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ABSTRACT 

U血gthe fixed-frequency receivers on Ionosphere Sounding Satellite (ISS・b）曲eaver-
age伊lacticradio noises have been measured at the frequencies of 5, 10, and 25 MHz. Since 
the receiving antenna used for satellite observation has generally such poor directivity, it is 
difficult to dis倫1guishthe direction of combing radio waves. Since ISS-b has a circular 
orbit of about 1000 km al世伽de，白es位engthof曲egalactic noise from the cen位e血d阻 ti-・
cen回 canbe distinguished by the reason首1atthe galactic centre is occulted by the earth at 
acer旬inposition on阻 orbit.
The average brightness tempera旬resof the galactic radio noise at the frequencies of 
5, 10, an_d 25 MHz have the values of (1. 71 ± 0.48）・106K, (4.15 ± 1.05）・105K，叩d(3.47土
1.0η・10'司 K,respec姐vely.The radiated power coming from the direction of the galactic 
centre is higher出回出atof the anti-centre by ・2.2～3.5 dB at high frequency band. 

1. futroduction 

The Radio Noise Measurement (RAN) is one of four missions of the Ionosphere Sound-
ing Satellite (ISS-b), and the RAN mission is des取1edto observe all sorts of radio noise at 

泊施satellitealtitude at four fixed frequencies, 2.5, 5, 10, and 25 MHz. ISS-b was launched 

on February 16, 1978 into an almost circular orbit with an altitude of about 1000 km, an 

eccen凶cityof 0.016, a period of about 107 minutes and an inclination of about 70。.The 
satellite is spin stabilized about the axis of the drum at a nominal value of 13.65 revolutions 

per m泊ute.The absolute intensities of cosmic radio noises have been obtained from about 

ten months data since世間satellitewas launched. 

In order to determine the local radio emissivity which is related to the interstellar 

electron spec釘um,it is ne回路釘yto utilize the radio spectra in the various directions, such 

as the伊lacticcentre, anti-centre, the north pol釘 regionand the direction of minimum 

radio brightness at lower frequencies. At the frequencies above 10 MHz, cosmic noise levels 
釘ewell established from ground-b舗edobservations.(1),(2). On出eother hand, at也efre-

quency below about 10 MHz these measurements釘edifficult to carry out from the ground 

because of the reflection組 dabsorption effects by the ionosphere, and therefore the 

measurements have been made from rockets and satellites<3＞一切.However血ere関i吋ng
antenna used has poor d加 ctivity,the resolution of the measurements is very bad. There-

fore, the必scriminationof the direction of incoming radio waves is difficult in most cases. 
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Because ISS-b has the circular orbit of about I 000 km altitude, the strength of the galactic 
noise from centre and anti-centre can be distinguished by reason that the galactic centre is 

occulted by the earth at a certain position on an orbit. 

2. Instrumentation 

The ISSゐ spacecraftis a cylindrical drum about 82 cm in height and about 92 cm 

in diameter. The radio noise receiving system employs two pairs of dipole antennas with tip 

to tip lengths of about 36.8 m組 d11.4 m, respectively, and they釘emounted on the plane 
of rotation spaced 90。apartfrom each o血er.The monopole antenna which is used for 
calibration of the receiving system is mounted on the top cover with an inclination angle of 
about 60° 卸 dwith a length of 20 cm. Passing through the matching networks, the signals 
received by the antennas are fed into the receiving equipment. The equipment is composed 
of four narrow band receivers operating at frequencies of 2.5, 5, 10, and 25 MHz, respective-

ly. Each receiver includes the straight type amplifier to avoid the cross modulation produced 

by nonlinearities of the usual heterodyne amplifier. To obtain the absolute values of radio 

noise intensities, the re田ivingsystems including antennas were calibrated before being 

loaded onto tlie satellite. In order to obtain the total characteristics of the re田ivingsystems, 
the dummy antenna circuit which has the same input impedance as the dipole antenna is 
connected to the receivers via世間 matchingnetworks, and examined for the output values 
correspond加gto input signals.CS) 

In order to monitor the relative changes of the characteristics of the total receiving 
system, that is, to confirm. the variation of出echaracteristics with the lapse time in short or 

long term, or the variation under the influence of spatial variation of the plasma density 
surrounding the antenna, the signal intensities釘estabilized with泊twopercent of the mean 

level and fed to the calibration-antenna. The calibration-antenna is coupled to the dipole 
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Fig. 1 Long-term variations of the receiving system. 

antennas via space with the coupling loss of 61～71 dB泊 freespace. Figure 1 shows the 
long-term variations of仙eoutput levels of the calibration signal received in each channel 
during the period from March to December of 1978, and出edata used for the analysis of 

the cosmic radio noise were obtained in the s釘neperiod. It is seen from the figure出atthe 
long-term variations of the receiving systems釘enegligible for all channels, because也e
degrees of variation lie within about 5 %. Furthermore, in order to see the long-term vari-
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ation of characteristics of the receiver itself, the internal noise level泊 thereceiver was 
monitored with出einput terminal of receiver switched from antenna to 750 resistor. 
Figure 2 shows the variation of the internal noise of the receiver卸 everychannel from 

March to December, 1978. As seen from the figure, the fluctuations of the internal noise 
level釘eso small也atthe characteristics of the receiver seem also to be fairly stable for the 
observation period. 
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Fig. 2 Long-term variation of the receiver’s internal 
noise levels during偽eperiod from March to 
December, 1978. 

3. Observation 

In addition to radio noise observation (RAN), the ISSトbhas three other missions which 
provide the ambient pl舗map釘創neters泊也e旬psideionosphere, such as the temperature, 

the electron density回 d血eion composition at出esatellite heipt. These four observations 
釘eexecuted repeatedly in a period of 64 seconds and the RAN equipment operates during 
24 seconds泊 every64 seconds. External radio noise meas町ements釘eperformed during 

the f泊t20 seconds, the total gains of the receiving system including the antennas釘 E也en

calibrated during the next 2 seconds and lastly internal noise levels of the receivers紅e
recorded during 2 seconds. 

There exist some radio emissions which disturb the observation of the cosmic radio 

noise, i.e., solar burst or interferences from transmitters on the ground. Because the RAN 
equipment is oeprating at fixed frequencies continuously, we can obtain information about 

the successive泊tensityvariation of received radio noise、.It is easyto i(lentify the cosmic 
radio noise whose fluctuation is very small compared with the solar radio emission or包ter-
ferences whose intensities show drastic ch回~s wi也出ne組 dspace. Figure 3 .shows an 
ex担 ipleof the cosmic radio noise observed泊 oneob鈴：rvational.period (24 seconds) by 

ISS-b.百iefigure has frames which show the output levels of received radio noise of CH. l 
(2.5 MHz), CH.2 (5 MHz), CH.3 (IO MHz), and CH.4 (25 MHz) from the top frame to the 

bottom, respectively. The abscissa indicates the time in seconds and the ordinate shows the 
analog output.levels泊 therange of O～2. 5 volts which nearly correspond to -120～－60 
d~m at the input terminal. As is evident from the figure, the泊tensityof cosmic radi'! noise 
has almost constant values for each channel. Since the plasma frequency at the satellite 
height (about 1000 km) changes in the r叩 gefor 0.5～.3MHz，也evariation of the analog 
output level of ~H.1 勾 f位·ly 1釘・ge,follow担gthe change of the medium泊由加佃dspace. 
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Fig. 3 An example of cosmic radio noise observed 
byISS・bd町泊.gone observational period 
(20 secon也）．
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Fig. 4 The variation of the calibration wave 
re田:ivedin.CH.1 (2.S MHz). 

As in F抱ure4 which shows也evariation of the calibration signal radiated from short mono-
pole antenna received in CH.I, the incoming radio waves with the frequency of 2.5 MHz 

may be largely absorbed by the plasma medium surrounding the satellite. 

τ'he ISSゐisspin stabilized wi出 anominal value of 13:65 rpm and the axis oriented in 。
the direction of about 60泊 declinationand about 7 hr in right-as回nsionin血eequatorial 
coordinate system with slow precession as泊 F福田e5. The direction of the spin axis and its 

opposite direction point to也earea bounded by a也ickline in F詔ure6 which shows白.edis・
包ibutionof the galactic noise泊tensitymeasured at frequency of 100 MHz例.As the dipole 
阻 tenn鑓 aremounted on the plane perpendicular to the spin a刻s,the effective apertur唱
。fthe姐 tenn鑓 po泊tsnearly to血edirection of曲e酔lacticcentre (-30。indeclination, 
18 hr in right－鏑cension）飢danticentre (60。加d即位iation,6 hr担 right-ascension).Depend-
泊gon the 10四位.onof the satellite on the circular orbit, the radio noise coming from the 
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galactic 
centre （α＝19hr, 6＝・30。）

~ 

.' precession 

~＂＂＇＂ 
anti-centre 
（α＝07hr, 6=60。）

Fig. 5 A geometrical schema of the ISS-b. 

Right-ascension 

Fig. 6 The direction ofぬes凶na話spoin飽tothe squared area plotted 
on也ebrigh組制observedat 100 M臨.Blackspo飽denotedby 
“GC”or “AC”in the figure are the direc泊.onof the伊lactic
田E位eand也eanti-centre, respectively. 
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galactic centre伺nnotbe received by the satellite because of the occulation of the ・coming 

wave by也se紅白（referto Appendix). The ear血issurrounded・ by也eplasma・喝phere;what 

is more, the釘ea泊 whichthe satellite cannot observe出eradio wave coming from the galac-
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tic centre changes with complexity depending on the frequency of the radio wave and the 
electron density of the medium. Generally, the area of the galactic centre shielded by the 

earth decreases with increasing radio frequency (refer to the Appendix). 

4. Observation res叫ts

4.1 Average intensity 
The data of about 80 orbits used for the statistical analysis were obtained from March 

to December 1978. To obtain the radio noise泊tensityit is necessary to convert the intensi-
ty observed in the pl俗mamedium泊to出eobservable value泊 freespace. The plasma fre-
quency of the medium (f ns) at the satellite height depends on the location of the satellite, 
the local time and the solar activity. The noise power Ps (W) measured卸 amedium of 
refractive index n包relatedto the noise power P0 (W）泊 freespa回 byP0 = Ps/n2, and 

n2 = 1一（fns/fobs)2where fobs is the observing frequency. <7> The plasma frequency (fns) 
at也esatellite height r叩 gesfrom 0.5～3 MHz and usually it is about 1 MHz in the night-
time and 2～2.5 MHz泊 thedaytime.(10) It is necessary to make a considerable correc-
tion, by也ereason mentioned above, for the measured value at CH.I (2.5 MHz) observed in 

the daytime, and therefore, we do not include the value observed at CH.I泊 thepresent 

statistical result. On the other hand, as for the observation frequency above 5 MHz, it seems 
to be quite all right to identify the noise power Ps measured in a medium as P0 observable 
泊 freespace. If the plasma frequency (fns) takes.the value of 2.5 MHz and the observing 
frequency is 5 MHz, for example, P。／Psbecomes 0.75, then the eηor due to identifying Ps 

as P 0 becomes about 1.2 dB (= 10 ・logP。／Ps);therefore, it is not so large and probably com-
parable with the experimental uncertainties. Considering the facts described above, the 

cosmic radio noise intensities紅ederived as follows. 

The available noise power W a (W) for the dipole antenna is related to出epower flux 

density Pn (W /m2・Hz)for one component of polarization .of the incoming radio wave as 
follows: 

wa ＝（λ2/4π）・ Pn・g・b ・・・・・・・・・・・・・・'・・・・・・・ .. ・・・・・・・・・・・・・・・・・・・ (1) 

where λis the wavelength (iμ), b is the effective receiver bandWidth (Hz) and g is the gain 

factor of the dipole剖 t印刷 over the isotropic antenna. As the cosmic radio noise should 
be considered ・ to・ be nearly randomly polarized, the practical flux density of也ecoming 

radio wave Ps (W /m2 ・Hz) takes the duplicated value of Pn, i.e., Ps = 2-Pn・Assumingthat the 
dipole antennas have effective apertures of 4・πsteradians,the brightness I (W/m2-Hz・sterad.) 
can also be derived from 

I= 'J!5/4π＝ 2・k・T3／λ2 ........•................................... (2) 

where k is Boltzmann’s constant (1.38 x 10・23Jo叫.es/K）組dTa (K) is Uie effective antenna 
temperature.τ'he values obtained from ISS-b observation are considered to be the average 
cosmic noise level because they include the radio waves coming from all directions. In this 

way，出ecosmic radio noise levels are obtained from March to December 1978, correspond-
ing to the data for about 140 hours. The cosmic radio noise temperatures obtained are sum-
marized錨－（l.71± 0.48）・× 106K, (4,15 ± 1.05) X 105 K，回d(3.47土1.07）× 104Kat 5, 
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10, and 25 MHz, respectively, and the results are listed in Table 1. 

Table 1 Cosmic radio noise intensity at CH.2 (S MHz), CH.3 (10 MHz), and CH.4 (25 MHz). 

channel 

Wa（岨：W)

l(W/M2直z・sterad.)

Ta(K) 

2 

-136.74 + 1.26 

(1.31 ± 0.37) 10・20 

(1. 71 ± 0.48) 106 

1978 1018 

REV I 3278 

FREQ. 5.0 

3 

-143.15 + 1.12 

(1.27土0.32)10-2・
(4.15士1.05)105 

・．．．．．．．．
108 107 

TEMPERATURE (Kl 

Fig. 7・Thevariation of c個 micradio noise tem-
perature observed at S MHz along an orbit 
around也e個 E也．

4 

-152.17 + 1.38 

(6.66 ± 2.05) 10・21

(3.47土1.07)10・
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4.2 Noise powers from galactic伺ntreand anti-centre 
By u凶包泊g血eeffect of the occultation by the earth, we can dist泊guishthe galactic 

radiatiop in the direction of the centre and anti-centre. Figure 7 shows the variation of radio 
no国 intensityat 5 MHz observed along an orbit around the ear也 Duringthe satellite circu-
la出garound血eearth, about 100 times of the observations are performed, and 560 
measured values for each channel are obtained凪 oneobservation period of 20 seconds. 

The abscissa (X axis）泊a酔re7 indicates the radio noise intensity scaled in termpera-
旬re,and血eordinate (Y axis) shows也elocation of the satellite. Each undula也igline 
parallel to the absc国acorresponds to the observed noise・ tempera加regiven by the 

abscissa du由igone ob鈎rvationperiod (20 seconds). The amplitude (Z axis) of也eundulat-

ing助ieindicates the occuηence numbers out of 560 values, and therefore, the position of 
max加umamp.混同deon the abscissa corresponds to白eaverage noise level over the obser-

vation period.百ieordinate indicates the satellite location such舗也elongi加de,the latitude, 
the local time and位ie叩思tlardistance (A.D.) which iS the組 glebetween the line connec出g
the centre of the e紅白血dthe galactic centre姐 dthe line connecting也e回n悦 ofthe earth 
and the satellite. Figure 7 shows也at出enoise temperature rises as the angular distance 

(A.D.) decreases, and it takes the maximum value of about 2 x 106 Kat the angular distance 
less也佃 30。， thatis, when曲esatellite is located in也edirection of the galactic centre. On 
the other hand, the noise temperature decreases as the angular distance increases, and也e
temperature takes the minimum value of about 9 x. 105 K at the angle greater than 150。．
As the m副nlobe of也.eante~a faces nearly in也edirection of the galactic centre and 

血 ti・cen佐久 itbecomes possible to "distinguish between the radio noise coming from也e
direction of galactic centre佃 dthat from the anti・・centreby也eoccultation effects of血e
earth. To minimize the effect of ambient plasma around the satellite，泊 estimatingthe 
galactic noise intensities for CH.1 (2.5 MHz) and CH.2 (5 MHz), we make use of the data 
observed only in the daytime. Since the plasma frequency at the satellite height may be 

about 1 MHz in也enight也ne,the errors due to identifying the observing泊tensitywith也e

radio noise intensity in free space may become about 0.76 dB at CH.I and about 0.18 dB at 

CH.2. Therefore, these errors seem to be ne出gible.

Receiving power冒Wa (W) of the radio noise coming from the galactic c阻むeat也e

frequencies of 2.5, 5, 10，組d25 MHz釘e-129.9, -135.1, -142.3, and -149.7 dBW, 
respectively. Using the equation (1) and (2), these values are tiansformed to曲ebrightness 

of the incoming radio noise as listed in Table 2. 

Table 2 Radio brigh組制泊thedirection of也e伊lac値ccentre and anti-centre 

仰／m2・Bz・steradふ

channel 1 2 3 4 

Galactic centre 1.73 x 1σ” 1.90 x 10-20 1.54 x 1σ” 1.15 x 10・2・
An岱cen紅巳 7.68 x 10・21 9.21 x 10・21 9.20 x 10-21 S.37 X 1σ” 
G.C./A.C. 2.25 2.06 1.67 2.14 
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Figure 8 shows that the observational results obtained by ISS-b in the way described 
above comp釘efavorably with previous measurements making田eof rockets or satellites. (11) 

In the figure，也etips of the rod which show the measurement results of ISS・bindicate 
the standard deviation from the mean value. The abscissa and ordinate show the frequency 
卸 dthe effective noise tempera加re.

The radio brightness泊 thedirection of the galactic田ntreobserved by ISSトbat fre-
quencies of 2.5, 5, 10, and 25 MHz is shown in Figure 9 toge也.erwi血 previousme舗町e-
ments.<12> The radio noise intensity in the direction of the galactic centre is 1.67～2.25 
times higher than也atof也e組 ticentreas is shown in Figure 9 and Table 2. Even也ough
the radio noise泊tensityis a value in a certain direction, however, it should be mentioned 

that the observed values include the r削ionoise coming from quite a wide so町ceregion 
because of the broad姐 tennapattern. The occultated source region of incoming radio 
wave expands over roughlyπ～3πsteradians. (see the Appendix) 
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Appendix Occultation effects 

When we observe radio waves coming from distant sources, such as solar radio waves, 

cosmic radio waves, Jovian radio waves, by satellite, according to the location of the satellite 

soar担gne釘 theearth, there exist some unobserved regions as a matter of cause. The extent 

of也eunobserved region depends on the radio frequency and位ieelectron density distribu-

tion of the ionosphere. Considering the case of IS~トb, the extent of such region is studied 

by computing ray trajectories泊numericallyassumed electron density distributions. 

A・1Calculation method 

As in Figure A-1, the model ionosphere used泊 thecalculation is assumed as follows. 

The critical frequency of the F layer (fc) is 10 MHz and its maximum height hmF is about 

300 km and the profile above hmF consists of a Chapman-layer with variable scale height; 

that包， theplasma frequency (fn) at the height of h km (h > hmF) is given as follows: 
follows: 

fn 2 = fc2 ・Tl/ 

where T = (hmF /h）χ，χ＝ 8. 
We employed the magnetic field of e釘th’scentered dipole model with the gyrofrequency at 
the equator on the ground of 0.8 MHz and with the north magnetic pole located at 78.5° N, 

291。E泊 geographiccoordinates. 
Assuming that a radio source is located on the equatorial plane at a great distance from 

也ee紅白，位ieplane wave is considered to come towards the earth parallel to the equa-

torial plane. Therefore, the calculation of the ray trace is started from 3000 km altitude as 

in Figure A・4.Namely, the assumption described above seems to be identical to the fact 

that the refractive index of the space at height above 3000 km is considered to be u凶ty.
According to the electron density distribution given泊 equation(3), the plasma frequency 
at 3000 km height becomes about 130 kHz. On the other hand, the ray tracing包performed
泊血efrequency range above 1.3 MHz, and therefore, the assumption seems to be reason-

able.世ieequations used for ray tracing were Hamilton’s equations in four dimensions given 
by R.M. Jones and J.J. Stephenson, and the integration procedure used w舗 acombination 

of the Adams-Moulton and Runge-Kutta method. (7) 
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Fig. A・l Electron density height prof'tles used 
for the ray trac加g.

The angle between the line connecting the earth’s centre and the radio sour，回 andthe 
line connecting the earth’s centre and the boundary within which the coming radio wave 
can be observed is taken舗 αmax(refer to the figure A-4). And出eangle between位ieline 
connecting the e紅白’scentre and the satellite and the line connecting the earth’s centre and 
the radio source is taken asα. The incoming radio wave can be received by the satellite if the 

angleαis less也m也e組 gle向nax・
When the electron density distribution is assumed to depend only on the altitude, 

disreg釘必ngthe longi旬deor the latitude, the variations of the value， αmax• with the fre-
quency of the coming radio wave泊 themeridian plane or the equatorical plane are shown 

泊 FigureA・2as flat-layer.百ieordinate of泊施 figureshows the ~ax 卸 degrees 佃d the 

abscissa indicates the ratio of the electron density at也eheight of 1000 km (f0s) and也e



Fig.A・2

白smicRadio Noise at High Frequencies as Observed with /SS-b 47 

ME.,EQ. Plane -a-mode 

2 4 6 10 20 

t I ts 

Thechan酔 ofobservable region 
with radio frequency. 

)I, 1.0 
＠ 
唱
c 

01 

Fig. A・3

2 4 6 10 20 
t I ts 
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radio frequency (f). Decreasing the radio frequency, <lmax takes different values for the 
ordinary (o-mode) or the extra-ordinary wave (x-mode) in白emeridian or the equatorial 

plane, as may be seen from Figure A・2.百1edifference of the angle匂iaxfor each mode may 

arise from the existence of the geo・ma伊eticfield which causes the variation of the refractive 

index with the ray direction, as shown加自伊reA・3.Since句naxincreases with increasing 
the refractive泊dex,the coming radio wave with larger refractive index may be able to 

pene位atedeeper into the ionosphere. The region where the incoming radio wave in x-mode 

of IS MUz can be received泊 meridianplane is indicated by half shadow in Figure A-4, 

and the value of内naxis 119.1° in this case. 
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Fig. A-4 
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(shaded part). fc = 10 MHz. 
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Assuming the critical frequency of the ionosphere (fc) decreases as the latitude (8) 
泊creases,we estimate the value ofαmax・九asfollows: 

fc (8) = fceq2 (I -0.75 sin 8) (A・2)

where fceq is the critical frequency at血eequator伸一。。）．
Therefore, the critical frequency at the pole (8 = 90v) takes a half value of the equatorical 

one. The estimated values of amax for the ionosphere described above are indicated in 
Figure A・2as世t-layer.It is seen也atthe angle，αmax. of the tilted-layer takes quite differ-
ent values from血atof the flat-layer. When the wave frequency is large enough, f/fns = 20 。
for example，αmax is about 130 , whereas the fact is that句naxwith no existence of血e。
ionosphere should take the value of about 120 as 1s given from a simple geometry. 

In generally, the receivable region of the incoming wave becomes na町owdue to the 

existence of the ionosphere. However, in the case of tilted ionosphere, the region becomes 

wider than that for the light according to the wave frequency as described above. 
As the ionosphere changes complicatedly with time and space泊 practice,it is difficult 

to estimate the extent of the receiving region (or the unreceiving region because of the 

occultation effect). Broadly speaking, the extent of the occulted radio so町 ceregion (w 
steradian) can be expressed as follows: 

w=2π（ 1 -cos (180° －αma川

=2π(1 +cos円nax>・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ • ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ・ ......... (A・・3)

Therefore, the extent of出eocculted source region changes with αmax，組d也evalue of 
αmax depends on the electron density distribution of the ionosphere. Now we estimate 
the typical values of w for the daytime and the nighttime. If the plasma frequency (fns) at 
the altitude of l 000 km is assumed to be 1 MHz泊 the凶ghttime,the extent of the occulted 
region (w) can be estimated from equation (A・3).Using the values of αmax given in figure 

A-2, the extent of也eocculted regions becomes 2πsteradian for CH.1 (2.5 MHz), 1.4π 
steradian for CH.2 (5 MHz), I.hr steradian for CH.3 (IO MHz），釦d0.97T steradian for CH.4 

(25 MHz). In the daytime, on the other hand, the typical plasma frequency at the altitude 

of 1000 km is assumed to be 2 MHz; then the values of w at the radio frequency of).5, 5, 
10, and 25 MHz釘e3.4π，21T, 1.4π 佃 dπsteradiansrespec位vely.It is seen也atthe source 
region occulted by the e紅白decreasesas the radio frequency increases. 
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