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Preface

Various kinds of data products are available, on a daily basis, from the High

Altitude Observatory's Mark III imaging K-coronameter located at the Mauna

Loa Solar Observatory (MLSO). Over the past two years it has become clear that

many of the quick-look displays, as well as some output of the quality-

assurance data reduction programs, are of use to other astronomers who wish

to know something about the white-light solar corona. This is true for rocket

and spacecraft investigators who request support on a near real-time basis.

This description is intended to be a user's guide to those data products which

are produced at the observing site at Mauna Loa, or those which have been

stored at the sea-level base in Hilo, Hawaii. Combined with the description of

the NCAR/HAO data system, given by Everts (1981), this manual completes the

documentation of the Coronal Dynamics Project's scientific data products. This

discussion is complete and comprehensive as of the date of the first draft, 12

June 1982, but development of the Hawaiian data system continues. Users may

wish to contact the authors directly when questions arise concerning the signi-

ficance of MLSO data products not discussed in this text.

R. Fisher
Project Scientist
Program Manager
Program Manager
Boulder, Colorado
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Introduction

The Mark III K-coronameter was installed at the Mauna Loa Solar Observa-

tory in November of 1979; it has operated every clear day since 4 February

1980. It is a white-light coronameter designed to take six digital images of the

white-light corona every 90 seconds. However, at the time this was written, the

instrument was capable of taking three digital images every 180 seconds. The

images are recorded on magnetic tape and these are archived at the HAO com-

puting facility in Boulder, Colorado. Many images of solar events have now been

plotted by the NCAR computing equipment; these are available at the Boulder

site. A further description of the Mark III can be found in "The New Mauna Loa

Coronagraph Systems", by Fisher et al. (1981). Mark III data products are now

being distributed from the Hilo base; this NCAR Technical Note is written for

users of the Mark III data Which originate directly from Hilo. The data products

described in the following section are produced at the Mauna Loa site for

immediate inspection.

Requests for data described in this Technical Note should be addressed to:

Kristine Rock
Mauna Loa Solar Observatory
Federal Building
P.O. Box 425
Hilo, HI 96720
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1MAP

The 1MAP program became part of the observing procedure 31 January

1982. It replaces all previous coronal mapping programs for the daily data

archive. The map is proportioned to agree with the instrument's actual field of

view, which extends roughly between 1.2 and 2.1 solar radii. To give an immedi-

ate idea of the coronal pB amplitude, there is a single polar plot of pB in the

center of the graph, which is taken at the height of 1.35 JR. For this plot, the

center is the zero pB level, and the inner circle is at the 20 pB level. pB units

are given in units of 10-8 B^ (percent polarization) where E. is the mean bright-

ness of dish center at the effective wavelength of 8200o.

A daily 1MAP is archived in Hilo; it is also available in near (3-min delay)

real time during the observing period. To produce a 1MAP plot, an image of the

corona must be stored on the system's disk. This may be done either in real

time or it may be recovered from magnetic tape. 1MAP takes 90 seconds to plot

on the Tektronix 400 terminal, and can be sent to users by either U. S. mail or a

telephone copy process. An example of 1MAP is shown in Figure 1.
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1DATA

The program 1DATA became available after 21 February 1981. It was the

archival coronal mapping program until 1MAP replaced it 31 January 1982.

1DATA is a contour map produced with precisely the same procedure as 1MAP,

but with the following lack of refinement: The proportions of the map are not as

they appear in the sky, but show a radial magnification. The contour levels are

not selected pB values; they are levels of uncalibrated instrument analog-to-

digital voltage readings. Note, in particular, the diminishing of the contour lev-

els toward the limb due to the vignetting of the instrument. Figure 2 uses the

same data as 1MAP for comparison. °

The older 1DATA maps do not include the central polar plot. A typical

example of a 1DATA plot is seen in Figure 2.
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CORONA

The CORONA program first became available 1 September 1980. It is the

display used to monitor the corona in real time. These maps were archived

until 31 January 1982. Prior real-time displays were discontinued and no

longer supported.

The program gives a contour map of the direct instrument analog-to-

digital voltage readings. As a slit scans the corona and an array of data comes

into the instrument, the contours are plotted as dots. 1DATA produces a more

refined vectored contour plot in the same proportions; however, CORONA plots

have the same characteristic radial magnification as the 1DATA displays.

An example of CORONA is shown in Figure 3.
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ACTIVITY

Most of the daily corona maps have an activity table. It requires real-time

observer intervention for a period of at least 10 mm to produce this table. It is

made up of five columns consisting of an abbreviation for the type of activity

(HOL: coronal hole, STR: streamer, BRI: bright spot close to the inner field of

view, and TRA: transient), the heliocentric position angle, and three pB values

for heights of 1.3, 1.7, and 2.0 Ri; these values are given in units of pBxlO- 8 £

(percent polarization) and are uncorrected for scattered, polarized stray light

(hence negative values at extreme heights).

TABLE I

ACTIVITY TABLE

DEG pB

HOL 170 0 -1 -1
STR 203 9 1 0
BRI 200 9 1 -1
HOL 183 1 -1 -1
HOL 152 1 0 -1
STR 115 13 2 0
BRI 113 13 2 0
BRI 93 12 1 -1
BRI 82 8 0 -1
STR 80 6 0 -1
STR 61 11 -1 -1
BRI 60 10 0 -1
STR 33 4 -1 -1
HOL 17 -1 -2 0
HOL 321 1 -1 1
STR 289 10 1 1
BRI 288 9 1 1
STR 256 12 2 0
BRI 253 11 2 0

The activity table may be used on a day-to-day basis for estimating growth

or decay of various features; or daily radial variations and short-period fluctua-

tions at specific coronal azimuths may be crudely inferred from this informa-

tion.
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ApB vs HEIGHT FOR DIMAGES
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DIMAGE

MLSO uses a differencing system to detect changes in the corona. Two

images are stored on the system disk of the control computer and the first

image is subtracted from the second. The results are presented as a contour

plot. All features present in both images disappear, leaving only the changes

that have occurred. Depletions (such as an ejection of mass which leaves avoid

in the corona) are drawn in solid contour lines. Enhancements (areas where

the corona has grown brighter) are drawn in dashed contour lines. This plot

will also show fluctuations in sky polarization and system noise. Using DIMAGE,

the observer is able to accurately interpret the activity in near real time. Plots

that show significant changes are generally archived in Hilo. Used on line, this

procedure can take as little as 10 min. The -IMAGE program gives one more

contour level than the DIMAGE program for better resolution of small variations

in pB.

At some point during the observing period, the observer selects the best

image-for the day. A difference plot is made with the corresponding image from

the previous day. These daily difference plots are of interest because they are

one way of inferring transient and evolutionary coronal changes over a variety

of time scales ranging from six minutes to a day.

The significance of a DIMAGE plot may be understood from the following

analysis. The contour levels are fixed in terms of an increment of ADC count.

Since the sample slit is triangular, the value of pB change inferred is also a

function of height. In fact, vignetting is not removed in the real time data, nor

is it removed in the DIMAGE or -IMAGE plots.

The percent change in the analog-to-digital converter level for each con-

tour value is shown in tabular form vs height in Table II.
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TABLE II

Percent ADC Change in DIMAGE vs Height

DIMAGE -IMAGE
Height Contour Levels Extra Level

(Arc Sec) 1st 2nd 3rd 1st

350 0.13 0.26 0.39 0.07

710 0.08 0.16 0.25 0.04

1160 0.05 0.11 0.16 0.03

The image begins at the tenth diode and usually is nonexistent by the 110th

diode. For all practical purposes, the calibration does not change by more than

0.4 of a pB unit over the range of the slit height. Using the calibration fixture,

which is built into the Mark III instrument, it is possible to relate the percent

change in ADC to a change in the inferred value for coronal polarized bright-

ness. This is shown below in Table III and Figure 4.

TABLE III

ApB VS HEIGHT

Height Contour Levels (xl 10-~o)
h ,1st 2nd 3rd

350 1.36 1.9 3.8 5.7

710 1.73 1.2 2.4 3.7

116.0 2.20 0.7 1.6 2.4
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If a model distribution of polarized brightness as a function of height above

the limb is assumed, it is possible to relate the ApB to a percent change of

polarized brightness for the DIMAGE plots. This is given in Table IV.

TABLE IV

PERCENT pB IMAGE CHANGE AS A FUNCTION OF HEIGHT

h pB (typical) DIMAGE Contour Levels
(Arc sec) X 10- 1st 2nd 3rd

350 16 0.12 0.23 0.35

710 4 0.30 0.60 0.92

1160 1 0.70 1.60 2.40

The significance of the contour interval is seen from the above table. If a single

contour indicates relative enhancement or depletion in some part of the image,

this change is about six times more significant, in terms of the percent change

in coronal pB, at a height of 1160 arc sec.

A transient captured by the DIMAGE process is shown in Figure 5.
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SHELL

SHELL plots are drawn from data that represent a single height in the

corona. Each day, a scan is taken from which three heights are extracted and

these are simultaneously recorded onto the systems disk. This represents a

small portion of the daily data taken; however, it permits convenient long-term

storage of data in a limited area of the systems disk. These data have been col-

lected since 8 August 1980. The data are reproduced on a contour map

corrected for its position in the sky for a one-half rotation period.

These plots may be used for prediction to determine where coronal activity

is likely to be present as active regions appear at either limb. It may also be

used to compare with solar photographs for any requested time if placed over a

15-cm diameter solar image. The east limb plot for Doy N will show the distribu-

tion of coronal material as seen from the earth on Doy N. The west limb plot for

Doy N shows the inferred back of the sun as seen from the anti-earth point.

West limb plots may be used to predict the appearance of persistent features as

they rotate onto the east limb.

Examples of the 1.3 and 1.7 ]F (INNER and MIDDLE) surfaces are shown in

Figures 6 and 7.
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HISTORY

During the daily calibration, a polar plot scan at three heights is taken and

stored on the disk as a daily record. This can be visualized by taking the basic

coronal scan, splitting it at the north pole, and unwrapping it. This leaves a

linear image of the corona. See Figure 8. Each limb is taken separately and

27.3 days are stacked in a row. This is equal to one Carrington solar rotation.

This block of data is then sliced at two levels:

1. 1.3 BO inner corona, pixel #23 (Figure 9)

2. 1.7 Nf middle corona, pixel #59 (Figure 10)

Looking down at the top of these levels, one can see the streamers as pla-

teaus rising from the surface. This is a one-height synoptic contour map of

features passing over either limb. Features change from east limb passage to

west limb passage due to evolution or transient occurrence. The HISTORY plots

are now available with increased sensitivity (Figure 11) showing additional con-

tour levels.

These synoptic history data exist in half-rotation (Carrington) format in

the computer at the Mauna Loa Solar Observatory. They have also been com-

piled and published in sequential volumes of The White Light Solar Corona, an

Atlas of K-Corona7meter Synoptic Charts. Atlas #1 included a table of integrated

pB values, a correlation study, and the first year of synoptic charts from August

1980 to September 1981. It was therefore convenient to make Atlas #2 very

short to finish out 1981. Future volumes will proceed with the calendar. year.

HISTORY maps use the same data base as that used for SHELL. Each day is

plotted along a vertical line, with time progressing along the horizontal axis.

This is convenient for long-term synoptic studies, if one strings several half-
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rotation plots together. The scale has been chosen to overlay the NOAA H-Alpha

Synoptic Map published in the "Preliminary Report and Forecast of Solar-

Geophysical Data".

TABLE V

ATLAS Coverage

Period

August 1980-September 1981

September 1981-December 1981

January 1982-December 1982

NCAR Technical Note No.

NCAR/TN- 188+STR

NCAR/TN- 193+ STR

Not available at the time
of this publication

Examples of the history plot are shown for both heights (1.3 and 1.7 7>) for

the limb in Figures 9 through 11. Figure 11 demonstrates a double resolution in

the contour interval, an option available to the observer.

Atlas No.

1.

2.

3.

.1 -. 1-



Figure 9 HISTORY West Limb Inner Corona
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Figure 10 HISTORY West Limb Middle Corona
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Figure 11 HISTORY West Limb Inner Corona - Double Resolution
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