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19506 Townes ¢} 29| EMEES &Sty wlel A
(Microwave Amplification by Stimulated Emissi-
on of Radiation )7} BASEE 7o) KeR&HO 2 slod 4,
19584 Townes 9% Showlow 7} LASER9 E®EE
#REC A, 19604 Maiman o] F-u] &8R- F A8t
ol 694.3mme] B AE E£HAZ S 2 F
19614l = He 7 Ne o kS HBEALo 24 1.15
um #o]A HHg dAdw, 2 oJFdllel&632 8
nm? HHHET AUt 196249 =GaAs 9 gk
£ FAsle 840nme) HAKE JEdE B
o}, 196549 = Sorokin & Lankand o 93t &
FE FiEsty W S (A m) A BES
FEE BRY F 9t afdlolxr RS ol % o
2l7tkA el o) do] Azl 4= glol BERSe] Skok

22, 1970404 Fol Yok MEHE D & ikl
A aol A7t FAE ] AREg on, od & align-
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2 slelA 2l frEpEa

R¥v SFES 438 g FEM oA
EMES 7 ok ol E oA #EEE 1S o
A, ofd ovx] #fr E, 2} o} E ovl R #4 E,
Atolofl o BET o ¥ BESIAME; DE, ) . K&
ek =He o (B < Ey) . o] o #Ee RE
v o} ol x| #fp Alele] #AA e o}z P

hv=|E, — E, | {2)
7)ol 4, AE Plank 4424 6. 63 X107 Joule
—sec olt}. of7lel & BEF AFY e 4%
ab et REBKE A tEske] E; o E Akl B
Bel ol & s Avk, Ktidebe Aol

Einstein (19174F) 2] ol 2l sbnd, Aol A A
A7 e EE" A=A Aol MEFHLS &

Hg (Stimulated emission ) ©] ®#esteh o] o,
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2 @iiol A HRBZ ABIE

(1) 2lolX #E (Laser media)
ol A WEZ e Kk, ik Bk =5
Al # 5} o
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AfEstet, o] 9} o] HMEEM o] sl 9L u
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Hightst o2 REBOL vl ol HHk
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(b)8] 2o 44T dlo)x 24 o Bol RS
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(3) 2olx £iR3F(Laser cavities)
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(1) Mixfo]x{ (Gas Laser)

e 293} gl o)A 52 8 o] AEEH] Kk
Ae ®Astz ek, B BEkRed KEE 7}
2l #lo] Ao wletd HHE S AA., HEHo| H—
stola] KMoz T EFRT 4F 71 UL
o), WS wl2A) BEAD F ] Al slof
A EBR RAES S BE BIAZ FoF ok AR,
Bk ol A gl 7 Sl = EKRY F7) 7 o) S HIRS
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2 1Joule & oY A& 73l #lo|A K& T F U
o oA H~ Kol 0.1 # sec ol 35 10MW
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#HE ol 3l &4, A<, =¥, gAY Sl A
fo| =2 9.
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2 oj83l= Ao 24, HOWES 0.4416 ~0.325
0 #meol™ FmWAHLY HEERREFa ol Ao ot
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(2) @Ef&alo]|x (Solid- State Laser)

Bkl 4E Ak Bfifol v FREZH
Fitime B Hinstd slol A WE=M AFEgd,
o] Afi#e YAt ol LRMESE 1 BN FHET
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o] Lo] HER Mo So] dlo]x REL T T Ut
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ELLIPTICAL REFLECTOR

w ] —TT—— ] T

FLASHTUBE -—
L —~ TRIGGER
1}
131
CAPACITOR ”
POWER
SUPPLY _L
Q% 3. Ruby #old 23] (MI; 100 % K3,
M2; 8843 RO 85

(L) JEBE Nd*** slolA : ol & Neodymiume] &
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5G] ol Nd ol &8 Hmstdx F3to|l 1.064m
o] HHEEL Wk ol FulWatt o EfKHAH
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e Hrddo|HZAE Abgo| "k
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(3) ®¥20|X (Dye Laser)

ol = BEEHKE olstgolu M RbESe S
A dol N EEZA AHRET), ol & A% oA E &
%= 4 71A 7 BRE S ek 25 43 dEF
gl A o] Rhodamine - 6Golek ol & HAEREH
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(4) .34 4% 2f|0| x| (Semj-Conductor Laser)

P -N junction & o] &3} slo| AA 7 24 A=
dl ol A& kWt P4 ok 2Fl A A
7o) GaAs ¥Bikaolxeldl o] HiAHE&Eel 840nm
29 WES BEY 57 ook HHe FAHAA
o 2wl Watt A Sole] #ERIR 45 FWatt =
9o HHE dh

{5) 2|t #HolX
Z2.9lol % chemical #le/#, excimer &l°|#, gas
dynamic #lol#, free electron #o|A 5 o &7}
A2 slol A gt AgElz gl
Aol HABEEHASME 100nm~100um A =9
godell AAA A=l o 2o x -ray @ of
A, millimeter wave dlo]A % s 3 9]k,
1, o 272 F23% LASERd dsld 5
4Eg A A5k

@ w2 FERISEF

ol 43 e el HAHEER HHldAE 7t
Az 9 slolAEL FMstd, 2 Aol gAl A
B3l &3tz Utk ol SF dEA BASHE
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(1) #t#ig¥2 (Material processing)
mihal ol A5 FIFS f5#E, W, =l A
gl ARggtoh

(2) BF3%E (Measurement)

ERESE Aol B, &Y ERe HEHED o
2575 e, FAAA Al FAs EHY 27 € B
wo] EEL REF AMLHCE Fho

(3) 3rt435 M (Holography)
dol Ao e Fite ol &ilo 3zl mEe
BEshed o ARk

(4) #|ARH(Patterm recognition)

dlolAe) Ee Fihtks FIAstA olw &4 943
£ A5 Fohf & o] o} &o) Hrh oA Ho-
lography @ 92le] g mozA Computer 9
memory ol 4 searching stEdlel oz g FH

$hatA 229 Aol

(5) EfE®E(Medical application)

E3) @ERS 53k %3, He -Ne dlo]x 24
Ao A =g o &3to] Lol alolANE BE
ARezA 7hds Fad s Augow EF CO
AolA s EBEIMFe] ol ~chAl AHEste Ar ol 2
#lo]A 24 @49 Hemoglobin < #EAI7H o2
A bmfr¥s & b gloh =@ el Aol
Al 58 By gAY BE ddn s s El
o| 2] 7} o| &H o},

(6) YiE{E (Optical commumication)

Glass -fiber & o] &3to] HFS o=, HEOZE
# glo] o £& 3w, oA N EEMKE FIAS
o, ) A A BEL ] REBEST T T
ik, 2ol @FEokl A we £8& st 9l

ot

(7) %2 R (Spectroscopic application)

E3 BNAHNEY S BASIE 3¢ URERER
ol N =g o] &3l o}F HaAd ~AEHE I&
F7} ek

FA g g 4= tunable semiconductor # el
A& of &3},

(8) 2|0|& ¥:1t8 (Laser photochemistry)

BFZ oz FFel4, BE—HES dHolHE
o| &5to], EEMOoZ WHEAZ F7t JLEER ST
Zo) EEM (LBRES 9T F7F U

(9) 7Iet

290 & IRAFENS Adst  RERA22H
Purification of material , Isotope seperation
Eol ol &34 Sl

w3 223$ o] &3l KMARME S ol &3t
taEsk L slch
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B 1, ERIAEY HE

TYPE WAVELEN- | powgr |NATURE OF OUT-| grpicIENCY| TYPICAL APPLICATIONS
GTH PUT
Excimer:Argon fluoride| 193nm up to 10W| 10 ns pulses, |up to R&D, spectroscopy, pho-
average 30-500mJ @ 05 % tochemistry
0.1-200Hz
Krypton fluoride | 249 nm up to 25W| 20 ns pulses, up to R&D, spectroscopy, photo -
average 40 ~750mJ @ 1% chemistry
0.1-125Nz
Xenon- Chloride 308 nm up to 8W| 20 ns pulses, up to R&D, spectroscopy, photo
average up to 225mJ @ |05% chemistry, dye- la-
0.1-200 Hz ser pumping
Xenon fluoride 351 nm up to TW| 20 ns pulses up to R&D, spectroscopy, pho-
average 6-150mJ @ 05% tochemistry, dye-
0.1-100 Hz laser pumping
Dye laser pumped by:| tunable 0.05- 2W | 3 -to 20-ns 5-25% spectroscopy, R&D
nitrogen, excimer , between 300 pulses @ conversion of]
Nd: YAG and 1,000 nm 0.1- 200 Hz pump energy
flashlamp 340 - 940nm| 0.5~-50 W | 0.01-to 25 -J 02-1% spectroscopy, R&D
average pulses, 0.2-1 overall
@ 0.03- 50Hz
ion laser 400 - 900nm | 20 -800mW| cw or picosecond 10 % - 20 % |spectroscopy , R&D
( tunable) pulses from conversion
modelocked of pump light
systems
Nitrogen 337 nm 1-330mW | 0.3 -to 10-ns up to pumping dye lasers
average pulses @ 0-1,000H4 0.1 %
; pulse energy
0.06 -10mJ
lon: Argon severallines,| 5 mW - cw(can be 0.01-0.1% |recording, spectroscopy.,
351-515nm | 20 W modelocked ) dye pumping , reprogra-
(main lines phics, medical photocoa-
488 and gulation
514.5 nm)
Krypton severallines,| 5mW-6W |cw(can be 0.001- 0.05 %| multi- color light shows
351-800nm {(10 % - 20% modelocked ) and displays, dye pumping
(strongest af that of
647 nm) argon in
same type
of tube) .
Argon- krypton several lines| 05-6W |cw 0.005- 0.02% | multi-color light shows
450-670nm and displays
Helium- cadmium 442 nm or | 2-40 mWVH cw approx recording, reprographics,
325 nm sible, 15 - 01% spectroscopy
10mWUV
Helium-neon 633, 1152, 0.1-50 mW |cw 0.01- construction, recording,
or 3391nm 01% holography, general-pur
pose laboratory, reprog-
raphics , measurement
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—42 - #ol Ao REs 2
TYPE WAVELEN- | powgr ~ [NATURE OF OUT | gprICIENCY| TYPICAL APPLICATIONS
GTH PUT
Ruby 694 nm pulses of | pulsed @ 0.01- 0.1-05% |holography, mhaterials wo-
0.03-100J | 4 Hz rking, R&D
Semiconductor diode: | 780to 905nm | 1-40mW | cw or pulsed 1-20 % printing, recording,
GaAa/GaAlAs (single average reading, optical communi -
wavelength |or cw cations
dependent
on composi -
tion)
InGaAsp 1100-1600nm| 1- 7 mW cw or pulsed 1 —20% fiber -~optic , communicat-
(one wavele- ions
ngth, depend-
ent on comp-
osition)
Neodymium- YAG 1.064 2 m average pulses, 0.01-100J | 0.1-2 % materials working, R&D,
(pulsed) (1.32 #m is power to | @ 0.05- 300Hz overall rangefinding, target des-
lower-power| 400 W ignation
altemate
wavelength)
Neodymium- YAG 1.064 #m 0.04- 600W| cw 01-2% materials working, R&D
(cw) (about 15- overall
20% as
much power
available at
1.32 p#m)
Neodymium-doped 1.06 #m pulses of | pulsed @0.1-1Hz | 1 %-5% materials working, R&D
glass 0.15~100J
Hydrogen fluoride 26-3 um 0.01- 150 W| cwor 50-to 01-1% atmospheric research,
( chemical ) (many discre{cw or 2- | 200-ns pulses other R&D
te lines) to 600-mJ| @ 05-20Hz
pulses
Deuterium fluoride 36-4um | 001-100W|cwor 50-to 200-| 0.1-1% R&D
(chemical) cwor 2-to| ns pulses @ 0.5-
600 -mJ 20Hz
pulses
Carbon dioxide: 9-11 #um or | 50 W - cw, or long 5-16% materials working,
flowing ~gas 106 #m 15 kW pulses surgery
sealed - tube 10.6 2m 3-100 W | generally cw 5-15% surgery, low-power
materials working, R&D
pulsed, TEA 9-11 #m or | 0.03-to 75| 50-nsto75- #s 1-10 % materials working, R&D,
10.6 um J pulses | pulses @ 0.1-300 photochemistry
Hz
waveguide 9-11 #m 0.1-40 W | cwor puses around materials working,
or 106 #m 5% surgery, laser radar,

infrared beacons and
scanners, plasma
stics, R&D
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