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MODERN VIEWS OF THE SUN
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MODERN VIEWS OF THE SUN

RETIRING PRESIDENT'S ADDIRESS, NUAL MEKTIN ANUARY 25, 1911

VEAR AGO I had the honor of giving vou as my Pres

dential Address a 1ésumé of the recent advances in our
knowledge of the constitution of the sidereal universe, ‘This
vear | have thought it desirable to consider one member only of
the innumerable millions in that universe, and a « omparatively
isignificant member when compared in relative size and bright
ness with other stars; and vet a member which is to us all
tmportant, without whose presence and beneficent radiation all
life on our globe would cease.

This, to us all mmportant star, the sun, has in all times and
all ages excited the keenest interest and wonder m mankind, It
was i several races invoked as one of the deities who rule over
mankind, and mdeed, though perthaps not realized to the full by
its followers, sun worship had a better basis for its existence,
SO far as man’s material welfare i1s concerned, than any of the
pagan religions

In modern times we are only at the beginning i obtaining

some idea of the real nature, constitution and influence of the
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sun. Indeed, we need go no farther back than to the first
Herschel to flnd that the sun was then considered a solid body
essentially like the earth, surrounded by luminous, light-giving
clouds, and that the sun-spots were mountains on this huge globe
sticking up their heads through the clouds. It was probably
not until the discovery of spectrum analvsis, little more than
half a century ago, that the true nature of the sun began to be
dimly realized.  Just as in the study of the stars, the last decade
or so has seen more real advances in the study of the constitution,
structure and motions of the sidereal nniverse than all preceding
time, so the last twenty vears of solar research have been more
fruitful in teaching us the nature of this dominant orb of our
system than all the labors and specnlations of earlier periods

And yet, just as in sidereal astronomy the advances of the
present would have been impossible without the patient and
painstaking observations of past generations, so in solar research
we owe more than is generally realised to those who have care-
fully observed and faithfully recorded the visible phenomena of
the sun, who have attempted to correlate them with terrestrial
phenomena and who have advanced hypotheses, no matter if
mistaken, to account for the observed facts,

The importance of the problem of the constitution of the
sun is being more and more realized not only by astronomers
and scientists, bhut by representative governing bodies and the
intelligent public as well.  This is indicated by the formation,
within the last ten yearsor so, of the International Union for Co-
operation in Solar Research, an association of the prominent
astronomers, physicists and other scientific men of the world,
interested in solar research, with the purpose of intelligently co-
ordimating and combining the energies of all institutions into the
most profitable channels of attack, and of preventing useless
duplication of work. T'his organization has already been of
immense advantage in standardizing and systematizing the
methods of research and arranging for co-operative work in the
various problems. It forms an authoritative international body
whose decisions on systems of units, nomenclature, ete., shall be
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final.  The adoption of standard methods in the determination
of wave lengths and of a vumber of standards of wave length
for universal use, correct probably within one thousandth of an
Angstrom unit, or one part in five million, 1s one example of a
decision which more than justifies its formation ; and a recond is
the adoption of the Harvard system of classification of stellar
spectra for universal use

The other instance of the dawning realization of the import
ance of the study of the sun has been the orgamzation, under the
auspices of the Carnegie Institution, of the Mt. Wilson Solar
Observatory, also established just over ten vears ago. This is
probably the best equipped observatory in existence, with nearly
every appliance that man can devise to assist inats special work
on the sun, with the allied physical and astronomical problems
Under the able direction of Mr Geo. . Hale, onr knowledge ot
the structure and movements of the sun's upper atmosphere has
already been wonderfully extended and I shall have occasions
frequently to refer to the discoveries made there

In view of the limited time at my disposal it has seemed best
to give you a brief account of present day views of the nature of
the sun without attemptiug other than incidental reference to the
historical development of the subject To make the subject as
comprehensible as possible to the lavman, let us open it, even at
the risk of some lack of sequence later, at the very beginning
[f we look at the sun through smoked glass we sce an intensely
bright disc with a sharp circular boundary which is called the
limb, and, sometimes, with dark spots on itssurface.  If we use
telescope of higher and higher power, of course with the intensity
suitably diminished by shade glasses or other means, we fin
that the oater boundary still appears perfectiv sharp and ciren
lar, that we see many more spots, that the surface of the sun
generally called the photosphere, is not uniformly bright but is
mottled in a way that has led to its being called the rice gran
structure, and that some parts near the limb and also often near
spots are much brighter than the general surface, such parts

being called faculie. If these obscrvations are continued we
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would find, as was discovered about eighty vears ago, that the
numbers and sizes of the spots and faculwe varied, that they
passed through a complete evele of change, through maximum
and minimum spottedness, in a little over eleven vears. Another
evident, and even obtrusive, fact of observation is that in addition
to sending us a great deal of light we also receive a considerable
amouni of heat

In addition to these observational facts let us recount a few
well known dimensions.  The sun, whose diameter is 865

miles, 18 situated nearly 93,000 000 miles fromus,  Its volume

evidently be (8658) or 1,306,000 times that of the ear A
simple dynamical calenlation. based on the known time VO
Intion of the moon around the earth and of the ea oon

svstem around the sun, shows that the sun has !

2,500 times the

mass of the earth The density of the earth which has Leen

very accurately determined by the physicists is 552 times that

of water and hence the sun is 1'41 times as heavy as an equal

valume of water.  If expressed in pounds the mass of the earth

s 1

17 followed by 22 ciphers and of the sun 438 followed by 28
ciphers. It readily follows that the attraction of the sun at its
surface is 27°6 times that of the earth at its surface, and a man
weighing 150 pounds would weigh over two tons on the sun and
would be crushed to death under his own weight if he had not
been already turned into vapor long before he reached the sur
face

The sun being 93,000 000 miles from the earth, it is evident,
even to the least observing and thoughtful, that it must be
exceedingly bright and hot to give such striking evidence of
these effects at that enormons distance No doubt most of us
have been present at a fire and have noticed how rapidly the
heat diminished as we moved away, that, even if unpleasantly
hot at a hundred vards, it was quite comfortable at two hundred
It seems (uite reasonable to say that, if the sun radiates so much
heat at

000,000 miles, it must be hotter than any temperature
attainable on the earth

It is evident that no direct method of determining the tem
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ordinary Fahrenheit scale these are 10700 and 12100 degrees
Ordinary cast iron melts at 2000 and platinum at 3200 degrees
sovon willrealize that the photosphere must be composed of

wases and vapors only

Onr ordinary methods of observation and analyvsis have

shown us that the visible surface of the sun hasa mottled appear
ance, is evcheally mvaded by sun spots and facnlwe and is at such
i excessively high temperature nearly 12 0007 | that 1t s

unlikely to be composed of anvthing but gases and vapors
To learn more of the structure of the photosphere and the
upner solar atmosphere other methods of attack are necessary
and let us now see what we can learn from the spectrograph and
speetroheliograph and various auxiliary attachments of them
Lvervone, surely, i these davs knows what a marvellous

mcrease i onr knowledge of the constitntion and physical con

dition of the heavenly bodies has come to us by means of the
spectroscope or spectrgraph, the latter being the modern form
designed  to photograph  the spectrum We all know, for
example, that by comparing the positions of lines crossing the

f the lines in the

specttum of any body with the positions «
spectra of the varions elements, we can surely identify the ele
ments present in the body,  And, further, we know that if the
lines crossing the spectrum are separate bright lines the body is
composed of mcandescent gases and vapors,  [f the lines are
dark, then between the spectrograph and the bright body there
is a laver of cooler gases, not necessarily cold, but only at a lower
temperature than the bright body If the spectrum is one con
tinuous bhand of color without lines the body is an incandescent,
solid or liquid, or possibly a gas under great pressure.  Further
mote, any shift from the normal positions of any of these lines
shows that the gas or vapor producing these lines is in motion
towards or from us or is under pressure, motion and pressure
shifts of lines being usually easily differentiated.  The accuracy
of modern spectrographs is so great that we can casily determine,
on the sun at any rate, where there is plenty of light, a motion
of the gases equal to the speed of a man running
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A little reflection will show how much these unique pro
perties and pessibilities of the speetrograph ennble us to deter

mine of the constitution, physical condition and motions in the

photosphere and upper atmosphere of the sun usnally called the
chromosphere.  The solar spectrum is apparently a contn N
peetrum crossed by thousands of dark lines.  The continuons

part shows that the light-emitting part, the photosphere,

either incandescent, solid or lig

matter or ¢lse gaseous material
under great pressure The dark lines show that above the
photosphere is a laver of gases and vapors at a lower tempera
ture, sometimes called the reversing laver A comparison of the
positions of these lines with those of the terrestrial elements
testifies absolutely to the presence of the vapors of some forty
elements in this reversing laver, and possibly to a dozen more
Nevertheless, every scientific man believes that all the terrestiial
clements are present in the sun and the lines of some of them do
not show in the spectrum only becanse they give relatively weak
speetra which are overpowered by the stronger spectra of those
whose lines are visible

When the exceddingly bright photosphere of the sun s

covered by the moon at total solar eclipses, the spectroy

shows that the cooler gases in the reversing laver are

Tealiy

incandescent and at a high temperature At the nstant the
photosphere is obscured the spectrum changes or flashes from 4
lark-line to a bright-line spectrum, every dark line practically
being replaced in the same position, thougli not alwavs of the
same intensity, by a bright line.  This, of conrse, is idubitable
proof of the presence of thisl aver of incandescent gases, while
the length of the curved lines for the different elements enables
a close estimate of the heights to which the vapors of these
clements extend above the photosphere The depth of this
reversing layer or chromosphere is not uniform and the height
to which the various gases ascend is different, depending in gen
eral upon the density, the heavier gases remaining at the lower
levels and not often exceeding a height of 700 kms. . about 450

miles.  Hydrogen, calcium, helium, sodium and a few others
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