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T 9 T 1897 # fafew wdifqepfomm S¥® &, @e (1856 — 1940) 3 &l &
faga fausH wam g7 9 fean fo fafy= a@i o et o 3uferd womeis
AT Heresh (Soreq) Feft wpeT o g quiden gom 21 qenfy, wam) @ o
Ed Y W I B 2| U, SR o HO e w e w9 & fw
T H oAHE STERl ot S7vd g Afeul oifeh TXA] § AT STeR qel
TSR HT AN T §7 T U H, TH] HT W= A 22

¥ 1898 H S. S. IATA 7 WHIY h1 UgA Hisd Fod fRAl 9 Hied
STTER, TTETY] T ¥ e ATy § quiqan TeheeH &9 9 faafia @ den o srefie
TSR T ik SHI YR 37 Xifd € S8 et aeat ® i1l 39 wiedt w1 fomma
w9 H w7 gfET Hieer wwl T qefd wE] % fava § 915 & eremd | S fw
39 e | afvd ], I <uten foh o) W selei qen o etee w1 faa 59
et Aigel ¥ wgd f9=1 2

T WA € foh Weta uered (S qen ga) qen wee T wel ardl W agageshi
Tafertor ScafSld shed € TSem arer aeeea! o1 S e faeme g € Tty seht
rerard f=1 eict €1 =78 wwen e fon Te fafentor warget qen Srupeti & <ol % RO
BIe €, S Ueieh TCHTY] ST 9] o 1O WA o RATIpA A1 Suje o il e oredt




== fran © FRifa e ©1 gweh faada saren o T @ T
fortfera el g Scafsla wehrer e ferelt aradie fernr o ferga
IS 9, S8 T WE 21efe RE-aTo] ekl § oheet fHify=
fafaer qunesd it 21 3eh TaeA o =SHehiel Y@ %1 U g@e
T &t 21 U e § WA o Hed siaer i B 21 e,
Icafsia faferTor, waTopet steran {upsti o &= ST fopanew ok
IRoTHEEY e, dfew sAftera TATST % RO g ST Gehd 7

T Taest o URY H g ¥g Tenfud @ T on TRy
e W Scafsia faferion o1 Tk Sifeneriines Siegd g €1 Sl
o foTy, BrEgieM Tiaed Hed WEE &1 U S==d el ¢ forad
@ o e @ enmuferes feafaal ffve el 81 59 aea 3 Tl
TR i A A R TS Icfsd i & weeH %
o= wf TS ey &1 SR Hehd fohaTl ¥ 1885 H WM S/ehd aTX
(1825 — 1898) 7 THITSTY BRSNS ¥ Icafsid @etl o dg &t
Fgraal o foT Th el gt W W e < wegem
Teh el J1d el 8, B9 6ok TIeeH o1 39 1™ ¥ o 9
I HLN

S S, 2HEA o T A9 I B TR WIHiE (1871-1937),
Fs feaiufaea a9 Scfsid Tewl-H01 (o-H01) W Th T
T H = °| W] ST HEA R SO B ok A IRE T/
1906 ¥ TR §RI UeWHI-HUN & Y10 § Hafd Ueh aeniash!
W AT TR T WA o W avEd |9 1911 ¥ 89 MR
(1882 — 1945) TN 3= HEeA (1889 — 1970, S 20 T
B ¢ qn =i oreft T &t Swiy ot wew &l &t o) A
el oress 12.2 9 TH&! fO@R o =ren %1 TE 2 e
RO T AT 7 WA & GRS & TR Aied i o4 <o
(F8 wEr] %7 AT giser ot el S ) | 59k STER, ot

I TSRS (1871-1937)
Istiote ® S, 31U ifdshfemT
Tzt eamfaa fafewon w eumit
wE fean s=iR deR-, @
-l @t @ist w1 Higew wiet
& WY HE F e AeArgfred
w1 SR fogia wqa foham 3=
Aifem ¥ ferem ol fafewon =
srerH fea fooes afommeasy
Fiera g oRE ®1 @S g8 S
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THIY] T Fel A T AR oA Uk GEH SEH H Gehfsd grar @ o
ek hed € R $Eeh W R goieA SHI YRR IReRH hid © S9 gd % wr
R T TR %

T & S AN ®9 1 g9 WG §, IR w1 AR Aed 39 fen o
T IS1 H3H 1| AU SHh R I ATRAT &l 1 S Heh! b W] haet fafaaa
(discrete) TIRE 1 YeRTel & o ScATSIa Hidl €1 BB SEl Ush Tl AT
Y T TR a9l T WA B €, o qunesd 1 uw Sfed Saed ol
IeHTSia Tl €2 T o FeliHen! oo W, getaeie Aieh oF W)l AR ek TH @
TR el ® S T g % AR R 7 ufteRm s ¥ qenfy, 79 3@ 39 Hiea
i THR HH § Fo T9R HieEa 2|

12.2 UTHT HUT YehUIF TAT YIHTI] ST TEIHIE AT HISH
T 1911 ¥ TIHE o GAd W TH. MR T 8. HAHed 3 Fs FT fhul 376k g
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forT ¢ @k A | feidfaea 9 24Bi 9
S 5.5 MeV 39l ael o0l o T
TS ! gl Tl o=t R fEe s T, S
& o 12.1 & <wifen w0 @1 o 12.2 #
TH WA o oarked Tes 1 gl T R
Afeamifeea Hiq 2L Bi ¥ cqfSid o~ o
T Tae TRTO-gS i WS i 22 & e 9
IR & WiEd fowan T 39 fho-gt =1
2.1x10'm HE @l T+ TR e HA
TN GRIU o0 1 fagy "o o fau
Teh H[0T Hg=eh 1 JAT fohan T e
S GewEe *1 W TH TH GEHRE ol
TR Uewh-sh0 TQ § ThThT THHIC
o1 TN Al TR S hW 2l A T

i GerRelt g 3@ S Wehd € U1 FeRifolq i

ot 12.1 TeTR-AEET FHIOH FA FIT IURT O 6T g3 g 9 faaror 1 SEOH B0 % wor
e T T@ T | (36 o W A e A e T R & ®9 § e fRa ST TR T
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REEE]
(gew=el)
TorT 12.2 TER-AEET TIN &1 SHaechs e

g B AW (T 8000 H 1)
% fou fowdia fxen & yentor

o7 12.3 7 ot fou wrenaua # fafa= ol W) yshifvla et Tewhi-shol i

A 1 (s e g9t T #1 59 fom o fE e fag weE | ure st

1 frefid #3d & oiR Had o dgifoes qafqam @ S g9 shoa R aenfia € fw

TRAM] § Tk GeH W a1 YHEf A1 €1 98 9@ Tehl-sh 0T Wl 9= sl IR S

S €1 zEep e B S WegH e gianl eufad Uewl-shon W § ohaet 0.14%
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o foafia &6 o fau, 31 W 9gd Al
Jfaerdo1 o1 o =feu| 3ae At st qeft Lo
WISl B Tehell ® A GRATY] 1 Aferhiel SorHH E \
AT THRT H-3TERT Tk ohs W 3gal Ja& %
Hehfsd &l T9 ST Al §oTl Uehl-h0l oF
3T 1 9% fo T STk ST |H 31 Tehall E
%Hmmm&m&W%w "'\
=4
E

sifyen faeiw gMm S99 AfYehta wReTy] o
ufeher &1 gfie B ?1 I9E wro @ fE
RS o1 7% T @i o1 99 e s 2

TIEE o T o AM9RE Aled H,
TRHTY] T Fe UAEE qAT TERT SAURIT
T T S FEd B W AT H Hohfad 0 20 40 60 80 100 120 140 160 180
grar & 5 e shed € qen solee sed W oo (feiit ®)
FD QA € TR, H B A ARFA oy 12,3 Fom 12,1 7 12,2 7 TMER-AEEA gN T T4
o TR O €, O U B S I F AN oo o et v W e 0 % R § fafas w0 0
3N TE TFR A B T F FE | I G Fehioi ek (fageti & &9 )| T &
g fe Y o1 W @ 107 me s vied Wi S g gl & we g
10 m & Fha 21 TS fagid o IgER TEd gU YA e gl
TRAM] HT E@ET 1070 m BE 9§, S %
TR o WIEST 1 31U @ 10,000 ¥ 100,000 T 5ieT & (e 11 1 ifceht
TSR 1 LA™ 11, S8 11.6 @) | 30 TR, AF § gereed A9 o
e 1 3TURT TS 10,000 ¥ 100,000 T X @R <M 39 IR, THT
offe 1 SAfereRter W Wieft Bl IRETY] o SfieR T Sfirehal 9T @rell g % IR0 T8
THF M ¢ T Aferehet Toth-h01 qaelt o1g shi o=t @ far faeifia gu smex =it
firerel S B 9oy, ST 1 Tethi-sh01 e & G a1 € ot oel T foemm o
g ot 38 9 101 W YTl T a1 €1 TXHIY] ok ol Sid Btk BIH o Ul
TEH-FHUT T T J91a i STt It |

fod 12.3 ¥ w=feid vl stihgl 1 foveivo WIS o W] o Aiah
nigel g1 fohal ST Wehel 21 W0 U=t o Sgd Udel B o IR0 F8 Heudl i S
Hehdl © ToF 30 T 1 U T GG o0 T § 3o o) geRifold T8 8l o
forelt Tk ok § Whifola Ueth1-sh0T o W&IT U ol ATWeheld HIh! &1 TehI-h0l
e W] o ek € SHfeT 31 W X T, 2e, YA € 3R FoAAM Elferm
TRAY] S FoAHM o SeR €1 Tl o ek 1 AN Ze ®, F8T Z TR 1 TR
Fuie &, S @l & fow 79 1 ik wol-Aifiew o & Aifiew @ 50 T 9
?, 31d: T€ hoqdl HTA AhETd € o FeRIv YoRH o wHa Tol-Aifen feer e
21 T AUROMSH & YR R Uethl-hvl AR AR TfHew & 7o feer o
et 9e1 o ShenH-TIH qe =eA ok Tid ok fgd fem g Uewh-w % va
T 1 AR feha ST Tehdl 21 T oot w1 WA 39 bR oFed fehal Sl @
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1 (2e)(Ze)

A7, r2 (12.1)

&l r UethT-sh01 1 ATWeh o g 81 SRIfa oet, Tethi-hor 3R Afies =i fer aref
@ ok Y {1 UeH-h01 W ARG ot o1 GRA TF &9, Teh1-h01 o ek
1 X AT T o o1 SGY W S % qY TR IRafdd gt et 2

12.2.1 UTHT-RUT FRT-UL

Uethl-sh01 g SIRAGd H&iT 921, Hog o Gog 9ree, b W el s ©1 95z qrerer
TEH-HUT o YRR a7 Fi<w &1 iR o oh% 9 Af9aera 30 7 (o 12.4)1 K
T UehT-H0T o G5 o GEg TT=e b w1 faawo 36 g ® o g fafa= faemert

¥ fomr- R gifasmaret @ weifota e 2 (s
/ 12.4)1 (st gt & |eft o1 &t 9T gHE

TSt St Bt B1) FE 3@ T 2 f e ok
T HE LeH-FU (FH Gz qEA) A
wehifola el 81 weet weg w1 feafa o wug wree
F[AAH € 9o TehT-h 01 T T 3R gafere i
? (0 =n)l HUE WSl o 3Afush WM ok foig,
UeWhI-H0 ST Sfa=ted @ 2 qen faad agd
FH T 7 (02 0)]

F:

> |

@ T A 72 97 foh amdfad son o ¥ ohael T B

fora 12.4 foret 9 Tfysk & petim & | TewhT-0T o e ot A cdledl g, %WW%
e Tl e Yl b 3R YeRIUH 0T 9 for weae wery 1 Reofd o oot Tewr-kon

st fat o =wife T 2 ! Wem 9gd FW 2 399 @ a € fF A

1 S 9Ed B AT | Hohfsd 21 36 YN
TIFIE Yo A1 o G8s] i S=IEH Fd H 1 T Siaaene’ aE gl

SETEYUT 12.1 THY] o CIGIE o A F gieat o, s (5 amemt 107'° m)
TH o w9 7, ek ufa: soieg@ o ®e (Be ~ 1070 m) o U8 wftskan st
7 99 gedft gd o =R SR ufeRAn w3 21 AfE OR qfEr w1 faud s e
o et S et aeTo) W widt ¥, df s et oot artaen fefa w1 sden g
o U BT A1 WY geslt ok ket Wi A e 1.5 x 101 m @1 g w1 e
7 x 10° m HHT T 21

T TR o el i T Ul s i A w1 eaE € (1070 m)/(107°
m) = 10°, 27ffd Ta o el w1 e, T w1 e @ 10° 7 eifers 21 afg
T & IR TR gt & e w1 B gF w1 e w 10° T stfuw =1, @ st ok
Fe ! 5 B 10° x 7 x 108 m =7 x 10'° m| 9% gealt ! anafoss Hhafta e
W 100 T Sfern 71 ;39 Teorfa o gedt g @ wga e X B

T 7% off 3 e ? foh wRAm] ° gHR 9k UReR 1 oTden sga Stk S @t
T R

IqTeor 12.1
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IETEI0T 12.2 MER-THEA YT § 7.7 MeV o {hdl T 01 i wui-A1aeh
T &o7 R o forg formmeren # oTH @ wee qen foen wiiema 9 6 SHeed g
> 272

T 7l G YRON 7e € TR Thioi wehn w1 wued ety § e o S Gew-hn
R ool # For AEE ol GG Tl T Ueh-HoT AR AR BT
SR | Yo T B IR A Sl E, F1 o &iores w9 o formmeeen §
S T IR ACHF Foll E, % TR 8| TR Foll B, SH Geh1-FHo1 i s
Sl Kok S 9 2| SHfaw it E, 3 w1 forega feerfast sl U € @1 feerfast st
U 1 G0 (12.1) ¥ 9iehe foan ST gk 21

T AT foh TewhT-01 o b 3R Tovi-ifaes o o & o9 g0 d 71 5 o-F01
T fore g W feer €, 7 o1l Wtem & FRAGER, E, = E,%1 38 ¥R =
ToRaTl ST Hehel ©

1 (2e)(Ze) 2ze”

- 4ne, d 4ngd
3T GEIaH g d i
2z
4ng, K

YTehfaeh Wil oF UEHT-SHUT § U8 S arell SAfushan Tfast it 7.7 MeV 31ea
1.2 x 10712 J 81 FRifH 1/4ns,= 9.0 x 10° N m?/C?z@@Te=1.6 x 107°C,
o W, B9 W B

_ (2)(9.0 x10°Nm? /C?)(1.6 x10'°C)*Z

1.2x10 2
=3.84x 10" Zm
T o =1 W0 ST TRH] FHHIE Z = 79, THfAT
d(Au) = 3.0 x 107" m = 30 fm (1 fm (&G FH) = 107'° m)
31d: wof AR T 5591 3.0 x 1074 m ¥ %4 21 g8 Uferd aRomy ¥ wga eifer
Tl &l @l ® Fiifeh Lot e i arsdteash 55 6 fm 81 39 Tl 1 R
7% ® T weitoed ggee 1 g UowT-R01 qel Tl i Beene o dn @ wt
iU 1 T THR UehT-H 01 Toi-fueh i areqa | gu fomn & ot wfq =1 fen
faudd 2 o 2l

d

12.2.2 IAGE-HT

AT T TEIHIE AR i fored seties! urRond wifea €, TRar) i T
fagda SSEH M o w9 H fafia s €, fgeh ohs W 9gd s, 9l qen om
rafera s 2, St Sro-eroHt Tifertier feer shemtetl | s soteiEl @ o gan R
URGRHT X U SAFRH! o Tk o o e SRt 9t F, Soiei ki ST
el T I T o T stomas fiehdl o (F) WS e €1 37, BIEgeE WA

T Tfaeiier feer wen o fou
F,=F,
muv? 1 e
= 5 (12.2)
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3aTgur 12.3

31d: HeN-Feo qon seraed-an | gay g

62

r:4 5 (12.3)
nEMU
TIEGISH o TRATY] H Soiaed 1 TIfast ot (K) 9o feercrm feafast st (U) =it
1, e e’
K=—mv* = qaan U = —
2 8mne,r 4ng,r
( U omerss Tog gied s © for freraga oo —r feon ® 2) ora: ewgiom @]
H g &1 o ol E,
2 2
E=K+U=-2 ¢

8neyr  4negyr

62

== (12.4)

8me,r
TARIA HI Pl ol RMUTCHS B g ded <uial € T golagE e
¥ tfws B AR E s B @ Teeed AR % 9) #IR S% we H e

FHATI

IITEIT 12.3 YA 5 98 T T TR SRgST WEv] R TE Wl 9O TH
TR W YU I o ToIT 13.6 eV STl i SAEvdshal 81 EEgeH W] |
Hefid-THa qen g 1 o gRehferd it

T TR TN § SHE H1 e el 2 -13.6 eV =-13.6 x 1.6 x 107°
J=-2.2 %1078 J 37q: THiHI0T (12.4) ¥ &H 9 W

e2

= =-22x10"%J
8neg,r

T FHefg-Te=n yra B

__ € _ (9x10° Nm’/C*)(1.6 x10°C)’
8ns,E (2)(=2.2 x107'® J)
=53x 10" m
TRERHTT T SO 1 o, THTT (12.3) § m=9.1 x 107! kg W< aRafaa

F HqFA T

e

1/41180mr

D=

=2.2x10° m/s

12.3 WHUHH WeeH

3TT=% 12.1 H oo fhU STHER, T a@ sifvenafies weae-fafeto sw@fsa
YAl B| W IS WHUSE T Srerer org e S W, W 36 foE o weea
oh{ch, ScHTSTd 1 ST € d Scafsld fafeho @ S ura g @ foed e fafirse
TOTeE € Bl 81 39 YRR oh TIEH o1 Sclid ek T hEd © a1 SHY el




A
T4l W i W Bt § o 12.5 e . ——
T WU gEgeE gR Scferd 5 g g
T <9I TR 71 a7 feat ned EE E e o 0
% IcaSH Ras T # FEEd, o o 8 8 & %
19 *1 Y89 & o fou Ry
o ®9 H 1 HT Gehal B1 5 o
TehTeT TRl 19 T B TRl © qen ] | I
eH {"-{Gf';\l‘-lqld{ G 98T YRR <kl fa—
foveivol wid € O W § g AR TR Soft e it
s vt fear 2 #1 9 o A o .
eI TReEd: €9 9 W ol o 12.5 TESA & WaH § IS @]
& qegEd eidt € S 39 19 &
Icqs o Waed ¥ UE Sid 21 9% 39 19 % weiY &1 srgwive wagy
HEAT
12.3.1 WeEdl vl
BH 7€ YN T Tehd & Fon et ot foreie o ScafS wenmet =t engfai oo fafia
Yo il eTEgST Teh TReTaH WA € 37N Efie gheht
TeeH TeAH il 8| qety, ygelt it o e ufera weeH - . - -
I Teedt et o fedt wu @ wufadar w1 snre e 8 g 8 E
BTl AR BRGISM TagH o o o9y qg=adl oh Hia 3 S ¢ © Q
T % e # g Fafra w9 9 med i g (fa S S ©
12.5)1 368 ¥ Y% G==d & TaEl 801 wed T T
1885 H wied o Tsh Thol 1T ST Sichsl SR (1825
- 1898) 7 TIEgISH TagH % 39 WM H W WRR H weedt | B
Soft =1 @l g9 S0 w1 @R S0 wed © (o 12.6)1 M, Hy Hy H H,

S T H FeAifeF TREA, 656.3 nm A @M HH,;

486.1 nm TRE FT HeA-ad el @ B H,; 434.1
nmﬂﬁé@iaﬁéﬁr’naﬁa‘mﬂ%@aﬁmwﬁmw
foran ST 21 S-S qUes wed S 7, Yt gHig gl udid gt © qe ST
e A B St @1 ST A 3 et st dftid aesal o fae us we st
(empirical) g3 wd o ¢

1 1 1

7 R(z—n—) (12.5)
ST . Teed 9o R Uk Tt € f Reavl-fradis shed €1 981 n o o oM
3,4, 5 TG & Tehd &1 R &1 79 1.097 x 10" m™* 1 39 FHH01 H1 a7 g
Fed B

TSR (12.5) § n=3 AFHL 1@ H_ HT TR T R Thd &

1 7 1 1 -1

—=1.097 x 10 [ jm

22 32

o 12.6 eEgSH & IS WaH § SR 9Ol
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=1.522 x 10° m™

aqd 4 = 656.3 nm
n=4wﬁmgﬂ%@1HﬁaﬁWﬁ€ﬁawg{ﬁw n o fafe= 7 Tt o= et
T TORE U & Hahd B n=oo AT TR ), = 364.6 nm T, S0 &1 T wr
1 S B @ AR Soft kT AaH aesd 21 g9 G o S g T Yan feard
TE 2, oheret He W Had TeeH fG@i I 2l

TR % fau T 1 o Ao oeia, weE, s, B # of @i A
b1 ©, T8 STk wiierehaiietl o 9 | & ST STl ®1 5% ot e g et feman
SIS

37373)73?177?:

1 1 1

Z=R(1—2—n—2) n=2,3.4... (12.6)

9T 4t ;

1 1 1
E:R 322 n=4,5,6... (12.7)

dehe A :

1 1 1
Z:R pEa— n=5,6,7... (12.8)

B g :

1 1 1
E:R oy n=6,7.8,... (12.9)

TEH SO0 § Seafa Tieed Y@ weTE &% § 3 U Te sene v |
Ty @t Teey o STEe &% § Ww el 2|

T = v FoE ~= 1 ITART Heh aTFX FUft o foT 97 (12.5) 1 FhmT

ﬁmﬁ%qﬁﬁsﬂﬂﬁmﬁmww%l
v=RC(2L2—ni2j (12.10)
THERI (12.5-12.9) o WA P 9 had Ho aell (e, THH ST
gifera i fga: smafa ifaem) o Tiegal &1 & Fefua e st war 2l
TR0 (12.5) — (12.9) ITERT € RifH 3 SEgie WAS g Scafs teren
eI T S ool aUTeEA o aR W aaendt & denfy, 3 e shae srqwfas
& 1 SHRT IS HRUN &l Sqeld ok T3gIe oh WaeH § hael oo gl € i
Ufera w1 St

12.4 TESSH UWHUT & X HiSA

TRHY] o WIS gRI Wt e | g8 O fean mn ® fof wam) o ohg § ifien

BT € q THeh i Seleid TEeR § S a¥ €1 SiEl UR INaR ¥ Bl © foren
424 ST hich 39 Aisd ! foefaa frar mam qenfa, g1 feafadt ¥ o 7agd @




B TEE T o g ol o RN Sl €, Seleh AWeh-goeR
T AR FUT BH o RV, 99 o ShAlA-1aH g ST fRa
B 21 BH W € foh IR Ut W S g o @R Rl
TR 2, ol 39 R H yha s 2| Felfe dEages
fgid o TER ®iE @a SRR 01 Sgagash ™ al & &9 §
fafertor ScafSta il €1 o1d: T Saei i Sl FRaX ST
=fET Seiaei 31X &1 TR Wfiel 9y W =ehm qen iad: A o
fir s (fet 12.7) 1 o7 : T8 weT] Temht <@l g1 Sehdnl $9eh
Afafier, Femish! agagas fgid o STER TR SeiaiHl
BRI Scafs dEageehid Ol i efgfa uRehHur-srgia & aeR
Brdl €1 STa geler Hitel e T Se Ak T 3R A © d STk
SHIUMT o AR SH Yok Seh! el ek ufafdd gl hereresy Se e
S T A g o P S 6 A o R | e ot
T TIIH Scafsd T =IEy S ard | Ufed aw Wen % 2qme & Steee SR
fauiia B TIad WIS 1 Hiedd ohadl qER 1 Uk UEe]  aaied foeRi % SHR W EEesH
fearetran & foreent @1l € fop Senfen] foram WATY] a1 &1 M@ W] o WEgH i o H
T ok forg gafe & 2l Tk o FE-3 A % MR
R IBA AR fa@ed =
w fagia wga feam 9k =
FATCH-AMART T FehodaHER

A TeneT it faRiTRt Sqend &
;;'33' ! fasia 1 T&gfd g W wH |
) RINCEREE(
BRSS!

.
o 12.7 WA F1 FE @A s Sl g™ Feh
qife g9 R AT FT TR ST T S|

IETEAUT 12.4 FANTHRT SEgseh i fgid o STHER, TESSH WAy | F2H & =ri
3R URGhTH Soiaei= gR1 ScafSia WehTeT &1 R eTgfa diefera sifsa)

TA AU 12.3 ¥ T WM € TR eEgeM W] ¥ WeH % R SR
5.3 x 107! m &1 55 it hen § ufihl seeeE H1 2.2 x 10° m/s ®1 ¥:,
W o BRI AR IR e i g ®

v 2.2x10° ms™
vV=—=
2nr  27(5.3x107"" m)

~ 6.6 x 10" Hz
FATEHT FAGTH TAGTa & SHR &0 Sd & fo 9ReRm goteii gR1 Seafs
YA I TN HT G, TR AMWH o =R 3R IHeRAT TG o ST 2| 37a:
scafed gemeT it yRfTE e 6.6 x 10'° Hz gt

P°CI lnr2ibe
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e T (1885 — 1962) 1 IhIE & Aisd § 7 fashrawiie saien ufteed
o faarl =1 gt 8 IR fFa1l Fied IR 41912 H &2 HeHl doh IS i
T H S1ea fRaT o e 9 WIWIE o AT Hiee w1 dudl oh aR H gl
TWE ARas 9| ST gfadm ¥ Saet a) 4 1913 ® fr=wd faren o =@fy
SEageehia fagid, ged wia uREeet %1 e S | dem ? qenfy 39 fagra
1 TLATY] W o Yol H UG 8l fohal ST Fehdl| I8 TI 81 11 T TRAT0-He=m
IR gHRT AT TaH U GaY GHeE o fog aonfent it iR deagesho
o TAfa fogTdl ¥ o fo=em &1 STewaedl | 9] 3 Jeeeh! Td URfIsH
FATeH Heheda1sTl sl HaK Hch diF SIFTR o &9 | o101 fagia w&qa fewan 3
AR ®
() R =1 geen ANTEN o T fRd WA 7 Hie seiael Mivad T denst q
ferfertor i Seqfsrd o fa1 IRFHTT X Gehell &1 T€ Sgagashia (agid o
A o Faaid B1 39 ARG o SIgUR Ucieh WA i b Ffvea e
afereend B 5w 98 ® Wehdl € IR Woieh Hwa eraee o Tfed ool St (=
Bl Bl & Wy eragenel ol wa] @ fier sreed wed B
(i) SR =1 o ATEEa 5wl wenet ol qRwifia sar B1 5@ e ok
ITER gea2i A o =RI 3R ahefer 37 Henen d & IRHAT Hal & ey
fore wivie AT &1 W h/27 1 QOIF O Bl &1 Sl h Wik s
(=6.6 x 10°J s) | 31d: IRHAT HId G eI 1 HI0T Fol (L) Faifed Bl e

L=nh/2n (12.11)

(iii) IR ok TR AR § 9] fagid § @il qen ssgersd g fawfaa IR
FATeH qREATUHIS hl FHITS fohal 1| $Heh STIHR &5 sl 3777 fo9I9 &9
T Sfecifad sifafont FHem d 593 77 Soif arcit FH&m § THA0 FT Gl 2
59 IE U9 FT & d TF HieiT Icqfd giaT & foas! el gRive T sifaw
el 1 il o SR @ FER Bl &1 SeAIT B2l B g T ok
grT <1 wrdt & :

hv = E-E, (12.12)

el E, T E, 9 3R offam sraTenst 1 S €, E>E,|

TR (12.4) B EgieH WA o fore fafa= e frafaal o1 ST s @
o1 S A1 T 2| AR 36 S § Soiae e Wi T o] e B
r & AF UR&fad W & fau, soae o wiog e § Hafud 9k % e
AT Ta-FaeHIshToT Tiaae 1 JENT i €1 shioia a7 L e 8

L =mvur

FATSHIHTUT T &R ok TR AT [FHIHIO (12.11)] o STTER HI0HT FelTl ok
T | h/2n % QUi TS B &

L =mur, = o (12.13)

Hﬁn@{“ﬁ?%,rﬂqﬂﬁHE&iﬁhaﬁﬁwéﬁmun, n & | MfqEE e
1 = 8| ST HEN H n Sk WH & STEN, 1, 2, 3 ..., 5N HHAHA HA W B,
5= *el 1 geT FaeH eI wed B



T (12.3) 9 v, T r, T = G §
e
JAneg,mr,
U FHIRTT (12.13) o |1 HAIS i W 8H v, 1 1 o g fe=1 =isis o

v, =

b ol 1
" n4ne, (h/2n) (12.14)
R
(n?\( h)\® 4neg,
n = mi\on) & (12.15)

LT (12.14) S9far @ o n'™ wen o seiaei &1 wmefig-=rd, T n ¥ %9 8

ST 1 G (12, 15) 31 STHIT ek SaaH el (n= 1) i 95s 4 JhR o

fRaT S ST 7

h%e,

nme?

T aR e Fed § IR Fehd a 5N e[ #W ¥ 39 WK,

_ hzgo

 me?

h, m, &, AT e % A FEfid 3 R a, = 5.29 x 107! m 7= 21 81 Feiwo

(12.15) ¥ F& +ff 3@ <1 Tkl ¢ foh el &1 Besti o n? o @19 9ig et 2
fordt BTEgIST TXATY] i T 1Al | Toiaei i hol Sell, THIHT (12.4)

¥ wef B o1 91 uheenfid s W WS &1 ST "ehdt 21 g9

5= (2)(Z) ()

o=

a, (12.16)

B o___me
HYAT £y, = 8n25(2)h2 (1217)
THH (12.17) | T7odient & 9 W@H W &H 9 gm
2.18x107'®
E,=-2°"" g (12.18)

n
RO Sl T S o T W SR diee (eV) § oFed i ol 21 Fifeh
1eV=1.6x 10" J| it (12.18) ! YA: 36 YR for@n w1 Gehal &

13.6
E, =-—2 eV (12.19)

n
foreht a1 H IfaAM Seia HT pa el o Stk W RUIKTS 9% 39 910 &1 T
? fop soiae, T o s ¥ 3TEg B 37, BISSeH WA ¥ Soieg Wl T
(1 BTESISH TXHIY] ® WM §) 3Td 34 ek TaenT i o folt it 1 STereehdl I
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GO (12.17) — (12.19) 1 a6 shedl T ea ¢ o geiegi= 1
et gxiTg €, Tt oJoRd vl o o e et W <Rt g 81 (wed
7% gd o ok o el 9t o T Sefaeia wanet ¥ wfaHe €)1 denfu s
Ffcerfersi erics drtthes (1868 — 1951) 7 I8 swiian o1 o afs gxia wear o
wiasier i faferer o= fan Se a9 off 3 Feiexo <egxa wast | o 'He '
T W et 7

TIHI] W goiaei ol feerfa : e am eiifeea

iferhl ok e | fordlt 7 forell WR W AN U= T & SR Hied 9 STl Sl 81 s et
de a9y ®9 W THIY] 1 WA i A HE W 59 Hisd 1 G99 WM B @Rd w0 % FRER
Fell-fafeRid o o et fagia o fauda, R g = e we 1 wifdeil =R T 3uafsd
21 9R A ffvea wensti o gienr soiagial o Hivia Ho o SeieHiRl o fo=R i o wea fa|
TH YR THN] i G H1 98 Th TH-FAfaeh! F==or o
37el, Felie AMIRT o Gt o WY eH WA 1 GTEAT Hi AU resl g9 71 MRS &/
YR o T A TRATY] ok T WMl oh SMHHU o o HRUN SEG SeaAl il a1 o w9 i
feram
AR Hige § et gl 1 el Tw o W AR geleia i T w1 g9 UY B WY S
FIART o STTAR, BH fohell TWAT] | Seiged i TG &l forelt M= 99 & WY Hag T8l T Fehd|
B hadl AT o 9l SR fepea o forelt fafvea w1 o soieei@ & fiem &1 wifeRal & IR H
91 Y Tehd 8| T8 WIehel Tohol-3aiaid o et Toi8 whefeh (Aifdeet) ®ed €, 9 STqHIa i S
Gehell 1 € Thold ohelel Soiedid o Teger W R s 2l
3Td: T AEYTF ¢ f eH 3 < Hicell ¥ gey ol w gHe
o I HIST helel Ueh Toiare TRATIY/STRM o TeIq oY €; 36 Hisel § Ylsh el o Ty Soll o1 T
o o e €, S e seied §e n' W FeR i 21 ore B 9 © R TR s Wi feer
T W Helg Soll Ueh SoigRi WA | shael n W 3R 21 sggeiaei=-wamysmeH & fag
e T T 2l
o EESISH SIH THIIYSNEA o oIt 9 TNfSTR o HHiehol 1 gal TS/ a0 %o shed &, AWk
% =R R fafq=r e o fohdl golaeia 1 Wfgehal 1 910 w0 o fo GeAT 9 Rl 21 5
Hifdeer =1 SR Hied | goeRi o foy g e § g SaEa 11 2l

IETEIT 12.5 10 kg & FIE ITE 8000 km 521 &1 T e | gealt 1 TH
oFRY Uik 2 h § Ol ©1 98 W g o 9 T hivie He 1 AR, Set
TR SWE R AN Tl ¢ 519 YR & g7 sreE & o) | e soiee@ &
fou 71 ?, STUE *1 HeN FI FAICH G@A A Hife

'
eI (12.13) ¥ B9 U@ ©

muv,r, = nh/2n

33T 12.5
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AL

T m=10kg T r = 8 x 10° m| TAA T ST &1 3Tad HA T, 2 h 21 3720

T = 7200 sl

3Ad: a"Tvn=2n r./T

IUUE 1 HEN i FaeH T&

n=(2n r)> x m/(T x h).

gl w1 gfaeenfug +3 |),

n=(2nx8x 10°m)? x 10/(7200 s x 6.64 x 10°* J s)
=5.3x 10%

= ST for Suwe = I o foe saien e steid sifuss 21 ke § o st
FaeH G % TIu Faierietor Sfdeiii o aRome senfient Sifdent & qRomi o q9g 2

12.4.1 S0 &

T i F SH GHE ZHH (SARaH TS 7)) B § S
ITHRT ST AR ot fehea™ el (3121 n=1) o TRGRH
?n=23.. % fou, S E & e 99 %9 29 9 €, 37 o
el 1 AR ST T weneti § Soll ek Sl St 21 A Bl FFaH
TN W S 77T s7ae shed € i i il < e 8, el
g, aH B (AR B o) T e | ufeRA s 2=
ST T Tl (n = 1), E, ~13.6 eV ¥ 370: SRS T 1
ST | ST oh! T i o T STeRde =Jiad sl 13.6 eV
B 20 SRS THI Y ST Fofl i Hed €| SR o HiSe ok R
R WS HH A S o TS A @ S9H el @l

FI F A9 R, AR SIS A 310 ey staeen |
Ted E| el g THIY] T TEg ST YRl g St W il 7, <
o8 S WY W T el ARG U Hhdl © S geRR ol S
e qoh g o o Taf B B1 79 o7 WA S9ferd svaer o
FHEA T THHIT (12.19) @ n= 2 & fag; w9 E,
-3.40 eV | 3TH! 31 Te g3 FoF wEgieH WA o fRdt ol
1 THH] Yeeit Ao Fawen 4 Iqfsd i o fau stavaes el
E,~E, =-3.40 eV - (-13.6) eV = 10.2 eV Bl 3%t W&, E, =
~1.53 eV A4 E, - E, = 12.09 eV| ¥, TEGSH T H
g&! e ofeen ¥ (n = 1) TR WA o1@d (n = 3), T
IR S o 1T 12.09 eV Soll &1 3fevdehal eidl 81 98 A
T TR M Serdl W@l €1 g Suiea sterenstl ¥ g
ot e ST staen H aqw iR wehar B1 39 Uik § 98
I SCHIST Tl Bl 39 WK, BISSISH UCATY] o1 Sfor STereen
FEH W (AU noh Fgd W) 3o AT | Terare i &
* o T savEs e S T 2

THERI (12.19) | AR FTEGST WA i TR sTaeenst
1 Sl &R A T (12.8) W <@ifan @ 21 gEd F@ieH W@l n

G'CI lnr2ibe

FA 9 E (eV)
A
/ g (3Tafa)
LA
0 5
-0.85 n-=1
~1.51 2:3 3 \G'a‘
ST
-3.40 n=2
e sTaeen
186 =1
fora 12.8 TR T & fag

Hel-ER 3R@| FH o q9 W RS
] H SelaeM A9 AR 99
TreTam ofereen | oFdia hidl ¢ eEgIeH
TEY] 1 AT HH o fore forat

SR i fT=Tam oTaen 9 13.6 eV
Foll TIYT ITAR HUA =T (A
T@ HA Sl STaEe i Sufefa i

gt 21)

+ Tt SR FTE =0 eV ¥ 3tfueh oo ff oet Soil & Thal 81 UE gemet o selaeiq
TS B €1 T8 YRR E=0 eV ¥ W T 12.8 ¥ 9T SR Sl raeensti 1 Th

qiaca 2
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T STeEenST il Sl oh SR % Y Afohd ohial 21 36 Tt o S=aa| oo Sraee
TR (12.19) § n = o0 & FTA & G THHT Sl 0 eV | I8 T H1 I8 Solt
2 W R § g I e QR A T R (r = o) 3R = foawm § #1 em
AT for IAfS sraeenell 1 Sl noh 981 W e TR 9E-uE 37 S

ot oAy # fafaaa oot @l o sifiae 1 diel gfic T 1914 S theh 9o T g2 g
1 TE| IR R o a5 o TEH w1 eI, arq § fafa= Tias Seiien o geleid TeR Y TR
TR HI Sl gREfad & o6 fag 39 W uladt diadr o faga & o T seeeH 4 UR o
TAEE ¥ GEg femen den R o WCATO(SH okl SO Sl Sidid Y < U8 qeft G9d B Tehal ® S|
TAFRM T e, UR o SH Soll &R SEH 3o 89U 398 % fed fea v wRr (e 3fem)
o oE e AW, ¥ AT Bl [0 o T, IR o fRel R T o1 wR qe @reit i ®R | 4.9
eV 1 STl IR B AE hig seiaai fSTaeh! o1l 4.9 eV o1 38 31 €, UR ¥ ToRal @ o R ok
TRHTY] T 1S TR hTH oTel TIaR § Sl STEi i Tehdl € Al S9 T W ST 8 Fehell
2 [feei(a)]| UM oTel SeleRi i TGS &Sl Saet @1 A0 W H 8 ST

N

E. E.-4.9eV A =253 nm
4.9 eV NS, NS, NS,

(@) (b)
AN st a1g o fafetor scafsa st feraq staen W 9y o st [fA=(b)] | Safed
ferfertor &Y qUTRE B
,_hc_6.625x107 x3x10°
E 4.9x1.6x107"
e WO g Thek e BN A 2w TR U ok Scesi S W 39 aUIesd o WA Uk @l §1 AR
o WA H fafaer Sl W oh Hel faERi qe Wi Scasi oh TehH i W gite o ferg Sher qen

Z3S &I 1925 H Fod [WERR ¥ gritAa fohar |

12.5 TESISH UIHIU] T TET WaeH
R % Aied o qarE ANTIR o STIER, 9@ HIT WA o4 S fefd et
FieH Fel n, &, | e Sl el et saten dem n # (n,< n) & SHa0 2
2, 79 Tl o 39 @ S v, HTE WM TET A €, AE

= 253 nm

430



hv,= En,- En, (12.20)
En, 3R Ep, % foe e (12.16) F1 W F3 W
me* (1 1)
W=l 55 12.21
r=82n (2 ) (12.2)
me* (1 1)
Ay, = | ——— 12.22
Y =gan (2 n?) (12.22)

GHIRTT (12.21) TGS TRATY] & e o forq figant =1 9o 21 59 gay o
af2 &9 n.=2 R n=3.45.. e @ 2, @ T Fey aER gof % fag
TR (12.10) o TEY TREfid g Sl 21 3Hd g9 figant frdis R 1 9 9@

me*

R=88§h3c

iRt (12.23) ¥ fafe=r fradiel o A gfeeenfia ¢ ®, g9 o € fR
R =1.03x10"m!

Tg HF AAITR SR G Y W " (1.097 x 10'mY) & aifa fene B Sgifae
@ JEIfeR AM o 39 OESE 7 dR-Hied %l TR Ud Y9l §yte
=+ 2l

%nfaﬁ'{niﬁqﬂﬁ%%:?{g@ AT, B (eV)
qa uRom are g € o wete W)l ok

(12.23)

n=>5
we "eRwol |, fafv=1 fafaea stefaan o n=\44 \\ SR AT

TR SCHISI Bid €| BIESIST TeeH § S 0

FE'nf=28:ﬁTni=3,4,53nﬁaaaa-gaq°r -0.85 \

D e -
ft SqEn T e S on =1 #R on =23

aMfE; n=3 & n =4, 5. T qan 340 —
THATN o qeIedl B Tehdl 21 39 S qY
I TE9H ad B Tahifue Y o
oo g5 TSR oghe, SO, TI9H, siche qe
B Sl o AW | S S #1103 S
% qEIEU seEieh WA 5 (12.9)
it T g

e TR =4 Sen efd 9 e et
feorfq o oM € 1 il ScaiSid B ® ae
THUST S i 3 1@ Sca Bldt
21 37 Seed t@iet S 3egsT @ wEd n=ll il

fT=am s/

-13.6
T Sfeh ST IS TCHTY] hIH o el R
wa ? fogs) i ad) oo & = foee Soft

T W e fefd @ ss S for 12.9 w7 wA S ¥ % A= wEH 43]
o RO 3T B B
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331801 12.6

feafa o Gohmor & fory eawash Bt 8, @ 59 UhH I @AY FEd 71 o AR
Tad iER =t gl o il fre forfe T @ o o aveE fRd e
Y foveifrd fore ST € o aq Seed o Eia Seedt el et ot o ke
T 21 erdiw YETd S ergfaat Al wmdt € S T oh wApe g stawifia
I T 2

BIESIS TXAIY] oF TIZH &1 aR Aied gl &1 T TIIehiul Teh Hfa«memett wem
IYAted o S ey Faied f9gia & WId &l TAfy® Wiedied foarl &
1922 ® R = Hifaswt § Hieer R ¥ e e m

SETETUT 12.6 et T 1 ST FXoh TESISH Wah i dEHA 9ot § oM =)

el Tt Y AR ) qiehted S

Tt e 93 39 YR =75 fohan o

n
ZrErE o =Y TerT =nT Y aﬂ E o

\'IIQ"—I‘I AU M AT 1IN N3 LA AN AN ey | IL=
Bt T BH S © TR

me*

— _ -19
883}12 =13.6 eV =21.76 x10" " J

_ 1 & O=Toor & Feaet
— 1 M <1t \|\\\$\"‘||

Ad:
hc

i = m
21.76 x 107" {1— L)
1 n
6.625x10 % x3x10° x nf 0.9134 n?
T 21.76x10° x(n? -1) = n2-1
913.4 n’/(n?-1) A
T WY H n,=2,3,4,5 Hwiid F R g9, 9N ifeq a0 W e ¢ S 5|

TER E 1 4, = 1218 A, A, = 1028 A, &, = 974.3 A T2 1 = 951.4 Al

x107" m

12.6 HX oF SEIHIGIUT o Tgaid ITEE a&r
2 AN gRT T iaRIuT

RGN T T oh Atedt o |t AP H Hwad: gHu AR wed st
IIE U1 HTH el 1| SEoh HeH o STTHR A4k o =R S Ul hid geei
1 RV FolT fed & (AL, =nh/2m; n = 1,2, 3 ...) | FIV T 5 shaa
& A i B § S hy/ 20k IOl OIS 82 IR gRT ST9T Hisel TR i % <
o qgEd W 1923 § T HiEE Hifde 9wt oEd 2 sivel 3 38 GEe @i
7 gal

T 1A 11 | < el St qReheu &1 s1ede fohan o fSmeh o ER, 5
HU Y SR o AT S el Yeiia wd @1 ELS. Sfae qun T T, SR g




1927 ® WEfieh dR W geerHl 1 a1 Yehfd i Fera fran ) g /
A\

oy

3 STl 3 qeh fRar o ol il 9 g WIfad g8 JATehR shell
Y, Tk - o ®Y H @ A e SR H THT hd! a0 o G5,
01 AT ot ST sreenatl H ST aX Sed Y Hehell &1 e 11
o forg gt S TreagE % e 15 9 79 W € fob feRdt af
=i = fafe= Tl w0 e, 399 fafa= qurest s S R
e B4 € den St er) W ST qv wAr @1 ghen o @ fo fameh
TR W, A T asft S ST O g S H Uk AR SH H q«r ary

5
[

R T e 0, T e, 3 e, e i o g ‘a
T &1 qURE o Ul Bl| 3 qURE 1 a0l § 9erdd o gvErd

STH H AR BT & T ok ST ¥ ¥ ¥ B S & B

P 't R e H TR B TR ToR g ke Y WR H gy (o 12.10 77 *ﬁ;‘?ﬂﬁ R
L onr BRI ST ST A T T T TR TR
T 3 27, 1 ufify § =R 2wl qures

2nr, =n4, n=1, 2, 3... (12.24)
ot 12.10 ® forelt bR shenm R 5@ fu n=4 2, T g

U T A T B T IER, 2nr, = 44, Tl A n'h wa H 9 FA g soRE

1 T Sl aeed B eAE 11 W, B9 WA € A = h/p, ST@l p Sea o HoT i

it 21 A ol Y S W 1 S W §gd A ¢, A FO mw, @S

TR A = h/mu, B THE (12.24) 9 85 9 810
2rnr, = nh/mv, d9ar mouo,r, = nh/2n
¥E IR g WA SoeH o whivg GaT w1 Feieq ufded g [EHeR

(12.13)]1 =% 12.5 | &6 2@ ¢ Toh I8 THieh0l BBt W] & St &)l

qen fafoer wmenetl &1 ARe S H1 YR B 39 YRR % el i gRehedH,

TRGRTHT ST oh HIVIT HaTl o FAICHIHT i IR gRI J&atad fgara R o

TU, oA T e B | SoleRiA ki arelifed el ael Sl Teerfera, geterie shi o

Tehfd & HROT € 3R hael AR SIwTH a3 € srafierd w® HeRdt )
aR-Aiew faad fer yfaftad veig vy fasor (ifies o =R @R T8 -Hg9 wed)

itAferd €, BTEgIeHad TWHTIE (Tohel o) & q& 9arl, Je ®9 § Iaared

e I STFenfya fafereon =t sgfal =t sfaa wfesrarht s 21 qenfy 59

Hied w1 HB AT F T Y FD € -

() SR-Hied eEgeHEd WA o foe € SugE 21 fi-soeei wam s difeam
o T o 3 fawafa & fmen s Tkt gRgeHER TS o fog aR At
T TH W AU soiaR arel WA o favenn o faw W& s o yae feu
Y, TR IS ThOT Tl e BZ| HioE I8 € o Feieh goiareia shael HEm
Tfas o & T WG TN T soiwe 9 off = R w R

* EIESISIEH WA & T & TS e ST +Ze qo T SN Tehel Soiaeiq Bl ©
el Z e W €1 eTgesT ], Tl At giferem, fid: st wifeem gents
BESISHEH AT oSS0 €1 57 ARt § sifie wfee soiai-saiag S
EEE GRS ]
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9 Aol oh GEUUl | gl a1 HAE e o e foa wo wimferd 21
T gorRHl % Hed faga 9@ wfhe & ® S ag-soleei wameh o
EYTH ®9 H Fehe Bl B

(i) ==y IR-Afed TESSEH THVS gR ScEfSd Yol &1 sgfadl i @&t
ersaoft shear €, fre oft e Seen o sngfal &1 smiferss doared =1 =
T AR I TGS o SohH WagH H o gvF Sgiaal i diadn &ffor gt
&, Saten TEd SgfaE w1 o geret it 1 @ 9 e ©2 Wi Yerr gt
& foF po ForHor SO T arven i i B aR-Hied fofa= Gewaon w1
fafay diaaret =t =men w6 o semd 2

dAN-Higel THY] T ek o WA hidl € qe SEehl See WATST o forg

HATIh R0 Tal el ST Fehall| St WA o foTe & Faled Ah! W IR Th

Y oty TAgId w1 ST SHeAT B S URATY] Gl 1 At ol o gqd he 2

et fig-9T aTel ISR A1 6@ WehiH hi Hoddl ST el sgd ¥ A7 Tk R ¥ o9 Hich gedt
feoment ® w1 @ ¥ STk hem wfafd ¥ qon Sk i § IS hen-Gey T ?1 8l i §gd St e
o Afent 1 gorafterd A wd gC Wil 4 9t & HieH TH-g ¥ fied €1 7=l 39 fo &l 3fau)

9 9 S8 Ameast o1 e ged 9 Sl dun o 9 e
St T § 7 SR 21 9ftent U O, (LASER) ¥ 9 # s
fafevor & SEwT SeaSiT GRT FHRT FAHT (Light Amplification by 4 éj?;;: 2
Stimulated Emission of Radiation)! 1960 ¥ s fo&m@ & e :: ;;
o &, 3 faei iR dreifieht o |eft &= o yaw i foran s e

SR, T W, ST, ST, v fafhe, St ek (@) firell 70 | S T
o 3Hh ST B W@ T H R T &1l o Bid © FTRT AHAT o e
0.5 mW it 21 3% Uil R ed & Sl Gehdeh whi W ohid hid 20 T O e
21 eTSiRe faf=1 amdistl o o Sucied § e s stfe S (b) TR FH
TS A ST STHINE 1 U o IeThH oh 1T Bl 21 ad: o T8 oer o € S 3ourd i ot shie
AT AT HL Tahd Bl

ot Wiq o WehTwT, AT o Uohe oh &Y H ScHfSId el 21 ol W Wi @ ST oTell Yol 3Tk
T 1 fagor g 21 fafa= oo § wiE son dey oft T8 etan safee, ton geRrr, A ot greE @ o
TSR © al 37d st o foedilia g € 9o G o1 9Ie 54 o WY Ouft § 9gdl 81 e’ YhE H Yo
Uehe w1 TS T THM B 81 O o Uohe Wi SEd warg o =g Afueh il ¢ gHeR oref € fom
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