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STRATOSPHERIC EMISSION DATA ANALYSIS

Introduction Wc') '

The work conducted under this-contract constitutes a data-processing

and data analysis part of the AFGL SCRIBE [Stratospheric Cryogenic 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;

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

and

(3) analysis of the obtained atmospheric emission data.

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" describes the

technical aspect of our effort.' A paper entitled "Measurement of atmo-

spheric emission using a balloon-borne cryogenic Fourier spectrometer" was

published in the Proceedings of the 1981 International Conference on

Fourier Transform Infrared Spectroscopy.
2

1H. Sakai, "SCRIBE I Data Analysis," AFGL-TTi-i-O129, April 198].

2A copy is supplied with this final report.
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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 a 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 2300K, 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

no, Molecular Density per cm3 at 30 Km Altitude

H20 1.33 x 1013

Ac esSiOn For c°2  8.06 x 1013

NT-S- G3 ' 03 2.50 x 1012

DTIC TAB
Unannoa=08d CHh  3.91 x l0Il
Justificatio

N 0 8.55 x 1010
2

DistrbUtion/ _ CO 1.71 x 1010

AvailabilitY C00 11..
.ai and/o

Dist Special 'I2



Accepting the atmospheric scale height of 8 Km, we can expect. the

total molecular column density N per cm2 approximately given by

N = n (8 x 105)/cose,

where e 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

S9.- 2 n2( 
0 0)2

k(a) = e-F-- d

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

total column density to the absorption strength SOS

S = s N = fk(o)do.0

The Doppler line width ad is a function solely determined by the temperature

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

00

oiod 4 .

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

assumption is given by

SoN - £n (-)

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

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

If the molecular line broadening is controlled by the collisional

process, the profile is Lorentzian:

3



SeA

k(a) = c
Tr[(a-a o)2 + a2] "

Again we get

S = fk(a)da.

The emission radiance of a molecular line calculated under the same

assumption is given by

S N
E(o) =B(o,T) [1 - exp Q ( )C

The power available for observation of the molecular line is then

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 cm-1 and the blackbody radiance of 5 x 10- 6 W/
2 -

steradian cm cm , the energy power for observation of a single molecular

-.1 -12line at the 700 cm region is found to be an order of 10 W, 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 link 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

fPCM 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.

4



Extraction of the interferogram data from the PCM tape

The operation is performed using an analog TAPE recorder/playback

machine, a time code generator, a PCM signal decoder, a home-made interface

electronics, a PDPl1 computer with a RK11 disk and a TMlI magnetic tape

transport. The operational sequence is detailed below. The PDPll computer

is operated under the RT1] system software. The software written for the

data transfer between the DRllB parallel input to the RK11 dL.k 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 PDPll. Bring the keyboard monitor up. Set the switch

register to 105. Mount a magnetic tape to the TMll 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 AJ 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 (h) 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 R PIPJ. After USR responds

by printing *, type MTO:LFN.DAT<RKI:PCMRK1.DAT/M=1J. Observe the data

transfer from RKl:PCMRKl.DAT to MT0: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 TM11 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.
ARF112

SAKAI(WM5A)

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 feature, 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 7-track magnetic tape under the control of the RT11

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

The tape has a 7-track, odd-parity format recorded with 800 BPI density. 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 transformation 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.

(4) Move the data on TAPE2 to TAPE8.

Return, TAPE2, TAPE6, and TAPE9.

(5) Rewind TAPE8.

Run the program on SKXX.

The sequences (2) through (5) are shown in Figure 3.

(6) Inspect the printed numbers. An example of the printout is shown in

Figure 4.

Find where the gain switch occurs, and find M and N.

Type M and N in (215) FORMAT

The output is on TAPE1.

(7) Rewind TAPE1.

Run LFILFIX.

Type all control parameters as asked.

(8) Return, TAPE1

Rewind, TAPE2

Define TAPE3 for a direct access permanent file.

7



Run Li, L2, L3, and L4 consecutively.

The output on TAPE3 is a spectrum recorded in (1615) format. It is

normalized to 1000 at the highest peak. See the example shown in

Figure 14 for the sequence (7) and (8).

()Go back to (1).

8
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Programn A

W1vI5A. (JOB HASHT code)

ACCOUNT ...........

VSN, TAPEl = ARF112.

LABEL (TAPE1., MT, D=800, LB--KU, F--S, PO=R)

Define, PCMDCC.

COPYBF, TAPEl, PCMDCC, n /n=3N-1 where N is the riuib:r of' the raw
interferogrwn dat a

DAYFILE, L=-SKDFILE.

Replace, SKDFILE.

EXIT.

DAYFILE, L=SKDFILE.

Replace, SKDFILE.

/EOR/

/EOI/

Figure 1

9
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BOT

Directory EF Data I EOF EOF Directory O DaaI EFEF
2

Figure 2

,/(3E'T YTREAD 9 SKXX
FT N Y ;~T kEf A o L. 0

.271 CF SECONDS COMPILAIONTM
/'7TN, j:=SKXXL=OYP=LQ

:LY2 CP SECONLIG COMPILATION TIME
/GET r L LEV N Y L F I LE FIX
/ C 0PY 4R vLE V NY L.Y 8

C 0P Y CO0M PLETE.
/ C C) P Y LL LVN v L2 v 6

COPY COMPLETE.
/CUPYf'RYLE-.VNYL3Y V

COPY COMf[.EIE,
/C0PYiBRYLLVNpL4Y5

COPYBF,PCMDCC,X,n.

COPYBF , PCM)CC , TAPE9.

Rewind ,TAPE9.

LCO

Rewind ,TAPE2.

COPYCR ,TAPE2 ,TAPE8.

Return,TAPE2,TAPE6,TAPE9. Figure 3

Rewind ,TAPE8.

LQ.

10
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Spectral Analysis

The SCRIBE program is a technical challenge, attempting to achieve a

good measurement on the atmospheric emission 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 compute4l model

which would provide a radiance figure within + 20% accuracy. The consider-

ation dictated to us for our analysis effort is a cost and a speed off

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 accuracy suffered to some extent, in order to achieve

improved computational efficiency. Nonetheless, the spectral result

obtained in the computation would 5erve to provide a reference for survey

effort. We designed the computational algorithm to achieve a speed suitable

for interactive study.

Thc atmospheric line I Lstinir compiled by the AFGL forms a theoretical

base for our computation. From the beginning, we did not attempt to

generate an accurate lino profile in our computation, because both factors,

insufficient a;pectra) resolution and blending of lines, would conceal

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

1P



the AFGL FASCOD1 for our computation because of the reason cited above.

The molecular absorptance A(o) at wavenumber 0 is calculated by

A(o) = 1 - exp - {Ek (o)},
nn

where k (a) is the line absorbance of a line n. The optical depth of then

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

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

allowing us to observe the individual line profil,2 without a large

distortion. Under these conditions, the absorptance averaged over a

spectral resolution much wider than the individual line width, can be

calculated by

<A()> AV = 1 - exp - <f{k n() AV

n

The averaging operation is taken over the resolution width; i.e., the

absorbance Ek (a) is averaged over the lines which fall within the resolu-
n

tion width Ao. If n lines are in Ac, the average absorbance <Ekn ()>AV is
n

computed by

<Ek (a)> = ES
n AV Ac nn n

where S is the line strength of the line n.
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 equilibrium

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

1S.A. Clough, F.X. Kneizis, and J.H. Chetwind, AFGL-TR-77-016h.
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the radiation energy by the absorptance A(o), 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(o)B(o,T).

B(cT) - molecular
systemThermal

Bath - [1 - A(a)]B(a,T)
Transmitted Energy

Absorbed Energy
=B(,T)A(a)

Figure 5

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(a)B(o,T) and transmits the energy [I-A(a)]B(o,T).

The absorbed energy A(o)B(o,T) is re-emitted isotropically from the molecular

system, thereby 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(T1 )A, emitted by the layer 1

layer I layer 2 layer N

B(T1 A (1AA) B(T 1)A 1(1-A3 2.(I-A -NB(T))A I
B(T 2 )A 2  B(T 2)A 2(1-A 3). (1-A N)

BTN )ANl -- * ( 1
2  TN

Figure 6

l~f,

* .I



becomes B(T )A (A-A2..(-A) after it goes through the layers 2 through

N. The emitted energy B(T2 )A2 by the layer 2 yields B(T2 )A2 (1-A3.. .(I-A )

at the output side of the N-th layer, and so forth. The total energU

available at the output side of the N-th layer is calculated by summing

all contributions:

N N
E E B(TN)AI( n (1-A.))] + B(TN)AN.

n=1 j=n+l

The computation requires the line strengths computed for these temp(:rature:-.

Since the calculations are for temperature lower than 3000K, no inherent

difficulties exist. The line strength at temperature T i,; calculated from

the strength S(T s ) at temperature Ts by

-E"/kT

S(T)=s(T) 
Qv(T s)Q(Ts)k 

s

ST) Ts F Qv(T)QR(T)_Er/kT ,

where Qv(T) and 0,(T) are the vibrational and rotational partition sum at

temperature T.

There are two programs listed in the Appendix, one 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 TAPE1 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 sinc2. The

synthetic spectra shown in our scientific report were calculated using

these programs.

15
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Append 1 x A ",()lrc' Program TREAD

PROg.~)i;g.AM VREA 1 Di U*Ai-'E' 'I 1APF 1 rAFE6~ v APE2 POU rPUTr
DILMENSION IA(204L1)sIC(2040)
DIMENSION 11)(256)PIE(512)

100 FORMA'1(8(IX,'08)
101 FORMAr.1615)

IDIA IXA, IXF/Y777-B,17000000B/
N= 104

1(1 tONTINUE

I Dl ( 1 )::-:0.
50 CONTINUE,

£4LIFFI:R INe?, 1) (IDI1), ID(N))
IF (LJNI'T(Y)) 11P21v31

1:1 COINTINUJE
:L.I.L. rPTLICOIE (11I, vILi:)
WfRI f*E.'6 .'. I I:l:-1 ,256)
G~ 0 T 0 10

2J C 0 NTI [NLUF
3t COh NTI N 0 *

REW.J1N.' 6

C 0 (:jTJJI NUJE.

I.0I . K:.:IA J)*~. X

:i:': ( 6 ( I. (I Y =J %,B

I t fj : CJ 'T M UE'

1F(.1. 1[ 1) &U TO 203
TXI: I' 31*~) A JJ~l. -X
I :.. r) ./ ) 16)

1. (~CINT U.

, LE 81G.920) J~xro 20

Y. ;::LI X I

1 . N3 LO I

1. :.( 0 *LEH , 20)60T182

(c; 0 N .11F

PeImit 10Y I . iC



SULl 8R0Ui I NF TP 1.1CE( EID, I F
1IIENS.(N I 2 ) , E (2) ,TIA() ,IB (5) , IC ( 4
1)A TA ( A ( I ) , ] 1, 6) /7777777 7000000000000B, 777777770000D, 7777B,

1777700000000000000001i, 7777777700000000B, 77777777B/

n - ICD 't ) I. , 4 ) / 1700 ,1 700B,170000008i

.: : ( IIg

T X1: 1 . ,N TI.I A ( 3

]IX::::. Et ( L ) * ANL' * JA ( ::

J].tSHJI:D L),T(. .iX9[A23)

1 f:::. l .( . f ) . IA (4)
1LZ= 1SH. F I f,-48)
I Z:.:m I HF T ( I X , .12
S( 3) =:ZZIZ

JX:- 11.(I. -.- 1 ) AN '. IA (5)
I D (4S 5RIFT (I*X,-24)
1I (5)-D I .(.+ I A AND..TA (6)
L.--L +f '2

0 1 K::: .1,5
'I. , '.' U?'' * )AND.IJC£(4)

]Y:!. B (K) * AND'. 1C ( 3)
1'. .1 K N NL'. C(2)
I[ Z Z:::! :[I.. K A I'l . :1: : :1.
I]F kJ) 1 1..I: 1 (]Y.1y 1'2)f H I F 'I(I Z,-") S ITF I(IZZI!y 8 f-I X
Ji::rJ+ 1l

:I 1.CONT I NUE.

1I. (CONT I NUE'
1. X7 1. 1...I *ANI . T A 1)
11H( 1):431-I .FT' JIX, 36)
IX:I (1:: LPNI A IC (4)
I Y:=-I B( :1. ANF. IC (3)
./z r1 :1. *AN 1. .1C(2)

=7z1 B N, AND. IC (1)
IF ( .. ) 1. FT ( T Y , "12 ) +SH I F I( I Z -2) +SHIF I ( E, 8)4 1 X
R: E TURN
IN D

.17



Appe'ndix B Sourco Program SKXX

FIa)RUGRA IT ( TAPES OUTPUT, T'Y'APE2=QUTPUT , INPUT r TAPEl

.100 FORMAT(161 5)
RE.AfL(8, 100) (IA( I) p:1 -I,2048>

DO1 1.0 f::lj,04B
IF(IA(T.LE:.0) GO I'O 10

.JJ-( f'800+-J.0/ 16) *16
PR INT .l00v, .11,10

~j\~~q~. *J 64

WRI iT-(2. 1.00) (TA( I)y IJKY,JL)
M.IAll' ~ 100,JY)
J Z=J0 + JXA 316+J Y

Kr4

.1 .)M( :: I S U M~ E. 4~ 1 J

A IV 1: ( FL. . T ( UIE M B 128B.

01i. 1~ (JIA ( II) )
XAAVE ) *5.*64

I ):: If .LIiX(X)

1+

1.11.) 1.3 .7/ , 2048

1. 4x CO \ TRUE
UR I (tvR 10())0 :( I(lv ,:1=492048)

1,00) (, ![ I 1= 2048)

I'll) '15 r::' -0 4P0I (I ,~ ~4

14 " ()TV ( *00 T 1 1 1 2

LI 1: X(11
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Souroe Program t.n calulato a i:ynthel.ie
Appendix C spectrum (a :;ingre layor)

PFRF06 R A M PS ,,PL01 1 Alf 1 :::200F, "rAFE;.::::.'00 , F? rJH.'U 1 : 0:-: 0 D Av ' 5z 00 1? AFPE6

1 0 U F' IT T A F: E 0 =0 0

INI GER i 1. (6., 1 I
hmI MEN :31 tIN A ( 50 /2 ; I A ( 20,148 ) , B (1.024 )

D'1 ME. 1I N S ( N D ) (DD
DIMENSION NCSI!(7)
D I MENS 1 (IN R ,S2 7 )

E. U[VAN I[ L N I:.. 1.4 (. A 0.49 1B(1 ..p

I 00 F RA -I F :10.3 .I. 0 3, F5 4 [F 10(.3,2A9,3A' A3)
1 02 F0ORMA r (1 o 1. t)
.101 F OfIA If(FL :1. I , 41: 16 *4

:10. F1I:<I (J ( "S f.:C I: R.M I j C jALCI...AT1-..DJ~ I: F, 0M F 1 0. 4- C i .. O
iJ.0:. ,4 ,, ii C .I. .

.10 !f ) .I (' ( 4 E :10

.10 1- URii T ( ,'I. I o:
T)... .2&iH A, 0 4'II '.. ". o, ZfF H/

F. .[tJ 14/1. ' 1 0

ir ( U.'$0
I N 1 .::. ' (

A X I.1

I :::: .
(3 E. A 2. 06 CSf T I::

REA D ( l.5 v 10 ) H

W X::LJD*2 .1

W X .1.

W' "": f, 2 ,.J

WIIT:::: ( ( Wf+WX I WA WX (2 *'*WE
JEND=I I F. WELl) I
WXA:::WA-WI,)
WX X::: .W .4W *2.

FWXC WP 5 I

AWX=AW
W IX C:,.. W x fI-.' W D

D10 10 11:::..L30?2
M I ) =0.

10 CON I IMUE.DO 20 S:::1 ,JENI

IF: INI'NE .F. 2 (3( ) 0( 7
IN 11kLX= 0

.11 CONi 1 NUE
RELAD ( ,'L O0 ) F:' 0., ( Dt ( 1, ) ,.1. =A vf 2 v, 11 1 y. .( 1 ) y. 6

1:0 0 1=1
6 .! (.11.1(6) ,*Ft. D]( , ) OKI Irj 7

.; 1) i.) I
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R 0.Jk1~ J LI
UJL C 1 S I C :- f ( I

1 (P1. . 4Xhs (ACd) Iw uI1
.[F (I * (31 *WX'.; ) IN i'll Xv.:
IF(N.NE.0) WfIIrE(6v lO0.'' [,L

OX.;: i *439 f f *11 (2)

NA NA( '~M* WI I *( ::.XIL (L)X )
N(NP U M 4 t*J L' EXP 1.OX ) '

W 1l E*O v1 0) /WCvx.(.

I~A p I)1X(

II-*I.) .X NE l GO TOI>
13CUI (.LF N i. ) 3 )1

X1:[( I.F./0,)1(
jf:X.~j...e GOU ) 14:LO

.1. 2# .1 ) If .1 X ( X

WRI IL ( 6o:1i WXA Y W~fk;

W .11 I Io2 1

1A.", i 6 1:;. , 1024

Ail 1. 0

G 0)f u :1. 9
21 L.ON I I UEL

I[N D E X
(A.) H(I I

WJI((. W)

e.'0 CONI I .NUE

VL N 1'.1
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Source. Programr .r) (: l ulate a syntheticAppen1× Pspel rum (6-lay,,r)

PROGRAM ML '2SF N ( iFA'.E :'20d 1(01r 2 VUt,, 0U i I 1 .i.OO Y, (I-lE -.z:2o0,, D Af 'E ,
I :0 U 1P", U f, Y P L 2 0 0 It

I HT I. :' PRO. RArI ]. S M0IIIEPF]'.E4' - I. l L(..026(i.: (WH,, . l 71-I P l ( I FO.R)
..: ONE t.. A Yl R ) AN It UsE FOR 10 : t.) II.. o: ,,: 0 .. AYFI..: '-I lu I'IFE

l-ACH Ln lN.: HAS LiE:F -R I TI:MI!I:NA I 00): nl!' 1 I. -il: t, I ;utN..I IN I i IN

J[ N i I: iL R 1A . ( 6 ) Ji

l'IMLI:..NOIIN A(6, 12;,AA(12) . olA(Si..
IM MINSO I ON D(. , .8li (

I) I M N S 10 N C;I' l , 8 ), B ( ) I I ( ) I I (Il)

DIMIENSION RO i,), 1(1 I
E0 U I VAL.ENCE ( AA ( 1 , IA (.)

1 u 0 FORT ( F Of . 3 . 1. 0 . 3, F5 , 4, F 0 . 3I 2 C , , sn ni
I C12 F 0 1 %,i A T (161 )
101 F 0 R m i F 1. 6 10 ,F 16 4
1013 FO:RIpAN"( E' :E 1.1RUM JS CALCULA'EA) f'IRON , 1:10 14, Ch 1 "10"

LF10.4, K M" . "

I0 S FOt''MA1* ( 4F. ,
106 FORMA N' /(LA. 0. 3
101/ FORMAf ( . ' 1 )

DATA ( F I ) , 1:...y 1 7 ) 3/ , " .I 314 3 311 4 , 3 A , t 38 ,/1*1")T A (RO'T', I ,y :, l . :1. yt -O,.1. 1 0 v,.0 :. 1

DATA I , 2/ 1, 1 v0iI 12, 1 4- I'

I Nl . I1:: X:- 0

NI=
G= :-. •32

ALN2:::AL 06' ( 2
AX=zF) t1'

RE-AL 1 {5,10 ) T 'Iy( 1 ),l:: 1.,6)

I C) I I 1,
R En .51l ( %I (\. tfp : ( ' ,7 [ . ) , ,H=: .j., 7

FE:.A['( 5, 1'01) WX ,WWAvWI
RIFAD(F5 *.IO$-') N

DO 3 I:::.,
1 ( )( (I).- 'F1:') 1 ( F* TT ( ) )
WlJI: E (6,107) (TI ( I )rI :1, 6)
WRII E (6,106) (1CS1(ij)J::l,),I::::t,6
F'SUM::::( 1.

W ,::::WX:* ( . 1l )
W D:::: W/ R 3 0
W E =: W D .

WI'FID: (W}WX)( WA"WX) )/(2.* *WE )
JENI: =I liX ( W1 1 ) + 1
WX A:::W ...WN.
WXI=L::WXA fWF*2
WXCWXB-.WD

AX :::: W X

[IO 9 J:: 1, J
DO 1.0 P1 .,5'12
A (J, I ) :)
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.1.0 .; c ' I IN ) [C
9 C k N I NI) FU

D.O 60 ,J :;:1 ,JE: ~lo
1 N DE X:: 0

1 1 CONT INIlE
REYAIfh:2,JOQ) I"C4, (f]'1) y];=.j.2) C (vIt'( ]) If:l 6)

1I**'L. Eo WXA) bu TO '!
.if (F',GI:-.*.LWxi;) 1 i.:Fi;X::1
. , GE .x ,I N D C it: .

0:, U I .I. .1 1

' l :'.J I Ic I )
0. " Mf IJ:- 0 W 16.. i .)6 100) P:',

Ul. 1/ jv::j i .5
tii.;OC'NlS I :::. i(:, I ; :t{#

U A): 0 * C;I C 0N S:, I

IX ::: (1. . , ," I I h. *t 2
C*<1:1 T i (IK'.' I.-~ )*J
Li

2
:2iQ ~;:.J '.f~ i t) t I (.}; I * ( [:~j-" (" (.).( ) )

I)j (.:Q I ", U!.J I " I .1 .11, L : ' F' , OX . ,
1. F:: K* L' 0 .~ 1.. W 1t:.: .1 Li:. k , V A00) )I-POL kl, iky .1;. y 1::: 1. . k, ' ]D I . . :;:: Pt 6 )

(I D:::: G) 11 .W A,
I:1.:' i,N.4j,)) W4j<jifE:(e6 z.u,.) Q(.IrthiLBl

F,:. tI -' I WXA , X
11:4I: .-I I:"],x.( I"I:<) "I J
I 1' 1. I. ' : k fIx I. j" t

fl- I 1I I" i * 
11" 1()) * 0.:IN I, (P .G i. WXB) I N lI-X 1

1.2 1; 0 N I [NUE.
'I: : l f 0lX f' . ..) 3 Ut f 11.

.I I'l I I .'VIIk

. I N I ': A f .l I j! I:
i.1 I I f f , I I. 3 . , ti X

L': L t0D W1AC\FUU H IUN "I I ON

IC :W i P W J, * I. ( .. U. F I 0
i::) '/ q o J0

lo t I )

pem.i..... 2
[: C .I. i'] f: ,!'iIJ!iF (;'"}N, I'AN r, P ;lb WAUFL NO.) I :. F' I. ', " E-Me:: RA' I' :1w

SF ( I" *,:: C i *IF' * *3*l; ..•0/,C(ZX I::'( (C 2 hI:: ),. ffM.)....I '"1, 0)

1LI( >X lit;; */40.. )/;::100

IF (;A,11 -6/Oo, X -....100,

tG( r10 2..

. o l I{,,:: .() ;

t) ( 2>1

permit I, :, .. , 22



27 CONTINUE

6 F+T(1)*T(2)**T( 3)* f (4 )**( 1 -[(l) )*f(6)*]'.,(

XX=(1000.0 * i()/1B)
IA( I )::IF IX(XX)

35 CONTI(NUE
WRITE(6PI03) WXAYWXBt

IL::=IMAX -32

rDO 45 K=1,6
II=IL + I
J J = 3211
£10 46 L=1,IL

A(I ,II)::0.0
Ii :=1 I + I
J J =JJ +f :1

46 CONTINUE
DO 4? 1=11,512
A(Kp I)?::.,(

47 COJNT:I:NLE
45 CONTI[NUE

WXA=WXi4
WXE=WXA+WE *2.
WXC-=WXB+Wr

60 CONTINUE
CALL EXIT
s ror
ENDI
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Appendix E Source Program SPDG

PROGRAM SF(3RD (I AF:E 1=200B ,I'AF'E:2=200F , (U TPUT=2O0B, TAF'E6=OUTPUT)
DIMENSION IA(1024),A(4096) ,S(,512),INV(512),M(3)
DIMENSION IC(128)
COMMON IAS,INV

100 FORMAT( 1615)
101 FORMAT(IH

M( I ) l1
M(2)=O
M(3)=O

XX::1 ./512.
R1* A ( I , 100) (IC( 1), I=1 y128)
I F (E OF(1) .NE. 0) GO TO 60
DO 50 L=:1,100':

DO 9 I91, 12
1. '1. ):=IC I )

9 CON'' INUE
READ 1 .IOO) ( A( I1- 129v 1024)
IF" (EOF:(].) *NE* 0) GO 1O 60
,=897

.(::r 8 i=,128

IC(I )=IA(,))
J:.J-f1

8 CONf INLE:
K =20 47
J: I 02 4
D) i .1 -::1,1024
I X = I A ( J)
A ( K )::: F-*L.COAT'( .I X)

A ( K I-- ) ::0.
K= ..--- 2
Ji;:J--I

10 CONTINUE
A ( 2049 ) .:0
A ( 20500) =:0 .

J=:4095
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DO 11 I=3v2O48IY2
A (J) -:A (I )
ACJ4.i)=A(I+1)
J=J-2

11 CONTINUE
CALL. UARM((AvMY-INVvSv 1, IERR)

,J:--: 409 5
1*10 12~ I:K7,024v2
A( 1 );:4)( I ) *AX
A(J):r=A(J)*AX
J m:,j

AX=:AX-XX
12 CONTINUE

DO 13 1:1025,2048,2
Af () :::Q,.
A ( J ) L:: 0

13 CONTINUE
CALL HA)RM(AM, INVvSvlI,' :ERR)

DO) 14 l1=1 Iv2048v2

AJ IF I 4(A1

14 CONTINUE
iF (L. .NE *1 ) L.M::::65

WRIT'E(2v 100) (]IA( I)o Iz LM,960)
50 CONTINUE
60 CALL. EXIT
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In lower atm~osphere , the trotopause and thte str'atosrt here, Lhe '. ~e ~Ia;inrcac
I I dirnectly t~~o temperatlure and o.er.i ' ' the ,- U'S a :bcf

-t"a:nr' h'. lon sp-:cr7 r Cmof me,.-i t2

ma dlaw in,, '~es -n dpt vn-t , 'r r-. ye! >.....,

* os.ulred. The iao'o "e an ror. ayi*e-,* .".y

!r. t dictated by 11!f J' i chnns in soar 7 1 - I'uon. 2
ection zensit v.m C,! )e 7:alo bilb r-,,lt our exr,:,r'7 , '.' t'..............vwi

tbnouq-h a very lonjg t 4 1h !n ' li a~'. - s, h- re. Weak Il.<x:.on' t'n.
* e structure, whil- ;3trori; lneS skow a saturat'or w'i bon- a.'a;o'lwUlack-

t -Iy radiance. Thed1u.-ria varlria.ions, If' they exist, a re, 1,-'dy b-c v1 1, y i he lata.

Acentrail feature )f t ho - xper1 ent is o r-yogenI5ic'uonfe :mo " V cf
o.1 )--ra -l3 (inia t''ut 1 ,ron Teroaae 1 r Inen r' r;,s.

n f dn , rfa t 1c a . e, a n i. 7em let od by r rt chan r f -d:ilat' 7 r".
!m ln*,er re rorse 'er c on F : pr' g ofoi ;a I-e tinsa 1 1c e rte' or, a. r:& I -a

mr-vable and a ClXed c ft :--' :n'o-eIo.r.Te r-' r, r.'fn! r- -u 1 in a
* n'o~enbc c hamr.t . 7 , %a,.. 2- ,crnnesaur' fjar 1sn 1,'~ .' at

liuld 'N reserv'Kn 1. rb. f- J.7 '-efoen -ce laser wh l rvle te4a. otl di fIerencp
rnoitori.ng7 slgnal' I.- fe ento the !rAt.rf1erorneter rhbs.-jer thrncuoh flI1.r- I

Thn~ive rs I tv of' Denw'r was rc's'onsible for mod! ficat ion of' vurl')i- romr-rlnn r sultable
for"'.h bl I o' n-;a orne mea nur-ifanc! , an~d o sn:emb11in;, t her. Inot o in a I n-w..n' z bV (i kai, t Th

-,-).~.n .gbt'jsra-lon was in ', he charge a!' the t lonbranch .A 1'.i rc-' 2 ,,hy.cs
r t, ry. The']1:i. red,-- -, Ion an d a n alys is we(,re d on eb)y tho 0 n r:- f y 4'cI' 1 soobaflI t.

prr'.les' a d ir--c':"d by Georve %aa'~.sse of AI'GI.

"b~ h I oo £1I ht took n laee on COtot e P0 tH (nr AA rnda rai zbl
d -i durinE the fl rt 20 m'nutes. the bal loon beinp then at an al it ol' IO

h, spectrum shown In Fig. 1(a) was recovered fron InI.rforelram, data takern a' an
."deof approximately 5000 r-,. The maximum optical path difrence wac- apnroxlb'aat'y

r. rdujcln, ' crr-PspcndinF resolut'on ef' .12 !r-l
1  Sinlce no, i'adla'.o 1, 'o cm3!V!

w-r-made- I-urln the, I'l 1b' or ,.rl-aIta*t!ve discuss ions ttr- P)1r'':'.*a .

r- naIys r o -)-rarl i'n t~. n tho he'o dat-a, sevcr:! rL,'.bat s
'!, Kou -h I d) 'hvya re scabnd by th- ririrlnlv!ly. .. :

:--vi n', n o' th-.lhs t-.nl-vnutre used in t-he inynthet le r' 'obi. b lti,, s . ,;

e ~ n fromr the lateot P (1', !' trcspherlc n I i l..sting (ver. lor I.l '.5"n
ihnow-n a share' C.Ut-o n4 725 cmrn nrrvsm)ondlnrg to ae lrd-t oe Or :~ri'i.'

Th f'ture observa)lo1 bolow 775 cr.- is a (-2 '-'rlnslon o)f teCI11-.
oa 1-: ' o'e r v's ) :(,o 10; f"-'at1.u r (: ; a re ( 000 11 - 10 0 ) :in I(I 01 - i ('0o

. i'g a' ' ha -v,?n a'. a t-mn-r;!tr f re muh b(' .'w .11% a -ure-rat
.""e- re t 7,-) f1 andr; ofE' '%' 3101C arc I lea" lyrar;l''''q"Vd I

:r hp 7&Z ' 1  ~"'30 cr% jo, !jma thenf '.he noto,' .aIbrid -h- 'r
cn' c "rt' t os 0Inec: (,1 1,hp (0]',-1C-0 ) transIt Ion. [q-.a n no thr v! nr

,t' f"rgriy 'l ex"'ed lorg 3030 cm- rindl a very weak transi on ro(batl 1 71,% -ar-
'"rvah-i. 'h- t! "d 'aIt' , rli"' !,n:ItIvI ty 'or d-i cot-1-r we.' n i"'' r. nC.

I;Lrc.< n "'h1 r' - r'e'i< on caa I 'rany hards z- r " .ir.,
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beIng 1). A presence of the N2 0 band in the observed data Is rather questionable
and It w b, e addressed when imrproved data becomes available from the future flight.

The measur(emeint during the Initial flight was noat carried out at the optimum conditions.
The signal-to-nolso ratio was down-graded by unexpected Instrumentation problems. Even
w'th the unfavorable conditions, the data provided more than ample evidence that the
experiment Is extremely effective for atmospheric study. The project was and will be
varr-led out under a code name of' SCRIBE (Stratnspheric Cryogenic Interferomneter Balloon
E xperimient).
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Fig. l(c) Theoretically synthesized spectrim assumirg :ix hy,. :!r,,y , d ., low:

Layer Temnerat ure *! 0 (Y0;, 03 __/_

I !)O°K .2 1 02Z4 x; no'2 .2 x 1 1 9 Y

2 245 . x6 x 1024 .1 x I022 , x 1Q
I
' 4 1

" 240 .0 x 1,24 .4 x 1o? .0 x I .: x

4 2 0 0 .4 x I'2 A x I0 c x

5 220 01 .4 x 0 ' l 10' .4 x L(H

6 220 0 .4 x I0" .12 x Io . x I0o

Fig. I(d) Theoretica ly -;ynthe.; z'd s:ectrum a:%.;ijinirw ; ix 1y: , r: . twlw'

S Temperature - 20

1 2500 K .12 x 102, ' . 5 1O .' 10
I  

. h x I' A

2 240 .06 x 1024 .4 Y 10" .2' x ' F3

3 240 .0 X ]024 4 x Io' x Il . )1

4 230 0 .4 x 022 .. ' 21' . ,.

5 )20 0 x 1),2 1 x i

6 220 0 o11 x 12 .0! .. ri
1

" .4
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