe Lol ¢-“-V>J-&'H¢J-«. CJv.f,koLu
tslw e Qn‘{ec.v'os_;ar)euc.u.u) o~ oo nlaclh Mr&“ulu&g pe -
Qru.\.wduuu,- Vi.‘,uc!:‘-..u oo P Go At ~ P'oole fﬂ-.‘..ﬂ-"- Ay
fleow Cnupb-:a“&i.‘ﬂ. Al 28 L ki sfluare warldule
attise Pomg . e Galw. Howe — Clupae (dlort oubitat!)
word 1awal ohie allse Vouz derd olie Dpfurious Mo oles
T beATww bt (wolbital ola (g dancll e B~ Sheubbec.

&

N T R T T Y

I T =;|f:!=4=:.h§:!:»1,.'i dod s

i Lol o0 b pb b



Layer

Material Thlck-

Carrier Al " Dopant
ness concen-, content melal .
(um) tézzil:iao)n ) — B=Zumr ol la— — . — /sig:.-,A
{p - Gadsg p-GaAs
1tV n-{GaAl)As 12 1x10% - .35 Te aktive region ip'—GaMAs
2ndlf) »-GaAs ~0.3  1.5x101 see Te g -
3rd  n-GaADAs - 2 C1%10%  0.35 Te Pf'l:'-:':'s?d £ %n-GaMAs
ath  p-(GaAlAs 2 1x10% .35 Ge layer —— \"-Giéhl"‘?ﬂ,
Sth  p-Gahs Ls 1xwf e Ge P layer e ~7 % Nn-GaAlas.
' T n-GaAs
. . v p-n Juncti LN
o aGw Are m«efr-«\n S G‘.u.-.. uneton La 308w
el me tal
13 wolh Sadseddau. (lcow, me
(a)
ol it selieotes HWluaw Lo~ s
/2
b Rebon Glcal o g el g Zn dittused ‘ otal
p*-region - .
Nyt \ = ;
V“\'&b 1 ledele ) wroet ‘ R 2n dittused .
O L ole lﬂ.wqg{_ Weall . ~ P-regien /::G‘o.;“o‘:.“s
Sleuma| Rabal ) e SRR ot e
Uit wyg B e Vs n-Gaks
olees eq..lk.. $ 00 28 Ao, Metal - \ hpf?:bﬁra\e)
i
J.:“_\ Jo“_ A s"l‘A -2 Acllve region
- - Qe
~ .t ()
3& LJ,,}‘ 6. enl SiN,
. N Selecliv
lgg-‘-\)t\-?l- L 8 oles CVU"‘M groﬁ:;— Metal
Al, A8
usl falorole ) frusl meooks, Lo AN
-
Coe ot e Monao —Libe J"""l g "-Sauly A5
. - le—n=Ga, Al A
alla'c , ohca vollale Ne- ; :—?&ZA'%ZA:
. L i n-GaAs
oty nrote o Shoold - R
'V"('O‘\-\ dﬂ\d—‘-“‘\- P L, ‘éouﬁ“- Acnv‘e region ’
L warku . Bitd §-2%8 {©

-~ 1430 —

Ry olar Hreuhbor ot ;
Bileles $-28a Aol e
Do t. ulprrdoedl RLas ‘Gﬂw‘d.":p Quhwuf qunw W.Qc. Lhe L. @B
wWee pPun~pb oo, alSoer Homa&'urpp.t.f, e aolae HSCol eleq,
Macl Mb—puak-ra.%(\ﬁ'h["‘k peream@re. row., Dt e b wucacq
Ao foon tan wie s Bt 2P b (Home~ Chepe)) odte 3.2
T-2fe ( Suple - Ketero -Q"wp.c-\l-, SH) (8L dtete do paca-
atiste Prodin bt & wle Lo P}MP-—,O&MH AL Specc —
n‘uu,_w_" uorpufoo.ugf- Oorol . e, 00 - G\.c'fut..-P.\.. o eall 'k..n-tbk_
At d otan Aeleoga'n Gao,o Alge Ar ~ [rhied ol D-.‘((c-:\ﬂhs-

e Sreb D¢ $elgonta, (one € & BRI =45 ) onl 2tn e
Potoliof barrive Llarer depinddb.

Do Holboweo bl oe PreaSl G £e MW"V- Ge! ol Aotel ~
doe G0 later £-28a 40° 4L voGlolo wol Loluale
P\“d«\-ut.[. D¢ oy aanla AJIDJ}.L\ ﬂl-‘WhA-j ( SIT‘QUJ'WM'U‘#!)
lab}-rti‘u- cen Do Lededed 2ul - albn o sk ‘\‘-‘L At lonao |
s ol aldh rent Lo RN Pl I prt:'ho{h .IMLV_[;._ d Er cdec~
Lb-’-j e Refowald ey v&-.b;‘-jht.';..

_* Device structures of lateral injection lasers. '(a) Former type
structure. (b) Present new structure (homojunction type). (c) Pre-
sent new structure (single-hetercjunction type). .

’

WAA WA,

ar

W u‘l AN

P il

I

ool iy g



~A34 ~

A 6. Lo f.&_f\ Ao awda e, Tﬁrwa’lf{aum

Jubndor awcale (PO R flarnton velicdot tbhe Faw '~
che Wilswo V.-—.‘L&'L o Slelelsoc o dble 41 ole alGoal
Foue { brle. opak'o..l o Le (ot..ru-\‘(-\l ‘u‘,(. r\ml- . 004t Q'-é.o)_

Ve Cencl ok (0. (S-33) Wncde berfedeSo., o) L3¢ ronke
lane nhcatibacae &% %l'cﬂnt.'&u')oh‘ot«. be-2 L 2aecia b, oo wanr
Lo, awvode., uosl btrowroera e Mook s WM RBh otaSu
v Rrovator puboteflwiul oL (. P £ As A‘:o’rt-.l.‘Jc._'L o,
Stcow latie  paraisce, 2((:‘44_, 19 LEM AR el 2oty
Novo uoote — Deleiddy peadelle, o sl o Mool La ',
unchk Dabrobtan e A GbL/s lolto. 6264, Phewlibarac
wack ‘h.-."cﬁ\.,L‘d\_) S O w—m%@l.‘w Qs eé‘kcu«.f Aot olale
adlzub.‘;._. T:w‘m Aol broetltn, 'aat AN = O, 4 ﬁ,v%.
Belat £-41 .

5.2, Sepuluwicortnt - Dooke (L)

Vowadoad won otia op(.")&
ﬂa‘:d..Lo(Jpﬂ.qu p b O ofe

b
) ok WA Siog
Loy betries Vecoa ot ! ir-oy
A
uacld ales b verhliel tale P GaAs —
N AlGaAs
i—cﬂl—\l. PV AT X N 2""‘! w NGaas
[N 1y o - * R
2ol wiol R4 (- Paate ’ oz3 akkive done Deo,fmm
\ - AN S (N Bild 5~ Doppelheterodiode mit Streifenkontak -
[L. u .3 ch Qo e "J'-mcc"’* lumineszenz-Belszi’eb - it Streltentkontakt fur Super
’
e ou Mrubdhue ™M Uotn ity

T et Qonivicons uleht woelic ppunpt wndk aliocorulk. fpoctas
e tHvu L fheat g witd (v ferowalor b tn LISOD D
Vot cahin. QA SO § - &J-J-u..] voUSebl ¢ [2-05=-30,34), wenol pulyt
L Mv,._qt__g_\(_t) g.h’QUWQKLIM-J b&-h/-\( e a. desr worolu L.
Foealie arsbcel o, o, B 1pel Gode BretGa ﬂ:'g L, Wwr G&ﬂ-e]
RS B MR Vu#r(«kb a.\.V.,(ca‘uu. ( b AA = FO A weol M- FPOO-
waol o bra't wr'e Gd [/.-tl-. o 06 Ay Lo . WL was v wmala
Aq..-;?,a..r;j_c."ﬂ.u.:[ Lok S SOw | Ao Pleow o lb o G LO LA cuTE,
LA=LATA, o dofd amt pepelrde Belevol w3l N, ReoluChiow
de ﬁa..-;’.s. .Q.L\'WJ’ aa-{ /40 Lricode Dacubatnald UALOH-“-\- Tey
St~ Decd Liept - o Clanpluny o S wrelly | Bk =<0,

bl | B




~A432 =~

52, dewicernter ~ Diooke

Mot anel dbie oplise Var A e Loansy o> rpot brade. Preat f

PIPATIY 9 Qu..(.&.() usthe , wricd ab S predf e fpaldrua. g
aponlon e S osicon, o Bedl AA =300 K v GaAg gutHtul a0
Wik weon v duwelaerteny. B Luw ez~ Gual G bw
Lyl wntolals oo Sdoally v Mt $-40, Wo alo ohe Ald-
dolen Attt L o Shrow proporbioval U Oht wde v, Kaw, -
st Efletd s ahweltd vt 0(‘(‘(-3‘6), Ye®T.

tl e dewnines s Alodte lown ah
Heweo -, ah SH~ odo ab DH —
(i"wvu-s ot ant wie. For Avw.
%bwpﬂ'\-\ wnrel. wativAh 2'e, Howo -
(i“‘vuy.u el Nolal $-30 verwas -

el . Pol-o.irt.(.@nwt‘&., ( e -
. . CoN ¢ . B
oAt c o eldec Pf-ﬂ.“{) tvrAde a0y el e . ‘ :
. - Bild 520 . : "
}fa (Lu Y ¥y W A e - ton L& ‘ zn Fétis;iglséitsepi;axie hergesteliter Si-dotier-
“fer s-Domwafer mit konvexen Mesa-
olens SV P.l.- J » Wrooh W—‘\Au 2, Pa - Sperrschichtseiten, Die Quantenausbeute er-
- . 2% reicht hierbei durch das Fliissigkeits-Epitaxie-
() _Qg.[)t- aann g Ha ‘O—;M Gul> verfahren, die halbkugelfSrmige Wafer-Kontfi-
. o lal T /‘) gurattl'?ri( und t(:;‘;l ;)pt(iimajg, l:’)ime:nsioniemng
- hi N ab i 30 ola er effektiv strahlenden Fliche zur gesamten
n e ¢ .e, . (v'}’runndﬂ;'iche die bisher hchst erzielbaren
fle {200 o a~n oo l&-\V. y—a._,,_fﬂ..- erte .
Zm Halbleiter mmm Metall
Che Ul ol A ek redieg
. N _ M Bild §+33.. Doppelhetero-
q‘kh oty Al MW ma Los R'Q- LED mit Glasfaserausgang (F)
{ Gzrel 0 ,u(.,.z;:. v~ ok of-bld-epq_‘ M Metailkontakte
. “ LPE - Var-Lahren
(P Tdﬂlf"-f&"‘""“ “"“(h'"{" f
f
e { - ———35
3o Truau—:%@v‘ﬁf“u"’t haan M Oflm
dor Peokus = afb = ot G
Plike  Bebes b foe vpofa- Y
revwola tcallll u-'-_, na $i0y NGa As
‘PtGaAs NAIGaAs .
a X CJ"Crf 66) PAlGaAs “PGaAs , aktive Zone

Re (VW) + R (5)

Tu,_ \94 “’("
ew. (V4) 2 . (3~ 6Y%)

T";y'- w-ow, okt Fuutlllon, Hor [:a.As (Mesans = 3.5) Sber
19‘ a.._f, 10 Wl waw dﬂﬂ e e et Lovadea t T wadR

. . P
Tew (Wr € e ) * Tewa « 894, brs t~un froronnliel ol feo-
fe 2re fley o O = Y% Daad P bt o el o-...(’ ne




-A433-

'94 <

ab. Dy Rlkelout ¢Tew (9= F [Tew SO0 AW wenpe U n
(-]

01"“01 <Tern > = 66, §%, . -

lat €-34 3t et IH- Aofbon oo Bucrus - ij (e
bacpr do G findto). Bo ruccde Rdallped & ot (0,-
(= Qeiary )-dhone hepran-l olasr sbcal o ole Vo Loontnm | 0 ola s
PR A‘&&‘L@w Lelle ol 4 L\UO.'-.”'JOLM., Wl e, lauy,
Do “‘"MJ 1 WL poanlave Hra§ Qc.u—' 'kt pprcdda b en'e
ln.wwt-ro.kﬁuul L T uE Ocd el 0wt el préferer @ud .
sy ot e '~“-u°‘-r'€u'="~ e Setans proflow (' Lu
lc.‘vtw[ wan g bf S00ehe . We Faae v&()c s Ale Pl
Q)u—‘[, Ale fm Mt nuwea i le Apobc hidca'a Lol b, v R
fo. (3-p0) £=¢ et St elR 2 La(a .

e alellcoandle Mok bl onas (c.“‘\-c'J(n.‘L e 4\.”‘..0(“-- Latte
dond ohle profle w.c((.ﬁ,,;m,,urq,;m_ o £ <400 MHr Le-
acleanbl

S k. Anblicl

Do Plolow sanha bl | (In,Ga)(As,P) QUATERNARY
Vo MvanLialy HrolS -~ GaP
ﬂ‘“"& ( Poiston - Voo o - '
ﬂ.u-u-( | Shrotracwnlta, ) %
U sk 2olet A o
dr ShaL Wl ponta- & / =~ _ ‘
w Mol Lo ( Bore - - :

NIV PRY I M-At‘!(.g..rz. / 653k : \me\f"-:
Sfwanl wap~ ) detracld- InP

L. Moo f'ad wan '

dot Lavo KW 4, W
loenty, dhe Moot £aGons -
lbomel @ el Wen «llNR
S fles wey ad ol InP
Moo brall AA=04A
(Modn alon Lod cul
P.‘Punh.— o) No-
e e b Wt olapefr,

INDIRECT

(In,Ga)P =L N\ _Galas,P)

In(As,P)

Rotal 5~32 InAs

v]3



-3¢ ~

lntniner tecr - goo  bepuisiral ﬂw-l, W waf (ole ASletur )
e Rodh Loy borotbee'ly, wenr st L'y wa ab Afe Aede o
bee'la AA =100 A we. Re PrOuw., Ol e, ﬂl"ﬁ-,;_ e rod ofeeg
AL = AAce/At = 43¢ TH: , 2 oh.p caSprrel o wou Q-\F&.[J LY 9y
IO (rparm @l | ary Alesan fundomenls Low [rucsl Mo~
 du e Q oy ralal SO 0GHL widdt e hf voudie Wdua,. e -
brem it 12 Le g&»-‘u:"j latte. Lertlet ancl WLAia Q-‘g&of()ﬂ.t—«.u\} e
divn (g Y v = Svl-cc-\-ﬂ-w-J L 2ive (R8s farts, 0 olaf) ha Voriel
dan Fa L6 Rae Rancy, ot 2 s Ruall uodiuiarte omadel.
atua Shees Lunmy e &9&20‘010-\. N elew N—-fﬁ"ﬂ- W-‘[ewt\
v buolene ko le s le Prob Zme adcol e GaAs - Soclte
pesetls (pAFA leb b ol antien, i 40T 4 (Fauae, woarlel wvele,

e bocte SHL Lo Mot GGACA:-Ifaa#u-L LU e
wal Oelloag .En.“t-pa.\ ve. PoD .- 200 un.. [rc Ct'-i"-\{f-'pa A, —
dhtapn aniol oble leradcle  wim A dpun bis ASpn o rofl b
Inbreme (oo dort e Daop fun o Jlas fawi i dmak
A (Oc2dB lew. encdtn AV erra L bgn‘ 4,5‘/4..-\.. 1) &~ A’ L P Ot
ool ool le qus Wndre ‘ccrv‘-ﬁh.c. e on Boget §- 46,32
Gt det ot . et AN ky'uwajc—\ Coten W30l ote
Qarol 0 Aacel ( ob ol ke pam it ole f,t‘/k_r Covhcuhe p;.da‘(ﬂ.t.
s ol b | '




-A3 -

Opto uleleroe s Le Qh-peo'-‘t-w nedye Al ol AN elebir -
e "““"P""“r““‘l"“‘t‘ win . B ol 64 el b 2iva Kb 24 oles
U'o'ou;rﬂ-ﬂa. P‘-qpl-o-ﬂt«upCd‘mw. TharudL o weol puttnually
C—“PC“"""W £l e St Allred ?&'}QA.‘L PAR'S So:—du-ﬁr.uu.._'[

e, S uatly - :
===

B NPT RN AR
Bolomews  Priouekiich

MA-\‘!;L l\"\n. Pﬂ'l:‘\‘-\ri Thrmd-:em F°."°"'P"‘"" ’

Golay-Duak Lox

be Gotol e, I&ok.-

-] Formmplingo mit huberem Fonulrdu“

Wt el Acw &
olant 2

RPN a7 L

du‘ﬁ. aGrocvs (o

| Fotoxmpllager mit perem FotoafTekt

. . I I 1
' b‘:"_-l SpemichiehuF atoomplingsr

Kb tervhny e~ (] [ | (B [ B | [ ] [omew] ]
pAT k| bala, g me T RSO mES
Golay - Detelior ‘ L mE '
e Aot el Botal 6 - A

Wiatny £ w3 f}?-

vo bty ( Bup frcol £ ch ket O, AnW, Witoavkacle 40us ) | ba
Qo Lo imelesn 2ina Oldle Mately q‘f—d—uw—-J wngl S e, Tousouo—
PRV A ') thpalpauuu-u(\ Ve Prjrom(et.r",,& ek-pefc,_
(o bereAl Bas SO~ Blebeireton (i Avatopie tun Majeed o,
270, Fu-uﬂo.hoh“ pﬂhr;h\uk: Dﬂ‘th‘c‘-ro“ck-h-\), &. 0. F:-t.c'u-o--zu\,
ol Rack. Das rese thlortaole D“Pa.eu..o«..u\l- r et ik
oles pa fac mm i all add e Fracem s - rood®ru b wea 8o o
yolad b Kt AL, 2w ol.z.(uc-um“vl- tr el wcokawdr L Cel Do
POL wa D bl waol olam-t. AL ol i anefl Gare .(pa.huuu.u.'f
s b ot L, e Wl Llaltt L‘t.fﬁ- atre Lin plerectelbiirle
L0t i [ru~ocle . Ofwott wit berotut . K Araal o
e Vurcungruag oo (9 rm e kawpen ot be’ Flhera o sfewp lan,
perice  Gep {redt ALtk (T 0™ VW Akt S 25 VW) Al
1elan v AT NS vl 24 pcac-oe.&lc.u;‘ad.a. Daleletoce Aq-v(-.iz[,-
SN I .An.._bu; L Moo wdeww ol ool raliwub o e,
g ( BuplinlLledt w"‘---w"’A/w)( &‘QIL ol le .e.‘lo..l-ﬂ..‘dkc_
Uaeln Mew Sepfdeppu - Arer Qraccltar Lol L6 &t
e e, (Sule M COBR o opttides Sral ey ¢ alw 'L
O TR -A s & okal Gncro el e, b L WWaan .

Plwle eokiss Lo Cpliapy wihw de Scfutn dotu Lawes 4,
Plolo effeit. Dw. St Pole e flebd Showrvdton k-

o0&

‘ N TN LT S R A [N R

vkl dren e e T T T




—436 -

Lroman, &nu PololaMooe wtu Abrorplon w~ Poloc s,
onrrrt oty Bnvpin dan AnAcilspot tnlbial tnel ol o
Lo Plolelaltoud ;| tun tanivtoly (. Valciaw, | odder (&
ACipn — L“"f':'w“*‘f (v Selewode el el o o e fea va(q‘.'r(.uaj
M=2 f  addbticeace Keanlindt ) dr Aode in woctolon, B
Seleweoldr edelelsa A.uu\n'c-tfacﬂuhj wyiced ‘G‘:'-(-'V_, waol Garsor
K Vakawar wib lanlkocivbo. it elebkvoo e (Dyeoode) (2-
wraelhe ; oo olota tn &6 an fpra Bhtiote 5  Chelelron, Sloeccol e brd -~
[ Londlﬂ'u.. hiE 9§44 Dygnosts, et HrowveAdrfea~
P v, Mz 40T L0 errdd o0 Dedelebionsbacatiorntlen, Loy
106 Mir [ An pertln onfo et Anorolatunron uul prh riarbe
olebros Lo wsl woyasd sl e Felotan, radt ole Recalicatee
s 2veos W'N—“rkl&; by 0T Kb 6 Gy A hiegrrett Go,,;).
c"\'-f""l'- Valeweau PL&‘Qﬂ"OL'« Mmicoll 2 W M—.'\ngru.'(a.\_, Vo,
169 ps buet hkowmu il T R 2L,

Brm, Aoren, Ploto eff el trbrtelin an ticeon Ha L6 Le e
bl Dervat Rusy wnt Add {rele desteunpled iy (Mnmative
AGrocplom ). v Plolotr'w [ anel Phole 'stuntanel pasts(,
* ue howeoptee Peoba , ot £ GLCJLL'L dunrcl elie Atd -
LA (R0l b wicl, Mo unlundladed | o talelea 26
Plwlot b, dutld Anbebon ven Cllklront on> olem Va lec) —
N N e Ualeleo, ~ Lot - Paace R e ga. Ok ot
Docalagctie brou. Akroploce, iouiwwl oeraton, | o Lo Q\'P‘-\.—
unot  Pedevallen plo lo Latbony . Nlacae Sheo woo el M-
TS A SN '

Plole - Heliro - n..ra.c.t-.‘,..c... Jelekiorn. (PEM) Labw wae
Soc..ul..uvl-dﬁ_w-j . RGA L) At te ote (Dolk e, E‘“V‘ ol 1.\.(0.2-
JN X 9Lco&ﬂuu-, Yl a2 oles hakerawe - A ocplions -
loule oy (Halb2e'ls e +.0. & LuSb wil O, 4P eV Decot-
ol Aavat Lo Ollo Qa‘."-v.\ e A Rt Aaa, wlrel bl
Abrocplon wec da 0w dduain  Rootrdiut ia i Aleelen . Do
doct s bikamotin e, TS dhiffacstlue, 45 ot R«.‘U{J-(—l—‘ ole,
PANTIARIAN SN Rty - Ba fromnoewsaded ml"ﬂ'—b‘fdd free
lelelsomtn wesk Ay el Lanlh dhe Tragau wwoll el -
Fecdd Hame e folleidten Add o anel nemledd e Neyy -~
e felot oL | e ey o ol on fhe ol @ oo oAb el e G-
wit Poote #n Garndl feflrow Pl Ottt Sl lown
bw . G learlanf i Probe #ce Jpavusy useflbae e o, -
0ot do Urow Au Ao bies dang Ml M, Plefl vo-
boe e A oo ESeve a2l reclds Funin th—.d- { Lol M"“e"""j

T T e | 1o P Y T




~413 -

de Of,ue,ﬁi'u{k ooy aliroc byarrole. POfel by &' (Cred > o,
v BlebUounon wnat LS dasin, :

S‘Pc.rrwl-:ou- plote splduys wak Lhue pa ~ poles .f..loﬁ-l.j—- b
pt.‘al Lot t. Ale woe'lowy P‘.‘J[K.. flealu..t-r.;.] peohne, Gu ol o,
Lin Lt Vuwfkhhr)wtiacnt‘>%h\ e (el Plole beon ' Lo
0de oo Lawmssplolodtoote sid gl | 10 Leman Al erall-
B Ao q;u.(; @ik B0 i th—‘-p.k Lrcelan,

B bl 6~2 patvi- , l.l ot sty

e, Chet e L i

whber (R e ele Ye — S -
kltor malorda 200 | _ R sy
{<c vorlicot e ! REneT
Mol ftete 1ot .
Ueae dan (e
Ga As ~Seale e ~
M:P‘ Arocp b ons -
hoods et oher _
ot Geh grrrelata Nt 6-2

Coso o pe labe

odesreyt B~ Bupfdape gie wetows pr¥fle ﬂe.otoa-(-m_(. Soll o
do oplh Lol ol v et leclandl ol ohie in‘.'t-—puuw%‘je_\ Qe -
rerde WOLE Aol 2l bhe sy, 0 Lann oo et
g Go expactal otk o, o.ﬂl-ud\'uj) Madtotle w'e
lobinr Dwtbal slrons sl Horlet leesdnal raca o o f Lo A

um 20 e b0 4G ram

Halbieiter-Strahdungssender

InPAs

£

[]fsare

Adsracplion. L& dloe eble, Halb laton, e +.B. S0 0 Qal 2- 44,
.u(a{V. wanmie) e L“"\‘L“j“"‘f ve, abrochgui-el oer e itulel
Fw s Le (el pLoontn AL fwac w‘c.m[n‘y_ C...U[.‘q_ 5:_.‘;.:—:.‘:)’,_
Liafon Ly . fabivelhtn [ abo obe VAR 4w pe Lae He Ao,
Die  CGuoperkata Godte Gne & Al $-4¢ vou wnlus. Qcd
den lluwnp baster o por o u;kf‘c-u. D Aouonoa bele'~
ﬂﬂy(. N O Lol oAie Ot.oL..\..J wen o &—th'o._t.r(n.uw_‘ €, =
€ ¥ €pton. T+ €0 | wotal das olere Vorw' Lo e Buirsion , ol
ulue e Adror plion tires Plovoar p'h. Do Da..r‘.g, L2
hedel L Lo, Lo pssces Lottt offebar o'l vlo&ben, Qreeldid
oo, ol e k—(.-np!l..oLkoL A ﬂ ($~12) e =» € T €pton ;R V‘M"
he T =2 0 oo Pcwpar(n‘oko.ﬂ:t.':‘(.

et b e ik I T T D N N T




~438~

BVL (e) ~ [e— Cec-i" ep‘.m.)]?-. (C-'f)
e -
D Ploconsn do Oile Mpcow = [omp 5= =] peteays
r\,{c.of.l o Lur ok e k‘ﬁw;&worpu&\h f‘uoc./(;'h‘kl,c\, o,
Vﬂ« &‘ (2"(&)’

o (€)~ NoLoo [e _(ec. = €pton, )]l'l- (Moo, 1-4)[6 ‘(Gcf-e’g,k)]l_ (6-2)

v ke Tl (A w2t ¥/ e"-e@-epc.o... ol P-‘-r‘— ol e,
Al b Abrecpllon 2h6 Potens on, ol bsele T hln O
Wkl fe € < € +Qpup Urol pbd Ao AL do d‘.LuPtt-.[,..
Welherd ol b be Btssion Swts Plowous an, ola Ao,
he Abrorpl ons~ |, (Mpaon +4) Aie Unlssionseler d ttn 204~

ke @.-c Plo~ditnn Ao &«c)p‘q Epton be ole f\ckpao.u\r (

M. k(&) W wyw B (€)= N o
g X Bild 6=3 Optische Absorp-
OLV (e 1 T) de w. (-3 P) wl A :—g Q\ ™ - tion in Abhnl:lgigkeit von ldecr

—~ 109 PGel_ 1y Lichtwellenlinge N\ i
ablec — GaAs oL Silicium, Germanium und
m .. ‘n}% M l ‘&N’w Q 1 ]UJ 5i h . 0 lﬂ ?aﬂ]uma:enld. .
‘,l.b\. V) (V. . Npl..m_\ M“‘?ﬂ'—\ (W l‘L 4 Vli:l/cmA sorptionskoeffizient
107 5 100 em
Les ru.rn-h—ra': [N 1 “l . Uﬁt‘,\ ol | 1/t Eindringtiefe in pm
10!

1
0% 0B 1Zamig 0
A

—

lku.‘IL“u.j v, PLowd- b b A

At Abrocplion fie B owildb 20
aﬁ.g—u{)k AL LA &_"f— oo HAclceller (€a b Lol CmAcr, N'eok 6~ 2,

6. 4. Plaloot odle

Fod
r~
LY

I
1
|
!
i SEEES R
R ]
B
o ]
)
F
* 1
(3] !
i~
o} '
L4 I
&

letun wildanbarlod sot'vlon Kelf -
Bl (n E Ny p NG ) Lo ol
| T Quu[l‘u.-. w der Dowst - e‘fﬂ _____

€y

€ .
p-HL P meHL

Lioba wvslo, Valacs - wed [th..,,_ €, L-—w.c——u:

Laot . folu. Konbllun, ole> p- i !

urol otes - foral ey, dhe 'L 5‘_(;\ E €= €yt
Wt dh auf (fldow Polebial Be-  Rild b-4 — .
ec‘-.ah-;... aeh s, leleloomon. oles in- v & M X




~43%—

Ho 26 Raloy wnboeacdite POYe ine P- Ho L B, focer ooy p- Hal( G la
Roppife aibeudl PO e fu n— Holbla s weot ﬂ:'{’(’uhu’-'-‘uau Y
Minles P_n-buuj o+t (o«ﬁz.r eﬁk“ﬂ-&-b{ubp&- U~ olen jesel?, Molerg Ntrdag
D'e oMifade Rouw Lk wy uacld das folecliod oo, n- Holl B'lers pon' -
Roer west Bald wfolp denre. olie Blaletrovsc eneyie wa ~2lly af,
roloug, b1 dve Fira—Cuarpde buloly Pl R 0l o f pfetiles
Liveaan &‘-.V.W- ol el dlow.h l-%.ri-ocl?t..\a.u-.‘a._ﬂg, ﬁ"“‘ef‘“"“b" P
bl A . Dar @fﬂum‘o\:ﬂraqﬁ an'rol L.m-.pu-u‘ul— et ola. Folal—
Acou. , VUurractd ocrd e 'D-‘f/uh'h('{:\auuwj Up , B ol 6-%. ONck
eMe F‘O«-\/)opauu“uj WSO anpeleph 20 verllevulb Al e
ppquuw-[ dur Raouw hltw*fwh'. (RLZ) au-{ Up—~ L. Dve Ghan-
fraal uw e € Yo Ualelronon wntl . prracte el penl.
g, Ay Pl lWallSarr'ere wned blaver unol oo W‘/{h'ﬂ'&.:qlro«_.
e dot. Iy A‘.,_&Io\_ F NS fperr')‘geuhu-a.j Uco U'UFJ/bf- A
gpquuw-‘f ooy RLYT au{ Uy +lUl . Bre RLE el e, €™ oort

wa e{Ul nystow | Ar Potonitat barriue W'l wiel -Cu m-((«uqr._
Y ou. Lurfun wedal,

C&e hie ALE o DBralle Wy = Wa twp W dravopntsd, daf
chr hatne Relown briaQ o Mol flate , WG L atw o Her ~
weln e el O'l‘ﬂ‘av’-c [}A—UQQ&-\ . We w0 ”i‘-q..[‘-d\n Zﬂo&u“raku:‘_
W AP b o, Al darbe., Felol ot RLRE tal K= — Wy (Steleicoca)
by, x= Wi (o) ul tragp. olort as Noom' @G el yy felotn koo -
Wl 3 oleme s dbog rp:((c.-\..‘a.noh.\ Hoawlr R wol ploto slel -
S um;tk T:&wwok £ . Do, alonden fgraa L Ao
owten wabn, tuler VUL\A.,Q.E"KA:V""\! dans F}MWB‘-\} 17" T l"-“c.or.‘&l;-
H’k(pl-. om de, RCE (ke G0 TN ole. m'"f((-'\n'&gnh(l-'l-f‘@-"«c
Ho 2 W O mn J-"\l‘&cth'ﬂk) srrdrevole ol duarel Mo fowine vom, (D“[F“‘"""“
Mcoun o 4o, Rdaolew dar RLE uncd oy do R(: aus el tuoles,
Ploloon .

D KoQunaligl, a‘.‘ﬂ.uu.(}\ &'."c Ldle Han in—Hall laloys weal
Calklona. dor p- Hals talus facla,

-en) = —d -:\ - -r)-—-e = —9‘“

9& "? QC’ 3!“‘ Vu 2L 7 (6-—-3)
QCQE) -_--a'-‘o vf +Q($-—t‘)+e.9’g -—-:_7- %%’ .

?¢

Jate! * o Ao Blewssnlr Laducey P usdl poavadl e o -
e baGoa, von Plakctrova. vl Ldelen. , ‘2.... atasl '?, ohe %—-V.(\o-

b bl i L | A T I I T T | Iha;m Lieool i b ol




—A%0 —

Tt‘td“ 9‘(0%*‘#4_ wnck ol oy, Bt"fa-p. ‘au\,‘}pl Vi ( Yo Aol e
Bebedpe do Sl (unp de fhpnl wnleollplatben | ot wie ohve fied -
WAl [ (W = R:MU.I-J Pav‘uo et oustila /8 gl - ANl Ko -
(VSN Py [}_uat“ag— el Rliowla'calCayrata, wuaed #PL, Gou> A
die o-ra(.‘n,!..c__ ch.uq‘\'an..:?&(l. (cu"s“] fn RE~ Ganst, ‘b-‘/{um'o«.')\-ot-.('

p
e T ,—,—,\? = $p3, - (¢-¢)

Vaw-A M ooy LeArilbe iB8uron oles Qua s 0y A , 4
der QuianleWickwnp trasl | P che onf A Plocte FC‘L((M Al -~
e._.'uu.l wad L.G Ade Pﬂoh“ﬂu%u‘(h. Do &QO%—Q{:.AC'&; Cn.az(([-.
Wel W kel [0.(5-%¥1) oa, ?"F'&'V)koc.m_i-rqc'oaa\ [T IT ~
Howal | olo [ueratidns boa ffiront slappr ol bn [B'l (g ool
Ldh b ng Pn add Np pp Aue - kel po Hotl fa'ly,

t {

’ (6-5)
20 o'-n./\ fan v u) > e w--'n&uw,bt_ r=.3 u(._‘.-w .
e Najory @ fsbrdpwaitde  olncl fh.,‘..c.c.‘n.. Choe Al RCYE weet
dar . Phote pirationg h“"du-c'( [prtock cudt e, 08, lgvn wac
e K Lt rdradt Ao fﬂ (6-2) poate et-bl- wa 't ﬂ (6-5)
ndreih o

9= rplmng )~ r'Pr("r""”r'-c_:e'

E—Pn [c—‘)

§-c = rl"ﬂ(f”"fﬁ';)" ran (pa-pl=- T, /!

(e dhie il dtecen M‘aoﬂ'&fsﬁdwéﬁnso{quug

A A
Cu= = ’ Tp= = (6-2)
r'pe o

wr A-Qriﬁ-'ri-twj LG fECel ot Aal oo frecien ato RLR
Logo. voracsudyeac s pedH rele Bl oyt e dtee MNiore -
ol o P.‘U- fa Eladllu o oce. foan

B"-sl-v&'w we

O,
o= s = @0 2| 'Jp=‘ars=-ebp%£] . (6-8)

‘a—wp e W

Sovin dhie Wfﬂ’r—'\a’&s o ntacktn breo. ch(um‘o\_; Eﬁ’gn\ /3. e L.,
ffo't;r'=l_’ g (She b el e e HaQ s ua, Cate 2¢ SO el
oL awn FQ.. (6-13)

R I T I I T I e O S




adih & S

O" n"'np
=D it t T, Qb
N P Pe (6-~9)

0= ¢ o - T, t &
Hio {Fe V,M-G-\ Aav Rnao(‘:loliujguw

N ©p
9x © ox =0 (6-10)

XS ~be Y L
el dh'e ﬂcHLL\m-p.. des Fl ($-50) . A% lA‘oo..uJ uld L wacg,
Py R

(74 xtwp
w=np = [np (e “"—4)*En3pu]e La + Ty 9pt3
P-P- = [Ph (?—&' -4) ~ &p 3?“"]3 + TpGeLy (6-41)

Do ﬂ,oa»-.l-q&;om A M odie Smune o AFdy — w ot £
Hovenlipu, wua L LQ (6~F) nalk J}-(G—-M) o ot [0 ves
dor RLY: vl e, & oo, RL2 opQ.d prwcuton Fsown
-~eAw, Gph | b 23R

1L
L= I,, (e Ur _ 4) - eA(Lu{-L,)ch., --eAw,_.( ?rﬁ. (‘“42)
I-'; N 0'4.) S)l‘.'“-l\lj-t-pwo‘-\'
I, =eA(latlp)r'n? , (6~13)

wen ok J:Pa\ e PLotesou~ | de proporiions ¢ oo /-‘J{,,&."M-wj W,

LP'-.E"]L\E(LF:LH Tt ﬂ)

(6-4%)
2 J.a(’) e UCWM)-"—JG\.—DLO.‘JWS

-~ B-!- A

c= I, (e ui — A) — 4py

pth A% Duleltion, an'rd ot MWL 4-‘9=4-\C4—}¢.=0) Be ~
wleat . DerSdaldly b won A hirle sveal dbandjle ReGon
hhokh o & de RLR, ;q.(g*-q;.) ;w0 oL nag wadk Thpe
40 T,
“@ = '
c= Lo (B —a) + Ly (¥ — ) =L | (6-45)

T T T T T AT TN ey




—-1%2 -~

2w PunbelAraus Ty

u %

—

Ly == Ly(e®ot) - Do (e ™) (é-tc)

q,‘:l[-.'[{- O bole J‘/)erﬂpauh%lﬂ\ nickk | da fre plga ab -
rapte a“auxg.gj e Beala oo RC2

- r_._fé 28U A )
A e A N e (6-13)

vo. des fpauhuul R (ol R o jofe J)ou-,-g/,o,“_
Nwiap et Iy » —Iop, ~ (5—: (weladn otan Voluna ole RG-

L B e the  Harw.tle au.n.raﬁ.‘o». .&a&du'.ﬁ-&."l. wiek

wu b ol Spﬂ.rr?pquuw-f el AL
Lk 6-§ WA Ace freom -
quw..uu.p&wf-‘h s bW

o o hkrewmtclan AP

Lo A‘ou-b-!ul-w.‘. P

fete fbrwene . K ol
MNaote radt pbrau &L,

i .

AL u
rEua . oty felond wlt oo : E :
2bas Specropacia N ! .

~ rnrr th( . ?g AP {LJ-__- - |
olec e, iosdcavttn, (%o- . !
S=2%\ W

e Le bl e ) E‘AO‘LQ &&\J‘ue"&x’ P=2AP AZ\ N

e, PC) ooy oSue
S(u.rr-apm«lnw-j K Vi lan
Gadlcota, al So-Cac -
el (Pholoatenm ot , Plolovoliae Decner , PV) . lw, PC— [~
fecey N otas kll-\r'i-mlﬂ-\po{roq_. usa bl propocL ool o A'dt .&J)‘-u..J
prea ) 2. (6~4€). Spreth wepin ooy Gobn Junite oty Uacdey
do Plstodvoote sun PC— flabeiey Ae UF—-‘J(.M-J ole, ffn.rrc. 2w 2 wde
woek Wiun Rol2 , ol Ha’ m'weun Lfadanslernd acol PN ZA¥ SR IN 74
sabiprel s L Lo Wl vob e le, AcSailgpracten Ay, 10 p'24 Aere
Proportiocal Wit wal an'e wr. Ju PV - Retr'es basm. Stebw. ttast
Spataimu au oto Plode obpp prediles Vorid o, . o plek
ot iAoy GS. Dawarl Rer &-qﬂu—m—«-‘-ec.j N2l e, Lot -

Gt 6-5

Arouwa 4 = -4, (41‘((4.‘,9!,( lagy;. Av#ﬂfauuw-j g = RL"L ol
Photorson. unr Bvs anf At relollots Cohles § = SPhman TLomax o4

£ ply vt e

o€

Sl b I e e e o

N T T AT b e T sed e



-1¢7-

Vo~ &t Litagac fon Be.h'nﬂ\t-u.j oS otd | darf do Plolodsow.
da Mo ue £ coere

ur £ "'Plvh-mr . R,
“ — - T EXio _
Pawax = B TR, I RetRe ~ RetR, (¢-12)

wdt cbosleatt .. Ry = Ur /L, ot Al p‘-c_‘lu.ul der U-4 ~ Kew, -
Lute P& U=0, 420, ~W /R = -4, = ¢ = I, zkp('———h-)’{’;[_. .
Ry Het b e Liue 600G waltd

kr&'dm‘gﬂ“}tk Bale ety ac ok ) &,

dv Dioste , Ry frr &ic e parany— - . .

&t Para el N dodacsd ol r11 als

Ry O5c ster ol w'dlerabacad . i E:Q_P R,
4"‘\ ID u -rd M-;_

e 2. (6-42) orrote Rp= o2, i b

W +Ree = 42'4,, (R +Ry) gct-.c'?(ul- \

ol Lo dltan Afo’,..r;'l-( ey olu B 4t 6-¢

frone > el o b L L&_\.,Q_m.. dh'e

e AL Le Na."‘s.niM-j’ L, "?"""“ = A s Ab".‘lm-sj olos Lﬂ_l.-ﬂuj vty
L‘-"‘-"& *“WH a)b{ 6-¢ 90-.’,& ol'e &?q(ha.ﬂq,uwa.j s

Plobaol gote <« FPV— Beldel | & ﬂw.ﬂrn.tuuj ote> PC~ Betcorels

ml e wel A fpurupm—u usr.v?uM Lo [ude M lart -

WO Lo nbacal V,)&.&Md) e ol |

Bebretlf wrae &e. Poloelew ot 4'w- h.u'fnuf, R =0, ¢=0,

10 L el V.(C—*r) (o) oles Plolovson. plerl olew, D, =

(R Wou. we m--.p . i aemrel Lol Cobe PloloNSug ( bhetee

Rekoubrvaio, wl Hawlsde [Jusalioun 44 okl RLE Lol -

A Taree =0 bro. UM UL ) o0 wan s die loer Qoc f ~

TP L\uu\u-b:[

' se-(‘-'fLS);("'9)
Uo = Up Lo (%’ *4)"-‘5 I,=I, e'i‘i’,iﬂ.»]', A
4 wpl € I
b < Lo

€ I {6-49)
~ ?G - U, L :i

o e Bpacithuaialo o0 vt et wa e olaw, Phole —
AL O Pﬁgm‘(.mﬂ_‘,.ﬂ o olas (oea_oluha‘x/gc_. - A.L.(.upeb&.‘uth.-;
Dan lu.rﬂn-\_P st e ghe aptii & um[t-l-—. ?r&‘w dive d das-
Cotal & 2o R 9o &LV_ V_ch.m..l. by AR b LSS Le
FQ‘—P"PQ‘*‘*““"J Up +4, m(u&ml- ba b, otar Ve.an-S(an. (D-‘((c-.m'an.;..
Wt o u. L.Ounp&mal.- dave (rraste alu... guqu..t-a—. Fotel slrow

R - R

[

T

N AT T T T T e, ool sk il Fhbe ok b ok B




4~

Prere s u...e_/.\quc_ gf,quh%r, Uo bsenn wue 20 lac e
vad. bis & do RE Ly Fall wele entiol | oM B
do obo v ML oA prpRe-lel alcol. Bier W dawn orald,
e o'e &qd(ouﬂ.‘w'vequs o w—pﬂ(él-.c- Lo Recslabbacal

Eg o RO dy ‘cfﬂ./{b\_ ¢ W OLA[’ €c/e Ae¢ wawiuwag «,3%\.1‘ Jeer -~
?Qc—eo'oq.b\v\k'—] AN

Do Reliow. bscotsLs - CC‘.H-I:JM\-{:WOHA Tagra wol oo Pa.m'u‘&?r'q_

Paredle Listopacd Rp mdm e etk pedjede fRdeotpe Loy

V,;_..._l o d s LG AR unlye ﬁrﬁ-a& de> Aeotovsout (2
PC ~ wol PV~ flebaiel pdlie

(7 |
R-;: +gp

":phwn'h > Io’ + r4¢‘_‘ + ) (G' 20)

dl-f) aSo Ao r&“f-«;’ht.rﬂb;‘u.g_ wok by fleowanlalle , Mo boy Rezo
dhaar  olte, Ipauu%rqﬁw aw. Balcoidturtacd (g S (o R) She
dog Juua Wn'ete vhasst Re = (AT(da )™ e Dloote wel oo Rp

L. Aol haeie ab oo MibiploteWow, Gllon . Ge-

Bedelclor i Lt sha Ot ds priapte. Rackal dacoles vou
wiraa G puc‘c..wn Eh—-p@c‘ua&ﬂ-‘%k&‘& (aSa.. af O~ Do,
Fee 2o €q.¢L Huq-Au{Lm..Ll-\_ ¢ e Qlwr'h‘l- O Plols tfe
wtele Lol wodoan, Lylr Rp Lo Qoo ey Klo -
ohuw.. Qe l«Dck'-\HJL" . Plhac Lol Por oo PC~ Matr'el
Byp Rp <o oler prapi..._onluuuj v, 9,'7qal’l'~\. Ry wunol Rp
lEwppe e do [t3pe  do %raS Lucp top [int L« Flte ok
von. deo Quapvau\r al .

Ploto thourtle, , O e Qwup‘c.uw—lm.j bemubps werdde,, 0ol o
e u,\)‘lf.:d_.,(. tote Kﬂt-unh-ﬂhﬂc.‘vt-hkj‘ A Ao a.suS«_' 0 Lest
6~ ‘V o Aerw  Jeinuap dew («vpo#d-‘».icq_ Pro dunicl O
kKarrr L NDAsouws (= Pholotrew. ) < waol lur'ﬂn'-(vpn.uuwv W,
hownt  fe uthr b odan Reoltecol <, olas Recdl el Uod
m—-'fd‘m, Ao réfls DA oha wawiuole uw‘f-hzku._ﬁe.re_ b.‘p‘-o-uj.
A frlewad ot go FElLflior F= E'::f defiwtvr . & wl
V3% 3 B BV AN RN ﬂ:e(an.. Bertratdd agt, e (o far jelle
war b Soun o Ll oo A"H-usj P, o ol wan gt ot flecal -
al Aacol €g 24 0l or‘-'u..cﬂﬂ-c.. ot , dsa Up ~ € WTchd sl
Lpb e R V.(s—ﬁ.) der Pholon te o' lly pro PR %- ,oropﬂt-.‘o-
vl @c:e— Plolow an h—ol"ta L'F>€G. abulmimb [ Au E"“"“‘L
o eﬁ'r 9-\'9(‘- & deo L @l ot L e der Souel 2ot
do [} Wl B kocante LcGprates /:.M.-w:( P e Aunrabhl do

e

I R S I T aiil*‘l"?‘!z:ﬂii,‘:ll‘ FEN BT, i‘:“:.‘!\iil(:i



—de$ -

Ploloc e, wal er;(k)n. a-\u“e.-\ ek e N acol al shacat “ad'f
AtER ~ Lpl, ASwlmamn b waok (-Pwn‘.l ‘e ghlal Bane st &
Ploto Wou~ . A wol ad> L Aol Wouwadaclan . Das> Prode. bbb
wicd afoo Gir Egope = Ala-4) waxiwal. Tes

Uo £t ~ A:e:
aboo lle Manedwal o b -&‘ell- oo GHP; wAd, SeV , va> dew Dacot -
at Mot e Gl Te enbipn'dd. Do Heorelinle lc.‘n-w;rﬁm.u-u—-
Ao bebed b 247, Dixe O gl € wAeV bl A9V, WKeow -
o (19% prallQrR wre'lt ) wadl fr Ga As €¢ R{,G eV bo’
219, Kevowndeon . Qep oo gt felererlie. wsl prOwla,
Te Awologye v L das L\E'-\ea"al- 0w b de o Damas walescod . ML
nomerto,  Gab Ok bumpn LM WL ko OVcbunppresl olank -
L4 M‘va.m, Wt oo Adbaf wel < €c, oo roub
I Uu.gso«._ol.lhhr:/:wuw od‘brkp.‘hw_, dar s, Cluoresracy —
bw&ch-w.‘e—\.\ Lo lrwr ud.&‘“. Plotoue, unpgoaidell wnbel,
e omn Bilel 6-5 bt lenaee O Oed oo PU— Kun-a.ﬂ..&-.ﬂ_
geital anr Lilwe Eupfied 2l kol ef oede al oo PC ~
K‘-r‘-’*-’-e'*/) bedecel | ola Qi Rp > B +R Al 2 fpcrr-vl-ro'--s
Us /Rp (Uy M A ticlo o in Loy le !}urrﬂ’omﬂuu‘j e Qerde baun
Lok cntoty nhew ol Re) dew. Punket Hrow &Suzgwt, CJ«.().._ Tp
An A L5 Si-Dhooth, polh wik LOV S Uy SOV weot K= ACR
OuhA & %: $ SOnA, daf) Avw Urow. atad wrle olerbe sy by~
wal (e ab o Dunlel drow. wnrol (oo Wlew Lo V-
Kecrr R R bedeled wendodadal . We ASsobetonpfla R ' L‘;[L
O Si- Pholootloate, wot — Blemtle bo. O, WA/,
Do, e @-.‘{fs.m'&ur L‘“’z&'h‘ L aAwn PV~ Mebeied il 5lo A a)h
e fp.n.rr'k.ﬂ-i‘d.-l-‘-&.pc.m‘ B e PO~ BeloeSy, Mal Ml 4w I}nrr-
rold vor ‘M(m‘-“*tﬂ. Blool . +wr DlghQon mod Lvle flral-
2..«..1 Che 40 kHe Moo Latiovsfragueny peesjcol .
e T\v-upua.(..r aSLﬂ'-t.‘-i‘-h.\L Ao PV~ Mrﬂnk(um‘cs M daar 2
de p.;e(g_,-p._uqnquou»i-kﬂ e
— == + U
Uo,4pt., T : T (6~ 24)
{5 ] - v

du k <pt .
__9[ -?ﬂg(n_ﬂ)

A A‘("Lal-‘(!r)u-f-(&(- KO,A:’L. ,T pFSM_. la’ 2w f 2w peraboc
T=293 K L\ wae v (0 (EgwddeV U= 600wV) bw. O e
Ce(€gx OFeV, Uo ¥OWV) Liten Tk vor ~ 2w ic™! D T e -

A A P T T T T T N e e T g b i u it




AYE~

Puaﬂ-s-ro-ﬁ(&u“‘l ot 2es BacdeCdacoles botnw fu‘uﬁ.o.'wk«.l_
il vvden | da b8 Teapuabotn Clo 250k (8) b, 200k
(Ge) €¢ wma-r tbpre Lol

€e(T) = €c(0)~cT (c-21)

ab u:u..h-.t-l webe e €¢_(p) =d24eV , ce= 2,?(«-60"qu!(‘1 o,
e G E(o)=03f2eV | c= N0 -L07Vevict ptd e, pr.(£-5%)

BLlw. PV~ waol PC - lfCl.ri-'uﬂ&_p heleie dowuridal ol'e Tihfnrc._
berat Wop (b ges Buante wirkawps frackes 4 <w [0 (6= € 1%).
el Ak do 1“"““-“'-[ P, 20 lceclst ¢ r‘oCG'P!J-:'M (b,':og‘ :q“/
dete. atrocbmerteot o okl 20 bl olo H"‘P‘ w o'y Aates
(Rftamd oy 0U lede. wWitd O LU (), 2 Wicel oo ALl P=
p°(.4..e_'°"") adrocbhrul i dla <n I,Q\(C-Q) Mn'ua..h-oc.",m..( oo~
(e Abrscpt'On  aw €4 vor omopardid ar, il Pa Poocw, wel
‘-oe{}.‘ﬂ. on'eell

"= ww . (6-23)
Date) anrefe Wl wr amerebidt Dlu.p [estos Phsloun. a'q Lndu-.’,,..
(-fi‘u_.pqa..r UJl-k-pL( A6, ‘l?.'-..l-‘—'-f. Nea 2 [ﬂ (6~=2) 4> oto AC-
orpt s kot ffWet k ate Heprabucabt@ug . KO Le
rel-.ru.ra.h.c LOR.((-‘I-A‘&(E'-. I/ G~ Dipat b A'np_. Le; To00-..
0.4 %, wK-! ; wndl alo da il u.‘f__n»{n'w el Jw P/~ .l.eerJEm..{_
betries wo't 0,237 K™1 wacl (£.(6-241).

6.2. _P('t—\ ~ Plole oo ole

Pleto ol oot 2o, l.h-()(&'hw &fr ddle

optir e Ma L e Chasbcd iy [ s ié’* : bz
e, Iupelie lole (hete ~ h— ;
bl(ra_qu.u..o- tu-.peac..!e._ ou - % |

wen CcZ{;L‘JL vk o, Dioolay By ’

fun PC— Qetbedel vowaaoled | Dy _ﬁ'{"\ )

Rl o < Voplid, e m“(‘“ Bild 6-3Layer model of " w_dpin photodiods, sche-

o (33 v adol N o« - matio of electrio field strength F, light power F, and gen-
G" e p aale £a aration rate goc)eenPo/(hrduwg)e= ™", :

.484 . &L e - -~ optical generation and drift region:
[aashat %"V“J W S o< < v

AT, dnrd nehC Tt oGt~

o6

T T

T e 'm Zil [T HJI‘ TR -iz:emi?ﬁi:é HH |‘|§i‘ L




- -

WA 0 | AW b 10 ol el Jpercafiad et e wy STkt
2 (6-4%), dhe Abrorplion o, oleo B flenions roa L b
lo2de.. Weo VKH;L ol bes Ff\k - Pre bbb e ; ﬁ,(‘-“('})

umel, Bl 6—F | ol folott R Ln’-‘h‘C- e DupeRactuest ol do
fup P wor cod v do Lacfrel oo TR, L do AGaerpLoss -
done 5. BBl €- 2 wp das Modell elcw ph ~Plode. Poole-
alele(ri, e (.‘,w..J.,..I Vo (l?-&‘wt-ﬁ ol Maorpﬂn'&«a&ﬁm’(’u‘? oo
-‘:H-fo-u-ﬂn—-kh- L‘J.G-&"u-m.‘( finote Unc < atu 'Df.‘é‘.l}-o‘..q (= #e)
0¢ x S wx Mok, Doy Eul oL aberen. el 1o Gocatact wok 7@
hock | dap W'l alle TRy wil do wlbon padle o Defé (2900~
Rt veso¥m/e g 6 levqe, yf. Aol 2.2.5 LoRR S
Wfﬂ(,&.t-&:ko_ L‘J“-C&rkh Ly h-c'q,a!.r{‘/q_ OP(-.'.-._Q&.. Q.‘ufaf.r,f-‘l-?"”“"
(o seplosfin OULIn | 29 lowe dve p&b&wmﬂ‘wj den Loekaip -
{-ni‘a_; i do RLY U-OLAJ.&""-“L Vol b, Fuan ol die Kere—
e [(rralon wl Rebowblicaton <a do RLE wst ot Poc-
kel Wo o fles letra it V_Qnmn\. Ut obe ran  Aucala.oe @pede-
amd.  OAle f\r&'wﬂ.ok reclbral ong wlxt) weol pleit) fbc Cee Le L3O
it by wad do Keul wailbepteduy (9. (6-2) < A
w bl onale, RAUR ((Aie k-Ackse oen Rloles 6—3 MM s by -
wWhid pyiddel 1o o de, MLbles 6~¢ (),

% _, 2 2 - (é-
52 -V aT = ple) L6 b%f tv 2 =500 pLe), (6-13)
Soba)  oAie Lﬂkﬂqu’m.srmh_
. 0l Wil g4 .1 -%K
96")" ‘1""‘“ m Poe = 3.6. ,
§o = it m , d = 0L Wiy

Qe St werle . o M odo Asrorplavilie (et p-(e=0 2 1 A
do Bod gLl b i do Lloce &QLL‘\M‘I’L(—;(’FO" e
dos Votdltels oo bai&-;,l.n-\_. .holw-.‘a(,:cpru.at-e T fyalld S =0 -
hiolo Plolont. wmet £06) Ko Rt fecklon oo Ge <=0 e~ O34~
O oL A‘JJ—L-‘)L&.I—J Po. P'o MQL&I boe. Ll

el x .
nlc &)= {'7 fs.(x,,) f(i:-&- E‘fﬂ)dk, , pﬁvﬂ_—)= -3 _fg{x,)f((-- 5-\-?*’)9‘ =<o. (6-U
x P

= e Dupu.ﬁaq-..bwL oty 2closa Dq._é’&.a«.nl.rou_.” 'A-‘,OL ’

.{.(&'):c.s\(.é')‘ e S LL man twesh ranw Al ﬁ..'#-c{uc.f oty fa -~
olmal

41



_‘(tfP—

Wi '
.c".,, = -%‘ ([n(r,t) 4-(('&‘:!:)] dx - evA ) | (6-2¢)
[]
Woraws unlns Baaoble oL V (5-25) olan QJJ ebey
[N -] A —J.(‘{ ?.—- ..t
A’krDS'&SrA)‘CﬂJ\L {4— [4— e )]Q—ICA}’
(6-23)

:.f,t...(tk,g{- ):."

rreQiulh . Tg= -‘?- M ke Delfipl do ﬂ:&‘(p dacd alde RLR,
TPk waar An. S elc dluea s Racudallo et Lo =0 n.‘nor’h'vl.’
Adre X4, 1o V\“u- L&(n.u-t.-lo XYY

“pe COLE < TY) =c.£9j’.V—A \

(6-28)
4:’& (ta §¢&)

h

[»]

-

D NaN OBra. Iavdmol, ;—32':.0 . {(e):»f,v(.n‘.'u A, o oly

Llycal on oo (R (6~21)

Loy, = Zlelwa ‘}A""‘ (4= &) e e : (-%y . (e-u1)
Foe bl ﬁh.r;(.'-..(z‘.ﬂ(n.‘t M, ey (Rppvo Férte A, oo Aao-
druele A-¢? mawinal = UnCel O Wan o IT»a, ds. (e
Alwg;(rt.a.s toums Sple Wera il I,r'd[\o a) Aw Qﬂ-w(t"c n(g

Wy WA/ Ao L oreaJda M. Ay dHesew [_;t..t..ub_ vw»{? A Ut ~
Oribece AbaqA one Bl g md il A anpnabdt Godt,, d.G. darg
et ot Cola rPUF'fJQ\-\h G s n-m/) Ao RLE LS5 antn olas
pr- ek Wic awr prdalob oudle

AL eaclescar L\"““*"‘*"V’Ff“"* ol ol ef ot

<
L B do et Trlppince pre dee %
‘1""" h\ﬂ oo h{“‘f{‘\duﬁ e""ha\ PW et _ngrt !}
b6 (6-320)

Mert = it (A-e~ )= r).

W odo fuslon  [fodoy vode SaS LML L  oaf O dar p2-
o o o flre ff sote Febtlatue) vepon Reflre’sm ( aMaenpr -
tefloreions kot fforet R, 0. (3=65 6C)) mar ater oLl Po =

Po ('4 R) abrorblot wbolﬂm- kota, . We p-g{&-ntau\wﬂ_,_ﬂ ~

;.wu_m,, ca. 16% , Tewm © 409, coct 0. (§26G), Mok 6o Ha
Rrew Yo wr'tali \95,_B=a-ml~o--\—'-;-=45',9° fe. (3~ ~69) wct B 36,
(Y=




A9~

6‘;.— u..,.ru.ﬂa::m‘o(n_ C‘-tqkluuj nale v lLoutacd et N S §
dar . tdee, A‘I-.Ln'r!.(mr - at-'-n.] da (2.0 CUrCa UG fla' & p;er-
Mot wan 8N &.1. e Obw PRl o, , 0 dq{] tea Al§¢ Lol Hac |
uat wieeej e Brocluwgr da selstetl,

®e Dwpels - b, A fprw:[%hooﬂ- der PlotoArow W oles
the RC~ Tiefpef) ALl | vonn Jd plh | Qu L Gu~2(A-§)e
28274 Die J-dB~ fremrfrequin oo pi —Broske % olato
‘-\;-‘kb'--jnodu. (R o wi-poole, &AP){_‘L,

4

| T (6-24)
e Auat- Ao ~ CGlolea ~p {M-L.Va-\ {akuc. 090l W oy,
WEloonpou. wil 20 A0 /Dolaot, Prqt-\ﬂ-a-q‘c-o!okj al,

Pacaliet e Speradidt Bl de biter widd Bardt s LA
fpersrtiad loper @l C,p = % Deroepe. 0Lk (O s0c el
Eplocp wiy widd W kler, pocile veda be' (s alliuwu
Fatde . Ror bota [r o froqe ceen T LAY wy & fockarcn
wanof, e-:'r- lobar Yert en'eoler totg ?roﬂu Wy , 10 a&ﬂ 2ty ot -
prowid 1os e Cu.(;e.‘sol /15 W SN Qawwju_,-g ot o
wodte wnf)

w".ﬁ

Das wacilare f}ﬂ-w—ﬂhﬁuu{v paceloml oles Strows el , Gal ??.,‘;_
W proralion, durl doleales omplibote Mabilivuty &neo -
L34 ( Postane wootn denl Prision ~ Halel berldmeS e )ard
eb e fal s B> A e Po~ 500 —Pm_?c_ﬂ' opSae . Rere Ak Raw—
1o ol wan  Sdcsbranoo <ppt = Ze:}:AF . Pade ™M

-:‘:L oles ?Juo-rl-u--zo'-}ul- dles f(:?k—s,n).a ole ﬂﬂ—.‘rﬂo_o!c LQ-.‘;.QWoh-\’
ol AF Ao lbetcachiela Fiegutarlacal Greile . Bxe e P -
Waste ped {02?1‘.,2 , ohue &Jﬁrﬁb)‘llcut:{‘s\sf W LB fril e fpotite,,
be; M‘J—G—uv vl hondonls Nl L P, Gt =0

(1]

 —

P:xb T
“:P“'L - 2e- A’e;‘.%‘ AL = 2e 4 AL, (6-32)

e W._r..aa.l._c 24 e-‘uol LA e F:"-. - Plolo o poln b ~
e dd dew Vol 24t kewven Rovally Plolodioote. a, PC-
Kt rr R .ﬂn..{) Le el |

YPe MNueor' &L van P.\ ~DPabel e, /4 0 .Enc..a ﬂ.a-‘-)/?l‘toe-ﬂ.qp(
[ (6-29) (wouerraoiot 90&1_“ die Tréysaf e w‘ﬂut'h&_‘]k‘t
WMl dard otie Rawes laduepy - Voresrosy otay Eeoloter bed GoS e,
PoloaFue Mark relarul wnd,




=450 ~

6.3, z“\wl‘nﬂ..q_ —_ P‘lﬂ‘oo'{&ale (APD)

U ot G ik LG vorn

- .'
P‘xol-om.-\pfq‘.'k&ug L aln-‘w,_\‘ aﬁil’i'—g—* ii 7|
lavin wan Al oo Aaloa APy !f i
J_““«..n.o-uc-;'a.‘e&.olc.u& do wou, Fo-fa _E
Rat (podvbr Prindclesp be - -y Y o
oo, . [Rresls Be 2'vu fin - —Fu\y\uk x
¥, TP

6-0’.0-. [ LS odlo pt'I-\ - (lbralebnsr
Bild &-§. Layer model of avalanche photodiode, sche-
el oA e Jeches berd b - matic of eleotric field strength X, light power P, and gen-

- eration rate je=awePp/{hvAwg)e &%, Avalanohe region:

bu‘k tooler P et Warle A ole RCR — 1wy =z = 0, optical generation and drift region:
-~ N . 0= 2 S wy. & It Wer der Abrorphions keff tout !

e (0 g wate Lep 0l & O avf,
Fry s e)eo.(tf- dew S widt spliu~iula, Drode. we™ - 70000
dubousip. unl Markee Racorlon. Clie (v ) vesdete
Pewlctae it Bl 6~F. Roen cuet ve lasineplobe ity
(Avalacnche Phobe Discte ;, APD ). D' n"‘,p"‘-—- Ko (all you 0. e,
20 dlun Ladly Cuwy ans [2.(6-14%)  odafl lale wontansute
Tokp aarall  olert opChl  paerdol vl (0 o‘.n.{) Y PRI !‘P-‘f-
P as L0 Pl me wid B AN L Lot Adma,

LoSdt code do Lsesiae_pre dess bekradler, Dt 9‘0/0-
doeinalbion ke e e llronae, wet WDlv MF [ WY} OefWec(w_
de <un AReR  practe xodx u~d fladx noee Lﬂo{hhrrlra“hml
o ( Mt oef Welnele, ual'h olen A‘awrpf-'at..r&.nz((.‘h'w o !)
M{! gt ohe r&kc‘m'uau?oﬁ.l-% {-.‘.‘r Clelelron o wrol £¥ Lo,
Dot Fetotaticrle at GSepleall | Bl 6-9, L6 WL foc oordic-
dten Palertalal, v goerd.\du !.h-\'h'rﬁ..l_k ﬂch'q,c.u-j Lot e Loy

IOm‘m'umprc.Q_ = &- %p:% . (C‘33)
e V‘pr ( $2e 496¢C)

1[?; "chﬂ-4 )

= 28208 e arp(~ —

[

: 1,20 ~«
p= 2,1{‘-1.0;@:"2«?(———;—!2-—) .

Oegp. dor erpon bolte. FuldtdcleodSeploal avd ohe
Low dnon b Bl iasp rnee Lot Malbpiide | wo ote Falel Aldrle

oE




—ASA —

| an podflien W oS-
EARLIER DATA ﬂﬂ‘l A ﬂ'_f' A
B WOLL et :g;?; C “Wa S €0 oles (Loles
C: LEE stal  (i964
. 6-9. Rebow oo S0, 20
0ol oA ol Hatran -

PRESENT EXPERIMENT (m_ﬂ

¥ PNl oals N J‘%"' ol 6 Wrke  [Rimfou -
- PIN-I7 w‘-qa,, 5. ] ['\ﬁ‘\ e‘.hk l\‘ oﬁ-.‘q_-,mﬁ_
’ PIN-12  w =l08n + +
- \o 7 ol wiut ot &
: N | s Lesione ~ frcra-
g ‘Q%‘h ] Hovsrale oo €F 1 -
g W 1 o) omn Clelebion -~
\\ 1 Lot - Pacceg P.z,{.
P -
- \E' i 9.: nv,o. +vap . (6“3?)
+ A 3 |
| \ | i el A flelal,e

B ’ \ T oles Q’%‘Juk’aatn‘fﬁpt_

“E e 1 iyl g ek -
i 2 4 6 8 Fonte wed Lot . Sko -
RECIPROCAL OF ELECTRIC FIELD 4/E 1I0™® em/y ) e wn el p.,&w“ 2 ) L.
8cld 5 3 Ionization rates for holes (8) and electrons @) in . .
" silicon at room temiperature, t-'-. Wkt Aw - ﬂt ML -
l-hhj r)d'u'u.u) V_).&(-ez‘- ,
o= env, o erepv (6-25)

At oo Km.(.u.c..l.a[:[}.-.&w. [0.(€-2) (otecl ancton x ~Ridl )

S wnde A, Erad mu—.'\.-oualq,\

- —'a' "—%““?*“P‘)r,

W. 9t

.'.'—-'%E&=—%-?‘f 'f'dt.gu-(-ﬂ)‘,‘

Ve

(6-16)

Yo il H«U:{:&'QQQG&. wan'l -w,, 72 ol Adodl Ko, wael LuGhcak -
Roe o Tarae @y gp & ola 520, s o N do unlen [fe-
d\ﬂ-'qj 2l ML
?L"‘ 3‘3— +°w..7 -I~ﬂv-..7.. f'FV...‘J...-ﬂV.,'J...,
(6-3%)
%’3 A R IR e

HE -:l:l;i i B 15 H:i S fsailiiw;

T P Y P T T T T s e [ ]




-5 ~

Addelion do I (6-33) ucdl Orokute, wad do. Tore o Y
unel dew, &7@!4.!-'»([0&.. 2'

Y= de=de o b=y, (6=3%)
Refo t

? 1y

3?&‘ = 2 & m-ply + (xv +pudY . (¢-39)

U andtor Focur alratlld wan [p. (6-3%)
ACK.:’) dx + Dfr,y)o(y = 0,
Aoy = 20— ¢
1:_,3 = 5 u-p)y - (owp +PV,)? , [5"'?0)
Ofkty) = -4,

Pre Lé'om.‘l oler tacalle ‘.P.'.f{eru‘-.'qﬂpﬂl-‘&ugj

dFlery) = X(xy) de + Y(xyddy = © (6—%1)
boulel e belietyje.  ote, *o0,Ye

ad y
Plxy) = J"”f,y)“'i‘ + f“’fmﬁ"’“ﬁ = cont. = G (€—%2)
o Yo

1V SV u.(c-(«o)  Woa, . n-\c..u‘(:f-‘}-.‘pl. aa e ol ol e -
kcrwﬂrem Folter A o as belioby  pactibudiivg LSy ean
d ({U‘ h.‘-(onp_vﬁﬁ-‘& uu-\‘

BCK(BJOT‘:& _ A(’qj) Qshh - DAO<y) - 98(\.,&} (6__((3)
¥ Yy ?x
Pc?.‘l.. I N
A _ _
3t 3o
ol olay (q.un_f.o,u,,&-{;."h) (Sal | | ("——‘f"r)
}.*(rr,y) =}.1C|<)
U@ wan ann R-(e~¢3)
QD ba
S = up (& —%)

P N R T N T T liii ';l.'%.zn?: (e




—-AS)—

w b e Po.tL."C"-. Rirae., LB'QL.L.I

(x=protx'
p () = e£ e _ (6-%¢)

Foepﬂ.{'& whcd <A &-(C""(‘f)
K(cey) = Aley) (=), Yey)= ll(mt,)’,‘(h), (6~%2)

Be Wleprate oo [0 (6~42) Leme, WL Al LSoen | e
NP VI T EEY P 7 ’L/o."‘(vt-.g'] llun b olaf) alo fe>aen ¢ -
Ac o omumsm‘.].‘( m )-v- Jo (me &) + Pplnie) = ?(&). Jac
V‘% anck Ko«'-‘o, :’°=O

fca-mdx : 5““”"’“ . sm -Pde’

syt - B ugowyfuc’ T ag eyl

f(ﬂf-—ﬂ)ix

-y _[cu—p)e g, (648
Y
[ycoqyany =-y.
e Rocd Q.QJ-::-\JL\QV_ Loc, (o,
(x=0) = 4. (x20) =
bJ'" } ? l}P K bpo (6-%3)
.ah (K--“ﬁ) - ?hhl‘ 7', (= =-up) = ‘a-f-s .

Do UWdax 4 herdud C-fff--‘};.c.,.mé'u-e. e sAde WonAasl
C DL‘;L&. o, {Olpﬂ-\'l b x=0 aus a(m... V\.(G‘??{?‘,?Z)

C=-y = o~ Vulfus, (6-5%)
10 oﬁn(\ 94-> f! (6-29) wad ‘L.Qi_co.c.&.. w 06.'s x wicel

i‘!_( S(x-ﬁ)d df - (,,M.Vf,);‘;{4+ fkegfklmdnd?] .

f(x-p)dx
+v..('a-+;;p)fue' df + () (Jutle) - (6-5A)
42 < 3
Yax (x~0)olx'
TV ‘?“‘?r)JF@ g - "n?hffbfnfg "y
,[(M" dekx' ’
+ V’ ‘}r f(&-—-p)ze ° p d dg‘ ke Vu“gh + ‘/P;){’ - vfg?” + V:aqg +

P T T B B T ] “ i I] e B (|u il o ‘ |lHI “ I |. H|\ HH s



=AY —~

Pe urleyrhy il 2 e Tone

ovrd o ey adllul wmal vl bgn, -
ol .

TTA{}L urae, olde  Suwatnenda m-‘lwph.u.n... 2aSflec. warc~
(«.Cuuh[». Tttt | Antd'u L der IM‘P f(t-ﬂ)al-:'at}..o-o -
fom | alfe ‘L.QFQ‘-\‘&-.J}:M—.;.L-. wek mma Ll L'l wnth (=),
douwen p@hd w.aw bl &‘{{Dkudﬁﬁ-‘ihﬁ P?.(G"'3°l) a- ol
Celre x

oL , & ges . g0

M My (=) Ton () Ty (%) "(w) (6-S2a)
b**ﬁ- aw dasr Ptblzg x e~ W,
L N 2 hea
;3 * M, T, = L T (6-526)
Ul fea Q.Q.‘-uo\] .
j(« pux td fcﬂ-mdn - ftc~prax’
4-—3‘cu~p>es j-; 4§ = e ¥ (6-€2)
Wucol 8, dhe A‘Q“‘:t’&u—.[m‘ .
- fe-prax é(u-[])dx'
o () = ;:“;';; ge o(F Chp ) = T e
(6-S%)
My, (x) = i s My (x) = M. (x) - Ty (x)
g - Jupan ! Top ()
41— fece d}
[

foc dic Blellione ~ b, Ldo melbiplleQosfyllore. Ho My,
wk Ao enbrprestnaton Lawdabowtbontanton € Ty oo~
p&(-bt., A ol (HLelle x=-up FA‘M

0 2 :
4 - fca(—p.)dx' Sfﬁ-ﬂ)dx‘

T = Yt v fe ¥ “f ; Ty =Tu ™

-,

; (6-5%)
= T
Hvl o —JY¥~ﬂJdH ) f1 = Hh t?.
1 - Soc e ol P

-wg

P reclle Gele v [0 (6~526) oM 'l win focenon anch HOC-
fe v (2. (6-30),

(2 4 ?ﬂ-=(l sy, 3_(1- ¢ e

Tein

um C}

50 g o

Cosibe L
LR -‘ﬂi e

S e b i e b




—ATE-
Ma Q.Ca@f:trw..‘l- o ASbl‘rl-u.sf

k = %? p osk £4
foc des Vot&bais o, Aolo — weot [k:q“-l-‘zi'fﬁjw-rquo«-k
an, doo J;"'A-\RH do lﬂu-{hﬁn.!-ohc., ﬁ'-"/)‘ L e daoia o o
Mk onrkante Ty = Ty, (A= G ¢ LT /Tep )T wt ol u ddp LG -~
hovsfollor Mo Matus (T, Refinive., ale
e _ fe-piate

(6-52)

T, = 4 . ""‘e al&
Vhf-v o - ‘f /
P ekt (e
: -5
-4+l ANme N
M= —
/- fﬂ- e—fr(t-p)dsdﬁ
~nb,

Dol Wﬂ.}u\.eo‘&l- avcll AN m-.‘f{uu-.h‘q,@ pu_‘ng.) &f‘r ol o,
lowiw snarle o [;Q-CC"‘ £26),

dy . 2 - (6-€9)

M Ht1 t't

Jo MGt Eatt A -0

'} = H?a ) (6-¢o)
daf) oo perauwbe o\ e dous b rome al e le E‘[AJ'uc..dq..
YL O 3. Btn B W R M oum'gféatﬁh- Lol o sk Dun 7 ﬁ(\p{.
Hovweld [0 (6-5P) o dur Au fle'luny de> [Ebfucprtsons
o f Clelelom bt umsl Ao aﬁﬁg\t—f.‘j wol oo ol {'09-'1-"04_\
TomiaGomsraben a fl | he retona, wel (2.(6-71) BlCo-
e, do  Butddra €= €(x) Muat. Bobcaclleh waen (oSl
von w1 O Llirun,, G 6= %, w0 L SE wian  dlaf LR dan
Vel hals oo D cna blewiralte, O Loty wsl Clelelrow o
- wu-.'l wel do Fatalerle fuctol: Qo Al Aacd Gololes ﬁoy.-
relhw o8 prfppbeay e Gacosn § LGl vate e bowrbacd . Dan
Lect e Q.‘c\fét.rut.f loprde Adlicienren wola,

»1



—456~

ko=

fﬂd{ o
— , d(€)= j‘ﬁt(&'(u))a!x )
o o ~wa
dx

foo-femac (e-¢4)
ke= o i
4" ° ® e 1
S»xe-f}f"- P)J-ud§

bo i atro oo Veldfhus dat Pldaloese vl ke e Vo ~
(S 2euls olo  pramolletoc Rt wvle do Ade -~ uet Clelelsoms -
{0 s Qo s ralan, | 3 A daut, Mt Anredl do ven Lcu Clele -
Kov nadh Ducd fac fe doo fcede wa b0 oo Felot et Cever -
-eﬁ‘-( €=€0x) Au kel bm-lf-ﬂ-. £ Lelelro, ~ Koeh = Pacre . S -~
T N B Mo lip 21 6ab ons follors M < [£.(6-58) wait
Ay Cn WO wiol Vovels oA vntes ﬂ-cq..u-h-j v (2. (¢~
61)

= e,

"-C""ko)JCE)
(4—k the ) (A=~ ka)

[d -o - dl H - v - x!
4=k, ~ Jue. I’m ) Kd.f + j{le ff“ e o §

-~y ~lfa

(6~62)

Crnedre. we ‘I.(G-—S‘.?) 2 A

~ (A=ke) I (E)
e s

(6-63)
Ln. M = ! , Liw. M = e{(g)
by oy~ 4 4A-dC) kom b, O

k betichry k=o

Do l"b—f){pﬂ.'l.nc_.'ou@.Ltor e priee ac—kl.ru\u..x'hf‘o,dc.'m...,
k=0, A H(k=0d)= M, , de b relvu U'd_u‘\..ﬁ_(-&'o._‘ , =4,
M Ml=D= Npy f.(6-55), a nd P Giliren ky weol Ga
Pan Loo.u..'J wa'lb oler Felatolsela nf't...elot—., (St ta. OA e e f_cé‘—
fo, a2 PMalaiaf Locrbanibal | O\-(V-&ﬂ‘- wruol e (Af.ﬂod'-‘t.‘?:
Selbyb W W= F/‘to exall P«'u( Ld.'h.‘,l- ky Aol v ole:
Skrildetar | wlun 2L won. peant, Volowy w(EMN s ). W vile
N&L‘thg‘ s U 20 (pc ko w b, . D/ lal 6-4O ‘il-:rt ol e H«%‘f&'—

T T I T T T O T e O e Rt o JM:LJ ,!l|l;| it 2] s Wl sk ﬂsfimi




...45-:}..

ko Cons f5b bor amf(,zl-m— S 1 "-';; 5 :
B Ghir 5 (oboe Ab~  geepms rwell e b
Nige ) . :‘-(__0 e melliese T Ek‘.n "n,Io 0!: o,ﬁ O{ko
Felol hdirlea € b 2ww b i

&~ P‘l"-— Droole 'k wy e 100 -

A{}J.w.(qva R Lot C*?WL
Wy~ 0, af..o-np-k‘n'd—
wrd e £~ Joue ). Fardl -

T 1T 7T TTIT

GAIN

i
1
1
J
}
1
i
: ko:.'k.'
!
I
1
l

. b ] rand
V-H’V. A b Kneoo, g —_— k=0 |
&:—, ka0, Ha M, , rtwe - — kOS]
W&D‘nﬁ\- J‘hl\l,a..cu‘Olﬂ ' J\‘u'; . 4 /:
. N 5 Lrd il ! I 1 1
pobidete de lGaroc (e T e e e B
W’M: sl q‘*{ PY LA TN ; ..+ Blectron multiplication as a function of electric field and 3, with

ionization ratio & ns a parameter, in a 1 sm wide p-i-n diode-($t}.

k=0:5. Pacouneles N
‘11" [‘J‘d’b ﬁ’pm&k : dla) B\.‘zd C""O

Vutg thuds oter Tocaian -

"\‘9‘-5‘“"-{(""‘:‘“—"‘“ ve-. L“‘d"“-\. weol Elalleomo., , Ausd pﬂ.(G-C.?)
oot Nk 6-40 AW - 2l el frr Le=0, ake ProO,
</ [ede ol Lhe Folotlicle €& tnd 08 G256 4. o 4'«1‘4‘11‘0—
e Poinsreledeleo tundsoc. wired 2oar feleorcd &' oeddrld
e 2. Lok kote dawie e oleret S e m—-f.' Fest O&V'P“‘ b,
it Bl L":j e, Bob e# 0 [wasr «a de Ml ,..‘u..u\up,..
(60 O, 0 emViul funnes  2ite wnol 20le Feloltdclq Eq, b’
Wekele oo Nowww 4L €. (6-€2) natl i unol reffsb Gai -
1Qurcdte AR AN Cwb e PAeEcbrS o nes 2a Loy e

UL O tn ‘} {’ﬁa‘efjl\. wicle . Brbe Fanbdeol e b way 2w (wa-
dord Geuel , e wpSSede  Frltoldcle & Dacd bruels fablalivte
Aun BBl 6~ ™M W kv(%ua..r a!n/) AMe Dl-.r&brr-cﬂ:/p&(..
Mt Eq W 90 m‘u(h‘&u Win waral, (e LW e Toclnab oy -
rale Sc Lode po RS e %&L’rw«,r‘wc‘xs‘a;mk .
Rre oo Durl browelnr vol S:;_CE Y= fu(Eg(K))df pe (XY 4 ﬂ(
6-63) bel der wiktare Futtalirle Gefas & _Es_(x)dx vt B
-9,

el S (-¢6)
eNU~"

Bl 6-AMa dem ot ivl O mi Q(u.lc(:a.a.,..c\-l'b“-'&n k=0,

. T T ol sl bt owed e b DT T s B e



Uanol aﬁen.‘a-v. Touninat s
"U\rbl %Q&Ohh., [1.4"—‘ o' @ @

dan Butoet o st downag . et | Q0 .
_ L Privmar-

L be' x=© B0 &L F=20 A D———— Elektron

Lebcsbnde Peindebese  TER :_E_H:i—_“_g
e Cun Nilet peracle k=0 ®- q

e M(ra_—fnd--ﬂa&(‘m{ ‘ Vevosv k=0
e Stoeke wal/3 ¢, Be! ki=A4 l‘ |
bo waoppm aie Fatsl M alo :

Jec2. [asten Absdr. - Mt

wa /24 o-u-la,opbu- ML e

Celelrom tn a0 olnp Tx 2Ty
Liels na o Bl T = % @
proote. Ht=t Clebbton o o
arasbeek e, Teae fe. (2 : -
Pl‘ur @-‘-’r olas bLebraocSlde
Q‘hnﬁuf—lu?s . Du. Dcbet
wire wal Bt 6-40
N=H, » He. v B <=0 Luqaafﬂ:._,aa...q Uson, lat calilr2' g
de whhe B{,’[h e fay xa—wh. Dodi. blce neno Peiw&r-
bl L Omul, boune b oly Jouiwbiongproiess Fu el oe. .
e Der eQlbreelt Prdet eSo widé Yab.

Motes eblt do Bl gus, wuag snd Loy 4'9\....'93.6-.'91__c&§c\,'/
sl + 0.4 plede el i Slellcoman , by 4 DLl 6~
(b, Hiv vrug (olv TASw anf oo Skcecle wa/2f puacte
e Blelta, — Lok — Paar, F= (. e i t=0 vode wod b
=0 tn Slalcken el . Ja wewan el Llo welgya Lo~
deatnp tos o lD':"’J--eﬂ-[}v' (Fara, , Prel ol dew ofc’fe b@_“n__
Kovspeoiess ax do ekl =0 2 Slkico. &bl o eloles A
(oo GIee e oo Peiedr ‘-C""p/ e fawine paA Leld, L ven,
At Bl L, Privdr elelclson, '~ die 0w dntiroue L -

5-|—
o
X

Bt ¢-41

oo

firast werden wire ( e AR Ar Mwiz acfrecll ols Lo,
e Sperrsdidh bricli derd west du holiip@lations fpltor
el b2l L' L wre :u—uL aen [.06-63) unol Bl 6-¢0 3
e85 A . 92 (Fuan B-a.ﬂ\'cfn'J tota (Lo we fﬂq,}ﬂ.ﬂ D (ot
ve fogtomiuy durl dhd duflue &9.9.:.\24-&:.‘[ Gt 'l P
S'_th‘e.oln"[uhs oler %Aﬁcadqpmuuuv be: U¥0 A oo durcl
HMere. Nt kopy Qaur ﬂ.tofw&l. Lo realoc fawdo G rliallee 'l




...U;'q_
®FO N+ O 3t uf«..thrl\....

e lewinm e doou. ~ tolhousactle T 0Gae ﬂﬂ-":&"""}‘b“;{““‘{ 173
h.a'l'&opfﬂu.j ¢ Bl 6—qta, M- umprfele ﬂﬂ-\& ou Tt mw Qakf)n.\[.
dasd Ko foointaYoul | grany plarek AF Ta . Fae aon Rile
Ly i“o«-tm‘uw-rmt-a-\ ¢ Bl 6-416 | O a'e oloppeld o
3(0/3 ¢ A e o Getraclietan )L.%‘/:L‘L.G.C.'&-\n &Q(ﬂc M=
[roote wacl . oles a()/Pvu-ﬂa-. zﬁh(ﬂ'l- o éle [Ao‘.uc.rp!-ré'-";;, e
frimial oLy Low in o rone 2erpild (af aa _

(Mol Mo dowdomg wmdh 2w fP‘.““‘J fc.c-.'(&‘o\ oles f&'#"Juuqu:oa_;
o HEG o nr WL €20 onpeyl, v Wdaod d L89 (n tn W
sabrpre el wu-ol p.-(G—- S'ﬁ) Lcpow tnbrell

- ,
Flers oM Cam e THE ) o-65)
e adNe ')C-‘U\—OHM-GL.Q_ Tt = Mg, OLM ZGUthh.')LrO«-.j ’La‘ ua 'k

o : o
—{A~ko dx!
(4—‘4)_(3 -t )jfu )

| t: Hr_' = 1 - . . -y d'? )
—.C4—LQ)J(_€)
e 'y
W RV .
.&\‘k Ht.‘ - a - = wﬂ . H (G—GG)
st et YtV A~ T(E)  Vatve ! b~
k belicdsy , ‘ _ .
' . e : -
ZWA q _fw'd‘ .
N Me, = ) Wa
f::u vo Tt Iz“’« € oaf .
—-w;
k ‘nth‘tﬁl *
. [ satx! .
Rosterb ik for kalombo=0 e &0 oo &y Bgk 6-41a
=1 :

vooo. A b e w4 S bt M=% , L4l £~40, W@ M :f\"tua.
Q\L&P;-o.Q R Wwdlon datel gl R-Lcﬁ-nt-tob. oo Hobe J:.Q =2,F

lwa - 2wa 4  Lwa : . 6~ A4a
29 oln./\ j{::{foz -——V..-l»vf ° ity A3 ™ A5 _— wie o Bt Aq

ab prr Mbl=o prtde . Qu‘-),gro_gﬁ_h..o(n; oL é_(- ol §~AA 6 ey
AT ‘:ugoQMJJ-lL, saf) okee Ok (fhn © Lntae Bam H--U-fﬁ.(&.cuo--.s(n(—
for otsr Bebro Liele, Q‘awﬁu&‘lm‘uu trotr o 4 nar M=& war,
10013[3 —auw H-"l[ﬂ (¢€—~ CG) ﬁ:‘:—:fo=‘f 30 =224 elas 2l |

:‘woﬂnrq. ol o ;‘bq& k=o (Qelegs bq B-au'rq,‘t. aho Liwte
o 7S dan An'\.l.ﬂ'[ Ao LQ-'.JtH‘k—-"VL"O“aS‘

TR R I R ‘[',f.i N .l-hl., '.=.J ln‘ Iili g ‘5]; b s



~ 460~

C»LJL (e (n & ool M he Lo lwabiosrater, ool an (o —
el LI (BB, ko=002 vl Rl 6~426, 0 I a0 roeoh -
Map",[, wacl H..E(x. ah- &dth%t({d&-u‘ o&co.(u..l,c laa(u..(q
fepurerle An e Lawiee R AN (LG, ol A GSCw e
cou«t’&cl\!"\?ko‘-(('kﬂa.(-k Lﬁ.t ey L odoo Eel.ébof-\da.. Oof reg ~
M: Whicole ot R ol g h-l-‘.o,ﬂpluuf ol L\QAQJ.,@._‘ M =
MCE) A B 6-t0 drn bl sdeslo ou.tm.eu,i-.& e L= 004
gobrilolte Kucoe , war t slaen. e etelals spacncnr sl -
Lu\-.u‘ oLy f\u....ru.rq.k:-ou&apl v g PYREY ISRy FyT N h.-..u/).ﬂéqf-'w-
‘(}u-”' &LPL Olcrlarsgut M o Lo Fc\w.-t.&-\_ pr&o.olc\ 2,
WS (e Rod- phabbes Vi Raup obta sarbe u:..‘r.‘.\ln..\ Maa Aol L
wtly ans Aol -0, cp o Sl Qo Arar 2imas lr-o.w-mrk_
o h—-"(-nppﬂ.m-f. &{(OAL b W V'ﬂ%o.rkuc-.fa._, M= k—; [Py ¥ 3
ol ')w-;.rd'i/\

T‘apq"d_g_ Jole = aie [,9‘."--.&4..~ vo. Joawda e — uel 'D-Cf(f-...
Fone ot APD ALl 6~F Aol  wn 20,02 pu (TymAps = .
40w sTN) it =6 s . Folpll enrd tatel. ke pera-be
A‘:.-U-En:ﬂ-u.o.l A da Ded fEroun aSrochiarl, dhene O reddls
vee, oo Lowoln e rome a—jebGra b [ dawct mae Ellclron i

Ao e loviatorone Aaginol ooden . Do puse fyot e latc,
aae ol ab> &Qr-'ke.ﬁ_muua‘r 2 Pt‘-\ ~ Poote olas 2, t%0c -
Aabo. T ; e Lawie oo oh'ocly det Wil oOandantae, HC,
wnd o Qe Ao Ll b wbucddre. dy, 2o Delftrowg
do Wl kousracte, T4 vorviell e, . FE.?‘;\J.- .Dcat-\c\u-..‘l. -@'-'c-.(t.
ab 1 B Ueklron ~ Kol -Raac cude 6L x=uy opGal pre -
rub, Per Lecd wacolwb & pt- fibied wesd paht olea Loy aa~
(,.o,t;:(—(..uc,-proup v lortn Macl oo oM taty pdet olas Sal -
bron w Sedcucdic b poc Ao tafp [ von doce, Al Kdes e
Joil = Ta + ML 24 ke 0 4x dhie 4 ~loug anfitul wodla,
Mo o 20l t =Tat MT,+ Tt = Mg £ 2Ta beficol o WL B
x=wg (pacle M Selewioldr Loty (das Prlvmde elelcVow U_an..Pa_
Beeds Las NS~ el ), dh'e [, prob pIprod ta, , Lic i $tcow,
L Aa..{)o.‘_ lerely A f‘n&.:—.'uk dr omantalit wn't oble Kebfo o
adolhucg w3y Re— Teefpome ; oo ke Lot o dutbon-
Aoty Mt,, du rwele olde W{lowrtante 2Ty . e GoSa
Vo-var(‘.vc.Pu.. dow feint o Mlarl MT.. Tr adas V“"'Ld"“‘*“‘-{i-
Bacot pra'te = Produnlit plh olewtal

MA 'E‘? = | §,APD2E Sl C-S3}AROGHL | (6-63)

B i ”lf"‘.},

v
I,

v

H,J B T R L R R O VT o Pt VU It St e



~A464 -

Jofde Vol wrlo. trperiuton el el errtlb. B 2lo
[ ocr frequuecs o 4, 8 &y N o ol 2he Vm»ﬁ‘:rc.q.j Vo
M= 409 wopta .

Vvl e Drefe oo 4~ Fong Aol ol fferrkﬂ-c'c}.of- (Jlrmb-‘(n':[k
Gand Pt g oA (A_Qp,‘g' l-'7pa'7v.l A C’FGO’GPF bay A=z 0,05 unt
B0 20 o dand ol e el v, SO N ‘M-t-m‘-"/. tie RCap —
froaex frequec S02 @y . Do 2Ty ~ foons ﬂ‘o.c(c«o-\)- beted b fic
Wg = 46pau e 0,9 F itz . Tal Wl L' alo Wirkl mer obh'n Ty
S}kl—(rtquul., da oA nacl Ao "o-'.ép(u...! ol Loy inq e pro -
[ltlu $heo an ?L‘q,/h-, w aln/) die wncldawq j}u.\-@-c.que_k 264y
el . P Wb B wer LQoLucT. Fedpo ALI'QM‘&\_ & e Luidea,
oL < b P'-"G‘-L\JJ. e Vup-(')'p.)ht..r:u.‘ti s de Slhooe g‘_\‘_mj
aa T ;’-:— ooy AL andta, fleowmwsateaud . B ot Biote APD
BPwaP Lawe, N A\.-\L.‘eru.‘l-k . $r=3c?0'03 he' Verulaelua o
(e M=400 excele. T tebipel e ey freeefroguag veg
A2 GHe .

Doy 2 b Al acle. uc‘r(-c.t.(-s;o.ot #.(6—30),

Mewe = fice (4~ e-J)H-R) M (6-6P)
M (rracle ww ol o QL(&'-" M o al R ote p-\ﬁ ~ Bocte,

P'e r%permd\_cqﬁﬁulu‘lw(— Ve Meoni Wl oot dia'a v
dzwxwy (¥ biu Abrocp&ons Qa&((.‘k‘ht! ) wret M LAt . Be
Ihera [HLF & ot A‘..Pa.sn... Ml [2.(6-13). Byr & 2 ole
Ao et Wn e Dol Cow e falolddcla € Weral &L, Ale
Al oan oles fle.h‘-lw.s ken @ A4IE) 2w, (R (€6~
€1). V) Wrde woraspadid, dap ephile fiuerabion lie
Hhtrwatiche Erm.-JL.c.,‘rro\({ et Shar gl , olas) ol Mks'-'t-l." a g
L. Nt dnwenel 208 wntl. Do cal ALaduw'é 2.3.5 A ﬂe.ucf.
LRl e § ke ?—:u.u.e:l-t’.l..pua.(—g.r wark W.-'{Ldn.a P&k{:uq,.._
e avll, A AT VJ—‘JL Lﬁ’d‘*’"““""'ﬂ*“"' (ledeets te Qkuy‘g_oly
Thew ) ale (e Rl ddele ofocdutil |, eho pd fie olle
Decl brw s falol Al Ea R Ea >0 fo es}-.'.ﬁ aa b ol R Ldd'-

A7
Pﬂ.ff.p.k‘o-xs@.LCor M G f’o.mto [‘r,o.-...;.,u.:‘ 't oles Dt...ra_uqb-..,p ;

le14

IR |ﬂ? et v .;f-li'i;..

el it b i di gt b d sl bRl




—~462 —

o o dla _ d&a — .
dhco. R oo LB = 9B L 00e k™ fypil v B4t

6—-43 .

N

Das Ravs L vuls L4t vo ‘LOUﬂ"-.k()C-oQ:)o&'cpoUL. ¥ were il
kowpliriuly o olas v (g Fla L e Plo ool pate, , Der fo ~
kool de ()rf«-...&‘rtk [ occl Lolestan a.u.,oﬂ.‘h..qlk Y LN /I PV P
Lo L prodola, Tiopn, e bl Sdradracs L ks, Qlo-
Loosgsl el ot Halat'l olas Ptafy ‘o rallons prrodesies ola (o,
Aash ,e_.u. Glele broe. puaole e: &.(cu\dn.rl-t‘é' frook;,ua\ q.n,(
ek tcn ooy elen Wird welr, olar scolus W e wpecp b
Ql‘ewfva &Ko DTovoniu “--rspmnfu. U AL w.o.‘.(.i.‘g.{.:‘ O Bt -
mole, blriht ade do Poinen —Protess 2lo0be. | 0 bedpb fedes
Voo ot o Letl Ade et §Reo0lCronsd slron ac o' £ 4, v
datd olo. et podess 0oAEDrlh b xm~un, 0 walalQl.
Thao ote Racsbeledyy allo Volbuupcalewraile M 2, Sein-
Wl . B30 e va(.ﬁ-'r-’-\uh‘l- N ohe Lola £e rheobrans £ 2 oly
VUWFLWI M) schoehin, ,wote uln P hisle oler Sroaar~
6—4-«-‘/:%0- (Whetrst ) M voratel & rola . Das LlleGoo.
Ber x Ot atw Wik wsk M= _[m wiM)di vordcll , wote '

w (M) oA'e C&:&rm,kn..-..ﬂ‘-‘..l(n.‘fr.l&b_ st L flesoanas Lo, M)
K, Weolow Ua't ef e alones o2y van'al Lo, ME)Sace olw
{933 e prodess wlG. b et 0 Odce M Laba WAL~
varalte  wpeolan ele  wael [r- (C ~£e 6C) Locecdal bare [rofle
omfuoken e H‘-Ih"w(‘k)oth = A = Ml Dl lawin o,
u-u.\'ob_ “w.r oo o-e-vl-nxr"-h. Rocom .t oles Pelacdeboay ps peeone,
obo *'-\42' = ft- Ze‘ﬂAE ¢ Qo *'Ayo""“ {;e (6-59) ™. 2t
adey ol M e WA verabl le |, 20 ol [akes Rolote
Prinrracnsl &, w'l odloa, a‘-l-v-.d-la-\ M) Lo S‘l—roe\.u--t.w(nﬁ'rc;.
19 ola otv by~ Mo, 'l A« - (‘1" Ze-t.;-AF o-Quqc-.u 90 —~
bae MLZE° > 4 A%, 080 wt M=

———

Lot = 24 AL - MY E(k, ko ky, b, E)

ME (6-69
Fllibolarley €)= T w 0, M2 5 4 )
L]

IV C“L@JWO&« d.'.\p_ﬂe.\ el wadl olew. Qruo.r(-uc.fzwe.rl- ey
Fre 24 ‘pﬂ.t\ql.o-\.; (u.(.ﬂprr ver ok b,

Lo = Muy, (6-3o)

o0&



—463 —-

e V—Iﬂs“““‘ Rewnf o 2ieas den AlD uqdlc‘_),_q_gudh_‘ Ve —
Aclers  ped 2> olabew L tn gphiwalin Bob My, = Mopt,
ba, olw olam [:‘_-;au_crm.:..ﬂ.m. Uaincmal wnrel @ A (wle L wona
HoPL dowdcul Rac~lel des Vonddelars (?ui-f;.ﬂ.(: €A
kowet (gc (ol C:‘lu.ﬂ bkt e Ao Voderla ), obo G 2C w,
Mopt dowdwiut oo, Roworlen oo fad(at ooty , Weleles
Wef o F>A L oo Lo_‘vt-l—r-.J ranlu WA als olie C\'Jl—.&;(-.
_e‘_.‘,d,.u.u.I ~ Ft"t'( fdcbu-b.ll;: M~ 00 danl wae o oo, musde ),

Bk 6-d2a wp dee Clurdaprans L futior F= B gt
e Sb.lgbm..ka.‘u.['e(-t.'.s\., k=0 A A—&Qﬂ'n-[.'lke_‘L wa Vodae -
kv foblor Ma 2. (6-5F), Rt 6-42 b pist Rapooute fir
oo Pacrareds N don Vol Leds oo LovinCeoucboe e~
SN N PR LA CN

_£ﬂ M2
o~ —> (8=-#4)

-]
fac Mlax
~wp

=3
-3

unch 1= M) das L.
(6~ §$) el Erreliea,
VoL —Wa Atk fh.(tm—
Foons pr ot danc R . :‘ . |
Mlac adt, oaf & reu gl / e
ey Fens .
Prete | woke o = " = 7 ———
Co=A{ p'2h ,afo F=M I A s T SR,
6&- ec-:/!, k.=(.4°‘!z=4, : (a)
wisl Q=2 , =0 &c
p=0o, ado bosbi=br =0,
alo F=2., W oo Chu-~
WP racs S fsllor  viny
ke m&‘\ﬁkp&.t N U oA
uar maleria adS&epy
10t aler cSkM,, Ghes
c[~2¢.®vtm.$(g."‘4.|-."j (PR A M('\':)f . o i
PR A A § S (&L’t" , o daf) o cAl M—
Py ‘}ﬂ—‘dlu\ Nanes o larag Bild 6-42 - _ (») ‘. R

(a} Excess noise factor ag a function of electron gain M, and

6‘_"- vorfaolo e Ab-(’LQ(.Cﬂ.\ | );aw' (b) experimental resulls for a silicon “reach-through” diode,
Ha 6-8 (8perrschitht "redeht durch" 6/s tum p*-Gebiet }:

ERCESS MOISE FACTOR fFy —em=
T
a0
o
)
3
-

=3
£
T

EICESS BOISE FAGTIR [ ———iie
s
T T

cE

R TR T R T T T T T T e e T e e



~46G -~

€ vondiede~e Job sl o, loaca. Doty W by wt €
Lic gea ntp - fpuarlidr oie o Bt 6~F Ll on Lo
tita P*h—- _(ra.c_rn&-u‘e}-‘- bal (fa'de Beee why v~el M‘-‘d.u f})“he;.._
eblblﬁ.kr(..o_l, oo, MCx) L. @adal p:t.vt-‘u)e.\ RAE wa X S
fleleUon oL Ljebhoy Llociws e Bot antiwnt od i widiey Eate
w b re lode t'ul‘ﬂ-(\..\'gg«.\ k= {, vk V (6-61). 7¢ A e ol
lwar  Pdtapp 2""‘".[ el fe pedlo aho e ANl b Rlarar ~
&L der lawsinepmitesiey M, derdo ddrlio we Ll AT wlg
QY voraliateter ab | w oka.f) fdf}kciu a e i Fmnalin o.t-.(.n-t-f
Wek v avel Dot 6~43 LQor M= M0U):

Hotie Yeceh bruch PPt U ¢ M‘u(n'p:_ Derel bve Lopa, oy

L) . .
:_f' ke | oo M(UR) flack %1" grof | ota. M(Uz) AR

fuie ArealsprabiAatid @t | SOt clte ArbRlpeutbab i ot
KUswwa A-‘-“'L‘tfq »rl W\-\J I:rl?ﬂvt A\a'v‘-'tl::)(.‘l. Ve, ’a

?‘r‘\"‘[f"’ Rowa L Hott> Rawy Lo

‘to;kqf‘(;_ kfdp@“-() 9"1"" 4 'to, k-q;ﬂz —x> A

pecx  odu 3> o dann p-o

k=0 oot k=4 k= 05 (k*0odud wdid)
Tabelle 6--4

Ditaint taae, olala e QL“PG-"‘P" v QalR e Ao, s 4.8
IO oA Dok aellor waludal [n.rwc.ut‘uu« mib wmfl 0 aAlel e
Vadicle do recidac fpalle van 73%elle 6-1 danel ovrbue~
din. 22X Q0 restarwl oo p[w-\tl"‘.-u ot oe CJ:GH}:—L{')-
*on die Lupfiid Ll 0. (6=20). ot prewiion Hode, -
ornflon G &' ST-Detellpe alle Vortele ply Linlen Spn..uc
v T3Gelle 6-4 onf.

Pe LueacEl v APD s el dasl RMH—\—&Q‘(M—G“,&({@C‘L&
bed refato wiodripe (ecduma, fernls retanul, Voraflee &b
FMW\-’-"‘““‘-“J A ok Lacs (- a 1ot u-.Jn dde Lkpo.c..d\(..‘l_b_ Real, ~
ow o Vu-dnr(\u--j r(\oleq(.w\udn. e APD P.r u-suln‘n. e -
P\-r /AN Y Ry -7 W NNy

f-lol €-~47 M—-‘,L e Dabo bl 2ues t fee V_{uh]‘-e&, S~ APD
wo Typ 0PW22 . B0 Ol Linp Guad & b flalLacy won Gads-
Lo, O G du Dukuj ey el o (Q«.%Ln.gt.hr(..c.‘.”;mag,
&.k-p.«l-ta-Jﬂ-\

13

P T T O Y IR I P

- |

A T T T T T



‘ujBB O|qEUIEIGO WAWIXEW 0] PESEIQ 3] apoip
enbey) oy} SeWw FY JO 1aNPpesd 8y SB PoUEP §7 Jonposd YIpppuBq U1RD

151 UBPUEOA JOBISBUNYIGIE
Jep 19g 98P 'plw uegeuieq as Bunuuedsleds jjw 8poIJ
Bumyeiuien ep 1@ inpaidejeigpuegeBunyigielen 689 (z

ms:...s«o_q.....vlm o )

By} UBUM JUeWaINsBew JO Aou

o -19 O[BW|XBW 18P IUenbeljgen weueqebiel
oJp uuem ‘ZUSNbeljge Jep HW HefZidpIn A

L ‘AQL JO 58{qQ 88 wesnovioyd eyj o) eBEOA

SRJOARS UIBUBD B B ﬁa Juaunoaopoyd jo ofes eyt S8 peulep ¥ upel juaiunoojoyd juepuedep eBEjoA G41

“O . ‘ ' Bunuuedsusds A QT (69 Wos0I0Ud wep 1Z Bunyusdsledssge yeg
_on _._n_m nﬂ:ﬁﬁdﬁfn@ﬂm_ﬁaﬁo\,m_u to_.._co_:m__sqBEEmm::xE_Eg mu_m_.a_._namm.._:..__._nnn 19q (g

-465 —

!

oL

{3 |

et BL

2
o

55 15y9Q

Hh‘

8=

%y,

Wi e

LM 9L

-

ZH9 00T

Dol% ¥1'0
A 00z 0T Ol

wu 05605%
oW dAL CUIN
De SZT+"69—

%6 gt
Mw 00T

8¢ Md8

8;

a5

9

s ¥

EN

S0y

ZHNT =/
9ouB)SISar seues
puUBjSI2PIMUBLES

ZHWT =S/ 'A00T =11
BoUB)IFIED
19Nzedey

jonpoud Yipmpusq UED
Pnpo:dajeinpuBgsBUNLEIEIoA

wuoTe = v
Aoueon3
prIBSBUMPIA,

{H8) jo epoie00 einjriediel
{48y uoa wozieonnTEROWE L

0=y 'wior =41
abEBlOA umopyealg
Bunuuedsyoniqyxng

O=H 00T =LA
JueLnd }igp asieAsY
woxsuadsiajung

(9%06] yipmpueq [enseds jo abuey
{3,0G) Nexyolpuydw3 useupeds 13p yoleeg

2,52 = W
S211S1IO1ORIBYD |83 [100]0 pUg 1eafido
uegoIBuusy SUSSIIMEIa Pun BY3SRAO

sbuel ainjeiedwa) JueIgly
:o_w._mn._EEmaEw_mmc:nmuE:

aimeladiie) uojouns
snmiedweiiyoyosueds

0052 = W&
uoRedISSIP 18M0d
Bunisi2)ISRHBA

sBuNB Wwhwxaw anjosqy
uajEpzUels elnjosqy

Bisl 6-43




-46¢ ~

6.%. Phols framwnrAof

Bl 5icn e Plsle feacnistor U o'

Ko LRalkhor — Qens - fleecla. ackl> Plole-
ANode ov>(ebd et . B ue;u.wj Ak
tw Moo (L‘lﬂf- alo £« Plolodow,
Lpt, &‘(6-49),.4-'&- Ao Qands weol e~
erell 23 0w alie gro:--u-cmb“r(-hl ————————
Bw‘_,-a[um\. Ko R letorNs o, T‘V’Ca.u_
Bol wi Bt 0= 400300, Py
S‘.mt;,.o.qumj Wb Bl 6-A%, Rre be-
utws Lot Hrovvenkictuge, Lo wan acf dew vl de, CRép
gt Darfiwiber, ~ M fe Ay Rald £,

P (_rh-\-e-colu. e v Phelo rasndvora, »e"c.lﬂn Gt Qoo ks jdie
Voo, Dc.rﬂn'o\lh(_\ — Plole bcarvnlstece. aay JobHe . Q% u(e.n!e-:."p\
prLb-ec-quhLﬂ-\ bomman Ralu, dafl olie Kollebloc — Damay ~ konpa -
Wikl vos rehate hlale RoloAsse aanpotaolen sl ),
™ Tu-rulﬂuﬁ..r‘a.‘@t.{;]kﬂ.ﬂ- ﬁ\--(-),;rc‘ou. ole, corvalar m«m‘.&‘ra\_

|

e e - ——

B boans pefilets Oandsawsd el pirlaliel oo Voriopes de
Kellobelor ~ Qan'y = DetlcalWons Tego derl 2lean, Lo.Ra‘smy\

Al Ledtodes hast Pt R o Nanss  wacol 8‘-\—‘7(-0,1-\‘0\@. Virbemer
Py oo &k¥{quh; el ob'e a‘hMm—! e, Arbdelsporale -
oa! Bien Pafestn b phe altooti)s e Kovbae oter Biupfiol -
LAlal | da duvw andk, 20, TRl otan Pleto Aspers @l dalade
uvol  ds .Ctro«.swwki‘,ré.ugfoutchuc'.rhks 2 bropL. wrrel .

el Q-P-n-{rm,t.. aaey  Lry Golo Qc.fae-}.olﬂ.‘&h.:l. (ot w~qe
repl o, Ot alle Ppahuh\fg,u. b @m..m‘v&.or Lm—.'%-ﬂt—va-ﬂ..
o 2boe coesote,, ola dect, lalce l@-pa.»\‘&‘:t; I &w(w..(e.. PEpY B
h&‘-%d-.} Al Shagted wan ac ¢ 2ha o o ~baen by Atattntags —
guelle waol (SLL € (2.8, dard g M’o&&appdo&qﬂuaj wcCh
gt Opuabevouddr@ ) owf den Potolial wel  dace nk -
day Ml wrredd |

PLole brownMoct. ol C\uqnsv.f,!‘krt.m. Qe.m'.:m—:&ﬂ.g.p LJ-‘/)G—\
Ploleo dooliod ta .

o]



~AcH -

Der n."-f«or‘o.ﬂuk! Alhpy 2t
pup ~ TravmAo ¢ et lalt oles
Ploleo IJ-.!]c-‘vLoc o (o le..‘vtuj,._
delele ol Huwehod ae e -
donbun povants aed. Bl &~
\n“h&.mu-w.j h..‘lL Rold 6-15.

6.¥. PLstlo (bw '-((al.c- fraw—' glor

0D

A -1

e, Plole~ FET wral g 6 : :
Gote ~ fonrce ~ ode belliet, w:\. !
?- ta X ut)&&ﬂ-—l-hgj ole> Ln,lg ‘ lI :
meok olr NebeceSyork i w04, bo-oee]-d

]

( PlotondaAast , Guae § oo~ Bl 6-d6
butat e, ( L p fid Ll 40 T (50,

2. NorwalGelelel ; & wmot § Sby ‘Js'ol.uﬂ-qt\,l ol VOI")/)QI-\—

“u_u\r,ﬁu‘u,_ ey bauat e, | e Dea -—Spo.ho\h.hj pf,f-.‘- qhdo(fb\_.
Rl wek des Liht Desuef . Bmplind 0hbet cot A (5i).
Ya

3. Pholo dhoctes bedeved | @ wmol 9 vobuedle, Swpfrl il -
ot O 8 ﬁ:—* £s¢).

Fue UV~ upe.“..ol Lle Poste —~ EETS 1—-‘0,!— e aSrocbae -

rede fpuradldd O dp wily Llaen. f%o(‘k?—lc&q(n.u'

do dan [ra focwcul. Alseptat e Cuppicd L'dbata. s A=
260 an  Wrol s, orrolh |

6.C. Optokrpplor

Ko bivto b waa  adce .L,.u..‘e....g,a.q_;_ ~Pole wasl £\ tal

Plsle umpeg‘.‘aw Lo Gaen Qi G.Q&'c.u (20 g b oo dans Le-
he Gale pr-efcopp.ﬂu .9 n-"lb\dr AN P pn‘-c—d-s‘qﬂ.{-vl-uu\htj
m..q-(’.—ow ua ok 4-.‘?1'(;...9.&, Q]LOVQ.O_. Rt ol ticancan. CET -

15



—46f~

Qwr'?’“ow dka wact a{fu. tie Gale beloced e wwvaten | fanoe
LA pobectiaR frel AL Gerce ol s ole ras L w e LJun
Re ar fl 20002 -+ 300 MR . Ho&e Stroue (120w A)  Gola S/&rr-
Marmue g (tI0V) | Lote Dynawrck boarl (£9a8 bay AMug),
riap Kicr falkbor , uiedae Wotnw itee ((fkeon dord
ledboioote b 20w A) vk P ETUNT fSofbretton (<CUSus) -
we ol oo prob e eve, AufGau ven Mu-p(m.,;'}.“uug,
elellvoud d etdiwnbare alGoe. FULloc , Sawp 2o L okt ~
SJA!L(—-M.‘,.\_ “. a,

hi oo Ql..r:_{u‘:q.w ace Plolo h'oote, wla 2t wman p—ﬂnr (C‘Qolt..u...
e ven, A0 MHr b Aw:p.a‘,- Q-“.Pa.n.fo- Stromould 84 s @
vo, 4%, . Ve bpricl e dalfar for Pole fcacaw A0 Cc=
by . Plato dlac&vflow Fraurisloc = Qu.p(q‘:..v_, Aol 100 Lty /3az
bio. 20 WKt (200 %,

Basl 6~ A% 2L
dew Pricmd onf -
haw 20y Opto ~
koppless awn
GaAy ~ Su-ilies
anet §— Ploto -
deote . Dad
Foisdite watolinty,
't Ny 24 reska - : L
Bild 6 =43 :

Mol it Gy - Prinzipieller Aufbau eines Optokopplers mit diffundierter GaAs-Diode und diffundierter .
Fotodiode. Die Quantenausbéute der GaAs- Diode wird durch das zwischenliegende Medium

etﬁnp o T‘&h € - mitn~1,5 weiter angehoben
PL(&—KG-O‘\— .

ny | Zwischenliegendes
. | Medium, z.B. Epoxyharz -
GaAs| oder Glas, nyass ,

¢. 2. Plolownotartaral

Plhoto cndecAscale Ainack Ipere 2l ld foule Ha 2 & Rl  olerey
(Sde Al w do n"-zﬂ"*‘-‘-&'“t?aﬁfch Qsﬁklfr. La L R.(3~
o) M d-la Lell @LC‘((Q:.:L der Plhle ot Gorsgpfidlal Lmokkkrak'&"-
(os r;mpocb\‘ohmo_ TN E-[kkpﬁntoﬂn_‘l-khj Muﬂ e Paslow . o ~
(e prSfu Wb otu Noctat Hnawd Wy, b 2€e b, Flelelron —

lod - Paare wiem(on W Wunitn. O Qg'cntall o plolo 2Tt

GE



—A69—

WUk . Donaloren ddw Alrploren <~ do M 2o facol lac -
L&\.. 4‘00—.:'14.0{.. . .fDa-t-u-'l- o'-c‘q. “\l.l'u-\‘h—o.l. A‘-r-‘["*‘*‘[ “»Qc‘- E;Qﬂ-.'l.l-,
urilne s 20Rebe  Lefrarst -hudﬂ»‘.lu.\ Deteleboca P"‘"\‘J*" ol

Voraamv,w‘-y‘- ovde | Dln.ﬂ loedty b2 Q‘(}.Pf\otoln-‘t.uc_! Py
Clalelron b, tnal Faoder oY fled al oo Lide en . oap Ge
fLoc ALl en PLd.oin-‘LMj o ¢ C'eg Qo‘fwaoch. Rh b emeal . Ehg
Probe oles m‘“i" L, avolou 2\ EPQ“““WJ (A,ﬂ-‘o_[l.. [ Sle v
T A‘,_M..Q-.‘-.A-wj B drlAral Lt | Dabr' ot wib glaw, 2cfe -
e, (D.;,.ac.\h.\u.‘rl-c_u.rp-qo& Ao - 'r\r&'pu vl wet doatel 2he
ko«..op..n Pdohﬁ‘rl.c. E=Wre be:..(.ln—-.a.",l.. [ Y Dc.‘(l. el dy
‘]‘p&:w wclh oo .Ln.olm..a, 9 wbo e Ldn g L q Gearrdellte A
220 T = LIV amol dtee lebtgdoww T, Do flatnol (o
Liam A«../Jn.\_lcn—l) N e, rEuw hflo, Nl wuot oo Prd“w -
ddde pooporkionat, . (6-26). Mot Trdjo belarlii AR
e Vo Gth s wWew  lebtsdacer he Delfiit aw Slowa,
&%J_ V""' pre oo Ao lo Yeoun

. P
<py T Mg et ﬁh_f. . ‘% . (6-32)
I die Llebmsdlanu pies 'i?atw; pr&'/\u ab die wr;'{l.‘)a..‘{.l
betd oho .0, oo Horlelie {d‘uw Aok, 20 Lafu b
A axclerne  Spattutp puetle Lolucpe ed o medl (w0 def) des
Potodrou, wu. ol Raletec

r_c.,- (2- e RE . T pU ~
Moztd-z_\,_{[:e(sz)}_r%— L%— (6~23)

bordSclt Gost kowe. B Pedfipprd ovedtlatt U alle -

dep qu(“LcL., S‘,.‘:y-.“o.«_r; Vauk v borloaalbd, Kcre Ploto -

oy tdcale urdl Lanp ot et tsolacerin e L0 he Hrdim-
vordrkumpn Moz 40T A Mal> Lo Fale. No\d.-.u-hr.s\ Ao Clroe,
Mol »ul wnib der Wllourbanbtn diene Lt enpdlaty o LR, _
PO ik e din frequaiadlegip Vedsreeop fslloe whbuy,- |
WA e |

Mo

M) = (6~+&)

1+ ju T

o0E

T I I TS D o Ot Ut e A S T SN T PR



- 430~

ucd Y dan Vo Asr (,w_r,_ Wre's frage tei-bacatl cete ~ Cod o
!
8=

ol

!
4
HOB = a } (G--'?-S‘)
e\ vt oon oo Dh‘{l. el nG'\n“-hICﬂ_ ﬁ:e?{lz NL v 2 405w
Unst L= A0 pain Lt L Mol & 2w 4,6 G, vl pe.(G-—Ci)-),

Als dguioa Le le qu.ﬂ.h‘-ﬁ-ugj (o' equivelanl powe
NEP) biro. al Ma L o> U—Oh-c:-‘ﬁ-l— (‘olu-ec_(u'u-.'l.j t D) wnerdl e -
Lulu b

P Q"/rF :D-_- m = |AAF "&f (G""G)
Boe = As ' Puce P ey !

wodel P do Effellooel du 4009, mode Rwlo. Al fa: A i
W, de , acf Ave Debeklbor fliise A acficeffocl | 2'< o 20
profe Lllltivwsul ap oo stekic s Lo At-wr.t-/- profle 2 o -
Vopb, e # dird R Racadba, wdt Elteblv vl oy un oy
Frequssbacattr nle AL Le) AR p pofdr bws LL-LJL, ay =ay,,

Hat. {.“ uw b dele Maleria Lien fd‘r p(o‘oy‘q‘oﬁc‘a.ﬂ; M'Muu[a_
ey At (adlusiuan — felewiol wnod Cﬂo‘.ﬁuu‘uh_‘k—e(c‘ﬁt (cds)
W b 24 e Qup(-‘c.ol.ﬂ—.'..lke_.‘l.r ol wa koo... Poou. UJ—QQ-
-&i’gpq_.

Pve nu\puakrakﬁh[(!ﬁm-\'( :51' vwrallen, Ga' P‘“""P‘ Qe ~
Lo dbupoliclon (ned () hebedll 0Q,

Do Alduplall s Ol Aaotiotes R wn do Meloaclie, .
dclie @ pedt 62 resfe. Rac Lo | afweid ot v, (£.(6~
L) e RV P Gobel 0,8 cps 4 W weol p L Lhalce

e {,r&‘(lu wn'l. Pan el — Dol ~ tholermaiats @ 2l ey
(\A‘-\'—\ A: /(0‘ “‘NJ"‘-\ RS O ﬂuvhnﬂ-:d-.&\. wieod Flotou.‘oh.av(.&‘g..
oty vom alre Va-rv.w.ﬂ..‘d-\u_ Q-‘Q.ﬁ-\hj\] ol LFuit, wuwSwr e
Q_rm&‘o&w.(:mr:.ﬂ.ﬂ.'mhhlk ‘:.ﬁ-.jk .

o€



-434-

6.9, ALo-bZiok

Fur e Tseskn du oplrlen ladleldlbonleRudl &al A
pi- - Pholodioke wandl vor allen obe Lo ineplolo'aotp o
(espa ngo(u.\t.uhj, Da esr oo 4 AbsRulH S ). preacd be,
feSpot an oo o.un‘.ﬁhp\.su-:.t Ao A proan is A S v fro -
Do~ tloene M Ml s DMQMrWM«v omoler g
A\..ap.u.ru-ﬁtu:‘&ﬂ«‘h-. e, Beotelttbatt ad £, abe %
b ermesta, pr..-,.!q[l-u\ ah Ge , rerwtdel wsslte, fodacki
ok edwa ac GaluAs (=03, 2. (6-69)) ooto Ga As/
(Gec AQ)AS i atel (o l‘-f‘oun.')pqutu' A*-o{l-l'(-.n.kj [ P oo
')ek&.!u’\aau'-k A CQ.M(Q'\.» adcaole s, ’ ‘s.ﬂay.v‘-a-w ‘J-f-'o&k, ﬂ’u
6—4F. Al S ALl it Sealbtc A rebk waan 2ae
FYRVSTIN Y M:e-.cww{-‘.‘tkukj dcal. o oo, t(/&kl o,

p-contact
| pGaAs,2um
BS0um DGGQGS Alo'gs As, 2um

pGaAs,0,3 um
: nGa 070 Alo,aoAS, Gpm
/nGo As, 25 um

1~P}

IO, oo
AANANNNNANNNLAS NN

% 7

~Substrate

77

Holes for Optical" Fibre

n-contact

Transparent GaAs /{GaAl] As photodiode, cross section

Bl 6-4¢

oE

T N R T T Y D T T T R e e :=5iiEiZ‘L|hiH’j [ P P T I [ T T



-4%2~

7. Atuataclivone

F A Bt

Feyuuman, RP, Liglbor [ R. 0., 0l Sauds, M., Leckures o phgaes.
Vo luwue T auct 0. Add' roc, - Q!:ltv Putl l.‘»h‘-.v Cou—pdt-? ¢ Reot .‘...J £96¢ .

Goocl, ; C.H. (eat.) , ?a Riwun arser'ole fanesg.
196%.

Goooh  C.H. ,
{oud o, <932

C.)fl.c..a horcucr | Koualoy
"h..{‘r.d-‘o-.. alpotro Runuercurl demas. (‘Xh‘J 'hn‘t-lhc;'hq,

Geon  @. K., Quionle  elalelrowlt . Vu‘wer— Vu&‘_ ‘ Ora\uu).ﬂua.\:’ A3 -9,

Hartel , V. (eol.) , Dar Oplo — Koeb bull . Leacuin; cemty o Blruag
Teacan Yusbruuetats Danbrfl Lacol | MSul o, L9255

H"Jj‘oﬂ'—], W. ol P&‘I—eﬂ, H W, Gﬂt‘c-.olg;q(.r\uk.h.r wool Strow Fracy .
POﬂ-. Sfl'.‘l..w — VU&J, 6‘)-2:(._ fc‘n,

lCCr...ﬂ-yHc-., R-H. | Debtoalon of oplien ¢ ook A frorect rooh'a Lo, fpris -
W ...U‘v_e,_'l' NDw e, A93P,

Kiked, CL., Thicookichon o 2ol sHale phyaes. ?.okt-. Wy & Sous,
New York 4966G.

KLogin , W, wunol M S Lo R. (edl.) PR LV VIS fﬂr.\-\v_‘— Vi ta ,Qbﬂ-"-\ 4369 .

Kremal | H. acad Qotler, DK Qo condluclor farss guot helero -
1@.4:,:& LeED s . Acadtewde fregs , AMew GJock A

Lavot aw, L. D, wiat L-‘(soﬁu‘ﬁ-p, &M, Lalcba  olsr Tlooreld £ e,
'""'"f""(‘ \_l_—lit- u;hhroot&un.w.‘k oter Koumbvrnuwe, Alnelen.'e —V‘uhj, Neo -
G 4.

Morewye, P. ¢ theory of oo Leatn’c opical wavepulalos. Acadlewc
Prem , Mew Yook 493

Moass, T.5.; Durreee, ..ot €5, D, Setconductor opleo —2lag -
browdes . Dallerworty, 0 Co., Lowolon A931].

Pad, R., Elelebon’.le Fersttdrpo boc ete i tanle : Baal 2 | Flalp -
lodiod . De. Alfrel HIHLG Vol | Heldeloarg 4534 .

PhiLecps, R-C., Bowotr awed bacels 4 aewicovductors. Acacdew e
Prosy , Muw York 4933

Réss, 9., Loro~ LAdow el uaat ~n Llor e, Abadlews, Lo Vo
.&.r DQNM:.L&(G- ‘ Feasle furt a . . %66,

S._q_w' . ( fgm«'coud-ke.‘ér P‘I(a' c-cs. fpfl‘hwﬂ l‘fb ‘ﬁ‘ ¢ c\h‘e(_\ /(3'?'3.

P T AT T T S A N B

Lo nin ol Lt send ot B e L i i e



-A3 ]~

§eto, K.\ Phygril wunol Tedal oo Ralflule. OWneonrlafi iy Vo~
&Ingmﬁl&fl- ‘ RQG‘}!‘L L5966 .

gfﬂk“-& ] &. [} %‘c‘-rOk;‘aJ.,_ I-(o..ff- &.\LU. jﬂfl‘hv_)— W‘ﬂ[, ML‘G‘ -(96{\_
B, H-6, Opbirde Madridbe kel ®'twa - Vo 1.1' No w4936 .

Uugo, H.~ 6., Plawac o',l-.'cc..o. Hqu-c;u\‘elw ac.ad f.'(aru_ @a:(oc-t
(}.m‘u-uu‘b(} Press , Onc forol A3}P. :

3.2. Cielocilce 2 ~ @pl-oda.lcuo‘-nf:-ﬂt fer ote s

Ak, K., Mokamum, M, Kureda, T ¢ Aol (Lurcola, ?., Chaumume ool ~ HaG -
b te plﬂt—.qr yhruchkace (ALGa)A; A:h‘.tc-‘-“pl-\ Lowwr. Appk. P‘«,:.
Loy 30 (49%%), 6%%-¢51.

Akl, K., Makanura, M., Kuroda, T, uu-(.ln.,y‘ (Tre, R., CLlone (M, Q0el
Maeda, M., Trawoverie woste Hhabliyea Al Ga . A) A.Ll‘co&.'o« Loy
Lr ke claune £leot ~mbrlcata =~ plamar Abcuolace., TEEE Y- CQuaabun
Clectron. RE—dY (113P), 29-16¢.

ALk samian, A.G., Polakiov T.A. ;act Popov, ¥Yu.lM., Theory of
oplteal gad, oot Faeerbotal propeclties of sewcomoluctocr fanes .
Cees . Auabin Clecdroe., RE-LO ((G3%), 293~ 201

Roery, LA - B V.ln.qrd-‘uy,rh-co,k, M. T, avel Daudelon M., .Dtahp.u-u‘q be -
laui ot dfof.u.:C.Oua'ﬂ-olor Lo~asy. Qleadroo . lekous A4 (433§ ) Le-~200.
Boker, D. andt E#subuy My Qeaw okl spproniuations for by
Qumda uatnlal wodte v Igumeiec donlle —helerofunctio Brus,
reee . Quacbuw, Backon. RE-{% (1332)( P2+ ~F30 .

Burcus, C. A, awd Miller, B.L., Suall~area doumbly helerorbruckare
aluuadtar it = 3,9.(’.0..‘«.-" ~ arotu oy Llecke Cunumre s b diooe I0ur s P
oples g £ibes trommsuaisscon, Lwor. Opl. Conrmn. & (934) 303 ~ 309,

Ghiw: 7k -1 -'DCQQ‘A!&: 7.0.( A I‘l‘sorot:._‘ boccolar ML‘_ w b 400
loc e foloql wiootas of ripe [t Ounalea A‘c..l'ac.h'a_ Lowi. reec—‘y.
Buatbuw Uebron. BE-A% (L33 P), TO+ - T4l

Buctns, G-., L«((., f2.A. / Qe , S8, D/22 ?r.(F.H., et Mqae, 4.1,
Peachova ity eflects ¢f Ga As Ligglb - tiari ey diodes : Pact r.comM
M. Res. Pevetop. 2(962) 62-¢1,

Buws, 7 ¢ the Huoory ot K olic&ckeie 2Rk wavepuioste VK o -
plew rc.{rae.l-.‘o-c Lot opplicd to Ga Ay La~ar. Eucsp. hilcrewaoe
an.e. [} C.P.ﬂ\nLﬁ{,ﬁ\ 1] QCPL- u;’?‘ .

of

i Wil |

il



—AF—

CO.DLV 'Jr.,H.C. audld L'Qwerawi ,_"o.a_' Racl: a bose {—hunet.‘g;r e Gads abecph
aotau..ww;cd Jusclions . ? Appl. Pays. ¥0 (496%), 21 - 25% .

Cool [ 2.D. auwol Nadh (FR., Ga'e. Lrdluced 3ur‘o¢.‘uf anel artijwalic owbpet beam
0f GaAs Lorws. Y. Appl. Payr. 46 (A93C), L660 - 1632 .

Dolocan, V. s Spalial dirpribubion of ractalive rocoubriimtion fale, Hune
debags , acsl & suvbdig <= wWule Wbooorkuchce foans. TEEE b Quadiaw
Claclosn., RE-A¥ (423p), §%2 - 282,

Frewota, W., Mousweots operalion of direch wodulaleot GaAlAs 4wjechse
Lowss frowm 200 HUH/s wp bo A& G4tls . AU I2(4938) (toT—440.

Gofs mann, K., Halll W hro ba' Rauudfbeuwporabr . s, Qer. AEE - Tate -
Pu\-kh« kY (43%4) PSS,

Grow, 6., Temperahe - wadl dono sbral Luey ally %n Poraatious Faliy AS
L8 CA966) (A~%.

Haklk!, 8.w. auwdl Pae’, TL., CW degradalion o 200°K of Ga Ad doulb -
lelecorlcuchuca Junclion By s . L. feciroude galn. p-Appl. Pl b §
C49343), A1)~ Gat13.

Tioli, K. , Asahl, K., Lnoue , M., awdl Terauoke, I, fu.boolofeot - ripe SaAg-
Ga ARAS docth — bets situchare Lews (WK polycrywbcflice BaAsP -
logus -~ T: Lanvwy NG cleaved wajerors, [1: Lavwy s adcl gl wairrery
LeeT . Quoubua Clechron. RE~43 CL¥3F¥) , 622~ C24,

Kawme , €. 0., Band bruclure = ddiun Qubdusondde .
9. Pl-ur. Cloew. Sollals A C((553), 261

Kickby, P.A., Goodinew, A.R.; Thowmpion, €. 1.0, avd felway, PR., Cb-
1w valows o( seff - fomssing s Arpe - prounebcy deudicouducher Laneos
oudd e ofevelep uabb of A counpre hturve urodel of Hhair aporalion
CEEE 1. Quantbun Clectrom., AE =41 (L3323}, 305 - F49,

Kroeutr, K., The Carke'c refaliou for dejtutrate carriar COLUC U broGon 5,
tece Traws. fLackrol . Peoices ED-28 (1938), &SO.

La({, R.A. Duwbke, W. 0., L 3;—., F.H., aud Makaa, .0, Precliona l.‘hJ
eflecks of GaAs LGt - eulhicy diodey : Part [. TOH §.Res - Devedop. 2 (4362),
¢l-65.

howstrbesy , P.T, e Larke'n refall'oc,, Proc. TEEE 64 (49313), €36

tee, T. P, Buerus,CA., anel HILer, 0L, A Hripe -ftou-d.rﬂ Honhlq — bele-
o 0 brudbnte AupR Pl ~ 0 kau 20ms— Lalsiron (s per Luuaituerctut) oloole,
LEET 7. Buactun. Cleclroc., RE-T(L932) P20~ P,

Lofecsies, Q'J, Rec 2 ¢ researel of pLol-ovof.l-m‘Q W enUpy cOnues ket . froc,
teee T4 C4961), 662-63¢.

Horpte, D.TF., Rafraclive auolax of GaAs. . Appl. Plygs. 2C43C¢) , 12 4~
42%2.

MeH Qer, . Woll, H-=D., awol tichauer, -K., Galentatown of HMe howo ~
VI— eon.ys dtsrﬂ.dAh'o‘- ‘f-'.'-l."-“Oh .&w rqr“‘."“)‘ Fra“‘ 4\_‘.\".‘2 df’mdq(w‘oh
cales. TEEE . Quaniuu flectesrn. RE-Ls (493P), P43~ F26.

o€



—r -

N‘qsq...ol M. atd Kasablaca, K., .'Dbuawn‘c propec bey OF fe o2 uerat J.HGC‘-'OL.
ﬂ-n'[u, Loy, TEEE a Ruan bouw. tLackrow., RE-41 (€93%),612-613,

Nasb, F.R., Medte gulolanee pacallel b Ko junclion phue of oot
heleroslruetuce GalAs faws. ? Appe. Plhgs. €& (£332), €69C - ¢203,
Now jakl ) H. ) Kau, ., Tohii M., el Dhe, A, Tromsrwtrre - wewch'on —

2k ipe ~ l.c.ou»d-rg Ao Ll —balerorechore faqess Wi very Low Hirert .
el carrant. 5 Appe. Plur. (£ (A12G), 23495~ 22FC.

Paolki, L. awel Haldk!, 8. W., CW oegradalion ak J90°K of Ga A,
Aot e - heleronbraciure gucaton fawrs L. falrilow ipecka. 2. Appe.
Phip . Y§ (4332), €a0f~ 112,

Paods, . L., aove su.c'al:l-j YR} HAripe - prou Q—u'& funtlog Aneo .
Teee Q. QAuanfuw. Electron. RE~43 (4933), 662~ 662

Patrnaut., K., Mootey A- achoc Neoe puddey il 4":.(-.01...0[;-_.4,0,__-,
10-.:&. prof-“.hs a.% GP’A‘M fo 4\‘--{'!&‘!‘0(-\ Loves, Aed ?__Z (€3 +§), 343320

Panist, 1.0, Helero shrucbare d‘h{’c.c&‘o-.\ Lavwss. Proc. LEEC 6% (499-5)’
4542 ~4AV%0 ,

Schlomo, W.0., Gala - deduce wodey <= placac 2kuchare, Oele
Sqpt. Tecthu. . £L (4937) , P23 ~ foS,

Shore, K.-A. auel Adaws, M), PThesry of He oloc, fRe belecontiruchee
Lo : (€. Sedf-~wurtabenl calon fabon; of Ke cacloiest acel apecat
cheracloities. Optriat aml Buanbuu Eleckconder @ (1136) ,781-1%4,

Stern, By Qaia~ wirrtek refolisn for GaAr Laws ' ""“"I[’e
onol. urolopest acloe lﬂ?n.rs. Ieee . Quanfun. flectren, e -9
(4333}, 2%0 ~ 11Y.

$trawo, 7., Tle ho-&‘umr.'ﬁj o{ Lol -~ radklacae L‘[CJ—"'O—“--"‘*"-J
decdat. TEEGE 0. Qronbuwa ELeclron. RE-44% (4938), Pa2- P19,

Scoalel, W., Tawaka, T, Kaw, K. awot Folyi 4., Mew 26ruchures of Ga ALAs
folwa g - “-.l‘ce.(.‘ou.. fanew for Low ~thralolol oot A'epfe ~ u-oole optf‘\uﬁ-.
TECE '7. Buawmbun, ELectvn. RE—4T ({933), CF*+ -~ T4 .

tee, B, Groqd.u...‘c.:l neohantia, 4w 2encou dhclor (GaAs) Canws:
Liwlkation) ho e wasda poues Luvision,, LEEE ¥ Rusmbau, We-
tron. Q& ~4l c49%P), +23¥-~ #16.

o€



—436 -

3.3 Cicrelacbiket — Oplorteletconiila Su.p(ch_ﬁ

Avdo, H., Kaube, H., K inuma, T. ( Yamgola, T. , ausl Kaueola, 7., Ciare .
lerirbier of GLrUnataitam avalaccle ploloohoste; <« e wacReéy repdon
of £~ 4.6 pun. TEEE Y. Qranben Blecleor.. QE~4% (417P), PO~ Pof,

Batdocf, R.L. , Chywowel (A.G., Jacey, 6.C, auel Fry, AW, UL/ forw,
wlicon p-in Juuotiony . L. Qreact aren breakotown. 4. Appe. Py, 2%
(4960) 4152~ 1160,

Becetbtbolol, K. , Kruu-\rhaf.a, 0., acal Sary, 7., Avalavche plolo oh'eoler
oK & ey - b acat Wolit, rrool.c..u.. of wmore Has 28v G#, A’pﬂ.l'(.(‘,‘
fetioy 26 C935) , CP5 - TP,

Chyuooett, A6 Touizalon mb> for eleclkons avel Goloy <«

awlied. Pl Rews. 48% (958), 483%

Cl-.c:n.ot.u-ua ¢ A6, Undforu. wWlicoy ,—h“'jut.-c(-:et.f . . Towian §8cn

rales for elecleows, 7 Appe. Pt-crp. 24 (€9¢0) 116 € — 4465,

Cot.mo‘-" ?-; e Avbrbalsol o( ;q.-'r..; A uh:‘(orm 2'7 nnal-t.'/fg.l.f
avatfande plolootiode : Experivactal. Lee€ Trou). fLeclroy Jencay
EP~4] (L432) (342~ H4P.

Cocrma, )., Kaprow  F.P2 , acal dymant, §.¢., Fser- optical traws.
wiltsiow htluoeal, 00 sl A% pu. IE€e '3. Joliol ~ Statq Cicewdks
$C-AJ (4938 ), 406~ 449,

Framot, , W., Perforwauu of paciaral ﬂvf— Wlicon plolodetbectors 4 o broael -
baul coawial wounl. AGU M (1993), 163 -0, Eratuu.: AC W 3L (4930), €3,

Grau, ¢.KC. ¢ Nowoe At r‘-ﬁ"oewu‘u.‘ou caarecoit . Apfl. Of‘-;'(_s % (4365) , +55,

Hines, M.6., Mose Reory {oc te Resol-Fype avalowcle A'ode . LEEE Trows.
feckrow Deuveey ED~A3 (4966), (ST ~46] .

Kowabe, K., Kimura, T., M/ pshina Y, ; oL E&":‘:am, K., 9''con avaloucle
plotv dodes HH Low mu-tk'r.&‘c&h‘ou RO e Oinel higl~rpeest respowe . LEEE
Traas ., ELleckrou Devur EP=23 (4936), 4313 -¢43¢2,

Krwaphode, 0. wimst Mazlowsk:, §., Avalaucte Merqpholoctoatte wi't Gher -
us‘awfa.c-l.ou . Wiss. Ber. AEG~ Te e,_(m..ku_ € (AF34), 22~ 39,

Keuupholr, o., C\‘augl fRamL = Var(dtuis b8 Avea facche ~ otol sl 2
Wics. Bes. AGE - Telefuni o Y ((931), Fo- 0

Lee C.A., hegaw, KA., Qatdors R, KRWwack, 1., awet Negwaua, ., Tou!.
tahoun raler of Loles ool eldabrous Aw a'licow. Py Reo. 139 (49¢¢), AF6A
- AP,

Lee,CA., Batoterf K R.L., Wicguaim, W. , audl Kannsly, &, Tiue ot ep 2 of tun Ca
of avalavcbe processes «w 2 ficow . 7 Applt. Pl«c,o. IL(4963), 238+ - 2396 .

el

b 3T rd el Lo s fhe e

N -i‘s;ii:|.'l|m;ii“-. b e b e ‘-Ji 1, ] (AN 'I- I[. I . sk :Ha‘ﬁi-a-“

I T .




~A23 -

Me Tulgee RY- e Mulbplicalion woire dun wUniforum avafamcte atodes .
TeEE Traws. flaclkron Dewvces ED—42 ((9(6), 464 ~468,

Mc Tug..’rq ‘ R.?., The durblelbudron o{ 3““"‘" da wn i forun ‘7 e 'e'r"‘flﬂ"‘-J

svalond et phols ovode : Tﬁean’. TEEC Trowms. stectron Decn'cer ED~43 (1932
Yo~ +41.

Mefebior K. aud Aguob W.T., Hjual acel wore responie of Lipt opeeot

gtrmanlue.  Ava laccls photochiods;. LeEee Traw. flecltcen Dew'eas ED-4, (366),
P29~ £17. Ep-4

Helclior, it. | fonaltioe bl 1peedt plote deleclor for o dlewn ool lation.
ri'a' le gl mear £ frarest Ll 7.Lum(‘u¢1c_¢.~.cg 2 (4932),290 ~ 4%,

H'Ou P ?-L. a‘n.‘. Wl.. oU‘fl’H‘d.Q ‘-u\ ‘ R\' ccﬂl‘“, e ‘a.\,e‘\ca‘:&‘ ‘\“ '\‘\L‘nc&_‘
p-in J‘uuol--'oi-: . Sosdk ~ Shate  CRechrow.es 8 ({F63), 4¢h — 453,

Perrowuicle, 5. 7., New e s o aua lauche waw 28,0 cal'om, ada Lot cs
o O.‘OPL-QAL-@. b Of(--‘c.nﬂ lebeatio. . (ot f.’,;' Teche.. v €O (AB%4),
FPCRDY T

Pemoulak, .., flaliakcs of a prueral clam of avalaccie debedors W'k
applications ko opieal counmunlcalion, Bt fipe . Techn. . £ (4531),
1035~ 2oif,

Ruesgy, HW., Au opliuspesl auafaucte plolodisde . LEEE Traus, £lectron,
Dewvces ED—A% ((963), 229~ LiX.

S2e, SH. acel Grllbon, &, Avalaccha breakotowe wg_kp‘, of abeeph
ool I:Hcﬂr% sr'l.dﬂol pn “g\hckohl A Ge, 5S¢ GaAj acet &a P A’Pe'ﬂﬂ’-
[eg. £ (LR6Q) Aet~ 443,

Towanefa, LR, Law, H.D., Eoler, R.C. 3"3‘""“"7"]:‘ [ anol Makauo K.,
H-‘sf-. am-;(..-‘,..-;j op‘-“cqﬂ recitlvesr ! Fpr 4.0~ 4.% JAa ?!'sft _0"‘\‘_ 'l-l,ﬂ-!u-.p_
Tesce ? Burambune, ELeckron . RE-4Y ({93 8), Foo -~ fO¢& .

webt, PP Mclubyre, &"a" sut (ouradd, r Propuh‘u of avafauche plols-
dioder . RCA Reo. 3T ((33%), 134~ 130,

i Tl b £ hb Ui e | Lobissel s Hoe




	Inhaltsverzeichnis
	Korrekturen
	1 Elektronen in Festkörpern und elektromagnetische Wellen
	2 Festkörperphysikalische Grundlagen
	3 Optische Grundlagen
	4 Wecheslwirkung von Strahlung mit Materie
	5 Optoelektronische Sender
	Halbleiterlaser-Spektren

	6 Optoelektronische Empfänger
	BPW 28 Datenblatt

	7 Literaturhinweise



