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RrisuMtf. — Depute le 29 septembre 1962, le satellite AloueUe transporte sur une orbite circulaire dinclinaison 80,5°, 
a"altitude 1000 km, un riceptew a balayage de frequence couvrant la bande 0,5 a 12 MHz. De la petite portion des 
donnies qui a M riduite, onapu dAduire le spectre de Vemission radio galactique entre 1,5 5 MHz : mais on 
n9a pas pu etendre la reduction jusqu'a 10 MHz. Bien que le recepteur ne comporte pas d'dtalonnage absolu du gain 
en vol, les resuUats sont assez cohirents pour donner confiance dans la stability de Vitalonnage au sol. La plus 
grande difficult reside dans Veffet du milieu ionise sur Vimptdance de Vantenne. Pour ivahier ces effets, on a 
compare les mesures du rayonnement galactique obtenus dans diffdrents environnements ; densiti electronique et 
champ giomagnUique et extrapoU vers les conditions de Vespace libre. La rigion du ciel la plus brillante sur 2,3 MHz 
est centree sur le pdle galactique sud (1,8 107 °K). La region la moins brillante (5,0 106 °K) a 2,3 MHz a pour 
coordonn4es 09,00 h et + 75°. La courbe representant la temperature de brillance en fonction de la frequence pre-
sente une pente de — 1,3 a 1,5 MHz, — 1,7 a 2,3 MHz et — 2,2 a 5,0 MHz. 

ABSTRACT. — Since September 29, 1962, a sweep-frequency receiver covering the range 0.5 to 12 MHz 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 MHz has been determined fairly reliably, but it has not been possible from these data to extend this 
up to 10 MHz 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 to the 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 is centred on the south galactic 
pole and has a temperature of about 1.8 x 107 °K. The lowest temperature, about 5.0 X 106 °K, at 2.3 MHz was 
found for the region centred on R. A. 9 hr., dec + 75°. At this same frequency the brightness temperature versus 
frequency curve has a elope of — 1.7 ; at 1.5 MHz the slope is — 1.3 and at 5.0 MHz the slope is — 2.2. 

PeswMe. — 0 29 ceHTaCpa 1962 cnymnK JKaBopoHOK (Alouette) HeceT no KpyroBofi op0HTe c 80,6° HaKJ iOHa, 
H a BHCOTe 1000 KM, n p n e M H H K c lacToraof i pa3BepTKofi noKpHBaiomeit noaocy 0,6-12 Mrij. H3 He6o-
jiBmofl qacTH flaraHX, KOTopaa dHJia coKpanjeHa, MOHCHO SHJIO BHBCCTH cneKTp raaaKTHqecKoro 
paaHOH3Jiŷ eHBLa Meac^y 1,5 H 5 Mnj; HO pacnpocTpaHHTb coKpameane # o 10 Mrij He yflaaocb. 
X o T a npneMHHK He coaepatHT aCJcoaiOTHofi rpaflynpoBKH y c H a e H H a B no j i eTe , pe3yjn/raTH aocTaTo^Ho 
CBH3HH, <ITO6H flOBepaTb CTafiHjubHOCTH rpa#yapoBKH Ha 3eMae. OaMoe tfojibinoe 3aTpy#HeHne saKJiio-
qaeTca B 3$$eKTe HOHH3npoBaHHofi cpeflH H a HMne/jaHn, a H T e H H H . L ITOOH oi jeHHTb 3TH 3$$eKTH, 
6HJEH c p a B H e H H H3MepeHHa r a a a K T H q e c K o r o H3jryqeHHa, nojiyqemiHe B pa3jnmHHx oKpyaKaiomnx 
cpeflax — ajieKTpoHHaa HJIOTHOCTB H reoMarHHraoe nojie — H 3KCTpanojrapoBaHH Ha ycjioBHa CBO-
6oRHoro npocTpaHCTBa. CaMHft apKHfi y q a c T O K Hetfa B 2,3 Mrij HMeeT ijeHTpoM loatHHfi r a j i a K T H -
qecKHfi HOJIIOC (1,8, 10 7 K ° ) . 

HaHMeHee apKHfi yqacTOK (5,0 . 1 0 6 K ° ) B 2,3 Mrn; HMeeT Koop#HHaTH 09,00 a H + 76°. KpHBaa, 
npe^CTaBjiaiomaa TeMnepaTypy SjiecKa B 3aBHCHM0CTH OT qacTOTH, HMeeT HaKJiOH —1,3 B 1,5 Mrn;, 
—1,7 B 2,3 Mnj, H — 2,2 B 6.0 Mm. 

1. INTRODUCTION. 

The Alouette I satellite (1962 pal) has been in 
operation since September 29, 1962. It was desi­
gned and built in Canada, at the Defence Research 
Telecommunications Establishment, and was laun­

ched under the auspices of the United States Natio­
nal Aeronautics and Space Administration. 
Intended primarily as an ionospheric top-side 
sounding satellite, it provides data on the electron 
number density at and below a height of 1000 km, 
and on the local magnetic field strength ( W A R R E N , 
et al. 1963). In addition, because the automatic-
gain-control voltage from the sounding receiver 
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is telemetered t o the ground, simultaneous measu­rements are also m a d e of the background radio noise level. F o r frequencies less than those that can penetrate the ionospheric F layer, the back­ground noise data contain information on extra­terrestrial noise sources. T h e sweep-frequency receiver covers the range from O.S^to 12 MHz and for these frequencies the G a l a x y and the active Sun are the t w o strongest noise sources observed with the Alouette equipment. Emiss ions from the former, of course, are present in the recordings a t all t imes, whereas the solar noise appears only sporadically. T h e present paper describes the galactic noise observations ; the solar noise is discussed in an accompanying paper ( H A B T Z 1965) . 

2 . ESSENTIALS OF T H E R E C E I V I N G S Y S T E M . 

Because the system parameters were chosen on the basis of the sounding experiment, the recei­ving system is not ideal for measurements of 

galactic noise ; nevertheless, it does work satis­factorily and m u c h useful information has been obtained with it. T h e receiver has a broadband pre-amplifier, fol lowed b y a mixer and a 19 MHz intermediate-frequency amplifier. This is follo­wed b y a second mixer and a 0 . 5 MHz second inter­mediate-frequency amplifier. This arrangement makes for some difficulty at t imes when the F -region critical frequency and the D-region absorp­tion are low, as a t night , since intermodulation products from ground transmissions produce inter­ference across the whole recording. A t other t imes, however, this is n o t a problem and good recordings can b e m a d e . T h e receiver has a noise figure of 1 5 d b a n d a b a n d width of 3 3 K H z . T h e antennas are t w o orthogonal dipoles, of length 46 m and 23 m , which are bo th 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, t o the receiver as shown dia-
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F I G . 1. — Schematic diagram of the Alouette receiving system showing the orthogonal 1 6 0 ft. (46 m) and 7 5 ft. ( 2 3 m dipoles, 
and the details of the two antenna matching networks. The capacitors are given in J X J X / and the inductance in JJLH. 

gramatically in Figure 1. (For simplicity, the transmit-receive switch is no t shown ; it only introduces a negligibly small capacitance when the sounding transmitter is no t active). N o w i t is well known tha t for a lossless system where the receiver impedance is matched t o that of a dipole antenna — or t o t w o orthogonal dipoles — the power available from an omni-direc-tional radiation field of random polarization, such 

as exists in a thermal enclosure of temperature T, is g iven b y 
P = I &TA/. 

Here A / is the receiver bandwidth, k is B O L T Z -

M A N N ' S constant, a n d T is t h e absolute tempera­ture of the walls of the enclosure. T h e Alouette system, however, does no t have matched impe-
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dances, and in that case the available power can 
be represented by the relation 

P = \ JCTAF p, 

where p 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 

fl _ 4R 8 Z y Z* / ax R N 1 a2 R N 2 \ 
P ~ ( Z f + Z p ) ( Z , + Z , ) * \ Z 1 z ; + Z2Z*J 

Z a l 

Here R N 1 , R ^ 2 R 8 are the resistive compo­
nents of the complex impedances Z N 1 , Z N 2 and Z 8 , 
and and <x2 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 (3 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 (3 is unity. In practice, the 
Alouette antennas are imbedded in an ionized 
plasma so that antenna impedances are altered 
from the free space values, making for different 

ZN2 
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NETWORK 

Z 2 Z1 
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ZN1 
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FIG, 2. — Block diagram of the receiving system defining the pertinent impedances, which (except for Z 8 ) apply when 
looking towards the antennas. 

values of (3 than those of Figure 3 . Although there 
are several theories that describe the impedances 
of antennas in terms of ionospheric parameters 
(KOGELNIK 1960, K A I S E R 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. N A T U R E OF T H E 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 

•a 
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FIG. 3. — Antenna system response as a fimction of frequency: 
a free space environment has been assumed for the antennas. 

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 

2 1 
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FIG. 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. Here time and frequency increase from right to left. 

r e c o r d i s s h o w n i n F i g u r e 4 , f r o m w h i c h t h e e s s e n ­

t i a l f e a t u r e s o f t h e d a t a m a y b e n o t e d . 

I n t h i s f i g u r e f r e q u e n c y ( a n d t i m e ) a d v a n c e 

i r o m r i g h t t o l e f t a n d f r e q u e n c y m a r k e r s a r e 

d i s p l a y e d o n t h e c h a r t . W i t h t h e e x c e p t i o n o f t h e 

k n o w n s p u r i o u s e q u i p m e n t r e s p o n s e s t h a t a p p e a r 

o n t h e r i g h t h a n d e n d , t h e s p i k e s a t t h e l o w f r e ­

q u e n c i e s r e p r e s e n t r e s o n a n c e s o f t h e i o n o s p h e r e 

t h a t a r e e x c i t e d b y t h e s o u n d i n g t r a n s m i t t e r . 

T h e r e c e i v e r i s i n a c t i v e d u r i n g t h e p u l s e t r a n s ­

m i s s i o n s , a n d t h e a u t o m a t i c - c o n t r o l c i r c u i t h a s a n 

i n t e g r a t i o n t i m e o f 2 0 m s , s o t h a t t h e e f f e c t s o f t h e 

e c h o p u l s e s a r e n o t a p p a r e n t i n t h e r e c o r d i n g s o f 

t h e A G C v o l t a g e . A c c o r d i n g l y , t h e p r e s e n c e o f 

t h e r e s o n a n c e s p i k e s a n d o c c a s i o n a l l y s o m e b r o a ­

d e n i n g o f t h e t r a c e u n d e r " s p r e a d " c o n d i t i o n s 

a r e t h e o n l y c o n t a m i n a t i o n s i n t r o d u c e d b y t h e 

s o u n d e r . T h i s h a s b e e n v e r i f i e d o n a n u m b e r o f 

o c c a s i o n s b y o b t a i n i n g r e c o r d s f r o m t h e r e c e i v e r 

w h i l e t h e s o u n d i n g t r a n s m i t t e r w a s a l t e r n a t e l y 

s w i t c h e d o n a n d o f f f o r s u c c e s s i v e f r a m e s . 

A t t h e h i g h f r e q u e n c y e n d o f F i g u r e 4 o t h e r 

s p i k e s a p p e a r ; t h e s e r e s u l t f r o m t r a n s m i s s i o n s f r o m 

t h e g r o u n d a b o v e t h e F - l a y e r c r i t i c a l f r e q u e n c y . 

T h e s m o o t h , s l o w l y v a r y i n g t r a c e i n t h e i n t e r m e ­

d i a t e f r e q u e n c y r a n g e r e p r e s e n t s t h e b a c k g r o u n d 

n o i s e l e v e l , w h i c h i n m o s t c a s e s i s t h e g a l a c t i c 

n o i s e l e v e l . T h e a m p l i t u d e r a n g e r e p r e s e n t e d 

o n t h e c h a r t c o v e r s s o m e 5 0 d b , f r o m t h e r e c e i v e r 

n o i s e l e v e l t o s a t u r a t i o n , t h e c e n t r e p o r t i o n o f t h e 

r a n g e b e i n g a p p r o x i m a t e l y l i n e a r i n d e c i b e l s . T h e 

r e c e i v e r g a i n w a s c a l i b r a t e d b e f o r e l a u n c h , b u t 

a b s o l u t e p o w e r c a l i b r a t i o n c o u l d n o t b e p r o v i d e d 

i n flight. T h e s a t e l l i t e v o l t a g e s a r e s t a b i l i z e d , 

a s i s t h e v e h i c l e t e m p e r a t u r e t o a c o n s i d e r a b l e 

e x t e n t , s o t h a t l a r g e c h a n g e s i n t h e g a i n o f t h e 

r e c e i v e r a r e n o t e x p e c t e d u n d e r n o r m a l c i r c u m s ­

t a n c e s . A c o m p a r i s o n o f d a t a o b t a i n e d d u r i n g 

t h e 2 2 m o n t h s s i n c e l a u n c h s h o w s s u f f i c i e n t c o n s i s ­

t e n c y e i s t o s u g g e s t t h a t n o s i g n i f i c a n t g a i n c h a n g e s 

h a v e y e t o c c u r r e d . 

4 . GALACTIC N O I S E M E A S U R E M E N T S . 

U s i n g t h e p r e - f l i g h t c a l i b r a t i o n , t h e n , i t i s 

p o s s i b l e t o s c a l e t h e g a l a c t i c n o i s e l e v e l a s a f u n c ­

t i o n o f f r e q u e n c y f r o m r e c o r d s s u c h a s F i g u r e 4 . 

A n e x a m p l e o f s u c h a s c a l i n g i s p o r t r a y e d b y t h e 

u p p e r c u r v e o f F i g u r e 5 , w h e r e t h e p l o t t e d d a t a 

a r e r e l a t i v e b r i g h t n e s s t e m p e r a t u r e — u n c o r r e c ­

t e d f o r a n t e n n a s y s t e m r e s p o n s e — a s o b t a i n e d 

f r o m o n e f r a m e o f t h e r e c o r d i n g . F r o m t h e r e s o ­

n a n c e s p i k e s i t i s p o s s i b l e t o d e t e r m i n e t h e f r e ­

q u e n c i e s f o r w h i c h t h e r e f r a c t i v e i n d i c e s f o r t h e 

o r d i n a r y a n d e x t r a o r d i n a r y p r o p a g a t i o n m o d e s 

v a n i s h , a n d t h e s e a r e i n d i c a t e d b y t h e d a s h e d 

v e r t i c a l l i n e s . I f f0 a n d / H a r e r e s p e c t i v e l y t h e 

p l a s m a a n d e l e c t r o n g y r o - f r e q u e n c i e s i n t h e v i c i ­

n i t y o f t h e s a t e l l i t e , t h e t w o r e f r a c t i v e i n d i c e s , 

and 

** = [ ' " / i M l i ] 1 ' 
c a n b e f o u n d f o r a n y f r e q u e n c y / . M o r e o v e r , i t i s 

https://doi.org/10.1017/S0074180900179793 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900179793


THE GALACTIC RADIO EMISSION 323 

possible to determine an average or effective 
refractive index, n, from the medium surrounding 
the satellite in the manner described by CHAP­

MAN (1961). 
As indicated by the upper curve in Figure 5, 

data are not obtained at frequencies close to the 
ionospheric resonances since n becomes small 
and the unknown variation of n with height above 
the satellite may make for excessive errors. 
Because the effective antenna aperture is related 
to n (to a first approximation, Sin 8 = n, where 8 
is the half-cone angle), this means that, in practice, 
the observations have been limited to large anten­
na apertures, usually to 8 > 50°. 

2 3 4 5 6 7 8 9 0 
FREQUENCY MHZ 

FIG. 5. — The result of sealing one frame of the A G C 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. 

The latter alternative has been adopted here and 
the treatment of the actual observations has 
proceeded along the lines outlined below. 

Curves such 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 nx = 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 
lor 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 and extra­
polated to zero electron density. For the lower 
half of the frequency range the errors involved 
in the extrapolation process fibre 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 — as applicable—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 
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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 aie 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 cutve obtained in this manner has 
been shown to have a slope that differs significantly 
from that found by E L L I S , W A T B R W O R T H and B E S -

SBLL (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 E L U S 

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; theae regions are centred on the south and 
north galactic poles and on RA 9 h ., dec. + 75°. 
Shown for comparison are the ground based obser­
vations above 10 MHz from the north galactic 
pole and the galactic anti-centre (TURTLE 1963, 
T U R T L E et al. 1962), the ground based observations 
of E L L I S et al. for the south galactic halo, the satel­
lite measurement of CHAPMAN (1961) of the south 

galactic halo, and the rocket observations of 
W A L S H , H A D D O C K and SCHULTB (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 h ., 
dec + 75o. (i H _ 14Q0, H I - 40°). It is 
interesting to note that the location of this latter 
region compares favorably with the minimum 
region found by T U R T L E and B A L D W I N (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 106 °K. 
(The corresponding flux densities are 3.7 x 1 0 - 1 9 

and 1.0 x 1 0 - 1 9 W m ~ 2 Hz- 1 . ) The compa­
rable region centred on the north galactic pole 
has a temperature of 1.1 X 107 °K (corresponding 
to 2.3 x 1 0 - 1 9 W m - 2 H z - 1 , whereas the regions 
centred on the galactic centre and the anti-centre 
have temperatures of 8.0 X 10 6 °K and 
1.3 x 107 °K (1.7 x 1 0 - 1 9 W m - 2 H z - 1 and 
2.7 x 1 0 - 1 9 W m - 2 H z - 1 respectively at this 
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F I G 7 - Relative galactic brightness temperature as a function of frequency. 
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. 8. — Composite diagram showing the variation of the galactic radiation flux density as a function of frequency, as 
determined by various observers, and for several different regions of the galaxy. The Alouette results are shown as thrae 
curves, 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. 
since the effective antenna aperture is at least Manuscrit regu le 30 aoilt. 
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