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RtfsuMti. — On rend compte df observations du rayonnement hertzien dans Vespace sur des longueurs d'onde supirieures 
a 30 m. On analyse ces resultats en tenant compte de Venvironnement terrestre. 

Aux altitudes voisines de 300 km et sur les frequences de 4,0 et 7,0 MHz, on a constaU Vexistence de niveaux de 
bruit tres Aleves pendant la nuit et dans certains cos pendant le jour. Ces signaux sont au moins 50 db au-dessus 
du bruit cosmique auquel on peut s'attendre et ils sont attribuAs aux atmospMriques et aux parasites industriels. 

Les mesures a des altitudes comprises entre 3000 et 11000 km fournissent des valeurs du flux sur 2,2 MHz 
voisins des valeurs prdvues pour le bruit cosmique alors que sur 0,7 MHz le niveau recu est 15 db au-dessus des 
valeurs privues. On suggere que le rayonnement cyclotron des ceintures de VAN ALLEN et de la ceinture artificielle 
pourrait expliquer les observations sur 0.7 MHz. 

ABSTRACT. — Observations of long-wavelength > 30 m) radio radiation in space are reported and analyzed in the 
framework of the terrestrial environnement. 

Measurements at low altitudes 300 km) at the frequencies of 4.0 and 7.0 MHz have revealed the existence 
of very high radio noise levels during the night and on certain occasions during the day. These strong signals 
were at least 50 db higher than the expected cosmic background and are attributed to man-made and atmospheric 
radio noise. 

Measurements at high altitudes (3000-11000 km) at the frequencies of 2.2 and 0.7 MHz have produced a 
flux value at 2.2 MHz in agreement with the expected cosmic radio background, but the flux value obtained at 
0.7 MHz is approximately 15 db higher than the anticipated flux from cosmic sources. Harmonic gyroradiation 
from the artificial and the outer V A N ALLEN belts might be the cause of the high radio flux observed at 0.1 MHz. 

Pe3WMe. — IIpHBe#eH OTqeT o HafJjiiOfleHHHX r e p i j e B o r o H3JiyqeHHH B n p o c T p a H C T B e Ha fljraHe BOJIH npe-
Bocxoflflmnx 30 M. 9TH pe3yjiBTaTBi npoaHaJiH3HpoBaHH y ^ H T H B a a O K p y a c e H H e 3eMJiH. 

Ha BHCOTax OKOJIO 300 KM. H B qacTOTax 4.0 H 7.0 Mru; (JHJIO KOHCTarapoBaHO cymecTBOBaHHe 
oqeHb BHCOKHX i n y M O B H x ypoBHefi Hoqbio, a B HeKOTopux cjiyqaax-flHeM. 9TH cnrnajiH npeBtimaiOT 
no KpafiHefi Mepe Ha 50 6OJI. rp . KocMnqecKHfi m y M , KOTopufi MOHCHO 03KH#aTB, H HX n p n n H C H B a i O T 
aTMoc$epHKaM H H H f l y c T p n a J i b H H M n a p a 3 H T a M . 

H3MepeflHH Ha BHCOTax 3aKJ i ioqeHHHX MejK,n;y 3.000 H 11.000 KM. flaioT 3 H a q e H H H n o T O K a B 2,2 Mrn; 
6jiH3KHe K 3f laqeHHHM npe#BHfleHHLiM fljra K o c M H q e c K o r o myMa. Tor^a KaK B 0,7 M n j no j i yqeHHHf i 
ypoBeHb npeBbi inaeT Ha 15 (JOJI. r p . npe/i;BH#eHHHe 3 H a q e H H H . BbiftBHHyTa MHCJIB, qTO ijHKJiOTpoHfloe 
H3JiyqeHHe IIOHCOB BaH AjDiena H HCKyccTBeHHoro noaca CMorjiH-6bi OCVBHCHHTB Ha6Jiio#eHHfl B 
0,7 Mrn;. 

INTRODUCTION 

Long-wavelength (X > 30 m) observations of 
extraterrestrial radio radiation are carried out 
in the vicinity of the Earth from satellites and 
rocket probes. These observations, therefore, 
must be analyzed in the context of the terrestrial 
environment, a fair understanding of which is 
essential for their correct interpretation. 

In general, we can separate the terrestrial radio 
radiation into radio noise produced below the 
ionosphere and radio emission produced near and 
above the F-max. Atmospheric and man-made 

radio noise are the main sources below the iono
sphere. It is important to know how effectively 
the ionosphere can shield observations conducted 
above the F-max from this radio interference. 
Coherent Cerenkov radiation and harmonic gyro-
radiation can produce significant radio noise levels 
in the Earth's exosphere with undetermined spec
tral and spatial distributions. 

The Space Radio Project of Harvard Univer
sity has made observations both at low and high 
altitudes using, respectively, the 1962 Alpha-
Beta satellite and the AP-3 high altitude rocket 
probe. 
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The 1962 A L P H A - B E T A SATELLITE 

The satellite 1962 Alpha-Beta carried a picka
back scientific payload which contained two 
radiometers at 4 . 0 1 0 MHz and 6 . 9 7 5 MHz, an 

antenna impedance probe for the measurement of 
the local electron density, and a three-axes magne
tometer. 

The satellite was launched in June 1962 from 
the Western Test Range in California into a high-
inclination (75°) orbit with an apogee of 3 7 0 km 
and a perigee of 2 0 0 km. The orbit was consi
derably lower than anticipated and the satellite 
decayed in 1 5 days producing a total of only 
2 5 h 4 2 m of tape recorded data and 1 h 5 5 m 
of real time data. A more detailed description 
of the instrumentation, the orbits, and the results 
obtained appears in HTJGTJENIN (1963) and in 
PAPAGIANNIS (1964) . 

Figure 1 shows the radio noise data from one of 
the available orbits together with other pertinent 
information. The data obtained with the 6 2 
Alpha-Beta satellite led to the following three 
observations. 

1) The radio noise just below the F-max follows 
the diurnal variations (high during the night, low 
during the day, steep changes at sunrise and sunset) 
that are characteristic of the radio noise observed 
on the surface of the Earth (URSI, 1962) . The 
high intensities recorded at night-time, however, 
are at least 2 0 db higher than the corresponding 
ground-based measurements and at least 5 0 db 
higher than the expected cosmic radio back
ground. 

2) On four occasions (twice over Western 
Europe, once north-east of Leningrad and Moscow, 
and once over the Caribbean) strong radio signals 
were received during the daytime when, as a rule, 
the radio noise level was very low. It should 
be noted that no other daytime passes over the 
above mentioned areas were available. The day
time pass over the Caribbean is shown in Figure 2 . 

3) A latitude dependence was observed, charac
terized by an intensity decrease toward the South 
Pole. There was also a longitudinal dependence 
with signals decreasing even further when the 
southernmost part of the orbit ( 7 5 °S) was near 
the South geomagnetic pole, i. e., at ~ 8 5 ° South 
geomagnetic latitude. The latitude and longi
tude dependence is in general agreement with 
available world-wide maps (C. C. I. R. 1957) of 
ground measured radio noise. 

The above observations were not entirely 

unexpected and can be explained as follows. 
During the night the conditions for radio wave 
propagation are more favorable because the absor
bing D and E-layers disappear and reflection 
occurs ~ 1 0 0 km higher. As a result, in the dark 
hemisphere, the satellite receives signals only 
weakly attenuated from a large part of the planet. 
During the day, on the other hand, the signals 
received are strongly attenuated and come from a 
relatively small part of the Earth because of the 
critical cone imposed on the radio reception by the 
daytime high electron density which surrounds 
the satellite. This cone, centered around the 
nadir, has a half angle Qe given approximately 
b y : 

cos 0c = / N / / . 

[For more details, see PAPAGIANNIS and HTJGTJE

N I N (1963) ] . 

When the satellite passes during the day over 
regions with high man-made noise level (e. g., 
Western Europe) or high thunderstorm activity 
(e. g., Caribbean), the critical cone sweeps over 
the high radio noise area and a strong peak is 
recorded. This explanation is supported by the 
locations where these noise peaks were observed 
and by the fact that in the following orbit, when 
the satellite reached the same latitude but 2 2 ° 
to the West (due to the rotation of the Earth) 
these peaks were still noticeable but much weaker, 
especially at 4 MHz. 

The latitude dependence arises from the fact 
that most of the man-made and thunderstorm 
activity is concentrated at moderate latitudes. 
The longitudinal variation might be due either to 
the general noise distribution over the entire 
planet (e. g., more radio noise over continents than 
over oceans), or to the fact that part of the radio 
noise in the polar regions is produced by sources 
such as the horns of the outer V A N A L L E N belt, 
the Auroras, etc., which follow the geomagnetic 
(60-75° ) rather than the geographic latitude. 

The radio noise levels obtained in the night
time passes near the South Geomagnetic Pole 
(where the terrestrial interference seemed to be 
at its minimum and the critical frequency of the 
F-max was undoubtedly much lower than 
7 . 0 MHz), probably represent the cosmic radio 
background. The value deduced is : 

T & = (1.5±J;g) x 1 0 « o K 

and is in general agreement (full triangle with 
error bars in Figure 3) with other existing obser
vations. 
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In conclusion, the measurements performed 
with the 1962 Alpha-Beta satellite have shown that 
at levels below the F-max, the radio noise dis
tribution follows, in general, the same diurnal 
and world-wide pattern as the one observed from 
the ground. However, because at satellite alti
tudes one has a direct view of a much larger 
ground area, the maxima observed during the 

night are higher by at least two orders of magni
tude. Furthermore, during the quiet daytime 
conditions, one should expect to encounter high 
radio intensities whenever passing directly above 
areas of high radio noise activity. 

The composite picture we have obtained for 
the flux levels in the lower ionosphere suggests 
that careful planning must precede experiments 
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designed to observe the cosmic radio background 
above the F-max. The low altitude of the orbit 
did not allow us to evaluate the effectiveness of 
the ionospheric shielding. However, the avai
lable results suggest that at daytime and at fre
quencies less than half the ionospheric critical 
frequency, the satellite should be relatively well-
shielded except possibly when passing directly 
above centers of high radio noise activity or ano^ 
malous regions of the ionosphere. 

T H E AP-3 H I G H A L T I T U D E R O C K E T P R O B E 

This Blue Scout, Jr. high altitude rocket car
ried two radiometers for observations at 0.7 and 
2.2 MHz. On board the rocket probe were also 
a single axis magnetometer and an antenna impe
dance probe. Details of the instrumentation are 
given in HUGTJENIN, L I L L E Y , MCDONOTJGH and 
PAPAGIANNIS, 1964. 

The rocket was launched from Cape Kennedy 
on 30 July 1963 and reached a maximum alti
tude of 11,100 km. Figure 4 shows the elements 
of the payload's ballistic trajectory. Unfortu
nately, the impedance probe did not work pro
perly and thus we were deprived of very useful 
information on the local electron density. 

The objective of this flight was to measure the 
integrated cosmic radio background at 0.7 and 
2.2 MHz, and, at the same time, to look for ter
restrial effects as the probe passed through dif
ferent altitudes, longitudes, and latitudes. Fi
gure 5 shows the results obtained expressed in 
terms of the total flux [Wm—2 H z - 1 ] received vs 
flight time. Data were first obtained near 
3,900 km (following antenna erection which fol
lowed last stage burnout), through the apogee 
at 11,100 km, until loss of telemetry coverage 
near 2,500 km. 

As seen from Figure 5, the flux received on 
both frequencies remained nearly constant over 
the entire trajectory. This allowed us to obtain 
good flux values at 0.7 MHz and 2.2 MHz and 
suggests that there was no significant leakage 
from the ground. (If there were a strong ground 
component, its intensity would have changed by a 
factor of 20 from the lowest to the highest alti
tudes available.) If there were a terrestrial 
component from radio emission in the exosphere, 
it did not show up as an altitude or latitude effect. 
However, because of the nearly symmetric tra
jectory about the equator, it is possible that the 
altitude and latitude effects cancelled each other 
almost completely. 

Over the entire trajectory, four events were 
recorded during which the fluxes deviated largely 
from their otherwise constant values. These 
events are marked with the letters A, B, C, and D 
in Figures 4 and 5, and the conditions under 
which they occurred are given in Table I. 

In event A, an increase in flux was observed on 
both frequencies. It should be mentioned that 
no solar or Jovian bursts of any significance were 
recorded by ground stations during the flight of 
the AP-3 high altitude probe. In event B, a flux 
increase was observed at 0.7 MHz which was not 
accompanied by any detectable variation at 
2.2 MHz. In event C, a sudden, short-duration 
decrease in the flux at 0.7 MHz was directly reci
procated by a similar increase at 2.2 MHz. This 
phenomenon suggests that the payload was pro
bably passing through a layer or a cloud 
of increased electron density (/N > 0.7 MHz) 
which, as a plasma instability, was also producing 
radio noise (LEPEOHINSKY and R O L L A N D , 1964) pos
sibly strong enough to explain the observed increase 
at 2.2 MHz. From the duration of the event, this 
irregularity must have had a thickness along the 
trajectory of approximately 250 km. 

In event D, the flux at 0.7 MHz was increased 
by more than two orders of magnitude whereas 
the flux at 2.2 MHz showed no significant change. 
One could say that event D was a magnified ver
sion of event B. Event D is difficult to explain, 
especially without having electron density data 
and observations at corresponding altitudes from 
the ascending leg of the trajectory. A possible 
explanation is that the probe had enterred the 
region < / 2 < + / H and was experiencing 
plasma resonances. However, the large altitude 
range over which event D extended and the small 
value of / H do not favor such an explanation. 
Another possibility is that the probe had entered 
the region which is illuminated by the focused 
beam of harmonic gyroradiation produced in the 
southern horn of the artificial V A N A L L E N belt. 
Event B in this case could be a weak reflection 
from the northern horn of the belt. 

These four events indicate the existence of 
significant effects in the terrestrial exosphere 
which need further investigation. 

The measured fluxes and their estimated errors 
are : 

S(0.7 MHz) = (8±J) X IO""19 W m""2 Hzf*. 
8(2.2 MHz) = (1.8±J;g x 10~~"19 W m~2 Hzr* 

If we assume an isotropic distribution of the 
measured flux over 4n steradians the corres-
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ponding values of sky brightness are shown (tri
angles with error bars) in Figure 3 along with 
other available observations at nearby frequencies. 
From this diagram it is clear that the sky bright
ness obtained at 2.2 MHz is in general agreement 
with the other existing results. The sky bright
ness, though, observed at 0.7 MHz is perhaps 
~ 15 db higher than expected from the trend of 

the spectrum and relevant theoretical computa
tions. It should be noted, however, that existing 
values for frequencies below 2 MHz were deduced 
from ground-based observations and observations 
from low altitude rockets and satellites. It is 
possible therefore that both low and high altitude 
observations are correct and that the difference 
is due to strong radio emission in the terrestrial 
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exosphere. A potential radio source of this type 
is the harmonic gyroradiation from the outer 
V A N A L L E N belt, or the artificial belt which was 
created by the high altitude nuclear detonations 
and was still quite hot. The fact that no subs
tantial increase was observed at 2 . 2 MHz is not 
entirely surprising because if 0 . 7 MHz corres
ponds to the second harmonic, then 2 . 2 MHz 
would correspond to the much weaker 6 th or 7 th 
harmonic. Furthermore, the fact that no substan
tial changes in the flux were observed during the 
entire flight is also not very surprising, given the 
symmetry of the trajectory about the equator. 

Summarizing our observations at low and high 
altitudes, we think it is useful to divide the long 
wavelength measurements of the cosmic radio 
background into three groups. 

1) / > 4 MHz. These measurements can, in 
principle, be performed from altitudes around 
5 0 0 km on up. It is advisable, however, to per
form them at much higher altitudes and, if pos
sible, during the day in order to avoid strong 
interference from the ground. 

2) 1 MHz < / < 4 MHz. This is the best 
range for observations because it is relatively safe 
from ground interference and relatively free from 
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TABLE I 

EVENT A 

Onset time in seconds from 3,258 
16 : 16 : 08.6 UT 30 July 1963 
Onset time in UT 17 : 10 : 26 
Duration (seconds) 160 
Altitude at onset (km) 9,500 
Altitude at end (km) 9,700 
Geographic longitude 16 oW 
Geographic latitude 8 °S 
Geomagnetic latitude 1 °S 
L in Earth radii 2.55 
Magnetic field (Gauss) .015 
Y = o)H/co(0.700MHz) 0.06 

Flux [Wm- 2 Hz--] 1.5 X 10 - 1 8 

from event at 0.700 MHz 
Flux [com-2 Hz" 1] 1.2 X 10 - 1 9 

from event at 2.200 MHz 

B c D 

8,158 8,536 8,731 

18 : 32 : 06 18 : 38 : 24 18 : 41 9 : 
80 90 800 

8,200 6,850 6,300 
8,000 6,600 3,200 
15 °E 20 °E 27 °E-47 <>E 
29 °S 30 <>g 31 °S 
28° S 30 °S 31 °S-35 °S 

3.05 3.00 2.95-2.45 
.035 .045 .050-. 120 

0.14 0.18 0.20-0.48 
Drops to 

3.8 x 10 - 1 8 1.8 x 10 - 1 9 8 x IO- 1 ' 

0 1.3 X 1 0 - 1 8 0 

the terrestrial exospheric component. These mea
surements can be performed from ~ 1,000 km 
on up. 

3) / < 1 MHz. These observations must be 
performed at much higher altitudes so that 
/N < / < 1 MHz. However, the radiometers at 
these altitudes and these frequencies will una
voidably be exposed to the strong harmonic gyro-
radiation from the Earth's V A N A L L E N belts, which 

will make these measurements difficult to interpret. 
Further experimental and theoretical work is 

needed, especially at low frequencies and high 
altitudes, in order to understand clearly the terres
trial radio environment and thus correctly inter
pret the measurements of cosmic radio radiation 
from satellites and high altitude probes. 

This work has been made possible by Air Force 
contracts AF19(604)-6120 and AF19(628)-3890. 
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