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The film SCLAR CORONA was made from data taken from August 14, 196¢
through May 7, 1970, by 0S0-VI, one of the Orbiting Satellite
Observatories. One of the experiments on board scennec across and

up and down the image of the sun, as we read a printed page.

Each line of the scan was troken up into several distirnct reasurement
roints, similar to our eyes fixating as we read a line of text.

Taking all the lines in one entire scan of the sun, these joinis mike
up & regular array, 64 points in one direction and 96 in the other.
The data measured at each point is the intensity of light ¢t thet
point in the sun’s imasge. These measurements are already in the

fornm of nunbers (counts of photons detected by a photornultiplicr).
The numbers are racdioced back to earth, where thLey cre recoirded on
magnetic tape for znalysis later.

Bach time the satellite orbits the earth (once every 9% mirutes),
there is enough time to make several scans of the sun. Soretires
several scans would be made on one or nore orbits end their data
averaged to reduce the noisiness of the picture. On other orbits,
only ore or two, Oor even no scans, would be mace, the time being
used to run other experiments cn bcard, or run this exrperirent in
other modes.

The light which was measured in this particular experirent is
actually light of only one color (wavelength 625 +or— - Angstroms).
This "color® is actually in the ultraviolet beyond our range of
vision. This particular wavelength was used because il is emitted
by Mg X, magnesium with nine of its electrons removed. The high
terperature needed to strip nine electrons off does not occur on
the surface of the sun (5800 degrees), but only in the much hotter

-

corona above the surface (about 2 million degrees).

Thus all the data originates nct in or on the sun itself, but in
the hot gas surrounding the sun. The density cf this gas, however,
is related to what the sun beneath it is docing. Since a higher
dersity will produce more 625 Angstrom light, the measurements

can tell us about features of the sun, such as active regicns.

Active regions are arees where the normal structure of the surface
of the sun is disturbed. Solar flares are eruptions lasting from
a second to several hours, and occur in active regions, although
the data from this experiment does not especially distinguish
active regions with flares from those without flares. Sunspots,
which occur in many active regions, have strong magnetic fields
and a longer lifetime, and are a little cooler than normal sun
urface. DBecauce of its high density, gas above active regions
emits rore €25 Angstrom light and zppears a@s a cluster of higher
nurbers in the scan of the sun.

Astroncmers soretires make comyruter print-ocuts of entire scan
pictures of the sun. Colored marking pens can be used to coloer

If we use vhite or pink for the largest numbers, then strong active
regions show ur as patches of white or pink. Using black icr the
lowest data makes the tackground beyond the sur’s corona black.
Otker colors cen be uscd for interrmediate data numbers.



Coloring a print—out this way as soon as it 1s received from the
satellite gives astronomers a quick idea of what features are
developing on the sun. If it looks like a large active region is
aprearing, then measurements which are best for examining active
regions might be made on the next orbit or series of orbits to get
a full story on how the region develops. 7The magnetic tapes on
which the data is recorded are often read into a computer, which
is then used tc process the data in various ways. The satellite
does nct always face the sun in the sanme orientation; cometimes it
scans the sun upside down, or tilted to the right, or to the letft.
One of the uses of the computer is to rotate the scan yvictures so
north is always at the top.

Ancther is to correct each picture for overall changes in the
sensitivity of the light sensor. 1f the sensor happenc tc be nrore
sensitive cduring a particular scan, for exemple, then the cata will
erroneously imply that the sun suddenly got brighter then.

Yet another application of computer prccessing is to interyolate
new data points between those which were actually measured.

Thus the 64 by 96 array can be converted, for instance, intoc one
96 by ¢6. All three of these computer applications were uced in
making this film. They were done on a CDC 6400 at the Harvard
College Observatory, whose programrmers ther prepared a second
magnetic tape of the results.

This new computer tape was then brought to the ATl lLab =t MIT, where
a fairly simple prcograr was used to actually photograph the images.
Each of the pictures (a total of 2%0) was read into a FDP-€/PDF-10
corputer. After each picture was read in, it was displayed on a
color (21FJP22A color TV tube) computer display. It was displayed
as an array of 96 by 9€ points. Each point was displayed with the
color assigned to the range in which that point’s data number fell.
This can be thought of as a computerized psint-by-number picture,
like using colored pens as described above. A movie camera loaded
with color film (Ektachrome EF) was focused on the display.

The only filters used were color correction filters tc balance

the display’s colors to the film’s sensitivity. The computer had
control of the camera’s shutter and film advance.

Along with the arrays of data numbers, the computer tape had the
date and time at which each picture was taken. Thus a caption
showing this was displayed for each picture. Yurthermcre, the
computer used the amount of time elapsed between fictureg to
calculate how many movie frames each picture should appear on to
achieve accurate time scaling.

The corputer orens the shutter, dicplays the nicture ana ception,
closes the shutter and advances the film. Thio secuence is
rereated until the number of frames appropriate to the current
picture are exryosed. Then the next picture 1s read into the
corputer and treated similarly.

The filming prcegran alco fades from one picture to another.

When it“s time for 2 new picture, the oid 2nd new pictures =re
averaged tcgether for o few fremes. The weighting of the ¢ld cne
is steadily decreased. while that of the new ore 1z increased.
This gradual lading ho- e alleviate junpiness vhern the picture
chenges.



Watch for these features ac you view the film:

(1) The first sequence, at 1 second = 12 days, is to give ¢ feeling
o1 the sun as a rotating, 3—-dimensional object. It recvolves once
every <7 days, although this is a rough figure since different
latituces and features rotate a2t different rates.

(2) The regions of the sun emitting the most light are white; next
dirmer are pink, red, orange, etc. Blue, purple and finally blacy
are dirmest. ‘Lhis "rainbow" color assignment provides a bctler
imrression of continuity than cther assignrents which verc tricd.

llotice the active regions as shown by red, pink anc white.

(%) This film includes date taken on the date cof the sclar
eclipse of March 7, 1970. VWhile lookirg at other colar data
taken curing the eclipse, astronomers rnoticed & largse "holc™ in
the corona. This "coronal hole" is obviouc in the filr. \atci
the bottom half as it comes into view about Ietruary 2¢ at the
lower left and crosses the screen to the right. The hcle,
perhape a rillion degrees cooler than rnormal sun surface, 1s a
large region with lots of btlack and a jurple bcrder. Come
rernants of it seem to remain on the next rotation, a whole month
later. Anc perhaps there are hintc of it in ecrlier menthe.

It is thought that low solar magnetic fields ir such "holes" mey
allow numerous particles to stream away from the sun, raking a
large contribution to the "solar wind."

(4) The satellite’s orientation was not quite zccurately
corrected on the February * picture, making it look like the sun
twists clockwise on Febtruary 3, anc then beck on the next picture.

(5) Two effects cause cdeterioration of the pictures. Iirst, scre
pictures are not an average of several scans, tut are only cne or
twc scans. For these, the noisiness inherent in the measurenents
shcws up much more. Second, the light sensor (photocathode) slowly
detericrated during the experiment. 7The first several pictures

re very noise-free and solid looking. The last-but—twc two (May <
and 4) are particularly blcotchy due to bothk these effects. Some
intermediate pictures suffering from varicus amounts of ncise vccur
on November 15 (second picture) and 17, December 1C, and lharch 17/.

(6) The computer correction for variation in sensitivity of the
lirht sensor was not always quite right. Sometimes the sensitivity
is higher than allowed for, giving the picture a more yellow and
orenge cast (such as Decembier 7); @t other times the sensitivity

is lower, resulting in more greens and blues (Februvary 16).



A EDP—€ version of a 10-year old PDP-1 music playing progrem by
Peter Samson produced the sound track. It can sound a square vave
on any of € independent voices. Musical scores used by permission.
Thenks to David Cohen for help with the musical sccre, and to the
MI1 film section for help with production.
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The film is 16 mm, 6 and 1/4 minutes, color, optical sound.



