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A B S T R A C T

Under the designation of Project "OBRA", oﬁe of the 16 atmospheric
noise receiving stations of the world-wide net work supervised by the NBS,
has been in operation at this Laboratory since August 1963.

This report is intended to account for the work done under this pro-
ject up to December 1963, including the transference of the whole station
from its early site, repairing the equipment and collecting data.

Also, the initial" sections of the report outline the general problem of
radio noise measurements and describe the techniques and equipment used.

Data are presented as they were obtained, without any attempt to

reach conclusions. This will possibly be done later.




I. INTRODUCTION

Under a very general viewpoint, noise could be regarded as any fluctua-
tion of a DC value in space or time, or better, human independent variations.
In communication systems by radio, controlled variations of some magnitu-
des (voltages, fields, etc.) are used to transmit information. It is obvious
that aleatory variations, overlapping those controlled, will tend to mask them;
in other words, noise destroys information.

In systems operating below about 30 Mc/s one of the chief factors deter-
mining the lower limit for the power required, besides absorption, is the noi-
se introduced at the propagation medium itself, atmospheric noise in this ca-
se. It should be noted that if such a system were considered as consisting of
three parts: transmitter, medium and receiver, the second element is the on-
ly one upon which man cannot exert any influence. Hence, transmitter and re-
ceiver must be designed as to minimize unwanted characteristics introduced
by the propagation medium. It follows from the above considerations that we
need a detailed knowledge of atmospheric noise among the first parameters
in designing a communication system at low frequencies.

An important aspect of the problem is the fact that the noise influence
upon communication systems is largely dependant upon the process used. Watt
et al. (1958) studied the behavior of several systems operating under thermal
and atmospheric noise interference. Three processes were considered:

CW (Morse Code)

FSK (Frequency Shift Keying)

Human Voice (AM)

Among the results, we selected the best and worst conditions found, res-
pectively:

CW, for 10% errors admitted, and 12 words per minute speed it is e-
nough to have a signal 11.5 db below noise (rms values, for a 1 Kc/s band-
width).

FM multiplex, 36 voice channels, for 10% errors it is necessary a sig-
nal 49 db above noise,

In both cases, transmission was under atmospheric noise, the former
with steady carrier and the second subjected to tropospheric fading.

II. ATMOSPHERIC RADIO NOISE MEASUREMENTS

One could, at a first glance, conclude from what was said above thatthe
most readly usable noise data would be those giving the percentage of errors
expected from given systems and conditions or, inversely, the signal level
necessary to keep errors below a certain percentage.

In fact, measurements have been made this way. However, it would be
impracticable to carry them out in a large scale (continuous measurements
for several places and several systems). Besides, the large number of fac-
tors envolved would make comparison between different observer's data im-~
possible,

Hence, noise parameters were looked for which had a more precisema-
thematical meaning and would therefore make comparisons easier. Thus a re-
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lation would be established between the parameters and the resulting interfe-
rence for any desired system, as in the paper by Watt mentioned above.

Many approaches were attempted, holding different compromises’ ‘be-
tween the precise meaning of parameters, their relationship to the interfe-
rence, and the easiness of their measurement. '

It is commonly accepted that interference on all common kinds of com-
munication systems is determined by the noise amplitude characteristic; its
determination has therefore deserved special interest from the investigators.

Many used methods make an integration of the noise envelope, with a-
veraging periods of several minutes. Some of them are:

- average value of the noise envelope (1st moment).

- rms values of the noise envelope (2nd moment).

- ratio between 1st and 2nd moments; has as advantage an easier cali-
bration.

Examples of other kinds of measurements are:

- ""crossing rate'' measurements; the number of times a given (varia-
ble) level is crossed in the upward direction is counted. Good results attain-
ed at VLF.

- "quasi-peak'' detection;a capacitoris charged with a small time cons-
tant and discharges through a large one. The values of the time constantsare
chosen to follow some characteristics of the human ear.However, the results
are of difficult interpretation.

- as a complement to ''crossing rate' measurementsitis useful to mea-~
sure the time interval between peaks above a reference, or any other time
function that will yield information about the pulse spacing distribution.

A good characterization of noise can be obtained through the amplitude
probability distribution (APD) function of the voltage envelope.

This function can be determined directly by measuring the percentage
of time a given level is exceeded and varying this level. Crichlow et.al. (1960)
presented an indirect method in which the APD functionis determined through
three of its statistical moments. Section 4 of this report presents a brief des-
cription of the method.

III. ATMOSPHERIC NOISE VARIATIONS

Atmospheric radio noise variations are random in nature and must be
treated statistically. However, some regularities are observed for long term
variations, and among them we have:

- diurnal variations; in a general way noise levels are higher at night
time, as the best propagation conditions are found at these hours. Noise le-
vels are usually higher in the afternoon than at morning, as thunderstorms
are more frequent after midday.

- yearly variations; thunderstorm centers shift from equator to tro-
pics from summer to winter; although absorption is greater on summer,
there is an increase in noise levels during this season.

- by intrinsic conditions to the physical processes of atmosphericnoi-
se generation by thunderstorms and wave propagation, noise levels decrea-
se with frequency. At frequencies of about 10 Mc/s, however, cosmicorman-
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-made noise can become the predominant one, depending on local meteoro(fo-
gical conditions.

- a factor affecting largely the received noise level, as well as its cha—
racteristics, is the receiver bandwidth. When it is reduced, noise level is
lowered and its amplitude probability distribution is altered, tending to that
of thermal noise by flattening and overlapping of the peaks.

IV. DETERMINATION OF ATMOSPHERIC - RADIO NOISE
AMPLITUDE PROBABILITY DISTRIBUTION BY MEANS OF THREE PA-
RAMETERS

Noise amplitude distribution function is usually represented on a graph
where the ordinade corresponds to the signal level (relative to rms value)and
the abcisse to the percentage of time during which the corresponding ordina-
de is exceeded.

Rayleigh paper is used; its scales are built so that thermal noise, obey-
ing a Rayleigh distribution, will plot as a straight line of slope ~ 1/2.

When atmospheric noige is plotted this way, a curve similar to that of
fig. 1 is obtained. Three regions can be distinguished in it:

1. low amplitude, high probability region; distribution is practically Ray-
leigh, as it is composed of many overlapping pulses like thermal noise.

2. approximately an arc of circunference.

3. high amplitude, low probability signals (separate pulses). Distribu-
tion plots almost linearly.

A curve of this kind can be perfectly characterized through 4 parame-
ters. As for atmospheric noise an experimental relationship can be derived
between two of them (Crichlow, et al. 1959), one need to measure only 3 of
them to characterize perfectly the curve.

The parameters adopted by the National Bureau of Standards to be mea-
sured by the ARN -2 stations are the three which follow:

Vyms = root mean square value of noise envelope.

L4 = ratio between the rms value and the logarithmic average of noise
voltage.

V4 = ratio between the rms value and the average of noise voltage.

Let e be equal to 1/1/5 times the instantaneous envelope voltage and
p(e) the probability of e being exceeded. Then

e
Vims ® /o e dp
Vave = [ <P
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Viog * a\nt1log /o log e dp
Vg = 20 log Vrms/Vave

as defined by Crichlow et al. (1959).

Together, these three parameters give us the rms value of noise and
the amplitude probability distribution APD of the difference between the ins-
tantaneous and the rms value.

APD curves for values of Ljand V3 commonly found in atmospheric

noise were presented in a NBS Monograph (1960). The validity of such cur-
ves has been checked by comparison with others obtained directly.

V. THE ATMOSPHERIC RADIO NOISE STATION ARN-2

The National Bureau of Standards developed the equipment for conti-
nuous measurement of radio noise during IGY. It was called ARN-2 station
and 16 of them were installed in a world-wide net.

The station operates on 8 channels of fixed frequency, two of whichare
‘recorded each time during 15 minutes. At the end of this period the two next
channels are connected so that one sample for each frequency is obtained at
the end of every hour. Fig. 2 shows the block diagram for a single channel.
Automatic switching units were omitted for the sake of clarity.

The sampling interval is 15 minutes and the value thus obtained is ta-
ken as representative of the noise level through the whole hour. The log and
linear deviation recorders operate on a single frequency. They are connect-
ed to four of the channels during one week and to the remaining four during
the next one, so that all the eight channels are scanned.

In synthesis; the system is a receiver of unusual stability and selecti-
vity, bandwidth of about 200 cps. The parabolic amplifier after the IF sec-
tion allows the detected signal to be proportional to the square of the envelo-
pe voltage, the rms value being hence obtained by integration. The signal at
the integrator output is kept at a constant level by means of a feedback loop
in which the deviations of the integrated signal from reference will cause the
attenuator at the IF input to move in such a way that the deviations are com-
pensated. A chart strip recorder working as a servo of the attenuator regis-
ters the rms value of the noise envelope.

Part of the IF signal is picked up at the second IF amplifier output and
after amplified and detected, is fed into linear and logarithmic amplifiers
preceded by integrators. By means of suitable calibration with respect to the
integrator reference level, the recorders at the output of the above amplifi-

ers record directly L q and V4 in db below Vims-

Special programming units are included which provide more reliabili-
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ty on the results. For the power recorders, a programmer of the attenuator,
after a frequency change in which the attenuator is reset to zero, allows it
to move upwards, thus approaching the noise level from below. After three
minutes, time enough for this value to be reached, the programmer moves
the attenuator an aditional 6 or 8 db and doesn't permit any further move-
ment in this direction. At this time the integrated output is below reference
and the attenuator will move downwards, approaching noise level from abo-
ve. This kind of operation avoids partially false results decurrent from sud-
den interferences, as noise is considered to be the lowest signal existing.

Each recorded frequency is identified by means of two auxiliary pens
at the edge of the chart.

For the log and linear deviation recorders, a timer prevents them to
operate unless 4 minutes have elapsed since the last attenuator step. As this
interval is greater than the time necessary for the integrator to move the at-
tenuator one step (2 db) if the signal is 1 db from reference, it becomes prac-
tically assured that the recorded deviation is in fact with respect to the rms
value within a precision better t}‘lan 1 db.

An alignement osc11ator together with a small transmitting antenna
and a temperature-limited diode operating as noise generator allow the rms
(power) measurements to be referenced to an absolute level.

Summaryzing what was said above, the results of ARN-2 measure-
ments are presented using the symbols:

F, = effective noise figure: exterral noise avaliable from an equiva-

lent short, lossless vertical, antenna in db above kTB;this can be converted to

E, = equivalent vertically polarized ground wave rms noise field
strength in db above I/uV/m for a 1 Kc/s bandwidth.

E, = Fy + 20 log g f(Mc/s) - 65.5

T taken as 288 °K.

Lg = db value of the ratio between the rms value and the logarithmic a-
verage of the noise envelope.

Vd = db value of the ratio between the rms value and the average of the
noise envelope.

Some of the stations have also equipment for directional measure-

ments, consisting of a National NC-183-D receiver and a horizontal Yagi in
a rotary assembly.




VI. THE ARN-2 STATION N¢ 10

It was seen at the preceding sections how the need for atmospheric -ta-
dio noise measurements appeared, some of the adopted techniques and how
i a world network was stablished in 1957 supervised by the NBS.

Sao Jose dos Campos, Brazil, was chosen for instalation of one of these
stations: the ARN-2 N© 10, its operation being carried out by the ITA.

However, several problems related to personnel, maintenance difficul-
ties, roof insulation leakages, and others, prevented the station from ope-
rating within the schedule; data acquisition suffered many interruptions.

Data were last recorded intermittently only until April 1962, for the
initial phase on operations.

An agreement was made by the beginning of 1963 between ITA's Elec-
tronic Enginnering Division and CNAE, the second being in charge of the o-
peration from 1963 on. It was decided that better assistence could be given
to the equipment if it were re-installed within CNAE's laboratories.

This was done starting March 1963. It follows ‘a brief outline of the tasks
performed.

Building - a larger one was built as to make equipment maintenance
easier. Special attention was given to the roof insulation to avoid the fre-
quent leakage occurring at the older installations, See figures 9, and 10.

Antenna - the antenna system was completely dismounted and its parts
submitted to cleaning and preservation processes. The ground plane posts
were changed from wood to steel. At the ground plane center a copper screen
was used instead of metal sheet.

Racks - all the units were removed from the . yacks and individually
checked;the racks themselves and the front panels weﬁe(rewpainted. Many of
the defective units (which were held over in Sdo José.dos Campos by pre-
vious operators) were used a8 a supply of components. The station was put
into operation and developed many defects which were removed, Finally we
started continuous operation on July 1963 and it has been working properly
gince then, As a result, the set ARN-2 has been re-integrate on the world
wide system, and the data so far obtained has been of good quality. Figure 11
shows noise receiving station.

VII. RADIO NOISE DATA FROM ARN-2 STATION N¢ 10,
FOR THE PERIOD AUG. 63 - DEC, 63

Place: Sao José dos Campos - Brazil - 23. 3°s - 45,8°W,

Local time: (GMT - 3 h).

Receiver: ARN-2 (NBS) with a vertical, omnidirectional antenna, with
a horizontal plane of 30 meters radius.

Data is found in tables 1 to 5. The symbols used mean:

F,

am = median value of daily Fy during a month for a given hour.

D, and D, = upper and lower deciles of the monthly distribution for a

given hour.




Lam™ median value of daily L d during the month.

Vim = the same for Vg.

An asterisk above any median value indicates it was evaluate fromless
than 15 observations for F,., or less than 7 for Lgp, or V4.

Although special care is taken to avoid interference in the measure-
ments, it is possible that some times the received signal is contamined with
other than atmospheric noise. In this case the value of Ly will decrease and
this fact is used to mark probably contaminated data. In a study from seve-
ral uncontaminated noise samples (NBS Technical Notes series 18) it was

evaluated the most probable and the minimum value of Ld corresponding to

each Vd that will result on an APD curve of the form expected inatmosphe-
ric noise. It is also suggested that whenever the value of L found is below

the minimum for that V 4’ the most probable value of L d should be used ins-
tead of the one actually measured. This suggestion was followed throughout

the data presented in this report. A small circle above the L d value indica-

tes a quantity which is not the actually measured value.

Figs. 3 to 7 present the power data in graphical form.
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MONTH-HOUR VALUES OF RADIO NOISE

Station Sao Jose,_ Brasil
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FIGURA 9 - BUILDING OF ARN-2 STATION Ne 10 IN SXO JOSE DOS CAMPOS




LABORATORY IN THE BACKGROUND




FIGURA 11 - ATMOSPHERIC RADIO NOISE RECEIVING EQUIPMENT
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