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Determination of Columnar Amounts of Atmospheric Minor 

Constituents from Measurements of Infrared Solar 

Spectra: Antarctic MAP 

Yukio MAKIN01 , Masataka SHIOBARA2, Hisafumi MURAMATSU1, 

Sadao KAWAGUCHI3, Takashi YAMANOUCHI3
, Masayuki TANAKA2, 

Toshihiro 0GAWA4, Koji MASUTANI1'>, and Masao MORII5 

Abstract: As part of the Japanese Antarctic Middle Atmosphere Program 
(Antarctic MAP), columnar amounts of atmospheric minor constituents such as 
N20, CH4, CFC13 , CF2Cl2 and HN03 were determined from measurements of 
infrared solar spectra for the period 24 March 1983-29 December 1984 at Syowa 
Station, Antarctica (69°00'S, 39°35'E). A Fourier-transform-infrared spectrometer 
was used to measure the solar spectra. 

The highest apodized resolution of the spectrometer is 0.1 cm- 1 (full width at 
half-maximum), but the resolution of 0.8 cm- 1 was adopted in routine operation 
because of an economy of data processing time and of better signal to noise (S/N) 

ratio. 
The accuracy of measurements is estimated from S/N ratios of the obtained 

spectra; typical errors of measured abundances were ±40, ±2 and ±6% for CFC13 

(at 850 cm- 1), N20 (at 2576 cm- 1) and CH4 (at 6004 cm- 1), respectively. 
A MCT detector (cooled at 77 K) is desirable to attain higher resolutions ("' 0.1 

cm- 1) and larger S/N ratios. 
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k�, ChGtl·-�K-��-�K�•L*�•�tt••��W�G. �'.iE�h 
t.:.7' 7° ? 1- 1v0) S/N .ltiJ• G, CFC13 (850 cm-1), N20 (2576 cm-1), CH4 (6004 cm-1) 

rT;>-JJ '7 A\!;lfH;t, -th�h ±40, ±2, ±6% rT;>tlUJ'.iE�fl§:�if�G C c:il•�:fttib G 
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? �giJ:. G "ii"" "i i""IHJi � tLo t=-� '? -C "' 0 (WMO, 1982; WUEBBLES et al., 1983; STORDAL 

et al., 1985). J!v=., jli�-:. tt G OJ�:i:�1*$:JtntAflcl1nsifJ�c J: '? -c Jlillft.t:ttl.bllffilAl�� L­
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-:. tL G GT)n,#:iJ· Gf3B;fn�:i1f!-c'v:t, !h=-l!R�il 7-. OJ..:£-=-� - (EB '*1 G, 1984) �-l:f- :/ 7° lJ :/ 
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0 (HIROTA et al., 1984; YOKOHATA et al., 1984). ffiffi,� � Palmer �:i1f!t::..:J;o\, ,-c ,b !Al� 

G1.)?J{ij5Et,tfib,h,-C\,,9 (RASMUSSEN et al., 1981; ROBINSON et al., 1984). 
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<b µtj�t=.J!11if*i"" 0) i]t1¥Jffi'*1Jl*'AG7.)�ir�?Jlll (Japanese Antarctic Middle Atmosphere 

Program) G7.)�ffl c. L--C, 1¥fffif!B;fi}£:lfil (69 °00'S, 39 °35'E) �=-:to\, ,-c�o8! L t::.�?J{UG7);{:ff�v=­

"'::)" , -c, !f.f v=. il{tl � c. :Y - !iI OJ� I!'O::. .!t� � :to" , -c ¥1H�r i"" � . 
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Fig. 1. Observation system. Sunlight is introduced into the spectrometer by 
the sun-follower and the optical connection system. To calibrate the 
sensitivity of the spectrometer the reference black-body radiation is 
introduced instead of sunlight. The constant frequency and voltage 
power supply is applied along with the noise-cut transformer. 
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Fig. 2. Structure of the spectrometer. The computer with the auxiliary disk 

memory controls the moving mirror of the Michelson interferometer and 
samples interferogram data to transform them into an absorption spectrum. 
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Fig. 3. Optical system of the spectrometer. Sunlight is introduced instead of 

the infrared radiation source used for absorption measurements in the 
laboratory. 

� 4 13Bf!J£:ttMmfflU1*mJ: tc�ft � tL t.::t:�:ift��it tD¥J! 
Fig. 4. A photograph of the sun-follower installed on the roof of the hut of Upper 

Atmosphere Physics Observation Laboratory at Syowa Station. 
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mn�i�vc.v:t, m��� C ftli�Ut.i:: c·'/J; G �=f���ll LL' l,luiEt�. ftEE���lt (CVCF) 
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L�f$: c L -C �ftfftvc.*"J J:: 5 vc. Lt..::. 

;tlih���tftvt m1:vc.�1t L (� 4), 2 tt����iHtvc. J:: � :;tdi1t��r3-.ijJ:7,. Lt..::. 

c. �:t:W.,1t* ���;b�vt 150 mm9 -c tb :5. �P-J--c·vt, �iwE1t�ffi (� 5) � 2 tt�f-ffiiffi 
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INTO INTERFEROMETER BLACK BODY RADIATION 

FROM 
SUN- FOLLOWER 

100mm 
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Fig. 5. Optical connection system. Sunlight from the sun-follower is reflected 

by two plane mirrors and a focal mirror, which are gold-coated, and is 

introduced into the spectrometer. The black-body radiation can be 

introduced instead of sunlight. 

�6 ��tt��*�J\:;AM*��-- ��-K��tt. ���fiK���. ��K­
mJ\:;1+:*iJ:� '? -c \,, Q 

Fig. 6. A photograph of the optical connection system (left), the black-body 

(right-front) and the spectrometer (right-back) in the hut of Upper Atmos­

phere Observation Laboratory. 
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� 1 %Ytit:to J:: LF::t:�il�Hf§�MO)tf:� 
Table 1. Specifications of the spectrometer and the sun-follower. 

Spectrometer 
Range: 
Resolution: 
Frequency accuracy: 
Stray light: 
Photometric accuracy: 

400-4000 cm- 1 (globar lamp) 
0.12-8 cm- 1 

0.01 cm- 1 at 4000 cm- 1 

0.01% 
0.2% transmittance at 2000 cm- 1 

(Routine observation during Antarctic MAP) 
Range: 500-7500 cm - 1 

Resolution: 0. 7 cm- 1 (apodized) 
Scan times: 50 times in 5 min 
Detector: 

Sun-follower 
Tracking accuracy: 
Effective diameter: 
Mirror: 

TGS pyroelectric detector 

3' 

150mm 
Gold-coated 

50-1100°C) � ffl \. ', ��J't�*O)*�J'tnl:Jc.J]lj O)�ifil-�fi! �*�J't;O)ir•b fJ vc.�f*gi 

iJ-:. t.:> 0):1t(:!f'J-�5t:J'ttt""'�A Lt.::.. 

�J'ttt�J:�*m���fi!O)fr-�*lK-�k. 

2.2. itWlllftcl'd J: Vf.3ciE 

7-9 .:r..�J't�tc.ut., ... o:t, �t.:>hG -1 / � 7 ;r. p 1f 7 Av:tifffi!O)J'tn£�t '? L"'Gt.::. 

20, 7 � �· -1-tt- � a Yttf'f�ff? (J:JrO)� l., \. '��tC. "'::)\,,"( v:t, r§, 1970; BELL, 1972; 

JffiEB, 1973 ��� 0).::. c) . 

.t,, :1t(Af�gr.7'"' !I r 1v B(v) (•-fftim��t.::. fJ �gr) O)�ff:J't:!4U1�, Michelson =f�!t 

<� 3) tc.AM L t.::.�ir�� *-G. AMJ't:t]:t, e.'' -A A 7
° 

9 v � -vc. J: fJ =.J't:�nc.%1ll � 

n-c, �n�n��•t•••�&M�n, w��-A.7'�9��-KJ:'Jmhirn� h 

o. �0)3ttm$;5tn\ �%1�-c--1 / � 7 ;r. p !7"7 Ac L-C�lli�ho. -1 / � 7 ;r. p :1·7 A 

�:t, -�tc.=.J't*O)J'tn£� x c-t G c, 

l(x) = �� B(v) cos 21rvx dv 

= �=
00 

Bp(v) cos 21rvx dv, ( 1 ) 

c L -C � � h 0. .:. .:. --c·, v (cm- 1) v:tili!l��* L, 

1 
Bp(v)=

2
{B(v)+B(-v)}, (2) 

'"'t:So. Bp(v) v:t v vc.�-to1M��-c-, ��l¥Jl&fJ1&1.,,�r(E-vc.-tot.::.2sb, B(v) O)iJ,.bf)tc. 

�Al., t.::.. Bp(v) v:t, :i:t (1) J: fJ ,{ Y � 7 ;r. P !J" 7 A /(x) 0) 7 -9 .:r..�5,t�� c l., -C ;j(cb 
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( 3) 
-c� Q. LiP L, ��O) 1 './ !7 7 ;,:. p 37· :Li, a, l$mu�iJ���!fi!§:tm LiJ,thiJ,t.rt ,t-=.6bv::.. :yf, 
lE!�xiJ:�p.J!O)f[!tf:1-C'O)d;,<-�Gho. Z/t--::i-C, 7- !J .::i:.5}��-C'*6bGhG7'�37 1- 1vB/(v) 
�:t. 5:t (3) 0) iJ•h IJ v:-:. 

\ L/2 B/(lJ)= )_L 1
/(x) cos 2m;x dx 

= [}(x)H(x) cos 2nvx dx 

c L-C*6b Gh6. CC -c·, -L/2, L/2 �:t��2¥:0)rpJ!j:o J: rf J::rl�* L 
H(x)= { 1 (-L/2 <x<L/2) 

0 (x< -L/2, x>L/2), 
-C'c56. 5:t (4) vt, ::i :/.f 9 =i. - -;,, a :/5£:!JJ::.J: IJ 

B/(v)=BPM * w().)), 

� 00 sin 21CvL w(lJ)= H(x) cos 2nvx dx=2L• 2 L , -oo 1'( l) 

(4) 

( 5) 

(6) 

( 7) 

-e, sine Mtce� 6. A (6) fp f::>7J'iJ, 6 J: ') v::., w(lJ) �t�� �� B(lJ)dv 0)��5t�il!UJE-t 6 
�0)7J'�ttO)�u§': (7' !J 'Y r) ��-c-� 0. 

7 ;1-; 17·· -1 -li - -;,, a Y 1*f1 v:t, H (x) 0) iJ•h 1) v::., Im 0) ;il41 tJ: M� A (x) � ffl t, -C. w(v) (}) 
sine M�1¥Ji�-1,,"'(·�o��(})ilJtXffi:*��:J?��Q C c�§tflc-t6. ,t(})�it, A (7) 
(}) iJ,h f) v::. 

( 8) 

� Jfh, 6. A(x} �t, r '7 Y -r - -;,, a Y 1*}� c 1b llf�fh -c 1., 6. 
�TuK, akO)�fflLkr:J:/�-'/'a'./��c1Y!77;i:. P Y:JA(])M�O)•A�� 

jf--;-. A(x) c L -C, 

I 
A(x)= 

0 
X 

2a +0.5 
1 

(3-x 
/3-r 

0 

(x<-a) 
(-a< x< a) 
(a< x<r) 
(r< x<f3) 
(j3<x), (9) 
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1.0 

o. 

TRUNCATION FUNCTION 

I\Nl�-V.:.�����""'f}' _______ ...._ __ _ X a 1 

l(x): INTERFEROGRAM 

x=O: ZERO OPTICAL DIFFERENCE 

mi 7a ,f '/ !7 7 :r. r:i !f =:J A c.  r 7 '/ 7 - V a '/��O)m;:;t®. A1 : 7 7T> �t' ,f -t: - V a  

'/ �fi ?  fflii° (5:t (9) t�j;j"µt,) . A2 : 7 7T> 17· ,f -t: - V a  '/ �fihfJ: 1, ,fflii° (5:t 
(9) -e r = 19 iJ•v:> 3 fi § �� " ,  ts: -t 0) t�j;j"µt,) 

Fig. la. Relation between interferogram and truncation /unction. 
A1 : Apodized (eq. (9)). A2 : Unapodized (r =/9 and without the 3rd 
line in eq. (9)). 

4.0 

RES.= 1.0 cm-1 

A 2 :unopodized 

2.0 

1.0 

0.0 

-1.0 

0 0.5 1.0 1.5 

11 (cm-1) 

� 7b �lllfffl�. ��::B-Mi!§ 1 . 0 cm-l -z:- 7 � 3-· ,f -c - V a  '/ �fi -? t.:fflir c fiht.s: 
I, ,fflir 

Fig. lb. Instrumental slit functions with and without apodization for the res­
olution of 1.0 cm- 1

• 

�ffl \, , f-: . .:. .:. ··e, a tt 2. 835767 x 10-2 cm, r fl 1. 790585 x 10-1 cm, f3 a 1. 037081 cm 

--c·, �J.E5.tMtr H:t 1 cm-1 c L '-C " ,  G .  

� 7b tc, A (8) c A (9) vc J:: G �ntM��ffi t, ts: . 7 ;t; �-· -1 -1:: - � a � �fih t.i:: " ,�it 
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Fig. 8. Sensitivity spectrum of the spectrometer. The main structure is due to 

the beam splitter which is made of KBr with Ge-coating. Absorption 

bands of water vapor and carbon dioxide seen in this figure are listed in 

Table 2. 
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vc v-.t , �fl:�JO:t� < O) jij?xffi}(��"'.)�J C(', 0.5  cm-1 � c l'C O c ts.: � ,  � jJ; tJt * � 

\, ' ·  7 � 3l'' -1 -It - -;,, a /' �fi ? c ,  �jj'jt}A;,jt IJ :B-M�fit-i '0 Q iJ� , MU?Xffi::kvi vi c A, c·ts.: < 

ts:. Q .  t. O)�,ftO)�{jfi1f1JH:t� 0.7 cm- 1 -C-?5 Q .  ffiU5£ 7-. -" � r 1v O) t:j:t'"(·ri:tiM c t.c Q i:lVt'.{ 7-. ""' 

� r 1viJ\ %M�®'.5Efl@: c !'ffJ;ffi� O) ?Bl�Fai '1.:-�1t L, ·n, , Q �,ftvc v:t, 5£:1:vc� L, -C �fflt�� 

O)ffJ'a:'�tl L t.dt.h�fts:. G ts.: " , . 4'@JO)fi,iJlU--C v:t5:t (9) O) �![��'a:'f!i!ffl L, t::... 

:t:�:fcnt5)-J'tftO)�ffl:WiHcfrii < "i '·e vc v:t, ::k�i:J:l0)5)--=J-vc J: 0 g&JBl O) vlir• vc ,  �� t::' - A 

A 7 Y � � - O)OCM · ����� J: ��ffi�O) ����O)����� Q . � O) ��' %�ITT 

�1* c l, ""( O) ���lt� >l< � A -"  � r JvO)®tlE'a:':fr '? t::.. . m 8 vc�{*;9=i1&M'a:'.ffl l., , -c ;s.}<�t-: 

7t:fctt�1*0)5t���!f.ftt'a:'m-t-. � O) m}f!J!ffl Lt::..�1*�0)lfiiJ.J!tv:t 12s2 K -r-, -t 0) 1  / � 

7 ::i: i:t Y '7 A {a-i}0)55t 6 vt t. O) ��vc r:ia 6 ;h, -C \, '  ;�d't� U l  P - /� - 7 :/ 7°) c !'ffjfflftt'"(' 

?5 '? t::.. . � O) fil'-i}tcxti"" G �:fc�'WJl'�vt 0.01 % hlr c 1P-ftJi -r- � G :l:-C:'t5 Q (� 1 #Jffl) . 

£ t::.., %$1Ht 0.8 cm- 1 (apodized) '1.:', 100 @J O)  7-. + � :,,,  0) 1 :,,, � 7 ::i: i:t Y '7 A �ff1i L, 

--c " ,  0 .  �ffi'.%:ltvc vt, 3::f*l¥.Jt.i:.btc.Jlrf1t@O)� Q �n�ts.:�1!'.: c -tihvc]t� L, t.::/{ :,,, F'�#t 

�iJ�� G:h -'5 . � 0) ?  '0, 700-1400 cm-1 �� J: � 2800-3000 cm-1 �vc.;. G.:h G  ,J, 6 ts.:� 

'0�.;.vt Ge �� KBr t::' - A 7-. 7
°

Y 7 � - 0)!:&Jl}lvc J: G ib O) '"('t5 9 ,  --z:- O) {m O) �-�fi� 

�il\ G�m� 'i -r·O) :ft�q=iO) Jl(��� J: ���:Jf 7-. O)g&J&vc J: Q t  0) -r·s Q.  �� 7-. --" � r 

1v vc .;. Gtt G ±f.t�!Dl.nr'a:'� 2 vcffi L, t.: (GOODY, 1964 ; MCCLATCHEY et al., 1973) . 

� 2 7}�t{-v'J�/l'.�tt�c,;6 &°:);btz,t-: CO2, H20 �:. J: G±tJ.:1¥k.JfR1if (� 8 $�) 
Table 2. Absorption bands observed in the sensitivity spectrum of the spectrometer 

(see Fig. 8). 

Band intensity : Sv
0 

Species Band origin (cm- 1) (296 K) 
(cm- 1/molecule cm- 2) 

1 594 . 736 1 .061 X 10- 17 

3 15 1 . 63 1  6 . 58 X 10- 2o 
3657 . 054 3 . 62 X 1 0- 19 

3755 . 924 7 . 994 X 10- 18 

5234 . 981 1 . 83 X 1 0- 2o 
5331 . 245 9 . 06 X 10- 19 

6871 . 512  5 . 64 X 10- 20 

7201 . 48 5 . 29 X 10- 2o 
7249 . 93 7 .47 X 10- 19 

61 8 . 033 1 .  436 X 10- 19 

667 . 379 8 . 258 X 1 0- 18 

720 . 808 1 .  853 X 10- 19 

2283 . 490 9 . 602 X 10- 19 

2336 . 637 7 . 66 X 10- is 

2349 . 16 9 . 598 x 10- 11 

3612 . 844 1 .  035 X 10- 13 

3714 . 78 1  1 . 5  X 10- 18 
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Fig. 9. Arrangement inside the hut of Upper Atmosphere Observation Labora­
tory. 
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Fig. 17. Flow-chart of the data processing and analysis. 
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0.8 '--�����........L.������_.__�����-----������� 

70 75 so 85 

SO LAR ZENI TH ANGLE (deg . )  

� 18 7" - � MtJrf71J. li!t!�Hi.'Avft:mi N20 .l!til•, k:h:f:h 216, 270, 324 ppbv <7) �  

(J_)J:l�tt- .t 1n.1<6bt-: 2576 cm-1 '"c'<7)m�$<7):;tm�mflEJ t::.'A-t o �ft. �:1Ui. 
lUUJfl!. 1983 � 4 J=J <7){71J 

Fig. 18. An example of the results of data analysis. The transmittance curves at 
2576 cm- 1 correspond to tropospheric N20 mixing ratios of 216, 270 
and 324 ppbv, respectively. The dots show the measured transmittances 
at Syowa Station in April 1983. 

4.2. ;jlj � ffi Ji: 

90 

:t:�J'tO)iir-?'i-53-J'tfi.il!U v::. J: o *��:S:nx:5}0)5£:fiv::. � £ h o  ���l;fil c L -c v'l, (a) 53-:::Jc 

--���J't�*�O)�J't� J: a��- · �%*0)Mff, � :;t���--O) � � O) � G 

t!, (c) j(3<tO)�!LtJ: c· v::. J: Q *���O)� G ti' , (d) il!U5£i:p0):;t:�J;;:JJ{� O)�{t� J: U:;t: 

�J't�ffiil;il!U5ESv::.x1 L -c t ---:>�ii; IJ �. (e) 53-J'tSO)··'*l��::. J: o :7-. � � r Jv 0) f wt 

1t, (f) ftJP::.{3e.ffl-t" o �Jl:x.1*�0)�:X1{rn[-?:Z:- O)�.,I� • �,EE:tjJ*O)�JEiit � ,  (g) Ray-trac­

ing tt•tJ: c·O)mtJr1if*v::.�l;fil--t o i 0), tJ: c·n;�x.. G h o .  ::::. ::::. -ev-t, ��v::.in5E �nt-=. 

:7-. � �  r ;vO) S/N J:f:O)wc�l& IJ iJ'- G , :± c  L '-Cl::!c (a)-(c) v::.x1�-t" o il!U5E���:1<6b o .  

4-, :;t�J't0)5J'J't�� (.$&iBl�t5 t-=. IJ )  � .  :L'IQ�=k3<t?'t--e Po (v) , :L;Q�-e PM c -t" o . 

v �'trHl�-C-;5 o .  =k3<ti:f:t-C'O)�Jl3tv't, :th�.h,O)rB[�-C-v't Beer 0)7*Jl1J v::.iit '.5 ii'- G ,  
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[ ,lf \ (zco) 

J 
P(v) = Po{v) exp - � I  

J 
(o)  ki (v, z) Pi(z)ds ' 
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(10) 

c \. ,  5 rlli*iJ�tb o .  ;:. ;:. --e, im+ i v-i M 1/fll0)!/&l!>l5.t-=J-O)ffi§IJ �� L ,  kiv, z) :to l CJ Pi(z) 

vi.-th-th� � z �c:};;vt G �� v ---e:· 0) 5}-y O) g&Jlxf*� (cm 2 · molecuie- 1
) :};; i tF(!f!J�"&fl!it 

(molecule • cm- 3
) �7f--j-. ffi7.tv'i, *.'Aq:t'"c'O)J't:lft S v:::.v:) \., , -Cfi ') .  (o) vi.fm7Jlij_��. (Zoo) 

v :t =k 3ZL.l:.Yffii � �b-t. 1lJ: "? -c , 4-*-. G ;h ts: 16 IE! v:::.:};; vt o =k 3Zi)li §.16�� * v:t 

c � � tt o .  

P(v} [ }rf � ( z oo
) 

J T(v) = -
p ( ) = exp - .I: k;(v, z) pi (z)ds , 

o lJ i = l  ( o )  

( 1 1 ) 

��O)?ffU�-r:-v:t, 2.2. --c-�-"ts:�tri!*1f£v:::. J: 'J i2M1t L ts: 7-. � ;1 r 1viJ;� G h o .  -tt.tb 
'b, :it ( 10) 0) P(v) 0) iJ'-b IJ �=-

PdM = ��  w'(1/ ,  v)P(v')d1/ , ( 12) 

iJ�� G .h o .  ;:. ;:. --c-, w'(1/, v) v:t , �f{ v v:::.:to 1,., ,-cJ:ZI  8 v:::. l --::>  -c7f- � .h o 5.tJ't:HO)��J:::.Jt 
f7U L ,  �f{ (v' -v) v:::."':)1., ,-c  2.2. --c-�§J3 Lt-:�ti:'*lf£0)M� L -C t , o .  i2Mft7,. � ;7 r 1v-/J" 
G � G h o =k.'A��*v:t 

Ta (v) 

� � w'(1./ ,  v)P(v')dv' 
Ta (v) =������-

!� w'(v' , v)P
0(1/)dv' , 

�� w'(1./ , v) exp [ - � ::�
l 

k(v' , z) p(z)ds]dv' 

�� w'(1/ , v)dv' 

(1 3) 

(1 4) 

c ilvt o .  t::.t!.. L ,  :t: ( 14) --c- v:r. ,  �ll-t-" � !!&llx5lrv:t�':fi� c L ,  im+ i v:tti� L t::..  
:it ( 14) 0)71-ffJ:v:t , ffl'lil*1� w'(v' ,  v) O)m�1t ��*-t o .  c =. 6 '"c', fM1t=k���* t 
�vi. IJ , Beer O)l*Jl1J v:::.1;t 5 c &�-t o c ,  

(cm2 • molecule- 1) '  '"c'S o .  

[ \ ( z oo )  

J 
Ta(v) =exp - ) ( o

) 
ka(v, z)p(z)ds , ( 15) 

iJ!U����J!ffi o t::.� v:::., ka (v, z) O)f:ieyfl!l� ka (v) c L ,  !!&llx4m��.lt� a (molecule · 
cm-2) c -t o c , :it ( 1 5) v:t 

( 16) 
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1 � ( zoo) 

f 
kiv) =- kd(v, z)p(z)ds 

a (o) 

1 

(
z

oo) 

' 

a= p(z)ds 
(o)  

-eZ5 o .  :i:t ( 1 6) J: iJ ,  ii!U5:E�� Ll Td(v)f Tiv) vc.. J: o !!2U£4'-m�1t:fiO)��hi 

Lla/a,...., L1 Tiv)/( Tiv) ln Tiv)) ,  

c � � n o .  

( 17) 

( 18) 

�iu � nt-: 7-. � � 1' /V (� 1 1 ,  12a, 13-1 5) J: iJ >]<obt-:�{lffeU�� 3 vc.. "i c obt-:.  / -1 ;( 

O)*� � vi, miJU�tMi-O) vi c Iv c· *1t!¥k.J!}Z.� �vf-C \, , o  c �k. G tL o rJt�� (750 cm-1, 

2400 cm- 1 , 5400 cm-1) f.' O) / -1 ;( v -" JviJ� G ;J<�t-:. .  � 3 0)*5*iJ" G ,  / -1 .?-:· vc.. J: o !¥k.J!}Z. 

4'-m�:fiO)JU5:E��v'l, 5}Jf(il§ 0.8 cm-1 O) �, CFCl3 (850 cm- 1) -z::-� 40% ,  N20 (2576 cm-1 ) 

-r:.- 2% , CH4 (6004 cm- 1) -r:.- 6% �flt c iUWT � n o .  �1J, 5}!¥f�� 0. 1 2 cm-1 vc..�5£ L­

t-:.�-ttv'l, 1 000 cm-1 :b.J!Gv'lWGdj.1& iJ 7F�. N20 (2530 cm- 1) iJ� 4%, CH4 (6004 cm-1) v'lR:9 

30% �l!t c J!ffi t G tL o .  

� 3 S/N .It J: 9 :i:R; (18) vc J: 1J ;J<6btdllU5Efflgf (� 1 1 ,  12a, 1 3-15 �JV&) 
Table 3. The accuracy of measurements in terms of eq. (18) 

(see Figs. 11,  12a, 13, 14, 15). 
Res. =0 . 12 cm- 1 

Wavenumber S/N J T/ T  T Ja/a 
850 cm- 1 unsatisfactory 

2530 cm- 1 30 0 . 03 0 . 5  0 . 04 
6004cm- 1 4 0 . 25 0 . 4  0 . 27 

Res. =0 .  7 cm-I  

Wavenumber S/N J T/ T  T Ja/a 

850 cm- I 12  0 . 08 0 . 8  0 . 36 

2576 cm- I 80 0 . 01 3  0 . 5  0 . 02 

6004 cm- I 10  0 . 1 0 . 8  0 . 06 

5 .  �;*O)�� 
A, "i '1:.'JZIS""'t-= ;:. c 7)'> G ,  TGS �����ffi L-t-:�ir. Jffl�•iuv'l, �5i:5tm� 1 .0 cm-I 

�fltb��� -r:.-Z5 o ;:.  c b�nn" o .  A,@J O)fflffi MAP f.'vi, 7c 0) J: :> t,di.iflUiJ;�of[ � ;h, N20 

jo J: U CH4 tc.."'.)1., , -C 0) 7 - 3( �1'-G ;:. c tJ; -z::<t!! t-: .  L iJ• L ,  lOOO cm-1 :b.J!GO)�if{U �c.."'.)1., ,-c 

vi ,  ffeUx. Lt CFC13 O) iI!U5£0)�if. ��iJ� 40% �flt t Z5 G ;:. c b�niJ" -? f-:. .  itf!J:iJ, G O)$ 

*%��K J: o *�••�%0)Bmutt, MfiK �� � -c . ftmz.��O)af!t%���5i:� o �  

c· L -c 1., ,  Q t,; , 7,. � � t- 1Hc.. � "i n -c " ,  o ·11r:ffl � J: iJ � < iJ."'.)I£:utHc.. � o t-:o0vc.. v-t , J: iJ a 
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0-m� (0. 1-0.01 cm- 1
) -ewrnm-t 0 S:. c ii;� 'i L. \, ' ·  �0-Mtl§ vc t,chvf, g&Jl:5l�iq]±0)5)-jl 

-/J; J: < tJ: IJ ,  g&Jl>l-e i:z O)���il;IEutr:. tJ: 0 c \, ,  '5 fUl!�il;� 0 .  L. il• L. , -t 0) - 1J  "c' v't ,  

S/N J:til;f�r-t 0 O) "(·, ��� c V-C ��fltO) 1b 0) ,  {JU :z vi MCT (400-2000 cm-1 "(· de­

tectivity D*rv 1010  cm• Hz112 • w- 1) �{£ 5 1JtJ:, TGS (400-8000 cm- 1 --c- D*rv 109 cm•Hz112 • 

w- 1) �{£ 5 J: iJ �fU --c-� 0 .  LtJ •  L ,  MCT v1mt1*�*�*P (77K) 0) �\�7]: � I) '  mt1*� 

-O)�� � A� �-*-t 0 S:. c , ff��MO)�-�� L � < kct> K&ffl��IE��-t- 0 -:. c  

tJ: t· O)�� 1b tmb 0 (t!tzff G ,  1982) . 'i f.::_ ,  tttJ!U$i:Fa9iJ:� < tJ: 0 }� 1b �II v-c � < �,�n: 

� Q .  

MAP MFl39a, mt1*�* 0){£ffi tJ: �.R G ;h:-C 1., , f.::_ tJ: ,  £�1¥J-r' - 3t .iJ;� G h, N20 � CH4 

O) �r13,�i'J�ttmu-t 0 -:.  t tJ:"(- t! t.::_. -:. n G O)!fm:i'.v t ,  � k  O)�i'JtJ;,J, � 1., , t.::_ct>,  f&�!¥ltJ: 

�1JllffirAJ ��a 0 t.::_ co vc vx ,  Mrl3, � �"' , --c O)tJ!U5En�m�"(-� 0 .  4-�. ttOi�O)fm mu � �  vc 1Jll 

;z , 5)-3'£;$!¥].l[�iJ. G 0) J: iJ �*ffitJ: cf- .:r. :,1 !7 c ,  1000 cm-1 �O) CFC13 , CF2CI2 , HN03 0) 

IE1ittJ:�£ O) f.::_ co vc MCT ���vc J: 0 �0-Mtl§fmiJ!Uil;� 'i :h 0 .  

� a$ 

*lvf:JE O)�M[vc� f.::_ -? --C l'l, ffr};zs � J: 'C.,��ni{'F�� �i. t: co, fmi.&U�O)c¥£�. 1ff ;jJ O)j( t! tJ: 

mfttJ: c· 0) m�tJ:25 1J ,  -l-n G O)JlB!H=-25 t.::_ -? -c .  � 24 ?xri,fflU� orir �ffi�*> , � 2s ck 

fmtlU� (f��:'1'.J�ffe:) :tu J: �� 23 tXfmiJ!U� (£--B-i¥::'1'.J�ffe:) O) �ffet4H:s'l.O) :1J%i\, ,3t� c 

IJliJ. 1., ,m}J 'i L. v:t�nJ !R.""c-� "'.) f.::_ . -:. n G 0) 1J  k v=.ic.., J: IJ �!§h , f.::_ L. 'i -t". -1J, � P'.J "(· O) �  

tt��"(-O)jt£tJ: 7  F/�  1 7,. c ,  �:til e O)�� tJ: c, t.:.. :z fiUJJ L --C t; ,f-:.f_: t, , f-:�ft;ti.:tmtitf 

�FJTO) m@ �. fii:Ji:\JUflt, iH-t �-. fOEB �0)%,B;;�::::.� < �ffl\, , f.::_ L. 'i -t. %3'c�Jl:O) 

;r;§.di-.ll.L 5?�HI�. 'i kJ���O) 7' - 3t M,W.tci:: c'' v:':.---:J\,  ' L Vi., B :$:'ffl:-=f:f*:i:t�t±0),§3-)ffi-*:t± 

�vi. L, cb�'&ITT:t:L�v::::. ,  � < 0) �1[ C WiJ 'i L � \, , f.::_ f:_ \, , f.:.. .  :k�:©1'f:�fi:O)�{tv::::. ":) \,  \ L vi., 

t't1%03'c�7RPil�ti O)t1¥!E%0lm .El;; O) �� C � :tn::::. fl ') C ;:. 7:> il;�il· "'.) f.::_ .  -:. ;h G 0) 1J k v::::.ic.., J: 

9 ��f\, , t.:.. L. 'i -t". 'i t::_, �WT$:tJ: ::z _;1. :/ 1- 7,r\, , f.::_ fc_ \, , f.:.. v 7  .:r. Y - O) jji::::.��f\, , f.::_ L. 'i 
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