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Memo to: The Climate Club 9 December 1989
From: Walt Roberts

Provocation No. 291 
Out in a Blaze of Glory

The three ton (2,700 kilogram) Solar Maximum Mission satellite 
(SMM) burned up last weekend in a blaze of glory, even though no one 
actually saw its Icarian demise over the Indian Ocean. Sharing in 
the fiery death was a solar coronagraph from our own laboratory, the 
High Altitude Observatory of NCAR (HAO). I wrote the story of its 
genesis in my last "Provocation."

The coronagraph died in full health and function, victim of a 
declining orbit. Alas it was not on the NASA priority list to boost 
higher. The orbital decay was hastened by the very solar activity it 
was documenting. Launched in 1980, the SMM was built to observe the 
maximum of the 11-year sunspot cycle then in progress. No one dared 
hope that the instrument could survive in full pep to the next solar 
maximum now just a few months away. Nor did anyone expect that the 
present maximum would be so mercurial, so intense and so spectacular. 
Indeed it may become the greatest solar outbreak since Galileo 
invented the astronomical telescope with which he first observed 
sunspots, to the disapproval of the Pope, just 379 years ago.

Before the invention of the coronagrah in 1930 by Bernard Lyot 
of France, the halo-like corona of the sun could be seen only during 
total solar eclipses. Such events happen approximately once a year, 
but are observable only from a tiny fraction of the earth's surface, 
and then for only a few minutes. Fainter than the light of the moon, 
the corona is normally obscured by the intense light of the sun, some 
500,000 times brighter. The sunlight illuminates dust and haze in 
the earth's atmosphere, so that when you shield your eyes from the 
sun, as by the edge of a projecting roof, you cannot see the corona 
because the dust halo is many times brighter.

Measuring the corona and its changes is important. During WWII, 
for example, with the help of three colleagues, I measured the 
corona's brightness every clear day from the high altitude of Climax, 
Colorado. With our measures, plus other information gathered in 
Washington D.C. by scientists at the "Interservice Radio Propagation 
Laboratory," the allies were able to judge when the sun's emissions 
would destroy or enhance the quality of long distance short wave 
radio communications so essential in war.

If you go to a very high mountain site, where the air is 
cleaner, and if you build a very special telescope, as Lyot did, you 
can observe the corona at all times when the sky is dust-free and 
cloudless. In space there is almost no dust at all. With a space 
coronagraph of special design you can indeed see coronal features far 
fainter even than those visible at eclipses. And you can do so for 
long, unbroken periods of time, and thus detect movement of the



corona and other features of the sun's tenuous atmosphere out to 
distances of over two million miles (four million kilometers) from 
the sun.

The SMM coronagraph was launched nine and a half years ago. Led 
by HAO's chief scientist on the SMM coronagraph project, Art 
Hundhausen, the team has made startling basic scientific discoveries 
over this period. They found, for example, ten comets that dived 
into the sun or passed so close that they were annihilated. This is 
something never before observed.

Far more important, they found totally new solar coronal 
features, the "coronal mass ejections." These are blobs of one 
million degree (kelvin) hot gas exploding outwards at speeds of up to
2 million miles per second (3.2 million kms per sec). When these were 
first discovered from space in an earlier HAO space coronagraph, we 
thought the mass ejections were caused by solar flares. A flare is a 
gigantic eruption that radiates heat, light, X-rays, and particle 
ejections similar to cosmic rays. A big flare has the energy of ten 
million hydrogen bombs. It produces many effects on earth.

Hundhausen and his associates now show, from the SMM data, that 
flares are kid stuff compared to the mass ejections. Flares appear, 
indeed, to be a reaction to the mass ejections, rather than the other 
way around. By combining SMM space observations with data from HAO's 
Hawaii ground-based coronagraph of another type, they even found, 
last June 20th, a cloud of solar material that blew outwards for 2 
million miles, and then stopped and sank back to the sun. Nothing 
like this had ever been seen before.

The SMM coronagraph is now dead, after sending 250,000 
electronically generated images. It is frustrating that its demise 
came just as the sun’s activity is at an unprecedented level. 750 
mass ejections occurred in 1988-89, tripling the number of events we 
had for analysis only two years ago. As a long-time sun-watcher, I 
know that looking for new solar phenomena is a bit like fishing. You 
never know whether the next cast will bring the biggest and most 
unusual fish of all. Sad to lose a critically important scientific 
tool at just the moment that the we might catch the real giant! Even 
sadder to realize that six years will pass before a comparable 
coronagraph is in space, and that by then the solar maximum will be


