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~~TRODUCTION

Solar Ha flare measurements are commonly used as the reference point for solar
geophysical studies, even th ough a review of the collected Ha data reveals wide discrepancies
between observations.1 Therefore, the Naval Ocean Systems Cen ter has developed a digital
solar flare measuri ng system that employs semiautomated computer-video techniques for
use in flare patrol networks. The “videometer” has made possible the stud y of fine temporal
structure during optical flare s and offers direct comparison with both radio and x-ray data.2
Periodicall y fro m early 197 1 , two systems were run simu ltaneously; the series included a
separation test in which one system was moved to Hawaii (fro m San Diego). During these
operations , 150 flare observations were catalogued , with 23 being seen by both systems.
Most of the events observed have been small (subflares), altho ugh a 3B flare observed on
24 January 197 1 will also be shown.

This docum ent is a compendium of the flare data collected bet ween Jan uary 197 1
and J une 1974. A summary of the peak area, brigh tness, and times is given in table 1;
more complete time history profiles on an event-by-event basis are disp layed in the ensui ng
pages. These profiles are the major reason for this report.

VIDEOMETER SYSTEM DESCRIPTION

The videometer system has been described in detail elsewhere ,3’4 so it will be clis-
cussed only brie fly here . The system consists of a S-inch telescope , a high-resolution
(945-line) 1’V system , and associated elect ronics , an 8K digital minicomputer , and the
necessary readout devices. The overall system concept is diag rammed in fig I ;  an artist ’s
conception of the system is shown in fig 2. The tracking telescope , 0.8A Ha hybrid filter ,
and closed-circuit television system form one unit (which is positioned at an appropriate
viewing location). A computer , interface . stripchart recorder , and video monitor form
the second unit , which , along with the input/ output teletype, is housed in a building near
the telescope Site.

ACTIVE REGION MEASUREMENTS

The videometcr di gitizes the brightness levels of picture elements in an array taken
within a rectangular region, usually enclosing an active region (see fig 3). Each element in
the array covers approximately one millionth of the solar disc. The brightness levels can
range from I to 64. with I being a very dark sunspot and 64 set higher than the highest
expected flare brightness. The elements at each brightness level (1 --64) are summed so
that the stored data are in an “area” (number of points)-vcrsus-brightness-Ievel format.

‘Air Force Cambridge Resea rch Laboratory TR 73.0181, The Construction and Testing of a Pai r of
Matched Solar Telescopes. 14 March 1973

2NELC TR 1890, Solar Videometer: An Automatic Solar Flare Identification and Classification System,
by PE Argo ci al , 23 August 1973

3WariJ , FR , ci al , Solar Flare Observations from a Pair of Matched Instruments , Solar Physics, 31, p 13 1—
141 , 1973.

- ; 4Argo, PE, et al, Analysis of Digital Ha Solar Flare Measuremen ts. International Symposium Solar-
Terrestrial Physics, Sao Paulo , Brazil, June 1974.
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This area-versus-brightness curv e is called a “bright ness distribution. ” Notice that
this techni que discard s all positional info rmation within the region. A region which contains
a minimum of solar features typical ly will have a range of brightness values from three to
five units wide (see fig 4a), with the largest number of points (area) existing in two or three
brightness levels. An active region will have a wider distribution (fig 4a), althoug h the largest
number of elements will again lie in two or three brightness levels. The brightness levels
below this “average brightness” are indicative of the fi lamentary and sunspot features , while
the higher brightness levels correspond to the plage region. A flare , viewed optically, is typi-
catly seen as an increase in the maximum brigh tness level , as well as en hanced areas in th e
brighter plage regions. Figure 4b shows data from the system -.ollected at the peak of a
flare on 12 March 1972. The dashed curve is the pre-event brightness distribution and is
used as the reference level from which the flare data are measured . The bright ness distri-
bution of the region at flare maximum falls beneath the solid line in the figure , with the
actual flare defined as the increased area in the brighter (higher) levels. Time histories for
opti cal flaring events are then readily available by perfo rming the subtraction of the pie-
fla re distribution from the flaring distribution , as indicated above for each measurement.
By varying the lowest bin used in the actual flare area, subtractions can look at the strictly
energetic portion (higher brightness levels) or include the more diffuse and less bright
flaring region (lower flare brightened levels; tig 4b) . Figure 5 shows the time variations of
the distributi on from the active region, which gave a 3B flare on 24 January 197 1.

DATA DESCRIPTION

Table I gives a summary of the tiare data recorded by the videometer systems ,
spanning a time range from early 197 1 through June 1 974. During this period the video-
mete r systems were undergoing design development and so the data cannot strictly be
intercompared throughout. The 24 January 197 1 data were taken during the very earl y
design phase , and must stand alone. The data from 5—7 May 1972 were taken with both
syste ms from the La Posta Astrogeophysical Observatory at Campo , CA; in this same series,
the data from 8—1 8 May 1972 were with the videometer separated , system B being located
in Saugus , CA. Between May and October 1972 , the syste ms were improved by installing
new , more sensitive video amplifiers , and so the following data (October 1972 — June 1974)
also must be considered separately. The shape of the time histories should be comparable
throughout the whole data set—it is the actual values that cannot be intercompared . The• upper and lower flare areas indicated in the table are those corresponding to the higher
and lower thresholds (bin level), respectivel y, used in the distributi on subtraction process.
If the num bers are the same, it indicates that the pre .event active region did not show enough
contrast to the distinguished two thresholds. The profiles are all presented with respect to
the lower threshold.

TIM E PR OFILES

The time profil e plots (fig 6 and beyond) contain both the flare “area ” and the peak
bri ght ness variations. The area scale is on the le ft and the peak brightness (or “peak”) is on
the right; t he area curve is above the peak curve.
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Rather than discuss each of the 150 events separatel y, the authors have chosen
specific sam ple events , both “classical” and “anomalous. ” The standard classification ofsolar flares has an area scale from the type 0 (or -) subflare to the largest (type 4) flare.
There is also a brightness classification , ranging from faint (F) thro ugh normal (N), tobright (B). Our choice of representative classical events ranges from a —F to a I B, andcan be seen in fig 6a-e. These events rise rapidly, reach a definite peak, and have a smoothmonotonic return to the pie-event level. Notice that the time , peak , and area axes are not
sim ilar from event to even t , b ut rather are scaled to keep each event filling the plot. Theseevents were chosen so that the classification from solar geophysical data (the labeled
classifica tion) corresponds to the size and brightness measured by the videometer , in the
sense that subflares are smalle r than type I fla res, etc.

The videometer and solar geophysical data do not always agree on event classifi-
cation , however , as indicated in fig 7a-d .

Figure 7a is a classified —F flare that had very large enhanced areas and brigh tness
increases, but apparently because of the long time to the event peak ( — l  1/2 1w), the event
slipped by observers virtually unnoticed. The —N (fig 7b— c) appears to have no such prob-lem, and in profile shape appears “classic.” Although its area is less tha n a 2B that followed(fig 7d; —300 vs — 1350), the brightness vari ations are actually greater.

The preceding “anom alous” events have been i n cl uded to st ress the usefulness of
the digitized time profiles.

The next two figures (8a—b and 9a— b) show flare data collected during the La
Posta—Hawaii separation test. There was an unfortunately small amount of simultaneous
fla re data because of the small nu mber of even ts and the lack of simu lta n ei t y in sola robserving periods.

Figures l Oa-d are a series of flares happening on 25 October 1972 from region 460.These events are well behaved in that subflares are smaller than type I flares and B flares
• are brighter than N flares. None of the events was long-lived; notice that the IBis  gone

withi n —5 minutes of its start.
In the data presentation , ci rcles at data points indicate shifts in the background

ave rage brightness of greater than one bin; data gaps arc indica tive of extreme backgroundshifts (usually >5 1. Shift s in the background level tend to come from obscurations of thesun (clouds , etc) . and if these changes are too large , we expect our normalization routines
to be unreliabl e.
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SUMMARY

The digital videometers were developed to test the concept of solar flare patrol
standardization through use of semiautomated computer-video systems. The data collected
during that development were intended for design evaluation , but it is believed that data
are also useful from a scientific viewpoint. The following pages give Ha time histories of
ISO flares in a form not presented to the solar community before . The authors hope that
workers in other parts of the solar communi ty will fin d these da ta valuable in eval uat ing
their own experiments.
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