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RADIC ASTRONOMY FROM SPACE VEHICLES

Grote Reber
24 October, 1959
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The atmosphere of the earth i3 very nearly transparent to electromagnetic
waves throughout the wavelength range from one centimeter to ten meters. Below one
cantimeter the path attenuation increases to nearly total extinction at one milli-
meter wavelsngth, This attenuation is due to molecular absorption in the dense part
of the atmosphers near the surfacs of the earth, It may be greatly reduced by
raising ‘he observer to a few kllometers altitude. 4 fow tens of kilometers altitude
will remove this atteruation for all practical purposes, The equipment used for
messurements at wavelengths less than one centimeter is relatively light and compact.
The weights will rarely exceed a hundred kilograms or the volume a cublc meter.

The only celestial object likely to be observed with present techniques is the sun.
By considerable technical improvement the moon and a few bright thsrmal sources will
probably be added to the list during the next tem years.

At wavelengths longer than ten meters the path attenustion is a complex
phenomenon, In part it is due to asbsorption, but to e much larger extent to more
or less ccherent backward scattering from the electrons in the ionosphere. The
region of maximum electron density is known sz the F layer. Ite zgltitude under
normal clrcumstances varies from two hundred to four hundred kilcmeters; and is a
function of the latitude and longitude of the observer, and the time of day, season
of year and part of the solar activity cycle. The manner in which the electron
denaity varies with altitude below the level of meximum density is known fairly well
from ionospheric soundings waing radlio techniquea. These fail at levels above the
maximun electron density because no echoes are returned, The manner in which the

electron density varies with altitude above the level of maximum density is sub-
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stantially unknown, Very simple theory predicts an inverse exponential function,
However, susch indirect evidence as is available tends to indicate much more material
is present than simple thsory predicts. The distribution of this materisl apparent-
ly is a function of latitude, p rhaps longitude and probably time of day, year

and part of the solar aotivity cyecle.

Under very auspiclous circumstances of place and time 1 such as Tasmania
near solar activity minimum the iocnosphere is substantislly iransparent at wave-
lengths up to three mmdred meters dwring several hours before sunrise. By this
choice, it is possible to conduct high grade radio astronomical observations from
the surface of the earth at these wavelengths. Elaborate and complex antennas
kilometers in sisze may be used to advantage successfully. The caze and satisfaction
with which terrsestrial equipment may be constructed, teasted and operated mitigates
against the usefulness of space wehicles in this wavelength range.

By using an artifice 2, 3

essoclated with the extraordinary longitudinal
rmode of wave propagation in the ionoaphara.’radio sstronomical observations of a2
limited nature may be conducted at the surface of the earth up to wavelengths of
sbout one kilometer, However, the results leave much to be desired and the inter-
pretation of the data ls complex and rather wmcertain. The field of usefulness of
space vehicles in radio astronomy is primarily for observations at wavelengths longer
than one kilometer and secondarily in the wavelength range from one kilometer dowmn
to one tenth kilometer.

Neglecting the sbove artifice, the ionosphere will be gubstantially trans-
parent to all waves shorter than the criticel wavelength. At this wavelength the
refractive index drops to serc and total reflection takes place, The critical wave-

3

length is (1110/%) kilometera:’wmre N is sleotrons per cubic centimeter, If
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celestial radio waves of one kilometer lsngth are to be detected, how high must the
observer be before the electron density drops to 1110 electrons per cubic centimeter?
The answer to this question is unknown., However, cbservations at 578 meters wave-
length during 1957 dmatra’tod that the electron density frequemtly exceeded 3320
per oc at a height of 3000 km sbove the earth's surface, The electron density always
was much in excess of 250 per cc at 8000 km sbove the surface. The epoc was near
s0lar activity maximum. Similar observations during 1955 indicated a much lower
electron density at 3000 km., On this rather meager evidence, it is apparent that
the limiting feature of rsdio astronomical cobservation at kilometer waves is not the
earth's atmosphere, but instead the denmity of the solar cormma in the neighborhood -
of the earth. Apparently spacs vehicles which orbit a few hundred kilometers above
the surface of the earth have no advantage over terrestrial observations. It seens
a&s though a desirable vehicle would have a very elliptical orbit which went far out,
perhaps beyond the moon. The data could be collected at apogee and read out near
perigee, Presumably this orbit would remain fixed in space. From time to time the
moon would pass by. Any change in the intensity of coemic static observed when the
moon 1s present could be inferred as dus to rermants of a tenucus lunar atmospherse,
To make radio astronomical observations at wavelengths markedly longer than one
kilometer will probably require choosing a time end place such that the solar corona
has v ery low electron density. Solar activity minimum out near Mars would probably
be auspicilous.

The electromsgnetic enviromment in which the space vehicle finds itself
will be rather different from that at the surface of the earth. An observer of
kilometer waves on the surface finds very strong terrisirial atmospherics as well

as varying amounts of man-made radistion, Using proper equipment these difficulties
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can be more or lesa overcome., Since the ionosphere is a two way shiold,t.twse dis-
turbances will not leak out to rag:l.oim above a few hundred kilometers, Consequently
the spsce vehicle observetions will not be encumbered by these difficulties, How-
ever, another kind of phenomenon will be encountered, probably in coplous amounts.
This is Cerenkov radiation produced in the region from a few hundred to several
thousand kilometers, It is caused by low energy particles travelling through
regions of very high refractive index, The phenomenon was observed stremgly during
1957 at 578 and 2100 meters wavelength. During 1955 it was much less prevalent,
Apparently this nulsance rises and falls with solar activity. On this count alse,
long wave radio astronomical observations will probably be most successful near
goler activity minimum, even with the use of space vehicles,

The question arises why make radio astronomical) measurement st kilometer
waves? This is very far from the present popular waves in the decimeter to dekameter
range., The long waves have been called the wings of the phenomenon. Such is gquite
wtrue. The intensity per unit bandwidth continues to rise as the wavelength in-
creases from the shortest cbserved near a few centimeters to the longest observed
near two hundred meters, On this basis, the short waves are on the wings of the
phenomenon, while the center of the phenomenon is probably on the order of kilometer
vaves, Certainly a much better understanding of the source of cosmic static would
be available if intensity measures could be secwed which showed an inverse in-
tensity versus wavelength relation. Then it would be possible to state at what
wavelength the center of the phenomenon occurred. There are other deeper matters
relsting to the self perpetuating or winding up of the universe which may also be
elucidated,

e



In the case of space vehiclea certain practical matters must be tsken care
of . Radioc astronomy is only meaningful if the direction of arrival of the wave-
front is known. Either thel vehicle must be stabilised in a frame of reference
oriented to the fixed stars or else its actual instantaneous orientation must be
known and the data corrected accordingly. The former seems preferable, The matter
of longwave antennas on a space vehicle is quite awkward. Antemnas nmay be divided
into two claases. The first 13 s leop or magnetic dipole. IV may be relatively
small, such as a meter square. The second is a longwire or electric dipecle, This
could be & trailing wire. The directivity pattern of both types is similar to a
doughnut.,

The pickup efficiency of both types is equal. In theory they extract
energy from the wavefront over an ares equal to a circle fouwr tenths of a wavelength
in dismeter. In practice the electric dipble aprroaches this in perfommce. The
nmagnetic dipole is much poorer because it has very large ratios of reapectively
raactance and loss resistances divided by radiation resistance, Acceptance pstterns
with greater directivity will require more elaborate antennas such as might be at-
‘tached to a space station,

In summary, the most plausible measuréments in radio astronemy would be
from a space vehicle in 2 very elliptical orbit near solar activity minimum at
wavelengths on the order of ome, two, five and ten kilometers simulianeously. Even
though the information secured from the sidereal universe might be quite small,
robably significant data would be secured on the electron density of the solar
corona. If the vehicle has a useful life of several years, interesting changes
might be observed in the electron density of the corona,
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Presently a satellite experiment is being undertaken by the grouwp at
University of Michigan., They intend to use four wavelengths in the range 23 to 110
meters. Their entennss will be four whips, each about two meters lomg. Probably
it would be well to learn the outcome of this undertaking before gnything more
elaborate is embarked wupon.

1., Cosmic Radio Frequency Radiation near One Megacycle,
Grote Reber and O.R. Ellis, Journal of Geophysical Research.
Vol., 61, No. 1, March 1956, p. 1-10.

2. DBetween the Atmospherics, Grote Reber, Journal of Geophysical
Research, Vol. 63, No, 1, March 1958, p, 109-123,

3. Cosmic Static at Kilometer Waves, Orote Reber, Proceedings of DRE/NRC
gymposivm at Ottawa, Canada, July 20-21, 1959. In the press.



s 0ILSY

e e e e

=0 /w*(fm _—————-'i:!'\i = [
J

/\/ = 440‘&3»/# ce
O/i" ,/Q,,é%o& b
KC - Soo//ﬁ,,w

SN L . 3N Jw"

g gooo

N = 76000 _ P ,»“’!C'C

J /110
B S
w&u e =0
oL

Y
//)‘k: 0//0//\))1.—
4 14SKE= Q.o?ﬁw) N= ?b’?/ea

& swKe-= .573/{%) N= 3320/6:,



