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aBS'IHaCT
The sun ’ s emission in the far ultraviolet and soft X-ray region of 

the spectrum greatly exceeds that expected from a black-body at the sun's 
apparent temperature, and also varies greatly from time to time, with 
attendant upper atmospheric responses. Particularly important are solar 
emissions at A1216 from hydrogen Lyman a, and at the range from 2 to 15' 
angstroms. large and abrupt variations are suggested here. Emission in 
the range from 15  to 910 angstroms is also important in the upper terrestrial 
atmosphere, though it  is probably less abrupt in its variations.

Visible features of solar activity correlate with some of the indica
tors of short wave solar changes, so that observational study of those 
visible phenomena offers a real hope for indirect measurements of the 
relevant solar emissions. Consequently, solar astronomers everywhere are 
continuing their intensive efforts to observe a ll discernible features of 
solar activity. At High Altitude observatory v;e are commencing the publi
cation of new indices of the activity of the solar corona. ..e are also 
extending our observational studies with Ihe aim of assisting in the theo
retical understanding- of the corona's apparent relationships to the sun’ s 
X~ray and ultraviolet output.
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Direct maasurements of solar ultraviolet radiation from below the 
atmospheric ozone layer, which lies between 20 and 5*0 kms, are confined -to 
regions of the spectrum at wavelengths longer then about 2900 A0 The 
observed day-to-day fluctuations of such ultraviolet emission are probably 
principally the result of fluctuations in the ozone content of the air above 
the obssrver« (1) At wavelengths shorter than this limit there is also 
absorption in the various ionospheric layers, which lie  at heights of 60 to 
over 300 kms* (2) In fact, i t  is such absorption, in all probability, that 
maintains the ionization of the principal parts of the ionosphere*

Direct measures of solar emission from above these ionospheric layers 
ere scarce, but they are increasing rapidly in number end quality, Y-2 
rockets and the later American rockets have given us occasional glimpses of 
the solar energy spectrum, at wavelengths as short as about 950 A, and have 
revealed the .first two lines of the Lyman spectrum of Hydrogen, in emission, 
along with numbers of other lines of great interest, (3) Rocket research 
has also disclosed the intensity of extreme ultraviolet and soft X-ray 
emission of the sun on selected occasions0 (li, 5} From such measures we 
have good evidence that the far ultraviolet and soft X-ray emission of the 
sun varies greatly frcm time to time, and far exceeds that expected from 
the black body at 6000* A that fits  the observations in the visible spectral 
rang©. Moreover, studies of the physical processes responsible for formation 
of the ionosphere suggest that solar radiation from a black body at 6000% 
at such wavelengths, is inadequate to account for the degree of ionisation 
revealed in radio signal reflections* This inadequacy is  particularly 
evident at times of radio fadeouts caused by solar flares, (6 ) and for the 
ionization of the E-region* (7 , 8)

In spite of the complexity of the variations of the ionosphere, many 
regularities are evident,, and these have led to some rather definite 
knowledge concerning the nature of the solar emanations responsible for 
the formation of the different ionospheric regions. Indirect measurements 
of the variations of the ultraviolet radiation of the sun falling into the 
ionosphere have been deduced by many different workers. Host have used as 
a starting point the simplified theory first suggested by Appleton and 
Kaismith, (9) according to which the solar radiations responsible for the 
different regions of the ionosphere are proportional bo the "regional 
character figures” , which can be deduced from routine measures isrie by 
ionospheric sounding procedures,, (10 )



From such work has come the conclusion that there are two icnospher- 
ically important kinds of solar variations in the ultraviolet and X-ray 
region of the solar' spectrum, one of slowly changing nature, and one of 
spectacular abruptness* The first kind of variation is a relatively slow 
function of time, with weak-to-week variations of moderate range, and one 
that changes by factors well under 10  from years of low solar activity to 
years of high solar activity,, It is held to be responsible for the slow 
charges of the "normal" behavior D, E, and F regions of the ionosphere 
with the solar activity cycle of H„3 years* It is probably that the 
slowly changing radiation of the sun responsible for the different iono
spheric regions comes from different wavelength ranges, but i t  is not 
known for certain what wavelength ranges produce the different regions« 
Table 1 suggests a possible set of relations.,

Table 1

Slowly Changing Solar Radiations Responsible for 
"Normal” Ionospheric Region Formation

Region Mean Height (kra) Nature of Radiation Responsible

D 75 to 100
” .......... .............Hydrogen Lyrn an-alpha emission from 

"quiet” solar chromosphere at 1216 A0

K 115 Soft X-rays at wavelengths near 
50 A, from low corona*

i 
....

...

IY> 220 to 300 Ultraviolet or X-ray radiation 
from disk plages., or the corona at 
wavelengths between 50 and 910 A 
which, however, reaches "saturation" 
in summer.

It would be hard to gain widespread agreement about this table, because 
many of the processes involved are s t i l l  most imperfectly understood. The 
fact, however, that the radiations responsible for the S and D regions must 
penetrate the F regions without appreciable absorption, and the fact that 
the E and D phenomena are distinct in their relationship to solar activity 
limits the possibilities*

The second kind of change is that associated with solar flares, whose 
effects can bo observed spectacularly by means of suitable astronomical 
telescopes8 (11) This change is ab rrapt, and often leads to major alter
ation in the I)-region ionization in a very few minubes0 The D-region 
ionization not only greatly increases, but the ionospheric region descends 
to lower levels, sometimes by as much as 15 kms* It seems highly likely 
that these D-region phenomena are the composite effect of radiations at 
X~ray and at ultraviolet wavelengths* The ultraviolet and X-ray emission 
probably comes fran highly concentrated "hot spots" of the solar chromo
sphere, where the flares are located, and where very high ionization lines 
of the solar corona are generated* 0ns such high ionisation line formed near



flares, for example, is the so-called "yellow coronal line" of CaX7, which 
has an ionization potential, (for the last electron only) of 3ll; electron 
voltso Friedman and Chubb (5) have offered evidence in support of such a 
composite effect, appealing to the region of the X-ray spectrum below 7 A 
to provide the emission that lowers the D-region ionization, and consider
ing the Lyman-alpha radiation of hydrogen also to be an important source 
of increased B~region ionic density.

Some other workers, however, consider that Lymax-alpha hydrogen radi
ation alone may be sufficient, since it  is possible that temperature rises 
in. flare regions vastly intensify this line relative to the visible Balmer- 
alpha line of hydrogen0 Moreover, we at High Altitude Observatory feel 
that at chromospheric_or flare temperatures, the radiation of the Lyman- 
alpha-like line of He+ at 3Oh A may be of importance comparable to or 
greater Mian that of the corresponding Lyman alpha hydrogen emission,,

Friedman and Chubb (5) have also studied, from rocket flights, the 
variations in X-ray intensities from one time to another at wavelengths 
shorter than 15 A, where large changes are found. They have found that 
when the corona was of low intensity and also showed relatively stronger 
intensity for lines of lower ionization (637k A compered to 5303 A) the 
X-ray spectrum showed no detectable energy below 15 with strong 
intensity in higher ionization lines of the corona, on the other hand* 
they have shown that the X-ray- spectrum reveals a marked rise,, with ap
preciable energy down to 6 A,

(10 -5  ... per Angstrom)
cm* see

They contiude that during flares the energy may extend down as far a.*s 1 
to 2 A, as other/? have also suggested, (12) where it  could produce sub
stantial ionization at the lowest heights of the D~region. They suggest 
that such wavelengths could produce ample ionization as low as 60 to 65 
kmSj, where the( hydrogen Lyman-alpha increases would have to be unreason
ably large ( 1 0 or more) to penetrate. It is interest ring to note, more or 
less parenthetically, that such X-ray emission may possibly also be tied 
to cosmic ray emission from solar flares* (12) Because of this, a major 
goal of rocket research In the years immediately ahead, and particularly 
for the International Geophysics! Year, is to obtain direct rocket observa
tions during the early, middle and late stages of a powerful solar flare..

Our preoccupation in this symoosium with solar electromagnetic radi
ation in the short wave end of the spectrum must not lead us to ignore the 
fact that the sun is also an irregular emitter of ionized clouds of cor
puscles, mede un principally of protons and electrons, whose total energy 
is probably comparable with the short wave electromagnetic emission, and 
whose effeats in earth magnetism, ionosphere and aurora are most importantt 
Nor can wit lose sight of the fact that the fluctuating radio noise emis
sions of the sun at wavelengths from a few millimeters to a few meters may 
also hare significant terrestrial effects*

Th? known relationships of solar features to the short, wave emission 
of the nun, as well as to its radio noise and corpuscular output, indicate
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the heavy responsibilities that fa ll on the shoulders of those of us engaged 
in direct observation of the sun* In partieulacr, we must provide the 
observational basis for indirect measurement of the ultraviolet and soft 
X-ray emission from the great active regions of the sun® In pursuit of 
this goal the High Altitude Observatory and the Upper Air Research Observa
tory, (Air Force Cambridge Research Center, Geophysical Research Director
ate station, operated by Harvard College Observatory) are engaged in a co
operative program to measure coronal density and temperature at all 
possible occasions* i/e are using new instrumental technique* designed to 
give us not only a one-dimensional analysis of the intensity distribution, 
as we have done for nearly 15 years at Climax, but also to give is ad
ditional new information  ̂ hie are now initiating observations that permit 
us to measure systematically and reliably the width of coronal emission 
lines,, Such widths are related to kinetic temperature of the corona by 
simple theoretical considerations8 The first major fruit of our efforts 
in this direction was new and independent evidence for the identification 
of the yellow coronal emission line at 569a A as a sosctrum line o’
Ca X? (13)o This result is now theoretically confirmed, (llj) We o.pect 
soon to be able to publish kinetic temperatures5 or possibly spacial 
temperature distributions, for each major active region*, In additiin, 
our new end improved instrumental techniques (lU) 'iri.ll allow us to r ske 
height distributions of coronal emission intensity, spectrum lire by 
spectrum line, for all active regions,, These will be published in tl1 
regular quarterly "Solar Activity Summary" issued from High Al;ituo» 
0bservatoryo A sample of the type of height distribution of the coroivJL 
emission obtained fran this procedure is shown in the slide-.

Such observational materials co not yet reliably measure the extreno 
short wave emission from the sun because the theoretical work to iclate 
the observed emission to the invisible is not yet completed  ̂ Sue!' theo
retical analysis has now assumed ma,1or importance for understanding upper 
atmosphere physics„

In spits of their shortcomings the coronal observations are m.V 
reaching the stage of completeness aid reliability to permit ths computa
tion of new quantitative indices of integrated coronal emission that have 
promise of great usefulness in solar-terrestrial research,, ly October of 
til is year, for example, we are commencing the publication ( l 5 j of t”0 new 
indices giving daily sums of intensities for east and west li.nbs of the 
sun, where the corona is  visible, that measure: (a) the highest coroial 
activity attained, and (b) the mean leiel of the activity* These indices 
are in suitable form for simple addition, day-by~da.ys to deduce estimates 
of the solar emission integrated c war the whole visible disk of the s in, 
for specific coronal emission lines. Such sums will L>e commuted and ]<ub- 
lished in our quarterly solar reports, mentioned abo/e.

The action of the International As hrGnomical Jnion at the Dublin'i',eet- 
ing in September 1955 indicates that there is al/o considerable interest 
in new photometric determinations of the area ?/.d intensity of s^lay 
plages« New indices based on these im-ooro.ant -"eatures of solar activity 
can therefore be expected within a year or ixot probably first from tise 
Fraunhofer Institute, Freiburg i 0 Br«, Geri'itjy<.



'

Great progress in direct short wave measurements of the sun will 
almost certainly be made, by means of rocket research* within the coming 
two years. VJe can expect equally important advances in theoretical under
standing of the emission of active regions cf the sun's surface and atmo
sphere,, Thus, it  is safe to predict that by the time we enter the IGY we 
will know far more reliably about the day-to-day changes of the intensity 
of emission of specific ranges of the X-ray and ultraviolet spectrum of 
the sun,
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