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SUMMARY

1.Title

A study on a new method of Doppler line profile analysis for Fabry-Perot
interferometer data

2. Purpose and Importance of the Study

The Fabry-Perot interferometer has been in operation since January 1989
until 1991. The FPI operation program has been resumed in winter of 1994 and
two trips have been made since then to remedy the system. One visitin the winter
of 1994 was aimed for re-aligning of the system. We planned to replace the He-
Ne laser and some other old parts of the FPI system in the end of 1996 or in the
early of 1997 and then to perform the FPI operation. As a consequence, much
data are expected to come out. The data analysis program that is used now was
originally coded in 1970 using BASIC language. This routine is inefficient and
inconvenient to use for today’s computer. This problem will become serious as
more data would come out in near future and there should be a way to improve
the software. For this purpose, a new method of data anaysis is tested and will be
applied to Fabry-Perot data.

3. Contents and Scope of the Study

There are various ways to analyze observed data which is not
approximated by linear function. Those least-square fitting methods include
grid search, gradiant search and linearization of function. The three methods
listed above have been tested and compared. The most efficient method was
adopted for the future usage.



4. Results and Discussions

- comparison of each analysis method
- application of new method to Fabry-Perot data
- determination of error resulted from the analysis
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Figure 1 Representative hypersurface describing variation of x2 vs. two
parameters a and b (Bevington, 1969).
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Figure 2. Tortuous path of gird search in two parameter space (Bevington,
1969).
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3. 2w 2

3-1. HIAE 1

z}7] & HaAsgo g 3 AE A E 14 Ve S
o $AH o2 lele ¥4 y=ajcos(agx), a;=3, a,=0.5 &
x=1,240) &} AXEtn R errorE F7H3t A3E thA
y=ajcos(agx)®] FFE °|& 23X 71=A 3712 o) o3 A
A Bt 4 e AFAAE a)=2, ay=042, 3% 47 0.1,
0.052 4B e 3tn Ay d AFo|c},

gAY Xz a; ao
A2 5.82 2.00 0.40
2.90 0.82 0.49
0.04 3.06 0.49
0.04 3.06 5.08
0.04 3.07 5.01
A =g 5.82 2.00 0.40
0.71 1.99 0.50
0.71 1.99 0.49
0.70 2.00 0.49
0.49 2.37 0.48
0.32 2.38 0.50
0.32 2.38 0.50
Ay sy 5.82 2.00 0.40
2.67 0.97 0.48
2.11 2.91 0.55
0.27 2.53 0.50
0.04 3.07 0.50
0.04 3.07 0.50

Table.1. An example of comparison of three methods to function values of
y=alcos(a,x), a;=3, a,=0.5
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3-2. HAE 2

FHA H2EdAM e 48 y=ajcos(agx) + agx?, a;=3,
ag=0.5, ag=2, x=1,242 A& vt} o] AAglel Bl2E 13 22
Pz TAMA etk ARSI 3 ol uhek 4 gabiu el
A7} oA Wt F 200 Ve 2o,

E 29 A%e R 137 ¥laste] 2rkA] e FAAE Eoln sl
ARAel 39 FHsHE AR Qof wad Wi AYs e Rele R
WA Aol Zpolz} QAR sl ASF a3t agel ol FuIE
(a;=3 ay=0.5) Bloj¢ 0 @o2 $¥=8 A7E Yez 91, ol
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B2 dAE oz mMEA FHI AL B 71 Ao vixgtez A3
We] A FERT Fiel AY dXES E 4 A FEEE £
T3 A PP S E 5 vt
gAY x2 a; ap a3
A A A 2632 2.00 0.40 3.00
134.5 -3.84 0.37 2.02
4.95 -2.74 0.32 1.97
4.76 ~7.54 0.31 1.97
4.75 ~8.46 0.30 1.97
4.75 -8.49 0.3 1.97
AEEA 263.2 2.00 0.40 3.00
1.24 1.99 0.53 1.99
0.61 1.99 0.50 1.99
0.58 1.99 0.50 2.00
0.58 1.99 0.50 2.00
Ay sk 263.2 2.00 0.40 3.00
2.49 0.99 0.48 1.99
2.06 2.83 0.54 2.00
0.20 2.89 0.50 2.00
0.00 2.99 0.50 2.00
0.00 2.99 0.50 2.00

Table.2. Same as Table 1, but for function values of y=a;cos(a;x)+azx2, a;=3,

3.2=0.5, a3=2

A9 S AgERE T2 N
gl A wel A 4R el JbY wEY
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@ A 92 E Gepleh
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3-3. Fabry-Perot XI2E4 HAE
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Fabry-Perot 630 nm Fringe Profile on 12 channel IPD
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Figure 3. An example of the iteration technique using linearization of chi-
square method in the analysis of FPI acquired fringe profile from
Thule, Greenland
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PROGRAM REDFIT

This program performs least-squares fitting of the FPI data
using the linearization of function.

Input:
unit 18 -
ddd = day number (1-366)
unit 19 - Instrument FPI Fourier coefficient file THUdddc.Dyy
where ddd = day number of PSCAN file
¢ = colour (R=red, G=green, N=neon)
yy = year of PSCAN file

Output:

unit 22 - data file SUMTHUdddc.Dyy

unit 21 - dark count file DARTHUdddc.Dyy
unit 20 - system file SYSTHUdddc.Dyy

where ddd, c, and yy have the meanings above
Note that files 21 and 20 are not usually kept.

BYTE IPLOT,IFORM,IJUNK,JHOT

COMMON /FRINGE/FPCNT(12), WEIGHT(12), TIME, DTIME,
KWAVE XPEAK,PMIN,KDATE(3),KREC ,KKFP,FPAZ FPZE,ITERS
COMMON /SYSPAR/T1,T2,T3,T4,T5,T6,T7, HRPRES,JCAL
COMMON /CALIBR/DARK(12),DARKI(12),KDARK

COMMON /GAUS/AA(4), DELT(4), FPFIT(12), CHISQR,FLAMDA,
IFLAG

COMMON /CONST/NCOEFS, NTERM, PCHFSR, TGAMMA, PI, VFSR
COMMON /SHOW/CHAN(12)

COMMON /STORE/CAL(17),DNORTH(17),DSOUTH(17),
DEAST(17), DWEST(17), ZENITH(17), DTHULE(17), DXTRA(17)

note: TGAMMA and VFSR for 1.116 c¢cm gap and OI(6300A) wavelength

DATA TGAMMA/1.4404E-5/, VFSR/8468./, NTERM/4/ K (1.116 cm)
DATA CHAN/1.,2.,3.4.,5.,6.,7.,8..9.,10.,11.,12./

read one record to get KDATE to compute NDAY

PI=4.*ATAN(1.)

KDARK=0 ! set up dark counter
DO91=1,12

DARK() = 0.

ACCEPT 99, JUNK

IF (IJUNK .EQ. 'Y") READ(18,99) JUNK ! To get by <LF>
ACCEPT 99, IHOT ! Hot channel
FORMAT(AT)

CALL RDCOEF
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CALL INPUT(IPLOT,BG,SIG,GSWIND,GSTEMP,IFORM)

CALL INIT

IEND =0 'read flag

DO 100 II = 1, 5000 ! should not be ever this many fringes
CALL READIN(ILIEND,KDAY,IFORM)

IF (FPCNT(9) .EQ. 0.0) GOTO 100 ! bypass zero data

IF (JCAL .EQ. 1) GOTO 100 !bypass 6328 fringe

IF (JCAL .EQ. 2) GOTO 100 !bypass dark count

IF (KWAVE .EQ. 5577) GOTO 100 ! bypass green line data

IF (KWAVE EQ. 7320) GOTO 100 ! bypass O+ data

IF (KWAVE .NE. 6300 .AND. KWAVE.NE. 6301) PAUSE 'Invalid
wavelength'

IF (IEND .EQ. 5) STOP 'End of data analysis'

CALL SETUP(BG,SIG,GSWIND,GSTEMP,JCAL,KDAY,IHOT)

CALL FITTER(FPCNT,DTIME,ITERS,IPLOT)

TYPE 260,KREC, TIME,ITERS,AA(1)/DTIME,AA(2)/DTIME,
,AA(3)*VFSR,DELT(3)*VFSR,AA(4), DELT(4),CHISQR,DTIME,KDAY
FORMAT(I4,F8.3,13, "2F7.2,' | 2(F7.0,F4.0), " F8.2,F6.0,14)

CALL RECORD(KDAY) ! store values in data array
ENDDO

STOP ‘End of data analysis'

END

SUBROUTINE INPUT(IPLOT,BG,SIG,GSWIND,GSTEMP,IFORM)
Subroutine to bring input information for program

COMMON /CONST/NCOEFS, NTERM, PCHFSR, TGAMMA, PI, VFSR
BYTE IPLOT,IFORM

ACCEPT 1,IFORM

ACCEPT LIPLOT

FORMAT(A1)

ACCEPT *,BG,SIG,WINCON,GSTEMP

GSWIND = WINCON/VESR

RETURN

END

SUBROUTINE OUTPUT(CAL)
This subroutine outputs results on unit 22.

COMMON /STORE/CAL(17),DNORTH(17),DSOUTH(17),
DEAST(17),DWEST(17),ZENITH(17),DTHULE(17),DXTRA(17)
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GOTO (1,2,3,4,5,6,7,8), JCAL
WRITE(22,100)JCAL, (CAL(JN),11=1,17)

RETURN

WRITE(22,100)JCAL,(ZENITH(1),J1=1,17)

RETURN

WRITE(22,100)JCAL,(DNORTH(JJ),1J=1,17)

RETURN

WRITE(22,100)JCAL,(DSOUTH(IN),)J=1,17)

RETURN

WRITE(22,100)JCAL, (DEAST(J),JJ=1,17)

RETURN

WRITE(22,100)JCAL, (DWEST(IJ),JJ=1,17)

RETURN

WRITE(22,100)JCAL, (DTHULE(J]),1J=1,17)

RETURN

WRITE(22,100)JCAL, (DXTRA(),JI=1,17)
FORMAT(1X,12,1X,F7.3,F10.3,F7.3,F10.3,F7.3,F7.0,F6.0,
F6.0,F5.0,F8.2,F9.3,2F9.1 F8.0,2F5.0,F6.0)

RETURN

END

o
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SUBROUTINE RECORD(KDAY)

record data in arrays and output files
first select data according to direction

COMMON /FRINGE/FPCNT(12), WEIGHT(12), TIME, DTIME,
KWAVE,PEAK,PMIN,KDATE(3),KREC ,KKFP,FPAZ FPZE ITERS

COMMON /GAUS/AA(4), DELT(4), FPFIT(12), CHISQR,FLAMDA,

IFLAG
COMMON /STORE/CAL(17),DNORTH(17),DSOUTH(17),
DEAST(17),DWEST(17),ZENITH(17),DTHULE(17),DXTRA(17)

IF(FPZE.GT.120.)THEN
KSET = 1 :
CALL STORE(CAL,AA,DELT,CHISQR,KSET,KDAY)
CALL OUTPUT(KSET)

RETURN

ELSE IF(ABS(FPZE-5.).LT.10.)THEN
KSET = 2
CALL STORE(ZENITH,AA,DELT,CHISQR,KSET,KDAY)
CALL OUTPUT(KSET)

RETURN

ELSE IF(FPZE.GT.40..AND.ABS(FPAZ).LT.15.)THEN
KSET = 3
CALL STORE(DNORTH,AA,DELT,CHISQR,KSET,KDAY)
CALL OUTPUT(KSET)

RETURN
ELSE IF(FPZE LT.-20.AND.ABS(FPAZ).LT.15.)THEN
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KSET = 4
CALL STORE(DSOUTH,AA,DELT,CHISQR,KSET,KDAY)
CALL OUTPUT(KSET)
RETURN

ELSE IF(FPZE.GT. 20. .AND. FPZE.LT.100..AND.
FPAZ.GT.80.)THEN
KSET =5
CALL STORE(DEAST,AA,DELT,CHISQR,KSET,KDAY)
CALL OUTPUT(KSET)
RETURN

ELSE IF(FPZE.LT.-20..AND.FPAZ.GT.80.)THEN
KSET = 6
CALL STORE(DWEST,AA,DELT,CHISQR,KSET,KDAY)
CALL OUTPUT(KSET)
RETURN

ELSE IF(ABS(FPZE-65.).LT.5.. AND.ABS(FPAZ+22.) L T.5) THEN
KSET =7
CALL STORE(DTHULE,AA,DELT,CHISQR,KSET,KDAY)
CALL OUTPUT(KSET)
RETURN

ELSE
KSET = 8
CALL STORE(DXTRA,AA,DELT,CHISQR,KSET,KDAY)
CALL OUTPUT(KSET)
RETURN

ENDIF

RETURN

END

SUBROUTINE READIN(IIIEND,KDAY ,IFORM)

Subroutine reads in the data from the input file.

Also collects dark counts when appropriate.

Modified to accept several types of formatted input simply by
editing the .RUN file.

COMMON /FRINGE/FPCNT(12), WEIGHT(12), TIME, DTIME,
KWAVE PEAK,PMIN,KDATE(3),KREC,KKFP ,FPAZ FPZE,ITERS
COMMON /SYSPAR/T1,T2,T3,T4,T5,T6,T7,HRPRES,JCAL
COMMON /CALIBR/DARK(12),DARKI(12), KDARK

BYTE IFORM

IF (Il .EQ. 1 .AND. IFORM .EQ. 'C’) THEN

READ(18, 41, END=999) ILF, KREC, KKFP,FPAZ, FPZE, IPASS,
MODE, JOUT, T1, T2, T3, T4, TS, T6, WAVELN, KDATE, DTIME
ELSE IF (II .EQ. 1 .AND. IFORM .EQ. 'D') THEN

READ(18, 42, END=999) ILF, KREC, KKFP,FPAZ, FPZE, IPASS,

+ MODE, JOUT, T1, T2, T3, T4, TS5, T6, WAVELN, KDATE, DTIME
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ELSE IF (IFORM .EQ. 'A' .OR. IFORM .EQ. 'C' .OR. IFORM .EQ. 'E")
THEN

READ(18, 51, END=999) KREC, KKFP,FPAZ, FPZE, IPASS,
MODE, JOUT, T1, T2, T3, T4, TS, T6, WAVELN, KDATE, DTIME
ELSE IF (IFORM .EQ. 'B' .OR. IFORM .EQ. 'D' .OR. IFORM .EQ. 'F)
THEN

READ(18, 52, END=999) KREC, KKFP,FPAZ, FPZE, IPASS,
MODE, JOUT, T1, T2, T3, T4, TS, T6, WAVELN, KDATE, DTIME
ELSE IF (IFORM .EQ. 'G") THEN

READ(18, 53, END=999) KREC, KKFP, FPAZ, FPZE, IPASS,
MODE, JOUT, T1, T2, T3, T4, T5, T6, WAVELN, KDATE, DTIME
ELSE IF (Il .EQ. 1 .AND. IFORM .EQ. 'S") THEN

READ(18, 61, END=999) ILF, KREC, KKFP,FPAZ, FPZE, IPASS,
MODE, JOUT, T1, T2, T3, T4, TS, T6, WAVELN, KDATE, DTIME
ELSE IF (I .EQ. 1 .AND. IFORM .EQ. 'V') THEN

READ(18, 61, END=999) ILF, KREC, KKFP, FPAZ, FPZE, IPASS,
MODE, JOUT, T1, T2, T3, T4, TS, T6, WAVELN, KDATE, DTIME
ELSE IF (IFORM .EQ. 'S' .OR. IFORM .EQ. 'T' .OR. IFORM.EQ.X' .OR.
IFORM .EQ. 'U' .OR. IFORM .EQ. 'V' .OR. IFORM .EQ. 'W") THEN

READ(18, 62, END=999) KREC, KKFP,FPAZ, FPZE, IPASS,
MODE, JOUT, T1, T2, T3, T4, TS, T6, WAVELN, KDATE, DTIME
ENDIF

KDAY = MODE
KWAVE = IFIX(WAVELN)

IF (IFORM .EQ. 'A’' .OR. IFORM .EQ. 'C') THEN

READ(18, 100) FPCNT, HRPRES, KSTEP, TIME1, JCAL, TIME2
ELSE IF (IFORM .EQ. 'B' .OR. IFORM .EQ. 'D') THEN

READ(18, 101) FPCNT, HRPRES, KSTEP, TIME1, JCAL, TIME2
ELSE IF (IFORM .EQ. 'E') THEN

READ(18, 102) FPCNT, HRPRES, KSTEP, TIME1, JCAL, TIME2
ELSE IF (IFORM .EQ. 'F)) THEN

READ(18, 103) FPCNT, HRPRES, KSTEP, TIME1, JCAL, TIME2
ELSE IF (IFORM .EQ. 'G') THEN

READ(18, 104) FPCNT, HRPRES, KSTEP, TIME1, JCAL, TIME2
ELSE IF (IFORM .EQ. 'S' .OR. IFORM .EQ. 'T') THEN

READ(18, 110) FPCNT, HRPRES, KSTEP, TIME1, JCAL
ELSE IF (IFORM .EQ. 'U' .OR. IFORM .EQ. 'V') THEN

READ(18, 120) FPCNT, HRPRES, KSTEP, TIME1, JCAL
ELSE IF (IFORM .EQ. 'W') THEN

READ(18, 121) FPCNT, HRPRES, KSTEP, TIME1, JCAL
ELSE IF (IFORM .EQ. 'X') THEN

READ(18, 122) FPCNT, HRPRES, KSTEP, TIME1, JCAL
ENDIF \

IF (FPCNT(9) .EQ. 0.0) RETURN ! zero data
IF (IFORM .EQ. 'G' !'old Sondre data mods.

.OR. IFORM .EQ. 'S’ .OR. IFORM EQ. 'X'
.OR. IFORM .EQ. 'T" .OR. JIFORM .EQ. 'U’
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.OR. IFORM .EQ. 'V' .OR. IFORM .EQ. 'W")
THEN ! specific Thule mods.
TIME2 = TIMEL1
DTIME = DTIME*MODE ! calculate int. period
IF JCAL .EQ. 1) THEN
SUM = 0.
DO2001I=1,12
200 SUM = SUM + FPCNT()
SUM = SUM/12.
IF (SUM .LT. 10.) JCAL = 2 !setdark flag
ENDIF
ENDIF

IF (IFORM .EQ. 'F') THEN
TIME2 = TIMEI]
ENDIF

41 FORMAT(A1,214,2F7.1,314,6F7.2,F6.0,313,F9.1) I'C' (line 1)
42 FORMAT(A1,214,2F6.1,314,6F7.2,F6.0,313,F7.1) 1'D' (line 1)
51 FORMAT(214,2F7.1,314,6F7.2,F6.0,313,F9.1) 'AL'CLE

52 FORMAT(214,2F6.1,314,6F7.2,F6.0,313,F7.1) ''B,'D,F

53 FORMAT(IS,14,2F6.1,314,6F6.2,F6.0,313,F5.1) !'G'

61 FORMAT(AL,214,2F6.1,314,6F6.2,F6.0,313,F5.1) 'S, 'V' (line 1)
62 FORMAT(214,2F6.1,314,6F6.2,F6.0,313,F5.1) ST, XU VWY
100 FORMAT(13F8.3,15,F9.0,12,F9.0) AL 'C

101 FORMAT(F7.3,11F8.3,F7.3,15,F9.0,14,F9.0) !'B,'D'

102 FORMAT(F7.3,12F8.3,15,F9.0,12,F9.0) 'E'

103 FORMAT(12F8.3,F7.3,15,F9.0,14,F9.0) 'F

104 FORMAT(12F8.2,F7.3,15,F9.0,14,F8.2) 'G'

110 FORMAT(F7.3,11F8.3,F7.3,15,F9.0,14) AN

120 FORMAT(12F8.3,F7.3,15,F9.0,14) 'LV

121 FORMAT(F9.3,11F8.3,F7.3,I5,F9.0,12) I'w'

122 FORMAT(12F8.2,F7.3,15,F9.0,14) X

CALL TIMCON(TIME, TIME1,TIME2)
WRITE(19,125)KREC, TIME,HRPRES, T1,T2,T3,T4,T5,T6, DTIME,JCAL,
+ KDAY
125 FORMAT(1X,14,F9.3,F9.3,1X,6F7.2,F8.1,214)
IFJCAL.NE.2) RETURN

SUM=0.

DO 130 KK=1,12

DARKI(KK) = FPCNT(KK)

SUM = SUM + DARKI(KK)

130 CONTINUE

SUM = SUM/12.

IF (IFORM .EQ. 'G'
.OR. IFORM .EQ. 'S' .OR. IFORM .EQ. X'
.OR. IFORM .EQ. 'T" .OR. IFORM .EQ. 'U'
.OR. IFORM .EQ. 'V' .OR. IFORM .EQ. 'W')

THEN ! specific Thule mods.
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CALL DARKAV(KREC,TIME,KDAY)
ELSE IF (SUM .LT. 1.5) THEN
CALL DARKAV(KREC,TIME,KDAY)
ENDIF
RETURN
999 IEND =5
RETURN
END

o

(¢

SUBROUTINE TIMCON(TIME, TIME1,TIME2)

This subroutine determines the average TIME from the start time
TIME1 and the end time TIME2.

need to convert from HHMMSS to HH.fraction

(e e N NN el

IH1 = TIME1/10000.

IH2 = TIME2/10000.

IMIN1 = (TIME1 - 10000.*FLOATIH1))/100.

IMIN2 = (TIME2 - 10000.*FLOATIH?2))/100.

ISEC1 = TIMEL1 - 10000.*FLOAT(H1) - 100.*FLOAT(IMINT1)
ISEC2 = TIME2 - 10000.*FLOAT(IH2) - 100.*FLOAT(IMIN?2)
TIME1 = FLOAT(IH1) + FLOAT(IMIN1)/60. + FLOAT(ISEC1)/3600.
TIME2 = FLOAT(IH2) + FLOAT(IMIN2)/60. + FLOAT(ISEC2)/3600.
TIME = (TIME1 + TIME2)/2.

RETURN

END

(el el el

SUBROUTINE STORE(ARRAY,AA,DELT,ERRSUM,KSET,KDAY)

This subroutine collects information from the

two arrays AA and DELT and TIME and deposit it
into the appropriate array after conversion into
m/s and units/sec IP.

o006

COMMON /FRINGE/FPCNT(12), WEIGHT(12), TIME, DTIME,
KWAVE,PEAK,PMIN,KDATE(3),KREC,KKFP,FPAZ FPZE ITERS
COMMON /SYSPAR/T1,T2,T3,T4,T5,T6,T7, HRPRES,JCAL

COMMON /CONST/NCOEFS, NTERM, PCHFSR, TGAMMA, PI, VESR
DIMENSION ARRAY(17),AA(4),DELT(4)

IF(DTIME.EQ.0.)DTIME = 500.

ARRAY(1) = TIME !time

ARRAY(2) = AA(1)/DTIME ! background
ARRAY(3) = DELT(1)/DTIME ! background error
ARRAY(4) = AA(Q)/DTIME ! signal
ARRAY(5) = DELT(2)/DTIME ! signal error
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ARRAY(6) = AA(3) *VFSR !'wind

ARRAY(7) = DELT(3)*VFSR ! wind error
ARRAY(8) = AA4) ! temperature

ARRAY(9) = DELT#4) ! temperature error
ARRAY(10) = ERRSUM ! chi square error
ARRAY(11) = HRPRES ! etalon pressure
ARRAY(12) = FPAZ ! mirror azimuth
ARRAY(13) = FPZE ! mirror zenith
ARRAY(14) = DTIME ! singal integration period
ARRAY(15) = JCAL 10 = data, 1 = cal, 2 = dark
ARRAY(16) = ITERS ! number of iterations thru fit
ARRAY(17) = KDAY ! day number

RETURN

END

o0

e el el el

20
200

C----

SUBROUTINE DARKAV(KREC, TIME,KDAY)

determine running average for the dark count
assume a set of 5 exposures before starting the averaging.

COMMON /CALIBR/DARK(12),DARKI(12),KDARK
DATA DARK1/12*0./ DARK2/12*0./ DARK3/12*0./
DATA DARK4/12*0./ DARKS/12*0./

DIMENSION DARK1(12),DARK?2(12),DARK3(12),DARK4(12),

DARKS5(12)

KDARK = KDARK + 1
DO 10 KK=1,12
DARKI(KK) = DARK2(KK)
DARK2(KK) = DARK3(KK)
DARK3(KK) = DARK4(KK)
DARK4(KK) = DARKS(KK)
DARKS(KK) = DARKI(KK)
ENDDO

RDARK = FLOAT(KDARK)

IF (KDARK .GT. 5) RDARK = 5.

DO20KK=1,12

DARK(KK) = (DARK1(KK) + DARK2(KK) +
DARK3(KK) + DARK4(KK) + DARKS(KK))/RDARK
ENDDO

WRITE(21,2000KREC, TIME,DARKIL,KDAY
FORMAT(1X,13,1X,F10.3,12F7.3,14)

RETURN

END

SUBROUTINE RDCOEF
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This subroutine reads in the adjusted Fourier coefficients and
associated information

COMMON /INSTRU/AREA(12), COSCOE(20,12), SINCOE(20,12),
PHI(12)
COMMON /CONST/NCOEFS, NTERM, PCHFSR, TGAMMA, PI, VFSR

c
c Read in the number of pairs of coefficients (NCOEFS), the free
C spectral range (PCHFSR), the area under the channel 1 curve, which
c wasused for normalization (C1AREA), the reference pressure (REFPRS),
c which is the pressure at the channel 1 peak, and then the phi values
c (PHI) and adjusted coefficients themselves (AREA, COSCQOE, and
SINCOE)
c - ignore some of the data, just read it into dummy variables
c
READ(20,*) NCOEFS, NDAY ,REFPRS,PCHFSR,C1AREA
DO200II=1,12
READ(20,*%) N1, D1,AREA(II),PHI(II)
PHI(II) = -PHI(II) ! to convert from pres. to angle
DO 200 JJ = 1, NCOEFS
READ(20,*) D1,D2,D3,D4,COSCOE(JLID,SINCOE(1]1,II),D7
200 ENDDO
RETURN
END
C
c
SUBROUTINE INIT
c
c This subroutine writes a header on the output summary file
c
COMMON /CONST/NCOEFS, NTERM, PCHFSR, TGAMMA, PI, VFSR
c
PWAVE = 6300.
RMASS = 16.
SPACE = 1.116
Cl1 SPACE=0.62
WRITE(22, 10) NCOEFS, PWAVE,RMASS PCHFSR,SPACE, TGAMMA
10 FORMAT(1X,15,2F6.0,2F8.4,F12.8)
RETURN
END
C

o

SUBROUTINE SETUP(BG,SIG,GSWIND,GSTEMP,JCAL,KDAY ,IHOT)
prepare data and parameters for fitting

COMMON /FRINGE/FPCNT(12), WEIGHT(12), TIME, DTIME,
KWAVE,PEAK,PMIN,KDATE(3),KREC,KKFP,FPAZ FPZE ITERS
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320

COMMON /GAUS/AA(4), DELT(4), FPFIT(12), CHISQR,
FLAMDA IFLAG
COMMON /CALIBR/DARK(12),DARKI(12),KDARK

COMMON /CONST/NCOEEFS, NTERM, PCHFSR, TGAMMA, PI, VFSR

LOGICAL*1 ILOOP
BYTEIHOT

dark count correction
attempt to handle problem (low intensity) fringes

do90 kk=1,12
if (fpent(kk) .le. dark(kk)) goto 95

g0 10 99

do9% kk =1, 12

fpent(kk) = fpent(kk)*dtime
go to 70

DO 100 KK =1, 12

FPCNT(KK) = (FPCNT(KK) - DARK(KK)) * DTIME
IF (FPCNT(KK) .LE. 0. .AND. KK .NE. 9) PAUSE ‘Signal <0 c/s'
CONTINUE

IMIN =1

IMAX =1

DO 80 KK=2,12

IF(FPCNT(KK).LT. FPCNT(IMAX))GOTO 75

IMAX = KK
IF(FPCNT(KK).GT.FPCNT(IMIN))GOTO 80

IMIN = KK

CONTINUE

PEAK = FPCNT(IMAX)

PMIN = FPCNT(IMIN)

CONTINUE

First guesses

AA(1) = BG
AA(2) = SIG
AA(3) = GSWIND
AA(4) = GSTEMP

calculate initial fitting function, weights and chi square here

CONTINUE

DO 320,1=1,12

nm=1I lavoid warning from Fortran compiler
FPFIT(I) = FUNCTN(I, AA)

DO 400, I = 1, 12
IF (ABS(FPCNT(ID) .LT. 1.E-10) THEN
WEIGHT(I) = 1.
ELSE
WEIGHT(I) = 1. / ABS(FPCNT(ID))

37



400

ENDIF

CONTINUE

IF (IHOT .EQ. 'Y'.OR. IHOT .EQ. 'y") THEN
WEIGHT(9) = 0.0

WEIGHT(12) = 0.0

ENDIF

CHISQR = FCHISQ(FPFIT)

IFLAG =0

RETURN

END

@]

oo
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SUBROUTINE FITTER(FPCNT,DTIME,ITERS,IPLOT)

This routine performs the fitting by calling CURFIT repeatedly until

the chi sqares don't change much.

BYTEIPLOT
DIMENSION FPCNT(12)

COMMON /GAUS/AA(4), DELT(4), FPFIT(12), CHISQR,FLAMDA,

IFLAG

COMMON /CONST/NCOEEFS, NTERM, PCHFSR, TGAMMA, PI, VFSR

TOLER = 1.0005

FLAMDA = .0002

ITERS=0 Icount the number of iterations
OLDCHI = CHISQR Istore the old chi square

DO 50 JJ = 1,15
CALL CURFIT
IF(DTIME.LE.0.)DTIME = 1000.
IFOPLOT.EQ."Y")TYPE
S,ITERS,OLDCHI,CHISQR,AA(1)/DTIME,AA(2)/DTIME,
AA(3)*VFSR,AA(4)
FORMAT(15,2F12.4,2F10.3,2F12.0)
ITERS =1
IF (CHISQR .GT. OLDCHI) THEN
IF(IPLOT.EQ.'Y")CALL PROFIL(FPCNT,FPFIT,DTIME)
RETURN ! no improvement so quit
ENDIF
DIFF = OLDCHI/CHISQR - TOLER
IF (DIFF .LT. 0.) THEN
IFIPLOT.EQ."Y")CALL PROFIL(FPCNT,FPFIT,DTIME)
RETURN ! no improvement so quit
ENDIF
OLDCHI = CHISQR
ENDDO
RETURN
END
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SUBROUTINE PROFIL(FPCNT,FPFIT,DTIME)

This subroutine plots on the terminal screen the
calculated and source profiles for comparison.

DIMENSION FPCNT(12),FPFIT(12)
LOGICAL*1 BAR(24,40)

IF(DTIME.LE.O.)DTIME = 1000.
DO 10 KK = 1,12

FPCNT(KK) = FPCNT(KK)/DTIME
FPFIT(KK) = FPFIT(KK)/DTIME
ENDDO

PEAK = 0.

FPEAK = 0.

DO 20 KK = 1,12
IF(PEAK.GT.FPCNT(KK))GOTO 20
PEAK = FPCNT(KK)

ENDDO

DO 30 KK = 1,12
IF(FPEAK.GT.FPFIT(KK))GOTO 30
FPEAK = FPFIT(KK)

ENDDO

IL=0

LK =0

Li=0

LL=LL +1

LK=LK+1

NUMPT = IFIX(20. * FPCNT(LK)/PEAK + 0.5)
DO 38 JJ = 1,NUMPT
BAR(LL,J))= 1H*
ENDDO

DO 39 JJ = NUMPT + 1, 40
BAR(LL,J))= 1H

ENDDO

LL=LL +1

LI=LJ+1

NUMPT = IFIX(20. * FPFIT(LJ)/FPEAK + 0.5)
DO 40 JJ = 1,NUMPT

BAR(LL,JJ)= 1H+

ENDDO

DO 42 J1= NUMPT + 1, 20

BAR(LL,JJ)= 1H

ENDDO

IF(LL.LT.24)GOTO 35

=21
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55
200

=1-1

TYPE 200,(BAR(LL,J)),LL = 1, 24)
FORMAT(5X,1,24A1)
IF(JJ.GT.1)GOTO 55

RETURN

END

[¢]
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FUNCTION FUNCTN(NN, PARAM)

this subroutine calculates the value of the fitting function
at point NN using the coefficients in the array PARAM.

DIMENSION PARAM(4)

COMMON /INSTRU/AREA(12), COSCOE(20,12), SINCOE(20,12),
PHI(12)
COMMON /CONST/NCOEFS, NTERM, PCHFSR, TGAMMA, PI, VESR

FACT1 = 2.0*PI

ARG1 = -(PI**2*TGAMMA
ARG2 = PARAM(3) + PHI(NN)
RJ1 = AREA(NN)

RJ2 = AREA(NN)

SUM = 0.0

DO 10 II = 1, NCOEFS
FACT?2 = FACT1*FLOAT(I)
ARG3 = ARG2*FACT2
ARG4 = ARG1*(FLOAT({II)*FLOAT(II))*PARAM(4)
TCOS = COSCOE(II,NN)*COS(ARG3)
TSIN = SINCOE(II,NN)*SIN(ARG3)
TEXP = EXP(ARG4)
SUM = SUM+(TCOS+TSIN*TEXP
CONTINUE

FUNCTN = PARAM(1)*RJ1 + PARAM(2)*(RJ2+SUM)
RETURN
END

olple]
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SUBROUTINE FDERIV(NN, DQDA)

This subroutine calculates the derivatives for the fitting
function we are using.

DIMENSION DQDA(4)
COMMON /GAUS/AA(4), DELT(4), FPFIT(12), CHISQR, FLAMDA,

+ IFLAG
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COMMON /INSTRU/AREA(12), COSCOE(20,12), SINCOE(20,12),

PHI(12)

COMMON /CONST/NCOEFS, NTERM, PCHFSR, TGAMMA, PI, VFSR

FACT1 = 2.0*PI
ARG1 = -(PI**2)*TGAMMA
ARG2 = AA(3) + PHI(NN)

RJ1 = AREA(NN) ! use laser set for now

RJ2 = AREA(NN) !laser set of normalization constants
SUM2 = 0.0

SUM3 =0.0

SUM4 = 0.0

DO 10 II = 1, NCOEFS

FACT2 = FACT1*FLOAT(I)

ARG3 = ARG2*FACT2

ARG4 = ARGI*(FLOAT(I)**2)*AA(4)

TCOS = COSCOE(IL,NN)*COS(ARG3)

TSIN = SINCOE(ILNN)*SIN(ARG3)

TCOSR = COSCOE(INN)*SIN(ARG3)

TSINR = SINCOE(ILNN)*COS(ARG3)

TEXP = EXP(ARG4)

SUM2 = SUM2 + (TCOS+TSIN)*TEXP

SUM3 = SUM3 + ((-TCOSR*FACT2)+(TSINR*FACT2))*TEXP

SUM4 = SUM4 + (TCOS+TSIN)*TEXP*(ARG4/AA(4))
CONTINUE :

DQDA(1) = RJ1
DQDA(2) = RJ2 + SUM2
DQDAQ3) = AA(2)*SUM3
DQDA4) = AA(2)*SUM4
RETURN

END

[e]

(e}
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FUNCTION FCHISQ(YFIT)

The function value is the reduced Chi-square: FCHISQ = SUM
(WEIGHT*(FPCNT-YFIT)**2)/NFREE

DIMENSION YFIT(12)
COMMON /FRINGE/FPCNT(12), WEIGHT(12), TIME, DTIME,

KWAVE,PEAK, PMIN,KDATE(3),KREC ,KKFP,FPAZ FPZE,ITERS

CHISQ = 0.0

DO300 I =1,12
CHISQ = CHISQ + WEIGHT(I) * (FPCNT(I) - YFIT(I))**2

now make that the reduced Chi Square

41



FCHISQ = CHISQ /8. !8 isthe degree of freedom

IF (IHOT .EQ. 'Y'.OR. IHOT .EQ. 'y") THEN

FCHISQ = CHISQ /7. !7isthe degree of freedom (85/86)
ENDIF !for 11 channel

RETURN

END

olole

coocooocoo0ocooo0o0o0cOo0o000o0o00000
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SUBROUTINE CURFIT

This subroutine is described in Bevington' Book, "Data reduction
and Error analysis for the Physical Sciences” on page 237.

It willfind the least-squares fit to an arbitrary non-linear

function by linearizing the function.

PARAMETERS:

NTERM  number of parameters

AA array of parameters

DELT array of stnd. deviations for parameters AA

FLAMDA factor for determining how much this will act like a gradient
search

FPFIT array of calculated values for FPCNT

CHISQR reduced chi square for the fit

IFLAG flag indicates how fitting fails when it is not zero

SUBROUTINES NEEDED:

FUNCTN (I, A) evaluates the fitting function for the Ilth point
FCHISQ (YFIT) finds the chi square for the fit

FDERIV  (II, DERIV) evaluates the derivatives of the fitting function
MATINV inverts a square matrix and finds its determinant

DOUBLE PRECISION ARRAY
DIMENSION ALPHA(4,4), BETA(4), DERIV(4), BB(4), YFIT(12)

COMMON /FRINGE/FPCNT(12), WEIGHT(12), TIME, DTIME,
KWAVE PEAK,PMIN,KDATE(3),KREC,KKFP,FPAZ FPZE,ITERS
COMMON /GAUS/AA(4), DELT(4), FPFIT(12), CHISQR,FLAMDA,
IFLAG

COMMON /CONST/NCOEFS, NTERM, PCHFSR, TGAMMA, PI, VESR
COMMON /MATRIX/ARRAY(4,4), DET

fill alpha and beta matrices

DO 30 1J = 1, NTERM
BETA{J) = 0.
DO30KK=1,1
ALPHA(JJ,KK) = 0.

DOS50 II=1,12
IOUT =11
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74

80

caoococoan

evaluate derivatives for each point
CALL FDERIV(IOUT, DERIV)
evaluate gradient sum for each sought after parameter

DO 46 J1 = 1, NTERM
BETA(JJ) = BETA(J)) + WEIGHT(ID)*(FPCNT(II) - FPFIT(II))
* DERIV())

calculate cross terms

DO46 KK=1,11
ALPHA(JJ,KK) = ALPHA(JI,KK) +
WEIGHTJUD*DERIV(II)*DERIV(KK)
CONTINUE
make the matrix symmetric
DO 53 JJ= 1, NTERM
DO5S3KK=1,1J
ALPHA(KK,JJ) = ALPHA(JJ,KK)

invert the matrix for solving the equations
first normalize the elements so the diagonals are 1.0

CONTINUE
DO 74 JJ = 1, NTERM
DO 73 KK = 1, NTERM
RTEMP = SQRT(ALPHA(JJ,JT) * ALPHA(KK KK))
IF (ABS(RTEMP) .GT. 1E-36) GO TO 73
CHISQR = 1E8
IFLAG = 1
RETURN
ARRAY(JJ,KK)= DBLE(ALPHA(JJ,KK)/ RTEMP)
ARRAY(J1,JT)= DBLE(1. + FLAMDA)

CALL MATINV
IF (DET .NE. 0.) GOTO 80
IFLAG =3
RETURN
CONTINUE
DO 84, 1T = 1, NTERM
BB(J)) = AA(J))
DO 84, KK = 1, NTERM
BB(JJ) = BB(JI) + BETA(KK) * SNGL(ARRAY(JJ,KK))
/SQRT(ALPHA(J1,J1) * ALPHA(KK,KK))

if the second parameter gets negative, it means that the curve

is upside down, which never happens, so we force it to be positive,
because with it negative, everything goes down the tubes. We also
change the fourth one, although it's not as important to the rest
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BB(2) = ABS(BB(2))
BB(4) = ABS(BB(4))

calculate the new chi square; if it is bigger than the old,
increase FLAMDA to make it more like a gradient search and try
again

DO92, 1 = 1,12
IOUT = II

YFIT(II) = FUNCTN(IOUT, BB)

CHISQI = FCHISQ(YFIT)

IF (CHISQR - CHISQ1) 95, 101, 101

FLAMDA = 10.0 * FLAMDA

this will prevent us from winding up in an infinite loop if we
get a hopeless fit

IF (FLAMDA .LT. 1.E5) GO TO 71

CHISQR = FLAMDA Isubstitute dummy variables here
IFLAG =2

RETURN

update FPFIT, AA and CHISQR and calculate uncertainties

DO 103 11 = 1, NTERM
AA)) = BB())
DELT(J) = SQRT(SNGL(ARRAY(J1,11))ALPHA(J1.]J))
DO 106 I = 1,12
FPFIT(I) = YFIT(II)
CHISQR = CHISQ!1
FLAMDA = FLAMDA /10.0
RETURN
END

aon
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SUBROUTINE MATINV

this subroutine will invert a square matrix
It will also calculate and return the determinant

See Bevington, p. 302 for more information

PARAMETERS:
ARRAY  asquare matrix which will be repalced by it's inverse
DET determinant

DOUBLE PRECISION ARRAY,AMAX, SAVE

DIMENSION IK(4), JK(4)
COMMON /MATRIX/ARRAY(4,4), DET
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50
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60
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63
70
71

DET = 1.0

DO 100 KK=1,4

AMAX = 0.0D0

DO 30 II = KK, 4

DO 30 JJ = KK, 4

IF (DABS(AMAX) - DABS(ARRAY(ILI)))) 24, 24, 30
AMAX = ARRAY (ILJ])

IK (KK) = 1I

JK(KK) =1

CONTINUE

interchange rows and columns to put AMAX in ARRAY(KK,KK)

IF (AMAX) 41, 32, 41

DET = 0.0

RETURN

1I = IK(KK)

IF (II - KK) 21, 51, 43
DOS50JI=1,4

SAVE = ARRAY(KK,JT)
ARRAY(KK,J))= ARRAY(ILJT)
ARRAY(ILJ))= -SAVE

1) = JK(KK)

IF (JJ-KK) 21, 61, 53

DOGOII = 1,4

SAVE = ARRAY(ILKK)
ARRAY(ILKK)= ARRAY (IL,JJ)
ARRAY (ILJ]) = -SAVE

accumulate elements of inverse matrix

DO 70 1= 1,4
IF (I - KK) 63,70, 63

ARRAY(ILKK) = - ARRAY(ILKK)/ AMAX

CONTINUE

DOSOII=1,4

DO80JI=1,4

IF (II-KK) 74, 80, 74

IF (77 - KK) 75, 80, 75

ARRAY (ILJ]) = ARRAY(ILJJ)+ ARRAY(ILKK) * ARRAY(KK.,IT)
CONTINUE

DO 90 JI= 1,4

IF (J7 - KK) 83, 90, 83

ARRAY (KK,JT) = ARRAY(KK,JJ)/ AMAX

CONTINUE

ARRAY (KK,KK) = 1.0D0 / AMAX

DET = DET * SNGL(AMAX)

restore matrix to former ordering
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105

110
111

113

120
130

DO 130 LL = 1,4
KK=5-LL

1J = IK(KK)

IF (J] - KK) 111, 111, 105
DO110I=1,4

SAVE = ARRAY(ILKK)
ARRAY(ILKK) = - ARRAY(ILJ))
ARRAY(ILJ))= SAVE

11 = JK(KK)

IF (II - KK) 130, 130, 113

DO 120 JJ= 1,4

SAVE = ARRAY(KK,JJ)
ARRAY(KK,JJ)= -ARRAY(ILJJ)
ARRAY (IL,J]) = SAVE
CONTINUE

CONTINUE

RETURN

END
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