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Abstract
For radio astronomy, solar eclipse provides a nice opportunity for making solar radio obser-
vations with high one-dimension spatial resolution. The radio observation of solar eclipse has
played an important role in solar radio physics. Some important factors for radio observation
of solar eclipse are introduced and analysed. Solar eclipse radio observation has also played an
important role in the progress of solar radio astronomy in China. The solar eclipses of 1958,
1968, 1980 and 1987, which were observed in China, are introduced, and the main results of
these observations are briefly shown.

Key words sun: solar eclipse—sun: radio radiation
1 Introduction

1.1 Solar eclipse is one of the most spectacular astronomical phenomena

For the optical astronomer, the eclipse serves to reveal features of the chromosphere and the
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corona. Development in perfecting and utilizing the coronograph has provided a continuous
monitoring of coronal activity, but the eclipse still serves in many optical solar studies. For
the radio lastronomers, the eclipsing process gives resolution to their solar mapping, revealing the
temperature and angular diameters of enhanced regions of solar activity associated with sunspots,
plages, and prominences. The eclipse gives the radio astronomers data on coronal temperatures
and on the extent of the corona at many wavelengths. The development of high resolution radio
interferometers has lessened the need for eclipse measurements, but many eclipse measurements
continue to add to our understanding of solar physics.

1.2 The eclipsing process in radio observation (!

As the moon moves in front of the sun, it occults solar features such as sunspots, plages,
and prominences, with a knife-edge sharpness (the moon’s limb). The radio first contact occurs
earlier than the optical first contact, and the radio fourth contact later than the optical one. At
totality, between the second and third contacts, only the solar corona is visible (radio residual).
After totality the moon moves on uneclipsing the same solar features as during the eclipsing
period with a different passing geometry compared with the period between the first and second
contacts (Figure 1).

Basically, information can be obtained from solar eclipes relating to the following:

(1) The emissivity of centers of radio activity on the solar disk. The radio diameter and
brightness of radio emission regions associated with sunspots, plages, prominences can be ob-
tained. The technique used is to find sudden changes in the solar flux level between the first
and second contacts or between the third and fourth contact. The polarized component of the
enhanced region, which is very obvious (Figure 6 ) because of no polarized component in the
quiet solar radio emission, can be found as its height and spectrum. A comparison with optical
features can be made, and optical data have played an important part in radio data analysis.

(2) Total eclipse of the sun is used to find the radio diameter of the solar corona at various
wavelengths and at different periods of the sunspot cycle. At totality, radio residuals, for example,
of 25% or more and 15% or more of the solar energy at meter wavelength and 21 cm wavelength,

respectively, will show that the solar corona has not been completely eclipsed.

(3) A model of solar brightness distribution can be derived from eclipse records. The observed
brightness distribution across the solar disk depends on the variation in intensity of an emergent
rays at various position from the center of the solar disk to the limb. At optical wavelengths
there is a marked limb-darkening effect. As temperature increases with depth in the photosphere,
central direct rays originating at greater depths are hotter than oblique rays at the limb. At
centimeter wavelength, the reverse situation applies. The corona is thin but not transparent
and there is an increase in temperature from the chromosphere out to corona. Therefore, the
direct central rays emerging from the deeper regions in the chromosphere are not as intense as
the oblique ray at the limb which originate in higher and hotter regions; This leads to limb
brightenning. The situation will change at the meter wavelength. If there is limb brightenning ,

a sharper decrease will be seen at the time of frist contact as if an enhanced region was eclipsed.



212 X X ¥ ¥ E 16 %

The same effect will be seen near the fourth contact.
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Fig.1. The eclipsing process in radio astronomy
(a) one-dimension spatial resolution
(b) the radio eclipsing process
In the early stage of solar radio study, our knowledge of the radio sun increased rapidly from
the results of radio solar eclipse measurement. During the partial eclipse of November 23, 1946,
Covington 2 in Ottawa, Canada, observing at 10.7 cm, determined that several bright regions,
one with an excess of 1.5 x 108 K above the average surface temperature of 5.6 x 10* K had been
detected. This enhanced region had an area equal to 2.2% of the solar disk, but it has 25% flux
of the whole solar disk. It was the first observation of the contribution of small areas of solar
activity to the total solar temperature. Another bright region, apparently located at the solar
limb, caused the signal to decrease 9%, 3 min before the first contact, when the moon’s limb
eclipsed a prominence.
In this paper we will discuss some factors for radio solar eclipse observation, and present a

brief introduction of the radio solar eclipse observations which have been made in China since
1950’s.

2 Some factors for radio solar eclipse observation

2.1 Eclipse curve slope analysis

An eclipse curve P(t) (Fig.7) is a record of power as a function of time. The derivative of this
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curve, P(t) is the change in power as a function of time (Fig.3,8). The slope is then proportional
to the brightness distribution of circular arcs across the solar disk. Therefore, the slope curve can
be used to distinguish the irregularities in solar brightness which show up much more prominently
here than on the eclipse curve itself. Knowing the total flux and the residual flux allows one to
normalize any point value on slope curve to percentage relative to total flux after correcting for
atmospheric attenuation and other factors.
2.2 Spatial resolution available from radio solar eclipse observation

The spatial resolution of radio solar eclipse observation is caused when the moon limb eclipses
the solar disk. Therefore, the spatial resolution depends on temporal resolution; the moon’s speed
relative to the sun; the changing rate of the antenna temperature; and the shortest time interval
to cause the antenna temperature’s variation which is larger than receiver’s sensitivity. And it

is relative to the moon’s speed and the sensitivity of receiver. The formula for spatial resolution

AQ is:

AQ=V-Ati—M(TN+T")ﬁ-a_ (1)

VAF T AT
where v is the speed of the moon, M = 5, Ty is the noise temperature of the receiver, T, is the
antenna temperature of the radio sun at observing frequency, A f is the bandwidth of the receiver,
T is the time contant, AT is the antenna temperature increment of local emission regions, and a is
the dimension of local emission region. According to equation (1), it can be seen that the spatial
resolution will increase (AQ decrease) if the noise temperature of receiver, T, and the antenna

temperature of the radio sun, T,, decrease (in the case around totality, and in the case of strong
emission regions). Usually, the spatial reso-

lution of 20”"—30"” can be reached, some un-

expected case will be described as follows. —~— Path of moon’s center
2.3 Some two—dimension information ‘ - - -

)

obtainable
path of moon ’s center
The moon’s eclipsing action yields a ——

one-dimensional picture of the variation of @
solar power with time of passage of the moon

across the solar disk. No indication is given ———

where along the moon’s arc temperature dif-

ferences exist. With a group of two or more m“’ v

stations it is possible to create a geometry of \

intersecting arcs, from which the location of w path of moon's center

enhanced regions can be found (Fig.2a). It )

also be obtained with bini ips-
can e obtained with combining eclips Fig.2 Two-dimension information obtainable

. , . . ,
ing moon’s arc with uneclipsing moon’s arc (a) with two stations; (b) with combining eclipsing moon

(Fig.2b,10). limb arc with uneclipsing arc

2.4 Radio observation of solar eclipse in multi—frequency
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According to the equation(1), the spatial resolution is independent of observing frequency,
it causes an important characteristic of radio solar eclipse observation. The spatial resolutions
are almost the same to different frequencies, it will be favourable to multi—frequency analysis
of enhanced emission regions. At present, multi—frequency radio observations of local emission

region are still important to solar eclipse observations.

3 The history of solar radio eclipse observations in China

In the history of radio astronomy, eclipse has played an important role. It is the same to
solar radio astronomy in China. Mainly, the radio observations of solar eclipses on April 19, 1958,
September 22, 1968, February 16, 1980, and September 23, 1987 are important.

(1) The observations of the annular eclipse of April 19, 1958 were especially interesting since
it marked the year of maximum solar activity. The Pulkovo Observatory in Russia in cooperation
with Chinese scientists made preliminary measurements in Hainan Island at 5.1, 3.3, and 2.0 cm
wavelengths. Their primary purpose was to study the emission regions above sunspots, the size
and brightness temperature of polarized and unpolarized components. The main results have
been published by Gelfreikh, et all¥, Molchanov!®!| Su, et all5], and Peterova, et all®l. It is

important that these observations pushed on the foundation of solar radio astronomy in China.

(2) The radio observations of the total eclipse of September 22, 1968 was a comprehenvive
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Fig.3 The normalized antenna temperature eclipsing slope curves of the solar
eclipse radio observations on September 22, 1968, T4(t) (solid lines), that
of quiet sun background Tac(t) (dotted lines) 12
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study of solar eclipse in China for the first

time. The radio observing team consisted of Bei- 1.14
jing Astronomical Observatory, Purple Moun- 1124+
tain Observatory, and Nanjing University made 120
observations in Keshe, South Xinjiang (at 3.2, g 1.08 |-
& 1.06 |

11.1, and 21 cm wavelengths) and in Yining,
North Xinjiang (at 3.2 cm wavelength). Their 1.04 -

primary purpose was the same as the Hainan

1.02F

1.00 ! L A L 4

Island solar eclipse of 1958. The eclipsing slope 0.6 1 2 4 6 810 20

curves observed in Keshe are shown in Fig.3.

The following results were obtained [7~12];

f/GHe

Fig.4 The relation between equivalent radius of

(i) Equivalent radius of the radio sun in so- radio sun and frequencies obtained in Sept. 22,
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Fig.5 The fiux density spectrum of some radio

sources observed in 1968 solar eclipse

12]

1968 solar eclipse {12

1.085 Ry at 3.2 cm, 11.1 cm, and 21 cm respec-
tively (Fig.4).

(ii) The ratio between quiet sun to total solar
emission is 0.907, 0.71 and 0.65 at 3.2 cm, 11.1
cm and 21 cm respectively.

(iil) Several local radio sources are associ-
ated with sunspots, plags and coronal condensa-
tions(beyond the solar limb). Although it was
the year of maximum solar activity, there were
only a few small and one middle active regions
on solar disk. The brightness temperature of the
middle active region(Wilson No. 16992, E36N17)
is 0.45 x 10° K, 2.4 x 108 K and 3.0 x 10 K at
3.2 cm, 11.1 cm and 21 cm respectively.

(iv) The following parameters of the radio
sources on solar disk were measured: " angular
sizes, fiux density, average brightness temper-
atures and heights. The angular sizes of the
sources increase with wavelength, a typical value
for a source are 43, 54 and 150 arcsec at 3.2 cm,
11.1 cm and 21 cm respectively. Heights of the
sources increase with wavelength from (2-3)x 107
km at 3.2 cm to (5-7)x10% km at 21 cm. The flux
density spectrum of some radio sources is shown
in Fig.5. Some of them have peaks at 11.1 cm.
They exhibit an evident effect of the gyro- reso-

nance radiation.
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(v) Excellent results were obtained in the polarization observation at 3.2 cm 7). Fig.6 and
the bottom of Fig.3 show the 3.2 cm circular polarization flux slope curve when the moon was
eclipsing sunspot group No. 332 (Wilson No. 16992). The total circular polarization flux during
uneclipsing time is zero, due to the cancellation of the opposite circular polarization from at N
pole and S pole of sunspot regions. The circular polarization of solar disk background is zero.
The right circular polarization suddenly appeared, when the other sunspot with left circular
polarization sense was eclipsed. The opposite process occurred during the uneclipsing interval.
From Fig.6, it can be seen that the small spots in the group are resolved, the spatial resolution
reaches 2-3 arcsec. The heights of the sources are at 2.0x10* and 2.7 x 10* km for polarization
sources and unpolarization sources, respectively. Recently, it can be interpreted as follows: the
polarization sources are at loop foot regions and the unpolarization sources are at the top of

loops, but at that time, the “magnetic loops” was not so familiar to most solar physicsts.

The radio observation of 1968 solar eclipse has trained the Chinese solar radio astronomers

of the first generation.

(3) The radio observations of the total eclipse on February 16, 1980 were made by the team
consisted of Beijing Astronomical Observatory, Purple Mountain Observatory, YAO (Yunnan As-
tronomical Observatory, Beijing Normal University and Beijing University in Kunming, Yunan
(at 2.0 cm, 3.2 cm, 8.2 cm, 10.3 cm and 21 cm wavelength), and in Ruili, Yunnan (at 8.6 cm
wavelength). The eclipsing curves of the observations (solid lines) and the quiet sun background
(dotted lines) at different wavelength are shown in Fig.7, and the slope curves in Fig.8. The main

results are as follows [13:14]:

(i) Radius of the radio sun in solar maximum
11:40 11:42  11:44 UT
- - 4 . - year amounts to 1.007, 1.013, 1.040, 1.067 and 1.090

@ 332, @332, R at 0.86 cm, 2.0 cm, 3.2 cm, 8.2 cm and 21 cm

respectively.

(ii) The flux density spectra of the quiet sun at
several wavelengths between 0.86 cm and 21 cm have
been obtained. They are compared with the spec-

tra obtained in the 19th solar maximum years (in

the Xinjiang eclipse in 1968) and in minimum year

-1} recorded by TYKW of Japan. The flux density of the
-27 quiet sun background in the 20th maximum years is
~3t

higher than that both in minimum years (19th and

20th solar active cycles) and in 1968. The results are

Fig.6 The 3.2cm circular polarization flux shown in Fig.9.

slope curve of the moon eclipsing sunspot The shaded area gives the contribution of the
group No.332 (Wilson No. 16992) [, enhanced emission regions appearing at solar disk on
Feb. 16, 1980.

(iii) The quiet sun shows limb brightening at 0.86 cm wavelength 14}, The calculated distri-

bution of the brightness temperature on the solar disk has shown that there is an apparent
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brightening in the 2'—3’ range on the inner
side of the optical limb. The peak brightening
amounts to 18% relative to the central bright-
ness temperature of solar disk.

(iv) Several solar radio sources are as-
sociated with sunspots, plages and a coronal
condensation region during the eclipse. There
is evidence that there were emissions associ-
ated with the regions where sunspots had dis-
appeared not long before. Their brightness
temperatures were about 1x 10° K at 2.0 cm,
3x10° K at 3.2 cm, 5 x 10° K at 8.2 cm and
5 x 10° K at 21 cm. There may be “cold”
source regions associated with filaments and
coronal holes.

(v) The following parameters of the radio
sources on solar disk were measured: angular
sizes (along the direction of the moon center’s

motion across solar disk), flux density,average

0 "
009:20 09:40 10:000 10:20 10:40
uT

Fig.7 The eclipsing curves of the observations (solid

lines) and the quiet sun background (dotted lines) at

different wavelength for 1980 solar eclipse (13!

solpe

(VHI)(IX)

Fig.8 The eclipsing slope curves of the radio sun (solid lines) and the radio quiet sun background

(dotted lines) for 1980 solar eclipse '3/, The Roman numerals represent the radio sources
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Fig.9 The spectra of radio quiet sun background*?

a: the total flux spectrum of February 16, 1980 solar

eclipse; b: the radio quiet sun background spectrum of

1980 solar eclipse (the 20th solar max. year); c: the

same to ‘b’ for 1968 solar eclipse (the 19th solar max.

year); d: the same to ‘b’ for TYKW 20th min. year; e:
the same to ‘b’ for TYKW 19th min. year

brightness temperatures and heights. The angu-
lar sizes of the sources increase with wavelength
from 0.5’ at 2 cm to 1’—2’ at 21 cm, and also
show a tendency of increase with the flux den-
sity of sources. Heights of the sources increase
with wavelength from 0.54 x 10 km at 2 cm to
4.2 x 10* km at 21 cm. The brightness tem-
peratures are from about 0.1 x 10® K for weak
sources at 2 cm to about 5 x 10® K for strong
sources at 21 cm. Fig.10 shows that by using
the moon limb arc at eclipsing and uneclipsing,
the positions of radio sources are determined.
Fig.11 shows the flux spectra of some sources, it
exhibits an evident effect of the gyro-resonance
radiation.

(vi) The spacing between two radio peaks of
a bipolar spot group decreases with wavelength
and this means that there may be a magnetic
arch structure above the spots [15,

(4) The multi-frequency joint radio obser-
vations of the annular solar eclipse on Sept. 23,
1987 were made with nineteen radiotelescopes
located at nine sites at ten wavelengths from
0.86 cm to 21 cm. The parameters about solar
radio emission during the quiet period of solar
activity were obtained. The main results are as
follows (16,

(1) The values of occultation radius of solar
disk at each of corresponding wavelengths R,
were 1.014-1.280 R while the ones of equiva-
lent radius Ry were 1.007-1.014 R;. The R.,
were a little smaller than statistical ones ob-
tained by Friist['”], but a little larger than the
observation results of total solar eclipse in 1968
and 1980 in China.

(ii) The values of equivalent height of ra-
dio emission in solar atmosphere were (0.5—
11)x10% km, while the ones of average bright-
ness temperature over the quiet solar disk back-
ground were 0.9—10x10* K. From this. the
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equivalent temperatures changing with height in solar atmosphere were also obtained.

of corresponding wavelengths were obtained.

(iii) The percentages of residual flux density at the totality of eclipse were given, and the
qualitative conclusions about limb brightening of brightness distribution of solar disk at the most

(iv) It was calculated that the brightness distributions of solar disk at 0.86 cm, 2.0 cm, 2.56

cm and 3.2 cm were limb brightening, and the range of brightening peaks amounted to 5%—20%.

The peak bands with width of 0.03 — 0.15R, were lying within 0.8 — 1.0R on the inner side of
the optical limb. But at 1.46 cm there was a trend of limb darkening.

(v) Some of the local radio sources associated to optical objects such as sunspots, plags and

their change with wavelength, were calculated.
sion.

prominences were identified. Furthermore, the main parameters of these sources, such as angular
radius, flux density, average brightness temperature and the height above the photosphere, and

(vi) Observation data also showed that some filaments had absorption effect on radio emis-

qu WS

10:10

path of moon's center

P

the direction of moon's motionstion

4

Fig.10 The positions of two radio sources are determined by using the moon
limb arc at eclipsing and uneclipsing (at 8.2cm)
Conclusion

[13]

The radio observation of solar eclipse has played an important role in solar radio physics. It

219
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will play a less important role in the future, but it is believed that solar eclipse radio observations
will be important in pointing out directions for long-term, systematic observations. In particular,
multi-frequency joint observations provide some impotant imformation which can not be displaced
by those observations with radio interferometers.
For the solar eclipse on March 9,
Sfsfu. 1997 , three teams of the radio observa-
tions will work on:
(1) the radio observations at 2.84
GHz in Mohe by Beijing Astronomical

25¢

Observatory group;
ot (2) the radio observations at 8.6 mm
wavelength in Mohe by Purple Mountain
Observatory group;

(3) the multi-frequency observations
at 1420, 2130, 2840, 4260, and 9400 MHz
wor in Beijing, Kunming, and Nanjing by
Beijing Astronomical Observatory, Yun-
nan Astronomical Observatory, and Pur-

ple Mountain Observatory groups respec-

tively.

0 2 4 6 8 10 20 The multi-frequency analysis of some

Mem radio sources on solar disk will be ex-

Fig.11 The flux spectra of some sources for 1980 solar ~ pected, while the radio distribution of the

eclipse quiet solar brightness background will be
made too.

This work was supported by the Chinese Academy of Sciences and the National Natural
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