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TEMPERATURE ERRORS OF RADIOSONDE RKZ-2 AND ITS WORKING PROCEDURE

0. V. Marfenko

-

In order to solve a number of procedural problems which originate
during the operation of a radiosonde, it 1s not sufficient to know
< the value of its resultant error for the element being measured.

A

The components of this error have different magnitudes and origins,
which make it necessary to have different methods of determining
them and to be able to take them into account under conditions

of standard observations at aerological stations. A study of the
error in measuring temperature with radiosonde RKZ-2 was conducted
in 1967-1968 in order to solve this problem.

The error in temperature measurement by radiosonde type RKZ
consists of the error caused by the thermistor and the error caused
by the radio component. We studied the main error contributed
by the radio component; by this error we mean the reproducibility
of the radio component readings under normal conditions (room tempera-

U, = 6.1 V, respectively), and the adaitional error which originates

. du. ing the deviation of the supply conditions of the radio component

E up to the maximum permissible values. The change in the radiosonde
->

readings through time was studied in order to determine the useful
life of the radiosonde.

ture, ground pressure, nominal supply conditions: (/= 2.4 V, Ug = 195 V,
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We found the main error of the radio component by comparing
data from repeated tests of radio components at close intervals
and with constant supply voltages (nominal and deviating from nominal
by 8-10%). The test was made with a set of monitoring and measuring
equipment (KIPAS-1).

n
\
Table 1 gives the mean absolute ( :; “’l') and mean
(At~ ¢ .
ll‘ \’ \ n
arithmetic Al - ‘ } values of the differences in repeated
n

tests of 20 radio components of radiosonde RKZ-2 at 15 testing
levels, expressed in degrees. The input data in Table 1 include

the values of the resistances measured by the radio component corre-
sponding to the testing stages and the approximate values of the tem-
perature corresponding to the indicated values of the resistance of
thermistor MMT-1. The data were obtained with the nominal supply
conditions. The fact that the mean arithmetic values of the differences
are equal to zero indicates that the series of measurements is
sufficient for obtaining reliable data on the value of the error.

The rms value of the main error in measuring the temperature, calcu-
lated using the above data, is less than 0°, and that caused by

the radio component - not greater than 0.19, A higher temperature

is measured with a greater error, reaching 0.6-0.7° at a temperature
of 20-4090C.

It turned out that the determining component of the main error
of the radio component is that which depends on the sensitivity of
the radiosonde. The error in the temperature measurement, which
depends on the sensitivity of the radiosonde, is determined by
the following value in the limiting case

\’-'Fnu | AFU“’-.'

Ao 2,
where A, - AM.,- 1 Hz is the discreteness of the frequency measure-
ment, /., 2000 Hz, F¢ varies within 50-1950 Hz.

The values of the errors corresponding to the values of Ay
for different temperature ranges are given in the last line of Table 1.
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Table 1. Mean differences in readings of radio components of RKZ-2
taken at close intervals (degrees).

KEY: (1) kilohms. (2) Number of cases. (3) degrees. (4) No. of i
testing stage. |
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They turned out to be approximately equal to the values of the i
main error. This is important when solving the problem of the !
decrease in the frequency range for the transmission of information

on meteorological data, i.e., of the decrease in the radiosonde's
sensitivity: the decrease in sensitivity increases the random error
introduced into the measurement of the meteorological element by

the radio component almost to the same extent.

The dependence of the output data of a radio component carrying
information about meteorological elements on the voltage of the
supply battery causes a significant error in the measurement of
air temperature and humidity by radiosonde RKZ.

Studies which were conducted earlier [ 1] showed that this
error is systematic for a particular radiosonde: the deviation
of the supply voltage from the nominal value, with a constant value
and sign, causes a constant error in the measurement of the meteoro-
logical element. The value of the error for this voltage deviation
varies from radiosonde to radiosonde according to the normal law

3




of distribution, and it is determined by the construction of the
radio component and the quality of its adjustment. The sign of
the error is determined by the sign of the voltage deviation: an
increase in the filament voltage of 2.4 V or a decrease in the anode
voltage results in a decrease in the true air temperature, and vice
versa. The filament voltage of 2.4 V has the greatest effect on

4 the change in the readings of the radio component. The following

ﬁk mean values of the errors in measuring the temperature were obtained
:‘f during changes in the supply conditions of the radio component up to

the maximum permissible values.

In the regime (), -- 212 oy U, =265 8y +025°
s U =178 eV, =215 gl . 0.20°
» s, Us=21246) U =215a| - 040°
» » Uy - 178 8) U, =26548) +030°

KEY: (1) V.

It has been pointed out that for a given batch of radiosondes,
: the value of the mean error under given supply conditions, expressed
L in degrees, is the same for all the testing stages of the radiosondes,
| i.e., for the entire measured temperature range. From the standpoint
of the effect on the precision of the radiosonde, a decrease in
the supply voltage, especially the 2.4 V filament voltage, turns

out to be the most dangerous.

Figures 1 and 2 give the discharge characteristics of battery
200 PMKhM-2ch for the anode and 2.4 V filament voltages. These curves
were obtained in a space chamber on a load equivalent to a radio
component after preliminarily charging the battery to the minimum
working voltages ((,, = 2.15 V, 1, = 5.5V, Uy = 178 V) and dischar-
ging it at ground pressure for 10 minutes at a temperature of +250C
and 5 minutes at a temperature of -U409C. Table 2 gives the working
conditions of the battery after the 15th minute, which was considered
to be the beginning of the useful operation of the battery

This procedure of preparing the batteries before beginning the

tests corresponds to their operating conditions. ¥
u )
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Fig. 1. Discharge
characteristics of
anode section of bat-
tery 200PMKhM-2ch.
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Table 2. Conditions of discharge of battery 200PMKhM-2ch.
KEY: (1) Time, min. (2) mbar.
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The lower part of Figures 1 and 2 gives the discharge curves of
individual batteries from separate batches, and the upper part
- the mean curves for batteries from 14 different batches. It
is characteristic for the filament section of the battery to rapidly
reach the maximum ;oltage for this battery, to preserve it for
approximately 90 minutes, and then for it to quickly drop. The
énode section is characterized by rapidly reaching the minimum
voltage during charging, a gradual build-up for 50-60 minutes to
the maximum value, and then a gradual drop for 30-35 minutes.
Only after this does a rapid drop occur. The rapid build-up of
voltage during the first minutes of the battery's useful operation
is the result of the features of the experiment. Actually, during
charging, the anode section reached the minimum working voltage
much sooner than the filament section, and it was cut off. During
the first minutes of discharge in the working mode, the anode section

was essentially discharged.

The findings give us grounds for considering the supply conditions
of the radio component to be sufficiently stable during individual
sounding, and the errors in measuring a meteorological element
under conditions of atmospheric sounding, which originate when
the supply conditions deviate from the nominal conditions - to

be systematic.

Attention is drawn to the fact that the nominal supply conditions
of radio component RKZ do not correspond to the mean voltages supplied

by batteries 200PMKhM-2c¢h: (',,= 2.5, (/, = 200 V. Data indicating
that the mean voltages supplied by batteries 200PMKhM-2ch are generally

6
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higher than the nominal values under actual sounding conditions

are confirmed by the values of the radiosonde's reference frequencies
in flight and the values of the variations during the test check

of the radio components at aerological stations.

It is important to know the stability of the radiosonde's
calibration data through time in order to determine the working
but
the nature of the change in the radiosonde's readings through time.
Thus,

to the original plant curve,

procedure. Here it is important to know not only the value,

if the calibration curve through time is shifted parallel

it is sufficient to take a control

reading in order to determine the correction to the calibration

data, which will be constant for the entire range of the measured

3

element.

Table 3. Change (degrees) in readings of radio components RKZ-2
through time.

KEY: (1) Stage. (2) Storage time, months. (3) Description of error.

(4) Mean arithmetic.

(5) Mean absolute.
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The results of studying the change in the radio component read-

ings

of radiosonde RKZ-2 through time are given in Table 3.

The
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observations were made on 15 radioc components taken from different
batches. Table 3 gives the mean arithmetic and mean absolute differ-
ences in the readings of the radio components during plant calibration
and after 1, 12, 24, 30 and 33 months. The findings do not indicate
j the presence of any regular variations in the radio component readings
; through time. Nor was an increase in the absolute values of the
differences through time observed. The mean absolute value of

P P 2

the deviation in the 5th and higher stages does not exceed 0.40.
The variations in the readings of individual radio components are
different: in some, the new calibration curve is shifted parallel

e

to the plant curve, while in others, it changed (the sensitivity
changed), and sometimes the points of the test check were randomly
dispersed relative“to the plant curve. This nature of the differences
in the radio compohent readings makes it possible to confirm that
they result from errors in either the plant or the test calibration
Lsing the KIPAS~-1. Deterioration of the calibration data of the

radiosonde does not occur, at least for three years.

The results of studying the errors of RKZ radiosondes indicate
the need for considering two aspects of the question of a radiosonde's
precision. The first aspect is the precision of a given type of
radiosonde, the value of which is necessary in order to estimate
the precision of the aerological information. This precision is
determined statistically according to test data on a set of this
tvpe of radiosondes under laboratory or flight conditions. The
second aspect is whether the precision of a particular radiosonde
meets the precision requirements imposed on this type of radiosonde,
i.e., determining the radiosonde's suitability for sounding.

Statistical methods of determining even random errors are
not very well-suited for conditions of plant production and operation
at aerological stations. Knowing the statistical characteristics
of the random errors of a given type of radiosonde, it is more
expedient to establish criteria for the permissible value of the
error of a particular radiosonde. We feel that it is advisable

to take the value @9 for which the confidence probability is equal
to 954, as the criterion for estimating the suitability of a particular
8




radiosonde tor sounding. The value or o is determined from the
findings of the study of a set of radiosondes. Here it is obligatory
to make an individual determination and estimation of the random

and systematic errors for a particular radiosonde.

The total rms error introduced by a radio component of radiosonde

RKZ-2, which characterizes the precision of this radiosonde, is

equal to y . ,
a, J oy eh joesk
! Podzy odatp ol 02y,
s | Here ™ is the rms value of the main random error introduced by
i®
; the radio component; ¢. is the rms value of the error introduced

by the radio component with a value of the anode voltage of 200 V,
and of the filament voltage - 2.5 V; «. is the rms value of the

error contributed by the procedure for testing the radio component.
“The total random error in measuring temperature by radiosonde type

RKZ-2 is equal to the geometric sum of the errors of the radio

f component and the errors of the thermistor:

(L ' ul"‘ P ('2 l “,‘232 l ”,42 “,‘"‘) .

This value of the error is also confirmed by the connected
outputs of the radiosonde [2]). We obtained data on the errors of the
thermistor by analyzing the results of studying the stability of
thermistors MMT-1; this study was conducted at the Testing Office
of the TsAO [Central Aerological Observatory] in 1961. It was
: found that on the average, because of changes in the calibration
A ‘ data of the thermistor over 3-12 months, the radiosonde lowers
the air temperature by 0.15-0.25°C with a deviation of +0.29 from
the mean in individual testing stages. Therefore, the systematic
component of the value of the change in the calibration data of
a thermistor through time is approximately equal to the random
5 error of the thermistor, which makes it impossible to determine

from a single test reading. The mean absolute value of the change
in the calibration data of the thermistor according to the data
of test checks at aerological stations is somewhat higher than

phmepgre————

“ according to the data of special laboratory studies, and it is

equal to 0.40, 1In all probability, this is explained by the inaccuracy
1
9
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of the procedure for test checking a thermistor in a ventilated
booth.

When estimating suitability from the precision characteristics ;
of each individual radiosonde, it is necessary, as we already indica- i
ted, to separately estimate the random error introduced by the
radio component and the systematic¢ error which originates when
the supply conditions are varied up to the maximum permissible
values.

The random error is estimated from the difference in two succes-
sive calibrations of a radio component with constant supply condi-
tions. The value of 24 which is a cause for condemning a radio
component when it Es exceeded, is normalized separately for each
test stage. According to our data, it is equal to 0.89° in the second

-stage, 0.25° in the 3rd stage, 0.2° in the 4th stage, 0.1° in the
5th-13th stages, and 0.15° in the 14th and 15th stages.

It is expedient to estimate the error introduced by radio

:; component RKZ during a change in the supply voltages according

to data of test readings in the range in which the random error

of the radio component is small. In this case, it is not necessary

to have a large number of measurements. It is sufficient to have

two test readings, e.g., at the 6th (20 kilohms) and 13th (200 kilohms)
test points in order to keep the maximum error from exceeding 0.2°

on the average. It suffices to make the check in two of the most
unfavorable sets of conditions: 1) Uy = 212 V, Us = 2.15 V (44, -H);
2) Uy = 178 VvV, l's, = 2.65 V (~A, +H). The criterion for rejecting

a radio component according to the value of the difference in the
radio component readings under the nominal conditions and in the
regimes +A-H or ~A+H in the 6th or 13th stages is the sum of twice
‘H . the rms value of the main error and twice the rms value of the

: error of radiosonde RKZ-2 under the indicated supply conditions.

This value is equal to 1.29C, according to our findings.

For conditions of aerological stations, the criterion should
be somewhat higher when considering the additional error introduced
10
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by monitoring and measuring equipment of a lower c¢lass of precision
H than the factory equipment.

Furthermore, the findings make it possible to bring out the
problem of the change in the nominal supply regime of the radiosonde
y and the increase in its service life for sounding for up to at
least three years. At present, it is not advisable to introduce
corrections into the calibration data of a radiosonde from data
of a control test at aerological stations. The introduction of
corrections which consider the value of the voltages supplied by
battery 200PMKhM-2ch, with which the radiosonde is sent up, makes
it possible to somewhat decrease the systematic error in temperature
measurement duringﬁindividual sounding situations. However, we
were unable to obtain more precise sounding results by processing
connected outputs of radiosondes RKZ~2 with the introduction of
corrections in the calibration data of the radio components obtained
from the findings of test readings in the 20 and 200 kilohm stages
during supply from a battery. Nor did the precision increase when

t corrections were introduced into the calibration data of the thermis-
tors obtained by comparing the temperature readings of a radiosonde

and an aspiration psychrometer in a ventilated booth.

The author would like to express his deep thanks to comrades
L. F. Akopova, L. P. Brovina and K. I. Gol'tsova, who conducted

the experiments.
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Summary

The resnlts of the investigation of e vadiosonde PR7 2 1vpe temperature ergors
are described in this paper Some methods of he radiosonde verification are given
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