
COMMENTS ON X-RAYS EMITTED BY THE SUN 

by John C. LINDSAY 
(Goddard Space Flight Center Greenbelt, Maryland, U. S. A.) 

RtfsuMlfc. — A partir des observations obtenues a bord du premier satellite O. S. 0., on peut fixer une limite supirieure 
de 3,40 i 0,95 photonsjcm2.s au flux de rayons X d'energie comprise entre 20 et 100 keV imis par le Soleil 
« calme ». On a enregistri huit sursauts brefs, a montee rapide, associ6s a des eruptions optiques et & des sursauts 
centime0triques. Le flux de rayons X de 2 a 8 A semble provenir des plages. UintensiU de ce dernier rayonnement 
est tres variable, les variations pouvant atteindre 5 % par heure. 

ABSTRACT. — Observations from the first Orbiting Solar Observatory have set an upper limit of 3.40 ± 0.95 photons/cm2.s 
for the 20-100 heV X-ray flux from the " quiet " Sun. Eight impulsive and short-lived 20-100 keV X-ray bursts 
were observed which were associated with optical flares and cm radio bursts. The 2-8 A X-ray flux from the" quiet 
Sun was observed to be associated with plage groups on the Sun. The intensity for this 2-8 A X-radiation was 
found to be quite variable, changes of 5 % being observed almost hourly. 

PeawMe. — MCXOHH H3 HaGjiioueHHft nojiyqeHHbix Ha 6opTy nepBoro cnyTHHKa O. S. O., MOKHO ycTaHOBHTb 
BepxHHft npejjeJi B 3,40 ± 0,96 $OTOHOB/CM2 C HJIH IIOTOKOB Jiyqeii X c aHeprneft 3aKJiioqeHHOtt Me>Kny 
20 H 100 K3B, H3jiyqaeMwx cnoKotabiM GojiHueM. 3aperHCTpnpoBaHbi BOceMb KopoTKHX BCiuiecKOB, 
c 6wcTpbiM nojn>eMOM, cBH3aHHbix c onTHHecKHMH BcnbiuiKaMH H c caHTHMeTpoBbiMH BcnjiecnaMH. riOTOK 
jiyqeft X OT 2 no 8 A no-BHUHMOMy nponcxonHT H3 KpaeB. HHTeHCHBHOcTb aToro nocjieAHero H3jiyqeHHH 
oqeHb nepeMeHHa, H3MeHeHHH 6yayHH B COCTOHHHH nocTHraTb 5 % 3a ^ac. 

INTRODUCTION 

There already have been several solar X-ray 
papers given at this symposium ; therefore, the 
observations presented below are restricted to 
brief comments related to solar X-radiation of 
20-100 KeV energy and of wavelengths longer 
than lA. 

20-100 KeV X-rays : 

OSO-1, in an orbit with a 33° inclination angle 
with respect to the earth's equator, spent about 
two thirds of the time in sunlight and about one 
third occulted by the earth. This orbit had a 
period of approximately 90 minutes. The data 
were recovered from on-board data tape recorders 
that performed satisfactorily for approximately 
three months, or for about 1000 hours of observa
tion. 

FROST [1] utilized a scintillation counter consis
ting of a cylindrical Nal(Tl) crystal 0.3 cm high 
and 2.24 cm in diameter coupled to a RCA 
0-7151 multiplier-phototube to study 20-100 KeV 
solar X-rays. From orbits in which all solar 
indices indicated a " qu ie t " Sun, the response of 
the detector to background and to regions of t rap
ped radiation was determined. Observations for 
regions free of trapped radiation gave a count rate 

between 10.5 and 14.5 counts per second. From 
these data the 20-100 KeV flux from the " quiet " 
Sun was estimated to have an upper limit of 
3.40 ± ° - 9 5 photons/cm2-s. 
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FIG. 1. — Comparison of OSO-1 X-ray burst data with 
radio data from the Research Institute of Atmospherics, 
Nagoya University. 
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For the 1000 hours for which reasonably conti
nuous data existed, a search was made for high 
energy X-ray bursts. During this time period 
eight such events were found. 

One of these events occurred on 17 March 1962, 
between 19:39:5 and 19:40:30 and coincided with a 
flare which was observed by the Lockheed Solar 
Observatory between 19:36 and 20:03 U. T. Also 
at this time, an impulsive radio burst of three 
minutes duration, beginning at 19:39 U. T. and 
reaching a maximum at 19:40:12 U.T. was obser
ved at 2800 MHz by Ottawa. MORETON [2] has 
pointed out that for nine X-ray burst events 
(including this one) for which optical data were 
available, all nine have been associated with 
" explosive " type flares. 

It has been proposed by D E JAGER at this sym
posium that this type of X-ray event is a Class I la 
impulsive and short-lived burst. From the data 
available it is believed that all eight events obser
ved by OSO-1 fit into this classification. Howe
ver, it is interesting to note that two of these 
events are different in that the X-ray flux measu
rements show a double peak, Figure 1. Also 
shown are 3750 MHz radio data supplied by The 
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Research Institute of Atmospherics, Nagoya Uni
versity, Toyokawa, Aichi, Japan, that also have a 
double peak. Within the accuracy with which 
time can be determined the X-ray and radio data 
coincide extremely well. The double peak raises 
interesting questions concerning the generation 
mechanism for these X-ray bursts. 

Components of the 2-8 A X-ray Flux : 
The observations from OSO-1 of the 2-8 A X-ray 

flux by WHITE [3] utilizing a beryllium window 
ionization chamber filled with xenon gas disolosed 
the dynamic character of solar X-ray emission. 
For example, as contrasted with the 2800-MHz 
radio observations, only 3 occasions out of 70 days 
(7 March through 15 May 1962) was the X-ray flux 
" quiet " (less than 5 % variation) for an interval 
of as much as 8 hours (WHITE [3]). Changes 
occurred in certain cases as rapidly as a fraction of a 
second, with others occuring slowly over many 
days. 

The slowly-varying component of X-ray flux 
can be attributed to plage activity being carried 
onto and off of the solar disk as the sun rotates. 
This effect is shown clearly in Figure 2, in which 
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FIG. 2. — Slowly-varying component of Solar X-ray flux. 
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W H I T E has made an effort to correlate the slowly-
varying component of the solar X-ray flux with 
the Ca plage data (area of brightness) and with 
2800-MHz flux. There are obvious difficulties with 
fitting these data, however, they do establish that 
plage activity is the major source of non-flare 
2-8 A solar X-rays. 

Source of " Quiet " Sun X-ray : 

In an effort to learn more about the source of 
solar X-ray, R. GIACCONI (X) and the author [4] 
have undertaken a series of rocket experiments uti
lizing grazing incidence optical telescopes to pho
tograph the Sun in X-rays. These telescopes 
consist of segments of a paraboloid and a confocal 
hyperboloid to form a real image a t the focal plane. 
Filters are used to select the band of wavelengths 
photographed. The first flight of such a system 
was made from W H I T E SANDS, New Mexico, on 
October 15, 1963, using a Ball Brothers Research 
Corporation pointing control on an Aerobee rocket. 

Due to the fact that the pointing control provides 
N 
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x îu. 3. — Microdensitometer trace of a photograph of the 
Sun in 8-10 A X -rays. October 15, 1963. Scanning aper
ture = 240 x 240 Microns. 

(x) American Science & Engineering, Inc., Cambridge, 
Mass. 

[1] FROST K. J., 1964, Comments on High Energy 
X-ray Bursts Observed by OSO-1, AAS-NASA 
Symposium on the Physics of Solar Flares. 
NASA SP-50, pp. 139-143. 

[2] MORETON G. E., 1964, The Association of Brems-
jstrahlung X-rays with Explosive Flares, AAS-

only two axis of stabilization, there can be smea
ring of the image caused by the rocket proces
sing around a yaw cone. In the October 15th 
flight the rocket developed into a rather large yaw 
cone with a very slow precession rate so tha t smea
ring of the image was small for reasonable exposure 
times. 

A microdensitometer trace of the photograph 
obtained for wavelengths between 8-20 A is 
shown in figure 3. The at t i tude of the rocket has 
been very difficult to determine ; however, it is 
believed tha t the contour map is located within 
the angular resolution of the photograph (1 to 
2 min of arc). This is approximately the limit in 
the pointing accuracy. The 9.1 cm radio emis
sion obtained at STANDORD is shown in Figure 4. 
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FIG. 4. — The Solar 9.1 cm Radio Emission (obtained at 
STANFORD), October 15, 1963. 20-21 HRS. U. T. 

The similarity is obvious, which was to be expected 
from the 2-11 A X-ray data discussed above. 
Also, the most intense source of X-rays is only 
1.5 to 3 min of arc across, which may be smaller 
when one takes into account the jitter of approxi
mately 1 min of arc in the pointing control. 

Manuscrit re$u le l e r mars. 
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