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ABSTRACT

This report describes the work which has been done on Contract
No. NAS8-26376 between October 1970 and May 1975. The report is
divided into ;threé self-containedj séctions, each dealing with a separate
portion of the performance period. In Section 1, the work done between
October 1970 and October 1971 is discussed. Section 2 covers the
period ‘from October 1971 to June 1973. Section 3 covers the period

from June 1973 to May 1975,
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SECTION 1

ANALYSIS OF SUNSPOT

SPECTRAL DATA
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INTRODUCTION

: Observations of the profile of the neutral iron line at 0, 5250216
micrometer (5,250.216 A) are described in this section, The reduction
of the observations to obtain residual intensities, line widths, and the
locféat'ions of the Zeeman components is discussed. The components of
maénetic field strength along the line of sight are dete‘rmined and plotted
in the form of a sunspot map. Finally, the steps to be followed in a

more complete analysis of the data are outlined,



SUNSPOT SPECTRUM OBSERVATIONS

This section describes the analysis of sunspot spectral observa-
tions made during July 1969 by Dr. M, J. Hagyard with the spectrograph
of the McMath solar telescope at the Kitt Peak National Observatory.
(The spectrograph and telescope are described in Reference 1). Although
both photographic and photoelectric observations were made, the photo-

graphic data are of primary interest here.

Because the spectra were intended for Zeeman effect studies, the
polarization form of the observed intensity had to be known. A partial
linear polarization is introduced within the telescope in the reflection at
the primary mirror; this was compensated in the observations by placing
a glass flat in the light path. The only remaining instrumental effect is
then a possible phase shift introduced at the primary. Such a phase shift
would not be detectable in the results before a more advanced stage in
the analysis is reached. In 6rdei' to check for residual instrumental
polarization, photoelectric and rphofyogra.phic observations were made of
the photosphere, which should be iﬁtri-nsiéé.lly unpolarized. Photospheric
intensities were measﬁred in right and left circularly polarized light and |
in light linearly polarized af 0, 45, and 90 dggreés td the entrance slit. |
No dependence of intensity upon polarization form was observed for any
of the photospheric observations; residual instrumental polarization is,
therefore, negligible. o -

Control over the polarization form bf the observed light was
achieved by placing polarizers in front of ;:he spectrograph slit. The
slit Was always parallel to the east-west dir‘ecti‘on on the Sun. Immedi-
ately preceding the slit was a calcite analyzer oriented to pass only those
light components which were linearly polarized parallel to the slit.

The calcite anaiyzer waé preceded by a soleil compensator, which can

be adjuéted to form a quarter-wave or a half-wave plate. The form of



polarization transmitted is defined by specifying the angle o between the
compensator's axis and the transmission direction of the calcite analyzer.
The polarization forms transmitted by the compensator-analyzer com-
bination are summarized in Table 1; the sequence numbers 1 through 5

were used to identify the combinations throughout the observations.

A predisperser was used to eliminate overlapping orders. The
slit width was 0.1 millimeter for all obserwvations; the effective slit
length was determined by the soleil compensator setting. The exposure
times were either 6 or 12 seconds, and stepwedge calibrations were
made for both these exbosure times. All the spectra disclus sed in this
report were photographed on 14 July 1969 between 2:40 and 3:15 p,’mk.
M.S.T. The sunspot observed was then located near the center of the
digk (cos 8 = 0.939). The spot penumbra was app.roximately circular,
but the umbra was divided by a light bridge. The position of the umbral
center was marked on the spectra by a wire placed perpendicular to the
slit. A second wire was placed parallel to the slit near the red end of

the observed spectral range for a permanent position marker.

‘The spectrograph slit was first placed just south of the sun;smﬁt,f
with the length of the slit directed east-west on the Sun. A sequence of
five exposures was made in the order given in Table 1. The slit was
then moved 1 millimeter toward the north pole of the solar image, and
the ekposure sequence was repeated. The procedure was repeated, the
slit being moved north by 1 millimeter each time, until the entire spot
had Been traversed. The solar image formed by the McMath telescope
is approximately 800 millimeters in diameter, so a displacement of
1 millimeter in the image corresponds to ‘approgimately 1, 740 kilometers
on the Sun. Twelve positions on the Sun;!wére observed W1th ijan expos -
ure time of 6 seconds. The three positions containing tiae sunspot umbra

were also photographed with a2 12-second exposure time.



TABLE 1. OBSERVED POLARIZATION FORMS

SOLEIL ! ,
SEQUENCE COMPENSATOR FORM OF

NUMBER SETTING o (deg) TRANSMITTED LIGHT _________=J
A/4 plate +45 Left circula;iy polarized o ‘
2 ~A/4 P]ate -45 Right circularly polarized ”
3 A/2 b]ate 1 o Linearly polarized parallel to slit
4 »A/2'plate +22.5 Linearly polarized at 45 dég to slit*
5 ~A/2 plate +45 Linearly polarized aﬁ 90 deg to slit*

*Recall that a half-wave plate alters the plane of vibration by 2a.



The photographic spectra were converted to digital form by |
measuring the photographic density as a £uncti6n of position on the film
with a digitizing microdensitometer. The films cover approximately
5X 10~* micrometers (5 A) of the solar spectrum centered at 0. 525
micrometer (5,250 A); a shorter region of approximately 1.5 X 10-*
to 2 X 10”* micrometers (1.5 to 2. 0 A) containing the neutral iron
line at 0. 5250216 micrometer (5, 250.216 A) was measured. The
position scale was converted to dispersion in A/mm by referring to
the locations of the spectral lines and the wire position marker. The
microdensitometer sample spacing could then be expressed in terms
of angstroms on the film; the sampling points were found to be spaczd

at 5.88 X 10”7 micrometer (5. 88 mA) ilntervals.’

The films were sampled in a uniform pattern, which simplifies'
the correlation of the scans with their proper positions in the sunspot.

The pattern is shown in Figure 1.

The spectral dispersion was along the north-south direction,
so each microdensitometer scan was made parallel to the d‘iyspersion
and had a height equal to the microdensitometer slit héight of 1 milli-
meter., The width of spectrum sampled at each sca.h step was deter-
mifled by the microdensitometgr slit width of 30 micrometers. At the
dispersion of the film, this represents a sample width of 4.20 X 1077

micrometers (4.20 mA).

The center of the umbra is marked on the film by the image of
the wire placed perpendicular to the slit. Microdensitometer scans
were made beginning at the wire and working eastward, the final scan
being entirely in the photosphere. These scans were labelled a through
f. Scans were then made westward from the wire into the penumbra;
these were labelled g through i. For those exposurés which did not
contain the entire sunspot, the same pattern was followed, but tﬁe |
- reference line was the centerline of the film instead of the center of

the umbra.
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The digital intensity data are labelled with three symbols which
describe the position of the observed region and the polarization form
of the recorded intensity. For example, in the label X-2-c, the Roman
numeral X designates the north-south location of the region chssr+ed,
in terms of millimeters on the primary solar image; 2 is the polariza-
tion form, in this case right-hand circular polarization; c is the east-
west location of the measured strip, in terms of millimeters on the
film, There are 564 strips in the 15 exposures made on 14 July 1969,

but not all of these contain sunspot spectra.

The microdensitometer output represented measured film density
ifz the sample areas of the film. The digital output data were recorded
on magnetic tape and were converted to intensities by use of the charac-
teristic curves derived from the stepwedge calibration exposures. The
magnetic tapes thus contain intensities uniformly spaced 5.88 X 10”7
micrometers (5.88 mA) apart, defining a region approximately 1.5 X
10”* to 2 X 10™* micrometers (1.5 to 2. 42\) long. The intensity values
are in arbitrary units, in the sense that the continuum level shown on
the tape records is usually considerably less than 1.00. The intensity
values are in cerrect proportion to one another but should be rescaled
to bring the continuum up to.1.00. These digital data were the values
used in the analysis to be described in the subsection entitled ''Line

Profile Data Reduction Program'',
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TO STANDARD CONDITIONS

To obtain a laboratory determination of the wavelengths of the
solar spectrum lines‘, a thorium emission spectrum and a solar disk
spectrum were exposed in parallel rows on the same film. The
observed solar wavelengths can then be determined by measuring their
distances from thoriufn standard reference lines (reference standards
are discussed in References 2 and 3; precise determinations of addi-
tional thorium wavelengths are given in References 4, 5, and 6). This
procedure refers the solar lines to the wavelengths for the thorium
lines at the time of observation; the observed wavelength actually

depends slightly upon the conditions of observation.

Because the index of refraction of air depends upon its tempera-
ture and pressure, and upoa the wavelength of ?adiation being studied,
measured wavelengths are reduced to the values they would have in
some chosen standard conditions. The usual standard conditions are
dry air at temperaturi'e 15°C, rpﬂz"essure 76C millimeters of mercury;
or vacuum. Air values are used more often as standards for wave-

lengths in the visible range.

In 1952, a meeting of the Joint Commission for Spectroscopy,
sponsored by the International Astronomical Urﬁbh, the International
Union of Pure and Applied Physics, and the Intérnafional Council of
Sciéntiﬁc Unions, recorrifnended adoétibn of Edlén's formula for ‘cozi1- :
verting wavelengths in standard air to wavelengths in vacuum (Rezf. 7).
In the same paper, Edlén also gives a sirﬁpie formula for converting
measured wavelengths to values fér standard air. This éimple formula
can be used when the conditions—of measurement are not very far frorﬁ

the standard conditions. An additional correction for the presence of

water vapor should be made in high-precision work.

12



A short FORTRAN program (Figure 2) has been written to correct
wavelengths to standard air using Edlén's formula. The partial pressure
of water vapor was not measured with the wavelengths to be corrected,
sc a moisture correction could not be included. The program uses the

following version of Edlén's formula:

A -\, = (A)\z_A)\l..Z‘_A)(O.0013882p ) 1)

N1 /\1 +0.00367¢t
where
0 :
b ¥ - unknown wavelength in standard air
A2 - measured value to be corrected
Mi ' - reference wavelength for standard air
A)?l » ANz - vacuum corrections to Ay and Az
P :, - ai;' pressure, mm Hg
t - temperature; °C,

The vacuum corrections A\;, A\; are tabulated in Table 3 of

Referencé 8.

- The program has been tested on the two examples of wavelength
corrections given by Babcock (Ref. 9). The results of the test are

summarized in Table 2.

TABLE 2. RESULTS OF TESTING EDLEN CORRECTION PROGRAM

t(°C) | ay () | xp () | BABCOCK (u) DUNN (u )
20 0.4500 | 0.300 6.4 x1077 | -6.6 x 10~
25 0.400 | 0.800 | +5.2 x 1077 +5.2 x 1077

| p (mm)

13
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REDUCTION OF WAVELENGTHS TO STANDARD AIR 10/22/70

REFSe == INTROs TO TABLE OF WAVENUMBERS 2000A TO 7000 A s NeBeSe
MONOGRAPH 39 VOLe 1 (GET VACUUM CORRECTIONS FROM - :

TABLE 3 OF THIS REFe)s ECLENS JOSA VOLe 439 PGe 3399 19539
BABCOCKs APe Jeo VOLe 1119 PGe 6C» 19504

EDLEN FORMULA

MUST TREAT WAVFLENGTHS IN 2 PARTS TO MINIMIZE LOSS OF
SIGNIFICANCEe CHARACTERISTIC WILL BE READ AS INTEGER
"VARIABLEs» MANTISSA AS REAL VARIABLEe LW1Cs WIM ARE REFERENCE
WAVELENGTHs D1 1S ITS VACUUM CORRECTIONs LW2Cs W2My» D2 ARE
SAME QUANTITIES FOR WAVELENGTH TO BE CORRECTED.

U2 1S THE TABULATED VALUE FOR THE MEASURED WAVELENGTHe D2y D1
AND REFe WAVELENGTH ARE VALUES FOR STANDARD AIRe

NEGLECT MOISTURE CORRECTIONe

P IS PRESSURE IN MM HGy T IS TEMPERATURE IN DEGREES Co

KPU=2

KPR=3

READ (KPUs 1) LW1Cs W1My D1

FORMAT (16 2F1040)

WRITE (KPRy 3) -

FORMAT (1H 93 7HWAVELENGTHS CORRECTED TO STANDARD AIR)
WRITE (KPRy» 7)

FORMAT (1H »37HADD CORRECTION TO MEASURED WAVELENGTH)
WRITE (KPRs ) LWI1Ce W1M

FORMAT (1H #?21HREFERENCE WAVELENGTH=9 169 lH+s F1l0e6)
WRITE (KFR» 4)

FORMAT (1H » 19HMEASURED WAVELENGTHs 6X915HCORRECTION IN A)
READ (KPUs 2) Py T

> FORMAT (2F1040)

READ (KPUs 1) LW2Cs W2My D2

LOOK FOR LAST CARD (BLANK)

IF (LW2C=0) 69 609 6

W2C= Lw2cC

W1C= LW1C

Az W2C/(W1C + W1IM)

B= W2M/{(W1C + W1lM)

FAC= (1e3882E=3#P/(1e0 + T#3467E=3))=140
CORR= (D2=D1%(A + RB)})I*FAC

WRITE (KPRs 8) LW2Cs W2Ms CORR ,
FORMAT (1H 93Xs1691H+9F10e69 8Xs F10e6)
GO TQ,.10

CALL EXIT

END

FIGURE 2. EDLEN CORRECTION TOkMEASURED WAVELENGTHS

14



: In practice, the corrections derived from this program will not
be required. Unless the measurement conditions deviate grossly from
standard, the wavelength corrections will be very small for wavelengths
which lie within approximately 5 X 10™> micrometers (50 &) of the line
used for a wavelength reference. The observed thorium calibration
spiectrum is very short, covering the range 0.5248 to 0.5256 micro-
meter (5,248 to 5, 256 A), approximately. There is no problem here

of‘, measuring wavelengths from a reference standard hundreds or thou-

sands of angstroms away. The variation in wavelength caused by labora-

tory air will be negligible over the short observed wavelength range.

15



LINE PROFILE DATA REDUCTION PROGRAM

The sunspot spectra are to be used to determine sunspot magnetic
field strengths from the profiles of the magnetically sensitive neutral
iéron line at 0. 5250216 micrometer (5,250.216 A), The digital intensity
data described in the first subsection require additional reduction to
prepare the profiles for determination of magnetic field strengths. A

FORTRAN program (Figure 3) has been written to perform the reduction.

t

The intensity data are used here without correction for the
effect of stray light. Stray light strongly distorts measured umbral
continuum intensities, but the distorting effect is much smaller in the
case of residual intensity in a spectral line which is present in both the
sunspot and the photosphere. The 0.5250216 micrometer (5,250.216 A)
line is, in fact, stronger in spot umbrae than in the photosphere. The
observed sunspot profiles without stray light correction are generally
stronger than the photospheric 0. 5250216-micrometer (5,250,216 A)
line in the Utrecht Atlas; and it was thought that in this case the distor-
tioni of the profiles by penumbral and photospheric stray light was
smaf,ller than the distortion by such other causes as blending of Zeeman
cori;ponénts, absorption by telluric water vapor, and blending with the

neighboring faint molecular line.

The digital intensity values appear on the magnetic tape in order
of decreasing wavelength; the values are spaced 5.88 X 10”7 micrometers
(5. 88 ma) apart. The spectral range runs from the marker wire near.
0.5254 micrometer (5,254 A), to approximately 0. 5249 micrometer
(5,249 A). The portion of spectrum between 0.5252 and 0. 5253 micro-
meter (5,252 and 5,253 A) reaches the true continuum in the photusphere,
accocding to the Utrecht Atlas. Examination of the sunspot spectral data
shows t‘hat the measured intensities afe vg:enerally largest in the 9.5252

* to 0.5253-micrometer (5,252 to 5,253 ’A) interval, so these intensities

16
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PROFILE PARAMETERS 12715770 ARD

7094 VERSION 1/5/71

FIND MINIMUM VALUESs HALFWIDTHs AND EQUIVALENT WIDTH OF 525042
PROFILE

Y'S ARE UNSCALED INTENSITIESs CONT IS CONTINUUM LEVEL FOR SCANs
RLAM IS RESIDUAL INTENSITYs W IS EQUIVALENT WIDTHe LAST Y
VALUE WILL BE FOLLOWED BY Y= 240 TC SIGNAL END OF DATA. ID 1S
IDENTIFICAT‘ON NUMBER FOR SCAN» IBC IS 'BROADENING CODE!
DESCRIBING EXPECTED FORNM OF ZEEMAIN BROADENINGe 21 IS LEFT OF
PROFILE CENTERe IT IS THE RIGHT HAND POINT OF ITS INTERVALs
122 1S THE LEFT HAND POINT OF THE SAME INTERVALe 111 AND 112
ARE RESPECTIVELY THE LEFT AND RIGHT HAND POINTS OF AN INTERVAL TO
THE RIGHT OF THE PROFILE CENTERS

DIMENSION Y(10)s RLAM(150)s RMINI(6)

DIMENSION XMIN(6)

DIMENSION NUN{(B)Ys FT(3)e FANT(3)s FOT(2)

DIMENSION FAT(2)s MALL(2)

DIMENSION ILOSE(9)

DATA FOT/8H(11+2A6)/

DATA FNNT/184(2A691391591%Xe9A6)/

DATA FAT/S5H(LAB)/

DATA FT/15H(I1sF6e699FTe4)/

KPuU= 5

KPR= 6

WRITE (KPRe 15)

WRITE (KPRs 16}

FORMAT (49M POSITIONS ARE IN TERMS OF DATA SPACING INTERVALS)
FORMAT (26H AN INTERVAL IS ABOUT 5 MA)

AN INTERVAL IS 5488 MA FOR DATA OF 14 JULY 1969

' CALL REDTPD (8eFOTsIERs1s ICKs 29 MALL)

IF (IER +EQe 2) GO TO 67

IF (ICK oNEe 1) GO TO 300

LOOK FOR DATE (FIRST RECORC IN SCAN)

READ (KPUs 1) IDs IBCs IRRs CONT

FQRMAY (3159 F1040)

IBC IS NUMBER OF RESOLVED AND UNRESOLVED MINIMA OBTAINED FROM VISLAC

VI$SPLCTION OF PROFILE PLOTSe IT IS USED ONLY AS A MEANS OF

CHECKING THE PROGRAMs WHICH DETERMINES THE NUMBERs TYPESs. E
AND POSTIONS CF MINIMA IN A DIFFERENT WAYe 1BC= (NOs WF RESULVED
MINe!*10 + Qs OF UNRESOLVED MINe )

IF (ID) 67¢ 67» 301 '

NOW READ 2ND RECORL AND CHECK TO MAKE SURE YOU HAVE THE RIGHT
SCAN

FIGURE 3. ,LISTiNG OF LINE PROFILE REDUCTION PROGRAM
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301 CALL REDTPD (8y FiiNTs IFERs 29 MUN» 19 IROLLs ls IPAPs 94 ILOSE)
IF (IROLL «EQe IRR) GO TO 30 o
18 CALL REDTPD (Bs FOTs IERs 1ls ICKs 29 MALL)
IF (IER ¢EQe 2) GO TO 67
IF (ICK oNEs 1) GO TO 18
CALL REDTPD (BsFMNToIERS29NUNS19IROLLSI9IPAP9y ILOSE)
IF (IROLL eNEe IRR) GO TO 18
IF IRR NOT EQUAL TO IROLLs SAVE TRR AND CONT AND SKIP TO NEXT
SCAN
30 CALL REDTPD (89 FATy IERy 5 NUN}
66 J=1
J IS USED TO COUNT STORE VALUES
WRITE (KPRs 12) 1IDs IROLL
172 FORMAT (1H s 8HIDe NOa=s I5s 7H [ROLL=s I5)
YT = CONT * «475 S
CALL REDTPD (Bs FTe IERs 19 ICKs 109 Y(1))
FORMAT (10F7e4)
DO 7 I= 1 10
IF (Y(1)=YT) 4y To 7
& IF (YLI)) 300e 300y 9
9 STORE = Y(I)
WRITE (KPRs 74) STORE
74 FORMAT (1H o F10e5)
73 IF (1=30) 719 709 70
70 CALL REDTPC (89 FTy IERy 19 ICKs 10s Y(1))

N

1= 1
GO TC 72
71 1= 1 + 1

72 IF (Y(1)=YT) 73, 73+ 104
104 IF (J=3) 17+ 84 6
17 J= J + 1
7 CONTINUE
GO TO 5
8 K=1
DO 119 Kk= 1s 15
WRITE THE 150 POINTS AFTER THE THIRD 'STORE'! INTO RLAM ARRAY
BUT START WITH 1ST DATA POINT OF NEXT GROUP OF 104 NOT NEXT
DATA POINT
CALL REDTPD (8¢ FTy IERs 1s ICKs 10s Yi1))
DO 6 I= 1y 1U
RLAM(K)= Y(1)/CONT
K= K + 1
6 CONTINUE
119 CONTiNUE s |
11 CALL REDTPD i8s FOTs IERs 1s ICKs 29 MALL)
IF (IER +EQe 2) GO TO 67
IF (ICK oNEe 1) GO TO 11

FIGURE 3 - Continued
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251

250

81

82

83
88
90
91

155

84
85
92
93
94

86
96
97

FIND MINIMA WITHIN 525042

ICHK= O

ICHK 1S VARIARLE USED TO COUNT MINIMA
110 = 10

Il= 1

DO 250 KK= 19 15

WRITE (KPRe 251) (RLAM(I)s I= 11l 110)
FORMAT (1H » 10FT7e4)

Il= 11 + 10

110 = 110 + 10

CONTINUE

1 = 40

NR= 0

NUR= 0

-DELM= RLAM(I)=RLAM([=1)

DEL= RLAM({I+1) = RLAM(I)
DELP= RLAM(I+2) = RLAM(I+1)
IF (DELM) 83y 82 83

I= 1 + 1

GO T0O 81

IF (DELP) 849+ 88» B84

IF (DEL) 899 90y 89

IF (RLAM(I+3)=RLAM{I+2)) 899 89 91
ICHK= ICHK + 1

RMIN(ICHK )= RLAM(I+1)

XMINIICHKY = 1 + 1

I =1+ 1 :

NUR= NUR + 1

WRITE (KPRs 155) ICHKs XMIN(ICHK) 9 RMIN(ICHK)s NRs NUR

IN THIS CASEs» WANT TO ARRIVE FINALLY AT STATEMENT NOe 82
WITH I= ORIGINAL I + 2y SO INCREASE ! TWICE

FORMAT (10H MINe NOe 91595Xe2MHI39F66295X95HRLAM=9FBe42217)
GO TO 89

IF (DEL) 85y S92 85 ,
IF (ABS(DELM + DtL) = (ABS (DELM) + ABS (DEL))) 86y 879 87
IF (DELM) 934 89y 89 ‘

IF (DELP) 89 EGs 94

ICHK= ICHK + 1

RMIN(ICHK) = RLAMI(I)
‘XS&= 1

XMIN(ICHK) = XS + 0500
NR= NR + 1

WRITE (KPRs 155) ICHKs XMIN(ICHK)s RMIN(ICHK) 9 NRs NUR
GO 70 89 ' :

1F (DELM) 969 89 89

IF (DEL) 89+ 89s 97

ICHK= ICHK + 1

ISV = 1 '

FIGURE 3 - Continued

URIGINAL PAGE IS

‘OF POOR QUALITY
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NR= NR + 1
RMIN(ICHK )= RLAMI(T)
XMIN(ICHK) = [

WRITE (KPR» 155) ICHKs XMIN(ICHK)s RMIN(ICHK)s NRs NUR

GO T0 89
87 IF (ABS(DEL) = ABS (DELP)) 98y 8Ss 89
98 IF (ABS(DEL) = ABS(DELM)) 99y 89y 89
99 ICHK = ICHK + 1

RMIN(ICHK) RLAMIT)

XMIN({ICHK) I

NUR= NUR + 1

WRITE (KPRs 155) ICHKs XMIN(ICHK) RMiN(ICHK)o NRs NUR

89 IF (I=65) 82s 100y 100
100 IF (RLAM(I) =~ o800) 82, 82y 101
101 ITRY= 10%NR + NUR
IF (IBC=ITRY) 1039 102y 103
103 WRITE (KPRs 105) NRs NURs ITRYs I8C

105 FORMAT (4H NR=s[5¢3X94HNUR=91593Y95SHITRY=91593%

'116HBROADENING CODE=» I5)
“WRITE (KPRs 107)
107 FORMAT (25H CHECK DATA FOR THIS SCAN)
102 IF (ICHK=3) 19y 20, 20
19 ICHK = ICHK + 1
RMIN(ICHK) = 1400
GO TO 102
20 IF (RMIN(1) = RMIN(2)) 21» 21s 22
21 ABSMN= RMIN(1)
GO TO 23
22 ABSMN= RMIN(2)
23 DO 924 I= 34 & ;
IF (RMIN(I)=ABSMN) 579 57y 924
57 ABSMN= RMIN(1)
924 CONTINUE
WRITE (KPRs 128) ABSMN
128 FORMAT (1H » F1044)

C START HALFWIDTH CALCULATION
24 HMIN= 0e50%#(1e0 + ABSMN)
Il= 1SV
C ISV 1S LOCATION OF FIRST RESCLVED MIN.
C AT LEAST ONE OF THEM,
C WORK TO RIGHT OF PROFILE CENTER FIRST
25 TEST= MMIN = RLAMI(I1)
IF (TEST) 599 589 58
58 I1= 11 + 1 ‘
GO TO 25
59 112= 11
I1l= 11 = 1
C NOW WORK TO LEFT OF PROFILE CENTER
12= ISV
FIGURE 3 - Continued
ORIGINAL PAGE Ib R 20
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26 TESTs HMMIN = RLAM(12)
IF (TEST) 489 499 49
49 12= ]2 = 1
/GO TO 26
48 :122= 12
1121= 12 + 1
| FRAC= (HMIN=RLAM(I21))/(RLAM(122)=RLAM(121))
LINEAR INTERPOLATION TO GET POSITIONS OF HALFWIDTH POINTS
THIS SHOULD BE 0K BECAUSE PROFILE SHCULD BE NEARLY LINEAR IN
TH1S RANGE
X121= 121
POS2= X121 = FRAC
FRACS= (HMIN-RLAM(III))/(RLAM(IIZ)-RLAM(III))
X1l1i= 111
POS1= X111 + FRAC
'FWHM= POS1 = POS2
WRITE (KPRs 60) POS2s POSls FWHM
60 FORMAT (1H o19HHALFWIDTH POINTS ATe F74395H ANDeFTe3
17H FWHM=4y F743)
C START EQUIVALENT WIDTH CALCULATION
= 22
d LOOK FOR ENDS OF PROFILE
27 X= RLAM(1)=RLAM({I=1)
‘ CIF (X)) 46 479 47
46 1= 1 =1
GO TO 27
47 1STRY= 1
WRITE (KPRs 147) ISTRT
147 FORMAT (1H s 5HISTRT=e 15)
1= 112
28 X= RLAM(I+1) = RLAM(I)
CIF (X) 454 45y 44
44 1= 1 + 1
GO TO 28
45 1STP= 1
WRITE (KPRs 148) 1STP
148 FORMAT (1H » 5HISTP=y 15)
NIz (I1STP=ISTRT + 1)/72 =
XI= ISTP = ISTRT + 1
Xl2= X1/24
“XI= N1
IF (XI1=XI2) 299 434 29
43 1§TP= ISTP = 1

nnNnN

29 SUM= Qs
DO 41 1= 19 150y 2
C - WILL NEVER GET TO I = 150

1S = ISTRT + 1

ORIGINAL PAGE s | FIGURE 3 - Continued
- OF POOR QuaLITY
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'SUM= RLAM(1S)%#4e + RLAM(IS + 1)#2. + SUM
IF (1S =(1STP = 3)) 41y 629 4l
41 CONTINUE
62 S= RLAM(ISTRT) + RLAM(ISTP) + 4¢*RLAM(ISTP = 1)
SUM= (S + SUM)/3.
DLAM=z= [STP = ISTRT
W= DLAM = SuM
WRITE (KPRs 65) W
65 FORMAT (3MH W=95XsF10e59¢5X922H IN DATA SPACING UNITS)
GO TO 58
67 WRITE (KPR» 10)
10 FORMAT (9M END FILE)
STOP
END

FIGURE 3 - Concluded
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wére adopted as the continuum values for the sunspot scans, and the
reémaining intensities were scaled to them. The continuum intensity
was determined for each scan by inspection of the magnetic tape print-
out, and that value was read as the variable "CONT" for the line profile

reduction program.

| Starting at the red end of the region, and including the image of
theEa wire, the measured intensity falls below 50 percent of the continuum
int%ensity three times before the 0.5250216-micrometer (5,7.50.216 A)
linée is reached. This fact was used to isolate the 0.5250216-micrometer
(5‘;%250.216 A) profile from the rest of the spectrum. The mirima deeper
than some fraction of CONT were counted, and the third minimum was
known to be A\5250. 6, the strong line immediately adjacent to \5250, 2.
(The fractional value used was usually 0.475. However, because the
relative intensities of the spectral lines are different on different scans,
this value was sometimes adjusted to avoid counting unwanted lines or
overlooking one of the desired minima. It was always possible to find

a fraction which would select the three desired minima.)

When the third minimum has been founci, the program tests the
succeeding intensity values until it finds the next local intensity maximum,
which represents the dividing line between the \5250. 6 profile and the
?\'5250. 2 profile. (The intensity usually does not quite return to the
continuum level between the two profiles.) The next spectral line,
then, will be A\5250,216. An array of 150 values is set aside for that
fjrofile. One hundred fifty intensities following the local maximum are
.é'ead into this array, called RLAM, and the rest of the unscaled digital
values are not used. The intensities are scaled by dividing them by

CONT before they are stored; they are stored as residual intensities.
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The program next locates the intensity minima within the
0.5250216-micrometer (5,250.216 A) profile. * These minimum value
locations will be used later as the positions of the Zeeman components.
iThe program begins searching at the fortieth point in the profile. In a
few cases, unresolved minima appeared before the fortieth point, so
éhe starting index should probably be changed. The presence of such
neglected minima can always be detected because the program prints

the 150 RLAM values for each profile,

The program searches for two kinds of minima, called '"resolved"
amji "unresolved'. A ''resolved'" local minimum is defined as an intensity
vaiue which lies between two greater intensities. The intensity value
immediately adjacent on one side may be equal to the minimum value,.
For example, in the sequence 0.5210, 0.5009, 0.4841, 0.4995, 0.5196,
the value 0.4841 would be selected as a resolved minimum. Its position
would be given by its index: in this case, 3. In the sequence 0.5210,
0.5009, 0.4841, 0.4841, 0.4995, the resolved minimum would again be
the lowest intensity value, 0.4841, but the position would be taken as
halfway between the two intensity points with that value, or 3.5. An
"unresolved'' local minimum is defined as the left-hand point of an
interval which is bounded by two intervals having slopes of the same
sign but greater magnitude. Because the digital data are smooth, the
use of minima found over a region only four or five points long is

successful; noise fluctuations are rarely detectable on this scale.

e

‘ As a check, the number of resolved and unresolved minima is

also estimated visually from plots of the profile scans, and a code

*All positions found by this program are the array indices of the corres-
ponding intensity values. They may be converted to wavelength values
by using the fact that adjacent intensity values are separated by 5. 88
%X 10”7 micrometers (5. 88 mA).
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number (IBC) equal to ten times the number of resolved minima plus
the number of unresolved minima is read for each scan. This code
number is checked against the number of minima found by the program,
and a warning message is printed if they do not agree. Lack of agree-
ment is not necessarily a sign of error, since the program's selection
criteria are not exactly the same as those of the eye. However, the
warning: message provides a screening mechanism which selects the
scans that 'are most likely to contain errors. The data can then be
checked to ensure that the correct scan is being read and that the

0.5250216-micromster (5, 250.216 A) line has been correctly isolated.

The program ne;d: determines the full width of the 0. 5250216-
micrometer (5, 250.216 43) profile at half the minimum intensity, where
the minimum intensity, I ,;,, is taken to be the intensity of the deepest
minimum in the profile. The intensities Ip,1f at half minimum are then
equal to (1.00 + I,,,;,)/2. The program searches outward on both sides
of the profile from the deepest minimum until it finds the intervals
containing thé intensities IL,)f and interpolates, if necessary, to find

the positions of the Iy, values.

Finaliy, the program defines the ends of the profile as the
positions neax;“the continuum at which intensity reaches local maximum
values, The indices corrésponding to these local maxima are printed.
The equivalent width Wy is then obtained by direct integration of the

profile between the end points, using the defining equation

N
Wy, = [ [1-1(0M] ax
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where

\

A1 and \;

I(\)

- wavelength

- ends of the profile

residual intensity as a function of wavelength.

The card input and program output are summarized in Tables 3

and 4.

TABLE 3. LINE PROFILE REDUCTION PROGRAM INPUT

VARIABLE NAME

ID

IBC

IRR

CONT

minima within profile.

~printout.

DESCRIPTION

Identification number for program output. Each
scan has a unique rumber; they range from 1 to
564.

Code number for visual estimate of number of
Identification number of the scan on ‘the magnetic
tape. Two scans on different tapes may have the

same IRR,

Continuum level obtained from the magnet1c tape

One card for each scan: ID I1BC, IRR CONT Format (315, F10. 0)
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TABLE 4. LINE PROFILE REDUCTION PROGRAM OUTPUT

1)
2)
3)
4)

8)

6)

7)
8)

ID, IRR for identification of scan

Intensities of the three minima preceding 15,250.216

150-value array containing the profile of 15,250.216

For each minimum found, a line is printed containing its position
and intensity, and a two-digit code defined 1ike IBC, giving a

running total of the number of resolved and unresolved minima
found in the profile.

Total number of resolved and unresolved minima, the two-digit
minimum-count code (ITRY) for the entire profile, and the IBC
value read, for comparison.

Warning message if ITRY is not equal to IBC.

Intensity of the deepest minimum in the profile.

Locations of the Iha1f¢ points and the full width at half minimum
in the data spacing units.

9) and 10) Ends of the profile.

1)

Equivalent width, in data spacing units.
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MAGNETIC FIELD STRENGTH DETERMINATIONS
FROM THE 5,250.216 A LINE

METHODS OF DETERMINING FIELD STRENGTHS

Determination of sunspot magnetic field strengths from the
Z;eeman splitting of spectral lines is discussed in detail in several
textbooks (see, for example, Refs. 10 and 11). Reference 10 also
cqntains a discussion of Unno's theory of spectral line formation in a
nfagnetic field. Unno's technique was one of the first to permit calcula-
tion of absorption Zeeman profiles in a stellar atmosphere. It has been
used by a number of investigators and is still used occasionally. It
assumes a Milne-Eddington atmosphere; profiles which are formed in
pure absorptidn and LTE; a uniform magnetic field; and a ratio of line

to continuous absorption which is constant with depth.

} Two more recent approaches are those of Beckers (Refs. 12 and
121) and of Moe (Ref. 13). Reference 13 also contains a summary of
other methods., [ A discussion by Staude (Ref. 15) of notational differences
in r‘ecent papers is helpful in interpreting the literature.] Moe's method
is probably the most popular one now. It is simple to program and per-
mits calculation of profiles for any desired atmospheric model. (Refs.

16 and 17 contain results obtained by Moe's method.)

Moe's method consists of a different procedure for solving Unno's
transfer equations for the Stokes parameters. Again, the line profile is

assumed to be formed in LLTE, and the magnetic field is assumed homo-

=

"g[geneous over the region of line formation. The requirement of depth-
independence of the absorption coefficients, however, is relaxed. The
ratio of line to continuous absorption is represented as a prbduct of a

depth-dependent, wavelength-independent factor and a depth-independent,



wavelength-dependent factor. The emergent intensities of the Stokes
parameters I, Q, and V can then be written analytically and can be
evaluated by numerical integration for a given model atmosphere.
Numerical calculations are practical only for lines formed in pure
absorption, although Moe indicates the form of the solution for scattering

lines.

THE IRON LINE AT 5,250.216 A

The iron line at 0.5250216 micrometer (5,250.216 A) is often
used for magnetograph field determinations. It has a strong triplet
splitting and, in general, appears to conform with von Kliber's criteria

for suitable lines for magnetic field measurements (Ref. 18).

Upon closer acquaintance, however, the line has revealed some
unfavorable characteristics, It is a strong line with a low excitation
potential and a large scattering component (Ref. 19). Detailed analysis
is further complicated by the fact that the upper level of the line is
split. Because the line is strong, it tends to saturate easily; this
property has been suggested as the reason the ’line sometimes appears
to have an '"anomalous' Zeeman w-component (Refs. 20 and 21), The
line is extremely temperature-sensitive, becoming stronger in regions
of lower temperature (Ref. 22). Moreover, Moe has recéhtly discovered
a ;xreak molecular line in the red wing of the profile, so the 0,,525'0216-

micrometer (5,250,216 A) line usually observed is actuaily a blend.

Some of the properties of the line are given in Table 5,
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TABLE 5. PROPERTIES OF FE I 15,250.216

Transition | , aspy - 27D, Ref. 10, p. 179

'Lower and Upper 0.121 eV, 2.471 eV Ref. 10, p. 179
Excitation Potentials

 Zeeman Pattern 19%—§- Ref. 10, p. 179
‘Lande g Valﬁ; 3 5 Ref. 23, p. 382
| |

*Log of 4.6 Refs. 24 and 25

(g is statistical weight
.of lower level; f is
oscillator strength for

' transition)
*Photospheric Fe . [Nfe) _
Abundance log (T) = -5.2 Ref. 26

*The proper choice of abundance and f-values of iron is not yet
established; other published values are as justifiable as those
given here. (See, for example, Refs. 27, 28, and 29.)
Fortunately, the gf-abundance product, which is the quantity
needed for line profile calculations, is better known than
either of its constituent factors.
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PRELIMINARY DETERMINATION OF SUNSPOT MAGNETIC FIELD

For simple triplet splitting, the magnetic field strength along

the line of sight can be derived immediately from

_eH 2

Ay = 4rmgc? Mo

where
A\gg - separation of the w and ¢ Zeeman components, cm
No - undisturbed wavelength, cm
H - field strength, gauss
e - _electron charge, e.s.u.
me - electron mass, g

1

c speed of light, cm sec™".

A simple FORTRAN program has been written to calculate field
strengths from the triplet splittings obtained from the spectral data.
The results are field strength components, in gauss, along the line of
sigght. This solution gives no information about the field orientation
al;ld is limited to determination of field strengths large enough to pro-
d\EJ.ce resolvable Zeeman components, The field strengths will be

réquired for calculating line profiles in the spot; they can also be used

to construct a crude sunspot map of the projected field vectors.

The program is given in Figure 4; the results, in the form of a
sunspot map, are given in Figure 5. Figure 5 is not drawn to scale.
The length of a cell in the East-West direction represents approximately

1, 750 kilometers on t»he‘Subn. The length in the North-South direction
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11
10

12

13

CALCULATE MAGNETIC FIELD STRENGTHS FOR TRIPLET SPLITTING

READ POSITIONS OF MINIMA WD ASSUME THESE ARE CENTERS OF COMPUNENTS
KPyU= 2

KPR= 3

RFAD (KPUs 1) Wy G

FORMAT (F1040s F540)

WAVELENGTH OF UNSHIFTED LINE IN ANGSTROMSs LANDE G VALUE

CONVERT W TO CM

W= W#1.0F=8

READ (KPUs 3) IDs XLs XCs XR

FORMAT (159 5Xs 3F10e0)

READ POSITIONS OF COMPONENTS IN DATA SPACING UNITS

IF A COMPONENT DOES NOT APPFARy LEAVE IT OUT

IF ALL 3 COMPONENTS ARE PRESENTe ASSUME ZEEMAN SPLITTING IS
AVERAGE OF THE 2 VALUES THUS DETERMINED.

THIS PROGRAM ASSUMES AT LEAST 2 MINIMUM VALUES ARE READ~FOR
EVERY LINE ;Q
NXL= XL : -
IF (NXL.=0) 29 5y 6

DLH= (XR=XC1¥#5,88E=11

DLAMBDAH IN CM

GO T0 10

NXC= XC

1F (NXC=0) 29 74 8

DLH= (XRe=XL)¥2494E=«11

GO 70 10

NXR=XR

IF (NXR=C) 29 G 11

DLtz (XC=XL)*5,88E=11

GO TO 10

DLH={(XC=XL)+{XR=XC) ) #2494E-11

He DLH/ {446 TE=5#GHWHY)

WRITE (KPRs L12) 1De» H

FORMAT (4H 1D=2915010X02MHM=9E126597TH GAUSS)

GO T0 2
CALL EXIT
END

" FIGURE 4. FIELD STRENGTH PROGRAM

32

W b i



SOUTH
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1,065

761
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457
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1,040
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990
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1,325
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VII, VIII

1,319 |1
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IX, X

1,760 | 1

,985
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1,724

X1

1,637 | 1

»979

2,025

2,008

1,781

1,903

XII

1,085 (1

»551

1,979

1,941

1,614

1,218

XIIT

1,066 |1

»243

1,040

1,446

761

X1V

685

913

799

952

685

XV

761

FIGURE 5.

LINE-OF-SIGHT FIELD STRENGTHS IN GAUSS,
OBSERVATIONS OF 14 JULY 1969 ’

NORTH
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is approximately 175 kilometers on the Sun, and the separation of
observations in the North-South direction is approximately 1500 kilom-
eters. The Roman numerals along the left side of the figure and the
lower case letters aiong the top are the labels of the observations cor-

responding to the plotted locations.

DETAILED MAGNETIC FIELD DETERMINATION

The complete determination of magnetic field strength and

inclination can be summarized in a diag:am (Figure 6). The three
operations in the left-hand column (obserw“‘xtions, determination of
Zeeman splitting, and calculations of field 'strength components along
the line of sight) have been completed. '].‘hfe remainder of the diagram

is discussed below. l

The dependence of the observed pf'ofile shapes upon the magnetic
field configuration and upon the ‘properties of the atmosphere is so com-
plicated that the only practical way of determining the fields is to cal-
culate line profiles for a number of magnetic field strengths and
inclinations and compare these to the observed ﬁrofiles. The initial
field strength derivation can be used to obtain starting values for the
field strength, and profiles can be calculated for a given strength at a
number of different orientations. Most theoretical procedures assume
homogeneous fields. This assumption is a limitation in principle but
not in practice, since the spatial resolution of the observations is
small. The observed profiles represent averages over an area on the
Su'n of approximately 175 by 1, 750 kilometers; they are averages over
the depth range where the line is formed. The fields, therefore, could

not be determined to smaller scale, even if the theory permitted it.
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The solution consists of intensities of the Stokes parameters;
these can be combined to yield calculated intensities corresponding to the
five observed polarization forms. The calculated profiles can then be
compared to the observations, and the field strengths and inclinations
in the sunspot will be assumed to be those which yield the best matches

to the observed profiles.

Because the theory is restricted to Zeeman triplets, this pro-
cedure cannot be used to derive field properties from lines with more
complicated Zeeman patterns, Another line in the observed spectral
region has a large triplet splitting: the neutral chromium line at
0.5247574 micrometer (5,247.574 A), with Zeeman pattern iQ.ZLE’_ .

The same analysis could be performed for this line., Because the
chromium line has approximately the same strength as the iron line
(and, therefore, forms at approximately the same depths), its analysis
would serve as a check on the iron line calculations but would not

provide information concerning the fields at different depths in the

sunspot.
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INTRODUCTION

The results of several studies of factors related to the practical
use of solar magnetographs are collected in this section. Special
emphasis is placed on uncertainties in the observed quantities and in
their interpretation. The work reported was done between October

1971 and June 1973,

Several factors which influence magnetograph operation are
discussed in this section, with special attention being given to uncer-
tainties in the final results. A preliminary error estimate of *20
percent is suggested as a reasonable value on the basis of experience

with other systems.

The spectral line for which the Marshall Space Flight Center
(MSFC) magnetograph was designed is shown to possess a number
of disadvantages. Line profiles in sunspots cannot be calculated for
this line, even approximately; the height of formation in the solar
atmosphere is not known; and the strength of the line changes signifi=-
cantly for different regions on the solar disk. These disadvantages are:
largely a consequence of the fact that the line in question, A5250.216 |
of neutral iron, has a very low excitation potential (e.p. = 0.121
electron volt for lower level)., A number of Zeeman triplet lines have
lower excitation potentials of 2.0 electron volts or higher, and these
lines would show these disadvantages to a much smaller degree. It
is therefore recommended that serious consideration be given to
choosing a new line of higher excitation as an alternative magnetograph
line. Such a line also would be more likely to be observable at higher
temperatures than those prevailing in éunspots_ and might permit the

magnetograph to be used for study of magnetic stars.

43



PROPERTIES OF THE NEUTRAL IRON LINE, A5250.216

The MSFC Real Time Solar Magnetograph was designed to
measure the degree of polarization in the neutral iron line at 525.0216
nanometers (5250.216 angstroms). This line has a lower=-level excita-
tion potential of 0.121 electron volt; the central intensity in the photo-
sphere as shown in the Utrecht Atlas is 0.39 (Ref. 1); the equivalent
width in Moore, Minnaert, and Houtgast's table of solar spectrum
wavelengths is 62 milliangstroms (Ref, 2). The line is strengthened
in sﬁnspots. In a magnetic field, it shows a triplet Zeeman pattern
with‘ a strong splitting of about 4 milliangstroms per 100 gauss of field.

The properties of the line are summarized in Table 1.

The very low excitation potential of the lower level suggests
that the line has a strong scattering component. That suggestion is
supported by observations which show that the strength of the profile
does not vary greatly with position on the solar disk; such behavior
is characteristic of scattering lines. Therefore, a valid theoretical

treatment must consider both the absorption and scattering mechanisms.

'Although a scattering matrix for the line has been derived
(Ref. 3), the detailed calculation of a_écattering line ;profile is very
complicated. Obridko has done a calculation for a simple case (Ref. 4), ‘
but treatment of scattering alone using a realistic sunspot model is hot
yet practical. A calculation combining the effects of absorption and

scattering for a realistic sunspot model is even more difficult.

For this reason, most calculations of A5250 profiles assume
pure absorption. Some recently published calculations of \5250

profiles and of other profiles in sunspots are listed in Table 2.
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~TABLE 1. PROPERTIES OF Fe I A5250.216

Transition as DO -z27 Dy

Lower and Upper : 0.121, 2.471
Excitation Potentials (eV)

Zeeman Pattern fOF 3

Landé g Value 3

Log gf | -4.46
(g is statistical weight of lower level;
f is oscillator strength for transition)*

Photospheric Iron Abundance* Tog (ﬂfg) - 5.2

*The proper choice of abundance and f-values of iron is not yet
established; other published values are as justifiable as those
given here. The gf-abundance product is better known than either
of its constituent factors.
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TABLE 2. LINE PROFILE CALCULATIONS IN_SUNSPOTS .

1 Moe

AUTHOR SPECTRAL LINE SUNSPOT MODEL | PHOTOSPHERIC MODEL | REFERENCE |
Moe and Maltby] A5250.2 - Holweger 5
Hénoux ‘Na D, Mg b (wings) Henoux 6
Hénoux = “Weak to medium Fe I, Fe-II, Hénoux 6

‘ Cr I, Cr II, Ti I,
Ti II
Yun Na D (wings) Yun 7
Beckers 15250.2 E Bilderberg Continuum 8
Atmosphere - -
Gohring A5250.2 Arbitrary ng 9
Gohring A5250.2 Holweger 9
A5250.2 Combination of 10
MU1ler-Mutschlecner
and Goidberg
A5250.2 Hénoux 11

Staudeu




Although some of this work was elaborate, only one author, Staude,
has published profiles of A5250. 2 calculated with a sunspot model.
(Moé states that he has succeeded in making a similar calculation
but has published no results.) As will be shown later, the profiles

calculated in sunspots do not appear to be valid.

In sunspot spectra, a weak line of titanium oxide is blended with
tl}e red wing of A5250, and this blend should be considered in a precise
pi'ofile calculation. Each line modifies the radiation field seen by the
other, and a rigorous approach requires that the source functions for
both lines be modified correspondingly. Since in this case the strengths
of the lines are so different, it is probably acceptable to assume
that the titanium oxide line has negligible effect on the source function
for the iron line and that the titanium oxide line is so weak that the
effect of the modification of its source function by the iron line would
be fé)und to be of the order of the obseerationai'uncertainty or smaller.
Then the separate profiles can simply be superimposed; the residual

intensity for the combined line will be given by:

‘R(A)Fe+TiO = R(‘A")Fe N [1 00 -R(A) TiOJ° (1)

No blend calculations, even on this level of approximation, have been
~published. Moe has calculated but not published sunspot profiles for
A5250 in which he treated the presence of blends by adjusting the con-
tinuum level. His reasoning is that the apparent continuum under the
conditions prevailing in sunspots is likely to be crowded with weak,
unresolved molecular lines. This approach yields profiles which
agree well with observations, but the physical validity of the argument
is questionable. Moreover, it will be shown that in this case the fact
that calculated profiles agree with observations is not sufficient

evidence that the calculation is correct,
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The low excitation potentiai of the lower level of the line causes
the absorption coefficient to be sensitive to the temperature and electron
pressure in the model atmosphere. Figure 1 shows the fraction of
iron atoms in the lower level as a function of depth in the sunspot model
afrnosphere (the model is that of H€noux, Rei. 6). The top curve in
the figure, marked by triangles, is the relation for A5250. The lower
curve, shown for reference, is the corresponding set of values for the
neutral iron line at 617.3348 nanometers. This line has a lower
excitation potential of 2.213 electron volts (Ref. 12); it is used for
comparison because self~-consistent profiles can be calculated for it
in sunspots. The number of atoms capable of absorbing L6173 decreases
by about a factor of ten with increasing height in the atmosphere, but
the number for A5250 is nearly constant over most of the range and
is close to its peak value at the top of the atrrioSphéi'e.' [ The Ni %ralues
were calculated gsing the Boltzmann and Saha equations, assuming that
iron could exist in neutral and singly-ionized forms; this calculation,
of course, implicitly assumes the atmosphere is in local thermodynamic

equilibrium (LTE). ]

Figure 2 shows Ty the ratio of lﬁihe-to-continuous»absorption
coefficients, as a function of depth in the Hé€noux model atmosphere.
Again, the triangies are used to signify A5250 and circles to signify
A6173, The U values for both lines rise sharply toward the top of
the atmospheric model, primarily because the opacities fall rapidly
over the same range. The effect of the increase in N is much more
serious for A5250 because of the different line absorption coefficients
for the twh lines; the coefficient for X6173 is much smaller at the top
of the atniosphere, compared both to its owh peak value and to the
values for A5250. The coefficient for A5250 declines more slowly

with height and has a much larger average value, Figuré 2 also
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provides the reason why Moe's addition of continuous absorption
improved the appearance of his calculated profiles without correcting
the fundamental difficulty: adding continuous absorption will reduce
the ordinate values of the curves of Figure 2, but the values of the
line absorption coefficients also are important to the result, and they

are unchanged by the addition of continuous absorption.

When combined, these effects are sufficient to make impossible
a self-consistent LTE profile calculation of A5250 in sunspots. The

residual intensitieé, RX’ may be evaluated by direct integration of

o0
dt
=L |5 =t/ A
R)\ = < /BA (th) exp A\ m (2)
2 0
where
-
tk= /(1+nh) dTl
0
and
B}\ (t)\,) - source function (here, the Planck function)
o - optical depth in the line at waveléngth 7\
TA - optical depth in the continuum at wavelength
: A (TO = T\ = 500 nanometers
I; - continuum intensity at wavelength A and
position on the solar disk given by p = cos 0
™, = ratio of line-to~-continuous absorption at

wavelength A .
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The calculations were done at thebdisk center (p = 1.00) for

zero magnetic field. (Thé addition of a magnetic field will not affect

the derived contribution relation, since the line -to-continuous absorp-
tion ratio for circularly polarized light in a longitudinal magnetic field

is equal to the value in the zero field case.) The f-values were taken
from Corliss and Warner (Ref, 13). The iron ahundance (log ;¢ NFe/N‘H):
was set equal to -5, 20 (Ref, 14). The microturbulent velocity in the
sunspot was assumed to be constant with depth and equal to 1.0 kilo-_

meters per second.

The contributions of the various depths to the emergent intensity
are displayed in Figure 3 by plotting the differences, A RA/A (log10 T )s
as a function of log 1o Tol the A R) values were obtain_ed‘ irom the
integration of Equation (2). The A (log yo Ty ) intervals in each case are.
the depth intervals at which the Hénoux model is tabulated; the differences

are plotted at the centers of their depth intervals.

As Figure 3 shows, the intensity contribution to 7\5250 is at its
maximum at the top of the model, with the peak value being undefined.
Integration of these values over depth clearly will not yield a completely
defined emergent intensity. On the other hand, the contributions fo
A6173 are essentially all within the depth range of the model, so the
residual intensity obtained by integrating those values over depth can

be considered to be significant.

For photospheric conditions, the temperatures and electron
pressures are high enough that the number of atoms in the lower level
of the A5250 transition is reduced, and self-consistent LTE profiles
can be calculated. The A5250 profiles calculated for photospheric
models é.re therefore valid insofar as their underlying assumptions

are valid., However, it does not seem reasonable to expect that profiles
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calculated for photospheric models will also be representative of sunspot
conditions, and they therefore should not be used to interpret sunspot
observations. (In practice, m.st magnetographs which use the A5250
line and depend on calibration from calculates orofiles were calibrated

using profiles calculated with photospheric models. )

Because A5250 is quite strong in sunspots, its profile is often
saturated. When saturated profiles in different polarization states
are superimposed, the intensity distribution of the combination may
appear quite different from the distributions in the separate components.
Often, in fact, the combination appears to have a spurious II component,
usually shifted somewhat from the normal position (Refs. 5, 9, 11, 15,
and 16). This so-called ""anomalous II component'' further complicates

the analysis of \5250 observations.

Another source of complication of the theoretical treatment of
>)L5250 is the effect of polarization of the atomic sublevels involved in
the transition., If the splitting in a magnetic field is not complete, so
that different sublevels overlap, then the sublevels are not independent,
and phase relations exist between their wave functions. This inter-
ference between sublevels is called 'level-crossing interference'’.

The Hanle effect is an example of level-crossing interference.

The sublevel polarization is distinct from the polarization
introduced by the Zeeman splitting. A. unusually brief and clear
description of the various sources of polarization has been given by
Lamb (Ref. 17); it is quoted in the following paragraph.

The polarization of light in solar absorption and
emission lines may result from the action of one or

more of three distinct processes. First, in the pres=-
ence of a magnetic field the light in absorption or
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emission lines may become partially polarized simply
as the result of Zeeman splitting. Although the radia-
tion absorbed or emitted at each frequency in the line

by an assembly of atoms is then at least partially
polarized, if atomic level polarization does not accom-
pany the Zeeman splitting and if the assembly is optically
thin in the line the total radiation absorbed or emitted,
when integrated in frequency over the whole of the line,
will be isotropic and unpolarized (one speaks of no 'net'
polarization of the line). Second, the light in Zeeman
split absorption or emission lines formed in an assem-=
bly which is not optically thin may show a different
partial polarization at each frequency from that of an
optically thin assembly. Even in the absence of atomic
level polarization, this phenomenon usually leads to net
polarization of the light in the line. Finally, light in
absorption or emission lines may become polarized as

a result of the polarization of one or both of the atomic
levels involved in the formation of the line, since in this
case the assembly will preferentially absorb, emit, and
scatter radiation of a particular polarization and angular
distribution in radiative processes beginning at each of
the polarized levels. Generally speaking, atomic level
polarization leads to net polarization of the light in the
line, whether or not the line also undergoes Zeeman
splitting or the assembly is optically thin.

The study of these effects is still in its infancy; both Lamb and
L. L. House have been working actively in this field (see Ref. 18, for
example). A fairly complete analysis can be done only for certain
simple resonance lines. The sublevel structure of A5250 is far too
complicated to permit an analysis of that transition with the techniques
now in use. It should be observed, however, that Lamb (Ref. 17,
p. 159) has estimated from collisional relaxation rates that "at photo-
spheric densities the energy 'overlap' of states withih the same atomic

level will not be significant [ for A5250] when the magnetic field strength
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is greater than 10> G." Presumably, level-crossing interference also
will be unimportant for lines formed in the lower depths of sunspots.

For lines formed at greater heights, however, level-crossing inter=-
ference may become important, The exact height of formation of A5250
is uncertain, but it probably is formed in the upper photosphere. There~
fore, the possibility of the existence of level-crossing interference in this

line cannot yet be eliminated.
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ALTERNATIVE SPECTRAL LINES FOR
MAGNETOGRAPH OPERATION

Because a theoretical calibration from calculated sunspot pro=-
files for \5250 cannot now be accomplished, it may be advantageous to
consider adopting another spectral line for magnetograph operation.
With this in mind, a number of Zeeman triplet lines within about 200
angstroms on either side of A\5250 were examined for suitability as
ma?gnetograph lines. The results of this preliminary study are sum-
ma%rized in Table 3. The lines were first checked for the presence of
bleiﬁds, using the pho;tb’spheqric tracings in the Utrecht Atlas (Ref. 1)
and? a photographic sﬁnspot spectrum borrowed from the Kitt Peak
Nai%ional Observatorf. 'The lines which did not appear to be badly
blended in those two references were investigated further. In Table 3,
"UA'" signifies Utrecht Atlas; "KPNO'", the Kitt Peak photographic
spectra; and "MMH', the Moore, Minnaert, and Houtgast solar wave-
length table (Ref. 2). The spectral line identifications in this last -

reference are useful for detecting and identifying blends.

It must be emphasized that probably nolstfdng line can be found
to be entirely frece of blends in sunspots because of the large number of
moiecular lines which can form under these‘ conditions. The presence
of weak blended lines therefore cannot disqualify a spectral line for

magnetograph use.

Spectral lines at greater distances from A\5250 also might be
considered. Some interest now exists in the polarization of lines in
the.ngar infrared (Ref. 19), but these would not be suitable for use in
a n‘:xagnetograph located near sea level because of the strbng telluric
absorption by water vapor at long wavelengths, Harvey (Ref. 20) has

published a list of lines with large Zeeman splittings, which could be

57



8

TABLE 3.

PRELIMINARY SURVEY OF SPECTRAL LINES NEAR 5200 ANGSTROMS--

WAVELENGTH (A)

RESULT OF BLEND STUDY

CONCLUSION

5082,.351
(Nil, multiplet number 130)

5145.104

5202.351

5215.190
(Fel, muitiplet number 553)

5217.398
(Fel, mltiplet number 553)

5229.862
(Fel, multiplet numbers 553, 1090)

5247.576
(CrI, multiplet number 18)

KPNO-and UA spectra suggest blends are not serious; according to MMH,
it may be blended in the wings with lines of C,-and-MgH

e gA%.= 39 x 10*° cm? (von Kliber) -

o Transition: z *F§ - e %P,

e Excitation potential of lower level = 3.642 electron volts
e According to von Kluber, line is weakened in sunspots
Both KPNO .and UA spectra show serious blends

KPNO spectrum shows serious blend, confirmed by MMH

UA spectrum shows biend in red wing; continuum is depressed in this
region.

o Transition: z 5D - e 5D,
e Excitation potential of lower level = 3.26 electron volts

Profile looks fairly clean in UA and KPNO spectra; MMH suggests
possible blend

e gA? = 41 x 107!° cm?
e Transition: z 5D - e SD,
o Excitation potential o? Tower level = 3.197 electron volts

Profile looks clean in UA but KPNO spectrum shows possible blend
in red wing

o gr? =41 x 1070 cm?
e Transition: z 50§ - e Do

e FExcitation potential of lower level = 3.269 electron volts

® gA? = 69 x 10°!° cm?

e Transition: a 0 - z °f§

e Excitation potential of lower level = 0.957 electron volts

This Tine, like 25250, would be an excellent magnetograph line if it
. had a higher excitation potential. Attempts to calculate absorption

profiles for sunspot models have shown that a profile cannot be
defined for the same reasons that profiles are not defined for 15250.

Probably best avoided because of
small splitting and weakness in
sunspots

Not usable
Not usable
Not usable

Probably could be used but is not
a good choice because of small
splitting (see entry for A5263)

Probably could be used but is not
a good choice because of small
splitting (see entry for A5263)

This line has no advantages over
25250
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TABLE 3 - .Concluded-

WAVELENGTH (A°)

RESULT OF BLEND STUDY

CONCLUSION

52563.470

(Fel, multiplet number 553)

5263.316
6273.172
6283.631

5302.309

(Fel, multiplet number 553)

5324.,193

(FeI, miltipiet number 553)

5339,939
5393,178

(Fel, multiplet number 553)

Appearance of profile is good in UA and KPNO spectra; MMH shows blends
with two faint lines

o gA? = 41 x 107!° ¢m?

e Transition: z 50§ - e 5D,

e Excitation potential of lower level = 3.27 electron volts

Zeeman splitting is not detectable in the KPNO spectrum. For-a field
of 2000 gauss, the value of Ady should be about 38 milliangstroms,
compared to about 90 milliangstrom for 16173 for about the same field
strength. If a My as sme1l as 2.5 milliangstroms could be resolved,
the lower limit on measurable field strength would be about 130 gauss.
Appears -badly blended in UA and KPNO spectra

Appears badly blended in UA and KPNO spectra

Appears badly blended in UA and KPND spectra

Profile looks clean in UA but KPNO spectrum appears blended

® gAZ =42 x 1071% em?

e Transition: z Spf - é 5D,

® Excitation potential of lower level = 3.269 electron volts

Profile looks clean in UA but appears to be blended with a weak line,
possibly Cr I, in KPNO

e aA% =425 x 107!° cm?

e Transition: z °Df - e ®p,

¢ Excitation potential of lower level = 3.20 electron volts

For a field of 2000 gauss, AAH = 39,6 milliangstroms

Profile Tooks biended in both UA and KPNO spectra

Profile Topks blended in both UA and KPNO spectra, confirmed by MMH

Splitting may be too small for
Tine to be a good choice. It is
probably usable.

Not usable
Not usable
Not usable
Not usable because of conspicuous

blend in sunspots and small
splitting

Probably usable. (This is the line
used by the Aerospace Corporation
magnetograph. )

Not usable

Not usable




examined. Zwaan and Buurman have compiled a list of sunspot lines
which are very weak in the photosphere and which therefore should not
be distorted in shape by the effects of stray light, This list does not
appear to have been published. One of the lines listed, according to
Reference 21, is N6064.626 of neutral titanium. Another relevant
reference is Reference 22, in which Wittmann reports the results of
examining a number of red lines for the presence of blends., This
mafefial would form a starting point for a more extensive search of the

solar spectrum.
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SOURCES OF ERROR FOR SOLAR MAGNETOGRAPH

EFFECTS WHICH DEPEND SOLELY ON POSITION ON THE
SOLAR DISK

: As is well known, the radiation observed at the center of the
solar disk characterizes a greater range in depth than that observed
at the limb. A crude numerical estimate of this effect can be made by

using the Eddington-Barbier relation,
Tg = cOS 0 = p ,

where Tg represents the maximum optical depth in the solar atmosphere

which can be observed at solar position angle 6.

Since the geometrical depth, d, in the atmosphere is approxi-

mately proportional to the log of the optical depth,

dph

R

Kph log Tph

[o
I

pe = er log Tpe

= Ky log Ty »

£

where

2
]

photosphere
pe - penumbra

umbra.

1
]



In general,

Kph # Kpe # Ky
and

don * 9pe * 4

The approximate form of the relation between d and p. across the
solar disk can be shown by letting K = 1. The zero point in the geo-~

metrical depth scale is arbitrary; here it has been chosen so that

d = 1atp =1, which is the deepest level observed.

13 4

|
1.00 1.00
0.90 0.955
0.80 0.903
0.70 0.846
0.60 0.779 Increasing
0.50 0.700 | depth
0. 40 0.603 |
0.30 0.478
0.20 0.301
0.10 0. 000

Thus, for a given solar feature the depth observed at p = 0.5
will be about 0.7 of that observed at p = 1. This property can be very,
useful, since it allows a partial determination of the variation of observ-

able quantities with depth in the Sun.

Foreshortening toward the limb will tend to decrease the spatial
resolution of the observations. The magnetograph aperture has a pro-
jected size of about 5 minutes of arc square, at the distance of the Sun

from the Earth. The aperture will accept a distance on the Sun at the
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center of the disk of 2,17 X 10% kilometers. If the aperture is placed
so that its outer edge is just at the limb, the linear distance it subtends
on the Sun becomes 5. 84 X 105 kilometers, or more than two and one=

half times as large as at the disk center.

Finally, any observation using line profiles will be affected to
some extent by the tendency of profiles to broaden and flatten toward
the solar limb. This tendency should not be reflected in the degree of
polarization in the profile, so the effect for a polarization magnetograph
will be mostly that of reducing the signal level somewhat, since both
the brightness of the Sun and the depth of theline profile, which provides
contrast, are reduced. The '"limb darkening' is observed to be smaller
in the umbrae of sunspots than‘in the photosphere; the photospheric and

penumbral limb darkening are approximately the same.

EFFECTS CAUSED BY CHANGES IN STRENGTH AND SHAPE OF
LINE PROFILE

One assumption which is implicit in the entire magnetograph
desigh and operation is that the line absorption coefficieht in each of
the Stokes parameters is identical to the line absorption coefficient in
the absence of a magnetic field, although it may be shifted in wavelength
by an amount which corresponds to the Zeeman splitting. Knowledge of
the form of the line absorption coefficient is, in principle, sufficient to
determine the shape and strength of the line p‘ro'file‘ corresponding to a
transition between known levels in a model atmosphere of known proper=-
ties; therefore, the interpretation of the magnétogréph results can be
derived from the properties of the line profile thus determined, It
follows that énything which alters the shape c= sfrength of the line pro=-
file on the Sun will affect the interpretation of the magnetograph:

measurements.
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The profile of \5250, 216 is particularly suscéptible to valtera.-
tion by varying local conditions on the Sun. Since determining and using
a separate magnetograph calibration for each of these local areas is
difficult, an average calibration usually is used. The local variations
will then result in errors when the average calibration is used to inter-

pret results in the variant regions.

The local variations can be dependent on time and on position
of the solar disk. They also vary in magnitude. A quantitative estimate
of their effects is almost impossible to achieve, but qualitative descrip-

tions can be given.

The effecton line profiles of motion of the solar gas is well
known. If the scale of the motion is small compared to the range of
depths over which the lines are formed (microturbulence), the line
profile is broadened and its equivalent width is increased. If the scale
of éhe motion is large compared to the range of line-formation depths
(macroturbulence), the profile is broadened but its equivalent width
is unchanged. Large-scale moi:idns may also shift the entire profile
in Wavelength or cause it to become asymmetrical. The turbulence
effects depend upon position on the solar disk: the profiles tend to

broaden and flatten toward the limb.

The normal variation toward the limb can be determined and
compensated for in the reduction and analysis. (If it is not compen~
sated, errors of residual intensity of 0,10 or more -~ 10 percent of
the g:pntimium value -- can result.) In a system which uses a filter to
isolate the line, and does not have an entrance sl.it,v' shifte of the entire
profile must be compensated in that way also. Most of the uncompensable
error will come from undetected asymmetries and from unresolved

random motions in umbrae, penumbrae, and active regions. The
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uncompensable errors in residual intensity in each Stokes parameter
probably will be less than 0.05; the relative error in each measurement,
of course, will depend upon the part of the profile in which the measure-
ment is made. Since the average degree of circular polarization, Py,
is found by combining signals measured in two different‘ polarization
states, and since both signals may contain errors which are comparable
in absolute value and partially interdependent, the resulting error in

P, cannot be estimated for a general case. Wiehr (Ref. 23) discusses
errors caused by miscentering of the line profile in the original polarim-

eter designs used at the Crimea observatory and at the Locarno station

of the GOottingen observatory; these errors can be very large.

Of the spectral lines used for magnetic field determinations,
A\5250, 2 shows some of the largest natural variations in strength. The
line has moderate strength in the photosphere; it is stronger in sunspots
and weaker in photospheric magnetic regions. Chapman and Sheeley |
(Ref. 24) give the photospheric equivalent width as 62 milliangstroms;
the equivalent width they measured in photospheric magnetic regions is
27 percent smaller. The equivalent width in sunspots is difficult to
determine because the 'spot spectra are usually contaminated by stray

light, and no reliable estimate has been found.

Thé strength variations are thought to be caused partly by
temperature effects and partly by magnetic saturation (Refs. 24, 25,
and 26); the temperature effects fa_'.ppear to be confined to the line cores.
Whatever the cause, the variations in 'profile strength have been
responsible for discrepancies between magnetograph results obtained
with A\5250 and with oth;erilines. Usually; the calibration for \5250
is based on an '"average' profile for the solar disk and thus cannot

account for the strength variations. Harvey and Livingston (Ref. 27)
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found that the fields they measure& using A\5250 appeared to underesti-
mate ‘the true field strength by a factor of about 2 in the linear portion
of the profile and about 5 near the line core; Chapman and Sheeley

(Ref. 24) have estimated that a calibration using an average disk profile
of A5250 will yield magnetic field strengths which are too low by a factor
of 1.5 to 2; and measurements made with molecular lines also differ

consistently from the A5250 values (Ref. 28).

‘ Therefore, calibrations based only on disk-average profiles
of A\5250 generally appear to yield estimates of magnetic field strength
which are much too low. Some supplementary informaticn is needed.
Indeed, Harvey et al (Ref., 25) now use data from A5233 to establish the
average field strength in the areas they observe, and use the \5250

observations to provide finer detail.

ERRORS WHICH ORIGINATE WITHIN THE TELESCOPE AND
THE MAGNETOGRAPH

The magnitudes of errors arising within the magnetograph and
the telescope will be determined by making measurémen’cs of auxiliary
sources or solar regions whose characteristics are known. Although
a complete description of the errors cannot be made until that has been
done, a general review of some of the possible sources of error can

be given here.

The magnetograph contains a flat glass plate to be used to com-
pensate for residual polarization introduced by the telescope. Even after
this compensation has been made, a careful check should be made for
residual polarization in all modes to be measure'd, because residual
polarization is very difficult to remove completely. Furthermore, if
any residual polarization can be measured, it may be possible to remove
its effect in the data analysis. Residual polarization studies should be

made for a number of different source intensities and telescope orientations.
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One of the chronic difficulties experienced with umbral and pen-
umbral observations is contamination of the fainter solar intensities
by stray light from brighter regions. The scattering processes which
redistribute the light occur in the Earth's atmosphere and within the
telescope. The net polarization produced by the atmospheric scattering
should be negligible, but the redistribution of light at the telescope
optical surfaces may introduce a net polarization. Thus, a small
polarized component of stray light may exist which would tend to dis-
tort the relative intensities measured in different polarization states.
This component, if present, would probably be essentially linear and
therefore less serious for the circular polarization measurements.
Nevertheless, it is a possibility that should be examined, since such
polarized stray lighf 'might cause an appreciable distortion if the signal

level is very low.

A more serious possibility is that of intercommunication or
""crosstalk' between signals. If, for example, some fraction of unpolar-
ized intensity is mixed with a circularly polarized component, a sizable
error can result. Instruments which use electrically switched polarizing
crystals are subject to this type of signal leakage, so the possibility of

its existence should be examined (see, for example, Reference 25).

ERRORS CAUSED BY LIMITED RESOLUTION

The Cassegrain telescope to which the magnetograph is
attached hés a diameter of about 30.5 centimeters. The corresponding
Rayleigh criterion value at A= 5250 angstroms=is: 9. ,43 second of arc; this
will be assumed to be the diffractioﬁ-liinitedvs:pat::ial‘ resolution of the tele-
scope. The design goal for the magnetograph optics is a spatial resolu-

tion of 2. 5 seconds of arc for the 5-by-5 minute of arc field size, and
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1 second of arc for the 2-by=-2 minute field size obtained with the
magnification system (Ref. 29, p. 2-11). The resolution values 1 or
2.5 seconds thus represent the best possible performance of the system;

the resolution may be further limited by atmuospheric seeing.

The typical daylight seeing values at the telescope tower have
not yet been completely determined; in most locations, however, 1
second of arc is considered excellent, and 2 seconds or more are more
usual (Ref. 12, p. 19). Moreover, the seeing usually varies rapidly
with time, even on the best days, so an observation of more than a few
seconds in length probably will show distortion. A reasonable predic-
t‘;ion would be that on average days, observations made with the 5~-minute |
field size should not be severely seeing~limited; the full resolution of
the 2-minute field will be attained only at times of exceptionally good

seeing.

Good spatial resolution is required for precise mapping of
magnetic fields on the Sun. (A really fine discrimination of position
is not possible from the Earth, since here an angle of 1 second of arc
corresponds to a linear distance of about 725 kilometers at the center
of the solar disk.) Spatial resolution is also important because the Sun
shows many surface inhomogeneities of sizes near the limit of res-
olutiovn or smaller. At maximum resolution, the smearing of these
inhomogeneities will be smallest, and the resultir_xé distortions of the
observations will be minimized. Several of these inhomogeneities are
briefly déscribed below:“ “

e Umbral dots are small, bright transient regions

which appear in sunspot umbrae. The mean diam-
eter of the dots measured by Beckers and Schroter
(Ref. 30) was 420 kilometers (about 0.6 second of

arc); the mean lifetime was 1500 seconds. (The life-
time was defined as the time between the occurrence
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of half~-maximum brightness in the increase and
decrease of the dot's intensity.) Umbral dots may
be associated with inhomogeneities in the umbral
magnetic field.

e Penumbral filaments (Ref. 12, p. 75) are irregular,
elongated bright regions in the penumbra. The lengths
of the filaments vary a good deal; a representative
value for large 4#pots is about 10 seconds of arc. Their
lifetimes are of the order of a few hours, so a promi-
nent penumbral filament in an observed region probably
would be noticed.

e Magnetic knots are small regions in the photosphere
which are characterized by unusually strong magnetic
fields (Ref. 31). The strengths of many spectral lines,
including \5250, decrease in these regions. A typical
field strength is 1000 gauss; diameters are about 1000
kilometers. Lifetimes of knots are greater than 30
minutes. :

e Pores are small sunspots with no penumbrae (Ref. 31).
Their diameters are 2 to 5 seconds of arc, so at times.
of very poor seeing they may not be resolved. They
typically have brightnesses of about half that of the sur-
rounding photosphere and field strengths greater than
1500 gauss.

e Nonmagnetic gaps (Ref. 31) are regions in the photo-
sphere where the strength of certain spectral lines
decreases and the continuum brightness increases,
but there is no strong local magnetic field. The diam-
eters of these regions are about 1100 kilometers, and
lifetimes are about 40 minutes.

Any of these inhomogeneities is capable of producing some
distortion of the magnetograph record, especially at times o,fyp‘oor
seeing, The amounts of such distortion will be determined largely by
the magnitudes of the effects of errors arising within the telescope and

magnetograph.
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It is apposite to quote here a statement made by Deubner and
Liedler in their discussion of the magnetograph at the Fraunhofer
ngmtitut (Ref. 32): "In attempting to calibrate the vectormagnetograph,
1t has been shown here that due to our limited knowledge of the nature
o::t' these inhomogeneities (on the solar surface), which doubtless exists,
ti1e construction of a universal calibration curve is more or less impossi-
ble or even meaningless. Such a calibration would be valid only for the
single spot from which it was derived during a particular state of develop~-

ment, and only for the prevailing spot field,"

ERRORS ASSOCIATED WITH UNCERTAINTIES IN THEORY

Calibration curves relating magnetograph signal levels to
magnetic field strengths on the Sun must be based, ultimately, on
some theory of line formation in magnetic fields. As will be shown
later, theory does not yet permit a precise prediction of signal levels

for all conditions on the Sun.

Approximate calibration curves have already been calculated.
While they are not exactly applicable, they should serve to show the
general behavior of signal as a function of field strength. The rela~
tions thus obtained consist of a series of nested curves, one for each
value of the field orientation angle. These curves are fairly closely
spaced; since in some cases the spacing may be of the order of the
uncertainty of the signal, the interpretation could be ambiguous even
supposing that the calibration curves were precisely known. More=~
over, the curves are not monotonic; the signal increases with increas-
ing field strength until a.f field of the order of 1000 gauss is reached; as
the field increases beyond that value, the signal drops abruptly. There-

fore, an additional ambiguity exists in the region around the peak unless
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independent information is available to show on which branch of the

curve the signal lies. To make matters worse, at present there is no
way to determine an absolute calibration curve for A5250, so given signal
values cannot be attributed to specific field strengths. This comes

a'ﬁout partly through the inherent difficulties of calculating the polarized
intensities in a solar magnetic field, and partly through the properties

of the transition producing \5250.216.

Only one or two transitions can be treated in detail in solar
magnetic fields, and the calculations for these cases are so cumber-
some as to be impractical for the large number of repetitions needed
to define ‘a calibration curve. House and Cohen (Ref. 33) described the
calculations necessary to define the scattering in a magnetic field (with
simplifying approximations) for a resonance line which gives rise in a
magnetic field to a normal Zeeman trkplet. The field must be weak.
The transition considered is ! Sy P,, which for the solar astro-
physical case would be found only in the resonance lines of neutral

calcium and magnesium, in the visible wavelengths.

The 5250.216 angstrom line comes from the transition 5_Do - 7D,
(Ref. 34); the lower excitation potential is 0.12 electron volt; the upper
2,47 el.ectron volt. The line is therefore one of low excitation but not a
resonance line. One would e:ipéct it to have a strong scattering cpmponent,
and this expectation is reinforced by its }beha.vior on the Sun,. where fhe
variation in line strength from center to limb is less than would be
expecced for a line formed in pure absorption (Ref. 4). Nevertheless,
the line also has a strong absorption compénent. It cannot be correctly  :
treated by either a pure scattering or a pure absorption approximation,
and these are the only computational methods which are practical for the
large m;rtmber‘ 6f calculations required, The two most often used pro-

cedures for calculations in a magnetic field, described in References 10

and 35, require that pure absorption or pure scattering be assumed.
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There is general agreement that, because of the intrinsic differ-
ences between the regions, calibration curves established for the
photosphere should not be used in interpreting sunspot observations.
The calculation of expected signal values in sunspots is even more
difficult than in the photosphere. All the difficulties of the photospheric
calculation remain, and in addition the existing sunspot models do not
permit a self-consistent profile calculation under any set of assump-

tions (Ref. 36).

The interpretation of the observations is even more uncertain
because of several m,agnet'u;;>ptic effects which can alter the plane
of polarization after it is produced in the spectral line transition on
the Sun. The Hanle effect usually is mentioned in this connection;
others may enter as well (see Ref. 37, for example)l. The effects are
much more severe for linear than for circular polarization. Indeed,
Beckers has stated, '"There is no simple relationship between the
amount and direction of linear polarization and the strength and direc-
tion of the magnetic fiela. | Only with very large approximation can one
say that the degree of polarization is related to the total field strength
“and the direction to the longitudinal magnetic field strength. ' (See Ref.

38, p. 13.)

Many magnetograph calibrations take advantage of the fact that,
for small fields, the measured signal is (approximately) directly pro-
portional to the field strength. This relation can be used if it is under-
stood that it applies to small fields only and that the proportionality |
"constant' depends explicitly on position on the solar disk, so that the
value used must be correct for the solar coordinates of the sunspot |
(see Ref. 12, p. 194, and Ref, 29, p. 1-17). Adjustment of the
'""constant'' according to disk position will be discussed in a later sec-

tion of this report.
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PROBABLE ERRORS IN FIELD STRENGTHS DETERMINED FROM
ZEEMAN SPLITTING

The results of a determination of magnetic fields in sunspots
from the Zeeman splitting of A 5250 illustrates the error which can
enter a well-documented field strength determinatiori. The observations
and method of deriving field strengths aze described in Section 1.

The j’calcula.ted field strengths were reviewed to estimate the error in
the final values. Most of the field strengths are averages of several
values obtained from separate spectra made of the same locafion in

the sunspot, so the deviations of the separate values from th‘e average
form a part of the error estimate., When the calculated field strength
values were reviewed, the identification of the separate Zeeman com-
ponents was also reviewed. In some cases, the identifications were
revised, catising changes in the average field value f;)r the location.
These changes generally were small. A value which departed greatly
from the average of the other values was discarded in one location
 (square XI-g of the magnetic field map). The final map is shown in
Figure 4; it does not differ appreciably from the one given in Reference
39. The deviations from the mean values shown in the map are tabulated

for each location in the sunspot in Table 4.

The average deviation for all the values from their separate
means is 180 gauss; the uncertainty caused by scatter in the individual

magnetic field values for this sunspot, therefore, is 180 gauss.

The final values are uncertain for bth:ierre‘as’Ons., also. Because
the splittings are determined from the observed positions of the Zeeman
components, uncertaiﬁti’es in wavelength will affect the results. The
spectral intensities were recorded at wavelength intervals of 5. 88 milli-
angstroms, so this interval size imposes a limit to the wavelength resolu-
tion; If the location of a Zeeman component is defined as the wavelength
of its minimum measured intensity, the uncertainty in that location is at

least + 5. 88/2 milliangstroms.
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I
I1
III 906 908 805 605
IV 151 830 {1,070 {1,250 {1,230
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VII, VIII 926 {1,400 {1,900 |1,780 | 1,670 {1,360
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XI 1,510 | 2,020 | 2,060 {1,940 {1,680 {1,300
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XIII 1,060 | 1,240 11,580 | 1,210 755
XIV 680 754 792 | 966 680
XV 755
NORTH
FIGURE 4, REVISED LINE-OF-SIGHT FIELD STRENGTHS IN GAUSS

FOR SUNSPOT OBSERVATIONS OF JULY 14, 1969
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TABLE 4,

DEVIATIONS OF SEPARATE FIELD STRENGTH VALUES

FROM MEAN VALUE FOR LOCATION

LOCATION I

MEAN FIELD

NUMBER OF AVERAGE DEVIATION
SUNSPOT STRENGTH (gauss) VALUES AVERAGED  |FROM MEAN (gauss)
1lla 908 2 152
IIIb 805 3 67
1iIc 605 1 0
111g 906 1 0
IVa 1,250 4 609
Vb 1,230 3 686
IVg 1,070 5 315
IVh 830 2 75
IVi 151 1 0
V, Vla 1,680 7 155
Y, VIb 1,670 7 139
V, Vic 1,420 9 279
vV, VId 604 2 151
V, Vig 1,430 10 300
V, VIh 1,330 3 419
V, VI 944 2 416
VII, VIIIa 1,780 5 126
VII, VIIIb 1,670 8 140
VII, VIIIc 1,360 4 150
VII, VIIIg 1,900 6 120
VII, VIIIh 1,400 4 376
VII, VITTi 926 4 284
X, Xa 24060 5 104
IX, Xb 1,770 5 313
IX, Xc 1,640 10 21
IX, Xd 1,360 1 0
IX, Xg 1,990 5 87
X, Xh 2,010 5 206
IX, Xi 1,680 5 268
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TABLE 4 - Concluded

LOCATION IN MEAN FIELD - NUMBER OF AVERAGE DEVIATION
"~ SUNSPOT STRENGTH (gauss) | VALUES AVERAGED | FROM MEAN (gaus§l=4
XIa 1,940 5 126
XIb 1,680 5 139
XIc 1,300 4 169
XIg 2,060 4 58
XIh 2,020 5 202
XIi 1,510 5 120
XI1a 1,750 5 277
XIIb 1,450 5 313
XIIc 1,440 2 225
XIlg 1,840 5 134
XITh 1,670 5 131
X114 1,120 4 170
XIIla 1,210 5 392
XI1Ib 755 2 0
XIIlg 1,580 5 360
XI1Th 1,240 5 187
XITTd 1,060 2 0
XIVa 966 2 15
XIVb 680 1 0
XIVg 792 2 37
XIVh 754 3 151
XIVi 680 1 0
XVg. 755 1 0

NOTE: The mean field strengths have been rounded off to three significant
figures.
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The uncertainty in field strength corresponding to this wavelength
uncertainty is £75.5 gauss for 1.5250.2. That value also represents
the minimum field strength that can in principle be detected from these
spectroscopic data. In practice, the minimum may be somewhat larger
because the resolving power of the spectrograph and the distorting effect

of the finite slit width may determine the minimum resolvable separation.

The total probable error for the magnetic field values can be esti-
mated as the root mean square of 180 gauss and 75.5 gauss, or 195 gauss.
The probable error in the spectroscopically determined field strengths,

therefore, is approximately 200 gauss.

SUMMARY OF ERROR STUDY

Magnetographs are, in general, subject to large systematic
errors. The magnitudes and nature of the errors dépend upon the
particular type of magnetograph. Numerical error estimates rarely -
a.ppe‘ar in the literature; errors in the range of 10 to 20 percent are
generally considered to be moderate (Ref. 40). Most systems are con-
sidered to be more reliable for field strengths less than about 1500

gauss than for very large fields.,

It may be possible for a large systematic error to go undetected,
althoﬁgh fortﬁnately that is less likely now that results from many dif-
feri»enf: irjlstruments cé.n be cdmpared. [ In 1962, Stebaﬁov. Shaposhnikova,
and Petrova determined that Mt. Wilson measurements underestimated
a field of 1000 gauss by no less than 700 gauss, on the average (Ref. 12,
o 205.] |

If observations in \5250.216 are used, all previous experience
shows that the calibration must be done by comparing the signal levels
to those measured for the same solar features in another line for which

a calibration can be made.
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Refined error estimates, of course, must wait until the system
has been in use long enough for observers to collect a large mass of
data and to conduct careful tests for instrumental error. In making
a preliminary estimate, no justification exists for assuming the field
strengths will have accuracy better than 20 percent of the measured
value. Therefore, *20 percent is recommended as a provisional

minimum error estimate.
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VARIATION OF CIRCULAR POLARIZATION CONSTANT
WITH POSITION ON THE SOLAR DISK

For real-time rapid reduction of magnetograph signals, the
relation between degree of circular polarization and magnetic ﬁeld
strength is assumed to be linear, for fields up to about 1000 gauss.
The magnetograph calibration includes determining the slope C; for
this relation. The value of C; , however, depends explicitly upon

position on the solar disk.

If the Unno formulation for polarized residual intensities is
used, the variation of C; with position on the solar disk can be written
as a function of known quantities (the Unno formulation is used because
it permits C; to be written as a linear function of By, the limb darken-
ing constant). The expected variation in C; across the disk can then

be estimated using a minimum number of line-dependent paré.meters.

For small magnetic fields, the relation between the mean

circular polarization, P, and the magnetic splitting is assumed to be

given by
'P;' = (Vi cos §) C, (3)
where
vi+ l dH(a, v) ]
—uB / dy M T(v, vi) dv
kPo No [1 +ng Hia, v)]‘ 2 ‘
_ vi-6 _ (4)
Cl = i -
;Vi;+5 , ‘ ,
[1+ kbo ]T(v, vy) dv
1 + ng H(a, v)
vi=¥§
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Equations (3) and (4) are taken from Reference 29, p. 1-17;
Equation (4) is Equation (1.14) of Reference 29. All symbols have the

same meanings as in Reference 29 and will not be redefined here.

Because v is independent of W and By, the three integrals in
Equation (4) can be written in a form that is independent of position on

the solar disk.

vi+é dH(a, v)
= . dv v
Let A = : T(v, v{) dv
2
vi- 6 [1 + ng Hia, v)]
; vy +6 :
B = f T (v, Vi) dv
v - )
and
vi + 6
T (Vv Vl)
= dv .
D / ll + 1, Hla, v)] v
v: - 8
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Then

“Bo Bo Mo A
B+ upg,D

C"-'

0C; “BoMo A |"Boz N, AD
= +

dp  (B+uByD) (Bt pupB,D)?

aCI C‘ BO D Cl

A,

(5)

o p B B+ pB,D

B and D are easily evaluated, and B, is known. So Equation (5) can be

used to find the change in C; for different positions on the solar disk.

Since the value of C; at p = 1,00 has not yet been established,
the quantity to be calculated will be

Cl (P')
Cl (p. =1. 00)
Approximately,
C, (p=1) C, (p=1) au/ C (p=1)

81



So if C; {(p = 1) is assumed to be known,

Ci{p=1)=C (p=1)

Cr (k=0.9) Ci'(n=1) Cy {r=1) 1  BoD
Ci (k=1 GC =1 G (=1 [0.9 B70.9p.D

} (1.0 = 0.9)

Ci{p=0.8 C (k=09 C (p=o.9)[ 1 foD

GE=D GG=10 GCG&e=D o.s‘E“ﬂT.'é‘ﬁ,"ﬁJ (0.9 -0.8)

etc.

To evaluate D, several spectral line parameters must be known:

A)“D - the Doppler width, which must be known in order )
to evaluate H(a, v)

a - the damping parameter, which is also required
to evaluate H(a, v)

Mo - the ratio Qf line-to-continuous absorption
coefficients.

None ‘of these quantities is well known for A5250 in sunspots.
Fortunately, however, the values found from Equation (5) are far more
sensitive to the better~known quahtitieé p and f; than to the three line
profile parameters. The use of photospheric values of AX p, a, and

No should not introduce serious errors.

To investigate this point, a set of maximum and minimum
values for C; (p) was calculated by using the smallest and largest

values of AAD, a, and n o Which would be expected on the Sun, for any
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spectral line formed in LTE, The results for A5250 should lie well
within this range. The line profile parameters used for this calcula~

tion are given in Table 5. The value of B, was 1.70 for both cases.

TABLE 5. LINE PROFILE PARAMETER VALUES FOR
DETERMINING MAXIMUM AND MINIMUM
Cy (IJ)/Cl (1)

PARAMETER VALUE FOR MAXIMUM VALUE FOR MINIMUM
==
Adp 5.0 milliangstroms 40.0 milliangstroms
a 0.05 0.295
No | 5.0 30.0

From Equations (5) and (6), it appears that the smallest possible values
that could be obtained for C; (p)/Cy (1) would be found if Bg = 0. A set
of Cy (u)/Cy (1) values was calculated for this case; it is tabulated in
Table 6 under the huadlng, "lower envelope''. The maximum and min-
imum valucs found using the parameters g1ven in Table 5 also are given
in Table 6. The difference between these sets of values is an over-
estimate of the error that would be introduced by using photospheric

parameters to calculate C; (u) for sunspots.

When p. is less than 0.5, the maximum error which would be °
introduced by using photospheric values is certainly only a few percent.
It should be emphasized that the range of values covered in Table 5 is
truly enormous, and the pafameters for any single line can be estimated

with reasonable certainty to within much smaller limits.

The results in Table 6 suggest that the C; (u) values for sun-

spot umbrae can be approximated by using the A\p, a, and ng values
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TABLE 6. RANGE OF VALUES OF C, (u)/Cy (1) FOR PHYSICALLY

POSSIBLE VALUES OF LINE PROFILE PARAMETERS

AND FOR By = 0
MAX IMUM MINIMUM LOWER
S Ci (u)/Ci (1) C: (w)/cy (1) ENVELOPE
'~ 1.000 1.000 1.000 1.000
| 0.917 0.962 0.929 0..909
0.833 0.920 0.855 0.818
0.750 0.873 0.778 0.727
0.667 0.819 0.698 0.636
0.584 0.758 0.614 0,546
0.500 0.686 0.526 0.455
0.417 0.603 0.433 0.364
0.333 0.502 0.335 0.273
0.250 0.382 0.232 0.182
0.167 0.231 0.122 0.092
0.083 0.024 0.003 0.000

which are found for A5250 in the photosphere. That approximation

must be made because of the scarcity of high-quality umbral profiles

of }\f52,50 in unpolarized light, The value of {30 certainly changes

between the photosphere and sunspot umbrae, and this factor is

dominant.

Fortunately, P, for sunspot umbrae can be determined.

Two separate calculations of Cy (1)/C, (1) were therefore made:

one for the photosphere and penumbrae, and one for umbrae.

o

For the photospheric calculation, the values of ANy, 2, and

were found by fitting an absorption profile to M. J. Hagyard's

observations of X\ 5250 in the photosphere. The values determined
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were A\ p = 12 milliangstroms, a = 0.2, and n, = 9. For the photo-
sphere at A = 5250 angstroms, po =1.70 (Ref. 41, p. 171). According
to Moe and Maltby (Ref. 42), "The intensity ratio between the penumbra
and the photosphere shows liitle or no variation with position on the solar
disk. ' The same value of limb darkening constant B, will therefore be
good for both photosphere and penumbra, and the line profile parameters
will be the same because good penumbral profiles of 5250 are as rare
as good umbral profiles. The resulting values of C; (p)/C; (1) are

given in Table 7.

TABLE 7. C; (u)/Cy (1) FOR PHOTOSPHERE AND PENUMBRAE

AT J C, (u)/cy (1)
| e — =¥ ——— — |
1.000 1.000
0.917 0.957
0.833 0.908
0.750 0.855
0.667 0.796
0.584 | 0.729 |
0.500 0.652 |
0.417 0.566
0.333 0.464 | f
0.250 0.345 ‘
0.167 0.202
0.083 0.016

! For the umbral calculation, the same values of AApy, a, and
N, Will be used, but a new B, must be found. Wittmann and Schroter
(Ref, 43) give center-to-limb intensities of sunspots at \ = 4680

angstroms and 6400 angstroms. On the authority of Figure 3 of
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Reference 44, the values for N\ = 5250 angstroms can be found by linear
interpolation between the two sets of Wittmann-Schroter values. The

results are shown in Table 8.

TABLE 8., CENTER-TO-LIMB INTENSITY DISTRIBUTION FOR
SUNSPOT UMBRAE AT X = 5250 ANGSTROMS

| INTERPOLATED |
p I, (4680 angstroms) |I, (5250 angstroms)| I, (6400 angstroms) |
1.00 3.68 3.77 3.94 1
0.90 3.66 3.75 | 3.93
0.80 3.63 : 3.72 3.90
0.70 3.60 3,69 3.87
0.60 3.56 | 3.65 | 3.83
0.50 3.52 3.61 | 3.78
0.40 3.47 3.55 | 3.70
| 0.30 3.35 3.33 3.59
' 0.20 2,98 3.12 3.40
0.10 2,24 2.50 3.02

The change in intensity between center and limb is quite small.

To obtain B, the values of I, (1)/I, (k = 1) are fitted to the

form
Iy ()
=1 = uy + (ug) () (7)
I, (1)
whére
uy
ﬁo = 1 -up
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A simple equation of the form of Equation (7) does not permit a good

fit over the entire range of p values, but an acceptable fit for 1.0 2 n

Z 0.4 can be obtained by setting B, = 0.093 (u; = 0.086). In Table 9, the
values of I, (n)/1, (1) for B, = 0.093 are compared to the interpolated

measured values.

TABLE 9. VALUES OF UMBRAL LIMB DARKENING FOR
Bo = 0.093 COMPARED TO MEASURED VALUES

| Iy (u)/1y (1), Iy (u)/1y (1)
Cow Bp = 0.093 FROM TABLE 8
1.00 | 1.000 1.000
0.90 0.991 0.993
0.80 0.983 0.987
0.70 | 0.974 0.978
 0.60 | 0.966 0.968
0.50 0.957 © 0.958
040 0.948 _0.942 ~
E 0.30 0.90 . 0,884
- 0.20 0.931 0.828 |
' 0.10 0.923 0.664
(Bo va_]ue is less accurate in this range)

The value B, = 0.093 was used to calculate C; (p)/C; (1) for
umbrae. The values of C; when p is less than 0.40 should be given
less welght because the approximate limb darkemng relation is less

accurate in that range.

The line prcfile parameter whose value in umbrae is most
uncertain is probably n,. Values C, were calculated using Mo =%

the photospheric value, and n, = 40, since n, may be much larger in
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umbrae. The results for both 7, values are given in Table 10; they

are almost identical.

TABLE 10. C, (m)/Cy (1) FOR

-SUNSPOT UMBRAE

u Ci ()€1 (1), no =9 Cy (u)/€y (1), ng = 40
1.000 1.000 1.000
0.917 0.915 0.913
10.833 0.827 : 0.825  *
0.750 3 0.740 0.737
0.667 0.652 0.648
0.584 0.562 0.558
0.500 0.471 0.467
0.417 | 0.380 0.376
osm | o | o.ss )
0.250 0.192 0.190
0.167 0.098 0.096
0.083 6.000 0.000
(Bo value is less accurate.in this range) '

Should it become necessary to do s
for p < 0.4 can be calculated, using a valu

fit to the umbral intensities near the limb.

o, a supplement to Table 10

e of B, which gives a better

The values of Tables 7 and 10 are shown plotted in Figure 5.

The relation for the umbra is almost linea
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FIGURE 5. C; (u)/C (1) AS A-FUNCTION OF POSITION ON_SOLAR DISK




PROGRAM TO LOCATE AND PLOT MAGNETIC
FIELD NEUTRAL LINES

Two of the properties which are of the greatest interes‘t in solar
magnetic field maps are the regions where the magnetic field gradients
are steepest and the locations of the boundaries between field regions
of opposite polarity. The‘regions of steep gradient are easily located
on magnetic field contour plots because they are the regions where the
contours are most closely spaced. However, the boundaries between
opposite-polarity field regions ‘(the boundaries will be called '"neutral
lines' for brevity) are generally less distinctive in appearance on
contour plots, and it is convenient to provide a separate program to

plot the neutral line locations directly from magnetograph data.

A FORTRAN program to make such plots has been written for
the Univac 1108, The position of each neutral line is identified by
selecting the coordinates of pairs of adjacent points for which the
measured signals are opposite in sign. The program in its present
form will analyze a square grid of daté, 128 points on;a side and will
store 1998 coordinate values. Places where the signal changes sign
because of the sign reversal of the magnetograph calibration curve for
large magnetic field values will be identified by the program as portions
of neutral lines. When the field strength values at which the calibration
curves change sign have beén established, the program will be modified

to ignore signal sign changes for field strengths in the reversal range.

The program compares points in two adjacent horizontal data
rows. Beginning with rows 1 and 2, the signs of pairs of points are
compared by taking groups of four data points at a time. The points
are labeled as shown in Figure 6; their signs are compared in the
order Pl, P2; P1, P3; P2, P3; Pl, P4, If all four points are of ‘the

same sign,
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FIGHPE 6, POINT LASELING PATTERNS FOR
BEUTRAL (INE PROGRAM

ke 3% a0l $4 sre relzhbeled P1 and PZ, znd the next verticel peir
Vo the right becomes ¥% and P4 for z new four-point group. The
crhiymrison yrocegs s repeated across the data row. When two points
uf tpposite sign are found, their coordinates are stored. In order to
suye space in mernoury, theé program then stops testing values ina
particular four-point group and moves to the next group. This explains
ywhy, in the finul pluts, the lines which connect points of opposite sign
tnwy take any of the four directions: they simply record the relative posi-
tions of the members of the firgt pair of points of opposite sign which was
found in ench group of four points. When the first two data rows have been
seannead, the process is repeated with the second and third rows,"‘a‘nd the
full sequence ip r@paatéd until the entire frame has been scanned or until

the array reserved for coordinate values has been filled.

- After the scanning has been completed, the coordinate values
of the phded of points of opposite sign are plotted by connecting them
with short lines, A line drawn joining the midpoints of these short
connacting lneas will traco the location of a neutral line to the precision
allowed by the spatial rosolution of the data, To assist in determining
the coprdinates of the plotted points, grid lines are drawn at every

fonrth data row and column.
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The program was tested on a frame of magnetograph data which
was obtained from the Kitt Peak National Observatory and which has
been used for testing other magnetograph analysis programs at MSFC.
This particular data set fbrms a grid 120-by-120 data points in size.
Three cards were missing from the data deck; one of t!h.e.se contained
data which crossed a neutral line and produced a gap in the upper
right-hand corner of the final plot. Except for this gap, the plot agrees
in every detail with the neutral line pattern obtained from the data by

the Kitt Peak Observatory. It also agrees with a hand plot of the data.

The plot of the test data is given in Figure 7. Fiéure 8is a
flowchart of the test program, which reads data from cafds, and Figure
9 is the listing of the test program. For use with real MSFC magneto-
graph data, the prcgram will be modified to read the appropriate

magnetic tape formats.
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START

READ RMS NOISE
LEVEL FOR
FRAME -

ILoC = 1

I

READ FRAME DIMENSIONS IMAX
AND IMAY AND SIZE ISIZE
ALLOTTED TO ZERO GRADIENT
COORDINATE ARRAY

[SZ1 = ISIZE-1

READ FIRST TWG
ROWS OF

NMAY =
IMAY -1
NYT =1

¥

I =T __,@
FIGURE 8, FLOWCHART OF TEST PROGRAM
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NLX(ILOC) = NX1

NLY(ILOC) = NY1

NLX{ILOC+1) = NX2

NLY(ILOC+1) = NY1
2

IL0C = TLOC+

WRITE
MESSAGE AND
TERMINATE RUN

P1
P2
P3
P4

X1(1)
x2(1)
X1{I+1)
X2(1+1)

FIGURE 8

P1 AND P2 OF
SAME SIGN?

P1 AND P3 OF
SAME SIGN?
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Continued

NLX(ILOC) = NX1
NLY(ILOC) = NY1
NLX(ILOC+1) = NX1
NLY(ILOC+1) = NY2
ILOC = TLOC+2

WRITE MESSAGE
AND TERMINATE
RUN




P1 AND P2
OF SAME SIGN?

NLX(ILOC} = NX1

NLY(ILOC) = NY1 P1 AND P4
NLX(ILOCH+1) = NX2 OF SAME SIGN?
NLY(ILOCH+1) = NY2 :

X1(IMAX)
X2( IMAX)

P
P2

WRITE MESSAGE
AND TERMINATE
RUN

P2 AND P3
OF SAME SIGN?

FIGURE 8 - Continued
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NLX(ILOC) = NXI
NLY(ILOC) = NY2
NLX(ILOCH1) = NX2
NLY(ILOC+1) = NY1
ILOC = ILOC+2

WRITE MESSAGE
AND TERMINATE
RUN

- NLX(1L0C)

~IL0C = ILOCH

= IMAX
NLY{ILOC) = NY1
NLX(ILOC+1) =
2

NLY(ILOC+1)

IMAX
NY2




WRITE MESSAGE
AND TERMINATE
RUN

11 =1

p————pt - XT(II) = X2(I1)

READ NEXT ROW
OF DATA

N¥1_> NMAY?

\ NY1 =
NY1 + 1

FIGURE 8 - Concluded
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82EPL CFACIFNTS CCNTCURS IN MACNFTOCREPH CERT2
VERSTICN FCP TEST WITH KBND MAGNETOGRAPH C 2T
CIMENSION X1(128)y X20128)¢ NLYCZOQN)y NLYIZUDD)
CIPEN<ICN IORAY 122)
;arn (BRRAYUI)el=1422)/724HHARCCOPY ONLYe ONF COPY o18e€E
KREZ= €
KWR= €
RESC (KPEs 1) RMSN
o REML RMS NOTISE LEVEL FOR FROME
1 FORMATY (FiC.0)

1Lec= )

COUNTERP FCLR A2ERCA CGRECIENTS

GEAC (KTEs 45) IMAYe IMEY, IST2F
UE FORMAT (11T

3 £

(2]

c NC. OF RCWSe NCo OF COLUMNSe NOo OF NFUTQAL LTINS POSITIONS TC &F
< STCFEL '

121z 1S12¢ - 1}
c REAC 1SY Z pCus CF CaT2

REBC (KPEy HE) (X1(T)e 1= 14 IMBYX)
PENL EKPEs HEY (X28T1)e I 1o IMEX)
ME FORMAY (1Z¢(FS.0y 1))
SET Y CCORCINETE CCUNTER ANC STERT SEURCK OF FERRVF
NMAYZ IMsY - 1
CO © NYTI= 1 NMAY
NY2= NY? ¢ 1
o START CF GC9RCIENTA EVALUAVInN LOOF
NMA X2 IMaX - 1 :
CC 10 I= 1+ AMaX
SEY ¥ CCCRCINATE CCUNTER
NX1z 1
NXz= 1 + 1§
P1:z X1¢I)
£2=2 Y2¢1)
P2z X1¢I +13)
o4z X241 + N
IF tP1} 104 2, 102
INT IF (P2) 4y 1y 12
1ha IF 4P2Y 24 2, 4
4 NLXEILOCY= NI
NLYIILOC) = NYI
NLXCILOE ¢ 1)z NX)
NLYSILOC+13= NY2 v
WRITE (KWRy Y Ply PZe NXT e NYI
W FOPMAT (LK o 2(E)24% SX)y 2416y EXI)
ILCC: 1.0C + 2
IF (IL%C=-1521) 10, =0 €
B OJF INY1-70) €9 T0 7
F WRITF (KWRy B8) AV
Q FLRMAY (1H o SOHLRRAY RESFRVEL FOR 7E3N CRACIENT COQRRCINATFS 1S F1Y
TLLEC NY1=Z, IS)
WRITE (KWR, 11
11 FORMAT (1H o YTHTERMINETE RUN)D
¢e tC 899

3

€3

TIF (P1) 112e 129 1)7
112 IF (FY) 12, 124 11
FIGURE 9, LISTING OF TEST PROGRAM
| S '
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12
11€
114

14

1s
11€
116

1€

10

118
117
17

10E
1ne

IF P2} 12,

12+ 12

NLYCILOCY= NYY
NLYIILCC)= NY]
NLXYUILOC ¢ 13= NYX2Z

NLYLILCC +
WRITE (KWRo

1

)= Nyl
30) Ple PT

ILCCz ILCC ¢ 2
IF (IL3C-1S21) 10Ny S

IF tPz) 11€

THIS CCMPLETES SEBRTH FOR A2FRO CRATIENTA POINTS

1€ 110

&

NXJe NY?

30) P2s P2y NXTe NY)

WY Ple PUe NX1,p NYI

&

17.c

1=

1o IMOYX)

Continued

IF (P7) 1Sy 15, 1%
IF (P) 14y 18y 1F
NLXEILOC)= NXID
NLYSTLOCZ)= NYZ
NLYCILOC ¢ 193z NX2
NLYIILCZ + 192 NY
WREITE (KUWRo
1LeC= ILCC ¢+ 2
IF (ILCC-1S21) 10e o
IF tP1) 110Gs 10 11€
1F (Py) 16s 10, 1D
IF tFu) 1Ge 10e 1F
NLXTILCT)YI= NX1
NLY¢ILCC)= NYI
NLXIILOC ¢ 1)= NX?Z
NLYWSILCE ¢ 1) NYZ
WRITE (KKR
1LEC = JILGL + 2
IF {ILOC~1S2)) 10, S0 €
CONTINUE -
21z X1(IMaX)
F2= XZ2(IMeX)
IF (P1) 1186 184 117
JIF P21 18 18s 17
IF (P2) 174 184 18
NLXEILCC)= IMax
NLYTILCC)= NY?
NLXUEILSC ¢ 1)z IMax
NLYCILOC ¢ 1)= NY2
ILCC = ILCL + 2
IF CILCC-1S71) 18,4 18,
IF (INY1=-70) 10€y 241
WRITE (KWRo 8) NYI?
WRITE (KWFy 11)
CC YC 9829
IF (NYY-NMEY) QO 74 7
CC 20 15= 1o JRY
X161 XZ2¢11)
CECNTINUE
REAMBL NEXY RCWw CF Carte
REAL (KREe UYE) (X2(1)»
CCNTINUE
IFINZ TLCC - 1
 WRITE (KKRe 132) IFIN o
" FORMAY (1H o SHIFINzZ, 110)
WRITE (KKR,y 21)
FIGURE 9
PAGE 1o
QUALITY
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21 FORMAT (1H »3SKX CCCRC OF 2ERO GRACTENT POINTS ARED
WRITE (KWRe 22) INLXCIDe T 1o TFIN)
2Z FORMAT (1H o S(1%e 5X))
WRITE (KWRe 23) -
23 FORMAY (1H +75HY COCRC OF 2ERO GRACTIENT POINTS #RE)
WRITE (KWRs 22} (NLY(I)s IS 1¢ IFIND
PLET TRPE
CALL ICENT (¢ MRRRY)
CALL GRICIVIC sl U0 1Z0 ool ol0 20 lotiqlott Ny oFyEecilo-10s08,404)
1F1= ILCC-2
e 800 I= 1+ 1FTe 2
X2 INLXU(I)
CALL YSCLV1tXs NXPs IERR)
NXIz NYP
XS NLY(T+1)
Call YSCLV1EXe NXPy IERR)
NXZz NXE
Y= INMAYel)=-NLY(])
CALL YSCZLVIC(Ys NYPs IEGRR)D
NYJ= NYP
o YZ ENMAYS 1) -NLY(141)
5 CALL YSCLV1(Ys NYP, IERR)
g NYZ= NYP
CaLl LINEVINXLoNYTONX2ZoNY2)}
800 CONTINUE
CaALL ENDJGB
stce
ENC

€y

0
0
w0

FIGURE 9 - Concluded
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CONCLUSIONS AND RECOMMENDATIONS

Even the best magnetograph results are subject to large uncer-
tainties. It is unwise to assume the uncertainties in results obtained

with a new system are less than £20 percent. They may be larger.

To reduce sdme of the uncertainties of calibration and inter-
pretation, it is recommended that the magnetograph be modified to |
operate using a line other than the neutral iron line at 5250. 216
angstroms. The new line, of course, should be carefully selected to
introduce a minimum number of new uncertainties. If compelling
instrumental reasons exist for requiring the new line to be near
5000 angstroms in wavelength, both A5253 and A5324 would be worthy
of closer investigation. Because the amount of Zeeman splitting is
proportional to the square of the wavelength, lines of wavelength
longer than 5000 angstroms would tend to produce larger splittings and
therefore could be ad\}antageous choices. A number of red spectral
lines have been suggested by various authors as possible znagnetograph
lines; two neutral iron lines which should be investigated are A6173.348
(lower excitation potential = 2.213 electron volts) and X\6302. 508 (lower
excitation potential = 3,671 electron volts) (Ref 12, p. 179). A number of

other cand1dates may exist.

Evaluation of the»_Characteristics of possible new magnetograph
lines should begin with‘a preliminary study of the type summariied in
Table 3. Lines which are not rejected in the prelnnmary study must
then be further examined to prove that their propertles ar< compatible
with the assumptions implicit in the magnetograph cal1brat1on analysis.
As was shown earlier in this report, attempts to calculate line prefiles

for sunspot models may reveal such incompatibility. The profile
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calculation thus forms a test which should be applied to each line which
is seriously considered for magnetograph operation.
When the magnetograph is operated using A5250, it is recommended

that no reliance be placed on calibration systems which require, even

indirectly, the calculation of residual intensities of that spectral line

in magnetic fields.
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SECT!ON 3

PROGRAMS FOR PRESENTATION OF
VECTOR MAGNETOGRAPH DATA
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INTRODUCTION

This section contains documentation for four programs written
for the Univac 1108. Two of them have been described in Teledyne
Brown Engineering Interim Report No. EE-MSFC-1815 (May 1974).
Sdme minor changes have been made to these programs, so updated
descriptions and current listings are given here. These two programs
plot selected portions of Real Time Solar Magnetograph data: one
program displays locations of magnetic polarity changes, and the other
sﬂows relative steepnesses of magnetic field gradients as a function of
location in the data matrix. The third program removes isolated large
data values from the data array and replaces each of the removed
vglues by the average of the values surrounding it. The '""corrected"
azi'ray is then written on a new tape in the same format as the original
data. The fourth program is a simple routine which combines the "U"
and "R' matrices from the original magr=tograph data to form the
matrix of values coi-responding to transverse magnetic field data.

This new matrix is written on a new tape in the same format used for

the longitudinal data.
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MAGNETIC FIELD NEUTRAL LINE PROGRAM

This program locates and pi. s the locations in the magnetogram
at which the magnetic field changes polarity. At these points, the sign
of the magnetograph signal changes, so the program really plots the

locations where the signs of adjacent signal values are different.

The position of each neutral line is identified by selecting the
coordinates of pairs of adjacent points for which the measured signals
are opposite in sign. The program in its present form will analyze a
square grid of data 128 points on a side and will store 1998 coordinate
values. Places where the signal changes sign because of the sign
reversal of the magnetograph calibration curve for large magnetic

' field values will be identified by the program as portions of neutral
lines. When the field strength values at which the calibration curves
change sign have been established, the program will be modified to

ignore signal sign changes for field strengths in the reversal range.

The program compares points in two adjacent horizontal data
rows. Beginning with rows 1 and 2, the signs of pairs of points are
compared by taking groups of four data points at a time. The points
are labeled as shown in Figure 1; their signs are compared in the order .
Pl, P2; Pl, P3; P2, P3; Pl, P4. If all four points are of the same
~ sign, points P3 and P4 are relabeled Pl and P2, and the next vertical
pair to the right becomes P3 and P4 for a new four-point group. The
comparison process is repeated across the data row. When two points
of opposite sign are found, their coordinates are stored. In order to
save space in memory, the program then stops testing values in a
partic{zfar four -point group and moves to the next group. This explains

why, in the final plots, the lines which connect points of opposite sign
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i data row 1 . . Pl P3

data row 2 .

P2 P4

FIGURE 1. POINT LABELING PATTERNS FOR-
NEUTRAL LINE PROGRAM

may take any of the four directions: they simply record the relative
positions of the members of the first pair of points of opposite sign
which was found in each group of four points. When the first two data
rows have been scanned, the process is repeated with the second and
third rows, and the full sequence is repeated until the entire frame has
been scanned or until the array reserved for coordina.té values has been

filled.

After the scanning has been completed, the coordinate values
of the pairs of points of opposite sign are plotted by connecting them
wiéh short lines. A line drawn joining the midpoints of these short
connecting lines will trace the location of a neutral line to the precision
allowed by the spatial resolution of the data. To assist in determining
the coordinates of the plotted points, grid lines are drawn at every

fourth da.ta_. row and column.

The program uses as data the magnetograph output tapes in
the;ir format after undergoing initial processing. In this format, the
transverse and longitudinal components are written on separate tapes.
Each magnetogram consists of 9 records: a label record of 19 words,
ané then 8 records of 2049 words each (a counter plus 2048 signal ‘
val}ue.s). In some cases, a few words at the beginning of each mag-

_ ne'éogram were lost when the original tapes were processed. The tape
reé.d portion of this program contains a short routine to correct for

this condition.
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N Two values must be supplied in order to execute the program.
Boith of these are entered in DATA statements within the program.
Thfe first is the number of longitudinal matrices contained on the tape.
'I‘hiis quantity is given the variable name of IPP and is entered as an
intleger variable. For example, for a fape containing 12 longitudinal

matrices, the DATA statement wbuld have the form
DATA IPP/12/

Only longitudinal matrices are processed by this program. The determiéf
nation of transverse field strengths from data recorded in the format v
used here requires that a transverse field value be calculated as the
square root of the sum of the squares of its components. The algebraic
signs of the transverse field values therefore cannot be detérmined,

and polarity reversals cannot be detected.

The second datum to be supplied is the mean background noise
léVel for the frame of data. This variable is called RMSN; for the
matrices that have been processed so far, the value RMSN = 0,05 is
usually satisfactory. RMSN is a real variable. The DATA statement
which specifies RMSN would be written

 DATA RMSN/. 05/
for a typical data frame.

A listing of the program is given in Figure 2. A sample plot

is shown in Figure 4.
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28¢
29¢
ane

e

32

33e

346

3ge

‘34

37e
3ge

‘39e

4oe

e

42e
430
Yye
4ce
H4pe
47e
48
49
Sne
Ste
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e

!
90
399

92

190

*2ERD GRADTENTY TONTAURS N WAGNETAGCRABRR DATA W0D 7,74

DIMENSION N{X(2000) ,MLY(2000),ARRAY(22) ,TEMP(S000),v!) 1
DIMENSTOMN LYIME(9) ! coativiaz, tzm
OIMENSTON A(20)

DATA (ARRAY(1),1@}, 22)/24HHARDCOPY ONLY, ONFE COPY *4H

OATA 1PP/12/ L' i nhoee ’

héTA HL/B/

DATA RMSN/,n&/
KREs §

K‘IR- &

CALL OPEN(R, 1,y 5)
IMAXe 128

TMAY® (2R
1S12€= 200n
MOs NF ROWS, NO, OF COLUMNS, NO, OF NEUYTRAL LIN E POSITINMGE TO BE
STORED

1SZ1s ISI7E = 1

CALL IDEMT (9, ARRAY)

DATA ARE WRITYEN ON TAPE FROM RIGHT TO LEFYT, IN ROW OROFR, A
ROWS AT A TIME, PRECFOFD BY A RECORD CONTAINING 19 WORDS

0OF HFANER [MFORMATIQOM

N 999 1Pa {, IpP

READ HFADER INFARMATIOM

CALYL REDTPR (B, 2, 1ER, NW, 19, A)

IF (Mw=19) 300, t, 300

WRITE (KWR, 990) NW

FORMAT (1H , 3IHNWa, 15)

RMSN [S RMS NOISF LEVEL FOR FRAME
IF (1ER = 1) 391 390, 394

WRITE (KWR, 392y JFER, NW

FORMATY ('H , 2110)

READ }ST 2 RFCORNS NF MAGNFTNGRAM
Do &5 1= 1, 2

1CY = 1

WRITE {K¥R, 9B8R) [CT

FORMAT (1H , 4HICT=, [S5)

Js 204Re(J=y) el :
CALL RFDTPR (83241ERy MWy 1, 1CNT,2048,TEMP (I}
WRITE (KWR, 9R9) N¥W, IcNT

FORMAT (1H ,IHNW®,17,5%,5HICcHTe,16)

IF (MW=2"49) 13R, 129, 130

WRITF (KWR, 392} Nw, lcnY

KK® 2D49=N¥ 4+ |
Jxs o

DO 121 K® KKy 2049
TEMP(K)=s TFHP(Jy) -
JX = Jx ¢
CONTINUE

K2® KK « |

DO 13 Ks 1, K2 .
TEMPIK) = g,

FIGURE 2. LISTING OF NEUTRAL LINE PLOT PROGRAM

OF POOR QUALITY
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00214 52e 131 CONTINUE

00216 s3e 129 1F (1ER=1) 3198, 445g, 395 - T e
00221 Sye 395 WRITE (KWR, 392) IER, NW
00225 sge 4680 IF (1=1) 65, 465, 65
00230 54 465 1X = 100 e »
T T 00231 57e 7 i tys 1y = sp ’ ’ )
00232 58 | 1DELYas 25
00233 59 I Ne FLD(2, 10, TFMPL1))
00234 60* | 1DAYS® 2000FLD(26,1,N)+100eFLD(27,1,M)ea0eFLN(2R,1,N)
002134 bt ! |N|30F'|_!H‘4.N7.|.N)oZabr»'LDl:mn;N)ﬂt!oﬂ_r'u;”.1,;4.0;;.?[_0(32,'.")E
00234 ~ b3e | 2+48FLD(33,1 ,N)+28FLD(34,1,N)+FLD(35,1,n)
00235 63 Ne FLD(18,2, TEMP{1)} - - )
00236 byo FLD(30,4sNYm FLDI12,4,TEMP (1))
00237 [ 11 THOURS = 209FLDU30, 1 M)+ 100FLDI3101,NV eaaFLND(32,]4N)
ce2a7 LY 14 T#4OFLD (33,1 NI*20FLDI34,1,N)+FLDI3G,1,N)
00240 67e Ne FLD(20, 7, TEMP(}})
00241 bne i TMIN® 400FL (29,1 ,N)*200FLN(30;1sN)*10epLDI31,],N?
062491~ b9 I OVEASFLDI32, 4 NISARFLRTAA, 1 M) S20FLDT 30, 1 ,NISFI D15, 1, N7
cc242 70 ! Na FLD(27,7,TEMPL])) .
00243 71 1SECH «ocertzv,v.N)oznoancxo.l-N)olOofLotat.l.Nize'FLn'\7.i.N)
00243 720 PE4OFLD (33,1 ,M)*20FLDI34,1,N)eFLDI3G,1,N)
op244 73e ENCONE (40, LTIME) IDAYSy THOURS: IMIN, ISEC
00252 740 40 FORMAT (T4, GH NAYS,17,4H HOURS,18,8H MINUTES, 1A,84 SECOMNNG)
TTTO0253 T 75e [ CALL FRAMEV (1) T
ov2s4 T4 CALL PRINTV (64, LTIME, IX, 1Y)
00255 77e CALL STOPTV
00256 78 65 CONTINUE
00240 799 i 1Loce
00241 AQe i 1cm )
TTTOmREY 8le c | ICT IS NN, oF RFCORDS READ FROM T4pp~ — —~— —
00241 a2e € ! 1€ 1S MO« OF TIMES READ FRAM TAPE 1S ExgCUTED
00261 - B3e c. 1C SHOILN RE EQUAL TO 1€V o
00242 Rye o tw 129
00243 Age . PO &R gum 2, 32
00246 Ase : no 7N xks ¢, 12a
6027t ' a7 FoY(ad, k) = TEMPIT) ’ i
00272 ane Is 1 + 1
00273 89e 79 CONTINUE
00275 9ne 68 CONTINUE
on27s C 9qe C | REMOVE STRIpPF
00277 92¢ ;DO 4r5é IMe 1, 32
TTO0IRTTTT 93 IXs (IM=1)e128 o 111t T Tt T T T T e
00303 94 TEMPIIX)® TEMPLIX + 1}
[ JEYL] 950 4nS6 CONTINUF =
003Ny 94 [ SET' X CONRNINATE COUNTFR AND START SEAncH OF FRAME
ocins 97 NMAX® TMAX « t .
003n7 9pe - Poo11m 2
T Tmng 990 C | START SEARCHING COLUMNS 2 THROUGH 16 e
00310 1nne MMAYS IMAY o |
00310 101 c SPIKE NOISE FILTER
[JXRN] 102 211 DO 4050 Jys 1, 3t
00314 103e ‘ ‘DO 4161 KK= 1, 127
00317 104 ATEM® ABS(RMSNeARS{y(JJ,XKK)))
U320 InGe IF (YTEM=3,¢RMEN) 4n8t, 4083, §AS2 ~~ ~ ~ B g
00323 104 4082 YTEM® ARS(RMSHeARS(Y(JJel KK ))

co3zd 1n7e TF (YTEM=3,eRMSN) 4nR3, 4083, u4ph}

ORIGINAL PAGE 18
OF POOR QUALITY FIGURE 2 - Continued
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00327 108¢
00330 109
00331 1100
00332 111
00335 112e
00336 113s
00341 {140
[LRTK] j1i5e
D034S 1160
q0345 117
0p345 118e
00345 119e
opaso 120
00351 121
00382 122¢
00382 1230

— 00385 = |24e
00384 125
003&7 260
00340 127
00361 128
80362 129

- 00363 130e
q0364 1310
q0367 132
00370 133
[+]odx Yy ] 1340
00374 135
00375 = 134
00376 137
o077 138
oo402 139
0on403 140
LLELT tége
__0Qun7__ j42e
00430 1430
LLERR) tdyqe
op412 145
on41s 144
00416 147
00421 = 14ge
00W22 149
00423 150
00424 151
00425 162
oo43c 1530
00431 1540
06439 (R1-3
co4as 154

[J LY ) 167
00437 158
00442 159e
004465 1hne
TTTO04BC T 161
co4s ] 1620
[JoL1-4 163

] o
ORIGINAL PAGE
‘jF.]ﬂ)cﬂ& (I[h&lﬂﬂﬁ{

[ala sl

4054
4083
4058

4051
4080

an2
RO3
904

N3
902

any
ans
995

216
90}

Ee 1)
/N7
917

998
12

ROR
AN9
ore

21
91t
1023
104

Y{JJ4KK) = RMSN/I,5¢

GO TO 405}

ITEM® ABS(RMSNeARS{Y(JJsKKe]I))

IF (ZTEM=3,eRMSN) 4055, 4055, 4051

72TEMm ABS(RMSNABS (YL JJ*] ,KK$1)))

1F (ZZTEM=3,eRMSN) 4054, 4054, 405|

CONTINUE

CONTINUE

PO 9 uJ= 11, 16

PREPARE To GET CORRECT COORDINATES FOR yALUES TO BE STOREN

MISUNDERSTANDING AROUT_ORDER IN WHICH yAPE yAS WRITTEN
SO MUST EXCHANGE X AND Y CnoRD AFYER THEY ARE DETERMINED
NXl® JJ ¢ (1C = 1) -ets -

MX2® NX]1 + |

PO 10 (= }, 127

SET Y COORNINATF COUNTER
NYle | '
NY2s | ¢ |

Pt® Y(JJs 1)

P28 Y(JJde I & 1)
Pas Y(JJ+l, 1)
PY® Y(JJ*t, 141
PPs ABS({P])aRMSHN
IF (PP) PO2, 902,
PP= €,
1F (P}
Pim =pp
GO YO 902

Pi= Pp

PP® ABS(P2)aRMSH
IF (PP) BQ4, 901,
Ppa 0,

{F (P2) 995,
pP2= wpp

GO 10 9n1 .
pP2s Pp :
PPa ABS(P3).RMSH
IF (PP) 804, 912,
Pp= O,
1F (P3)
Pis -pp
GO TO 912

P3m Pp

PP® ARS(PYY.RMSN
IF (PP) 80R, 919,
PP 0, o
1F (PY4)
Pys =pp
GO TO 911

Pym PP o

IF (P1) tC4, 3, 103
IF (P2) 4, 3, 3 o
IF (P2) 3, a3, 4
MLX(TLOCY= 1YY
MLYUILNC)= NX}
MLXCTILNC & 3)s NY2

AN3

904, 902, 903

808

901s 914

807

917, 912, 908

Ag?

N9, 911y 9L

[N - e e mebm—— -

FIGURE 2 - Continued
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~ 0045% 165
00462 164
Co%s 3’ 167¢
00464 148

T OO%&7 &Y §¥ T
00472 1709
00478 171e
00476 172
oesoo 173e
00502 174

— 00503  175e
00504 1764

" o0504 177
00so7? 178¢

" 00510 179¢
00514 18p0*

T 00515 1819
00520 182
00520 183e
00523 184e
00526 1860
00531 1869

TTODE3Y T {87 e
00535 188
NOS36 189¢
005137 190
00540 191
00546 192

547 193¢
00552 194
00555 195+
00540 196+
00563 197
00564 198¢
00565 199+
00566 200e
00547 201
00575 “n2e
00576 /03
posn! 2046

T ooén4 05
00607 206
00612 207
00613 208
00614 2004
00615 21ne
00616 214
00624 2120
00625 213+
00630 214
00632 2150
on63s 214

00837 2{7e
oCcé42 218
00645 219e

| ORIGINAL PAGE IS
OF POOR QUALITY

WRITE (KWR, 30) Pl, P2, NX), NYJ -~ ===

[FORMAT (1H , 2(E1245,5X)s 2(16} S5X))
1LOC= ILOC o 2 L

41
412
9ns

Q7

 w—p
WwuwN w

12
115
114

14

15
11é

110

NLY(ILOC « )= NX)

IF (1L0C = 1S21) 10, 5, S

TR IRYI=70) 76,78, 908

WRITE (KWR, 8) nNY)

FORMAT (AH NYim; 17}

WRITE (KWR, 411)

WRITE (KWR, 412)

FORMAT (25H ARRAY RESERVED 1S FILLED)

FORMAT (IBH ~TERMINATE RUN)

IF (1CT=8) 9G7, 7, 7

GO TN END OF MAGNETOGRAM :

CALL REDTPR (8,243 1FER,\NW,1,1CNT 2048, TEmMp(]))
WRITE (KWR, 989) NW, IcNT

1ICT = 1CT + 1

WRITE (KWR, 988) jCT
IF (ICT = R) 907, 7, 7
GO TN END OF MAGNETOGRAMs THEN START NexT ONF
1F (PL1Y 112, 12, 113 i

IF (P3) 12, 12, 13

IF (P3) 13, 12, 12

NLXCILOC)= NY ] e - -
MLY(ILOC)= Xy

NLXCILDC + )= nYy

NLYCILOC « ()= NX2

WRITE (KWR, 3G) P1, P3, NX}, NY|
1LOCsE ILOC + 2

IF (1L0C=1S71) 10, 5, &8 =~ 7770
IF (P2} 115, 15, 114

IF (P3) 15, 15, 14

1F (P3) 14, 15; 15

NLX(ILOC)= Y2

MLY(TLOC)m NX1

NLXCILOC ) )y= Nyl

NMLY(TILOC ¢ )= NX2

WRITE (xwR, 30) P2, P3, NXi1, NY]
1LOC= ILOC + 2 ,
IF (1L0C = 1Sz21)Y 1n, 5, S

IF (P1) 110, 10, 116

IF (P4) 16, 1€y 123
IF (P4) 10, 12, 16
NLXCILOC)= NYI
NLY(TLOC)= nY}
NLX(ILOC o )= NY2
NLYCILOC « )= MX2
WRITE (KWR, 30) P, P4, Nxj, Ny} =~ 7
1L0C = 1LOC + 2

‘TF t1L0nC~=1S71) 10, 5, &

CONTINHE
CONTINUE
IF (1cT = /) 26, 201, 7

PO 119 JJe 1, 14
NO 1720 KK= 14 12R
Y(JJ, ¥K)a y(JJels, KK)

FIGURE 2 - Continued
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004646 220 120 CONTINUE

00650 2210 119 CONTINUE
00652 222e 1IC = IC ¢+
00453 223 CALL REDTPR(AR} 24 TER, NW, |, ICNT, 20u4a, TEMP(1))
00654 224e WRITE (KWR, 989) NW, ICNT
00640 225 1CT ® 1CT o
00661 2260 WRITE (KWR, 988) [CT
00644 227e IF (NW=2049) 23ns 229, 230
00667 229e - 230 WRITE (KWR, 392) NW, ICNT
00673 229e i KK® 2049=Nw ¢
00674 230 ENT
00675 231 | PO 23t K= KK, 2049
no700 232 ! TEMPI(K)=® TEMP(J)
00701 233 oode gy e g
co7n2 2340 7?31 CONTINUE
00704 235 K2w KK=}
po7p%5 234 CDO 232 K= ), K2 i —
00710 237 i TEMP(K)e n,
00711 23Re 232 CONTINNF
00713 239e 229 1F (1ER =1) 393, 394, 393
00716 24ne 393 WRITE (KWR, 392) [ER, MW
oc722 24y 394 1=
723 .. 242e [ N0 165 JJs 17, 32
00724 243 i DO 166 Kxm gy 128 T LT "
00731 2440 LY (dJy KK)m TEMP(L)
007232 2450 i s 1 & |}
ceryd 2440 1166 CONTINVE
c073% 247 165 CONTINUE
C0735 . . 248 c REMOVE STRIpE
00737 249 i no 4Ns7 IMe 17, 32
co742 250 i Ix® tiM=1)0128 + 11}
co743 251 [ TEMPLIX)® TEMPIIX + 1)
o0744 2682 4957 CONTINUE
0746 253e [ S
_LB0748_. 254s T GO SFARCH FIRST 14 COLUMNS AGALIN
oc747 2550 I Go TO 211 ) T
00750 2540 201 N0 219 JI= 1, 1&
007583 257 | 88 770 K¥m 1, 128
[+[ekd-t-1 Fone ; Y(JJy KK)m vlJdJels, KK)
cer87 269 2210 CONTINUE
_.00741 280e 719 CONTINUE
00763 2641e \ 12w jC 4y T T
OR76% 262e ! 1CY= |0
0C745% 2463 1=
oC746 244 GO Tn st
e07466 245 [ THIS CNAMPLFTIFS SFEARCH FOR ¢2FRN GRADIEMT® POINTS
00747 264 D7 1FINe 1LO0C
TTOTEOITOT Zeve i ARITF (K"R, 132) [FI# T S
co773 2688 132 FORMAT (tH , SHIFiINe, 110}
or773 269 c INVERT X ARPAY FOR PLOTTING )
on774 27ne no 180t 1 1y IFIN
ccr77 271 NX® MLX(E)
c1000 ‘272e MLX(T)m TMAX®jenMX
TTUHien 273e 1AM CONTINUE Coonmmn e
c1o01 274e C PLOT TAPE
o1003 275 CALL GRIDIVIOINGGI 1280090400 12B0014e0,4009m8,5,°10,=11;,48,4+4)
FIGURE 2 - Continued
\ PAGE 1B
ORIGINAL X0 Ty
QUALLL?
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118



c1004 2740 1Fl= 1LOC=2

01005 2770 DO AN0 I= 1, 1F1, 2
o010 278 Xs NLXU(I)
01011 279 CALL XSCLVI(X, NXP, T1ERR)
01012 28ne NXl= NXP
01013 281 Xe NLX(T+1) CTTT T e
01014 282e qALL XSCLVI(Y, NMXP, I1ERR)
01015 283e : NX2®= NXP
01016 284e YY® (NMAY+t)=NLY(])
1017 2RG e CALL YSCLVI(YY, NYP, [EFRR)
01020 286 NYlas NYP .
T O1CZI T 287 YY® (NMAYet)=NLY Q@) —

01022 2Rpe CALL YSCLVI(YY, NYP, JERR)
01023 2RGe , NY2= NYP
g1oz4 290¢ : CALL LINEVINXL, NYL, NX2s» NY2)
01025 291 ROD CONTINUE
01027 2920 999 CONTINUE
aTu31 294 CALL ENDJOA T
01032 794w . STOP S S
81033 295e END

END OF COMPILATIONS NO DIAGNOSTICS,

ORI
Cw‘pégAL-RAGEJE‘

FIGURE 2 - Concluded
QUALITY |
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MAGNETIC FIELD GRADIENT PROGRAM

One way to represent magnetic field energy distributions in
sunspots is to plot values of magnetic field gradient as a function of
position in the spot. A second special-purpose program has been

written to generate such displays.

The value actually plotted is not the value of magnetic field
gradient; instead, it is the difference between signal values of adjacent
grid positions. This procedure was chosen for several reasons. First,
it gives the most direct representation of the actual data. Second, the
plotted values are independent of urcertainties in the field strength
calibration of the signal. Third, evaluation of distances on the solar
surface and foreshortening corregctions are not required, so the plot
is independent of the assumptions which must be introduced to make
those calculations. Fourth, if differences only are used, the evaluation
of a numerical derivative is avoided; that procedure is notoriously
unst%able. The final plot is presented in the original magnetogram grid
format, so it can be easily compared with contour plots and with photo-
graphs of the scope display at the time of observation. A label page

giving the date and time of the observation is written for each plot.

Difference values in three size ranges are plotted. The scale
factor used for demonstration waé‘the approximate mean noise level of
the observations, XNSE, but any interesting scale factor could be
substituted. The plotting symbols were chosen to give an appearance
- of increased density as the signal difference value increased. The

difference ranges and corresponding symbols are listed in Table 1.

- The magnetograph signal data are read from magnetic tapes in

the same format as are used for the neutral line program. In addition
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TABLE 1. GRADIENT PLOT PROGRAM SYMBOLS

GRADIENT DIFFERENCE SYMBOL
2 . XNSE < difference < 5 - XNSE 0
'5 . XNSE < difference < 10 - XNSE
difference > 10 - XNSE *

to the data tape, a mean noise level or other plotting scale factor must
be specified. This value is supplied in a DATA statement by assigning
a value to a variable called XNS; the appropriate noise value, XNSE, is
later calculated from XNS. In the sample given here, XNS = 0.05. As
in the neutral line program, the number of matrices to be processed is
supplied in a DATA statement. Again, the variable name assigned to
this quantity is IPP, and again it is an integer variable. This program
processes either longitudinal or transverse data but cannot do both types
in a single run. If longitudinal data are to be plotted, the magnetograph
data tape, after initial processing, is used as the data source. IPP is
the number of longitudinal mafrices on the tape. A third DATA state-

ment must be included:
DATA LT/1/

and will cause the program to select the correct procedure for reading
and plotting the longitudinal data. If transverse data are to be plotted, |
the data tape must be generated by the fourth program described in
this section. IPP is the number of transverse matrices to be plotted,

and LT must be supplied by the DATA statement
DATA LT/2/
No separét-e data deck is required. -

The logic of the program is like fhat‘ ‘of the neutral line plot

program, except that value differences instead of sign differences are
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recorded. Sequences of small grids, numbered Pl, P2, P3, P4 as
shown in Figure 1, are used to evaluate the differences across the
magnetogram. The plot symbol is assigned to the coordinates of either
Pl or P2. The coordinates of Pl are used if one of the differences
(P1-P2), (P1-P3), or (P1-P4) is plotted; the coordinates of P2 are
used if (PZ-P3) or (P2-P4) is plotted. The value plotted is the largest
difference found in the small four-point grid. No difference values
smaller than 2 XNSE and no isolated difference values larger than

6- XNSE are plotted.

A listing of the program is given in Figure 3, and a sample

plot is shown in Figure 5.
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—o8tee o < GRADHENT—CONTOURS N MAGNETOGRAMN
cotao 2e C BLANK 1S PLOTTED 1F GRADIENT VALUE IS LESS THAN 2X NOISES
coino 3e c @ 1F- GRADIENT IS 2 TO 5X NOISE: o IF GRADIENT 15 MORE THAN
op100 Ye c 10X NOISE, ALL GRADIENTS MORE THAN 2X NOISE ARE PRINTED.
oolot Ge : DIMENSION XTWO(1000),YTWO(1000),XFIVE(1000),YFIVE(1000)
oo!n3 b f DIMENSTON XTEN(S00),YTEN(S00),TEMP(50001+Y(32, }28)
oo+04 ¥v : SEHMENSHON-ARRAY 22— FEMt5
0o10s 8e { DIMENSJON FLDX(12), FLDY(12,
00106 9e ; DIMENSION A(19)
00to7 10e : DIMENSION LTIME(9)
0olto tie | DIMENSION TEME (2049)
LLINN] 129 ; DAYA IpP/38/
Bo++3 3o - SAFA-—F BN Sy -y 2L 204 H w
LLIBE 14 : DATA FLDX(2)/6H /
co117 15e DATA (FLDX(I), I= 4, 12)/986H /
0012t lbe U OATA (ARRAY(L), ls L 22)/24H HARDCOPY ONLY, ONE COPY: 1BesH
00123 170 ; DATA HL/8/ '
ool2s 18e DATA LT/1/
Ws——wo——e-——uq—w—a-wsmmh_z_u_nuuslusc_ﬂ—u“
00127 20s - i DATA XNS/.05/
00131 2t | KREw 5
0o!32 22e | KWRs &
00133 23e ; CALL OPEN(B, 1, S)
00134 24 ! IMAXs {28
V035 25+ ; i ve—4-28
00136 2640 j 1S1ZE = 1000
00136 27 (4 NO, OF ROWS, NOs OF COLUMNS, NGO+ OF GRADJENT VALUES STORED
00137 28e 1S1= lpoco
oot«o . 29 i 152= 1000
0014} 30 1s3= 500
O —— 33— —— 57t e SR} e
00143 32 ; CALL 1DENT (9, ARRAY)
00t 44 33e DO %97 1Pw i, 1PP
00144 34 C READ HEADER INFORMATION

i

0nla7y 35 300 CALL REDTPR (8, 2, 1ERy HNiy 19, A)
001580 340 i IF (Nw=19) 300, !, 300 ’

O3 3P R TE— (R SR04 N -

00154 38 9§90 FORMAT (IH , 3HNWs, 15)
oo1s7 39e { IF (1P=30) 997, 700, 700
00142 4pe 700 CONTINUE
00163 4le i IF (LT=t) 170, 170, 171
00166 42e 170 XNSEs A{7)e(XNS=A{13))
BB 4de LG FO— P2 —- ———
00170 44 © 171 XNSEs SQRY(A(B).SQR!(XNS))
ont70 45e K4 XNSE IS5 MEAN NOISE LEVEL
00171 46e 172 TXNS= XNSE®2.00
oot?72 47 FXNSe XNSE*5.00
00173 48 DXNS= XNSEe10,00

OOt PP - FE O 3 S

FIGURE 3. LISTING OF MAGNETIC FIELD GRADIENT PLOT PROGRAM

AGR
OF POgR ¢ GEH IS
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poi7s

S0e FLDX(3)m A(Y)
— 864134 St Lt R s 3913904 -394
ogani 520 39) WRITE (KWR, 392) 1ER, NW
00205 53 392 FORMAT (i1H , 2110)
00206 S4e 390 WRITE (KWR, 67) (A(I), IZ 1, |9)
00214 55e 67 FORMAT (IH , 611X, 012)) !
00215 - S6e WRITE (KWR, 167) (A(l), 1= 1, 4) |
00224 Sge WRITE (KWR, 169) (All), 1= 5, 1)
00232 59e 169 FORMAT (1K ,5(E1245,2X),2(11042x))
00233 400 WRITE (KWR, 168) (A(l), I= 12, 19)
00241 61e 168 FORMAT (1H |, B(E12,5, 2X))
00241 - 620 (4 READ 1ST 2 RECORDOS OF MAGNETOGRAM
00242 t3e D065 fe—tv—2
00245 b4e 1€ = 1
00246 45 WRITE (KWR, 988) ICT
o025t &b 988 FORMAT (1H ,4HICT=, 15)
00252 670 Je 204Be(i=1)4]
00253 48 19 CALL REDTPR (8, 2, IER, Nw, 1, ICNT, 2048, TEMP(J))
- AR b WR LT KW RS8N N ——
00240 70e 989 FORMAT (1H , 3HNWs, 17, 5X, SHICNT=, 15)
00261 7ie IF (NW=2049) 130, 129, 130
00264 720 130 WRITE (KWR, 392) Nw, ICNT
00270 73e DO 122 1Be {4 3
00273 THe 122 TEME(IB)= TEMP(1B)
——BOR P PO — R — --
00274 760 0O 123 1B= 11, 2049
00301 77 TEME (1pls TEMP(IMB)
00302 TRe [ IMB= 1MB + 1
00303 79e¢ 123 CONTINUE
003ns 80e DO 124 18= 4, {0
- —BBI0 - - —Bpe———— 324 FEMELIBE ANSE. s -
00312 82e 00 125 1Bs 1, 2049
00315 83e 126 TEMP(IR)= TEME(1B)
00315 84e C REMOVE STRIPE
Oo31? ASe 129 DO 4054 In= 1, 16
00322 Bbe IXs (IMal)eo284U~10¢111
—QO¥PY- 8P — NP e ANSE - —— e
00324 Bae 4056 CONTINUE
0032é 89 IF (1ER=-1) 395, 4650, 395
00331 90 395 WRITE (KWR, 392) 1ER, NW
00335 91 4650 IF (1=3) 65, 465, 6%
00340 92 465 Ix = tD0
| - L T B B & T & SEN Y - S . -
00342 9Ye IDELY= 25
00343 988 : Ne FLU(2, 10, TEMP(1))
00344 960 10AYS= zao-rLotzb.i.NloloooFLD(27.l.N)oao-FLo(za.l.N)
00344 97- 14400FLD (29,1 9sN)*20eFLD(30,1 NI+ 10eFLD(3}0sl, N)~a-FLo(:z.|.N;
00344 98 2¢4FLDI3I, 1 N)+2¢F | DI34,1 ,NI+FLDI35,1,N)
RO B e N F L D4 By 2y TFEMP LI — e e
00346 100 L FLDU3O,4eN)m FLDELI2,4,TEMP(1))
00347 101 ' lHouas- 200FLDI30,1 NI 2 10eFLD(31 o) NI+BaFLDLI2,14N)
00347 102e 144eF LD, 1 N)+2eFLDI34, 1 ,NISFLDEIS, 1, N)
00350 103e Ne FLDI120, 7+ TEMPLI))
00351 104 IMINS 40oFLD(29,1 N)*20¢FLDI(30 LN} +100FLD{31 14N}

—BOI 058 S B I b NS RO D 3Dy N A2 R LD ey b M AL DA IS g M

FIGURE 3 - Continued
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00352

1Bbe

Ns FLD(27 7 TEMP(!))
00353 108 L*4eFLOCAI 1 NIS20FLD(34,14NI+FLDI3S,14N)
00354 109's ENCODE (40, LTIME) IDAYS, IHOURS, IMIN, ISEC
00362 i10s 40 FORMAT (14, SH DAYS,17+6H HOURS,18,8K MINUTESy 18,8 SECONDS)
00343 ille CaLL FRAMEV(3)
00364 112 CALL PRINTV (54, LTIME, Ix, 1Y)
0038 T3 Crtt—STof v
00346 1i4e 65 CONTINUE
00370 115e 1Ce A
00370 Ilbe C 1CT 15 NOe OF RECORDS READ FROM TAPE
00370 117 4 IC 1S NOs OF TIMES READ FROM TAPE S EXECUTED
00370 i11ge ¢ IC SHOULD BE EQUAL TO ICT = |
—— 80— WA+ 8T 2 -RECORDS—INTFO—F—ARRA e
00371 120 i 1= 129
00372 121 DO 686 JJue 2, 32
0037% 122 00 79 kxe 1, 128
oo400 123 YiJJs Kkim TEMP(1)
00401 124 Is [ ¢y
ooH40u 1260 168 CONTINUE
on40u 127 C | SET X COORDINATE COUNTER AND START SEARCH OF FRaAME
004064 1280 NMAX® [MAX «!
00407 129 Jis 1}
00410 130 J2s o
A — e e e R - —
00412 132 1ls 2
00412 133 [4 START SEFARCHING COLUMNS 2 THROUGH |6
00413 134 NMAY= [MAY « 1
0n413 135 c SPIKE NOISE FILTER
co4ty 134 211 DO 4050 Ju= 1, 31
'—"OM'F"'— +3728. DO ucr.= KK= !' _L27 -
00422 138 XTEMm ABS(XNSE=ABS(Y(JJ,KK)))
00423 139 IF (XTEM=3,8XNSE) 4051, 4051, 4052
004264 140e . 4052 YTEM= ABS(XNSE=ABS({Y(JJ+1,KK)})
oo427 f41e IF (YTEM=3,eXNSE)} 4053, 4053, 4051
oQ432 1426 ﬂﬁs« Y(Jd, KK)‘ XNSE
004y~ 4SS - ;
D043y 1440 4053 2TEMs AHS(XNSE ABS(YULJJeKK#1)))
00435 145e ‘ IF (ZTEM=3,¢XNSE) 4085, 4055, 4051
oo44n 144 4055 2ZTEMs ABS(XNSE=ABS(Y(JJI+1 ,KK+1)))
an4uy 147 ; IF (2ZZTEM=3,%INSE) 4054, 4054, 4051
00444 148 4081 CONTINUE .
— OO -G -—4ese—eeﬁ++ﬂﬁf~— e - — —
No45n 150e : DO (9 Jum 11, lé
00450 13 c PREPARE TO GET CORRECT COORD!NATES FOR GRADIENT VALUES 7O
00450 152 c | BE STORED
00450 153e ¢ MISUNDERSTANDING ABOUT ORDER IN WHICH TAPE #AS WRITTEN
0g4sn 154 C SO ‘MUST EXCHANGE X AND Y COORD AFTER THEY ARE DETERMINED
--0BHEY BBt — e N fed e (O )RS e e - e e
90454 156 NX2= NXt « |
[J.LT-1 157 . 00 to0 1= t, 127
004ss isae 4 SET Y COORDINATE COUNTER
00440 1659 NYts |
0p461 160 NY2% 1 o 1
—BOHA2 - AEEe e Ph e Wy e e s e -

ORIGINAL PAGE IS
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00463 1629 P2s Y(Jys 1 *+ 1)

TV VY 1438 R N e e
00465 1640 Phs Y{Jyel, le1)
00486 165 GTEM(1)m PI = P2
00447 1660 GTEM(2)= P1=P3
00470 167 GTEM({I)aP)=PY
0p471 1480 GTEM(4)n P2=P23
—8p472 Tose ~GFEMDra—PR=fl
00473 170 GMAX= ABS(GTEM(1]))
00474 1710 16 » |
00475 172e¢ DO 299 12= 2, S
00500 173 IF (ABS(GTEM{I]2))=GMAX) 299, 301, 30}
00503 174¢ 301 GMAX=® GTEM(]2)
—00564———4 el 3 —
005085 1760 299 CONTINUE
00507 177 1F (1G=4) 297, 298, 298
00512 178¢ 297 IF (GMAX=TXNS) 10, 295, 29%
00512 1790 4 COORD OF Py WILL BE STORED
00515 180¢ 295 IF (GMAX=FXNS) 294, 302, 2302
A 204 WRITE (KWHy—25-NX Nl GMAX. -
00525 1820 25 FORMAT (IH ,4HNXI= 17,94 NY|=,]17,9H4 GMAXEsEL265)
00526 1R3e XTWOlJ) = Nvl .
00527 184e YTWO(J1)= NXI
00530 185 Jis Jl + 1 L
00531 186 IF (J1=1S1) 10, 5, 5
0883} BT IR 2 GHAA = DANS) 0PI IDY e
00537 188 303 WRITE (KWR, 25) NX1, NY1l, GMAX
00544 189 ‘XFIVE(J2)= NYI
00548 190 YFIVE(J2)= NXI
00546 1930 : J2a J2 o+ 1
00547 192 ; IF (J2-152) 10, Sy S
. 7.1-1 -3 Y- tsas-—n—«—*gox—u£+z£—4xlx+_254-ﬂ44f-uxL»_anlx__ -
00557 194 ; XTEN(JI)= NYI »
00540 195e . YTEN(J31= NXI
00561 196e J3 s Ja ¢+ |
00562 197 i 1F (J3=-153) 10, 5, 5
00565 1989 298 IF. (GMAX=YXNS} 10, 307, 307
B RHEG— 3PP - EQORD—OF P2 WILL-BE-STORED e e e o
00570 200 307 IF (GMAX=FXNS) 308, 309, 309
00573 201 308 WRITE (KWR, 26) NX2, NYl, GMAX
00600 202 I26 FORMAT (tH ,4HNX2=,17,9H NY|®,17,9H GMAX=4E1245)
00601  «0D3e ; XTwo(Jt)e NYI
00602 2040 .. o YTWO(Jiy= NX2
— 5P} — 20— St d i et - e et b et e s L « e s 4 2t amaeir e ot e
00604 206e ; IF, (J1=151) 10, 5,5
00607 207 309 IF (GMAX = DXNS) 310, 311, 3l
00612 208 310 WRITE (KWR, 26) NX2, NY1, GMAX
00éi1? 209e 5 XFIVE(J2)® NY| .
00620 210e | vavE«Jz)- NK2
—B86+t—- - 2 2 oo i PG B e e i e b e e teve i e oo = mae v o
00622 2120 1 IF (J2-152) 10, 5, &
00675 213 . 311 WRITE (XWR, 26) NX24y NYL, GMAX
00632 2140 XTEN(JI)= NYI
0nb3)3 2160 YTEN(U3Y® NX2
006134 2160 J3s JI 4}

—eoaas———*¢+44——~u———~——»LF—+Jaor53» 10y By B

FIGURE 3 - Continued

ORIGINAL Pa.
OF POOR QUALIYyY

126



'

006440 218e & IF (NKI = 700 &, 6, 906
04— MR E NN
00646 2200 8 FORMAT (6H NYl=, 17)
00647 221 S o=o - WRETE (KWR, 27) Jiy V24 J3
00654 222 WRITE (KWR, 11)
00654 223 WItTTE tkWR, 12)
00660 224 11 FORMAT (40H ARRAY RESERVED FOK GRADIENTS IS FILLED,)
— OOt ———2 25— 2 FORMAT T FERMNAHE R ———————— ———————
00662 2240 906 IF (ICT = 8) 907, 7, 7
00662 227 c GO TO END- OF MAGNETOGRAM
00645 2280 907 CALL REDTPR (8, 2, IERy Nw, 1, ICNT, 2048, TEMP(1))
00666 229 WRITE (KWR, 789) Nw, ICNT
00672 230e 1ICT = 1cT + |
: 2 r—988+—+€¥
00676 2320 : 1F (1CT-8) 907, 7, 7
004676 233 < GO TO END OF MAGNETOGRAM, THEN START NEXT ONE
00791 234 10 CONTINUE
00703 235 9 CONTINUE
00706 23be IF (1CT = 8) 20, 201, 7
B07+0———237¢ 20--00—H3—gde—tr—té —-
00713 238e DO 120 kK= 1, 128
00716 239 Y(Jds KKIm YUJJ ¢ 16, KK)
00717 240 120 CONTINUE
00721 2410 119 CONTINUE
00723 2420 1C = IC + 1

PRl Mo e C A REDFRR A8y 2y Ny Nyt FCNTy 2048 TEMP LI

on724 2440 4 REMOVE STRIPE
00725 245e DO 4057 IMs 1, 16
00730 2460 IXs (IMel)ej28411]
00731 247 TEMP(IX)= XNSE
00732 248e 4057 CONTINUE
DRI — e WRITE A WR B9 NW, LCNT - e -
00740 250 ICT = [CY « |}
00741 251 WRITE (KWR, 988) IcCT
00744 252 I1F. (Nw=2049) 230, 229, 230
00747 253e 230 WRITE (KWR, 392) NW, ICNT
007%13 254 KK= 2049 = NW + 1
g PEH———25Fer—— e — e AL I -
00755 256w DO 231 k= KK 2049
0n740 257¢ TEMP(K)e TEMP(J)
00761 258 Js g + |
00762 259 231 CONTINUE
00764 2600 K2z KK = 1
00 eE b te———————DO— 23wty K2 e --
00770 2620 TEMP(K)= D
00771 2636 232 CONTINUE
0n773 264w 229 1F (1ER=1) 393, 394, 393
00776 ib5e 393 WRITE (KWR, 392) IER,: NW
o;poz 26be 394 1= |
o 2 — i T = T ST NI - o p—
01006 268 ‘DO 146 kK= 1, 128
01011 269% : Y({Jds KK)m TEMPLI)
01012 270¢ I= 1 +
01013 271 166 CONTINUE
01018 272 165 CONTINUE
.Wﬁmﬁmm_——.—. ....q......*_.i.....,* b m——— - wde oinm bee mbs we Y wme N . mvea . PR
FIGURE 3 - Continued
Y
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031017 274s C GO SEARCH FIRST 16 COLUMNS AGAIN

—04028 415 G O—FO—2+
01021 2766 201 00 219 JJs 1, 16
01024 277 DO 220 kks 1, 128
01027 278 Ytdd, KK)m YLJJ ¢ 16, KK)
81030 279 220 CONTINUE
01032 2800 219 CONTINUE
01O 281w +Eo—t€—v—1
01038 282s 1CT = 10
01038 283 I1s |
01037 284 GO0 10 211}
01037 2858 C THIS COMPLETES CALC OF GRADIENY VALUVES
0104D 284 © 7 WRITE (KWR, 27) Ji, J2, J3 .
i STPEIEY ST IETYNT FINE T S0 -X SN TVIFY PO T -3
01048 288e C. INVERT X AND Y ARRAYS FOR PLOTTING
01044 289e¢ Jiz Jl = 1
01047 2909 DO 8CO 1= 1, JI
01052 291e : NXe XTWO(I)
01053 2920 i NYs YTwoll) i
—29 e X TWO o N AR O
01058 294 YTWO(I)w NMAY e¢lQ=NY
01056 295 {800 CONTINUE
01060 2960 ! J2a g2 =1
01061 297 i DO 799 is 1, J2
01044 298¢ | NX= XFIVE(L]) )
- OS2 B e WY e s e e e e
01066 3006 i XKFIVE(T1)®™ NMAX ¢ | =NX
01047 301 ' YFIVE(T )= NMAY ¢l =NY
01070 302 799 CONTINUE
01072 303e | Jia J3=1
€1073 304e | 00 798 I= {1, J3
- 04026 — 3050— e Nho R TEN e — e et bermne
01077 3040 | NY=s YTEN(])
o1t0n 307e | XTEN(L)m NMAX + leNX
o1 ton 308e¢ i YTEN({I)s NMAY & 1 «NY
01102 309 {798 CONTINUE
[IRL) 3100 CALL WQUIK3L (219060932860, 0060,128.001HOFLOXAFLDY sJ)oXTWO,YTWO) -
B Bt el A~ I 4 0700 0 4§ 2800400841 2800 LHa FLOX W ELDY U2, XFIVE ¥ FLVE)
01106 312 CALL WUIK3L (040e0,12860:040,328¢0,1He FLOXFLDYsJI XTENZYTEN)
01107 3138 997 CONTINUVE
o1t Jt4e R CALL ENpJOB
ot112 315 998 STOP
(JRRR Jlbe END
ENU OF COMPILATION: NO DIAGNOSTICS,

» - FIGURE 3 - Concluded

ORIGINAL PAGE IS
OF POOR QUALITY

128



RESULTS OF PLOT PROGRAMS

Figures 4 and 5 show results of the two plot programs for the
same frame of data (23 October 1973, 23R 41™ 9% U, T.). Figure 4
is the neutral line plot and Figure 5 the field gradient plot. Figure 6
isE a contour plot of the same data frame, made by the Computer
Sc;iences Corporation, (The orientation of Figure 6 is reversed both

vertically and horizontally from Figures 4 and 5.) The contour

intervals of Figure 6 are labeled according to the code given in Table 2.

TABLE 2. CONTOUR LABELS FOR FIGURE 6

LABEL FIELD STRENGTH (gauss)
: h

-21581 x 103 .
-1.290 x 103
-6.452 x 102
-2.581 x 102
-2,581 x 10!
0.000
+2.581 x 101
+2,581 x 102
+6.452 x 102
+1.290 x 103
+2.581 x 103

{
|
|
{
|
|
i
!
|
i
|

AR G = T O MM T O >

C The position of the solar limb shows clearly in each of these
three figures. (The vertical streak in Figures 5 and 6 is a flaw on
the magnetograph vidicon tube. The gradient plotting program now
contains a routine which removes this streak.) In addition, the active
region shown contains two neutral lines which run across the regions
of steepest magnetic field gradient. There is also some evidence,

in Figures 4 and 6, of a weak but complex field structure near the limb.
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FIGURE 4. SAMPLE NEUTRAL LINE PLOT
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FIGURE 5. SAMPLE GRADIENT PLOT
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MAGNETIC FIELD CONTOURS FOR DATA PLOTTED

IN FIGURES 4 AND 5

FIGURE 6.
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NOISE REMOVAL PROGRAM

Some of the data matrices contain noise values which appear _
as single values much larger than any other values near them. This
program removes ea;ch’ of these values, replaces it by the average of
the points surrounding the removed value, and writes a new tape
containing the corrected matrices in the same format as on the original
tape. Both longitudinal and transverse matrices can be corrected in

one pass.,

The program also removes the vertical streak which appears
in Figures 5 and 6. This stripe always occurs in column 111 of the
data matri: as it is read in (the matrix is storied reading from right
to left across the frame), Because the location is alwayis the same,
the stripe can be removed as sbon as the matrix has been read. T‘he

value in the location X = 111 in each line is replaced by the value

The isolated values to be removed are identified by comparing
them to criterion values which are supplied as data. Two criterion
values are needed, one fo;f iongitudinal data and one for transverse.
The data tapes used a.r_e; the magnetograph data tapes after the initial
processing, so the data values are signal values, not field strengths,
Also, the transverse criterion value is the criterion for the U or the
R component, not for the resultant transverse field vector. It is

assumed that the sarme criterion value can be used for the U and R

matrices.

After a matrix is read, the proper criterion value is chosen,
and the absolute value of each matrix data point is compared to the

criterion value. If the matrix value is more than six times the
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criterion value, the adjacent matrix points are examined. If one or
more of the adjacent values is greater in absolute value than six times
the criterion, the tested value is assumed to be valid. If none of the
adja'?cent values is greater in absolute value than six times the criterion,
the ;cested value is assumed to be invalid and is replaced by the average

of the adjacent values.

The magnetograph data for the program are taken from the
data tapes after initial processing. These tapes have the general

format shown in Figure 7.

HEADER
LONGITUDINAL DATA MATRIX
MAGNETOGRAM < INTENSITY DATA MATRIX
#1 U MATRIX (ONE COMPONENT OF TRANSVERSE DATA)
R MATRIX (OTHER COMPONENT OF TRANSVERSE DATA)

HEADER
LONGITUDINAL DATA MATRIX
MAGNETOGRAM { INTENSITY DATA MATRIX
#2 U MATRIX
R MATRIX

HEADER
LONGITUDINAL DATA MATRIX
MAGNETOGRAM § INTENSITY DATA MATRIX
#NMAT U MATRIX
R MATRIX

END OF FILE

FIGURE 7. MAGNETOGRAPH DATA TAPE FORMAT

134
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{

On any tape, the longitudinal matrix may or may not be present,
the intensity matrix may or may not be present, and the U-R matrix
pair may or may not be present, This program will process any
combination of matrices if the correct data are supplied. (It is
assumed, however, that the intensity matrices are either always
present or always absent. All tapes processed so far have complied

with this assumption.)

In addition to the tape, values must be furnished to the program
through four DATA statements. The contents and formats of these

statements are described in Table 3.

TABLE 3. DATA STATEMENTS FOR SPIKE
NOISE REMOVAL PROGRAM

E

MODE EXAMPLE

F

'VARIABLE (REAL OR OF DATA |
' NAME VARIABLE DEFINITION INTEGER) STATEMENT :
, __________JL_____._________====ﬁ
NMAT Number of magnetograms Integer DATA NMAT/7/

on tape (i.e., number
of groups of matrices
as shown in Figure 7)

XNA Criterion value for Real’ DATA XNA/.005/
Tongitudinal data =
six times largest
valid isolated signal
value

XNB Criterion value for Real DATA XNB/.002/
- each component of .
transverse data =
six times largest
valid isolated signal
value expected in U
and R matrices

DINT DINT = 1.0 if intensity Real DATA DINT/0.0/

, matrices are present

- on tape and = 0.0 if
no intensity matrices
were recorded
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After the matrix has been corrected, the program writes it on

tape in the same format in which it was read and reads the next matrix.

The tape which is produced contains NMAT groups of matrices; each

group contains the same number of matrices as were in that group on

the original tape.

20100

20101

00l03
20104

02104
cg105

acln?

20111
got11
00111
00113

ORIGINAL PAGE IS
OF POOR QUALITY

le
20
3

Yo

Se

6¢

e
ae
Qe
10e
lie

A listing of the program is given in Figure 8.

REMOVE SPIKE NOISE VALUES

DIMENSION TEMP(16384),A015),1A(49),Y(128,128)
DINENSION TEME(2C49)

DIMENSION XNSE(S4) . . _ —
NMAT= NOs OF MAGNETOGRAMS ON DATA TAPE
DATA NMAT/7/ S
DATA XNA/.0DS83/

DATA XNB/+00156/

XNA IS LIMIT FOR L MATRIX

XNB 1S LIMLIY . EOR T MATRIX ; T i,
DATA DINT/10G/

FIGURE 8. LISTING OF NOISE REMOVAL PROGRAM
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20113
Jo113
GoN1s
0C116
acL L7
0gl20
00121
Qol22
00123
0ol23
201 26
acla27
oo0tac
0€1233
30136
20137
Ga14s
COL46
00156
3C 187
001l6S
Uotes
0ot72
Go173
o176
co201
oc2.;2
002p3
00204
co207
30210
ug211!
02212
06213
d0214
10215
00216
go217
0c220
J6223
00224
u0225
00226
0g227
20232
Cu233
u0234
00235
€3236
0p237
oo?qo
0g241
00242
00243
30244
60245

ORIGINAL PAGE IS
OF POOR QUALITY

12e
13
t4e
15»
1ée
17
189

19 B

20
2]
220
23e
24e
25
269
27
28e
29¢
30
Jte
32e
33e
34e
35
360
37
LYY
39e
400
41e
42e
43
44e
45«
LYY
47
4g8e
49e
Sce
Ste
S2e
S3e
Sye

S5

Sée
S7e
58e

59

é00
ble
b2e
63e
b4e
45
bbe
&7

17
21
24

167

169

168

299

5¢

DINT=Q 1F NO INVENSITY MATRICES, =1.1F _INTENSITY MATRICES

PRESENT

KRE= S

KAR= 6

CALL OPEN (841,8)

CALL REwIND (8) o

CALL OPEN_ (9. 1,.5) . . . ... e e

CALL REWIND(9)

Do 130 IMaAT® 1, NMAT

READ HEADER

CALL REDTPR (8,290 ER\NWo2,1AC1)47,A01),297A(23),8,A(8))
CALL WRITER (9,20 1ER12,TAC1) ) 7,401),2,1A%43),8,a(8))

WRITE (KWR, 21) NW

FORMAT (4y NW=, 15)

WRITE (KWR,s 167) TA(}), 1A(2), AC]), AL2)
FORMAT (IH +2(11991X)a2(A1292X))

WRITE (KWRs 169) (CALI)ol= 3, 7),1A03),1A04))
FORMAT {1y p5(E12e¢592X)92011042X))

WRITE (Kwr, 168% (A(]),l= 8, ig)

FORMAT (11 o B(E124592X))

WRITE (KWR,2 299% 1A(2), [MAT

FORMAT (W 4 20110 5X))

IF (DINT) 2+ 24 3

IF (IA{2)=5) 4, 5, & e et e e v e e
TRUNS |

XNSE(1)= xXNA

Go TO SO

IF (1A(2)=61) &, &6, 7

IRUNE 2
AnsECy)s xNB
XNSE(2)= XNB
GO TO Sp

IRUN= 3
XNSE(1)= XNA
X'SE(2)= XNB
XNSE(3)= XNB . S o e
GO TO0 S50

IF (IA(2) = S) By 8, 9

IRUN= 2 ;

XNSE( )= xNA

XNSE(2)e XNA

G0 TO 50 . . o i . R,

IF (1A(2)=4)) 1650 10y 11

LRUN= 3

XNSE(1)a XNA

XNSE(2)m XNB

XNSE(3)= xNB

GO TQ 50 e
IRUN = 4

XNSE(])= XNA

ANSE(2)s XNA

XNSE(3)= XxNB

XNSE(4)= xNB

60 TQ SO0 .. il i e -
Do S5 I= 1y IRUN

FIGURE 8 - Continued
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00245
00250
Q0251
80252
002546
00256
00257
oozez
GG266
ug274
00275
00300
00302
00303
00306
39307
00310
00312
28315
00317
00322
70324
cpdaz
203233
GGC33NY
00340
00343
0CA4Y
GOI4Y
GCIYS
G03sSOo
0casi
0cis2
00352
c03s54
n93ss
©0360
00363
00364
06345
50367
003e7
o3y
06374
yc3y7y
ac4n0
ac401l
Co4ny
0c9ns
oc410
GoHi
00414
0c415
oc416
co417?
00422

”WKFNALE%GEJS
OF FOOR, ' QUALITY

69
708
Tie
72
7ae
T4e .

.15

760
779
78
79
80e
81
82s
83e
84e
85e
8be .
87e
88e
B89s
90
9ye
92
93e
94
95
960
97e
98 e
9%e
100
101
102
103»
104e
105
1069
107+
108s
109
1lge
file
112e

113w

1l4e
115
116
117
118e
119
1209
121

1229
1230

< hBe .

L e e READ . MATR.LX - U,
NEI|
52 CALL REDTPR(B8,2,1ER ,NW,1,ICNT 2048, TEMP(J))
» WRITE (KWRs 989) NW, ICNT ‘
989 FORMAT (1ln » 3IHNW=, J7,5XK,5HICNT=,15)
C CHECK FOR WRONG RECORD LENGTH IN 1ST RECORD
e L. ANW=2049) 138, 59, 430 . e o e e et
130 WRITE (KWRs 989) Nw, IcNT
WRITE (KWRy 1138) (TEMPLIL), L= 1, 29)
1139 FORMAT (S(1H 4 E124¢5))
00 122 18= 1y 3
. 122 TeME(IB)= TEMPLIB)
oo JAMBE 4 . et e ) e et e+
! DO 123 18B= 11, 2048
TEME(IB)= TEMP(IMB)
IMBe MR + |
123 CONTINUE
DO 124 1B= 4y 1D
124 TEMELIB)= XNSE(4)}- .. . . ' .- e e
DO 125 18B= 1» 2q48
125 TEMP(IB)= TEME(1B)
WRITE (KWRs 1132) (TEMP(IL), L= 1, 2p)
S9 J=z J + 2048
53 CALL REDTPRUB 24 1ERNW, 1, ICNT2048,TEMPI(J))
WRITE (KWRe 989).. KW, .I1¢NT .
IF (ICNT=8) 12, 129, 129
12 J= § + 2048
60 10 53
c REMOVE STRIPE
129 Do 4056 Im= 1, 128
Ixs (M= )e)28+4411.
TEMP({IX)=s TEMP (IX + 1)
4p86 CONTINUE
c WRITE MATRIX INTO Y ARRAY
Ive 1
DO 468 Jus 1, 12A
Do 70 Kk= 1s 124
Y(JJIsKKY= TEMP(1Y)
Ivy= 1y + |
70 CONTINUE
68 CONTINUE
C SPIKE NOISE FILYER
211 Do 4050 Ju= 1, 127
Do 4051 Kk= 1, 127
XTEM= ABS(XNSE(1)=ARS({Y(JJ,KK)))
XMG® Y(JJ,.KK)
[F (XTEM=5.#XNSE{1)) 42351, 4551, 4052
4052 YTEM= ARS(XNSE(1)=ABS(Y(JJ+1,KK)))
IF (YTEM=5s0XNSE(LDY) 4353, 4053, 4051
HGSY TTMIZ (Y (JJaKKet ) ey (JU+ KK Y (JI+1,KK+1)) /0
IF (JJ=1) 3200 3000 3001
3201 TTM23 (TTMLI+YLJyu=1ls KKI*Y(JJ=1,KK+1)) /3
GO T0 3pn2
31000 TTM2® TTMI
3502 IF (KK=1) 3apc3. 3003 304 .
3004 TTM3I® (TTM2+Y(JJe KK=1)*Y(JJd*l, KK=1))/2e

FIGURE 8 - Continued N
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ag423 124 e LB Madd=) 3008, 3000, 3006 .

00426 125 3006 TTM4® (TTMI+Y(igy=ls KK=1))/2,
oc427 1260 G0 TO 3010
0oc43o0 1276 3005 TTM4= TTM3
BCY431 128 ! G0 TO 3p1)
Q0432 129 3003 TTM4s TTM2
00433 136 . . 3010 YUJJe KKIS TIMY. o L
0G 434 131 WRITE (KWRy 4049) UJs KKy XMGy Y(Jys KK)
00442 132¢ 4049 FORMAT (14 o 15, SXs 159 2(5X, E1245))
G443 133e S GO TO 4051
00444 134¢ 4053 ZTEM= ARS(XNSE(1)=ABS(Y(JJs KKel)))
08445 135 IF (ZTEM=Be®XNSE(1)) 4055, 4¢55, 4051
00450 136¢ . 4055 ZZTEM= ABSAXNSEL1)=ABSAY(JJ+l, KK+#1)3) ...
u4s | 137 IF (ZZTEM=5¢%XNSE(])) 4054, 4054, 4051
oc4sy 138 4051 CONTINUE
Le4ss 139 4050 CONTINUE
uc4se 14Ce ¢ REWRITE CORRECTED Y ARRAY IN TEMP
op440 14]e Iya 1 ;
ng4s1 142 e D0. 371 uyg= .ls. 128 ... I
Q464 1430 Do 170 KK= 1o 128 -
0Cc4s7 144 : TEMP(IY)m Y(JJ.KK)
¢o470 145 : Ivy= Iy +
00471 1460 17¢ CONTINUE
00473 147 171 CONTINUE )
Dq‘!?s 148¢ c - WRITE TAPE.RECORD. ... .. . o e e
00475 1490 J= |
U0476 150 IcnT = ) ‘
Lup477 151 55 CALL WRITER (9, 2,1ER,jsJCNT,2348,TEMP(J))
99500 152¢ IF (ICNT=8) 54, 56, 56
20503 153¢ 54 Js g + 2048
ocs04 154 ICNT=_ ICNT ¢ L. ... .. _
00505 155¢ GO TO 55 :
00506 156 56 NRITE (KWRe 57) IMAT
0511 157 57 FORMAT (18H WROYE MATRIX NOe , 14)
00512 158 51 CONTINVE
20514 ‘159 100 CONTINUE
06516 160w CALL. CLOSE (9,32
56517 161 STOP
96520 162¢ EnD
END OF cOMPILATION: NO DIAGNOSTICS,

FIGURE 8 - Concluded
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TRANSVERSE MATRIX GENERATION PROGRAM

This is a very simple program which reads a magnetograph
data tape, selects the U and R matrices, and calculates the transverse
component T of the signal according to T = (U2 + R2);5 » for each matrix
point. The matrix of T values is then written on a ;néw tape. The
tape written by this program is not in the $ame format as the original

tapes; it consists only of header records and T matrices.

The data tapes for this program are the same as for the other
programs described in this section. Two data values must be supplied
through DATA statements; these are NMAT and DINT,. The definitions
of these variables and formats of the DATA statements are exactly
the same as for the Noise Rémova.l:; Program. Note, in particular,
that NMAT is the total number of magnetograms on the tape, whether
or not all those magnetograms contain transverse data matrices. On
the output tape, however, headers and matrices are written only for

those magnetograms which contained transverse data.

A listing of the program is given in Figure 9.

" entoo le ¢ T WRITE TAPE FOR PLOTTING TRANSVERSE FIELD PATTERNS
o010t 20 : DIMENSION U(14384%), R(2D48), HT(2D48)
001023 3e - DIMENSION A(15), [A(4)
00103 4e | c NMAT® NOs» OF MAGNETOGRAMS ON UAIA taoe
ooioy Se : DATA NMAT/147/

BBl g mimmm e e DATA- D INTALD O
00106 7e C DINT=0 IF NO :nrsusxrv MATRIX PRESENT, sl IFf INTENSITY MATRIX
00106 8e c ! PRESENT
00110 9e ! KRE= 5
o011 108 o KWR = 6 ) )
D112 Iye i CALL OPEN (8s 14 5)

Q@Y 2 - - e EAEE REWIND 48) . - - - e - -
ocoflty 13e CALL OPEN (9 1, 5)
00115 lis , CALL REWIND (9}
LLIRY 16e IMAT = st u TRIx

(4 SKIP DOWN YO FIRSY MA

gg::: ::: 1 CALL REDTPR (8,25 1ER,NK,2,1A011,7 A(l).ZulA(S)oloA(il)

- Bt 2O B e 2R FORMAT —t ¥R N*-T-Js» - - T

FIGURE 9. LISTING OF TRANSVERSE MATRIX
GENERATION PROGRAM
DR : | 140
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17, 1

0012} 19e IF (Nw=19) 1
00124 20e 42 WRITE (KWR, 21) Nu
00127 2% 25 WRITE (KWR, 167) 1A(1), TA(2)y ACL), A(2)
0013% 22e 167 FORMAT (1H , 2(110, 1X), 2(Al2, 2x))
00136 23 . WRITE (KWR, 169) ((A(1), 1= 3, 7), 1A(3), 1AL4))
00146 240 169 FORMAT (1H , S(E12454s2X)y 2¢110, 2X))
00147 25e  WRITE (KWR, 168) (All), 1= 8, 15)
S
00154 27 22 FORMAT (4H NWa, IS, 6X,5HICNT=, 15)
090157 28 AMG® S,0
00140 29 WRITE (KWR, 299) IA(2), IMAT, AMG
00145 A0e 299 FORMAT (IH , 2(110,5X), F10,0)
00144 3le IF (1At2)=5) 201, 209, 208
——00-466 32 C r;sr i+ SKIE-JO-NEXT HFADFH —
00171 33e 20t CALL REDTPR (B,2,1ER NV, 2,1ALL), 7 A(l’.z.lA(J).a.A(a))
00172 34 IF (Nwet?) 201. 202, 201
0017% 35 202 IMAYT = [MAY + |
00174 36e  AMGs 1,0
0o0t77? 37e WRITE (KWR, 299) 1A(2), IMAT, AMG
08284 38 G010 437 ———anmm oo e —
00208 39e 208 IF (1A(2)=61) 2n9, 210, 210
00210 40e 209 IF (DINT) 3, 3, 203
on2tn 41e C CASE 2, SELECT IST AND 2ND MATRICES
00210 42 4 CASE 3, SELECT 2ND AND JIRD MATRICES ‘
00213 43¢ 203 CALL REDTPR(B, 24 1ER, NW, 1y ICNT, 20484 UlL))
— “‘&A AMGS 9 n e e - - ) — _ S
00218 46e WRITE (KWR. 299) 1A(2), IMAT, AMG
00222 LYY IF (ICNT=8) 203, 3, 3
00225 470 210 IF (DINT) 203, 203, 204
00225 48e (4 CASE 4, SELECT 3RO AND 4TH MATRICES
00230 49e 204 IDEXs O
—-0023 - - AMGR I o5 — S i e
002132 S1e WRITE (KWR, 299) JA(2), IMAT, AMG
00237 52e CALL REDTPR (8, 2, JER, Nw, ),y JCNT, 2048, UCl)})
00240 S3e IF (1CNY=8) 204, 295, 205
00243 S4e 205 IF (IDEX) 206, 206, 3
002446 556 206 IDEX =
. Y.T 7T B Y - —AMGE 4,0 . R ¢ s s s s o o) e < 3 en smesaty -
00250 57 WRITE (KWR, 299) lA(Z). IMAT, AMG
00255 58 GO TO 204
00258 59s C 3RD MATRIX oN TAPE 1S 1ST U MATRIX IF 1 MATRIX 1S PRESENT
00256 600 3 lu = | .
00257 bl 6 CALL REDTPR (8, 2, 1ER, Nw, 1, ICNT, 2048, Utlu))
— 00240 628 WRILE - (KMRy- 220 Nuy, JCNT_ .. . .. - -
00264 63 4 lU= JUu + 2048
00245 bys IF (ICNT»8) 6, 74 7
00265 658 C HAVE STORED 1ST U MATRIXe NOW READ 1ST RECURD 0oF R MATRIX
00270 bbe 7 CALL REDTPR¢{ 8, 2, IER, NWw, 1, ICNT, 2048, R(1))
00271 67e WRITE (KWR, 22) Nw, ICNT

——~964¢5—w~»—9&4——————%——4—Do—s~4a—41~40£8 .

i e ey et it 3w A RET———

HT(J)= SQRT(SQRT(U(J)CU(J)OR(J)OR(J)’)

OF WY MATRIX ARE GARBAGE

CALL ARJTER (9, 2, 1ER, 2, 1A(1)27,4AL1),2, lA(ll.

00300 699

00301 70 8 CONTINUE
00303 71e lls 2048
00303 72 C FIRSY 4 WORDS
001304 73

oejn: oy N0

+A(B))

CALL-MRITER 49424 JERy Lo LONT, 4, UL1)y 2044, HT(Q2) . ___
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00306 75 13 CALL REDTPR (8, 2, IER, NW, 1, ICNT, 2048, R(1))

00307 ... 1% e MRITVTE (kHR, 22} N#, [CNT —
00313 77 DO 10 J= 1, 2048
00314 786 I= 0 + 11
00317 79 HT(J)s SQART(SQRT(U(I)eU(l)+R(J)sR(J)))
00320 80e 10 CONTINUE
00322 Ble It= 11 + 2048
——Bp32Y}— — BB e C A AR FER -4 2 HERy Ay e 284 ——
00324 8le 1F (ICNT=8) 13, 12, 12
00324 B4 (d MAVE REACHED END OF R MATRIX
00327 8ce 12 WRITE (KWR, 14) IMAT
00332 Bbe 14 FORMAT (2]H WROTE HT MATRIX NO, o 13)
00333 87 ‘ IF (IMAT = NMAT) 15, 16, 16
003 — —BBe— e B AT A AT s e
00337 89e ’ GO YO |}
00340 90 16 CALL CLOSE (9, 3)
00341 P 91e STOP
00342 92 END
ENU OF COMPILATION: NO DIAGNOSTICS,

FIGURE 9 - Concluded
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