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By Gordon N E W K I R K , Jr. and J. David B O H L I N 

(High Altitude Observatory, Boulder, Colorado, U. S. A.) 

R ^ S T J M ^ . — On a pu require la lumikre diffuses dans un coronographe h 10—9 BQ en utilisant un disque occultan 
apodisi plod en avant de I'objectif. Des jets coronaux s'dtendant jusqu'b, 1,8 RQ et 5,25 RQ ont pu Stre ainsi observes 
a bord d'un ballon a 30 km $ altitude. Un ensemble de jets coronaux present sur le limbe ouest, le 5 mars 1964, 
semble avoir constitui la source des particules qui ont cause' les tempites gdomagne'tiques r&urrentes dela fin 1963 
et du ddbut 1964. 

ABSTRACT. — By use of an apodized occulting disk before the objective lens of a coronagraph the instrumentally scattered 
light can be reduced to about 10—9 BQ. Observation of the streamers of the solar corona from 1.8 to 5.25 RQ 
outside of eclipse from a balloon at 30 km altitude are described. A solar streamer complex present at the west limb 
on 5 March 1964 was apparently the origin of the particles causing the recurrent geomagnetic storms of late 1963 
and early 1964. 

PemMe. — Yflajiocb n p n B e c T H flH$$y3HpoBaHHHfi B KopoHorpa$e CBeT #o 10- B Q , HcnojiLsya (JjiyHCflaiomHfi 
3aTeMBHK>in;Hfi, #HCK pacnojiomeHHHfi Bnepe#H ofaeKTHBa. KopoHaJitHBie CTpyn, npocTnpaiomHeca 
#0 1,8 R Q H 5,25 R Q , CMorjra TaKHM o6pa30M CHTB HafanofleHH c CopTa B03#ymHoro mapa Ha BHCOTe 
30 KM. CoBOKynflocTB KopoHajibHHx CTpyfi, H M e B m a a c f l na 3ana#HOM jraM<5e 5 MapTa 1964 r, no 
BH^HMOMy foiJia HCTO^HHKOM ^acTHu; npoH3Be#inHX noBTopHHe reoMarHHTHHe 6ypn B KOHBie 1963 
H Ha^ajie 1964 r . 

I . INTRODUCTION. 

The essential problem which must be overcome 
if the corona is to be observed outside of solar 
eclipse is that of the low contrast of the corona 
above the background of skylight and instrumen
tally scattered light (Fig, 1). The most common 
solution of the problem — spectrographie iso
lation of the brighter emission lines of the 
corona — allows the contrast to be increased by 
one or two orders of magnitude at the limb of the 
Sim. However, the sharp gradient of the ra
diance of the emission lines with height above the 
solar limb prevents examination of the inter
mediate and outer corona by this technique. 
K-coronameters [2, 3 and 4], which take advantage 
of the polarization of the K-corona to extract the 
minute coronal signal from the sky background, 
have been able to detect coronal streamers well 
above the limb of the Sun. However, the pola
rization and the inevitable temporal variations 
present in the sky radiance prevent such instru-

{ x) This research has been supported by the Office of Naval 
Research, the National Science Foundation, and National 
Aeronautics and Space Administration. 

ments from detecting the corona much above 
2 R Q . The advent of stratospheric balloons and 
rockets has created the opportunity for the obser
vation of the intermediate and outer solar corona 
outside of eclipse. Figure 1 clearly shows that 
the atmospheric background can be sufficiently 
reduced by observing from altitudes in excess 
of 30 km in the near infrared to allow straight
forward detection of the corona out to about 
5 R Q . Clearly, if the advantage of near space 
or space observation of the corona is to be reali
zed, the radiance of light scattered in the coro
nagraph must be reduced by nearly three orders 
of magnitude from that found in the Lyot coro
nagraph. 

I I . I N S T R U M E N T . 

E V A N S [5] was the first to describe a corona-
graph employing an external occulting disk which 
prevents direct photospheric radiation from strik
ing the objective lens. Two flights of such a 
coronagraph [6, 7, and 8] on a balloon to 25 km 
for the purpose of measuring the radiance of the 
sky demonstrated that instrumentally scattered 
light of about 1 0 - 8 B O (BQ is the radiance of 
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FIG. 1. — Comparison of the radiance of the equatorial K-corona [1 ] with that of several sources of background radiation. 
The unit of radiance is that of the mean solar disk at the wavelength considered. 

the mean solar disk at the wavelength considered) 
prevents all but marginal detection of the corona. 
Diffraction from the external occulting disk is 
the main source of this stray light. 

The light diffracted into the objective may be 
reduced by removing the occulting disk to a great 
distance, as is the moon at total eclipse, or by 
" apodizing " or " softening " the edge of the 
disk. (Although " apodization " commonly re
fers to the alteration of the Fraunhofer diffraction 
pattern of an objective lens by means of a radially 
graded filter [9, 10], it is here used to describe the 

modification of the Fresnel diffraction by an 
opaque disk.) The serrated occulting disk deve
loped by our colleagues at the Naval Research 
Laboratory [11] is one form of apodization. A 
second, although presently impractical, form is a 
radially graded filter which varies smoothly from 
completely opaque at the edge of the occulting 
disk to completely transparent at a larger radius. 
Coronascope II employs a different method of 
apodization, three occulting disks in a line [12] 
in which each disk prevents radiation diffracted 
from its sunwards predecessor from reaching the 
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Fig. 3 — Photographs (negative) of the white light corona from 1,8 to 5,25 Ro from center of the solar disk. The 
effective wavelength is 8300 A and the angular resolution, about 14 seconds of arc. Exposure times were 3 0 s , 1 0 0 s 

and 30XK Note the diurnal rotation of the coronal streamers between the 16 : 00 UT (10 : 00 CST) strip at the left and 
the 21 : 00 UT (15 : 00 CST) strip at the right. 

NEWKIRK (Vi-6) 
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objective lens. Laboratory tests have shown 
that such an occulting scheme diffracts only about 
1/13 as much light into the coronagraph lens as 
does the single disk. A cutaway diagram of the 
optical system of Coronascope II appears in 
Figure 2. (See also Table I), 

TABLE I 

DIMENSIONS 
OF THE CORONASCOPE II SYSTEM 

Objective aperture 3.2 cm 
Occulting disks : 

diameter D1 5.528 cm 
diameter D 2 5.325 cm 
diameter D 8 5.121 cm 

Separation D1to O x 229.0 cm 
Separation D1 to D 2 and D 2 to D 8 20.0 cm 
Effective wavelength 0.83 (x 
Image scale 598 sec arc/mm 
Image resolution (measured) 14 s arc 
Scattered light level 1.1 x 1 0 ~ 9 B o 

Weight (coronagraph alone) 120 kg 

The radiance of scattered light in this coro
nagraph has been evaluated in the 49 meter long 
vacuum tunnel of the Kitt Peak National Obser
vatory using a carbon arc and a 12.7 cm diameter 
lens as a " synthetic sun ". With the tunnel 
evacuated to 1 mm of mercury and the projection 
lens subtending an angle of 32 minutes of arc 
from the coronagraph, we have found [13] the 
radiance of stray light to be 1.1 X 10— 9BQ. 
Thus, stray light in this coronagraph contributes 
about as much background as does the sky at sea 
level during total solar eclipse. 

III. OBSERVATIONS. 

On 5 March 1964 Coronascope II ascended to 
an altitude of 30 km on a 105 cubic meter, Mylar-
scrim balloon launched by the Scientific Balloon 
Facility of the National Center for Atmospheric 
Research. During the 5-1/2 hours of operation at 
altitude, the coronagraph secured 118 photographs 
of the streamers of the white light corona from 
1.8 to 5.25 R O from the center of the solar disk. 
Except for an interval about local noon, the entire 
coronagraph was centered on the solar disk to an 
accuracy of i 5 seconds of arc, maximum excur
sion. Guiding was performed by a modified ver
sion of the old Stratoscope I [14, 15, 16] bi-axial 

pointing control. A popular description of the 
flight has been published [17] and an evaluation 
of the engineering aspects of the guiding, control 
system, etc. is available for private circulation. 

Figure 3 displays some sample frames from the 
flight film on which the coronal streamers may be 
unequivocally distinguished from artifacts of 
instrumentally scattered light by means of the 
diurnal rotation of the streamers. The obvious 
vignetting of the central part of the field of 
Figure 3 is a rather accidental consequence of all 
externally occulted coronagraphs, which produce 
a most welcome reduction in the steep gradient 
of coronal radiance with distance from the Sun. 
The horseshoe of scattered light in the frame was 
caused by a slight misalignment of the internal 
occulting disk. A key by which the various 
features of the photograph may be identified 
appears in Figure 4. 

In an effort to increase the relative contrast 
between the corona and the background, we have 
superposed four transparent enlargements of 
frames made at 15.44 UT, 15.52 UT, 16.01 UT, 
and 16.14UT with 30 second exposure times. 
Each transparency was rotated by the calculated 
diurnal rotation so that coronal features appeared 
in superposition while random features and stray 
light were reduced in effectiveness. Figure 5 
shows that this technique does, in fact, improve 
the visibility of the coronal streamers although it 
also enhances the circularly symmetric artifacts 
of stray light. Although the complete analysis 
of these photographs for the radiance of the K-co-
rona is not complete, a preliminary reduction 
shows the equatorial coronal streamer D to have 
a radiance close to that expected for a sunspot 
minimum corona [1]. 

Another source of background scattering also 
must be discussed. Of the 118 coronal photo
graphs made during the 5-1/2 hours of operation, 
approximately half showed some evidence of 
streaks of light caused by the passage of dust 
motes in front of the coronagraph. Figure 6 
shows a frame, fortunately rare, in which the image 
of the corona is nearly obliterated by such streaks. 
That the scattering particles occur over the entire 
range of distances from only a few centimeters 
to at least several tens of meters in front of the 
objective lens is demonstrated by the various 
widths of the tracks. No consistent direction of 
flow of the particles is apparent. Although there 
is little doubt that these particles originate from 
the balloon, the parachute, and the gondola, they 
should warn us that a similar cloud of dust may 

19 
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I U I I 
Dec. Jan. Feb. 

Fia. 7. — Geomagnetic character figure Ap and the counts of 1-20 MeV protons (courtesy F A N , GLOBOKXJBB, and SIMPSON) 
during late 1983 and airly 1934. Apparently the streamer [complex D-E was responsible for the [recurrent magnetic 
storm (shaded) and the proton events. 

prevent the efficient operation of satellite and 
rocket borne ooronagraphs. Indeed, suoh a 
pattern of dust tracks has already been observed 
from a rocket [18] . Unfortunately, particles sur
rounding a satellite would be removed at only a 
very slow rate by radiation pressure and aerody
namic drag. 

By a fortunate accident the first flight of Coro-
nascope II occurred during a long series of recur
rent geomagnetic storms. As is shown in Fig
ure 7 the geomagnetic phase of the disturbance 
was also accompanied by the incidence of 1-20 MeV 
protons as detected by the satellite Explorer X V I I 
(courtesy F A N , GLOEOKLER and SIMPSON). A S evi
dence that streamer complex D-E was the source of 
these particles, we show also the date of central 

meridian passage of the west limb of 5 March 1 9 6 4 
in Figure 7. The fact that the storms recurred 
approximately on the date of central meridian 
passage of the west limb of 5 March suggests that 
the source of the disturbance had already passed 
beyond the west limb by 2-3 days on the date of 
our coronal observation. Although it is impos
sible to infer the longitude of the streamer com
plex D-E, its identification with the magnetic 
storm and the channelling of the high energy 
protons seems probable. As additional evidence 
we note that the brighter streamer (D) lay in the 
plane of the ecliptic during its central meridian 
passage. 

Manuscrit recu le 1 2 novembre. 
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