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1.5 AND 10 MHz FROM THE ALOUETTE SATELLITE
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Riisumtt. — Depuis le 29 sepiembre 1962, le satellite Alouette transporte sur une orbite circulaire d’inclinasson 80,6°,
daltitude 1000 km, un réceptewr & balayage de fréquence couvrant la bande 0,5 & 12 M Hz. De la petite portion des
données qui a été réduite, on a pu déduire le spectre de I’émission radio galactique entre 1,6 et 56 M Hz : mais on
n’a pas pu élendre la réduction jusqu’a 10 M Hz. Bien que le récepleur ne comporte pas d’éialonnage absolu du gain
en vol, les résullats sont assez cohéremis pour donner confiance dans la stabilité de Uétalonnage au sol. La plus
grande difficulté réside dans Veffet du milieu ionisé sur U'impédance de Uantenne. Pour évaluer ces effets, on a
comparé les mesures du rayonnement galactique obtenus dans différents environnements ; densité élecironique et
champ géomagnétique et extrapolé vers les conditions de I’ espace libre. La région du ciel la plus brillante sur 2,3 MHz
est cenirée sur le pole galactique sud (1,8 107 °K). La région la moins brillante (5,0 108 °K) & 2,3 MHz a pour
coordonnées 09,00 h et + 75°. La courbe représentant la température de brillance en fonction de la fréquence pré-
sente une pente de — 1,34 1,56 MHz, — 1,74 2,3 MHz et — 2,24 5,0 MHz.

ABSTRACT. — Since September 29, 1962, a sweep-frequency receiver covering the range 0.5 to 12 M Hz has been opera-
ting in a 1000 km height, 80.5° inclination orbit about the earth for about 5 hours a day on the average. Only a
very small portion of the data has yet been analyzed, and from this the spectrum of the galactic radio emission bet-
ween 1.5 and 5 M Hz has been determined fairly reliably, but it has not been possible from these data to extend this
up to 10 M Hz with any accuracy. Although there is no provision for absolute gain calibration of the receiver in
flight, the data are so consistent as to give confidence tothe pre-flight calibration. The greatest uncertainty hinges on
the effects of the ionization on the antenna impedances. To evaluate these, galactic noise measurements have been
made under a variety of local electron densities and different magnetic field strengths : these values have then been
extrapolated to zero electron density and the free space values obtained by this extrapolation procedure are taken as a
measure of the galactic emission. At 2.3 MHz the brightest region of the galaxy s cenired on the south galactic
pole and has a temperature of about 1.8 X 107 °K. The lowest temperature, about 5.0 X 108 °K, at 2.3 M Hz was
found for the region centred on R. A. 9 hr., dec 4 75°. At this same frequency the brighiness temperature versus
frequency curve has a slope of — 1.7 ; at 1.5 MHz the slope is— 1.3 and at 5.0 M Hz the slope is — 2.2.

Pestome. — C 29 cerTa0pa 1962 cuxyrauk JHaBopoHok (Alouette) HeceT mo Kpyroso# opéuTe ¢ 80,6° HAKJIOHA,
Ha BHCOTe 1000 KM, IpHEMHHK ¢ YacTOTHOH pasBepTKO# mMOKpHBawmei mojocy 0,6-12 Mrum. U3 meGo-
Ipmof 4acTH JAHHHX, KOTOpad OHIA COKDAMEeHA, MOMHO OHJIO BHBECTH CIEKTD raJaKTAYEcKOTO
PaNuOM3IyIeHEA MeXxAy 1,6 m 5 Mrm; HO PacmpOCTPAHATH COKpamenHe Ao 10 Mrm He YAaIOCh.
XoTd NpHEMHHK He COJEPKHT aGCOMIOTHOR IDafyHPOBKM YCHJIEHHS B IIOJ€Te, Pe3YJbTATH JOCTATOYHO
CBASHH, YTOOH AOBEPATH CTACHIBHOCTH I'DafyHPOBKH Ha 3eMie. CaMoe 00JbINOE 3aTPYyAHEHHE SaKJIIO-
yaercd B 9pQPeKTe HOHH3HPOBAHHOH CpeJHl Ha HMIeZAaHN AHTEHHH. UTOOH OUEGHHTH 3TH 3PPEeKTH,
6HIM CDaBHEHH HM3MEDEeHHA TaJaKTHYeCKOTO M3IYYeRHA, NOJYYEHIIHIC B Pa3iUYHEX OKPYXHAIOLIHX
cpefiaXx — HJIEKTPOHHAA ILIOTHOCTh M TEOMAarHHTHOe IOJe — H 9KCTPAlOJHPOBAHEL HA YCIOBHS CBO-
6ogEOTO mpocTpaHCTBa. CaMuil Apku# yuacTok He6a B 2,3 Mrm mMeeT IEHTPOM IOMKHHIA TraJlaKTH-
yecku#t moaroc (1,8, 107 K°).

HanMenee apruft yaacrox (5,0 . 10% k°) B 2,3 Mrn mMeer KoopAmEATH 09,00 &£ 1 + 76°. KpuBad,
IPeACTABIANIAA TeMIepaTypy OiecKa B 3aBHCHMOCTH OT YaCTOTH, HMeeT HakioH — 1,3 B 1,6 Mrm,
—1,78 2,3 Mr;, # — 2,2 B 5.0 Mro.

ched under the auspices of the United States Natio-

nal Aeronautics and Space Administration.

1. INTRODUCTION. Intended primarily as an ionospheric top-side

sounding satellite, it provides data on the electron

The Alouette I satellite (1962 Bxl) has been in number density at and below a height of 1000 km,
operation since September 29, 1962. It was desi- and on the local magnetic field strength (WARREN,
gned and built in Canada, at the Defence Research et al. 1963). In addition, because the automatic-
Telecommunications Establishment, and was laun- gain-control voltage from the sounding receiver
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is telemetered to the ground, simultaneous measu-
rements are also made of the background radio
noise level. For frequencies less than those that
can penetrate the ionospheric F layer, the back-
ground noise data contain information on extra-
terrestrial noise sources. The sweep-frequency
receiver covers the range from 0.5 to 12 MHz and
for these frequencies the Galaxy and the active
Sun are the two strongest noise sources observed
with the Alouette equipment. Emissions from
the former, of course, are present in the recordings
at all times, whereas the solar noise appears only
sporadically. The present paper describes the
galactic noise observations ; the solar noise is
discussed in an accompanying paper (HarTz 1965).

2. ESSENTIALS OF THE RECEIVING SYSTEM.
Because the system parameters were chosen on

the basis of the sounding experiment, the recei-
ving system is not ideal for measurements of

150

galaotic noise ; nevertheless, it does work satis-
factorily and much useful information has been
obtained with it. The receiver has a broadband
pre-amplifier, followed by a mixer and a 19 MHz
intermediate-frequency amplifier. This is follo-
wed by a second mixer and a 0.5 MHz second inter-
mediate-frequency amplifier. This arrangement
makes for some difficulty at times when the F-
region critical frequency and the D-region absorp-
tion are low, as at night, since intermodulation
produocts from ground transmissions produce inter-
ference across the whole recording. At other
times, however, this is not a problem and good
recordings can be made. The receiver has a noise
figure of 15db and a band width of 33 KHz.

The antennas are two orthogonal dipoles, of
length 46 m and 23 m, which are both orthogonal
to the satellite spin axis. Impedance matching
networks are used to shape the frequency response
of the antennas, and the network outputs are
applied, in parallel, to the receiver as shown dia-
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F1a. 1. — Schematic diagram of the Alouette receiving system showing the orthogonal 150 ft. (46 m) and 75 ft. (23 m dipoles,
and the details of the two antenna matching networks. The capacitors are given in pyuf and the inductance in wH.

gramatically in Figure 1. (For simplicity, the
transmit-receive switch is not shown ; it only
introduces a negligibly small capacitance when
the sounding transmitter is not active).

Now it is well known that for a lossless system
where the receiver impedance is matohed to that
of a dipole antenna — or to two orthogonal
dipoles — the power available from an omni-direc-
tional radiation field of random polarization, such
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as exists in a thermal enclosure of temperature T,
is given by

1

Here Af is the receiver bandwidth, k is BorTz-
MANN’S constant, and T is the absolute tempera-
ture of the walls of the enclosure. The Alouette
system, however, does not have matohed impe-
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dances, and in that case the available power can
be represented by the relation

P = KTA/ B,

where B is a factor less than unity. Since the
antenna impedances are known for free space
conditions throughout the frequency range of
interest here, the free space response of the antenna
system can be computed. Using the impedance
notation of Figure 2, it can be shown that

321

Here Ry,, Ry, and R, are the resistive compo-
nents of the complex impedances Zy;, Zy, and Z,,
and «, and «, are introduced to account for ohmic
losses in the antennas : they can each be repre-
sented as the ratio of the radiation resistance to
the sum of the ohmic and radiation resistances.

The computed values of B are plotted as a
function of frequency in Figure 3 for the free space
case. For convenience the respective values are
expressed as decibels relative to the idealized
situation where @ is unity. In practice, the
Alouette antennas are imbedded in an ionized

6= 4Ry Z, 7, o Ry | o2 Rye) plasma so that antenna impedances are altered
(23 + Zy) (Zs +2,)* \'Z, ZF Z, Z3 from the free space values, making for different
Za2
Za1
Zp
MATCHING MATCHING
NETWORK NETWORK
Z1 ZN1 ZN2 Z2
Z3
RECEIVER

Fre. 2. — Block diagram of the receiving system defining the pertinent impedances, which (except for Z,) apply when
looking towards the antennas,

values of 8 than those of Figure 3. Although there
are several theories that describe the impedances
of antennas in terms of ionospheric parameters
(KoGgELNIE 1960, KaIsEr 1962), it seems that
these are most applicable when the length of the
antenna is substantially less than the operating
wavelength. Since this restriction did not hold
for a part of the Alouette frequency range, an
empirical approach, as outlined below, was used
to reduce the observations to free space conditions,
in preference to using the theoretical antenna
impedances.

3. NATURE OF THE RECORDINGS.

In practice Alouette is within range of a tele-
metry station for about 15 minutes, and some
dozen telemetiy stations — most of which are
in the North and South American region — have
been involved in this program. The satellite
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F1g. 3. — Antenna system response as a function of frequency :
a free space environment has been assumed for the antennas,

o

equipment is commanded on by the particular
ground station and operates for 10 minutes, then
it shuts off automatically. During the operating
interval the receiver sweeps in frequency from 0.5
to about 12 MHz and then recycles and repeats
the performance with a period of about 18 seconds.
One frame of the Automatic-Gain-Control Voltage

21
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Fi6. 4. — A sample recording showing one frame of the Alouette AGC voltage obtained as the receiver sweeps in

frequency from 0.5 to 12 MHz.

record is shown in Figure 4, from which the essen-
tial features of the data may be noted.

In this figure frequency (and time) advance
from right to left and frequency markers are
displayed on the chart. With the exception of the
known spurious equipment responses that appear
on the right hand end, the spikes at the low fre-
quencies represent resonances of the ionosphere
that are excited by the sounding transmitter.
The receiver is inactive during the pulse trans-
missions, and the automatic-control circuit has an
integration time of 20 ms, so that the effects of the
echo pulses are not apparent in the recordings of
the AGC voltage. Accordingly, the presence of
the resonance spikes and occasionally some broa-
dening of the trace under ‘ spread ” conditions
are the only contaminations introduced by the
sounder. This has been verified on a number of
occagions by obtaining records from the receiver
while the sounding transmitter was alternately
switched on and off for successive frames.

At the high frequency end of Figure 4 other
spikes appear ; these result from transmissions from
the ground above the F-layer critical frequency.
The smooth, slowly varying trace in the interme-
diate frequency range represents the background
noise level, which in most cases is the galactic
noise level. The amplitude range represented
on the chart covers some 50 db, from the receiver
noise level to saturation, the centre portion of the
range bemg approximately linear in decibels. The
receiver gair was calibrated before launch, but
absolute power calibration could not be provided
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Here time and frequency increase from right to left.

in flight. The satellite voltages are stabilized,
as is the vehicle temperature to a considerable
extent, so that large changes in the gain of the
receiver are not expected under normal circums-
tances. A comparison of data obtained during
the 22 months since launch shows sufficient consis-
tency as to suggest that no significant gain changes
have yet occurred.

4, GaracTic NOISE MEASUREMENTS.

Using the pre-flight calibration, then, it is
possible to scale the galactic noise level as a func-
tion of frequency from records such as Figure 4.
An example of such a scaling is portrayed by the
upper curve of Figure 5, where the plotted data
are relative brightness temperature — uncorrec-
ted for antenna system response — as obtained
from one frame of the recording. From the reso-
nauce spikes it is possible to determine the fre-
quencies for which the refractive indices for the
ordinary and extraordinary propagation modes
vanish, and these are indicated by the dashed
vertical lines. If f, and fa are respectively the
plasma and electron gyro-frequencies in the vici-
nity of the satellite, the two refractive indices,

2}
no= [1__';_2]2,

1
[ 5 2
"’”"[1 ff——fu]

can be found for any frequency f. Moreover, it is

and
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possible to determine an average or effective
refractive index, #, from the medium surrounding
the satellite in the manner described by CHaPp-
MAN (1961).

As indicated by the upper curve in Figure 5,
data are not obtained at frequencies close to the
ionospheric resonances since m becomes small
and the unknown variation of » with height above
the satellite may make for excessive errors.
Because the effective antenna aperture is related
to » (to a first approximation, Sin 6 = =, where 6
is the half-cone angle), this means that, in practice,
the observations have been limited to large anten-
na apertures, usually to 6 > 500,

L3
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RELATIVE BRIGHTNESS TEMPERATURE
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ANTENNA NETWORK RESPONSE (db)
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Fig. 5. — The result of scaling one frame of the AGC voltage
recording. The upper curve represents the galactic bright-
ness temperature, uncorrected for antenna system response,
obtained from the record ; also shown are the frequencies
for the zero refractive indices at the satellite for the ordinary
and extraordinary propagation modes. The middle curve
shows the free-space antenna network response, and the
lower curve shows the result of subtracting the two upper
curves.

The middle curve of Figure 5 is a replot of
Figure 3, giving the antenna system response for
free space conditions for convenient reference
here. The upper curve, it will be recalled, was
scaled from the noise levels measured when the
antennas are imbedded in a plasma. A first order
approximation to the galactic noise temperature
may be obtained by simple subtraction of the
two upper curves, resulting in the lower curve
of Figure 5. Clearly, a better approximation
would result if either the antenna system response
were known for the actual operating conditions,
or if the measurements of galactic noise levels
could be extrapolated to free space conditions.
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The latter alternative has been adopted here and
the treatment of the actual observations has
proceeded along the lines outlined below.

Curves sueh as the upper one in Figure 5 have
been obtained for a wide range of local electron
number densities and for different local magnetic

field strengths. No apparent dependence on the

orientation of the satellite antennas was found
in these data, nor was there any significant depen-
dence on the local magnetic field strength except
when the observing frequency approached that
for n, = 0. A dependence on the local electron
number density, however, was noted in the data.
Accordingly, the value of the relative brightness
temperature for a particular pass at a chosen
frequency was normalized on the value at 2.3 MHz
for that same pass and plotted as a function of
electron density. This was done for all the passes
scaled.

This process was repeated for other frequencies
and a family of curves — one for each particular
frequency — was produced : this is shown in
Figure 6. In each case a smooth curve, having
a shape closely similar to that of its adjacent neigh-
bour, is drawn through the data points afid extra-
polated to zero electron density. For the lower
half of the frequency range the errors involved
in the extrapolation process are thought to be
relatively small, but for the upper half this is not
the case and only a maximum value (at best) for
the intercept would appear to be indicated.

The resulting intercept values of the relative
noise power for the particular frequencies have
been taken as corresponding to free space condi-
tions. Combining these values with those from
Figure 3 for the free space antenna system res-
ponse, one obtains values for the relative galactic
brightness temperature as a function of frequency.
These are plotted in Figure 7, together with
estimated error limits — asapplicable—that allow
for scatter in the observations as well as for uncer-
tainties in the extrapolation process.

This curve is to be taken as representative of
medium and high galactic latitudes and any fine
detail in these regions has been smoothed out
because of the large antenna apertures involved.

Figure 7 indicates that between 1.5 and about
5 MHz fairly reliable data have been obtained, but
this is not so between 5 and 10 MHz for there,
only an upper limit at best can be indicated. As
drawn the curve has been fitted to the data points
below 5 MHz and then extrapolated to 10 MHz
with only a very gradual increase in slope.

These plotted data represent relative brightness


https://doi.org/10.1017/S0074180900179793

324 T. R. HARTZ

o
af o ,.at"il“d‘é‘.‘.«‘_ e ) ISP
Ao * g L S S -2 9
~e -5+ - Rt ST N ¥ ] S
A W VP . - -
2 nes # e (R SR ere S,
. e d . et . &L
o . P I e S
AN Ve Y P DRSS N .
N 3 ALt -3t T T Tl .52
3 . VAR 4 . . A3 . B a3
Jhe . e e . . =34 . T . ga
P - T Il TS -l
AR =) : Pt L N
242 oo 188 ss s . <38 , ege
] S, i i . T s
Pl A8 -1 a P St TN 1PN P S
= [ a ﬂ\ & T 39 -647 _ath - e -—sg
2 R o . .
° [e-wtatyya...l_ ‘
- ] a -1 P e o .2 U S
P s R S s 4 e T a0 TS e,
g o Tl - ~16 -1 tN‘___‘&‘"": . / ’*~‘~\‘.‘
e e Ml St St S DR S SN .
8 ol & ot . .14 4 e TTETEee. a4l 71 ,/' .5__.-.‘--.-4 ______
w -l'b*“-"“"“ s, a7 a4 . o :::{ ----- . ' LS
a “Seal i K SN -, e T -.
Z ob aat,. M .3 e L - Y 78
£~ --\--A..‘,_,. . ~~ o . Ll T S N
d -1 AR R DR ‘:Lg “aee . -6 .- . hE S T
D L L SN ey S T SR B Z e SO
) Y U "' ¢ Te-aa . 80
RErve o iy -19 e I R P e
a Teha_ . P S S N IR .k._\
\ ey B A ST m— Y 4.2
0 '-.;-*—qwq,;.n'____,‘_A_ ~20 -6 . . 48 .
22 -7 b dr Syt SEPR s R ISy e — .
03, PPN.Y S Y SN &I ——— e e SO
- ool ﬂ "1". (-t Y Teeaga -84,,_____._.‘_‘_.. . a7 .ae
. -7 LI A bt SR L
P LY . e h ';'____ L F . >t
2 s R 0 26 e S weag 8 -t e o
-3 -3 Dl ey -0 -9 y S
a e, T e ——— T T
S3p-adan a  eaame=et-28 cad T T T e T .
X Am&.-,g.-.-.‘.-.....,.- -a Ay . e | . 20
a X e S I S———
3 o T —— - o+ T LI
o= T . LTSN -8 Teel
-ar” ° B T Tl 00
. e ~10.
\~5'°
o ) 1 T2 ) 3ai0¢ ) 3ai0% o | ] T 3xi0t

1 2 )
ELECTRON DENSITY (cm®)

Fig. 6. — A family of curves, each member of which shows for a particular frequency, as indicated, the variation of

relative received noise power with electron density in the vicinity of the satellite.

The intercept values are representative

of free space conditions, and can be used with the free space antenna response to yield the galactic spectrum.

temperatures, which can be converted to relative
flux densities by multiplying by the square of the
frequency. The curve obtained in this manner has
been shown to have a slope that differs significantly
from thatfound by ErLis, WATERWORTH and BEs-
SELL (1962) from ground based measurements :
the discrepancy is of such a nature as to suggest
that the effects of ionospheric absorption might
not have been entirely removed from the ELLis
et al. data (HARTZ 1964).

These differences can be seen as well in Figure 8.
Here are plotted absolute data obtained from
Alouette as well as from other sources. The
Alouette data are shown as smooth curves that
give the noise spectra for three regions in the
Galaxy ; these regions are centred on the south and
north galactic poles and on RA 9t ., dec. 4 750.
Shown for comparison are the ground based obser-
vations above 10 MHz from the north galactic
pole and the galactic anti-centre (TURTLE 1963,
ToURTLE et al. 1962), the ground based observations
of E1w1s et al. for the south galactic halo, the satel-
lite measurement of CHAPMAN (1961) of the south
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galactic halo, and the rocket observations of
Warse, Happock and ScrHULTE (1963) for the
region containing the anti-centre,

In the Alouette data the maximum values were
obtained from the region centred approximately
on the south galactic pole, and the minimum from
a region centred approximately on RA 9 .,
dec +4 75°. (I II ~ 1400, b II ~ 40°). It is
interesting to note that the location of this latter
region compares favorably with the minimum
region found by TurRTLE and Barpwin (1962)
with much better resolution. At 2.3 MHz the
brightness temperatures from these two regions
are respectively 1.8 x 107 °K and 5.0 x 108 oK.
(The corresponding flux densities are 3.7 x 10—1°
and 1.0 X 10-® Wm—2 Hz—') The compa-
rable region centred on the north galactic pole
has a temperature of 1.1 X 107 oK (corresponding
to 2.3 X 10— Wm—2 Hz—!, whereas the regions
centred on the galactic centre and the anti-centre
have temperatures of 8.0 x 10¢ °!K and
1.3 X 107 K (1.7 X 10— Wm—2 Hz—! and
2.7 X 10— Wm—2 Hz—! respectively at this
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Fie. 8. — Composite diagramn showing the variation of the galactic radiation flux density as & function of frequency, as
determined by various observers, and for several different regions of the galaxy. The Alouette results are shown as thrae
ourves, of which two represent the maximum and minimum values found in the data,
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same frequency. It will be recalled that the 100° in width at 2.3 MHz under the conditions of

regions included in each case are rather extensive measurement.
gince the effective antenna aperture is at least Manuscrit requ le 30 aodt.
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