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ABSTRACT
This paper describes a technique for converting a radiosonde for direct measurement of radio
refractive index of the air using standard meteorological sensors. Although limited by the
response time of the sensors, this device would provide for continuous and direct measurement
of refractive index to an accuracy satisfactory for many radio applications.

1. Introduction
For a number of years, standard radiosonde
observations have been used to evaluate profiles of refractive index of the atmosphere as
required for radio-propagation studies. These
soundings are limited in their usefulness for
refractive-index information because the temperature and the relative humidity as a function
of pressure are measured alternately and because
these meteorological parameters must be converted to refractive index.
The system described in this paper uses the
radiosonde to measure the refractive index
directly and continuously so that the limitations
listed above are removed. The remaining
restriction on accuracy is in the time response
of the sensing elements. Although the presently
available sensors are not fast enough to provide
the detail available from refractometers [ 1 ; 2],
they are able to provide profiles satisfactory
for many radio-propagation applications.
The design modification of the radiosonde is
that of controlling the blocking oscillator in
the sonde so that it will have a frequency proportional to refractive index. Since this frequency is proportional to the conductance
through which the capacitor of the grid circuit
discharges, this conductance is made a function
of the meteorological parameters. Thus, the
proper behavior of this conductance as a function of temperature, pressure, and relative
humidity would cause the blocking oscillator
repetition rate to equal refractivity plus a
constant. Refractivity, N , as used, is defined
in the next section. The radiosonde would
transmit the resulting pulses on its carrier frequency to a receiver which would convert the

pulses to a D C voltage proportional to refractivity.
2. Preliminary considerations
Preliminary design considerations include investigation of the behavior of refractivity as a
function of temperature, pressure, and relative
humidity and the behavior of the modulator,
or sensor-section, of the radiosonde.
The refractivity as a function of the three
meteorological variables, temperature, pressure,
and relative humidity, is
N = {n -

1) X 106 = aP/T

+

bRHe.(T)
Ti

(1)

where
N = refractivity in N-units,
n = index of refraction,
P = the total atmospheric pressure in
millibars,
T — the temperature in degrees Kelvin,
RH = relative humidity,
es{T) = the saturation water-vapor pressure
in millibars,
a = 77.6 deg Kelvin per millibar, and
b = 3.73 X 105 deg Kelvin squared per
millibar.
This equation follows directly from the classical expression for the refractive index of a
mixture of gases. A third term involving the
ratio of RIT to T has been neglected since it is
very small compared to the other terms.
It is important to note that refractivity is
independent of frequency in the 100 to 10,000
megacycle per second range. Equation (1) is
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FIG. 1.

Total sensor-section circuit.

considered valid to 0.5 per cent in iV-units for
frequencies up to 30,000 megacycles per second
and for normally encountered ranges of temperature, pressure, and relative humidity. From
the work of Birnbaum [ 3 ] , Crain [ 4 ] , and
Saxton [ 5 ] , the values of the constants, a and b,
as shown, were chosen as the most reasonable
set.
The values of es{T) may be obtained from
tables [ 6 ] , and equation (1) may be plotted for
values of temperature, pressure, and relative
humidity. The region of interest will be taken
as that range from sea level to a height of 30,000
ft. This region of altitude approximately defines
the temperature region to be from + 4 0 to —40
deg C, the pressure region to be from 1000 to 300
mb, and the relative humidity region to be from
0 to 100 per cent [ 6 ] .
Equation (1) may be separated into two parts.
The term («aP/T) is called the dry-term of
refractivity, and the term ( b R H e s ( T ) / T 2 ) is
called the wet-term of refractivity. These
designations will be used throught this paper.
Thus, equation (1) may be rewritten as
N = iV, + Nw,

(2)

where Nd = the dry-term of refractivity and
Nw = the wet-term of refractivity.
The radiosonde used for study was a BendixFriez drop-type unit designated as the A N / A M T 6 ( X A - 1 ) , and the application discussed in this
paper will be to this unit. The blocking oscillator of the A N / A M T - 6 ( X A - 1 ) was found to
have a repetition rate which is proportional to
the oscillator grid circuit conductance with a
proportionality constant of 51 pulses per second
per micromho of conductance.

Since the wet and dry terms of refractivity add
to give total refractivity and since individual
conductances when connected in parallel add
to give total conductance, it is convenient to
consider a separate conductance for each of the
terms of refractivity. The conductance necessary to cause a blocking oscillator repetition
rate equal to the dry-term of refractivity plus a
constant is referred to as the dry-term conductance. Similarly, the conductance necessary
to cause a blocking oscillator repetition rate equal
to the wet-term of refractivity plus a c o n s t a n t s
referred to as the wet-term conductance.
Hence,
these two conductances connected in parallel in
the grid circuit of the blocking oscillator will cause
the oscillator to produce a repetition rate equal
to refractivity plus a constant. Thus, the dryterm conductance and the wet-term conductance
may be designed independently.
3. Design of dry-term sensor
A conductance proportional to pressure and
inversely proportional to temperature as given
b y equation (1) was obtained in two steps. The
temperature dependence was obtained b y choosing a resistance element whose conductance
was proportional to temperature. The element
used was a Texas Instruments P-100 Sensitor.
T h e time constant for this unit is 2.5 sec in
an air velocity of 15 ft per sec. T h e maximum
error in the response of the sensitor was 1.86
per cent. T h e proper magnitude of the resistance was obtained b y the use of a resistance
amplifier as shown in fig. 1 under the dryterm conductance. T h e pressure dependence
was introduced b y the use of a baroswitch with
appropriate resistances connected between the
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steps. The baroswitch resistances were used in
the plate circuit of the resistance amplifier shown
in fig. 1. Changes in the magnitude of the plate
voltage of the resistance amplifier caused the
blocking oscillator grid conductance to vary in
proportion to the pressure.
The step in the baroswitch may also be used
to provide height indications within the limits
of the standard atmosphere.
4. Design of wet-term sensor
As indicated earlier, the wet-term is directly
proportional to the relative humidity and is
a function of the temperature which is equal to
to the saturation vapor pressure divided b y the
square of the absolute temperature. This
dependence of refractivity on relative humidity
and temperature is shown in fig. 2.
A sensor was found whose conductance varied,
to a first approximation, in proportion to the
wet-term factor. The unit was a lithiumchloride plastic strip manufactured b y Friez
Instrument Division of Bendix Aviation Corporation and designated as ML-379. Information available on the ML-418 element indicated
that it might have better operating characteristics, but, since none of these units was available,
the work was restricted to the ML-379.
The series parallel combination of resistances
as shown in the wet-bulb conductance part of
fig. 1 permitted matching the magnitudes of
the wet-term and dry-term conductances.
Calibration curves of the wet-term conductance were made at temperatures of — IOC, 13C,
and 33C. The rate of change of pulse rate with
humidity agreed with the curves of fig. 2 for
humidities above 50 per cent. Facilities were
not available for making calibration tests at
the lower humidities.
5. Conclusions
T h e circuit as shown in fig. 1 provides a means
of controlling the pulse repetition rate of an
A N / A M T - 6 ( X A - 1 ) radiosonde for direct measurement of refractive index. A similar arrangement could be used with other sondes for this
purpose. Although this instrument would only
respond to the gross structure of the atmosphere,
it would be an improvement over using standard

FIG. 2.

Wet-term of refractivity.

radiosonde data for refractive-index determination in the sense that the output would be
continuous and the measurement of index of
refraction would be direct.
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