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STRATOSPHERIC EMISSION DATA ANALYSIS

Introduction : ' weor ¥

The work conducted under this. contract constitutes a data-processing
and data analysis part of the AFGL SCRIBE [Stratospheric Cryopenic Inter-
ferometer Balloon Experimentj program. Our participation may be summarized
into three major categories:

(1) extraction of the interferogram data from the PCM telemetry

data tape; i

(2) processing of the interferogram data for spectral retrieval;

and

(3) analysis of the obtained atmospheric emission datai

s

The first successful balloon flight took place during the month of

October 1980. Our effort prior to the flight for preparing various
electronic hardware, as well as necessary computer software for the data
processing, was proved to be effective when they were applied for
processing the flight data which became available. We were able to extract
the data without encountering difficulties and to analyze them successfully.
Our scientific report entitled "SCRIBE I Data Analysis" deseribes the
technical aspect of our effort.l! A paper entitied "Measurcment of atmo-
spheric emission using a balloon~borne cryogenic Fourier spectromeggq" was
published in the Proceedings of the 1981 International Conference on

Fourier Transform Infrared Spectroscopy.?

14, Sakai, "SCRIBE I Data Analysis," AFGL-TR-81-0129, April 1981.

25 copy is supplied with this final report.




The scheme developed under this contract proved its effectiveness for
the data processing performed on the SCRIBE II data of October 1981. We are
able to process more than 10 interferogram data a day.

In this final report, we focus our attention to the operational aspect

of our processing scheme.

SCRIBE Program

A main goal of the SCRIBE program is to obtain the atmospheric emission
spectral data at a balloon altitude of 30,000 m. The spectrometer's line
of sight is set at a direction within a few degrees above the horizon. The
spectrometer used for observation is & cat's eye retroflector Michelson
interferometer operated at liquid nitrogen temperature with a Ge:Hg or
GE:Cu detector. The infrared radiation which we want to observe is the
various molecular bands of the atmospheric species emitted under the local

thermal equilibrium condition at 230°K, which is the ambient temperature at

30 Km height.
The molecular density of major molecular species at the altitude is

given in Table I.

Table I

nos Molecular Density per cm3 at 30 Km Altitude

H,0 1.33 x 1013
13

Accession For co, 8.06 x 10
NT1S GRARI 0 2.50 x 1012
DTIC TAB 3 .
Unannounced O CHh 3.91 x 10 1 ’
Justification .

N,0 8.55 x 10
Py.
pistribution/ ! co 1.71 x 1030
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Accepting the atmospheric scale height of 8 Km, we can expect the
total molecular column density N per cm2 approximately given by
N = n0(8 X 105)/cose,
where § is the elevation angle of the sight line. At the altitude of 30 Km,
the ambient pressure is an order of 10 mb. Both the collisional broadening
process and the Doppler broadening process are equally important at the

altitude of 30 Km. The molecular line profile k(o) with the Gaussian form

is given by

O=0

= - 2n2( . 0)2
k(o) = S/ ¢ d
c [»] ™

da
where S is the total line strength which is computed by multiplying the

total column density to the absorption strength SO,

S = SON = fk(o)do.

The Doppler line width o. is & function solely determined by the temperature

d

T, the molecular mass m, and the line center frequency 0,F

0o 3kT ’
a, = — J==.
c

d m
The emission radiance of a molecular line calculated under the single layer

assumption is given by

2 2
sy [ - wigo)
E(o) = B(o,T) {1 - exp(- -%%' 5%— e d )1,
d

where B(o,T) is the blackbody radiation function at o and T.

If the molecular line broadening is controlled by the collisional

process, the profile is Lorentzian:




Again we get
S = fk{o)do.
The emission radiance of a molecular line calculated under the same

assumption is given by

S Ha
Q C

( )].
nﬁo-oo)Q + aa

The power available for observation of the molecular line is then

E(o) = B(o,T) [1 - exp -

determined by the radiance power E times the interferometer energy collecting {
power which is approximately 1.2 x 10'“ steradian cm2 for our case. Taking
the Doppler width of 0.0008 e} and the blackbody radiance of 5 x 1070 w/
steradian cm2 cm-l, the energy power for observation of a single molecular
line at the 700 em™t region is found to be an order of lO—lzw, imposing two
basic requirements for the measurement sensitivity. The detector must be
extremely sensitive and the interferometer itself must be cooled to liquid

nitrogen temperature.

The interferometer is driven at a rate of 30 sec to make a single

complete scanning cycle. The interferogram data acquisition period lasts
approximately 25 sec. The interferogram data are transmitted through the
PCM telemetry 1link to the ground station at a rate of 11,000 72-bit words
per second. The received telemetry signal is recorded on an analog tape
{PCM tape] running at 60 ips. Together with the interferogram signal in a
digital sequence are the PCM synchronization code, the other housekeeping
signals, the time code, etc. The time code provides the information on the

time of recording with the Greenwich standard time.




Extraction of the interferogram data from the PCM tape

The operation is performed using an analog TAPE rccorder/playback
machine, a time code generator, a PCM signal decoder, a home-made interface
electronics, a PDPll computer with a RK11l disk and a TM1l magnetic tape
transport. The operational sequence is detailed below. The PDP1ll computer
is operated under the RT1ll system software. The software written for the
data transfer between the DR11B parallel input to the RK1ll disk is listed
in our Scientific Report I.

(1) Mount the PCM tape on a playback unit. Connect the PCM signal output
to a PCM decoder and the time-code output to a time-code generator.

(2) Play back the PCM tape. Set the PCM decoder for a proper synch word
and a proper frame word. Observe the bit pattern displayed on the
PCM decoder unit. The time-code generator displays the time recorded
on the PCM tape.

(3) Start the PDP1l. Bring the keyboard monitor up. Set the switch
register to 105. Mount a magnetic tape to the TM1l tape transport.
Initialize the magnetic tape by typing MT:/Z under PIP. Bring back
KB monitor.

(4) Place the PCM tape at a proper position by checking the time code.
Start the PCM tape.

(5) Wait until the signal indicates the retrace mode (bit pattern 000000).

Type [R A.)I on the keyboard. The computer responds a bell signal

indicating the program is ready. If the bell signal comes after
completion of the retrace mode, go back to KB monitor and repeat the
sequence (4) and (5).

(6) If everything is OK, the computer signals the bell sound after it




transfers an interferogram data extracted from the PCM tape. During
this period, no synch loss should occur. After the bell sound, the
computer prints "DONE." Stop the PCM tape.

(7) Bring back KB monitor. Run PIP by typing 3_?¥?¥' After USR responds
by printing *, type MT¢:P?§.DAT<RK1:PCMRKl.DAT/M=%J. Observe the data
transfer from RK1:PCMRK1.DAT to MT@:LFN.DAT (LFN; identification file
name).

(8) Repeat (4) through (7) until the MT tape is full. [Normally 7 data
transfers are required. ]

(9) Demount the MT tape from the TM1l tape transport. Put a gummed label
on the MT tape for its identification. The current label is shown

below. It is preferred to have another gummed label, indicating all

files on the tape.

ARFII2
SAKAI(WMSA)

Spectral recovery operation

Because of a convenience provided by the CDC computer system we have
at the University of Massachusetts, in particular because of its convenient
interactive Jleature, both the spectral recovery and the spectral analysis
are performed using our central-site computing facility.

The input data for the spectral recovery process is the raw interfero-
gram data recorded on a T~-track magnetic tape under the control of the RTI11l

system software.* The logical flow was described in our scientific report.

)
The tape has a T-track, odd-parity format recorded with 800 BPI demsity. A
single data information consists of three files separated by the EOF mark,

the directory, the data, and a single empty file ended by the EOF.




The decoding software was slightly modified from the source listing in our
scientific report to the one in the Appendix for improvement of its operating
efficiency. The phase correction, the Fourier #ransformation and the CRT
plot software were those developed by us for other purposes, and their
documentation would appear elsewhere. The processing scheme is sequenced
as follows:
(1) Run Program A shown in Figure 1 with a data tape ARFII2. The PCMDCC
would have a file structure shown in Figure 2.
(2) Use COPYBF utility program to copy the data to TAPE9.
{(3) Run the program on TREAD. The output result is on TAPE2.
() Move the data on TAPE2 to TAPES.
Return, TAPE2, TAPE6, and TAPE9.
(5) Rewind TAPES.
Run the program on SKXX.
The sequences {2) through (5) are shown in Figu}e 3.
(6) Inspect the printed numbers. An example of the printout is shown in
Figure L.
Find where the gain switch occurs, and find M and N.
Type M and N in (2I5) FORMAT
The output is on TAPEl.
(7) Rewind TAPEl.
Run LFILFIX.
Type all control parameters as asked.
(8) Return, TAPEl
Rewind, TAPE2

Define TAPE3 for a direct access permanent file.




Run Li, L2, L3, and L4 consecutively.
The output on TAPE3 is a spectrum recorded in (16I5) format. It is
normalized to 1000 at the highest peak. See the example shown in

Figure 4 for the sequence (7) and (8).

(9) GCo back to {1).




Program A

WMSA. (JOB HASH code)

ACCOUNT ....... ceen

VSN, TAPE1l = ARFII2.

LABEL (TAPEL, MT, D=800, LB2KU, F=S, PO=R)
Define, PCMDCC.

COPYBF, TAPEl, PCMDCC, n / n=3N-1 wherc N is fhe number of the raw
interferogrum data

DAYFILE, L=SKDFILE.
Replace, SKDFILE.
EXIT.

DAYFILE, L=SKDFILE.
Replace, SKDFILE.
/EOR/

/EOT/

Figure 1




BOT

Directory EOF Data I EOF

1

EOF } Directory
2

EOF | Data 1I

EOF

EOF

/GETy TREADY SKXX
/FTNy I=TREAD YL =0

Figure 2

271 CP SECONDS COMFILATION TIME

/FTNy L=SKXX s L=0rB=LQ

172 CF SECONDS COMFILATION TIME

JGET»LEUNSLFILFIX
/UOFYERRyLEUNyL1s8
COPY COMPLETE.,
/COPYEBRyLEUNYL2y 6
COPY COMFLETE.
/COPYERy LEUNYL3y 7
COFY COMFLETE.
/COFYERy LEUNsLA»S
COPY COMPLETE.
COPYBF,PCMDCC, X,n.
COPYBF , PCMDCC , TAPES.

Rewind,TAPEQ

LCco

Rewind ,TAPE?
COPYCR,TAPE2, TAPES .
Return,TAPE2,TAPE6,TAPES .
Rewind ,TAPES

Lq.

Figure 3
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Spectral Analysis

The SCRIBE program is a technical challenge, attempting to achieve a
good measurement on the atmospheric emiscion data which hitherto have been
known to us rather poorly. Based on the primary goal set for the program,
our analysis is designed to spot shortcomings which may exist on either
the observed data or the presently existing theoretical model, without
requiring an elaborate computational effort. In other words, our effort is
focused to survey the observed data using a theoretically computed model
which would provide a radiance figure within + 20% accuracy. The consider-
ation dictated to us for our analysis effort is a cost and & speed of
computation. The balloon data would be obtained anyway in a rather
difficult circumstance with parameters which are determined with limited
accuracies.

Upon considering these points, we decided to synthesize the theoretical
spectrum primarily with an emphasis on the computational speed. At the same
time the computational accﬁracy suffered to some extent, in order to achieve
improved computational efficiency. Nonetheless, the spectral result
obtained in the computation would serve to provide a reference for survey
effort. We designed the computational algorithm to achieve a speed suitable
for interactive study.

The atmospheric line listing compiled by the AFGL forms a theoretical
base for our computation. TFrom the beginning, we did not attempt to
generate an accurate line profile in our computation, because both factors,
insufficient spectral resolution and blending of lines, would conceal

individual line profiles in the observed data. We did not attempt to use




W

the AFGL FASCOD! for our computation because of the reason cited above.

The molecular absorptance A(c) at wavenumber ¢ is calculated by

Alo) = 1 - exp - {an(o)},
n

vhere kn(o) is the line absorbance of a line n. The opltical depth of the

molecular line with which we deal in our calculation is in general relatively

thin. The spectral resolution in the observed data is insufficient for .

e

allowing us to observe the individual line profilc without a large
distortion. Under these conditions, the absorptance averaged over a
spectral resolution much wider than the individual line width, can be

F calculated by

' <A(o)>AV =1 - exp - <{ﬁkn(o)}>

AV’
The averaging operation is taken over the resolution widih; i.e., the

absorbance an(c) is averaged over the lines which fuall within the resolu-
n
tion width Ac. If n lines are in Ao, the average absorbance <Ekn(o)>Av is
n

computed by

= 1 rya
<zkn(0)>AV = = {an},
n n

where Sn is the line strength of the line n.

The energy is absorbed by the molecular system from the radiation
field at a rate specified by the absorptance along the absorption path.
The absorbed energy by the molecular system is redistributed within the
entire system. If a thermal equilibrium is established at temperature T,
the molecular system and the radiation field are in thermal equilib: ium

at that temperature. If the molecular system is capable of absorbing

15,4, Clough, ¥.X. Kneizis, and J.H. Chetwind, AFGL-TR-77-016k.

13
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the radiation energy by the absorptance A{g), the same molecular system
establishes a thermal equilibrium with the radiation field which balances
with the energy absorbed by the molecular system: i.e., A(o)B(o,T).
Therefore, the emitted energy by the molecular system to the radiation

field is given by A(c)B(o,T).

.
B(a,T) molecular
system
Thg:fﬁl —— [1 - A(0)]B(0,T)
Transmitted Energy
Absorbed Energy
= B(o,T)A(o)
Figure 5 1

The situation described above is schematically shown in Figure 5. A
thermal bath is a blackbody radiation of temperature T. The molecular
system absorbs the energy A(o)B(o,T) and transmits the energy [1-A(o)]B(s,T).
The absorbed energy A(c)E(0,T) is re-emitted isotropically from the molecular
system, thercby establishing the energy balance.

The discussion made above for a single uniform layer can be extended

for the case of multiple layers. If the system is as shown in Figure 6,

the energy B(Tl)A, emitted by the layer 1

' layer 1 layer 2 U layer N
\ ]
B(T)A, (1-A,) 4 B(T,)A; (1-A,) ... (1-Ap)
B(Tl)Al — S oy — ———
] i
B(TQ)AQ P B(TQ)A2(1-A3)...(1-AN)
— L Y —
i |
' : B(Ty)Ay | —B(Ty)Ay
m ]
1 T2 D Ty
Figure 6
14
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becomes B(Tl)Al(A-AQ)"‘(l'AN) after it goes through the layers 2 through

N. The emitted energy B(TQ)AO by the layer 2 yields B(TZ)A?(I-A )...(1-AN)

3
at the output side of the N-th layer, and so forth. The¢ total energy
available at the output side of the N-th layer is calculated by summing

all contributions:

N N
E = [nil B(TN)A“(3=2+1 (l—AJ) )+ B(TN)AN.

The computation requires the line strengths computed for these temperature:.
Since the calculations are for temperature lower than 300°K, no inherent
difficulties exist. The line strength at temperature 71 is calculated from
the strength S(Ts) at temperature T_ by

-E" /KT
QV(TS)QR(TS)R
-E"/KT ’

s(T) = 8(T,)
QV(T)QR(T)z

where QV(T) and QR(T) are the vibrational and rotational partition sum at
temperature T.

There are two programs listed in the Appendix, onc developed for the
single layer computation and another for the multi~layer (up to 6) compu-
tation. The line listing input is TAPE2, and other control parameters arc
in TAPE5. The output spectrum produced on TAPE1l in (1615) format is a
normalized emissivity with respect to the last layer (1000 for a unit
emissivity). The program SPDG produces a spectrum smeared by sinc?. The

synthetic spectra shown in our scientific revort were calculated using

these programs.




Appendix A Souree Program  TREAD

FROGRAM TREALD(TAFEY » TAFE Ly TAFES6» TAFE2yOQUTFUT)
DIMENSION [AC2048),10(2048)
ODIMENSION 1L(256)yIE(S12)
100 FORMAT(8(1XyU8))
101 FORMAT(1615)
DATA IXArIXB/777777By17000000R/
N=104
CONTINUE
DO B0 I=1,2%6
IDCI)Y=0,
CONTINUE
BUFFER INC2y 1) CIDCL) »yTDOND)
IFCUNIT(?)) 1121431
11 CUONTINUE
CALL, TPDCODECIDyY IE)
WRIVEC(AH) CTECI) v I=19254)
GO TO 10
21 CUNTINULE
31 CONTINUE
REWIND o
JQ=0
NED
CONTINUE
JA=
my 1% K=1+8
JBs Jad 285
RFADRCSY CLACTY vy I=JdAy JR)

I¢

-

50

"~

=

15 CONTINUE
o 12 I=1,2048
: IR=LACT) « AND L TXA
IY~EACTY JAND EXR
IF (LY NE.1G000000R) GO TO 12
TCChy=1X
NENE N
2 LDNYT THUE
NNIVEN]
THOdWLE.LY GO TO 20
T 6T.1) H=d-1
X OO/ 16) K1 6)
LFCIX W GE .16 WRITE(2y101)CITCL) » Il y XD
S0 104X
AN S|
FEN
13 1=JYead
TCCI =T8T
NENEN]
13 CONT [WUE
LR LE.81920) 6O TO 20
4l GUNTINUE
FRINT 101y Ju
LALL EXIY
4 STOF
FND

*y
~

16

- nat

Cepy oo 7
permit fully 1. RV O

ction
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SURKROUT INE TFDCODECTIDy IED
HMENS TUON TDC2) » TEC2) y TACS) y TR(G) » T (4D

L777700000000000000008y77777777000000008y 777777771/
DATA CIECT) v I=lyd) /1 7R 1 700Ky 1700008 L 7000000R/
[,

Jal
DG 11 1edeSd

Ta=T0¢h ) v ANI LACL)

B¢y =SHI TRy - 36)

ITX=I0(L) « ANDL EACD)

e GHEF T LYy -1 2)

(LY JANDL TAC3)

=THCL ALY JAND TACA)

HIFTCTYy~48)

1 TZ=SHIFT(IXy12)

' TEC3)=EZ241¢

XTI 4+1) JAND L IACS)
TECA)=SHIFT{IXy~24)
TECHE) =TI0(L+1) AND. TACS)
Lol 42

00 12 K=1e5
FA=TBREK)Y JAND L TECA)
IY=TROK) »ANDL TC (X)
To=TROKY AND. TC )

1 LZ7=T8OKY AN TG 1)

TEC =SHTFTC Yy =12 4 SHIFT L2y =2 +SHIF T (1279 8) 41X
NENES)
12 CONTINUE
11 CONTINUE
IX=TH(L) s AND L TACL)
THCLY=8HIFT (IXy~36)
IX=IRC1LY . AND. 10 (4)
LY=XB O34 ANDL 16 (3)
IZ=T0C1Y AN FC (2
172=18C1) JANDNL TC (1)
LECH) =mHIFTOIY 9~ 12) 4SHIFTCIZ s ~2)+SHIFT (122 8) 41X
RETURN
ENG

DATA (TaACT) v 1) o b6)/7777777700CG000000000Ry 2777777700008y 77771y

© e o g
i :
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Appendix B Source Program SKXX

100

14

FROGRAM TT(TAPEB»OUTFUT» TAFE2=0UTPUT» INFUT» TAFEL)
UIMENSTONIAC2048)

FORMAT(1615)

READ(B,100) (IACI) » I=1,2048)

J=0

DO 10 I=1s2048

TFCIACT) LLELO)Y GO TO 10

=N

NivT TNUE,

)48
JO=CCB00+IN) 7162 %1 6
FRINT 100y.00y.J0
=004 )0 64
s K +1.23
WRITEC2e100) (TACD) s I=JKs L)
READ 100 Xy JY '
NVENEIWPER I SX-E N
TSLMA)

T5UMB=0

11048

K an 1; \‘:,'

HO 1L T=1e128
LHUMA - TSUMATIAK)
TSUMB = TSUMBHIACD)
NSNS

NN

LONT TN

AOVE S TFLOATCISUMAY Y /7128,
HAVLE S (FLOAT (ISUME) ) /128,
TB=11 LX ¢ BAVE)

O L2 149yl
XOFLOATCTACT))

X X AAVE ) RS . 64

Lol § v LFIXCX)
CONTINLIF

NS NIES!

0B L3 T=1272048
el =160y Tk

I OCNINTTNUE

BRTE(L 100X (TACT) »1=4952048)
L4 h=dv0é
HEATWSLOO (TACT) » I=1y2048)
N s T=1.2048

I b p=ldely IR

e CONTINUE

WIRTTECT 2 100Y CTACTY v 121 5 2048)
CONTINUE

LALL FXIT

5T O

NI




Source Program to calculate a tynthetic
spectrum (a single layer)

Appendix C

FROGRAM HSESEFLOTCTAFEL=200By TAFE2=200Ry QUTFUT =200y TAPE 5=200F» TAFES

NI 1ACII4E) v BR(1024)
DOSY y DN
QCBY )

UIMENSLTON ROTICT)

EQUIVALENCE <acl)elACI) )y iACI04Y)Y v B (L))
LOO FURMAT(F10.3vE 103y FS:4yF 10,3209y 300A%)
102 FORMAT(1aih)
LOL FORMAT(F 110940 1644
FOF FURmaTC "SRFECTRUR TS CALCULATELD FROM s F10.,4«" UM~ 10"y

LR 4« * UM~ . 3

LOWG FORMATCAELTO, 52

r LOs FURMATOZE L0, 2

OATes LD el Lo 7Y 4H Lol 2948H 49K dratl Mot oy iH 2

DATa (R I Ty s Il e 00050l a0l oSGvleOvd Ot el ais

Plesd 14153006

Vit 3G,

ENDE R =0

i |

Gy A2

ALM
AX:
; T £ v

REA

T

W EER
=Y

reld

(S5 106 CACHT L2 el=le?)

TITa=(YT-T3/0T%07)
FSLM=0 . 1

READCOy 1G1) WXsWyWA»UWE
READ(Ty 102

WX WXk (-1, 0

Wle=WXES L.

WE = W2,

WhOYia COWRAWX ) - CWA-WX) ) /(20 %kWE)
JEND=TFIX VWD Y +1
WXA=WA-WED

WXE=WYATWE X2,
WXC=WARHWDN

AX WX

o 10 L=1,3072

ACLY=0,

Bl o st i e Al b A

I i sanll chiatMARAN

; 10 CONTINUE

f DO 20 J=le JEND

§ LFCINDEALEQ.2) GO 10 17
; . ENDEX=0

11 CONTINUE
REAUCZ2 1007 FoQo (DI o L=ty @)y (LI v Lalvb)
ng & 1=1s7

G L CTuchdy LER. nlrady)y G T/
ut oy Lt

19
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7 AJERUTICL)
QLONST=RCHSTCL)
IF P LE JWXAY GO U Ll
TECH BT o WXLy INIHE: XL
IF(N.NELO) WRITE(6Hy 100 Iyl
17 CONTINUE
QA=QXKBCONS T
OX= (Lo A IKTTTRINC2)
IO R VAR LN
A = QAXFSUMRR TR (L XF CRXD) )
QU= KE S UMKRR TR CEXP (R »
WHRITEC(S82100) FyQUo BT olsd o v v INCE) s Lm0 v6)
(M3 = A/ WX
LFONSNE0) WRITECE&»105) Wy AW
PR (F-WXA ) /WX
IFR=IFIX(FRY 4+ 1
ACLFR) =A(IFR) + QR
12 CONTINUE
IFCINDEXNE L) GO TO 11
13 CUNIINUE
O L% [#1s048
X=AC1)
TF (X LE«.10) GO TO 14
TF X GES 740, ) Xx=100,
TF (Xl b o =&6704) R W IO
A=l o= (Lo ZEXIFCXD))
L4 X=1000.%AHC1)
LaCly=IFLIX(X)
1% CONT LNUL
WREIECOHLOS) WXAYWAE
WHEITECLe LO2) CLACL) v E=21 920480
TE= 004
nOoié I=191024
ACEY =R
ACLL =0,
B(I)=0,
IEINES : ;
1o CONTLINUE :
GO O 1Y :
21 UONTINUE
INDEX=2
GU oo 13
19 GO LRDE
WX W
WXE WY A+ WE X2,
WXL bl bWl
20 COUNI LNUE
Galob, EXLT
ST
E N

20




Source Program tn ealculate a synthetic

Appendix D spectrum (G=laycr)

FROGRAM MCJ
L=0UTRUT Y TAR
THLS PRUGKAM
UNE LAYER) &

DOENCTAFEL=2Q0R s VM E2 200y QUTHIU =008y TAFEL=200ky TAFE &

O0R)

16 MOBEFLEL FRUM COZGLEA CWHITUH 1% GUuoh FOR

: FUR TO CALCULATE o Lavlr AfmuskHERE o
EACH Lea HAS DEFFERENT TEMPERAGIDRE NIV DL LRENT CUNCENTRAT LN

OF H20y CO2y03¢yN20yCOyCHA»O2 : 1‘
INTEGER LLUCE D » 100 j‘
DIMENSTON SCHEvOLL2sAACHTZY v 1O CHT D) Vo
DIMENSTUN QOB s N8 i
DIMENSTON QCGTB»8) yBROED) »11(BY v 1T (B
DIMENSTION ROTJiH) s TS
FQRQUIVALENCE (AACLYy LACED))

1u0 FORMATFLO WA L1039 FS, 45 F 10O 3 2AY v 308 vn5)

LG2 FORMATOLALE)

100 FORMAT(F1a.10r4F 1644

103 FORMATC “SPECTRUM 1% CALCULATED FROM *y FLG 4™ (M L T0O"y
LFLO+4y " L1 “

105 FORMAT CAE L0, 32

LO&6 FORMAT (/10432

107 FORMATCBESLL)
DATA CIMCtr)ed=le7)/3H  193H  2:3H  Ay3H Ay sH Sy 2lt &e3H 7/
BATA (ROTJCID) v L= 7070 0%y L0l oSl ool syl ool Qs
et
|

TEF »29¢
REAL <S5y 1077 «0T(1rel=1v&) .
oy L ot=l-46
READIN €% ¢85 QST e i) v dsmle7}
1 CONTINUE
REATI(Sy LO1) WXrWrWAYWE
READCEJO2Y N
oo 3 I=lyso
S OTTT L =TT~ TVEF)/CTEPXYT (L))
WRITECS»LOZ) (TT(I) e I=leé)
WRITE(HEyI08) ((RUST Iy dy s =12y =lva)
FOHUM=0.1
Wa=WXk (-1 s
Wh=WX k30,
WE =W
WD CCWESWX Y = (WA-WX) ) /(2 XWE)
JENIE=TFIXCWOD) -+ 1L .
WXA=WA- WL
WXE=WX At WEX2,
WXC=WXBH+WD
A X=X
N0 9 J=1+3
o 10 I=les512
ACSyId=0,

21




1O CONTINUE

&

CONTINUE
Ho &0 =1y JENU
INDEX=0

11 CORTINUE

REALI2y 1000 FyQ@e (DI v I=0e2)y CTUCI) 9 X1 v 6)
POl LE WA w To 1l
ToWXU) TN X
w o é b

(I

S A O U SV 3 ¥ P N YN O N SO £ 7% B g

Gu v Ll

frL ) e

PvMaNE Oy WRLTECOL00) Pyl

Pl hNxdsd

GLUONS V=10 s TNy T

Bl KUCONS

X 0] o 55 0¥ VTR ORUCE)

AR T CT PR TE 2N

WA RAKE SRR T KCEXE X))
G*PSUﬁ*NH1*-ExPaux)J
TFIRAEQ L s WEETE (G 100) Foelly bty le Ly (1L L2» Il e&)
AR=0as WX

TFONNE G) WRITE GOy LON) Wy ANy R
FRa WXA D WX

N S I S B (NN S

AV s LR =iy L 4+ Qi

UMY fUF

TV v IRt e 950 c AND U o G WXED) D INDE X =1
CUONTINUE

TFOTHOEZ oMk ) 6y 0 11

UL ML

TEA Y = i

PRINT X "hMOX= "y TMAX
00 08 U= e 300
FoobfXaa W K FLOaToL) b 0L SkWEX
Wy 27 e led

P = TR

GLaok BODY FLANCKR FUNCTIONY DUNGT DN
ClyU2 aRkk GOME CONSTANTy P TS WAVE NO. TEMP 1S TEMPERATURE
WECR =0l CPARRIIRL O/ (EXF (%)) A TEMP Y -1 20

Aofy (R 1)

TRt - by e 10 20

T OX S 0E /940275100,

TF X bbe=a/lsr Ko=100.
GOTO 26

VO TURNYE L0

'y

l:]

RTERRN R ) BN
Poing L e X))

o #Y

permit t i/ ¢ 7 i - 29




27 CONTINUE
AACL)=(1-~T(1) )KRBER(]1)

2 +TCLOXCI-TE2IIRBB(CD)
+TCLIXT(2)K(1-T(3))XRE(3)
FTCLIRTC2IRT (I oL~ T CA)IKBR(A)
FTCLIXTC2)RTO3D KT CAIKCL-TCEY YRR )

) FTCLIRTC2IRTOIIRTCAYKRT (GIKRUL-TCEH) IRRE(SH)
XX=01000.0 % AACL)I/BRCL)
IACD)=IFIX(XX)> ‘-
35 CONTINUE i
WRITE(SHy103) WXArWXE
WRITE (19102 (LACI)Y» 1193200
IL=1IMAX - 320
D0 45 RK=1+6
II=IL + 1
JI=321
DO 46 I=1.IL
ACKy I =ACKy )
ANy 1I)=0,0
II=11+1
JJ=J0+1
46 CONTINUE
DO 47 I=IT,%12
A(K»I)=0.0
47 CONTINUE
45 CONTINUE
WXA=WXER
WXE=WXA+WE X2,
WXC=WXE+WD
60 CONTINUE
CALL EXIT
STOF
END

[ A &

o

T
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Appendix E Source Program SPDG

A

FROGRAM SPGRDO(TAPE1=200Ky TAFE2=200K OUTFUT=200Ey TAFE4=0UTFUT)
DIMENSION TAC1024)9AC4096)5(512) y INV(E12) yM(3) :
DIMENSION 1IC(128)

COMMON L1A»S»INV
FORMAT(1615)

FORMAT(1H )

MC1)=11

M(2)=0

M3 =0

LM 1

XX=1o /512,

REAGCT » 100) CTCCI) s 1=19128)
IF (EOF(1) JNE. 0) GO TO 60
00 S0 L=1,108

D0 9 I=ls128

1aI)=10¢D)

CONTINUE

READCLy LOG) CLACT) y 1212951024
IF (EOFCL) JNE. 0) GO TO 60
J=BY97

Do B I=1,128

O =1A¢L)

NENES)

CONT 1INUE

K=2047

J=1024

B0 10 I=1s1024

IX=1A ()

ACKY=FLOAT LX)

ACKHL) =G,

K-

NENEY!

CONTINUE

AC2049) 0.

AC2050) =0,

J=4095

24 I .




DO 11 I=3,2048,2
ACI)=ACT)
ACHH1)=ACT+1)
J=Jd=2

11 CONTINUE
CALL HARM(AsMy INVySy 1y TERR)
AX=1 4 XX
J=4095
DO 12 I=3s1024,2
ACL)=ACT)IRAX
A=A XAX
S -2
AX=AX-XX

12 CONTINUE
DO 13 1=102%,2048,2
ACL)=0.
ACDIY=0.
J= -2

13 CONTINUE
CALL HARM(AyMyINVySy—1+ TERR)
NES]
DO 14 I=1,2048s2
TAC)=IFIX(ACI))
NENTS)

14 CONTINUE
ITFCLWoNEWL) LM=6S
WRITE(2¢100) (IACI)»E=LMy?60)

‘ 50 CONTINUE

60 Cal.l. EXIT
STOF
END
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n lower atmosphere, the tropopause and the stratozvhere, the frnfrared or

level directly relates to temperature and corncerncraticr of the moleculrs posp

the emivsien.  Tur evieriment was nlanped to o oriagln hignorreeelcion it alt el
nroftiler of varioas wlmws;hvrib raramet ers (tompematare R R S A A
mearuring the Infra-cd omiszlion spoctrum of Lhee Ltmovrhere O Pl Loon-borne oooar fiem,
Tre emigcion mearurorens distineulshed 10oel® Trom the oboorp el rorurement o the
Collowing aspect s, 4omaor distinatie derived et et bt ra e cosnur e i
ronulired. The interfercormetor ecan volnt vy Qlvest Ton th v e gt b theraly
nee dictated by the diurnnl chanme in she solar roactston, o Do nerie ol latant
{=tection sensitivity can be made hich In oour exrorimest, hecypace 1l Piner e shoerved

~
“hrough a very longy ruth In the atmesthere, Weak 1iror apre ouservatie noo woell defined
ltne structure, while strong lincs show a saturatior, wilh recpecy U7 ecorpespondlne black-
vrdy radiance. The diurnal variatlions, 1€ they exAsu, arce readily scervat e i the fdata.

A central feature Hf the experiment !s o cryogenic Interfrrorcter wing o opencluttion of
0.1 r;m= . It operaes at Tlquld @ ivrogen t‘”towﬂ ure.  The Intertfarnroelor, pen
Aecipned, fabricacteld, and ed bty J. iritchard o7 Idealatb, Lo
nyne in,erferome:er consistirg of o Je b=qqn.1**’c" coated oroa subs with o
mevable and a rixed cat'ceeyr rotro=refloctor, The erntire Iptorforoectn housed In a
cryogenic chamber, whlch retains iquid Ny Cemperiture Jor more Chan i with Its

v .
Li';uid No Peservalr fllled. The reference laser whizh nrovides the opt! vath: difference
i

nitoring signal fed into the Irnterferometer chamher throurh fibee o

3

The Universityv of Denver was resnonsible for mediflcattion of varlous rumnwnon'" suitable
“ri balloen=horne measurement, and assembling them Intc ar alreworaby vackaee . The
son Cllyht cropacion was in the charge of the balloon branch «f Alr PMorer» ‘decphyrices

ratory.  The

e Y W
sntire p

reduction and analysis were doene by the 'miversirty of MW
dircetad by Georege Vanasse of AFGL.

Tne balloon filight took place on Octoter 8, 1080, at Holloman AWB, rroducing nni:lyzable
dnta during the Sirst 20 minutes: <ho balloon being then at an alt ituade o0 4000 o,

The spectrum shown in Fig. 1(a) wa% recovered from interfercpram data taken 2° an
21t ttude of‘ approximately 5000 m. The maximum optical path difference was apnroximately
4 o=, npoducineg n corresponding reaolut’on ~f L2 em~1l. Sirce no radiance leovel calfiri-
Ll wepe made lurirs the Tlight, orly qua’ Afa,fvo discussions are arpl‘va:iw to the
sreovrn L oanalysis,  Yap eosmparicocn toe Yhe chserved data, severs:] oynthetlce s :
Fowr, e Big. 1ot terourn 1(d). They are scaled by the emicsivity mmalinngt

the hiphert Cemperature used in the synthet'c a*rosnhere,  The |

om %he iztest AYAL atmospheric line listing (vercion 170}, The obsorved
suecs oy ghows a sharn cut~off at 725 em™! corresnonding to o fe:llr deteector senaltivity

feature observatle below 775 em~™! is a €2 emlssicon of “he (17107~ [DAASALO DI
‘ﬂ"»n*"ln... Other observable COp fratures are (00011-12002) and (00211-]00N01), ' o
“hat cven at a Somoerature riach below 30090 of Che earuy 'sosurlace
hands of X WNC em~l oarc eleariy rhaervatle,  The chonrved

interesiing 4o

r~
S

)

A 2700 em=l reciorn are Lthose of Lhe puve rotaticonal band.,  The

Lermrornture,

Tin~ :L whe TR 1 nes
Aty n5n emT! are ¢voge N lines of “he (O"-’)"-O) cransitlon., Aprnin, th Dines having
An"'rl erorgy aunls exceodling 3000 em™! and a very weak transition rrebab!lity are 2lcars
Ly crrepyable,  The datn 'ndleante axcellent, seneltivity Tor detectling weak snoeectial lires,
T ’ Sipe ty. the 1000 Aam=l o 1875 ep ] rwrfhn eanztiets of many hands (main Teat ure

0
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being Av, = 1), A presence of the N20 band in the observed data 1s rather questionable
and it will be addressed when improvéd data becomes avallable from the future flight.

The measurement during the initial flight was not carried out at the optimum conditions.
The signal-to-noise ratio was down-~graded by unexpected instrumentation problems. Even
with the unfaveorable conditions, the data provided more than ample evidence that the
experiment 1s extremely effective for atmospheric study. The project was and will be
carrled out under a code name of SCRIBE (Stratospheric Cryogenic Interferometer Balloon
Experiment).
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Wi, 1y boepved apectean at altitude of apuroxirately 5000 m anc elevaticn arirle cf 4
0%, The apect pum wias proceatsed with o resolutlon of .12 ¢rn~l. (A trianenlar

Yshetdon was multivltled to the interferoprram data for anodization. The datn
erpinated at B0 em of the aptieal path dircerence.)

e 1 Teecrtieally synthesized cneetrum nsnunins a single layer sueclfled pelow:

m

'ntal Column Densnity

Terprratuee e 0% 3 N0
, 250°% L2 x ind DU ox 10?3 1.42 x 1019 .2k x 1019
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Fig. 1(c) Theoretically synthesized syectrum assuming six layers svecifted b low:

Total Column Den ity

Layer Temperature “;’O (YU;, e 0_3_ o _»A:L_{/‘L‘ o
1 T50°K 12 x 1074 4 x 1n?? 2oxoqote Loy ool
4 2 245 .06 x 1074 ok 10?? Leoxo 1ot oy g
3 240 L0H x 102 Lbox o102 Hoox o pele JwoantH
4 230 n ox o107 T R R oy oonlH
5 220 0 e x 10?7 ol ox o1t R F R
6 220 0 Joxopn?e L0 x Jotd Jox o poth
: Fig. 1(d) Theoretically synthesized svectrum assuming iz lay o apeeiticod below:
‘ ’ Total Column hensity
Layer Temperature o ”?O (‘".."__,___ . ”,j I _'2”
1 250°K 12 x 1070 w102 A TSR Lhox T—‘T“
2 245 .06 x 102 Joxo1p2? cooox ool g pnds
3 240 .05 x 1024 oxo100? R T LHox JOME
4 230 0 Jox 1027 Lo ey R
5 220 0 w122 NIEEP ST s er?
6 22 0 Jox o1yl ? Lolos ke v etk
3
'
i i
|
g
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