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g 271 g 22y S W2 (Frequency Modula-
tion : FM) 1} 513 ¥=(Wavelength Modulation : WM)
% u]& ¥3HDerivative Spectroscopy) & AME&tH 23 7
E2 107 %Y = ool A4 sensor?] WA R 54 A
U g g @+ 2le Ao g, WapEe AIAA L
DFB# el AES 89 F= ¥ {dithering {5 kHz),
DFBelel 2= #o|Ae AFE Bxde WY1 GHz), 4



0
$4-3-2-1 0123 4%
Frequency {GHz}

33 8. 0| B30l o S3E 53 o

o] 914 "2 (10 GHe) & AHEshe Y § 2A 371
E5Y 4 o0t WMEd s A2 AXe] & gA abg
Zo] 1 MHzol32 ¢ o], FM9 ZAfe ¥z 3%

of & 22 T-H*] B3 AZef 100 MHz o422 of$ 2
o}, ojx ARE F 2dERS] o Heje] AHEYHS Y
7ﬂ 59 filter, window A 5ol 2% baseline ©]%$2 &

FAZE DS & Y= FHo] Yk, FHET|A wHld of
e A9EA, dr1eF dA 5 EoklM #EEn i
t}.(24)

29 82 AT £ A AT A1 Al Yb €rbe] &
HE ol Rale] Z2HEE 2T dald). Heo|AE o1& F
& £3 ¥ Lawrence Livermore National Laboratorysi
A g g g AR E AR dA 2 4 BE ‘3"-7L
g0} gtent HE velE HolAY A 4 & 2
EA, 9= 43, B §F 5o Az 28 37 "—}
FololMx FEW R glct,

2% 9% Lawrence Livermore National Laboratoryei A
47 2 721'5‘]9-] FHAE YA AHE 4Y Aol o

AT 3 ZAN A E AR e SHS AT HE B
g} A AL sz slekh = b8 FelA s AO mod-
ulator® Al-4-3te] WA T #4 A28 AFE lock-in F
Z712 s}, Yitrium(at 668 nm}¢l barium(at 791
nm)& ol 4ale] 2& 2AA UE Azde AL 480
17 Afs AEZ ol fade 10° F=Y B=EE 2 53
o] a7ETH 29 88 8 mW #e|H & o4t Fuly
F 450 MHzE ¥zsln] 3% v|E B4 AHEHeR
0.03 A/s7HA] Y 7 E Zlo] FE AT (25)

#7 Eelelr FE5m g 10(at 427 nm), NO,(at
627 nm). CH,{at 3100 nm) & W¥E 7l~5k whxA
Folzu} gz elAe OPOE ol &3t 3% + 9l

rlo [

¥ 10& DFB Yeol2E gelA g fo|2= #olA o7]
Nd:AYG #o1Ag OPO#E o484 ZFF methane]
ety Agelre W3 F&E A7) fAsiq i
34 b g AHsig, w# £4E AMEE AS 271 3
Mz 10%cm’® 742 3 7het A= 2w gleh [26)

53 94 Exe] golA 3L MHAFIHA 2ALEE
FTHENANM FFE HolAz} dolA g 2L o} EE U2
el g4 e sHed, ou RS Zse AT
#olA F= Folziz @t 28 118 oA f= £33
o &3 e 9t £339] oo}, AR g old W4E 4
AE ARRE AT o 449 Fudo] sigdie 1 5¢
t}27] ol2ifd refractory 42 sh19l A2zwel o
Az a7 Ago] g i ¥4 AHEYE S ¢ U
t}.(27)

HolA 23 oo 714 ANH 0 Z 2YQA HolA RT ¥
#& HT CCD{Charge Coupled Device)d] @2 e} 1
AA9 o)A f5 FHLIFS A3 Bobd] 457 &2
image 23422 A3} AlF Y} Image 3L 35 74 g9

Sweep Reference 5_‘"";
; beam -l Lock-in | Flgnal
slg?ak ) ] [ Detector 1 amplifier ¥

Fibar-optic ?11::;
tran sport
0 == “m‘f[ et | e
Y
N | oo
I Fabry Perot interferometer Datecter
L -
Time
N

{ Computer

T

Vapol rate

Trawe 1~y

{$c01d
ederriatioe )
Trove 2 M \\}
w‘“_‘_
1
at7i s é ")11-5& 31‘?3@ "‘1‘»"5? ‘317‘3“

L Infrared DR wivglengtn fomty

I8 10, o& 7i8 clo|2c Ho|xe clojecs go|™ o7
Nd:YAG 3olXe ™M2a=q2 diffrence
mixing2& X% methane?| 05 A%,

F7IEAK 2 82X H 147 H62(2007H 687D / 11




3% 11, NE3gel 235 28 dolH R ¥ =Y.

A2 92 sheett} 52 ribbon Bl 2 &0 43t 3
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8t 8n "1) AR Mg Fqut A § BT HAE o)
A "ot A e g AF 2544 10 fse)3ly 2o
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Cavity ring-down spectroscopy(CRDS)= 28X 8
AHESIEAE 107 ol3te 48 AE 23 + 9 Y=
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SALEE 1R 5 e ALS 48] FAE TAE
FH7] 2o} dol7l B2 dolAE ¥ AL msF L2 A
FHeg Ak NS £ 4 3vh(35) 2% 172 CRDS
o AYF 49 FXojt}. HolA FFE Frle ULE
F3719 Pow o] fdo] o FA7) S4del TAA 5
2 o] &4 o) 19 187} go] FA719 g A7) Wi}
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o] A%g FUE AL £ vl g Eel dhofd dis] $4o
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4837} 450k DEF L4 deolAe 2424 g9
A w7 FpAgIA R B3R ¥ o} MEo] of & Fol B
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