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I=EEl TSt qeh Y1l i TRAUETE Ufeheu of HYA H hIhT W& UhHTAd &l
T 1 T 1897 | fefew difqenfas SE® 9. e (1856 — 1940) 7 & &
forga faas wanm gro @ foran fop fafv= q o6 wemmped o sufted omers
Ay Goesh (goiee) Tt WA & faw guider e 21 qenfa, ) e o
A T W I e 2| T, S o R 6w 1 e w @ fag
T H oS STAY ol oTevd g1 Afeul Afehd AN § AT STeR qefl
TS hl R 1 ©7 W TSR H, WA F1 G 4 72

U9 1898 ¥ W, W, IHEH A YAV 1 YgeN Hied YEfad fhanl 39 Hied &
STTHR, TTHIY] T & S TR H quian Tehee &9 9 faafia @ e o e1efve
Telae W Sk SE b ofd Tenfyd & S ferdl aeaet | <fiel| 39 Higet i feme
w4 H @ GfET Figer el T quify ] & fave § o5 & eremai 3 S fa
79 A W dfvld ®, 7€ <9 TR A0] § gl qel ue STeel ol faeRor 5|
wediferd Higd 9§ wgd fa= 2

T S & Top weta gied (S 9o ga) 9o wee W gl adl W) agageshig
faferzor Scafeld e & forad emier qumeeal &1 Hed faawor foemm g € Zef St
ot o= et €1 =18 e T Tk w1 fafertor weArupEt e srujet & <ol % R
BIl €, il Yok URHIY] STl 370] <Rl 39 WY o WA A1 SFuEti o |y g et
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= forn 9 Fafd 2 21 swer faudd saren o 74 &)
fertfera i gr1 Seafsta wehrer steren ferelt dradia et o ferga
IS T, S8 e | e1eren YRS-arsy Yok § oheel ffye
fafae qreed et €1 57eh TagA o =Hehicl (@l &1 T @l
feré <t 21 W T § ot % qe siadel A g 81 e,
Icafsia fafror, TS Steran AUt o &= o= fopaneti ok
RoTHEEY T, dfew SAfteTa WATTST & RO T S Hehdl B

Iel At o URY & I8 Tenfud g T on fR e
o Scdfsid fafertor 1w sifqenerfies Tieed g €1 ST
o oy, eEgieT Tagd Hed W@sl 1 Uh S g 8 e
Y@nsti ok = i arferes feefaai fHivea gt 81 5@ qe 3 T
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o= =f e daY &1 SR Hohd fohdll ¥ 1885 H M Sidhd aFR
(1825 — 1898) 7 THITHY BIEgeH | Scafsid (@sil oh THg ohi
safaal & fau t W srufas g e fman J sEgee
T HICqH T el ©, B THoh TeeH 1 39 e ¥ fasn 9
ST H|

Sl S, IHE o Tk A7 W B e Tle (1871-1937),
Fs feafra aa ¥ @ Teh-H01 (o-hoT) T Th TN
FE I | A HY G BT S0 B o6 folw 3= 9
1906 T TTAMRT §R UehT-HUN o Yehiv & Helferd Teh Ferfasht
WA it R T YA o g Uee 9 1911 § €9 MR
(1882 — 1945) el 3T HREA (1889 - 1970, S 20 THA
BH 4 qun fo=iA 1l T 1 SWfY off Uew &l i o) |
fopanl =% 12.2 ® TEe! fa@R 4 oI &1 T B sEh
TROTH] hl AR 3 THY] o TIHIS & TR Ared ol S =
(S8 oear9] o7 119 Higer it el STl §) | 38eh ST ER, fendt

I TS (1871-1937)
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A T A GAIET T SR FAHH Tk Ged AT H Tehfsd e § o
ek shed € R 3heh =R S gelge Sl WehR URehHl d ® od g o =
3R 78 UREHAT Y

W] o T S Y H TH A §, TR H ATTEE Hiedt 39 fen ®
T 9] A o1l AT Tk §RI I8 SRS &l 1 S Foh! fop wRAM] Shaat fafaem
(discrete) TUIEH 1 Yeh1el & o0 SETSId il €| BESISH STl Ush Tl AT
e T Soieq qel T Wie B €, e a1 s Sifed weed ol
IefSia Ll ©2 U] o FelliHeR] e |, gt e o =R 3R Sl U@ €
UfehHT e € S foh g & =R oIk ' aftehm e €1 denfy, en 3@ R 5E Hied
= WHN F@ H Fo TR HfeTEdt 2

12.2 TUTHT HUT Wi TAT UTHTU] ST TEIRIS ATTHehTT WIS
T 1911 H TIEE & G W T, MR T 5. AT 7 F T fhUl 37966 g1
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fraita forT T Tk e W e Wi 2iBi ¥
IS 5.5 MeV sl dlcl a0l o Th
Yl ol Uael S0l o=l R RS S T, S
for fot 12.1 9 gwitan o 21 ot 12.2 ®
T WA o oetkerd fes Wi <ten R
feanifoea Fiq 2L4Bi ¥ S o~
T Jael fho-gs &1 oI &1 g2 & 77 9
TaR X WfEa fwan T g9 feo-gs &1
2.1x10"m HIE WUl T TR STEa hI
T Yehifofd o—<hon &1 faem A o fore
T ST G HFA R T e T
S Hewhze 1 WA TH T GEAI ol
TehITUld UEH-HT W H THTHT FTHb I
oI T AT AU TP SO Hd Bl A WA

R el R 8 W R ¥ A v i

forx 12.1 TER-TEEA YivE TAM §YUf TR T Al T TEN & FIR 1 YFOE E10 F o
wg T @ T 31 (29 o7 o uw we @ et @ 1) % ®9 Y ded fma S g 7
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: . wifuie & fer
O T L T HI0T FehTor
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0Tl T E r )0 —_—

g DI AW (T 8000 H 1)
o fau fawda feen o gewioH

fox 12.2 ‘Ils‘l{—‘-IIHCS"I TN R SHEAcHE o

o 12.3 ¥ forelt fu wwaiaua o fafe= ol W geiftld el Tehi-sholl i

HET 1 WY e g9 A 21 gy T o fewne wu fag v o ure sfishe

1 Frefid 3 & oIk Gad oo Tgifiss qaiqaE € S 39 sHedd W nuifa € fh

TCHI] | Tk GeH T ql HAETT ek 21 9gd ¥ Uehl-hvl 0] Ul i R Y

WA €1 3EehT e B S Helgd Tl el edfad Uehl-shul | 9 heed 0.14%

(TIS) 1 1° ok 101 § 3Tk Tehiv Bl € 92 8000 Ueh-holl § & @ 1

2992 %01 90° ¥ fursh fadifua giar &1 TXhIE 3 aeh fehan fof Towhr-onl =1 faroda faam
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¥ fasifta 1 & fau, 39 W sga sifus
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H TR O €, A U W G F A sy § vl v W e i 5 wer o fafie woi w
3R TE FFhd A &1 WIS o WA A T TR Yool afieRe (famgell & &9 §) | THIE o

garn foe Tfves &1 | @ 1075 m ™ Tifdig wied Wi S g gt alen & we v
10 m & T 31 TS faEd F SHER TEd g A B g

AT T W@ 1070 m A S ®, S
sk o TIES 1 ST T 10,000 ¥ 100,000 AT ST B 3 hR, AR
Y O IR o WES Hi U T 10,000 ¥ 100,000 T R @ ami
79 YN, WA o il k1 SISl 9 et {1 TRAN] o fie’ 1 SAferehal o
Erelt B o HIR0T 98 G SEH € foh SAferehal Gethi-h1 qaell o1 i o= 9
form foreifia gu aet o ket S &1 et STl 1S Uethi-sho1 1feh o SHid SraT
2l oel W o yeret TR oet 38 o 101§ YeRifold T a1 1 THI] o SR
3Td Tk B o HRUI UTHI-hUll R 9T J91d &1 Sla 9|

o 12.3 ® weRfa gl siiwel &1 faveiun TG & WA o AAHE
Higet gRI fohan S Hemel &1 %ol T o gd Tacll @ o RO 98 el hi Sl
ekl & foh 36 T 1 UR HLd THA o-H1 Tk G (s a) Fehifvid el il o
et Tk Afoer W YehiTola Ueh1-sh0T o Y819 T 1 9ol HI%! 1 TehI-H0l
S T o e € SUfeT 3 W < 3T, 2e, YA € 3R SoAAM Elferm
TRHIY] o FTHH o SXeR €| Tl o IR 1 AT Ze ¥, F&T Z TRHI] T TLHI
w7, S ol & ferg 79 ?1 Hfer wol-Aifuss o—01 & Aifusw @ 50 T TR
2, 3: I8 HUl T TGN © o TR0 YHH oF THY W01 fer T
21 3 Afumons % SHR W Geh-01 SR oFEin A o qe fer o
YfaehsuT 911 o Shelta-fem qen =g & Tfa o fgdta fem g dew-+ % wey
T 1 ATher foman 1 Wehel €1 T ot o1 URAT 36 YR ok fehall STl @ :
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&l r UethI-sh 0T 1 e 9§ T 21 TR wet, Tethi-hv1 IR ek i fret aredt
T o SN 81 Ueh-h01 W AR oiet 1 IREm Ue faen, Teh-sho1 & i
1 R A HH ol qe IHY X T o WY AR uRerda gl @l 2l

12.2.1 UTHT-HUT HAT-U

UEHT-sh01 gRI STREd H&iT 9, Heg o Wog qr=el, b W (9 ol ©1 95 gr=er
UethT-h01 o YRIeh a7 TR 1 e o oy 9 eifciata g0 © (ot 12.4)1 fKu
T TN o G & Teg I b b1 faawn 39 yehR € R U fafee feemedt

H foq=1-fa= wifremarent @ weriffa g @ (Fom
/ 12.4)| (fost g9t o |eft *o1 &t 9 g9E

E—

34
b

O T T+

1

forx 12.4 fFEl ar&t vk o paArd & § TehI-H01 6
HET 9| g WSl b 3R YO Hiv 0
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At et B §1) @ <@ T ? R Afaw %
g ®E UCH-HU (HT b U=d) Afah
wRIfola el B1 edel T k1 feurfa ® gy wree
A € 9o Uehl-h01 9 1 3R gafere e
2 (0 =) HWuT WEA o Al A o T,
T~ T ST SAferferd Teal & qen faei aga
w9 B 2 (6 = 0)!

g qe foh STafad ol § | had Th Siel

i fomt o <wife @ 2

AT € THUHT A9G Aledl B, T8 Gred il @
o g gug &1 feafd § 19 arer tew-o
1 WM 9gd w9 ¢ THY 9 e € fR Aifaw

1 THAM A1 S AT 9gd B I H Gohfad 21 30 YR TWIHIE TH1vi

Tk o WET H1 STEHHI A HE 1 Tk YRS qET 2

Jarevor 12.1

IETEIT 12. 1 AT oF TIHE oh AR Aied |, Aae (5 @ 1071° m)
Td o Tew €, Frgeh aiia: soiae oo el (B =~ 1070 m) & U aftehn e
2 S godt g o WRY R ufRT w @1 A 9R afiEr w1 faamd S5 e
H grdl S forelt wRaToy # Bt §, @ 0 geelt ot aredfesk feafa w1 sman g
o UG el A R Y geelt o et 1 B e 1.5 101 m ®1 gd Y e
7 x 10 m A TE 2|

T Tolo( o el i T Qe A 1 51 &1 e @ (107'° m) /(1075
m) = 10°, 27ifd Seiergiq o et 1 B, e &1 e 9 10° 71 eifees 21 Atk
T o 9N 3R geall o e i B g &t e 9 10° A1 Aty 81, @ geat o
el T B EFf 10°x 7% 105 m =7 x 10'° m| I8 Yot &hi arfash sefa e
T 100 T Ak B 37 39 fefq o gedt g @ wgq etk X e

T8 =g ol 6 B ¢ o oA ¥ gAR 9R UReR i STuen wgd st Aqm @t
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IETEIOT 12.2 TMER-THESA FA § 7.7 MeV o {h&l TTHI U1 Hl @0-AMH
Y &1 W o o formmeeen § o § Yge den faxn gfaame | g6 wHaad <8
1 872

T T Y& UROT I8 € foh Yenivi Wehh whi W Sfafy o e o S Ueh-sh0r
AR ol # Pl Ak Foll G Wl ¢ UeH-hUl IR AAF HY
AR ¥ qel 9 1 YR AR st E, F91 o &foreh &9 9 farmmeeen §
H R IR Ak st E, 5 TR ¢ TRATF Sl E, STH Teh1-Ho1 i st
St Ko 3t SR 21 oo St E, 79 1 o feerfast sl U € @1 feaforst st
U o1 GHieheor (12.1) o IRehet fehan <1 Fehel 21

T AT o Tewh1-h01 o g 3R T0i-IfTeh & s o " S d 71 59 -k
s forr foig W feerd 2, 7@ St wee™1 & FRAIGER, E, = E,;#1 38 JHR =15
fean ST kel ®

1 (2e)(Ze)  2Ze

Tane, d  4ned
3 SHIaH g d Bl
_2ze?
4ne, K

TIehfaes Gidl oF TEHI-H0N | 9§ S arell 3Tfuehad fast et 7.7 MeV 1@
1.2 x 1072 J B FifeF 1/4ne,=9.0 x 10° N m?/C? s e= 1.6 x 10°'° C,
o |, TH I BT

_ (2)(9.0x10°Nm?® /C?)(1.6 x107'°C)*Z

1.2x107*J
=3.84 x 10" Zm
It o U1 WUl 1 E] HAG Z = 79, THiAT
d(Au) =3.0% 10 m =30 fm (1 fm (& HH) = 10'° m)
3 0l A9 i Ba13.0 x 1074 m § &9 21 g8 Uferd aRomm 9 wgq a1
Tt el @it @ Hifen wol e w1 Rt A1 6 fm 1 39 fagia w1 s
7e ¢ Ton aefivam agem 1 S0 UehT-hv1 e Lol w1 et o = o Sl
Afereh 21 39 YR Uethl-H01 T0I-A14eh i areda | U fomn &t st ifa =1 faen
a3 o 2

12.2.2 THAS-RTT

d

TH] T RIS A9H A forad senfaent umomd gfwfed €, wam) &1 T
fagdia S el o w9 § Tafa o 8, fSeer %hg W wgd oie, 9l 99 o=
Ay Afeh ©, S Tql-aToeT Tifeeiier feer wmemedl o SHd setaiqi @ fory gan R
TR W TU TAFHT o AR o s FeRcd St 9 F, Seleia i 3T
e T oM TE o o sTewareh ifeehel 9 (F) USH ohadl 21 370:, BTEg e A
o Tfaefier feer wvem o6 fag

F =F
e c
1 e m’
4re, r? r
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JeTeYor 12.3

37d: HEM-F=0 qA Sae-an § gad g

e2

r= 4ne mv? (12.3)
0

TIESISH oF U] H SeleRi i TSt Sl (K) qe Teerer feafas st (U) @i

2 2
K=tm?=—%_ qnyu=--°
2 8mne,r 4ane,r
( U woncre fog gfed & @ & feerdga 9a—r fRon & ?) or: gegem wom
T golae &l Fd el E,
2 2
E=K+U=——-_F%

8ne,r  4Ame,r

e2

- _8n80r (12.4)

TSR 1 el ol RO 2| I a2 <Ml © T getae e @ ufterg 2
IfE E ¥AIHs B @ Seige A o 9IRSk 9% He o & gHal

IETEIOT 12.3 TR R I8 U™ 71 foh SRS THY] &l Tk Wied qe U
A | YUH H o TT 13.6 eV Sl 1 AERTRdl 21 BEESH ] §
Hafi- a1 921 SefsrziA 1 o URehferd hifsie|

T BIESISH WA | Soieq 1 el Sl € -13.6 eV =-13.6x 1.6 X 107°J
=-2.2 x107'% J 371d: GHIHT (12.4) ¥ &Y U BRM
e
8ng,r

99 wefg- e e B

_ e (9x10° Nm?/C*)(1.6 x107'°C)®

~ 8ng,E (2)(-2.2x107'® J)

=53x 10" m

IRGFHT T FAF T AT, FHIHIOT (12.3) H m =9.1 x 10! kg TR ufkehfera
F Ghd &

E=- =-22x107% J

e

\J4me,mr

12.3 WHUET WA

3ee% 12.1 ¥ Sooia fhU o/ ER, Tois d Afieneifie weea-fafetor safsa
T B| V6 HIE HAT TH e A T g W, 9 369 faga uw vertea
HTeh, ScAfeTd 1 S @l Scafsia fafsheor o e arw e @ oo e fafime
TaTeE B B B 39 UhT o TaH ol Scsi (g TIRH FEd § qefl 39 el

v= =2.2x10° m/s
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Ty W Tand 2 7 o 12.5
¥ TEUEE gEgeH gN St e 2 ——
Ty 91 T B 3 fRE aered
& s s TaH T AT,

T4 ) Y29 FH & fau fBIRGe
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1875 nm

o &9 W H HT Hehal &1 ST Tod
HehTel FeRelt T W EIeR TRe € del

TH TIFHIX I IIETd Geh1eT i

=——= 365 nm

E— o0 o

faveiuo w3d € Ot WA ¥ 39
a7 Yt femrd 3t 1 3 e
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I ol
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9= ol

@t 9figsd: ®9 9 S quesAt
% qeqEdl el € W S§ 9 %
Seast Wash Tieed | 9 St )

75 39 N9 & ward &1 STaeiver Taey wEd Bl

12.4 TESNME WHIU] &1 &) A

THTY] o TEIHIE gRI ST Higel § I8 W foran @ R qeeng
o oh% T AR Bl B 9 IReRHl hid Seige R € S od
& S UR URER § e © e STl sich W Hige i
ferenfera feran T qenfy, <A feafaal § o goga @id 21 €
1 el Wl oh ShIUT Sl ©, Saieh HHeh-Selei a5 § ST
FHU1 T % RO, T o FeAld-FE9 5 T4 = et 717
ST € foh IRITeRR 921 | Soet shiS o oTaR ©RoT | el €, 3R
o wRO F TH st ¥ Ferfes SgrgeRe foe %
ITER 1S Rd AR 01 SEagaehia all & &9 § fafeno
IAMHA T 21 AA: @R S 1 Sl TR =l =gy
TR AT 1 AR YA 99 W =M qn Aad: s ¥ iR

forT 12.5 BESNH & WA T S W@l

“rew gl efae e
(1885 - 1962)

S (fed 12.6) 1 37d: T8 WEW] TRl @ @ gehdll 39
arfafier, T Sgageshia fagid & SER Uil seiagHi
SN S Sgagashid TN 1 Tgf qfshHu-sngf o sReR
Tl S STa geleRiA Wil g W el AHF H1 AR A € o T
HIME a7 R T YRR ST Tgfal FRar ufafda =i
Fa®y It JhTEl i ofgfa ff FRaX aRafaa gt =ifeul
3 3% U Had WagH ScfSd i =ifel St arad H dfe
gw Teen & foadid 21 TIedal RIS *1 Hied o dw@l
1 Tk U8 fewamar € g oo € R aenfaent famm wang
T 1 A FE o fow gata @y R
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3qTg0T 12.4

forT 12.6 T F1 FE ARG sAHRA Sel g ek
affer 921 9T A1fieR B AR AT 3T S|

IATEAU 12.4 FATGH! Seagas 1 fagid & STER, TRt W] § Werd & =/
3TN TR Serae 11 Scafsia Uehtel i YR Tgfd aResfea wifsal

TA SR 12.3 W T WA © T EESSH WM § Y % W’ @R
5.3 % 107! m &1 5o &1 Feqm & ek oA F1 91 2.2 x 10° m/s 71 3,
W o =R R Uk geeM i g @

v 2.2x10° m s™

= onr 27:(5.3 x107!! m)

~ 6.6 x 10'° Hz
FATGRT ST fAgId & STUR &6 SFd ¢ foh ik gelereii g Seafer
AYAGART TN h1 S, SHRT 1h o =R 3R IRBHOT G o SR 2| 3
IR FeRTeT HT YRFIS g 6.6 x 10'° Hz gt

e IR (1885 — 1962) 7 TIHIE o Higd | 41 foermawial Faieq qiehea
o foaml i Siea 8 TR fHan fied 9k 71912 H % 9EH de QIR hi
TR B S1e79 foha o de o WIS o AIMHTg Hiedt &1 ded o aN o i
e e ol SWe 3faen ¥ 3@ ark 7 1913 # foswd frepren fo zmfa
Agages i fagia, ged @i aiEeel %1 e w3 o ged © qety 59 fagid
S TLATY] WR oF GohHl | YR 21 TRl ST Hehdl| I8 TI= I 741 Toh LAV
AR TEehT AT T W He THIH oh [o1q aeldent AR AR deageeho
o Tenfud fagidl o oTa faged i stavashal arftl IR 3 Ftden! & IRfWHR
FleH Heheq 3Tl sl Hgad Hhieh diF ARG o6 9 § 3791 fogia g&qa foram &
(i) IR 1 Yeen MR o foh ford! WA ° I8 sl (fvaq Tt wems 9
fefferor it Sefsrd [T fam IREHHT #X Gehell &1 F8 Sgagaehia fagid &
A ok oo 81 39 el o SIUR Yol WA %1 e fHivea e
atereend & Tored e W Wehdl © IR Toieh Hwa eraee ¥ ffed el Sl v
eIt 81 37 eqifera sl i qei] i frew srawend wEd B
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(i) SR 1 g0 a3 Tt wenet i uRenfyd war @1 3@ AfuEa &
ATER gelaei 19 & FR)l R Shaed 37 wenel 4 & ReHH HXal & e
forq v GaT &1 G h/2r FH YUIE O BT &1 Sl h Wik i
(=6.6x 107°*J s) | 31d: UReHHT Td BT SeITH o1 0T Fer (L) saited 1 el

L=nh/2n (12.5)
(iii) SR oF TR AR o TA] fagid ¥ Wil qe EHerE gN fasfad IRfyes

FaleH UReheaAIet i TS fohdT 7911 $Hh STIER HI3 S99 3777 fa9I9 &9

T Sfeafaa sifafwint Hem @ g9 707 il arcit el § GHA HI Tl &l

S 9€ UG Fa1 & d T G Seqferd glar @ gt Sl IR ud sifam

STl T il b ST S SR gl &1 ST Bield i g 5 Foreh

gRI &1 At §

hv = E,-E, (12.6)

& E, T E, TR iR sifem steeensit #1 Sl €, E, > E, |

T (12.4) ® BEgH WA o fou fafa= st feafaal 1 st s
1 SFTeh T T ©1 iR 38 HHiehtor § Soigei el i T390 r &1 Arevgehd 2l
r &1 AF GRehfad & o fau, soae o hIohd a1 9 Fafud a) o T
AfETa-FareHie o gfasr 1 Ja Hd 2|

79 YR fondt durferd n™ wen 1 foar o< gl &

_(n* (£j24neo
rn_ m o 62 (127]
forelt BTEgISM TRHI] i TR Taen | Tolae &l el Sell, THIHI (12.4)
o wefta e o1 A ufaeenfid S W U 1 ST Gehdt 81 Fel

e =) ) ()
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