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1 HE use of satell i tes for optical astronomy is
known to promise a possible increase in the spec-
trum of the received waves. Specifically, a sa te l -
lite can receive the near and far ultraviolet, x- ray ,
and far infrared rays absorbed by the atmosphere
before they reach the ear th ' s surface. The s i tua-
tion is analogous in radio astronomy, since the
range of wavelengths employed is also limited on
one end by absorption in the troposphere and is
limited on the other, long-wave end by refraction
and absorption in the ionosphere.

Molecular ( t ropospheric) absorption begins to
manifest itself at wavelengths shorter than 2 cm,
and is part icularly substantial at wavelengths of
approximately 1.3 cm (water vapor) and approxi-
mately 5 mm (molecular oxygen). Consequently,
reception of ex t ra te r res t r i a l mil l imeter waves
without the special complications connected with
the need for allowing for substantial absorption is
possible only in the transparency region i .e. , at
wavelengths of approximately 8 mm (for more
details on absorption in the atmosphere see r e fe r -
ence 1, sections 84 and 120; radio astronomical
measurements in the mil l imeter range a r e d i s -
cussed in references 2, 3, and 4 ) . An example of
the difficulties encountered when going to shorter
waves is that at wavelengths from 1 to 33 mm ab-
sorption in the atmosphere reduces the effective
temperature of the solar radio waves by a factor
of approximately 15.

Disregarding the use of very large m i r r o r s ,
mil l imeter radiation can be received at the p r e s -
ent t ime, even in the absence of absorption, only
from the sun (effective temperature Teff *» 6,000°)
and from the moon (Teff » 200°K). Although an in-
vestigation of such radio waves is indeed of in te r -
est , it can hardly be considered as particularly i m -
portant to the physics of the sun and the moon. On
the other hand, the performance of such m e a s u r e -
ments with a satelli te is difficult for many reasons
(complexity of apparatus, need for orienting the r e -
ceiving m i r r o r on the sun or on the moon with an
accuracy of several angular minutes) .

The ionosphere begins to affect noticeably the
reception of ex t ra te r res t r i a l radio waves at wave-
lengths on the order of 30 m e t e r s . It is enough to

state that in daylight the cri t ical wavelengths for
the F2 layer reach even 20 m e t e r s , meaning that
longer waves, with the exception of some feeble
effects, cannot reach the earth at all . At night the
cri t ical wavelength increases by a factor of several
t imes . In addition, owing to the presence of a l a t i -
tude dependence and to the seasonal and 11-year
variations in the cri t ical frequencies, it is possible
to find conditions under which the ionosphere t r a n s -
mits waves up to 200 or 300 m e t e r s . Finally, the
ionosphere sometimes lets longer waves pass , but
these a r e generally greatly attenuated. Another
factor complicating the earthside reception of long-
wave cosmic radio waves is the high level of noise
of t e r r e s t r i a l origin. By virtue of all these com-
plications, the information available on cosmic
radio waves in the region with A. > 30 m is quite
meager.5 '6 This pertains in part icular to wave-
lengths with X ^100 m, at which only a few indi-
vidual measurements have been made;7 the data
obtained permit merely to state that there is strong
radiation up to X s 600 m, but the intensity of this
radiation has not yet been established. Yet an in-
vestigation of cosmic radio waves with X > 30 m
is of pr imary importance. The point is that the
radio waves represent magnetic bremsstrahlung
of cosmic ( re la t ivis t ic) electrons moving in in te r -
s tel lar magnetic fields of intensity ~ 10~5 oers teds .
The frequency spectrum of the radio waves is de -
termined here by the energy spectrum of the r a d i -
ating par t ic les . Consequently radio-astronomical
measurements provide valuable data on the e lec -
tronic component of cosmic rays in the galaxy
(for more details see references 8 and 9) . We
note in part icular that it is indeed in the wavelength
region with X > 30 m that a kink5 '6 appears in the
spectrum of the cosmic radio waves. This c i rcum-
stance, which requires further verification and r e -
finement, is quite important since the location of
the kink, which is evidence of the need for allow-
ing for ionization losses , can be used to est imate
the density of the inters te l lar gas.8

There is no doubt therefore that an investigation
of the long-wave cosmic radio waves is in order .
The use of artificial satell i tes for this purpose can
solve the problem, since the interfering effect of

65



66 G E T M A N T S E V , G I N Z B U R G , a n d S H K L O V S K I I

the ionosphere is substantially removed and the
necessary apparatus is quite simple.*

To estimate the requirements that must be met
by the receiving apparatus we recognize that in the
wavelength region 10 cm < A. < 10 m the effective
temperature of the non-thermal radiation is Teff =
aA2*8 (the intensity, lv = (2kTeff ) / \ 2 , is propor-
tional to A.0"8). At a wavelength of approximately
3 m, Teff is on the order of several thousand de -
grees . According to references 5 and 6, lv = const
and Teff ~ 106 or 107 at 30 m < A. < 100 m. At
even longer wavelengths, A. > 100 m, no quantita-
tive determination was made of the intensity of the
radio waves that reach the top of the ionosphere.
However, there a re grounds for assuming6 that
Teff ¥ 107 deg at A > 100 m. At the same time at
wavelengths greater than approximately 100 mete r s ,
the absorption in the inters tel lar medium already
becomes substantial, and consequently upon further
increase in A. the effective temperature of the cos -
mic radio waves will approach the temperature of
the inters tel lar or interplanetary mat te r .

What apparatus should be used for the reception
of such radio waves ? Modern superheterodyne r e -
ceivers with rf amplifier stages with extremely
low noise factors, Sn ~ 2 , can be built for wave-
lengths longer than 100 mete r s . The internal noise
should originate mostly in the input circuits of the
rece iver . If the antenna is ideally matched to the
receiver the ratio of the useful received signal to
the internal noise should be T a / T i n , where T a

is the antenna temperature , determined by the in-
tensity of the received radio waves ,t and T m the
temperature of the receiver input circuits . Natu-
ral ly, it is impossible to obtain perfect matching
between the antenna and the receiver . For a r e -
ceiver designed for wavelengths longer than 100
mete r s , and for an antenna with a radiation r e s i s t -
ances on the order of several tens of ohms, signal
power gain on the order of 0.1 can be readily ob-
tained.

Thus, the rea l signal-to-noise rat io at the grid
of the first tube of the receiver should be on the
order of 0 . 1 T a / T i n . Assuming F n T i n s 103 and
T a = 107, we have 0.1 T a / T i n ^ 103, i .e. , the in-

ternal noise is much smal ler than the received sig-
nal. Under such conditions the relative e r ro r
A T a / T a in the measurement of the intensity of a
continuous-spectrum signal is determined, in the
case of a sufficiently good receiver , only by the
receiver bandwidth, Af, and the averaging "t ime
constant" of the receiver input c ircui ts , T. Here

*We have in mind here the so-called "general" galactic
radio waves. Long-wave radio waves from individual discrete
sources can be observed only with very large antennas or in-
terference apparatus. We consider here only the reception of
"general" radiation.

tFor equilibrium radiation with a temperature Teff, the
antenna temperature is naturally Ta = Teff. This conclusion
is true for any medium with a real dielectric constant e> 0.
In the ionosphere Ta ~ Teff; a more exact connection between
these quantities depends on many conditions (Ta — Teff above
the F layer for waves reflected from this layer at any angle;
for waves passing through the layer, Ta = Vi Teff)-

Za 2 YM-.

Putting, somewhat arbi t rar i ly , Af = 5 kcs and
T = 1 second, we get A T a / T a s 2%, i .e. , the r e l a -
tive measurement e r r o r is small .

If the antenna-to-receiver signal t ransfer is not
too small the radiation res is tance R s of the an-
tenna, as already noted, must be on the order of
20 or 30 ohms. If a wire antenna (elementary
dipole) is used we get, with R j = 807T2 (l/X )2 =
20 ohms, l/\ "% %, where I is the length of the
dipole. Thus, for example, I ¥ 50 m if A. = 300 m.

It is not convenient to use a wire antenna several
tens of mete rs long on a satelli te. A loop antenna
with a ferr i te core is structurally more suitable.
Such an antenna has a relatively larger radiation
res is tance with small size and weight (length ~ 10
cm, weight ~ 300 g ) . The axis of the loop must be
paral lel to the metallic surface of the satell i te.
Naturally, the rece iver must be calibrated after
installation before launching.

Speaking of the installation of the apparatus on
the satell i te, the weight becomes an important pa -
ramete r . A five-tube miniaturized superheterodyne
receiver with the necessary gain at wavelengths
grea te r than 100 mete rs and with provision for
band switching (for example, tuned to several
fixed frequencies) can be made relatively small .
If one is interested only in the intensity of the cos -
mic radio waves, the apparatus must operate only
for several revolutions of the satellite around the
earth. The weight of the power supply will then be
relatively smal l .

Since the satellite will have a rotation of its
own and the orientation of the loop antenna will
vary, the intensity of the received cosmic radio
waves may vary somewhat. Therefore, generally
speaking, it is necessary to know the orientation
of the antenna loop at every instant of t ime. How-
ever, inasmuch as the cosmic radio waves a re
approximately isotropic in the range of interest
to us , we can r e s t r i c t use the maximum readings
of the output meter . An important advantage of
the observation of cosmic radio waves longer than
100 m from an artificial satellite is the great r e -
duction in the atmospheric in other noise, since
the receiver on the satellite is so to speak shielded
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from the ear th ' s surface when the satellite moves
above the maximum of the F2 layer .*

In conclusion we r e m a r k that data obtained with
a satelli te concerning the frequency spectrum of
intensity of cosmic radio waves with wavelengths
X y 100 m lead to certain conclusions regarding
the electron concentration at the corresponding
levels of the ionosphere above the maximum of the
F2 layer, not accessible to radio sounding from
the surface of the ear th. In fact, the antenna can-
not receive waves for which e (f, N) = 0 at the
point of reception. Neglecting the effect of the
ear th ' s magnetic field, we have

= 1 — 8-107 -4^ >
7"

where N is the electron concentration and f is
the frequency of the received radiation. Even at
very high altitudes, in interplanetary space, N ~
1 to 5 x 102, i .e. , e (f) > 0 when f > f0 = 9 x 104

to 2 x 105, or c/f < Ao = 1.5 to 3 km; when N ~
104 the radiation propagates only if its wavelength
in vacuum is X < Xo = 300 m.

By measuring the frequency f0 for which e (f0)
= 0 and reception ceases , it is possible to de te r -

*On the other hand, one could receive on the satellite not
only cosmic radio waves bu£.also waves due to the motion of
fast electrons (of cosmic or solar origin) in the earth's mag-
netic field.10

An estimate given in reference 10, which can be readily
refined and generalized, indicates that the ptesently known
currents of fast electrons near the earth should produce mag-
netic bremsstrahlung radio waves that are considerably weaker
than the cosmic radio waves, at least for wavelengths less
than several kilometers. However, such long waves are partic-
ularly affected by the surrounding medium, i.e., by the mag-
netoactive plasma (in other words, it is necessary to reckon
with the fact that the index of refraction of the medium differs
from unity). This may give rise, in particular, to Cerenkov radi-
ation. Such radiation, which is due to streams of particles of
solar origin and produces auroras, has already been discussed
in reference 11. It is very important that Cerenkov radiation,
unlike magnetic bremsstrahlung radiation, is generated with
equal efficiency by electrons and protons of a given velocity.
E. A. Benediktov has called attention to the fact that the use
of a satellite for the study of such radio waves may be very
fruitful.

mine the concentration N.* The effect of the
ear th ' s magnetic field complicates the picture.
However, for sufficiently high satell i tes this effect
is small (owing to the reduced intensity of the
ear th ' s field). It can be accounted for even for
lower satel l i tes . For sufficiently long waves,
longer than 200 to 300 me te r s , the influence of
the field causes only one of the two normal waves
propagating in the magnetoactive medium to be
received. In this connection it is advisable to
install two antennas and thus be able to measure
the polarization.
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*The index of refraction of the ionosphere near the satellite
influences, naturally, the input resistance of the antenna borne
by it. To match the input resistance of the antenna to the re-
ceiver during the measurement of the radio waves, it is neces-
sary to vary automatically the input resistance of the receiver
by changing, for example, the capacitance of the tank circuit.
On the other hand, if the satellite is provided with an instru-
ment that meqsures the input impedance of the antenna, it is
possible to measure directly the index of refraction in that
region of the ionosphere where the satellite is located.


