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13, ABSTRACT

Three meteorological radar units are described: the Malachite radiotheodolite
with rangefinder attachment, the Meteorite radar station, and the MRL radar station.
Tne principles of operation of these systems are given along with circuit descrip-
tions and explanations of the operation of tne individual units within each system.

The iMalachite and rangefinder are used in conjunction with the A-35-1F trans-
mitter/transponder and/or the A-22 radicsorde in the v.h.f. range. when thege
units are sent aloft together, the radiotheodolite determines elevation, azimuth,
and slant range, as well as the pressure, temyerature, and humidity data trans-
mitted by the A-22. +when the A-35-1F is sent up alone, the radiotheocdolite de-
termines only tae ancle coordinates. The circuit and operation of the A-35-1F is
described.

The Meteorite radar station oper tes in the centimeter range and is used to
track radiosondes of the RnZ type as well as corner reflectors; provision is made
for automatic trac«iag. A single radioc channel is used to transmit the f.m. sig-
nals of the meteorological elements and the range signals., The circuit and opera-
tion of the RKZ-2 is also described,

Ihe MRL radar station, which is also a centimeter station, is a new system
being used by the hydrometeorological services in the USSR to detect, observe, and
determine the location of thunderstcrm and snower cells. It is produced in two
versions, & portavle two-channel set (MRL-1), wnose second channel cperates in the
millimeter range, and a stationary single-cnannel set (MRL-2) .
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Chapter 8
The "Malachite'' Radiotheodolite with Rangefinder Attachment

The system consisting of the Malachite radiotheodolite, a range-
finder attachment, and the A-22 radiosonde is designed for finding
wind speed and direction and also for obtaining informaticu about the
quantities of meteorological elements to an altitude of 40-50 km,
Like any radiosondi observation system. it is a radic location and
telemetric system,

An A-35-1P radio transmitter/transponder, whose freguency is
216 MHz, is set intc free flight under a hydrogen-filled balloon along
with the A-22 radiosonde or by itself {the A-35-1P transmitter sche-
matic is considered in Se:tion 3.7 of this chapter). In the first
case the Malachite radiot ieodolite determines the angle of elevation,
the szimuth, and the slan'. range of the radiosonde and also provides
for reception of the radicsonde audio signals, which are used to de-
termine pressure, temperature, and humidity at various altitudes.

This method 1is called complex temperature-wind sounding of ths

atmosphere.

In the second case, when the transmitter/transponder is se%t into
flight without the radiosonde, the radiotneodolite ¢ .termines only
the cocrdinates, which are used to determine wind speed and direction
at different levels.

This is the radiopilot method.

The advantage of the Malachite radiotheodolite is its simplicity
of construction, and its shortcomings are the low level of precision
in determining the angle coordinates and the slant range, as well as
the lack of automatic tracking of the radiosonde. Moreover, the work-
ing range along the vertical angle (the angle of elevation) lies
within the limits 16°-75°, which significantly reduces the usefulness
of observations made with the Malachite radiotheodolite.

This system i3 an improved version of the direction finding
system used in the fifties with the GUGMS aerological network.
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BASIC TACTICAL AND TECHNICAL SPECIFICATICKS

1. Range of operation not less than 100 km.
2. Radiotheodolite frequency range 215-218 Mz
3. Hadiation pattern bandwidth at
0.7 Egy level 187
L, Inquiry pulse repetition frequency
of transmitter, f3 1070 p/s
5. Luration of inquiry pulse, t; 2 Jisec.
6. Transmitter power in pulse, P. 30 kw,
7. Receiver sensitivity for Vg/V = 2 not worse than 8 uv.
§. Rotaticn frequency of tne radiation
pattern 50 Hz
i 9. Maximum error in determining
elevation within working range no more than 1.6°
10. Maximum error in determining
azimuth in 0-360° range no niore than 1.6°
, 11. Error in measuring distance up to
E 100 km. +50 m,
E i2. Error in measuring distance from
100 to 200 knm. +75 m.
13, Pow-r supply: 127-220 v, at 50 Hz
E 14, Frower comsumption 2.4 kw,

The “alachite radiotheodolite antenna system receives pulse sige
nals from the radiosonde transmitter/transponder, whose duration and
repetition frequency depend on tne position of the commutator of the
radiosonde. There are two pulse repetitior frequency ranges, a low-
frequency range (3C0-230C Hz), which is used for transsitting the
meteorological information (pressure, temperature, humidity), and a
nigh-frequency range (over 29J0 Hz)., The high repetition frequency
(signal-pause) is used for determining the distance to the radiosonde
and also for direction finding in the absence of signals carrying
meteorological information,.

The angle of elevation and the azimuth of the transmitter being

i tracked are determined by ‘he bi-signal zone method. The radiotheodo-
1 lite radiation pattern is shifte! in space and occupies positions in
tnis order: left, upper, right, lower. The left and right positions
of the radistion pattern form a bi-signal zone along the azimuth, and
the upper and lower positions form a bi-signal zone along the angle

of elevation. Two pairs of pulses (Fig. 8.1) are visible on the Mala-
chite angle-coordinate indicator, which allows taking a bearing from
two coordinates simultaneously on one screen.

I the target direction is congruent with tne line passing through
the origin of tne radiation pa*tern and the point of intersection of
tne pattern along each coordinate, the pulse amplitude on thne indica-

1 tor will be the same,
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The slant range from the sounding station to the radiosonde trans-
mitter is determined by the method of secondary radiolocation., The
transmitter of the rangefinder attachment emits a powerful inquiry
pulse in the direction of tue drifting radioscnde. After the inquiry
pulse operates on it the transponder sends an answering signal which
is picked up by the radiotheodolite antenna. This signal appears on
the range indicator as a bunch of pulses whose brightness and ampli-
tude are greater than the brightness and amplitude of the noise path.
Tne slant range to the radiovsonde is determined by matching tne
answering signal with the electronic hairline. The range indicator
has two sweeps, coarse and fine. At the coarse sweep a bright mark
(the 3-km. gate) serves as the electronic hairline, and at the fine
sweep a dark mark (the narrow gate) is the hairline. As soon as the
answering signal appears on the indicator the range mechanism is used
to match the signal witn the bright mark at the coarse sweep, and then
the leading edge of the answering signal i1s matched with the dark mark
at the fine sweep. At this moment the slant range is read off the scale.’

To increase precision in the reading, the entire range distance
(200 km., is divided into ranves of 20 km =sach (0-2C, 20-40 km.,
etc.). A switch selects the range in proportion to the distance of
the radicsonde from the transmission point.

in processing the data of the ascent of the radiosonde,the slant
range is used for finding the altituie of the radiosonde:

H = R_ sin [ (3.1)

where 7 is the angle of elevation.

In the radiotheodolite receiver (in the sound channel) the low-
frequency pulses imeteoroiogical information) are amplified and the
high-frequency pulses (the pauses between code signals) are attenuated.

For recording the radiosonde signals the output of the Falachite
receiver is connected to a FR-16 automatic recorder. The audio sig-
nals of the radiosonde can be heard with headphones.

A functional diagram of the lMalachite radiotneodolite with range-
finder attachment is shown in Fig. 8.2. In operation the transmitter,
receiver, angle-coordinate indicator and slant-range indicator are
synchronized by pulses developed in the trigger unit,

Signals carrying meteorological information are picked up by the
radiotneodolite antenna system and fed through the high-frequency (h.f.)
section of the antenra commutator and the h.f. slip ring to the re-
ceiver input. Irom the low-frequency receiver output the signals go
to headphones and the line cornecting the radiotheodolite and the radio-
sonde observation point. The video pulses go frcm the receiver to the
angle~coordinate indicator.

¢
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Fig. 5.1. Video puises on the
angle-coordinate indicator

Tne low-freguency section of the antenna commutator and the con-
trol voltage generator (CVG) together develop the voltage for control-
ling the operation of the angle-coordinate indicator. The control
voltage is used to form the viceo-pulse sweepr voltage and the voltage
that cuts off the electron beam when the radiation pattern switches
from one position to anotner.

The synchronization pulses coming from the trigger unit to the
transmitter trigger the h.f. oscillator. The inguiry jpulses travel
along cnaxial cable tnrougn the h.f. slip ring of the transmitter to
the transmitting antenna of the radiotheodolite, which is pnsitioned
in the center of the receiving antenna system.

As high-frequency pulses are generated, the inputs of the angle-
coordinate indicator and the receiver are fed suppressor pulses from

the trigger unit wihich block these units and protect them from the
powerful inquiry pulse,

The inquiry pulse from the transmitter antenna actuates the ra-
diosonde trinsmitter/transponder, which makes an answering puise cor-
responding in time with the inquiry pulse but at an amplitude 10-20%
creater than usual. The answering pulse reaches the receivine anten-
nas of the radiotheodolite and travels through the h.f. section of
tne antenna commutator and the receiver, and from the receiver output
is fed to the range indicator.

The units of the radiotheodolite and the rangefinder attachment
function as follows.

1. The antenna feeder system creates a radiation pattern, emits

A




the transmitter pulses, and receives the signals from the radioscnde.
Since there is no antenna switch in the Malachite, a pulse from the
trigger unit blocks the receiver when the transmitter is in operatien.

(o8
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Fig, 8.2. Tunctional diagram of the radiotheodolite

Key: Antenna drive g. Angle-coordinate indicator
Angle-coordinate reading unit  h. Receiver

Antenna commutator i. Transmitter

CVG i. Slant-range indicator

H.f., slip ring k. Trigger unit

H,f. slip ring

-
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2. The transmitter is designed to generate powerful inquiry
pulses with a repetition frequency of 1070 p/sec., and a duration of
2 psec,

3. The receiver amplifies the radiosonde signals picked up by
the antenna, converts the pulses,and distributes these pulses to the
range~ and angle-coordinate indicator channel and the channel for the
audio reception of pressure, temperature, and humidity data.

4. In the "Cperate" mode the angle-coordinate indicator is de-
signed to determine the bearing with respect to elevation and azimuth
from video signals on the cathode ray tube. In the '"Check" mode the
pulse shape of the radiosonde transmitter can be examined on the in-
dicator®s screen, i.e., the indicator functionsas an oscillograph.

5. The indicator unit, which includes the slant-range indicator
and the trigger unit, provides for visually observing (on the c.r.t.
screen) the radiosonde transmitter answering pulse, for matching it
with the electronic hairline and reading the slant range, and for
svnchronizing the operation of the whole station.
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6. The angle-coor inate reading unit, in which the selsyn re-

ceivers are housed, is designed for reading the elevation and azimuth
at the moment the bearing is taken.

7. Tne power ~upply system provides all units of the radiotheo-
dolite and rangefinder attachment with the voltages necessary for
normal operation.

8.1. The Antenna Feeder System

The antenna feeder system of the Malachite radiotheodolite (Fig.
%.3) consists of four receiving director antennas 1 and one transmit-
ting antenna 2, high-frequency feed cables 3 (feeders) connecting the
antennas to the receiver ard transmitter, four adjusters h (only in
tne receiving wave channels), a phasing system £ with antenna commuta-
tor 7, and two h.f. slip rings 8 (for the transmitter and the receiver).

A balun is used in each channel to connect the center-fed dipoles of
the antenna to the coaxial feed cable.

The specifications for the AFS are as follows.

1. It operates in the 215-218 MHz range with a basic tuned fre-
quency of 216 MHz.

2. when a bi-signal zore is formed, the intersection level of the
radiation patterns at the extreme positions is at least 75% of E

(Fig. 8.4).

3. The size of the minor lobes of the radiation pattern is not
more than 25% in terms of vcltage.

4, The traveling-wave ratio in the feedline is not below 0,5.

The receiving antennas constitute a system of four director an=-
tennas (two along the elevation angle and two along the azimuth) in
order to increase the front-to-back ratio, create & bi-signal zone,
and obtain the required radiation pattern vandwidth,

The adjusters are segments of rigid coaxial line that are included
in tne antenna feeder circuit; they are used to match the electrical
and geometric axes of the antenna.

The phaging system together with the high-frequency section of
the antenna commutator is designed to change the positicn of the ra-
diation pattern in space, i.e., to create a bi~signal zone in the
vertical and horizontal planes,

The low-freguency section of the anten.a commutator together with
the control voltage generator provides the vcltage that controls the
operation of the angle-cocrdinate indicator, i.e., 1t creates the
sweep and quench voltages for thie electron beam,

-6~
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Fig. 8.3. Antenna feeder system Fig. 8.4. Intersection of

the radiation patterns

The high-fregquency slip rings are designed to transmit h.f. cnergy
trom the receiving antennas to the receiver or from the transmitter to
the antenna.

8.2, The [ransmitter

The transmitter of the metric distance rangefinder attachment
operates in a pulse mode and is used to find the slant range of the
radiosonde.

The transmitting circuit consists of a submecdulator, a modulator
(power amplifier), and an ultrashort-wave oscillator. The block diagram
of the transmitter is shown in Fig, 8.5. 3ince the transmitter works in
a pulse mode, slant range is determined by the time between the begin-
ning of the transmitter emission of the inquiry pulse and the reception
of the answering pulse. A 75-kHz crystal-ccntrolled sine wave oscillator
is used to precisely determine this time., The crystal oscillator is lo-
cated in the trigger unit and controls the operation of the transmitter.

Let us examine the transmitter circuit, shown in Fig. 8.6. Syn-
chronization pulses coming from the trigger unit at a frequency of 1070
Hz (obtained by dividing the 75-kHz frequency), a duration of 1 usec.,
and an amplitude of 150 v. go through the winding of transformer Tl
to tne screen grid of Vi, The blocking oscililator assembled at V1
functions as the submodulator, The value o1 R3 is selected so that
the tube does not cut off and the blocking oscillator generates pulses

<7




with a low repetition frequency (50 Hz).l

The blocking oscillator control-grid circuit includes an open-end
artificial forming line, which stabilizes the duration of the generated
pulses at 2 msec. From the output winding of pulse truasformer Ti
positive 1200-v. pulses are applied to the ecreen and control grids of
V2 and V3 (GMI-83's), which are the load of the blocking oscillator.

Antenna
|
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Fig. 8.5. Block diagram of the transmitter

Key: a. Submodulator (GI-30)
b. Power amplifier (GMI-33)
c. U.s.w, oscillator (GI-17)
d. Synchronization pulse from trigzer unit
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Fig. 8,6. Basic circuit of the transmitter

Key: a. OUscillator tuning

The modulator is assembl=d in twou tubes connected in parallel as
a power amplifier with pulse transformer T3 in the plate circuit.

This mode of operation of the blocking oscillator corresponds
to the mode of external synchronization described in Chapter 3,

-8~




Automatic bias formed by the grid currents is used to cut off the
tubes ir the intervals betweern rulszs, A 100-v. bias is applied to the
control grid of the tubes through resistors R3 and R4. This voltags is
sufficient to cut of{ the modulator tubes, since the screen-grid puise
supply coming from the modulator is used. This circuit prevents a
large negative voltage from being fed to the control grids cf the
oodulatore.

Positive voltage pulses of $.5-7 kv, are fed from the cutput wind-
ing of T3 to the plates of the u.s.w. oscillater tubes,

The cscillator operates in a push-pull circuit with a common plate
and uses plate modulation. Jegments of bifilar lines shorted at the
end are used in the cathode and grid circuits of the tubes. The inter-
electrode capacitances and the bifilar lines form a closed oscillator
systenm,

Maximum delivery of power to the antenna is achieved by changing
the length of the cathode line., A large increase of the cathode bi-~
filar line leads to overloading the operation of the oscillator, and
a large decrease leads to cut-off of the oscillation,

The smount of inductive reactance is changed by rebuilding the grid
line, and in so doing the circuit frequency is changed and, therefore,
the oscillation frequency. The oscillator tuning knob is brought out
to the front panel of the unit. The ultrashort-wave oscillator func-
tions during the pulse operation of the modulator (2 ysec.).

The energy of the high-frequency signal (f = 215-218 MHz) is taken
from the cathode line and is transmitted from the oscillator to the an-
tenna through the high-frequency output and the slip ring. The balanced
cutput of the oscillater is matched to the untalanced input of the an-
tenna feeder system by a balun,

The power supply delivers 18C0 v. to the transmitter for the sub-
modulator plates, high voltage for the GMI-83 modulator plates, and
110 v. at 50 Hz for the filament transformers and the ventilatormotor.

3.3, The Receiver

The radiotheodolite receiver is designed to amplify signals picked
up by the antenne and convert them to a form convenient for the opera-
tion of the angle-coordinate indicator and the range indicator, as well
as to record the signals with meteorological information.

The receiver is a superheterodyne and consists of a high-frequency
section (h.f, amplifier, mixer, and oscillator), an intermediate fre-
quency amplifier, a detector, a video pulse (v.p.) amplifier, and an
audic frequency amplifier. The receiver functional diagram is shown
in Fig. 8.7.




<
VA TEey Mvee 1 e = —
o gfaseze ] TAEG [Cnscames) oy ) e} S
N T

} e At~ san
. L -

e [ 1
125
75 ——
— 3 m Saia3 Jorgers ¢
e ——
3 + —
. < fm n
{ o1 Taesiaei T
e P A8 Vo N R o BPT t f ¥y iy merezen p
U ¥en ?_..; STy !:1‘,‘:‘5‘ iris SR ey LR e a
< 2 I s 1 L L‘T"'
’ \ ¥
1 H Ho sy~
= ’ i @ UNZo0aMp
= a4
{ o iiagm
K3 yooagm

P
Crenccmy S

Fig. 8.7. Block diagram of the receiver

Key: a., Input circuit
b. H.f. amp. (V1, v2)
c. Mixer (V3a)
d. I.f. amp, (V4-V7)
e. I.I, amp. {(V8-vi:)
f. Detector (V12a)
g. Clamper (V12b)
L. Local oscillator (V3b)
i, First stage of v.p. amp. (V13)
J. Voltage level clamper (V14)
k. Second stage of v.p. amp. (V15)
1. Cathode follower (Vi6)
2. A.g.c. (V17-V13)
n. A.f. amp. (Vig-v21)
0. From trigger unit
P. <o headpnones
qg. To line
r. To angle~coordinate indicator
8. To range indicator

The local oscillator and mixer are assembled in a twin triode.
The local oscillator (V3b) is a low-power self-excited oacillator with
capacity coupling (the circuit is between the plate and the grid of the
right half of the tube).

The 186-MHz signal generated by the local oscillator is fed to the
mixer (V3a), as is the 216-Miz signal from the h.f, amplifier. Mixing
of two signals at different frequencies (216 and 186 MHz) results in a
more complex signal, which is also of high frequency; the amplitude of
this signal, however, varies with a frequency equal to the difference
of the two signal frequencies, 30 MHz. This frequency is called the
beat frequency and is used as the intermediate frequency (i.f.), This
frequency provides stable operation for the i.f. amplifier and suffici-
ent receiver selectivity, and the dependence of the amplification and
pass band of the i.f. amplifier on tube parameters is reduced,

-10~




The 30-MHz signal goes from the mixer to the i.f. amplifier, wnich
provides the bagic amplification of the signal and formation of the re-
ceiver pass bagd. The i.f. amplifier gain is on the order of
(1C0-150) * 107, and cue pass tand is 2.3-4.0 MHz.

The i.f. amplifier is built as a resonance amplifier with a single
network in the control-grid circuit. The i.f. amplifier consists of
eight identical stages. All oscillator circuits in the stages, which
consist of inductence coils and the interelectrode capacitances of the
tubes, are tuned to 3C Mdz. Autcmatic gain control (a.g :.) is effected
in the first four i.f. amplifier stages (by feeding negative tias to the
control grids from the a.g.c. circuit). To eliminate the possibility
of a positive voltage of more than 1 v. appearing at the control grids
of the controlled i.f. amplifier tubes, a clamper (V12b) is included
in the circuit of these tubes,

From the i.f. amplifier output stage the signal voltage goes to
the detector, which uses a 6Kh2FP diode (Vi2a). The detected signals
are isolated at thne cathode load. These signals are positive voltage
pulses having the shape of the high-frequency signal envelope.

At the detector output there is an additional filter at the inter-
mediate frequency, tnrough wnich the signal passes to tne video--nulse
amplifier. This amplifier is designed to increase the video pulses to
a level sufficient for stable operation of the angle-coordinate and
range indicators.

The video emplifier consists of four stages: *wo stages of v.p.
amplification (V13 and V15,, a voltage level clamper (Vi%), and a
cathode follower (V16). The first v.p. amplifier stage is assembled
as a resistance-coupled ampliifier with negative current feedback. The
amplification factor of tne first stage is 10.

From the load of the first stage the amplified pulses of negative
polarity go to the grid of the second pulse amplifier stage (V15),
whose amplification factor is 8. The second stage of the video ampli-
fier also includes regulation of the width of the pass band (selec-
tivity), which is done by shunting the plate load of the first v.p.
amplifier stage.

Condensers of different capacitances are used in conjunction with
switch B2 in the grid circuit of the second stage to decrease the pass
band (to reduce interference). At the amplifier output the signal ac-
quires a quasi~-triangular shape, i.e., its duration becomes minimum,

The signal-to-noise ratio in this case increases, and the receiver's
sengitivity is improved. when no interference is present, the signals
are received using the wide pass band (the condensers are switched out).

In the video amplifier circuit V14 functions as a clamper cn the
grids of the tubes in the amplification stages. The clamper is assem-
bled in a twin diode: the cathode of the left diode is connected to
the control grid of the tube in the first stage, and the plate of the
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right diode is connected to the control grid of the second amplifier
stage. This use of a diode provides for rapid discharge of the coup-
ling capacitors in the grid circuits and a constancy of the voltage on

them regardless of the duration and repetition frequency of the pulses
at the amplifier output,

The final v.p. amplifier stage of the receiver ia s cathode fol-~
lower (twin triode V16). Initscsinode circuits there are four resist-
ors for 1ifting and feeding the pulses to the a.g.c. circuit, the a.f,
amplifier, and the angle-coordinate and range indicators.

Some of the output voltage irom the cathode follower is fed to the
a.g.c, circuit, which is designed to keep the level of the output =sig-
nal constant when the amplitude of the radiosonde signal varies (due to
fading) and to prevent receiver overlcad from strong signals. The
a.g.c. circuit is assembled in two tubes: at V17 are the phase inverter
and the detector, and at V18 is the cathode follower. When the trans-
mitter is in operation, the a.g.c. circuit is cut off{ by a negative
rulse from the trigger unit of the attachment. This is called the
suppressor pulse and travels along the ccaxial cable tnrough the h.f.
connector to the grid of V17 of the first a.g.c. stage.

The other part of the output voltage from the cathode follower of
the video amplifier goes to the a.f. amplifier circuit.

The a.f. amplifier isolates and amplifies the main constituent low-
repetition-frequency pulses (the meteorological information) and sup~
presses the main constituent hign-repetition~frequency pulses (the
pauses between the signals carrying t:ie meteorological information).

The &.f. amplifier consists of three stages: a voltage amplifier
(V13), a power amplifier (V20), and a cathode follower (V21). The
power amplifier provides for transmitting a.f. voltage to the line (to
the point where the radiosonde signals are received). The cathode
foilower is the final stage of the a.f. amplifier; the a.f. signals
go from its output to tie neadphones.

The a.f. amplifier circuit includes a filter to suppress the
powerful inquiry pulses of the rangefinder transmitter in the audio
channel, which recur at a frequency of 1070 Hz.

A PR-16 automatic radiosonde-signal recorder may be connected to
the ocutput of tne radiothecdoliite receiver.

2.4, The Angle-Coordinate Indicator

The angle-coordinate indicator operates in two modes, "Operate"
and "Check"; an amplitude signal reference mark is used.

In the "Operate" mode the signals from the radiosonde transmitter
being tracked are visible on the screen of the indicator's cathode ray
tube in the form of twc pairs of pulses, which permits simultaneous




tracking of the radiosonde with respect to the angle of elevation and the
azimuth, One pair of pulses corresponds to the angle of elevation, and
the other pair corresponds to the azimuth (cf. Fig. 3.1).

Voltage from the control voltage generator (CVG) goes to the indi-
cator circuit, where the voltage is shaped and the beam is cut off. In
accordance with the four positions of the radiation pattern in space
(1eft, upper, right, lower) the electron beam occupies in turn the fol-
lowing positions on the c.r.t. screen: the extreme left in the left
pair of pulses, the extreme left in the right pair of pulses, the ex-
treme right in the left pair of pulses, and the extreme right in the
right pair of pulses. When the beam is switching from one position to
another it is cut off by negative voltage applied to the c.r.t. modu-
lator. In the "Operate' mode two channels operate in the angle coordi-
nate indicator (Fig. 8.8), one controlling the sweep and cme control-
ling the cut off of the electron beam.

Fig. 8.8. Functional diagram of the angle-
coordinate indicator
Stages operating in the "Check' mode are indicated
in parentheses; switch B2 is shown in the '"Operate"
rosition,

Key: a. Limiter
b. Paraphase amp.
¢, Differentiating circuit
d. Preamp. (sweep generator)
e. Phase splitter
f. Cut-off pulse mixer
g. Cut-off {dimmer) pulse amp.
h, From receiver
i. Differentiating circuit
j. (Kipp relay trigger-pulse limiter)
k. (Kipp relay)
1. Vertical deflection amp.
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The sweep channel consistz of a diode limiter and a horizontal de-
flection paraphase amplifier. The limiter is constructed as a parallel
diode amplitude gate with the CVG voltage applied to the input. Regu-
lating the limiting threshhold at the top and bouttom, they effect the
change in the distance between the pulses in each pair. From the output
of the limiter the sweep voltage goes to the twc-stage horizontal de-
flection paraphase amplifier. This amplifier improves the electron beam
focusing and increases the sensitivity of the indicator. From tke out-
puts of the first and =2cond stagzes of the horizontal deflection para-
phase amplifier sweep voltages go in counterphase to the c.r.t, hori-
zonta) deflection plates.

Negative pulses are formed from the sweep voltage in the cut-off
channel for total cut-off of the electron team when it is switching from
one position to another,

The cut-off channel consists of a cut-off pulse preamplifier (V3a),
a phase splitter (Vha), a cut-off pulse mixer (V5), and a cut-off ampli-
fier (pulse dimmer), V3b.

As noted above, voltage from the CVG goes to the diode limiter and
simultaneously to the differentiating circuit. Bipolar pulses appear
at the ocutput of this circuit; their duration is equal to the duration
of the drops in the control veltage. These pulses go to the cut-off
pulse preamplifier and then to the phase splitter, which is a stage
with plate and cathode loads. The bipelar pulses sve fed from the
plate and cathode of the phase splitter to the mixer,

The cut-off pulse mixer is a twin diode with a common cathoda load,
and it operates as follows., Suprese that a positive pulse comes frow
the phase splitter to the plate of the first diode and simultenecusly a
negative pulse comes to the plate of the second. 1In this case the second
diode cuts off, and a positive pulse appears at the cathode load of thue
mixer. In the next voltage cycle a negative pulse appears at the plate
of the first diode and a positive pulse at the plate of the second. The
first diode cuts off and the second unblocks -- a positive pulse again ap-
pears at the cathode load. Thus only positive pulses will be isolated at
the cathode lcad of the mixer; these then go to the cut-off pulse ampli-
fier, where their amplitude is raised (to 10C v.) and their phase shifted
by 180°., From the amplifier output the pulses go to the c.r.t. modulater
and blank it for the time during which the electron beam switches from
one position t{o another.

A positive pulse goes from the cathode follower of the videc-pulse
amplifier to the vertical deflection paraphase amplifier. A negative
pulse is lifted from the first amplifier stage and applied to one of the
vertical deflection plates; a positive pulse goes from the output of the
second amplifier stage to the second vertical deflection plate. The
amplification factor of each stage is 5, which provides pulses on the
screen of the indicator with an amplitude up to 45 mm,
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Signal amplitude on the indicator screen is controlled manually by
a poctentiometer connected at the input cf the vertical deflection
amplifier,

In the "Check' mode the indicator provides for checking tie pulse
shape from the transmitter being tracked., For this the mode seitch B2
ia se% to the "Check" pcsition. This awitch tuic cthe diode limiter,
phase aplitter, and mixer out of the circui:.

In the "Check" mode the cut-off pulse preamplifier functions as a
sawtooth-voltage generator, and the cut-off pulae amplifier functions as
a sweep dimmer pulse amplifier. In addition, the Kipp relay, the Kipp
relay trigger-pulse limiter, and 'he horizontal and vertical deflectien
amplifiers operate in the '""Check™ mede.

Video pulses frcm the receiver go to the differentiating circuit
(cf. Fig. 8.8). Positive pulses trigger the Kipp relay, but negative
pulses are limited by the diode, hence the operation of tge Kipp relay
is not disrupted by the trailing edge of the videc pulse,

Negative pulses from the Kipp relay go to thes sweep generator. An
8-v. sawtooth-voltsge pulse with a duration of 80-120 psec. goes to the
norizontal deflection paraphase amplifier. Sawtooth pulses of the oppo-
site polarity are lifted from the ampiifier outputs and fed te the c.r.t.
horizontal Jdeflection plates, producing the sweep., The negative pulse
from the Kipp relay is also used to obtain the dimmer pulse for the
retrace. A negative sr.are-wave pulse goes from the Kipp relay to the
dimmer pulse amplifier’ here the pulse is amplified, shifted in phase by
180°, and thenis fed ‘cthe c.r.t. modulator. The duration of the posi-
tive pulse is equal to the duratioz of the working scanning motion, hence
only the retrace is dimmed. In the '"Check'' mcde the vertical deflection
amplifier operates just as in the "Operate'' mode.

A type 8L029 single-beam c.r.t. with a screen diameter of 80 mm. is
used in the indicator. This diameter allows both the elevation-angle
and azimuth bearings to be indicated simultaneously on the screen.

8.5, The Indicator Unit

The indicator unit for determining the slant range of the radiosonde
or radiopilot consists of a trigger unit and a tube unit (the range in-
dicator). The functional circuit of the indicator unit is given in
Fig, 3.9.

The trigger unit forms synchronization pulses and reference voltages
for controlling the operation of the transmitter, receiver. angle

1
* Operatiocn of the Kipp relay is described in Chapter 3.
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coordinate indicator and tube unit,

The trigger unit consists of three channels: 1) pulse shaping with
a repetition frequency of 1070 pulses/sec.; 2) phase shifter; 3) cali-
brator. The trigger unit also includes stages for forming the suppressor
pulses that block the receiver and indicators during the powerful trans-
mitter pulse.

A 75-kHz crystal oscillator provides the initial sinusoidal voltage
for tke three chunnels. The ciystal is locsted between the control grid
and the plate of thre tube, and the plate circuit contains a reaonant cir-
cuit tuned to the crystal frequency. The voltage goes frem this circuit
to the trigger unit channelas, The 75-kHz signal from the oscillator is
applied to the input of the first 2:1 freguency divider of the pulse-
firming channel. A blocking oscillator is used as the divider. The di-
vider circuit includes provision for establishing the required division
ratic by changing the repetition frequency of the blocking oscillator
pulses. Pulses at a frequency of 37.5 kHz are taken from the output of
the divider for synchronizing the operation of the second divider.

The 7.5-kHz pulses from the divider eynchronize the operation of

the third divider aud also go to the coarse-sweep selector (the B-15
tube unit).

The third divider is also a blocking oscillator; the division ratio
of this stage is 7:1. Thus pulses with a repetition frequency of 1070
pulses/sec. appear at the output of this divider, These pulses are used
for foruwing the pulmses of the transrtitter uzit, the suppressor pulses,
and the coarse sweep voltage,

Prom the third divider the pulses go to the stage that forms the
tranasmitter trigger pulses; this stage consists of a Kipp delay relay,
a selector stage, and a transmitter trigger pulse generator. The Kipp
relay de.ays the transmitter trigger pulses relative to the pulses of
the third divider wuich trigger the ‘relay; this delay is 26.5 psec.
This is necessary in order to match the narrow gate (the electronic
hairline) with the range zero. The Kipp relay develops a positive
square-wave pulse which goes to the se ector, Pulses from the first
stage zt a repetition frequency of 37.5 kHz also go to the selector,
The selector astage synchronizes the transmitter trigger pulse and the
pulse from the first divider, The circuit of the selector stage goes
into operation when tne Kipp relay pulse coincides with the pulse from
the first divider, From the output of the selector the pulse goes to
the transmitter trigger~pulse generator., From the output of this gen-
erator the pulses are fed thrcugh coaxial cable to the treznsmitter and
trigger it.
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Crystal oscillator (75 kHz)
First divider (37.5 kHz)
Second divider (7.5 kHz)
Third divider (1070 Hz)
Transmitter pulse delay starce
Selector

Transmitter trigger-pulse generator
Calibrator

Reading device

Phase splitter, phase shifter
Amplifiers (75 kHz)

Key:

e Hyom om0 A0 o P
e & & & &

1. Suppressor-pulse forming stages
m, Kipp relay of the 3-km., gate

n. Phantastron

o. Operate

p. Calibrator

q. Stepped-delay stages

e ]
o

Ripp relay of the sel«ctor pulse
Selector

Kipp relay of the L-km. delay
u. Coarse-sweep voltage generator
v. Faraphase amplifier

w. Limiter

x. Narrow-gate selector

y. Narrow-gate generator

z. Paraphase smplifier

aa. J-km. sweep ge.erator

bb. Operate

cc. Check

cr @

To determine the slant range of the transmitter/transponder (of the
radiosonde) the electronic hairline must be matched with the image of
the answering pulse and then readings taken from the special range
scales. The electronic hairline is formed from the 75-kHz voltage ap-
plied to the phase shifter channel, which consists of two stages (a
phase aplitter and a phase shifter) and two 75-kHz sinusoidal-voltage
amplifiers., The phase shifter is connected to the range mechanism,

The voltage from the output of the phase shifter is amplified and
fed to the tube unit (the range indicator) into the channel that forms
the narrow gate (the electronic hairline in the form of a dark
marg).,

As the handwheel is rotated (the axis of the phase shifter), a
fine sweep moves across the screen of the cathode ray tube, the dark
mark of the narrow gate remaining fixed.

Calibration markers are used to check the operation of the phase
shifter and the reading devic:. Voltage from the crystal oscillator is
uned to obtain the calibration marks. This voltage is fed into the cali-
brator channel to the frequency multiplier (4 x 1). The 300-kHz voltage
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goes to the tuned amplifier and then through the cathode follower to

the c¢c.i'.t., vertical deflection plates. Since the distance between the
markers is exactly 500 m. (the freguency is 300 kHz), the precisioen of
the reading unit can be checked by matching the marker witi the electron-
ic hairline. The calibrator channel operates only when the range indi-
cator is tuned (in the "Check" mode).

The tube unit consists of a channel forming the coarse and fine
sweep vcltage, a channel forming the narrow gate voltage (the elec-
tronic hairline), and a channel that amplifies the signal. A two-beam
131048 c.r.t. (screen diameter 130 mm.) is used for an indicator,

Stepped delay of the cocarse sweep in segments of 20 ks, is used in
the circuit. In the 0-20 and 140-160-km. segments the pulses from the
third divider directly trigger the cosrse-sweep voltage generstor, since,
with a repetition frequency of 1070 Hz, at a distance of 140 km. the
second sounding pulse is emitted, and the 140-160-kmr. segment of the
scale corresponds to the 0-20-km. segment.

in the 20-40, 40-60, ..., 180-200-km. range segments the pulse from
the third divider goes to the stage controlling the stepped delay {(rela-
tive to the beginning of the transmitter trigger pulses) of the sweep
(up to 180 km. in 20-km. segments).

The output pulses from the stepped-delay stage are used to trigger
the selector-pulse Kipp relay; pulses from the Kipyp relay go to the
selector, which also receives pulses from the secornd divider nf the
trigger unit at a repetiticn frequency of 7.5 kHz. Whenever a Kipp relay
rulse coincides with one of the pulses from the seccnd divider; the
selector stage will give out a pogitive pulse triggering the coarse-
sweep voltage generator, This gives a delay in the coarse sweep rela-
tive to the pulses from the third divider in 20-km, segments,

The positive pulse goes from the coarse-sweep voltage zenerator to
the paraphese amplifier, from which negative and positive pulses are
fed to the horizontal deflection plates of the first beam of the c.r.t.

The pulses from the second divider of the tripgger unit also trig-
ger the phantastron. The length of the phantastron output pulse (from
4 to 24 km.) depends on the setting of the range potentiometer. Since
the Kipp relay of the 3-km. gate is triggered by the phantastron pulse,
the position of the 3-km. gate is maintained on the sweep at all dis-
tance segments,

The negative pulse from the Kipp relay of the 3-km. gate triggers
the fine (3-km.) sweep voltage generator, from which voltage is fed to
the paraphase amplifier and then to the horizontal deflection platesof
the second beam of the c.r.t,
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The output voltage of the phase shifter channel (the trigger unit)
is fed to the tube unit to form the electrcnic hairline (dark mark).
The first stage of this channel contains a limiter. The upper and
lower limits of the (75-kHz) sinusoidal voltage are controlled in
this stage, the result of which is that the differentiating circuit
receives a square~-wave voltage, which is then fed to the selector
forming the narrow gate.

The selector stage passes only positive pulses after differentia-
tion, In addition, the selector tube is normally cut off and unblocks
only when a positive pulse from the Kipp relay of the 3-km. gate coin-
cides with a positive pulse from the differentiating circuit.

Bt

The negative pulse of the selector stage is amplified, shifted to
the opposite phase, and triggers the generator forming the narrow gate.
The generator is assembled as a blocking oscillator from whose output
a positive voltage pulse of 0.2-0.3 psec. duration is lifted and fed
to the cathode of the c.r.t. (the fine sweep).

T

From the cathode load of the coarse-sweep voltage generator the
negative square-wave pulse goes to the second cathode for dimming the
coarse sweep, The positive pulse from the Kipp relay of the 3-km.
gate goes to the tube modulator to form the bright mark (of the 3-km,
3 gate) at the coarse sweep; it also goes to the fine-sweep modulator
system ror dimming the retrace.

AT

The transmitter/transponder signal goes through the receiver sec-
tion of the radiotheodolite to the signal amplifier in the tube unit
and then to the vertical deflectionplates of the first and second beans.

8.6. The Power Supply System

The radiotheodolite and rangefinder attachment are connected %0 a
single-phase, 127-220-volt alternating-current (50 Hz) electricanl net-
work by means of & pole panel through which the power is fed to inde-
pend;nt power panels of the radiothecdolite and the attachment (Fig.
8.10).

From the power panels a voltage of 127-220 v, goes to the distri-
bution and protection unit (DPU) and to the B-18 power unit of the at-
tachment, In these two units there are variable-ratio tranaformers,
from whose output the 110 and 220 v.a.c. is taken, The 110 v, line
is fed to the transmitter rectifier, selsyns, blowers, outlets, and
also to the B-13 rectifier unit of the rangefinder attachment and the
B-5 supply unit of the radiotneodolite,

The 220 v.a.c. is used only for trirgering the electric motor.of
the antenna commutator,

From t.e supply urit (B-5) a rect .fied voltage of 120 and 280 v,
is delivered to the receiver plate and  athode circuits, and 280 and
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1500 volts is delivered to the angle-coordinate indicator. A $.3-v.a.c.
line feeds the filament circuits of the receiver and the indicator.

The B-18 supply unit (a -105 v. rectifier) fulfils the same func-
tions as the DPU, i.e., it provides for turning on the rangefinder at-
tachment, regulating the amplitude of the aupply voltage using the
variable-ratio transformer, and protecting and shutting off all units.
From the B-18 supply unit a rectified voltage of -105 v. is fed to the
trigger unit, the tube unit, and tc the 250 v. rectifier, To stabilize
the -105 v,, 250 volts is fed to this unit from the B-15 supply unit.

A 250-v, line also supplies the trigger unit, range indicator (tube
unit) and the B-21 high-voltage rectifier, which provides -1800 v. to
the range indicator,

Rectified voltage of 1800 and 7700 velts is fed from the B-19 unit
to the traasmitter (B-20),

The filament circuits of the tubes in the trigger units and the
high-voltage rectifier are supplied with 6.3 v. from the B-18 supply
unit, and filaments of the tube unit are supplied from the B-15 supply
upit. Th» B-18, B-15, and B-19 suppiy units and the transmitter in-
clude filiment transformers that supply 6.3 v. to the filament circuits
of these units.

8.7. The A-35-1P Transmitter/Transponder

The transmitter/transporder (Fig. 8.11) works in four modes:
super-high frequency (216 MHz), the frequency of the impact-excitation
oscillator (400 kHz), and as a squitter with high (above 2900 Hz)
and low (300-2300 Hz) frequencies.

Let us examine the operation of the superhigh-frequency (s.h.f.)
section of the transmitter, To obtair the s.h.f. signal (216 MHz) an
oscillator circuit is used which employs parallel feed with capacitive
feedback which occurs because of t.e interelectrode capacitances cof the
tube (2S34). The oscillator circuit consists cof an cpen coil of wire
functioning as a long-line segment (band loop), the interelectrode ca-
pacitance of the tube, and the capacitance aund inductance of the assen-
bly. At the aerological station before it is sent up, the transmitier's
fine tuning is adjusted by shifting the slider on the plate end of the
band loop. The circuit is inductively coupled to the antenna, which
is a half-wave dipole 600 mm. long.

when the power supplies are turned on the plate current begins to
flow (from +A through coil L1, choke Chl, and the tube) and the h.f.
aignal appears in the circuit.

The high-frequency chokes Chl and Ch2 prevent the high-frequency
waves from leaving the circuit sand at the same time allow normal pas-
sage of direct current: plate current through Chl and grid current

through Ch 2.
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Key: a. Aasembly AB-20/230
b, Power panel B-12
¢. Attachment power panel B-12
d. Receiver
e. Pole panel B-ll
f. DPU B-6
g Angle-coordinzte indicator B-4
h, Blower
i, Rectifier B-18
J. Antenna commutator motor
k. Receiver supply unit 3-5
1. Tranemitter rectifier uzit B-19
m. Rectifier unit B-15
n. Selsyns
o. Blower
p. Transmitter B-20
q. High-voltage rectifier unit B-21
r. Charger B-7
5. Outlet 110 v,
t. Trigger unit B-17
u. Lighting and outlets 6 v.
v. Emergency battery € v.
w, Range indicator unit B-16

During osciliatioa the magnitudes and aigns of the charges on the
grid and cathode of the tube vary because of the interelectrode capaci-
tances, which leads to a variatior in the plate current, i.e,, an al-~
ternating current appears here along with the direct current, The
alternating component of the plate current goes through separating ca-
pacitor C2 and supports the s.h.f. oscillation in the oscillator cir-
cuit, During the positive half-cycles a current appears at "he grid
which flows through resistor R2, choke Ch2, and part of the band lcop
to the grid of the tube. A voltage drop appears at R2, placing
negative bias on the grid. Condenser C5 begins to charge. after a
significant negative charge has accumulated on the plate of condenser
C5 connected with the grid of the tube, the tube cuts off and the higk-
frequency oscillations stop. After these oscillations stop the charge
on the condenser aleso stops and it discharges, depending on which
"manipulative" leads (1, 2, 3) are switched in through resistors R3 ard
R4, It takes longer for the condenser to discharge than to charge;
this time can be calculated from the values of the capacitances and
resimtances included in the grid circuit using the well-known formula
= RC,

After condenser C5 discharges, the oscillations appear again and
the proceass is repeated,

The commutator system of the A-22 radiosonde (the code drus)
periodically closes the manipulative pair, resulting in squitter, whose
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frequency is deterwined by the values of the resistors and capscitors
in the grid circuit of the transaitter. To receive the radiosonde
signals by ear it is necessary for the transmitter to have a sguitter
with a frequency of 300-600 pauses/sec.

To obtain this squitter lead 2 is connected to the radiosonde, and
the commutator clcses tnis lead with the filament lead. Condenser C5 is
thus connected in parsllel with R2.

To receive signals using the automatic recorder (PR-16) the trana-
mitter must work in a squitter mode with a constant freguency; for this
manipulative leads 2 and 3 are interconnected and connected to the radie- )
scnde. Hanipulative lead 1 is aleo ccnnected to the radiosonde. When
these leads are connected by the radiosonde commutator half of the
battery potential at anode +A is fed tc the grid of the transmitter tube
(from the divider formed by resistors Rl and R4), and resietor R3 is
switched inin parallel with resistor R2. This results in a sharp in-
creage of grid current and squitter with a frequency of more than
290,000 pulses/sec.

The A-35-1P operating conditions when transmitting meteorological
information are us follows.

1) With squitter of 300-2300 pulses/sec. the duration of the high-
frequency pulse is 3C-60 psec. and that of the pause is 2000 psec.;

2) With squitter of more than 2900 pulses/sec. the duration of the
high-frequency pulse is 0,7-C.9 usec. and that of the pause is &4 psec,

For deteramining slant range the tcanemitter must be able to answer
the inquiry pulees of the Malachite rsaiotheodolite rangefinder attach-
ment, which sends inquiry pulses with a frequency of 1070 pulses/sec.

In the answering mode the manipulative leads are not comnected (the radio-
sonde comnutator does not connect them). For receiving the answer the
A<35-1P transmitter must work as a superregenerative receiver, i.e., it
must be able to receive the inquiry signals sent by the Malachite
rangefinder attachment.

To enable the transmitter to work as a superregenerative receiver
there must be an auxiliary sinusoidal-wave oscillator, which is called
an impact-excitation oscillator.

The impact-excitation oscillator is assembled in a series-fed
circuit with autoinductive coupling, which is effected by feedback coil 12,

Tne oscillator circuit (L1, Cl) is tuned to 400 kHz. When the
supply sources are switched into the oscillator circuit, as in the
usual clcsed oscillator circuit, sinusoidal oscillations appear. A
varying potential difference is induced in feedback coil L2; this
difference is applied through C3 to the cathode of the tube and
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through Ck, Ch2, and part of the band loop to the grid of the tube.
Under the influence of the potential difference applied to the grid
and the cathode, the plate current shows an alternating comporent of
40O kHz which, passing through Chl, supports the oscillations in the
L1-C1 circuit, Since Chl and Ch2 have a large reactive resistance at
216 MHz and a small reactive resistance at 400 kHz, they do not block
the alternating component of the plate current,
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Fig. 8.11. Circuit of the A-35-1P
transmitter/transponder

Let us consider the joint operation of the impact-excitation os-
cillator and the s.h.f. (216 MHz) oscillator. The superregenerator
operates in the transmitter/transponder in a linear mode in which,
when the inquiry pulse is received, not only is the time of the emis-
sion of the routine signal by the impact-excitation oscillator changed,
but also the amplitude and power of the emission of the high-frequency
pulses are increased by 10-20%.

In the positive half-cycles of the oscillations of the impact-
excitation oscillator, oscillations whese duration is 0.7-0.9 usec.
appear at the grid of the tube in the s.h.f. circuit. Because of the
large grid current, C4 charges at this time, and the negative poten-
tial on the grid of the tukbe sharply increases, cutting it off,. The
tube is cut off for arproximately 14 psec., and during this time Ch
discharges through R2. For half of this time, approximately 7 musec.,
the negative potential on the grid doesnct exceed 0.2 uv., and the
transmitter becomes a receiver able toreceive the inquiry pulse from the
radictheodolite rangefinder attachment. Thus, every 14-15 usec. the
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transeitter emits a routine pulse (a packet of high-frequency oscilla-
tions). Conaequently, the frequency of pulse emlssions is on the order
of 40-60 thousand pulses/sec.

The rangefinder attachment of the Malachite radiotheodolite aends
1070 inquiry pulses per second (their duration is 2 psec.). If an in-
quiry pulse is received during the time when the negative potential on
the grid does not exceed 0.2 puv., the oscillaticns in the high-frequeucy
circuit that result from it can unblock the tube, resulting in a special
emission of the high~frequency pulse; this is the "answer.”" After this
emission there is a pause which lasts loager than the pause between the
routine pulses emitted by the tramsmitter, since condenser C&4 does not
completely discharge during the answering pulse. An aneswer ie not pro-
duced during the instant when the transmitter is on (emitting high-
fraqueacy oscillations), or when the tube is blocked by a high negative
potential.

Thus, not every inquiry pulse from the rangefinder attachment of the
Malachite radiotheodolite is answered; several hundred anaswers per sec-
ond are received, however, which is quite sufficient for determirning
the slant range.

On a background of super noisez (the routine high-frequency pulses
from the transmitter/transponder) a pause appears on the screen of the
rangefinder attachment indicator; before this pause a pulse is visible
which i3 greater 4in amplitude than the others. Thie is the anawering
pulse, The hairline is matched to it and the range ia read from the
scale,

Teat Questions

1. List the main tactical and technical specifications of the
Malachite radiotheodolite.

2. What is the principle behind the operation of the Malachite
radiotheodolite with rangefinder attachment?

3, List the main unites in the station and tkeir function.
4, What are the components of the antenna feeder system?

5. Draw & block diagram of the tranasmitter. Wwhat is the function
of its unite?

6., What ere the stages in the radiotheodolite receiver? Wwhere do
the output pulses from the receiver unit go?




7. vwhat is the difference in the operation of the angle-coordinate
indicator in the "Operate' and '"Check'' modes?

8. What is the function of the trigger unit? What are the chanrnels
in this unit?

9. Whet are the channels in the tube unit (range indicator)?

Chapter 9
The "Meteorite" Meteorological Radar Station

The Meteorite radar station is designed to track radiosondes of
the RKZ type in meteorological sounding of the upper layers of the
atmosphere and also for tracking radiopilots (passive corner reflectors).

In working with a radiosonde. the station deterizines and records
the angle coordinates, the slant range, the flight time, and the gquan-
tities of meteorological elements.,

In working with a radiopilot, the station determines and records
the running coordinstes (azimuth, angle of elevation, slant range) and
the flight time. Wind speed and direction can be determined from the
flight time and the running coordinates.

BASIC TACTICAL AND TECHNICAL SPECIFICATIONS OF THE METEORITE STATION

1. Vorking frequency 1770-1795 MHz
(ls 17 cm.)
2. Transmitter pulse power 200 kw,
3, Sounding pulse sending freguency 823 p/sec.
4, Transmitter pulse duratiom 0.8 yfgc.
5. Receiver sensitivity 51077 w,
6. Radiaticun pattern width at half power
(0.5 P ) 6.5+1°

7. Range of"attomatic radiosonde tracking
with recording of coordinates and
meteorological data 150 knm,

8. Working limits along the azimuth: unlimited
along the elevation angle: from ~3° to +90°

9. Error in determining angle coordinates
in autotracking mode: no more than 0.12°

10, Error in determining range in autotracking
mode: of the radiosonde, no more than 40 n.,
of the radiopitot, no more than 25 n.

1i. Frequency of the conic scanning of the

radiation pattern 24 Hz .
12. uimits of sector scanning 20° x 20
Scanning time 20 sec,
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13, Precision of data recording:

fror angle coordinates 0.6°
from range 1C .,
from frequency 1 Hz
14, Recording rate:
meteorological data 5 sec,
spherical coordinates and time 30 sec.
15. Supply voltage 220 v,, 40O Hz
16. Power consumption 13,5 kw.

The Meteorite radar station can track the type RKZ-2 radiosonde
or a corner reflector. In tne latter case the meteorological data are
not determined. The Meteorite-RKZ gystem employs the principle of using
a single radio channel to transmit frequency-modulated signals of the
meteorological elements and range signals (inquiry-answer),

The RKZ-2 radiosonde has three pickups: a pressure pickup, in-
cluded in a baroswitch assembly which turns on in a specific sequence
the temperature pickup (thermistor), the potentiometer connected with
the humidity pickup,and the reference resistance (a resistance of high
stability). Depending on the position of the pointer on the baroswitch
scale the reference resistance, the reference resistance and the ther-
mistor, or the reference resistance and the humidity potentiometer are
switched ir between the control grid of the first tube (the measuring
oscillator) and its cathode. Since the resistance of the thermistor
and the humidity potentiometer depends on the magnitudes cf the ap-
propriate meteorolegical elements, the resistance of the grid-cathode
section of the measuring oscillator tube will vary depending on which
resistance is switched in at a given moment and what the value of the
temperature or humidity is. When only the reference resistance is con-
nected to the grid of the tube, the radiosonde generates a so-called
fundamental frequency.

The radio section of the radiosonde has three stages (Fig. 9.1):
V1 (2P29P), the measuring oscillator, V2 (2P29P), the modulator, and
V3 (£521D), the s.h.f. oscillator. Depending on the value of the re-
sistance in the grid-cathode section, the measuring oscillator develops
a corresponding number of negative pulses that block the s.h.f. oscil-
lator tube, pauses appearing at the output of the s.h,f, oscillator,
and the meteorological information and the fundamental freguency are
thus transmitted. The modulator serves as an auxiliary oscillator for
turning the s.n.f. transmitter into a superregenerative receiver (simi-
lar to the Malachite-A-35-1P transmitter system). The s.h.f. oscillator
develops a carrier frequency signal of 1782 MHz (A = 17 cm.).

The measuring oscillator is assembled in a phantastron circuit.
4 characteristic of this circuit is the connection between the plate
and the control grid of the pentode V1 (2129P) through condenser Cl
(the appropriate capacitance, Cl + CO + ... is chosen at the factory




when the unit is aligned). Condeaser CZ connects the screen and suppres-
sor grids, wnich provides for self-excitation in the oscillator.

' 1
. L ,
{ RI ;
! i
I LA N '
== Rl §
v -rv:l [
I | '
I ‘ I s i

I S |
l -
i :
! RE | !
| ' , i
! I
i - . :
| \L I T =™ r |
i : ;

i Ty SR L L

Aamyux (40 1

"'v "f.sJu\ | A

Fig. 9.1. Schematic of the RKZ-2 radio section

Key: a. Relay
Y. Temperature pickup
c¢. Humidity pickup
d. Humidity

Let us now consider the operation of the circuit from the time when
condenser Cl has been fully charged through resistors Rl and R6 (we shall
consider the operation of the circuit during the time when the reference
resistance R6 has been switched into the control grid-cathode circuit).
Condenser Cl will discharge through the tube V1 and R6., A voltage drop
appears at R6, placing negative bias on the control grid of the tube;
consequently, the discharge current (the plate current of the tube) will
be small and the discharge of Cl will be extended. As Cl is discharg-
ing, C2 is charging up to & voltage almost equal to the plate supply
voltage.

A decrease of the voltage on Cl will result in a decrease of
the negative voltage on the control grid, resulting in screen-grid
current. Condenser C2 begins to discharge through the tube (acreen
grid-cathode) and R2. A difference potential appears ar R2, placing
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negative bia. on the suppresscr gird, which prevents plate current,
and thus Cl (which has almost discnarged) begins to charge through Rl
and R6. The' charge current of Cl causes a voltage drop at R6, placintg
positive bias on the control grid; this in turn results in an incress.
in screen-grid current and the rapid discharge of C2. After C2 has
discharged, the circuit returns to its uriginal =state and Cl begins to
charge through ¥i and R6, and the precess rep-ats over and over, With
a change in the value of the reasistance in the control grid-cathode
circuit the discharge time for Cl increases (the time constant becomes
greater). The operation of the circuit does not change, but the num-
ber of ,ulses per second developed by the osciliator will be different.
The measuring oscillator of the RKZ-2 radiosonde develops from 10C

to 2300 p/sec. -

The load of the measuring oscillator is R5, which is connected
to it through C3. As can be seen from the schematic, C3 will charge
and discharge at the same time as C2. As C3 discharges through the
screen grid-cathode sections of the tube and R5, a voltage drop ap-
pears at this resistor, placing negative bias on the control grid
through R7 and L5, and positive bias on the cathode of the s.h.f.
cscillator. Because of this difference potential the s.h.f. oscilla-
tor cuts off for 50-300 psec.

The s.i..f. oscillator is assembled at V3 (6S21D or 6S11D) which
is set in a metal cylinder with plungers formirng the two cavities of the
cirrulb: the plate cavity and the grid cavity. The plate circuit con-
tzins the high-frequency signal output, which goes through coaxial line
to the antenra. The transmitter antenna system is a half-wave dipole
tuned to 1782 MHz which provides directed radiation towards the ground
(tre radicsonde antenna is aimed downward).

The modulator operates at V2 (2P2SP) and is a sine-wave oscillator
assembled in an oscillator circuit with series feed transformer coupling.,
The modulator provides the pulse mode for the operation of the g.h.f. us~
cillator (pulse power, O.5w.) and at the same time turns the transmitter
intc a highly sensitive superregenerator. The purpose of the modulator
is the same as that of the impact-excitation oscillator in the A-35-1P
tranasmitter/transponder. The modulator oscillation circuit is coil L3,
which has sufficient inductance and capacitance to create oscillations
of 200 kHz. Wwhen the modulator is in operation a variable potential
difference appears at coil L5 and is applied to the grid and through
resistors R7 and RS to the cathode of the s,h.f, oscillator tube, Dur-
ing the negative half-cycles the s.h.f. oscillator cuts off for 0.5-0.6
usec., and the oscillator takes on the properties of a superregenerative
receiver, i.e., it is able to receive the inquiry pulses sent by the
Meteorite radar station., when an inquiry pulse reaches it the s.,h.f.
oscillator tuba unblocks and & hih-frequency pulse of increased ampli-
tude is zenerated, followed by a 1 psec. pause. This is the answering
signal (pulse).
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It can be seen from the above that the radio section of the RKZ-2
radiosonde operates at a frequency of 1782 MEz, which is modulated by
a frequercy of 800 kHz. The radiosonde emiss ons are periodically in-
terrupted by negative pulses from the measuring oscillator whose dura-
tion is 50-300 psec., which are desizned for receiving the meteorologi-
¢al information. When inquiry pulses from the radar station reach the
radiosonde, l-psec. pauses arpear in itsg emission. The pauses contain-
ing metecrological data and the answering pauses are of different dura-
tions and are thus easily separated at the radar station and directed
into the appropriate channels, meteorological data into the read-out
system and answers into the range-measuring system.
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Fig. 9.2. Signal shape of the RKZ radiosonde

Key: a. Super noise
b, Burst
¢. Inquiry pulse
d. H.f. sigral
e, Answering pause
f. 50-300-usec, pause due to operation of the measuring oscillator

The shape of the signal emitted by the radioscnde transmitter is
shown Fig. 9.2.

Use of the transmitter/transponder allows running coordinates to be
determined at significantly greater distances than when the corner re-
flector is used, since the power of the signal emitted by the radiosonde
transmitter is much greater than the power of the signal reflected from
the passive circuit,
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In tracking the corner reflector the station operates as an ordirary
pulse radar station,

The station incorporates the following systems: a transmitting
system (MT-10), an antenna feeder systexr (MT-20), a receiver system
(MI-30), a reading system (MT-40), a range measuring system (MT-50),
a data registering and recording system (MT-6C), an antenna control
system (MT-70), and a power supply system (MT-80).1

The power supply system provides all systems of the station with
voltages necessary for normal operation. The power supply system in-
cludes: a voltage control panel, a voltage contryl box, and three
supply units. Many radio units in the station are fed by self-corntained
rectifiers stabilized by electronic voltage stabilizers.

The Meteorite station also includes a set of testing and measuring
equipment intended for tuning and adjusting the units and systems:
a test resonator (MT-92), a Cl-5 pulse oscillograph, an AVO-S volt-ohm-
ammeter, etc. The test rescnator is included in the station's antenna
feeder system and is used to check the tuning of the receiver system,
the frequency of the magnetron oscillator, the klystron hetercdyne, etc.

9.1, The MT-10 Transmitting System

Thne transritting system of the station is designed to develop
powerful (200 kw.) short-duration (0.8 psec.) pulses of high frequeacy
(1770-1795 MHz). It consists of a transmitter (submodulator, modulator,
and magnetron oscillator), a supply source, and control interlocking
and signaling circuits. The transmitting system is installed ir a
spearate cabinet.

Transmitter. The basic circuit is shown in Fig. 9.3.

Submodulator. Sharp positive pulses at a frequency of 833 Hz come
from the range system into the tianamitter and trigger it. The sub-
modulator transforms them into powerful positive pulses for contrelling
the operation of the modulator. The submodulator congists of a trigger~
pulse amplifier, a blocking oscillator, and a power amplifier,

The trigger-~pulse amplifier amplifies the incoming pulses to 120 v,
and feeds them to the blocking cscillator. The trigger-pulse amplifier
and blocking oscillator are assembled in a double beam tetrode, GI-30
(V1). An artificial (forming) extension line, FL-1, is included in the
blocking oscillator grid circuit to shape the duration of the square-wave
pulses.

& The notation of the systems used in the technical description of
the station is given in parentheses.
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A blocking voltage of -50 v. is fed to the grids of both halves
of Vi in the intervals between the trigger pulses. A 60-v. trigger
pulse unblocks the left tetrode, resulting in an amplified pulse ap-
pearing at the ends 3-4 of the winding of transformer Tl; through the
coupling coil 1-2 this pulse operates on the control grid cof the
blocking oscillator (the right half of V1), The ends cof the transformer
coil 1-2 are connected so that a positive voltaze appears on the grid
of the blocking oscillator and the plate current of this tube begins to
avalanche until it is saturated. As soon as the plate current stops in-
creasing the FL-1 forming line begins to discharge. The potential at
the blocking oscillator grid will remain constant as long as the voltage
wave extends from coil 1-2 of pulse transformer Tl to the closed end of
FL-1 and back. After the reflected wave returns to the beginning of tke
FL-1 line there is a sharp decrease in voltage at the blocking oscillator
grid and the tube cuts off until the next trigger pulse appears.

The duration of the resultant square-wave pulse depends on the
parameters of the FL-1 forming line. It is equal to the time required
for the voltage wave to travel through the line from its beginning
its end and back, i.e., the time during which the blocking oscillator
conducts.

A positive square-wave pulse of O.8-psec. duration and with an
amplitude of about 370 v, is lifted from the output winding 5-6 of
transformer Tl and fed to the control grids of the power amplifier.

Resistor R1C shunts the output winding of transformer Tl so as to
weaken the oscillation processes in the circuit and reduce pulse shape
distortion,

The submodulator power amplifier is assembled in a beam tetrode,
GI-30 (V2). Both halves of the tube are connected in parallel and are
cut off by the control grids biased at =200 v,

When a positive pulse from the blocking oscillator appears at the
control grid, V2 unblocks and the current passing through the load wind-
ing 3-4 of transformer T2 creates a positive voltage with an amplitude
of about 1000 v, at the output winding 5-€£. This pulse controls the
operc.ion of the modulator (V3),

Tne L1K7 circuit correcis pulse share of the submoduiator. Resist-
ors RS and R6 are used to suppress parasitic oscillations in the grid
circuits of the power amplifier,.

From the step-down winding 1~2 of pulse transformer T2 the signal
is brought out to Lhe test plug Pl2, where an oscillograph may be con-
nected for examining the pulse shape of the submodulator,

The modulator develops a negative square-wave video pulse with an
amplitude of about 25 kv. which is fed to the magnetron oscillator,
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Practically the modulator is a powerful electronic switch, feeding anode
power to the magaetron for a duration of 0.8 psec.

The GMI-90 (V3) modulator tube is the switching element. It is cut
of by a =600 v. biss at the control grid. At this time the energy stor-
age capacitors C9 and C10 charge to 27 kv. through resistors R17, R16,
R15 and charging choke L2, After a positive pulse appears from the sub-
modulator power amplifier, V3 unblocks and the condensers discharge
through the tube and the magnetron, V5. The circuit uses two energy
storage capacitors connected in series to reduce the possibility of
breakdown due to the high plate voltage.

The internal resistance of the conducting modulator tube V3 is
very small, and consequently almost all the voltage attained by the
energy storage capacitors is applied to the ca*hode of the magnetron
at a negative poiarity. This voltage pulse causes the magnetron to
generate high-frequency oscillations, which go to the antenna feeder
system through the coupling element,

Resistors R16 and R16 limit the current of the 27-kv. high-voltage
rectifier through the conducting modulator tube,

9
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Fig. 9.4. Voltage charts at the diode Vk
a) input, b) output
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Chokes L2 and L3 and resistor R19 correct the modulator pulse shape.

A type VI2-70/32 suppressor diode (V4) quenches the positive over-
shoots (pulses) (Fig. 9.4) arising from parasitic oscillation in the
circuit formed by choke L2 and spurious circuit capacitances. Recause
of the recharging of the capacitors in tune circuit, several cyclec of
secondary oscillations appear after the main pu.se has passed. 1h: diode
conducts the positive pulses and short-circuits them, significantiy 3=-
creasing the number of overshoots,

The magnetron oscillator develops a powerful radic-fretuency pulse
in the 1770-1795-MHz range which is ther fed to the antenna feeder system.,
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The oscillator consists of a MI-137 (V5) magnetron, positioned in
the gap between the po’~: of a permanent magnet. The lines of force of
the magnetic field sh. d be parallel to the axis of the cathode.

The frequency of the magnetron is adjusted manually with the
"wavelaigth" knob located on the right-hand sidewall of the transmitter.
Turning this knob mecharically adjusts the oscillation systes of the
sagnetron, resulting in a change in the oscillation frequency.

The gulse power of the high-trequency oscillations generated is
200 kw. with a pulse duration of about 0.8 psec.

Fig. 9.5 shows oscillograms taken at major points in the transmit-
ter circuit.

Fig. 9.5. Voltage shapes at major points in the MT-10
[Key on following page]
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Key: a. To plate of V1
b. To L1R?7
c. To FlL-1
d. To windiag 3-4 of T2
e. To grid of V2
£f. To F12
g. To plate of V&
h. Tc magnetron cathode

Voltage socurces. There are two rectifiers in the transmitting sys-
tem, the modulator rectifier and the 27-kv. high-voltage rectifier, The
modulator rectifier develops 2000 and 1400 d.c. voits for supplying the
plate and screen-grid circuits of the tubes, and also -600 v. for bias-
ing the control grids and feeding the time relay stage.

All rectifiers are single- or double-wave rectifiers with filtra-
tion of the voltage. Rectified voltage is checked using a needle-type
measuring instrument, M-1 "Vcltage Indicator," located on the front
panel of the rectifier urit.

The current of all the rectifiers is checked using a needle-type
instrument, H-2, "Rectifier Current."

The 27-kv. high-voltage rectifier is designed to feed the magnetron
and is assembled as a separate unit. It is a voltage doubler usiig the
P1-0,1/4C vacuum tube rectifiers. The voltage at the high-voltage recii-
fier is checked using the M-3 instrument, "Kilovolt," located con the
frort panel of the modulator rectifier unit,

A switch is used to select which voltage and current is tc be
checked; its knob is brought out t> ithc front panel of tie rectifier
unit.

Control, blocking, and signaling circuits. Elocking, control, and
signaling circuits are used to turn on the transmitting system in a
specific sequence, to protect circuits from overloads, to protect main-
tenance personnel, and to indicate normal operation of the transmitter.

An electronic time relay is used to provide a 3-5-min. warm-up time
for the cathodes of all tubes before the high voltage is turned on.
After the power supply has been iurred on, during this time the circuit
is closed and it is impossible to feed high voltage to it. Moreover,
an electronic relay makes it impossible tc turn on thke high voltage if
the -600-v., rectifier is not working.

Maximum overload protection relays are included in the output cir-
cuits of the 2000-v., 14CO-v., and 27-kv. rectifiers. These relays are
adjusted so that if the total rectifier current exceeds the allowable
limit the relay armature tightens and diiLconnects the rectifier power
circuit {220 v.a.c.).
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Fer high-veoltage protection the transmitting system is equipped
with a series of ipterlocks. Wien the transmitter door is opened, the
access panel to the vacuum tube high-voltage rectifier removed, or the
modulator rectifier unit pulled out from the cabinet, this breaks the
interleck contacts connected in series in the rectifier supply circuit,
and the high voltages are shut off.

Mechanical arresters are used to discharge the energy-storage and
filter capacitors when the station is shut down. They automatically
ground the discharge circuit of the energy-storage capacitors when the
trarsmitter door is opened and the discharge circuit of the filter capa-
citors in the high-voltage rectifier when the access panel to the vac-
uum tube rectifiers is openad.

A series of indicator lamps on the front panel of the transmitter
indicates wher particuler units are on and also their normal cperation,
Needle-type instruments are used for checking voltages and currents
(as discussed above).

9.2. The MT-20 Antenna Feeder System

The antenra feeder system is designed to transmit high-frequency
energy from the transmitter to the antennz and to transform it into
electromagnetic oscillations emitted into space as a narrow beam. Dur-
ing transmitter pauses tlie system receives signals reflected from pas-
sive objects or active answering signals from a radiosonde and conducts
them to the receiver input.

The antenna feeder system includes high-frequency coaxial feeders, ro-
tating connectors, a T-junction, the antenna proper, and a discharge
chamber (antenna switch). The bleck diagram of the antenna feeder sys-
tem is given in ..g. :.6.

The high-frequency goaxial fevder 4, €, 8, 12 is of rigid construc-
tion and is used *o transmit electiromagnetic energy from the magnetron
to the antenna and from the antenna to the receiver.

The feeder consists of individual sections. Each section is com-
posed of two ccaxially placed brass tubes supported on quarter-wave
metal insulators (Fig. 9.7). The diameters of the tubes are selected
so as to allow passage of cignals at the required power with the lowest
possible losees in the feeder. Corner insulators (Fig. 9.8) are put at
the bends of individual sections of the feeder; these are sections of
quarter-wave lines shorted at the ends. Such lines have
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infinitely great input resistance, as a result of whirt there is no leak-
age of power from the interier conductor to the exterior. The wide
portion 5 of the interior conductor in the right-angle insulator is a
quarter-wave transformer that matrhes the wave resistances of coaxial
s2ctors 3 and 7 and decreases power reflection in the “eeder line.

The rotating joints 5 and 7 (see fig. 9.6) insure passage of the
signal from the transmitter to the ant~nna and from the antenna to the
receiver by rotation of the antenna by azimuth and angle of elevation.
Both joints are completely identical in construction. They consist of a
movable and a non-movable portion. Rotaticn is carriea out by means of
two ball bearings.

The T-junction 9 (see fig. 9.6) is a trancition device connecting
the magnetron and the dischargc chamber to the high-frequency feeder.
One arm of the T-junction is connected to the high-frequency output of
the magnetron, the second arm is attached through a loop coupler to the
disciiarge chamber, and the third arm is connected to the feeder that
gces to the antenna.

The antenna consists of a parabolic reflectcr 3, & filter 2, and an
antenna head 1 (fig. 9.9). The reflector is 2 metallic mirror made in
the form of a paraboloid cof rotation. To save weisht and decrease wind
resistance (sail-like behavior), the surface of the paraboloid has a
large number of cpenings. The diameter of the openings is so chosen
that the reflecting capability of the mirror is not impaired.

The filter is a series of parallel metallic rods 2 placed horizon-
tally in the aperture of the paraboloid. T1f the radiosonde transmitter
antenna is not located in a vertical positicn, the horizontal component
of the electrical field appears (fig. 9.10), impairing the stability of
the antenna control system. The filter rcflects the horizontal compon-
ent and permits only the vertical component of the electrical field to
pass.

The antenna head is located on the main optical axis of the para-
bolic reflector.

The structe—e of the antenna head is sliown in fig. 9.11. Tt consists
of a half-wave vibrator, a counter-reflector, a protective cap, a feeder
section, and a counter-reflector rotation device. To the end of the
feeder sect.lon is attached the hal“-wave vibrator situated vertically in
relation to the horizon. This permics the radiation and reception of
electromagnetic enerny with vertical electrical field polarization.

The counter-reflector 2 is placed in front of the half-wave vibrator.
It is a short circuited section of a circular waveguide (cup), on the
sidewall of which are four asymmetrically cut out slits 3. The length
of the slits is equal to half of the wave length.
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Fig. 9.6. Block diagram of the
antenna feeder system.

1) Antenna head; 2) Filter; 3)
Parabolic reflector; 4, 6, 8, 12)
Feeder lines; 5) Rotating joint
for swinging the antenns along the
angle of elevation; 7) Rotating
joint for swinging the antenna a-
long the azimuth; 9) T-junction;
10) Antenna switch; 11) Mixer
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Fig. 9.7 A section of the feeder
1) Inner conductor; 2) Outer con-

ductor; 3) Quarter-wave section;
L) cap.

40~




Fig. 9.8. Right-angle insulator. 1) Lid; 2) Quarter-wave section; 3,7)
Exterior conductors, 4,6) Interior conductors; 5) Quarter-wav. transformer.
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Fig. 9.9. Reflector and antenna head.
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Fig. 9.10. Analysis of the vector of the electrical field when the
radiosonde transmitter antenna is in a slanted position.

{Both inscriptions that the vector arrows in the figure point to
say "Radiosonde antenna direction."]

Fig. 9.11. Antenna head. 1) Plastic foam cap; 2) Counter-reflector:
3) Slits in the counter-reflector sidewall; 4) Half-wave vibrator; 55
Polystyrol cap; 6) Quarter-wave transformer; 7) feeder section; 8)
Bearing; 9) Interior feeder section conductor: 10) Support collar.
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The counter-reflector reflects the energy emitted by the half-wave
dipole ﬁ toward the paraboloid. Tre slots in the lateral surface of the
housing are excited by the high-frequency currents, and, because the
slots are positioned asymmetrically, the current of the reflected energy
is mixed relative to the cxis of the paraboloid. The result of this is
that the parabolic reflector forms a narrow bear of electromagnetic

energy whose axis is offset from the geometric axis of the paraboloid
by 1.5-2°,

The counter-reflector is rotated by an electric moter with a con-
stant angular speed of 24 r.p.s., resulting in conical scanning of the
radiation pattern beam. The radiation pattern must be rotated in order
to create an equisignal zone for automatic tracking along tl.2 angle
coordinates. Since the dipole remains fixed, a vertical orientation
of the electric component of the electromagnetic field is maintained.

The counter-reflector is placed in a foam plastic cover 1, which
is screwed together with a conic polystyrene cover 5, which isolates
the radiator and feeder section from the external surroundings.

The discharge chamber functions as an antenna switch. The crystal
mixer (11, Fig. 9.6) of the receiver is rigidly connected to the cham-
ber. A general view of the discharge chambter with the T-junction and
mixer is given in Fig. 9.12.
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Fig. 9.12. Discharge
Chamber
1) Heterodyne input; 2)
Mixer; 3) Arrester regu-
lating screw; 4) Cavity
resonator; S) Antenna in-
put; 6) T-junction; 7)
Magnetron input; 8) Out-
= rut to i.f. preamp.
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The discharge chamber is a collapsible cavity resonator coentaining
a gas-discharge arrester with conical electrodes. The third {trigger-
ing) electrode of the arrester is fed -600 v. from the rectifier of the
modulator. This voltage causes preliminary ionization of the gas in
the discharge interval with the result that the arrester quickly breaks
down during oscillation of the magnetron. The basic circuit of the an-
tenna switch is given in Fig. 9.13.
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Fig. 9.13. Circuit of the
antenna switch

Key: a., Magnetron
b, T-junction
c. Reflector
d. Dipole
e, Coupling loops
f. Arrester
g. Cavity resonator
h. To mixer

wWhen the magnetron is operating part of the transmitter pulse energy
goes through the coupling loop into the discharge chamber, causing rapid
breakdown of the arrester. The internal resistance of the hot arrester
is very small., The shoulder of the T-junction, which connects the feeder
with the discharge chamber, is short-circuited. Since the length of
this shoulder is equal to X\/4,the resistance at point a will be very
great and all the high-frequency energy from the magnetron will be di-
rected along the feeder to the antenna and radiated into the surrounding
space, Since the internal resistance of the hot arrester is small, the
voltage drop across it will also be very small. Consequently, when the
tranamitter is in cperation the antenna switch will consume a minute
amount of high-frequency energy to support the burning of the arrester.
Some of this energy leaks through to the receiver and creates a mark of
the sounding pulse on the indicator screen. Wwhen the transmitter stops
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the arrester goes out and the Q-factor of the discharge chamber is
increased.

If a reflected signal aprears at the antenna input, it is fed to
the discharge chamber through the coupling loop and excites the cavity
resonator. An adjusting screw (Fig. 9.12) is used to tune the resona-
tor (by changing its volume) to the frequency of the received signal.
Both coupiing loops are positioned at the antinodes of the magnetic
field of the resonator. Maximum power take-off to the receiver imput
is achieved by rotatirg the coupling loop of the mixer.

High-frequency energy losses in the resonator ars very small be-
cause of its large J-factor. The energy of the received signal will
not be shunted toward the magnetron since the quarter-wave segment of the
shoulder of the T-junction is shorted at the end by the coupling loop.
3ince the oscillation system of the magnetron has its own frequency,
which is not equal to the frequency of the oscillations generated, the
reflected signal does not cause excitation of the magnetron resonators.

Thus practically all power from the incoming reflected or answering
signal goes to the crystal mixer of the receiver.

9.3, The MT-30 Receiving System

The receiving system transforms the signals picked up by the an-
tenna from a radiosonde or reflected from a corner reflector and ampli-
fies them to a level necessary for normal operation of the range sys-
tem, the antenna control system and tne calculating system.

The receiving system includes a crystal mixer mechanically connec-
ted to the discharge chamber, a unit of input devices (MT~31), and a
main amplifier (MT-323.

The receiving system can work in two modes: "Radiosonde' and
"Corner Reflector."

In the "Corner Reflector' mode the reflected signal picked up by
the antenna is fed along the fec.ier circuit through the discharge cham-
ber to the crystal mixer cornected to the discharge chamber by a flange.

The mixer consists of a segment of coaxial line with a coupling
loop for connecting it with the discharge chamber. At the other end the
1ine is loaded with a mixing element, for which a type D403~V crystal
detector is used. Trhe input resistance of the detector at a given
frequency is matched with the characteristic impedance of the feedline,
which allows maximum pcwer of the received signal to be delivered to
the mixer.
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The lines of force of the variable electromagnetic field of the
resonator intersect the coupling loop of the mixer in the discharge
chamber. An electrodynamic coupling probe injects high~frequencw
cscillations (f;) into the coaxial line of the mixer. In addition,
the local-os:illator signal (f, ) is fed to the mixer through a probe.
The power of the high-frequency signal from the local cscillator can
be varied by changing the depth of insertion of the probe using the ad-
justing screw. As a result, a group of oscillations consisting of dif-
ferent combinations of cosciilations with frequencies f, and f;, appear
on the mixing element. Cscillations cf the difference frequency,
fp, - fg, alsc appear on it. This frequency is called the intermediate
frequency and is adjusted to 30 MHz when the local oscillator is tuned.
The basic amplification of the received signal takes place at this
frequency.,

A filter is included at the output of the mixer to filter higher
frequency comyponents out of the intermediate frequency.

From the mixer ¢ .put the i.f. signals, which have the same
shape as the signals picked up by the antenna, go through the high-fre-

quency connector and are fed toc the i.f. preamplifier in the unit con-
taining the input devices,

fhe MT-31 input device unit consists of an i.f. preamplifier and
a local oscillator. The unit is housed in the transmitter cabinet.
The basic circuit of this unit is shown in Fig. 9.1k,
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Fig. 9.14, Basic circuit of the MI-31

(Key on following 1 el
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Key: a. From mixer
b, M-1
¢, Crystal current
d. Crystal biaas

e. Check
f. Repeller voltage
g. Mixer

The i.f. preamplifier consists of an input circuit and five stages
of amplification., The input circuit includes sn input network and a
voltage filter for the crystal bias. The input network is formed by
inductors Ll and L4 and the stray capacitances of the assembly and the
tube V1.

The working point of the crystal mixer is selected by feeding a
constant positive bias to it from the R3-R4 divider. The necessary
voltage is established by potentiometer R4, "Crystal Bias." The value
of this voltage should be optimal for the operation of the D403-V
detector.

A milliammeter, '"Crystal Current,'" is used for measuring the
direct current in the crystal mixer and checking its operation.

Inductors L2 and L3 together with corndensers Cl1, C2, and C3 form
the high-frequency filter in the crystal mixer circuit, This {ilter
does not pass i.f. signals to other stages of the unit, The d.c. com-
ponent of the bias current passes from the source (the slider of poten-
tiometer R4) through the milliammeter and coils L3, L2, and L1 to the
crystal of the mixer.

To obtain a high amplification factor, a low noise level, and stable
operation the first twc stages of the i.f., preamplifier (V1 and V2) have
a grounded-grid and grounded-cathode circuit. Negative feedback voltage
is fed to the grid of the firat stage through L6. The load of the first
stage is formed by the network composed of L5 and the capacitance of the
coil and stray mounting capacitance, and the load of the second stage is
the network consisting of L7, stray mounting capecitance, the output
capacitance of V2, and the input capacitance of V3. The networks are
shunted by RE and R9 to increase the pass band.

The third, fourth, and fifth stages are pentodes with identical
resonance networks tuned to a frequency of 20 MHz, The load of the
last stage is an oscillation network consisting of L1O, stray mounting
capacitance, the output of V5, and the capacitance of the cable con-
necting the MT-31 with the main amplifier unit, MT-32. In order to
create a traveling wave, at the input of the main amplifier a load re-
sistance of 75 ohms, which is equal tc the cable impedance, is placed
across the connecting cable. Amplification is controlled in the last
three stages by feeding negative voltage to the control grids from the
main amplifier unit.
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A Kbl reflex klystron (V8) is the local oscillator (heterodyne)., It
is designed to generate oscillations 30 MHz away from the frequency of the
received signal. The oscillation system of the klystron is an external
cavity resonator whose own frequency is varied by screwing in four tuning
plungers which change the volume of the resonator. One of the plungers
is mechanically coupled to a knob brought out to the front panel of the
input device unit and labeled '"Heterodyne Frequency." Coarse tuning f

the frequency of the local oscillater in the specific range is effect::d
with this knob.

The resonator of the klystron is grounded. A voltage of -250 v,
is fed to the cathode, Voltage un the repeller of the klystron is
made up of two stabilized voltages, -250 v, and -300 v. The =250 v.
comes from the rectifier of the input device unit, and the -300 v.
comes from the MT-80 power supply system for the main circuits of the
receiving system and the calculation system. Both voltages go to
divider R38-R42, which is in the mair amplifier.

The potentiometers labeled '"Repeller Voltage," "MFC Zone Select-
or,'" and "AFC Zone Selector," which are located in the MI-32 main
amplifier unit, are used to adjust the voltage on the repeller within
the limits of -(470-490) v, This is the voltage of the klystron os-
cillation zone.

Two coupling loops are used to pick off the high~frequency energy
from the resonator., One loocp is connected by a cable to the test
socket labeled "Check,'" which is located on the front panel. The sec-
ond loop transmits the local-cscillator signal through a cable to the
mixer. The power of the output signal can be varied smoothly by
changing the position of the loops in the resonator.

The MT-32 main amplifier is designed to amplify i.f. signals and
transform them into video pulses which are used in the range, calculs-
tion, and antenna control systems. The basic schematic of the main
amplifier unit is given in Fig. 9.15.

{This Fig. is included at the end of
the transiation . ]

Fig, 9.15. Basic schematic of the MT-32

Key: a. Blanking pulse duration
b, Multivibrator
¢. Amplifier
d. Limiter

[Key continued on following page ]




e. Level of limiting
f. Fresguency detector
g. D.c. amp.

h, AFC d.c. amp.

i. AFC gain a

j. AFC
K., -1
1. A.g.c.
- ©. A¥C zone selector
n., AFC
c. HFC

p. HFC zone selector
g. Repeller voilzge
r. Blunking pulse input
s. Il.f. amp.

t. Detector

u, Video amp.

v. I.f. amp. input
w. CRCC gain

x, RRC gain

y. RC output

z. 1.f. amp.

aa. Detector

bb, Video amp.

€CC. A.g.C.

dd. UNG

ee. R a.g.c. gain
ff. ACRACC gain

gg. A.g.c. delay

hh. A.g.c.
ii. M.gz.c.
jj. Gein

kk. A.g.c. zero adjust
11, Amplifier

mr., Trigger

nn, Drop

oo. 800-kHz amp.

pp. Cathode follower
aq. 800-kHz amp.

rr. ARACC gain

ss, A.g.c.

tt. A.g.c. delay

uu. Detector

vv. Selector irput
we, Selector

xx. Multivibrator
yy. Cathode follower
zz. operate

{Key continued cn following page]
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From the output of the i.f, preamplifier the signal is fed to the
control grid of V8 (6ZhSP). The stzges assembled in V8 and V9 are the
sixth and seventh i.{. amplifiers of the receiver system. They are
tuned amplifiers using pentodes with identical oscillaticn networks in
the control-grid circuits. The networks are formed by L6 and L7 and
parasitic capacitances. brass cores screwed into the coils are used
to tune the circuit to %0 M¥z, Resistors R43, R4L4, R45, and RSO shunt
the networks, threreby increasing the pass band. Resistors R43Z and R44
connected in parallel have a total resistance of 75 ohms, which is ne:z-
essary for matching the circuit to the impedance of the cable connect-
ing the i.f., preamplifier with the main amplifier.

After the second i.f., stage the circuit of the main amplifier is
divided into a range channel (RC), an automatic corner-reflector con-

trol channel (ACRCC), and an automatic radiosonde-angle control chan-
nel {ARACC).

The runge channel of the main amplifiesr is designed to amplify the
i,f. signal and isolate ard smplify the video sigral and feed it to the
range system. This ch.nnel operates identically in either the "Corner
Reflector" or the "Radiosonde'" mode.

The first and second stages in the i.f. channel (V1O and V11) are
tuned amplifiers assembled in 6Zh5P pentoces. The networks containing
L8 and 19 are tuned to 30 MHz,

3ignal amplification is controlled in the second stage by relay
P4 for each mode of operaticn. To attain the desired amplification
the bias voltage is changed by changing the resistance in the cathode
circuit. In the "Radiosonde'" mode the amplification is set by a vari-
able resistor, R60, "RRC gain," and in the "Corner Reflector" mode, by
variable resistor R61, '"CRRC gain."

From the plate load of the second i.f. stage the voltage is fed
to the diode detector, D1 (D2V). Res®ator R65 is the load of the
detector. A filter, L10, C35, is used o prevent i.f. signals from
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passing into the following stageas. From the detector negative pulses 1
g0 to the input of the videc amplifier V12 (6Zh5P). The plate circuit

of this stage includes a correcting choke, L11, which impro—es the fre-

quency chsracteristics of the video amplifier in the high frequencies,

Positive pulses of 50 v, are fed from the output of the video amplifier

to the grids of the cathode followers, V13 and V14 (6F1F's). Froa the

load res’ztor, R71. of V13 positive video pulses are fed to the auto-

zatic range~tracking unit, arnd from R75 they go to the range unit,

To provide s mignal of constant amplitude into the range unit
s dinde limiter, D6, is used. The necessary reference voltage that
determines the level of signal limiting is obtained from » divider,
H190, R191, which is connected in the 150-v. supply circuit,

The automatic corner-reflector angle corntrol channel is designed
to amplify the 1.f, sigpal, *ransform it into video pulses that con-
trol the automatic angle-coordinate tracking unit, and to isolate the
3.g.¢. voltage of the last three stages of the i.f. amplifier.

The signal goes from the plate load of the second i.f, amplifier
of the range channel through Cl06 to the i.f. amplifier of %the auto-
matic corner-reflector angle control charnel, which is a two-stage
tuned amplifier (V18 and V19) with serarate circuits.

The stage at V18 is common to the automatic corner-reflector angle
control channel and the automatic radiosonde angle control channel.

In the "Corner Reflector" mode V18 is cut off at the screen grid
by -10 v. taken from the R79-R8l divider in the -150-v. supply circuit.
The circuit is unblocked by a positive 120-v. 0.5-psec. ultranarrow
gate (UNG) coming from the range unit. The UNG is developed in the
range system at the moment a reflected signal appears. This causes
an increase in the station's electronic anticountermeasures and its
range resolution is improved.

In the "Kadiosonde" mode the stage at V18 is normally conducting
and is cut off by a negative blanking pulse applied to the screen grid
from the stage at V2. The operating modes of V18 are switched by
relay P6.

From the load resistor R87 the signal goes to the control grid of
the stare at V19 and into the automatic radiosonde-angle control channel.

For each of the operating modes of the station the gain control
circuits are switched by relay P5. The neceassary amplification factor
is set by changing the bias on the tube by adjusting the size of the

cathode resistors R84, "R AGC Gain,' and R85, "ACRACC Gain.,"

From the plate load R91 (of V19) the signal goes to the detector,
D2, and into the automatic frequency control (AFC) circuit (V3). Re-
sistor R94 is the load of the detector. A filter, L14-CS5k, is used %o
smooth the i.f. pulsaticns and to prevent the signal from feeding
through into other stages. Negative pulses from the output of D2
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smoot: the i.f. puleations and to prevent the signal from feeding
through into the other stages. Negative pulees go from the output of
D2 through C55 to the input of the two-stage video amplifier assembled
in V20 (6Zk5P) and V21 (6P1P). Both stages operate as resistance-
coupled amplifiers. The plate loads of the amplifiers are R96 and
R10l. Chokes Li5 and Ll6 are connected in series with the load resis-
tors to improve the frequency characteristics of the video amplifier.
The amplification factor of the stages increases with an increase in
frequency,

From the R101 load of the video amplifier (V2l) a negative 70-v,
signal is fed to the automatic gain control circuit (V22) and into the

automatic angle-cocrdinate tracking unit (the anterna control system,
MT-70).

In the "Radiesonde' mode the automatic corner-reflector angle con-
trol channel operates only into thne common a.g.c. circuit. This cir-
cuit is designed to provide signals of approximately constant amplitude
at tne output cf the receiving system despite large signal variations

at the input. The gain of the receiving system can also be controlled
manuaily.

The a.g.c. system reacts only to slow changes in the signal, which
are brought about by a change in the distance to the object or by pro-
longed fading of the signal; it does not react to the rapid signal
changes caused by the conic scanning of the radiation pattern beanm.

when an incoming signal increases in amplitude the a.g.c. circuit
develops a negative bias voltage, which is fed to the grids of the
third, fourth, and fift: stages of the i.f. preamplifier, and their
amplification factor is automatically reduced.

From the R91 load of the video amplifier the signal goes to the
a.g.c. Getector, the left half of V22 (fN1P), which is connected as a
diode. A small negative voltage taken from the R109-R110-R112 divider
is applied to the plate of the detector. The divider is connected to
a =150-v, source. when there is no signal the current in the detector

is zero and there will be no voltage drop across its lovads, R107 and
R111.

A positive a.g.c. delay voltage of 40 or 50 volts is fed from the
15G-v, voltage source to the cathode of the a.g.c. detector through
R105 and R106. This voltage is needed to prevent the a.g.c. circuit
from reacting to weak signals. Its operation is delayed as long as
the negative signal at the output of the a.g.c. detector does not ex-
ceed the delay voltage. In this case current flows through the de-
tector and C61 begins to charge through V22 and R105 and R106. After
the signal stops C61 discharges through R111, R107, and R112,
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The negative voltage arising fro= the discharge of the capacitor
is picked off from R107 and R112 and fed to the grid of the cathode fol-
lower. The cathode follower of the a.g.c. circuit is a typical one in
the right half of V22. The R108 load resistor of the cathode follower
is gelected so that in the absence of signals the voltage at the cathode
is approximately zero. Precise setting of zero is made with potentio-
meter R112, "AGC Zero Set.”" A circuit including R107, R112, C63, and
C6L, which determines the time constant (2.3 sec,) of the discharge
circuit of C6l, is included in the grid circuit of the cathode follower.
Since the value of the time constant is large, the a.g.c. circuit cannot
react to rapid changes in the amplitude of incoming signals.

Increase of an incoming signal leads to an increase of the negative
rotential at the grid of the cathode follower and causes a change in the
d.c. voltage at the R108 1lcsd resistor. This voltage is fed to the i.f.
preamplifier and, applied to the controcl grids of V3, V4, and V5 of the
MT-31 unit, it changes the ampliflcation factor of the whole receiving
srstem.

To protect the a.g.c. circuit from pulse interference in the "Ra-
diosonde" mode, at the input of the a.g.c. detector a filter is connected
which <onsists of L22, Cl116, and Cli7. The filter is tuned to 800 kHz,
The pulse noise is differentiated and grounded to the frame through the
122-C117 network, since this network has very little resistance to it.
The 800-kHz signal from the output of the video amplifier (V21) is not
diverted by the filter and passes to the a.g.c. detector. This network
is required because the a.g.c. circuit is not gated in the '"Radioc-
sonde' mode. The filter is switched by relay P7.

Switch Bl, "AGC-MGC," switches the gain control frcm automatic to
manual, For manual control of the total amplification switch Bl is in
the MGC position. In this case the potential at the grid of the cath-
ode follower will depend on the position of the arm of variable resis-
tor R11C, "Gain."

In the "Radiosonde'" mode signals picked up by the antenna go through
the discharge chamber to the crystal mixer, then to the i.f. preamplifier,
the i.f., stages, and into the range channel of the main amplifier. In
the "Radiosonde' mode *hese stages operate just as in the '"Corner Re-
flector" mole, but the signals at the output of the range channel are
a serieg of 800-kHz video pulses alterrating with 50-300 usec, pauses.

The answering signal from the radioscnde is an 800-kHz video pulse of
increased amplitude and a 1-1.5-psec. pause following it.

T
plifier (V3) the i,f, signal go»s to *hz gated stage of the i.f, am-
plifier {¥i8) cf zhs gutomatic corner-reflector angle control channel
Thizr stage furnctisng in both modes of operation.
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In the "Radiosonds" mode the stage is nommelly conducting and is
blanked (cut off) bty a nezative pulse with an amplitude of 130 v. and
a duration of 30-130 psec., which is fed to the screen grid of V18,
The blanking pulse is designed to block the autcmatic corner-reflector
angle control channel and the automatic radiosonde-sngle contrel chan-
nel during the tranemitter sournding pulse and the powerful pulses re-
flected from local objects.

Positive 833-lz and 100-jisec. pulses are formed in the transmitter
trigger channel of the range system; these pulses lead the transmitter
triggering by 20-50 usec. They go through Cl to the flip-flop multi-
vibrator at V1 (6N1P) and trigger it. The multivibrator functions es
a blanking pulse oscillator.

Fotentiometer R2, '"Blanking Pulse Duration,'" controls the duration
of the blanking pulse within a range of 20-130 psec. The blanking
pulse anticipates the transmitter triggering pulse by 15-20 nsec,

From the output of the multivibrator the blanking puise is fed to
the amplifier at V2 (6N3F). implification is necessury because in the
operating mode the voltage at the screen grid of V18 is +120 v. A
negative pulse with an amplitude no lees than 130 v. must thus be fed
to the screen grid to cut off the tube. This pulse is taken from the
blanking pulse amplifier and goes through the contacts of relay 6 to
the screen grid of V18, From the output of V18 the i.f. signal goes
to tre automatic radicsonde-angle control channel and the autcomatic
corner-reflector angle control channel.

The automatic radiosonde-angle control channel is designed to isc-
late and transform the 300-kHz eignal from the radiosonde, amplify it,
maintain a constant amplitude at the ocutput and transmit this signal
to the automatic angle-coordinate tracking unit, and also to form the
a.g.c. voltage drop which is used in the receiving system and the
counting system for forming the count pulses,

The automatic radiosonde-angle control channel includes an auto-
matic angle-control circuit in the '"Radicsonde" mcde, the 800-kHz
automatic gain control, the automatic threshhold device circuit, the
circuit for forming the pulses to be counted that coantain metmorolo-
cal data, and the automatic freguency control circuit,

1. In the "Radiosonde' mode the automatic angle~control circuit
consists of a detector, D4 (D2V), a two-stage 8CO-kHz amplifier at
V2% and V24 (6KLP), and a cathode fcllower, V25 (6ZhSF),

The i.f. signal goes from the output of V18 to the detector opera-
ting as a diode detector of the weak sigrnals, The-.amplitude of the
signal voltage at the iuput of the detector is C.1-0.2 v. To prevent
the i.f. signal from feeding through to the amplifier a filter is used,
C]..Sq LZly and Rl?lo
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The first 800-kKz stage of the aamplifier (V23) is assembled in a
typical pentode circuit with a two-stage bandpases filter. The plate
load is a resonant circuit, L17, C67, and Cl12, which is tuned to 800
kHz, the first harmonic of the repetition frequercy of the radiosonde
transmitter super noige. The second stage (V24) is sseembled with a
single resonant network in the plate circuit, which is tuned to 800 kHz.

The 800-kHz signal goes from the plate load of V24 through C75 to
the cathode follower (V25, 6ZhSP) and to the 800-kHz a.g.c. circuit
(Vv26). The voltage taken from the cathode load can be controlled
within the limits of O to 1.5 volts by potentiometer R123, "ARACC
Gain," This voltage goes from the ontput of the cathode follower to
the automatic angle-coordinate tracking control unit in the antenna
ccntrol system (MT-70).

2. The 800-kHz automatic gain control circuit is designed to
maintain thLis signal at a constant level despite extensive fading of
the radiosonde signal. The a.g.c. circuit includes an 800-kHz ampli-
fier, V26 (6K4P), an a.g.c. detector (the left half of V27), a cathode
follower (the right half of V27), and a level limiter (the left half of
V28, a 6N3P).

The 8300-kHz amplifier is a tuned amplifier with & single tuned
circuit in the plate circuit (V26). The signal goes from the plate load
of V26 through C81 to the 800-kHz a.g.c. detector (the left half of
V27), which is a diode detector with parallel connected load. The icad
is a chain of resistors, R128, R123, and Ri34. Resistor R134 is the
cathode load of the left and rignt halves of the tube,

In the absence of a signal from the radiosonde a small negative
voltage is isolated at the load, owing to the detection of internal
receiver noise. t is 1lifted from R129 and fed to the grid of the
cathcde follower (the right half of V27)., This voltage determines the
size of the current flowing through the cathode follower, The current
creates a voltage drop across the common load resistor, R134,

Wh=n signals from the radiosonde are present the negative voltage
at the output of the detector is increased, and, consequently, so is
the voltage at the grid of the cathode follower. A change in the am-
plitude of tne incoming signals also results in a change in the bias
on the grid of V27. The larger the negative voltage appearing on the
grid of the cathode follower, the smaller is its current and the smaller
is the potential at the load, R134,

From R134 the voltage is fed to a divider, R130, R131, and R133,
This divider is connected in the +150-v. supply voltage circuit, and
the positive source voltage and the negative voltage from the output
of the cathode follower are summed on it. The summed voltage is taken
from R133 and fed to the control grid of the d.c. amplifier stage (V3l)
for the purpose of controlling the threshhold device. At the same time
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the voltsage falling across the divider is taken from potentiometer
R131, "AGC Delay," and fed to the limiter (the left half of V28) and
through the R125-C82 filter and R117 and R118 to the control grids of
V23 and V24 of the 8C0-kHz amplifier. The level of voltage limiting
is selected by potentiomcter R131., The a.g.c. begins to operate only
when the negative voltagze from the output of the cathode follower is
greater than the positive potential used to unblock the diode limiter.

If there is no sigral from the radiosonde or if its magnitude is
less than the a.g.c. delay voltage, a positive voltage is fed from the
slide of potentiometer R131 thr. ugh R132 to the plate of the left half
of V28. The limiter conducts, and all the voltage drops across R132
and does no* appear at the grids of the 800-kHz amplifier tubes. Thus
the voltage on the control grids of V23 and Vo ie fixed at a zero
level.

wWhen a signal apvears the voltage from the output of the cathode
follower is greater than the delay voltage, the diode limiter cuts off,
an. the control signal goes to the grids of V23 and V24, resulting in
a change in the amplification factor of the automatic asgle-control
channel,

The time counstant of the automatic gain control circuit is de-
termined by the values of C82 and R125 and is equal to approximately
0.75 sec.

3. The circuit of the threshhold device (Fig. 9.16) consists of
a d.c, amplifier (V31), a trigger (V32), a cathode follower (the left
half of V5), and a limiter (the right half of VS),
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Fig. 9.16. 3chematic of the threshhold device
(Key on following page]
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a. To grid of V29

b. To MI-40

c. Radiosonde a.g.c. test

d. From output of a.g.c. amp.

w¥hen there is extensive signal fading the circuit develops a
blocking voltage which is fed to the counting system and controls the
memory unit in the counting of pulses carrying meteorclogical informa-
tion. when the fading stops, the count is resumed and continues until
tae total count time is equal to that deterwined by the operator during
the operation of the station.

when there is no radiosonde sigral the voltage controlling the
threshhold device is taken from R133 and fed to the control grid of the
d.c, amplifier (V31). The tube conducts and a large grid current ap-
pears in it which causes the drop of almost all the control voltaze at
R168, and the potential at the control grid of V31 approaches zero.
The voltage at the plate of the ®rducting tube will aiso be smallj
its wmagnitude is less than the potential at the grid of the trigger
(V32). The plate of the tube is connected with the grid of the trigger
through R155. The result of this is that the left half of the trigger
is cut off and the right half conducts.

The small positive voltaze goes from the plate of the conducting
half of the trigger to the voltage divider consisting of R164 and R166.
The divider is connected to a -150-v. source. In the absence of sig-
nals from the radiosonde the total voltage at the divider is negative
(-50, =60 v.); from the slider of potentiometer R166 the drop voltage
goes to the grid of the cathode follower (V5).

#hen a signal from the radiosonde is present the d.c. amplifier
tube cuts off and the trigger fires. The result of this is that the
potential of the plate ¢f tne right half of the trigger increases and
the drop voltage at the R164-R166 divider becomes smaller (-1k, -16 v.)

The potentiometer R166, '"Drop Level," is used to set the drop
voltage level {-14, -16 v.) when a radicsonde signal is present.

Condensers C100 and Cl0l connected between the plates and the grids
of the trigger increase the steepness nf the drop voltage fronts,
Potentiometer R154 regulates the amplification factor of the d.c.
amplifier.

The right half of V5 functicns as a limiting diode. If a posi-
tive voltage appears at the output of the circuit forming the pulse
drops, the diode conducts, shorting it to ground; hence the positive
pulse does not reach the pentode grid of the selector (V29). From the
R175 cathode load the drop voltage goes to the counting system.
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4, The circuit that shapes the puizes tu be counted that contain
seteorological data consists of a detector (the right half of V28), a
selector (V29), a separation diode (D3), and a flip-flop multivibrator
(v30).

From the 800-kHz amplifier (V26) the amplified signal is fed to
the pulse-counting detector (the right half of V28), which is a plate
detecter (cf. Fig. 9.15). Tre positive video pulses go from the out-
put of the plate detector through the R141-C88 integrating circuit and
switch B4 to the control grid of the selector (V29), .

The operation of the selector is controlled by potentiometer R138,
""Sel2ctor Bias," wnich is rart of the divider consisting of R135 and
R138 and wnich creates a negative bias voltage on the control grid of
the selector.

The selector stage is blocked at the pentode grid by a negative
drop voltage dvring deep fading of the radiosconde signal. Wwhen :. lo-
sonde signals are present no drop voltage is created, the selector tube
conducts, and negative video signals go to trigger the flip-flop multi-
vibrator through the separatic-~ diode, D3. The seraration diode de-
couples the selector stage and the flip-flop multivibrator and short-
ens the time reguired for the multivibrator to return to its original
condition.

The multivibrator forms the 120-usec. count pulses, which go from
the plate of thne right half of V30 through (93 to the counting system,
The pulse repetition frequency of the multivibrator corresponds to the
frequency of the active pauses in the radiosonde sigral,

In the circuit there is provision for checking the operation of
the counting system. when switch B4 is in the "Check Count" position,
10CC-Hz check pulses are fed to the control grid of the selector from
the electronic pulse-count indicator unit (the counting system),

Fressing the knob of switch BS, "Drop Simulator,'" closes the cir-
cuit and a voltage drop is simulated which is similar to the drop that
occurs when the radiosonde signal fades.

5. The automatic frequency control circuit consists of an ampli-
fier/limiter, V3 (6Zh2P), a frequency detector, V4 (6Kh2P), a d.c.
amplifier, V? (6ZhSF), and a d.c. ampiifier for the indicator device,
V6 (62n2P) (cf. Fig. 9.15).

The i.f. signal goes from V19 through C50 and R3 tc the control
grid of V3, which provides normal operation of the frequency detector
(V4), The desired gain of V3 is established by changing the bias
voltage using pctentiometer R23, "AFC Gain." The limiting level of
the stage is set by changing the size of the plate resistor, R19,
"Limiting Level."




The output of the stage is connected through C? to the primary
wvinding of the discriminator transformer, Tl. The secondary of this {
transformer ie connected to the plates of the frequency detector (Vi4),
The parameters of the frequency detector are selected so that if the
i.f. frequency is less than the frequency to which the circuits in the
receiving system are tuned, a positive voltage with respect to the
voltage on the repeller of the klystron (the local oscilliator) is
taken from the load resistors R27 and R28 cof the discriminator, and
vice-versa. This is called the mismatch voltage and its magnitude is
proportional to the change in the radiosonde signal fregquency.

from the output of the freguency detector the mismatch voltage is
fed to the d.c. amplifier, the frequency control amplifier (V7), and
the error-frequency control amplifier (¥6).

From the output of V7 the amplified voltage goes through relay P3
and switch B2 to the repeller of the MT-31 klystron and changes its
oscillation frequency sc that the i.f. frequency is equal to 30 MHz,

In the AFC mode the 2one of oscillation of the klystron is selec-
ted by changing the operation of V7 in the screen-grid circuit., Po-
tentiometer R40, "AFC Zone Selector," is used for the coarse tuning,
and potentiometer R38, 'Repeller Voltage," is used for the fine tuning.

frovision is made® in the main amplifier unit for manual frequency
control (MFC) by changing the veltage on the repeller of the klyatron,
Ir this case tne d.c. amplifier (V7) is disconnected from the circuit
by switch B2 and replaced by a voltage divider, R170, R42, and R3S,
Voltage is taken from this divider to the repruller of the klystron.
rotentiometer R&2, "MFC Zone Selector,'" controls the coarse tuning of
the klystron oscillation frequency, and potentiometer R38, "Repeller
Voltage,'" controls the fine tuning.

The AFC system operates only in the '"Radiosonde" mode. In th
"Corner Reflector'' mode relay P3 cuts out the AFC circuit.

Measuring ingtrument M-1, a microammester with zero in the middle
of the scale, is used to check the amount of frequency detuning of the
detector. The meter is connected in the plate circuit of the d.c., am-
plifier (V6). The operation of the amplifier is adjusted so that the
needle reads zero at a frequency equal to the frequency to which the
i,f. circuits have been tuned. The zero set is effected by potentio-
meter R34 when there is no radiosonde signal and the receiving system
is at its maximum working gain.,

The measuring instrument is also used to check the 800-kHz a.g.c.
amplifier voltage.

Switch B3 should be in the AFC position for checking the opera-
tion of the automatic frequency control circuit,
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9,4, The MT-40 Count System

The count system is designed to court the number of radiosonde

pulses during a specified time interval, called the count time,

In

addition, the count system synchronizes the operation of the systems
of data transmission and recording and produces a visual indication of
the counted pulses for checking the operation of the count system.

— :
| Jrom PO
bMeJLA T '
| 2
L.J vy fo -
— e
b i od
LVumIeM sl i Hunyoes €
o Y. A% - —=) . L. ™ P
-. ! Enox« }
e v o T T A
i o e N Lo £ | liad KA TS \i
L & b ! UMDGACCS
E JU s e
cfpeco H
q r RN A
Y Srovuppaigat ] Heryres
. P . sewgma
1 umiuag }
8 rucmrmy B cucrenm,
poruITIoLY Focutmiaguuy

Fig. 9.17.
count system

Key: a. Electronic pulse-count indicater
b, Pulses to be counted
¢, Electronic recorder
d. Count Pulse
e. Reference-pulse unit
f. Reset pulse
g. Blocking pulse

k., Frint pulse
i. To recording system
j. To recording system

The system can work with either a f{ixed
With a fixed count time (absolute count) the
the pulse counter during 1 sec. is counted.
time (relative count) is used, the count time
1,128 seconds.

Block diagrem of the MT-40

or a variable count time.
number of pulses entering
When the variable count
can be varied from 1.04 to

When the radiosonde signals fade the count stops and the number of
pulses counted up to the moment of fading are recorded by the counter.
Simultaneously the time during which the pulses were counted is record-

ed.

continues until the total count time reaches
{1 or 1.C4-1.128 sgec.).

After the radiosonde signals begin again the count is resumed and

the estsblished value




The operation of the count system controls the threshhold device
. in the main amplifier unit, |

The count system incorporates a reference-pulse unit, an electron-
ic pulse counter, and an electronic pulse-count indicator.

A simplified block diagram is given in Fig. 9.17.

, The reference-pulse unit is designed to synchronize the operation
of the electronic recorder and the meteorological data recorder. The
unit includes circuits for forming the count pulaes, the print pulses,
the reset pulses, and the blocking pulse.
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Fig. 9.18. Count-pulse forming circuit

Key: a. To next cell

The count-pulse forming circuit consists of a multivibrator,
selectors, four frequency dividers with a total division coefficient of
25,000, a sanatron, and a count-pulse generator., The circuit containing
the multivibrator, the selectors, and one stage of the frequency divider
is given in Fig. 9.18,

Fulses of a stable reretition frequency of 5000 Hz and a duration
of 0.2 usec. are fed from the range unit through Cl to the flip-flop
multivibrator (V50); the multivibrator forms 5000-Hz pulses with an
extended duration of %0 psec.
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From part of the multivibrator plate load (RL78) positive S0-usec.
pulses go to the control grid of the first selector (V51). The nega-
tive bias voltage for the selactor is taken from the R182-R183 divider.
The drop voltage is fed to the suppressor grid of V51 from the main
smplifier unit (Yrom the threshhold device). During radiosonde signal
fading -50 v. is fed to the suppressor grid of V51 and cuts it off.

The result is that the 5000-Hz pulses do not pass through the selector.
¥When radiosonde signals are present the voltage at the screen grid is
zero, the pentode V51 conducts, and pulses from the multivibrator
trigger the frequency divider.

o

The seccnd selecter is assembled in the right half of V1. Its
function is to provide 5000-Hz pulses triggering the dividers continu-
ously except for the time during which the pulse counter is in operation,
Positive pulses from the output of the multivibrator are fed through
Cl and C78 to the control grid of the selector. The 12ft half of Vi
is a cathode follower, and the drop voltage at its load, Ri2k, is
applied through R3 to the control grid of the selector. In the ab-
sence of count pulses the voltage at the grid of the right half of V1
is 145 v,, i.e., with respect to the cathode of the tube it is approxi-
mately equal to -5 v, The selector in this case conducts and the 5000-
Hz pulses trigger the divider circuits.

If a negative count pulse 1s fed from the count-pulse generator
to the grid of the cathode follower, the plate current of the left half
of V1 sharply decreases. The voltage on R124 and, consequently, the
voltage on the grid of the second selector, falls to -105 v., the tube
is cut off, and the pulses from the multivibrator cannot reach the
input of the divider circuit,

Voltage curves explaining the operation of the selectors are shown
in Fig. 9.19%.
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Key: &. Radiosonie milses
b, 5000-Hz puises
¢, Drop voltage frox threshhold device
d. First selector
o, Count pulse at grid of second selector
f. Secornd selector
g. Count pulse at grid of first selector
h, Counted pulues

The use of two parallel selectors provides for stopping the count-
pulse formation wnen the time of the fading coincides with %the count

ite.,

from the output of the selectors 5000-Hz pulses are fed to the
circuit containing the dividers (V3-V47) and trigger them. A binary
counting cell (trigger) is the divider with two stable equilibrium
states. Each cell is assembled in a twin triode, V3, and a switching
diode, V2 (cf. Fig. 9.18). Bias voltage is fed to the grid of the
triodes from the R9-R10 divider in the -150-v. power supply.

In the stable state the plate voltage of the cut-off trigger is
145 v, and the plate voltage of the ccnducting trigger is 45 v. Both
V2 switching diodes are cut off, since their cathodes are fed +150 v.
which in amplitude is higher than the potential of each of the plate.
of tie V2 diodes,

#nen a negative trigger pulse with an amplitude of about 30 v,
is delivered to the cathodee of the diodes, the potential at the
cathodes becomes 120 v. The switching diode whose plate is connected
with the plate of the cut-off triode unblocks, and a negative pulse
passing through R8 (cf. Fig. 9.18) to the grid cf the right-hand
conducting triode cuts it off, The positive voltage from the plate of
this triode goes to the grid of the cut-off triode and unblocks it.
The circuit passes to the second stable state, in which the right
triode is cut off and the left conducts. The next negative trigger
pulse returns the circuit to its initial state.

The frequency of the rectangular pulseg formed at the plate
load will be half th: o the trigger-pulse frequency. Thus each
trigger cell is a 2:1 freguency divider,

The negative pulse from the output of the cell triggers the next
trigger, etc, The remaining counting cells opverate similarly.

The division coefficient of the entire system of dividers ia
25,000, This coefficient is necessary to obtain count pulses with a
recurrence period of 5 sec. (a frequency of 0.2 Hz), Therefore the
division coefficient should be:
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Thus, 25,000 pulses with a repetition fregquency of 5000 Hz must
appear at the input of the divider circuit in order to forz one cocunt
cycle.

If, for example, 1000 pulses have appear=d at the input of the
divider circuit, and then the inceming pulses nave stopped bectuse of
radicsonde signal fadirg, the divider circuit remains ir a stable
state corresponding to the 10CD pulses that have been transmitted to
its input and will remain in this state untii the 5000-Hz pulses at
its input sre renewed,

fne formation of the count cycle ends after 25,000 - 1000 = 24,0600

by

pulses have appeared after the radiosonde signal first faded.

Thus the total count time is maintained, although the duratiocn
of the pulse count here will be increased by the time during which
the signal was not being received, 7The count stops during the time
in which there are no radiosonde signals, but the counter stores the
number of pulses that passed into it up urtil the moment cf fading.
When the fading comres to an end the first selector unblocks and the
circuit finishes forming the pulse count,

Pulses with a frequency of 0.2 Hz and a duration of 1 sec. are
taken from the cutput of the last divider. These pulases 5o through
the switching diode to the input of the cournt-pulse generator and into
the sanatron circuit. The count-pulase generator is a trigger which
is fired by the leading edge of a pulse whose duration is 1 s:2. Tn
the absolute-count mode the trigger is cut off by the trziling edge
of this pulse. Thus, in the absolute-ccunt mode the generator de-

velops puises with a duration of 1 sec:.
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Fig. 9.20. Block diagram of count-pulse
formation
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Key: a. Drop voltage
b, First selector
¢c. Sanatron
d. Absolute count
e, Relstive count
£, 1:25000 divider c¢ircuit
g. Count~pulse generator
h. Second selector

PR TN,

In the relative-count mode the negative cut-off pulse goes to the
trigger through a linear delay circuit (the sanatron). In this mode
the duration of the gensrator pulse is made up of the duration ¢f the
second pulse and the delay time of the sanatron pulse, which can be
varied betweer 0.04 and 0.128 sec. The duration of the count pulse

. can be varied betweeu 1.0% and 1.128 sec.

| The formed count pulse with arn amplitude of about 100 v. goes to
| the electronic counter selector and into the range unit for blocking
the transmitter triggering during the count time., Simultaneously the
; count pulse goes to the grid of the cathode follower of the second
selector (V1) in order to prevent pulses from appearing at the input
j cf the dividers during the count pulse cperation.

The block diagram of the count-pulse formation is given in
Fig. 9.20.

The circuit forming the rrint, reset, and blocking pulse. The
A print pulse should be developed in the cirsuit four seconds after the
beginning of the count cycle. From one of the stages of the last
divider the pulses go througn the selector to the print-pulaa genera-
- tor, whicn is a phantastron with cathode coupling. A 0.3-0.5-sec.
;: print pulse, delayed by 4 sec. relative to the leading edge of the
3 pulse, is formed at the output of the phantastron. This pulse is fed
to the recorder unit (MT-60) to actuate the printing electromagnets.
The print pulse goes simultaneocusly to the reset-pulse generator,
which is a flip-flop multivibrator with cathode coupling. The multi-
vibrator develops a negative reset pulse with a duration of 0,3-0.5
sec., which is delayed relative to the leading edge of the count
pulse by approximately 4.5 sec. The reset pulse causes the relay to
trigger, which takes the voltage from the grids of the triggering cells
of the electronic counter and returns it to its initial state. This
ieads to a '"cleansing" from the counter's memory of all pulses tr .t
have entered it up to this point.

(hind 200

To prevent the printing of false points which may appeer because
of movement of the type-setting electromagnets, the print circuit of
the recorder unit is blocked. Tbe blocking pulse is developed by the
trigger circuit, which is a~tuated oy the tralling edge of the print
pulse; it arises 0,5-0.7 sec. before the count pulse and cperates

KIa:
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for 1.75-1.95 sec. During the time the blocking pulse is present the
counter is reset, the number of radicsonde signals during the count
tive is counted, and the results of this count are printed out by the
electromagnets.

Fig, 9.21 shows the voltage relationships relative to time in
sajor circuits of the reference pulse unit.

UVuuinimupyuuys rao

Fig. 9.21. Voltage relationships rela-
tive to time in the reference-pulseunit

Key: a, Print pulse
b. Reset pulse
c¢. Blocking pulse
d. Sanatron trigger rulse
e. Pulse from output of sanatron
f. Count pulse

The electronic pulse counter. The electronic pulse counter is
designed to count the number of radiosonde pulses for a specific time
interval and to transmit the results of the count to the recorder.
The recorder contains a pulse selector and four count decades with
intermediate thyratron stages.

The selector. Depending on the mode of operation (absolute or
relative count) the input of the recorder should be open for either
1 sec., or 1.,04-1.128 ser. for counting the pulses carrying meteorolo-
gical information. This is accomplished by the selector stage assem-
bled at V32 (cf. Fig. 9.25). In its initial state the selector tube
is cut off by +150 v. deliver<d to the cathcde, When a count pulse
arrives from the reference-pulse unit the potential at the control grid
of the tube increases to 142 v. and the positive pulses to be counted
unblock the tube. Negative pulses are formed in the plate circuit of
the selector which go to the input of the first counting decade of the
electronic counter.
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Fig, 9.22. Block diagram of
the counting decade with con-
trol devices

Key: a. First decade
b, Input
c. Output

The counting decades ar~ dividers that decrease by a certain
nuzber of times the number of pulaes operating at the input,

: The counter consists of 14 counting trigger cells, assembled in
E four counting decades of units, tens, hundreds, and thousands. Three
: decades are complete, and their totali division coefficient, K,, is

10 x 10 x 10 = 1000, and one is incomplete, its division coefficient
being Ky, = 4. The total division coefficient of the circuit is
K=K xK5= 4000, The number of pulses that the circuit can count
is K = 1 = 3999, The last (four thousandth) pulse returns the entire
system to its original state.

-

The number of pulses arriving at the counter input is determined
by the electrical state of all 14 cells of the counting circuit. Each
complete counting decade consists of four triggers and is assembled in
a circuit similar to the divider circuit in the reference pulsge unit.
A decade has 10 stable equilibrium states. FEach cell is triggered
sequentially from one to the next through the switching diodes. Each
of the ten pulses appearing at the input of a decade correspends to a
specific combination of trigger states.

A control instrument and messuring resistors are used to measure
the number of incoming pulses,
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The block diagram of a complete counting decade with the connect-
ed control instruments is shown in Fig. 9.22. {(On the schematic lines
have been drawn through the halves of the trigger tuoes which are cut
off.)

The measuring resistors are connected in the decade so that a
specific voltage drop across the resistors corresponds to each of the
stable equilibrium states. This voltage is measured by a control in-
strument located in the recorder unit.

The circuit of measuring resistors (Fig. 9.22) consists of two
identical chaina, R31-R33 and R34-R36. The resistances of R31 and R3%
are equali and two times greater than the other resistors. One chain
is connected in the plate circuits of the left halves of the triggers
and the other, in the plate circuits of the right halves of the trig-
gers, The resistances of R31-R33 are much less than the plate loads
of the triggers and so do not interfere with the operation of the trig-
gers. The plate current in all the triggers can be considered the
same. Thus the drop voltage across this chain of measuring resistors
will be determined only by the combinations of trigger states, whici.
depend on the number of counted pulses.

In the initial state of a counting decade the left triodes of all
triggers are cut off and the voltage drop at the R31-R2Z2-R33 chain is
equal to zerc. Wwhen the first pulse appears the first trigger trips;
current flows through R33 and a voltage drop, V;, which can be estab-
lished by the meter, appears at it. when the second pulse appears the
first trigger returns to its original state and the second trigger is
tripped. The plate current of the left triode (it will be conducting)
of the second trigger begins to flow through R32 and R33 and causes a
voltage drop across them which is two times greater than the voltage
drop across R33 when the first signal appeared {since two identical
resistors are connected in series and therefore the total resistance
of the chain is two times greater). Wwhen a third pulse arrives, the
first trigger trips but the state of the second trigger is not changed
(it will remain tripped). A voltege drop will appear across resistors
R33 and R32 a8 a result of current flowing through the conducting left
triodes of the first and second triggers. This voltage drop will be
three times greater than the voltage drop created by the first trig-
ger alone., This is because the current of the first und second trig-
gers flows through R33. The vcltage drop is

YV = ZIR33 + IR}2 = 2V, + Jl = }Vl

Thus with the appearance of every pulse the voltage across the
resistor chain will change by different degrees. When the tenth pulse
appears the circuit returns to its original state and the voltage
falls to zero,

1
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To obtain a decimal system of counting (a counting coefficient
equal to 10) feedback pulses are fed from the cutput of a complete
decade to the grids of tubes in the gecond and third cells.

The resistor chain R34-R35-R36 operates similarly. The only
difference is that in the initial state the voltage across the chain
is maximum, With the appearance of each pulse this voltage is de-
creased by 1/9-th part of the maximum value; with the appearance of
the ninth pulse it becomes zero and the tenth pulse again increases
it to ite maximum value.

During the pulse count the voltage difference between the two
chains is measured in steps: from maximum negative to maximum posi-
tive value in nine equal steps (Fig. 9.23). This voltage is measured
by a control instrument whose scale ig divided into ten parts and
numbered left to right from zero to nine., In the initial state of the
counting decade the needle.of the instrument is at the extreme left
position at zero and moves forward one division with the appearance of
each pulze, indicating the number of pulses counted.
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Fig. 9.23. Voltage curves Fig. 9.24. Voltage
of complete decades as curves of the incom-
indicated by meters plete decade as in-

dicated by a meter

Such instruments are connected to the chain of measuring resis-
tors in the second (tens) decade and the third (hundreds) decade.,

The last (incomplete) decade (thousands) consists of only two
trigger cells and can have only four different stable states.

Voltage curves at the terminals of the "Thousands" instrument are
shown in Fig. 9.24. The scale of the instrument is divided into four
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Fig. 9.25. Circuit of the selector and the
thyratron stage

Key: a. To electromagnet
b. Count pulse
¢. Pulses to be counted

The ;ulses for controlling the type-setting electromagnets, which
are located in the MT-60, of the mechanism for printing tae meteorolo-
gical data are formed by the thyratron stagee (Fig. 9.25). These
stages are the transmitting link between the counting-decade trigger
cells and the type-setting mechanisms. The grids of the thyratrons
are connected to the plate loads of the right halves of the counting-
decade trigger tubes. Four thyratronsare thus associated with each com-
plete decade, and two are associated with the incomplete decade.

A 220-v., 400-Hz voltage feeds the thyratrons. The voltage source
delivers +250 v. through Rl16 to the cathode. ¥or reliable cut-off of
the thyratrons during the pulse count by the counter a positive count
pulse is fed through R15 to the cathode of the thyratron, resulting in
an increase in the voltage at the cathode to 175 v. During the count-
ing the voltage on the plates of the trigger in the counting circuit
and, consequently, at the first grid of the thyrat.on,changes in jumps.
However, the cathode potential (positive) remains above the potential
of the grid, and the thyratron cannot be triggered. The voltage on
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the plates of the conducting halves of the trigger tubes is less thau
that on the plates of the cut-off tubes. This voltage is applied to
the first grids of the thyratrons.

After the count pulse ends the potentiml at the cathode of the
thyratrons decreases and the thyratrons, connected to the cut-off trig-
ger cells, fire., Thus a positive pulse delivered to the cathodes of
the thyratron blocks the type-setting mechanism during the count time
and prevents the electromagnets {rom operating until the count time
has completely ended.

Each number of pulses tc be counted delivered to the decade is
associated with a combination of stable states of the triggers and,
consequently, a specific combination of conducting and cut-off thyra-
thyratrons.

The type-setting mechanism for printing meteorological data is
arranged so that if only the first thyratron fires tne number 1 is
selacted. If only the second thyratron fires the number 2 is selected.
If only the third thyratron fires the number 4 is selected, etc. Thus,
if, fer example, seven pulses appear at the decade the combination of
cut-off triggers and the correspondingly conducting thyratrons will be
such that three thyratrons will fire. In this case the type-setting
mechanism will select the number equal to 1l + 2 + 4, or 7. All the
numbers from O to § are similarly selected in the decades governing
tens and hundreds.

The count of thousands differs in that only two thyratrons are
used for controlliing the type-setting electromagnets. The firing of
the first thyratron corresponds to the printing of 1. The firing of
the second thyratron corresponda to the printing of 2. Both thyratrone
firing gives the number 3. This is the maximum number of thousands
that the counter can count.

Filament lamps (FL) are connected in the plate circuits of the
thyratrons, In a cold state the resistance of the filament is amall
and at the moment the thyratrons fire the size of the initial current
flowing through the coil of the electromagnets is significantly greater
than the current rating. This is provided by the continued operaticn
of the electromagnets after the count pulse has stopped. As the tube
heats up its res.stance increases and the current in the winding of the
electromagnet decreases,

Eﬁg electronic count-puise indicator. The count-pulse indicator
is designed to check the operation of the count system. In this unit,
moreover, a 25-Hz voltage is developed (by dividing the 5000-Hz volt-
age) to supply the motor of the electric counter which records the
radiocsonde flight time. The indicator allows the correct selection of
the voltage level at which the threshhold device in the receiving
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system operates, since the pulses appearing at the counter can be seen
on the screen cf the tube at the moment of the count.

The electrical circuit of the indicator is similar to the circuits
of standard oscillographic indicators and is not considered here.

The frequency divider circuit is assembled using three blocking
ogcillators and one trigger stage. The input of the circuit is fed
5000-Hz pulses, and rectangular symmetrical 25-Hz pulses are obtained
at the cuiput, which are fed to the recorder unit.

From part of the load of the cathode follower of the firat diviger
a 1000-Hz voltage goes to the receiving system for controlling the
oreration of the count system.

9.5. The MI-50 Range Measuring Syste=

The range measuring system is designed to handle the following
operations: syncnronize operation of the transmitter and the range
indicator; sclect and observe the target om the range indicator; manual
and automatic range tracking; measure range and continuously transmit
data to the recording system; form the ultranarrow gating and blank-
ing pulses which control the operation of the receiving system; create
a voltage with a stabilized frequency of 5000 Hz for synchronizing the
operation of the count system.

The object beirng tracked is selected and observed on tne screen
of the range indicator, whicn is assembled in an 810291 cathode ray
tube,

Two sweep scales are provided in the indicator for increasing the
resolving puwer and precision of the bearing: coarse (30 km.) and
fine (2 km.,. Both sweeps are strictlv interconnected in time. The
circuit is arranged so that the fine sweep is always in the center of
the 30-km. sweep and is set apart from it in the form of a ''pedestel"
by shifting the line of the coarse sweep up by two or threemillimeters.

Turning the handwheel of the range mechanism effects a smooth delay
of the beginning of the sweep for examining the target pulse on the
range indicator screen from O to 150 km,

when a bearing is taken the answering or reflected signel is
always in the center of the sweep line and should always be positioned
symmetrically between the two electric hairlines. The hairlines are
two dark marks (breaks in the sweep line) for which the pulses are
formed in a channel for precise range determination.

The 2-km. sweep alone may te obtained on the c.r.t. indicator.
In this case the entire length of the sweep line on the screen will
correspond to a range of 2 km.
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The range of the object being tracked is determined from the
scales of the range mechanism, and an electric signal proportional to
the range is fed into the recording systea.

The range measuring system is made up of three units: a range

unit, an automatic range tracking unit, and a range control unit.
[
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Fig. 9.26. Block diagram of the range measuring system

Key: a. To counting system
b, 75-kHz oscillator
¢. 3:1 divider
d. 5:1 divider
e. 6:1 divider
f. Transmitter trigger-pulse generator
g. Calibrator
h, Phase shifter
i. Handwheel
j. Sanatron
k. 30-km. gate generator
1. 30-km, sawtooth-voltage generator
m, Autotracking motor
n. Paraphase amplifier
o, Fhantastron
p. <2-lm. gate generator
q. 2-km. sawtooth-voltage generator
r. Paraphase amplifier

[Key continued on following page.
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s. answering signal

t. reedoucx demodulator

L. Gate generater and amplifier

v. welector

w. xange-pulse blocking cscillater
x. woelay lines; Di-1, Du-Z

Y. ZHairline-pulse generator
Z. A
aa, v

i

ate generator
Jelay lires; Di~1, JOL-¢
JlG generator

To receiver

From receiver

.

LY

D Q.
O Q0

b

[}
L

3T
3]

»
4
.

cltage of 75 kHz, transmitter
d 2-kn. sweers, pulses for

for trig-ering the ulanking-
ibrater and a csthode ray tube,

Tne range urit develops a sinusoidal v
trigger rulses, voltage for trhe 30-xm. an
syrchrorizing tne cournt system, and rulse
cuise oscillator. The unit contains a ca
wnich is tne range indicator,

Tre autcmatic ran
volta-e and corve:ris i
unit also forms tre ;u
gate (URNG).

ge tracking unit isolates the range-error signal
t to a voltage that controls the servomotor. The
lses for the electric hairline and tne ultranarrow

The range control unit is designed for range tracking, determining
tre slant range from scales, and transmitting its running value to the
reccrder unit., & simplified %iock diagram of the range system is shown
in Fig. 9.26.

Ihe range system ccusists of several cuannels tnat fulfill specific
functions: a transmitter triggering channel, a coarse range-measuring
cnannel, a fine range-measuring cnannel, an automatic range tracking
channel, and a calibrator circuit,

since tae elements of one crannel can be lcocated in different
units, it is more convenient to ¢.nsider twne operating principles of a
system in terms of tne individual functional channels.

The transmitter trigeer cuannei., A highly stable crystal-conlrollec
oscillator is the master element synchronizing tne operation of the trans-
mitter, indicatcr, receiver, and counting system, The frequency of its
sinusoidal oscillations is 75 kilz, wnich correspondes to the passage of
tne signal to an object (there and back) at a distance of 2 Filomelcors,
The high stability of tne crystal oscillator allows the ranve of the
tracked obiect t¢ te measured with grext precision,
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Fig. 9.27. Basic circuit of
the crystal oscillator and the
cathode follower

Key: a. To phase shifter

The crystal oscillator is installed at V1 in a circuit with elec-
tronic coupling (Fig. 9.27). This circuit functions as a self-exciting
oscillator and sinusoidal voltare amplifier. A crystal, X1, is in the
control-grid circuit of the oscillator and functions as a highly stable
oscillation circuit with anatural frequency of 74,955 Hz. The high
stability is due to the low heat expansion coefficient of the quartz
plate, vhich provides a constancy of its mechanical dimensions despite
temperature variations in the surrounding environment,

The screen grid of the tube functions as the plate in this cir-
cuit. The feedback voltage is taken from L2,

The L1C2 oacillatioen circuit is tuned to 75 kHz. It is the plate
load of the stage and is used to strengthen the signal.

To increase freguency stability the oscillater is coupled to
the load through a cathode follower (V2) with a transformer, T3, in
the cathode circuit., The 75-kHz signal goes from T3 to the frequency
dividers, tle fine range-measuring channel, and to the calibrator
circuit, From *the output of the first frequency divider 25-kHz pulses
are fed through the cathode follower to the second divider, which
lowers their frequency to 5 kHz. The 5-kHz pulses gc to synchronize
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the count system and to the ingut of the third divider, at whose out-
put pulses with a frequency of 833 Hz appear. Thus the division co-
efficients of tne dividers are equal to 3, 5, and 6, respectively.
This sequence of frequency dividing is necessary to obtain pulses with
repetition frequencies of 5 kHz and 833 Kz.

The 833-Hz pulses (from the output of the third divider) are the
sounding pulses of the station; they are fed to the transmitter trig-
ger channel and to the coarse range-measuring channel,

The transmitter trigger channel consists of a trigger oscillator,
two flip-flop multivibrators, a selector, and a final blocking
oscillator.

Tre trigger oscillator is d-signed to prevent triggering of the
transmitter during the time in wnlch the radiosonde pulses are being
counted, The other stages of the transmitter trigger channel form a
O.3-psec, pulse with a 120-usec. delay relative to the trigger pulse
of the coarse range-measuring circuit. This transmitter trigger cir-
cuit allows signals from objects at ranges from O to 150 kii. to be ob-
served in the center of the sweep of the indic=ztor and also cuts out
the initial rnonlinear section of the sweep delay circuit.

Positive transmitter trigger pulses with an amplitude of 65 v.
and a repetition frequency of 823 Hz are taken from the cathode load
of the trigger-pulse blocking oscillator and fed tc the submodulator
of the transmitter.

The cuarse range-measuring channel. The coarse (30-km.) and fine
(2-km.) sweep voltages are develored in the coarse range-measuring
channel, These voltages are fed to the range indicstor and create a
sweep line on the c.r.t. screen,

Positive 833-4z pulses go from the output of the third divider to
the sanatron circuit. The sanatron (Fig. 9.28) is designed for smooth
and linear delay of the sweep triggering with respect to the transmit-
ter trigger pulse. The amount of delay depends on the size of the
control voltage taken from the gate delay potentiometer, whose slider
is kinematically connected to the handwheel and the m>ytor of the
range r=chanism,

In the absence of trigger pulses the voltage on the rlate of the
left half of V11 is 55 v, The voltage on the third grid of V13, -40 v.,
is taken from tne RS2-R5S-R60 divider. V13 is blocked at thne third
grid, and the voltage on its plate is fixed by the right half of the
diode, V14, at a level of +220 v. The voltage on the control grid of
V13 is close to zero, In this case all the cathode current is closed
through the screen-grid circuit and, because of the screen current,
the voltage at it falls to +30 v.
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Key: a. 2elay generator trigger
b. Z-xm. gate delay trigger
c. 30-km. gate trigger

Th~ left half of V12 1s cut off, since its grid is conrected 20
the third grid of Vi3, which has a potential of -40 v. The rignt half
of Vi2 conducts and its current flows thr the circuit censisting
of RAl, limiting diode Vilk, R66, and RS7 to ground. A positive trigger
pulse coming from the third divider through C19 causes the switching
circuit to go into the seccnd stable state. The switching circuit
includes V24, YiC, and V11. The left half of V11 is cut off. In this
case the voltage on its plate increases tc 220 v., which ought to lead
to inrreased voltage at tne tnird grid of VY13. There is, however, no
increase, since the votential at the third grid of V13 is limited by
the grid current of the left half of V12 and is almost zero. The left
half of V12 conducts almost ccmrletely, and the potential at its plate
and, conseguently, at the grid of the right half of V12, falls to 3C v,
The rignht half of Vi2 cuts off and rerains so durirng the entire
working cyzle, since the voltage at its cathode cannot fall below 4C v,

V13 unblocks at the third grid, and its plate voltage drops
sharply. This sharp drop is fed through tne plate-grid capacitors
C31 and C3L to the first grid, lowers its potential, and prevents any
further increase in pliate current. In this case V13 is cut off almost
completely at the first grid. The screen-grid potertial increases to
120 v. and is limited by the left half of V24. This concludes the first
operation cycle of the sanatron.

The second cycle is characterized by an increase in veltage at the
control grid because of the discharge of C31 and C34 through R71 during
the linear voltage fall-off at the plate of V13. Because of the stabi-
lization of the charge curreut in the plate-grid capacitors C31 and C3h4
(owing to the positive plate-control grid feedback in V13), the cananges
irn voltage obtain a high degree of linearity. The linearly dropving
voltage goes from the plate of V)3 through windings I and I1I of T8 %o
the cathode of the cornparing diode (the left ralf of Vib),

The plate of the diodje is supp. '=2d with a control voltage from
tne gate delay potentiometer locitec in tae range corntrol unit (#7-.7),
At tre Instant the linearly falling and the conirol veltages are ecua.
tre dione unblocks, and the plate of Vil is connected to tie grid of
tne cut-cff tube (the left nalf of Vl1.)., [he tnir? stage of ti.e opera-
tion of tne sanatron circuit tegins at this point, wnlcnh is an avilanche-

likxe process and the return of tne circuit to its initial state.
The left half of V10 is unblocked in the initial state. At the

moment the voltages are equal the potential at its ¢rid decreases, re-
sulting in a decrease ir the voltage at its cathode. This voltage
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increases in amplitude and is taren as a negative voltage from winding
il of To. Thus a positive feedback circuit ie completed through the
n

transforzer,

The gprocess is like arn avalancre and ends with complete blocking
of the left half of VIO, A positive voltage pulse with a steep siope
and an amplitucde on the order of 100 v. is formed at tne plate of the
tube, TIhis pulse goes to the grid of the cut-off right naif of Yok
and returns tne circuit to its iritial state: V13 is cut off at the
third grid, with the result that the left half of V12 is cut off and
the rignt nalf conducts. Immediately C31 and T34 tegin to recharge
through the right half ov V12, resistor V1, ard the gricé-cathode sec-
tior of V13, ‘lne voltage at the plate of V13 increases starply, the
left half of dicde V1L cuts off, and the current through winding iII of
T8 stops, resulting in a sharp inc e in the rotential at the grid
of the cut-off tube (the left nalf of VICJ). As a result of this apesi-
tive cut-off rulse is fermed at the plate c¢f this tube. The duration
of the linear voltage fall-oif at e of V13 determines the time
at which the cut-off pulse zrises in the plate and cathode circuits of
the left half of V10, The duratiorn of this lirear fall-off is in turn
regulated by trne voltage variation at the plate of the diode (the left
ralf cf V14), which fails bvetween 220 ani 45 volts. The voltage at
tre plate of icde is fed from the midroint of ths gate delay po-
Fig. 2.26), which is lccated in the rarge control unit
.

the d
tentiomster, 212 (Fig.
and is kinematically ccnnected to the range mechanism.

ot
&r
1
Y o
)
Y
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when the range nhandwneel is turned clocs«wise, the voltage on the
clate of the left half of diode ¥1% is decreased, resulting in ar in-
crease in the duration of the linear voltage fzll-off at the plate of
Vi3, This varies the time that the cut-off-tube pulse agvears. The
cut-cff-tube puise triggers the 30U-km. gate generator (coarse sweep) and
tre lb-km. gate generator (tre rrantastron).

Tre parameters of tre circuit are selected sc that tre duration
of tre linear voltage fall-ci{f at the plate of V13 and, conseguently,
the time when tre cut-off pulse a2rises, can ve regulated by varying the
voitage on tne plate of the left half of V14 between aprroximately 3 and
1040 microseconds, wiich covers the required 15U-km, distance range.

The negative 333-Hz pulse f{rom winding IV of I& triggers the 3C-km.
sate generator, and tne cut-off pulse gees {rom the plate of the left

5

nalf of ViU to the l4-km. gate generator.

A sawtootn generator anc the 30-km, gate generator form the 3C-km,
sweep. [Ine 30-km. gate generator is assermoled in a ENIP as a flip-flop
multivibrator. Wnen the delay pulse from the sanatren arjears, the
multivitrator develops a 200-psec. pulse, which corresponds te 30 km,

A potentiometer labeled '"30-kn. Gate' is used Lo vary tre duration of
tne 3C-km., gate.
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A regative pulse is fed from tne mutlivibrator tircugh the contucts
of the scale relay (the sweer switch is in trne 3C-km, pesition) to the
sweep generator, which is an oscillator that groduces linearly increas-
ing vcltage,

Tre amplitude of tne swee: voltace is controlled by the "Sweep
Anpl." potentiometer

Sawtootn waves with an anp-1 ude of about 20C volts are fed {r
the sweer gererator tnrcugh the pezrapnase amplifier to tne norizont
deflection rlates orf the tabc.

A positive rectangular pulse is

d from t.e 3C-xm. gate genera-
tor to the c.r.t. modulator feor dimmin ) t c

m\
(44
36
[

'
(4]

when the 2-km. sweep is formed a posi f pulse goes from
tne output of the sanatren to the i4-ka,.-delay-pulse generator. The
generater is assembled as a phantastron wit:n catnode coupling. Ine
delay phantastron develors negative §5- usvv. rulses, whnicn corresuinnd
to 1k &km, in rasge. <ne duration ¢f tae l4-km.-delay pulses can ove
varied by tne '"Delay 1lb km.'" jotentiometer,

The trailing edge of the lb-km., pulse triggers the 2-km. gate
generator, wiich is assembled as a flip-flop multivibrator with cathode
coupling. The generator develops pulses with a duration of 13.3 psec.,
which corresvonds to 2 km, in range. The duration of tre 2-km. gate is
regulated by the '"2-km., Gate' potentiometer. The positive rvulse goes
through a buffer stage to the sweep generator. From the sweep generator
sawtooth waves are fed to one of the horizontal deflection plates of
the c.r.t. and through the paraphase amplifier to the other horizontal
deflection plate of the indicator.

A pomitive pulse from the Z2-km, gate generator fed to the tube
modulator dims the retrar.c,

At the 30-km, sweep (switch 32 is in the "Operate" position) one
of the vertical deflection plates is fed by tne 2-km. gate, which
ferms a pedestal at the coarse sweep, which is the coarse hairline,
It indicates the time vosition of the fine sweepr on the coarse sweep
line.

Since the 2-km. cgate is delayed by 14 km, relative to the beginning
of the 30-km. sweep, it is in the middle of this sweep (Fig. 9.29).

The answerine (reflected) signal from the output of the receiver
goes through a single-stage amplifier and to the second vertical de-
flection rlate of the tube, If the appearance of the answering signal
coincides in time with the appearance of the 2-km, gate, a burst appears
on the pedestal, which serves to precisely determine the range.
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The positive 2-km, gate is fed to the automatic range-tracking unit
(to the selecter) to form the ultranarrow gate, the electric hairline,
and the half-gate [polustrob] pulses for automatic range tracking.

The fine range-measuring channel. Tnis channel provides for find-
ing the range to the target with a precision no less than 10 m.
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Fig.9.29. The position
of the 2-km, gate on the
30-km. sweep

The distance is read off the scales of the range mechanism when
the answering signal is symmetrically cositioned relative to the pulses
of the electric hairline. The electric hairlines are formed by the
chain of stages in the channel for precise determination of range.

The 75~-kHz voltace jenerated by the crystal oscillator geces through
the cathode follower to the phase spli:tirg bridge consisting of RI1,
R2, R3, R4, RS, Cl, and C6 (Fig. 9.3C). rour sinusoidal vclitages 90°
apart are taken from the oridge. TIneir amplitudes are egualized at the
input of the bridge by resetting the slider of potentiometer Rl, "Bal-
ance.”" Variable resistors R2, "Fliase -90°," and RS, 'Fhase +20°." are
used to equalize the 2ffeciive resistance ana capacitance.
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Fig. 9.20, Circuit of the phase srlitter

Key: a. Phase -90° ¢. rhase +90°
b. RBalznce 4. To voltage amp.
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A capacitive-type phase shifter is connected at the diagonal of
the bridge. It consiasts of four plate segments and one unbroken piate,
between which a blade made of 2 specially formed dielectric rotates.

As the blade rotstes, the capazitance of each section is smoothly varied.
A voltage whose phase varies linearly from O to 360° as thke rotor turns
is teken from the output of the phase shifter. A specific phase dis-
placezent of the output voltage corresponds to a specific angle of
rotation of the rotor. The rotor of the phase shifter is kirematically
connected to the handwneel and motor of the range mechanism,

The phase shifter cutput voltaze is used in the end for develorping
the ultranarrow gate, tre nalf-gates, and the electric hairline for
precise range, and hence a shift in the phase of this voltage by any
angle produces a proportional shift of these pulses in time.

Fi5

Fig. 9.21. Circuit showing the connection
of the gate delay potentiometer

Key: a. Beginning
b. End

The 75-kHz voltage is fed from the output of the ghase shifter tc
the two-stage vcltage amplifier, and then to the peak generator.

As the rotor of the phase shifter turns, the slider of the gate
delay potentiometer, R19, moves (cf. Fig. 9.26) (this potenticmeter is
located together witk the phase shifter in the range control unit),

The voltage at the potentiometer is supplied from the divider concisting
of R21, R22, R23, R2k4, ani Q25 (Fig. 9.31).

when the range scale is set at O and 150 km., the delay of tue
30-km. and 2-km, gates is governed by potentiometers Rc2, "Beginning,'
and K23, "End," respectively.

From the peak generator sharp positive and negative 75-kHz pulses
are fed to the range-pulse selectcr in the autotracking unit. The
2-km. gate from the range unit is also fed here. Wwhen the gate and
the peak coincide in time, the selector develops a negative pulse
which triggers the blocking oscillator. The blocking oscillator
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develops positive 833-Hz range pulses whose delay relative to the trans-
mitter trigger pulse can be smoothly varied from O to 130 km. by vary-
ing the control voltagze cn the sanatron, which is taken from the siider
of R19 in the range mechanism.

The range pulses go through the DL-1 and DL-2 delay lines (cf.

Fig. 9.26) to the starting tube and trigger the hairline pulse genera-
tor (Fig. 9.32).

Since each range pulse is fed to the starting tube, V25, from two
different points in the delay line, two pulses appear at its output
which are cut of vhase with each other. These pulses trigger the
hairline generator, V3, which develops two O.3-psec. positive pulses
1.2 usec. apart; the pulse repetition frequency is 833 Kz,
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Fig. 9.32, Circuit of the delay lines znd the hairline
pulse generator

Key: a. To UNG generator
b. To MT-50

These pulses gc to the cathode of the c.r.t. and form an electric
hairline on the 2-km, sweep line in the form of two dark marks (breaks
in the sweep line).

Rotat ion of the phase shifter rotor is used to achieve symmetrical
positioning of the answering signal relative to the dark marks and pre-
cise determination of the ranrge of the object from the scales.

The pulse used to trigger the UNG generator is taken from a tap
on DL-2 (cf, Fig. 9.26); this generator is assembled as a blocking os-
cillator with parallel tri-gering. The pulse from the UNG at an ampli-~
tude of 120 v, and a duration of 0.5 psec. is taken from the winding of
the pulse transformer and fed to the main amplifier unit of the receiv-
ing system for the purpose of gating the automatic angle-control channel
in the corner-reflector mode.
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Fig. 9.33. Discriminator circuit

Key: a. TFrom half-gate generator
b. From MT-30
¢. Balance I
d.

To balance amp.

The UNG pulse delay is adjusted so that it falls between the dark
marks, i.e.,, the time it aprears corresvonds to the time the answering
signal appears,

The automatic range tracking channel. The autotracking channel
functions as a tracking system that automatically rotates the range
mechanism when the distance to the target changes, At the root of
the ;rinciple of autotracking is a certain circuit for isolating an
error signal as the time position f the answering-signal changes
relative to the half-gate reference pulses. The range pulse is fed
from five different sections of DL-1 and 0L-2 to the contacts of
switch Bl, which shifts the half-gates by 1.0-1.6 usec. relative to
the dark marks. The phases must be shifted because in the '"Radiosonde'
mode the automatic range tracking does not use tane turst of the ans-
wering signal but the pause that follows <he burst,

The half-gate generator is assembled in three tubes in a blocking
oscillator circuit with parallel triggering and forced cut-off. Pulses
from the output of the half-gate generator are fed to the discriminator.

An error signal proportional to the deviation in the time position
of the answering-sienal rulse relative to the gate interface is iso-
lated in the discriminator stage, whose circuit diagram is shown in
rig. 9.3%3%,
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The half-gate pulses are fed through V9 to the grids of the discrimi-
nator tubes. In the absence of these pulses the tubes are cut off at
the control grids by approximately -90 volts.

The reflected signal of the answering pause of the radiosonde is
fed from the main amplifier unit through G20 and the cathode follower,
V1Cb, to the plates of the discriminator, V11l. Approximately -10C v.
is delivered to the cathodes of this tube throuch R4S, "Balance I."

In the absence of a reflected signal, current flows in cuie tubes
wien the half-gate is operating; it charges C32 and C31 to an egual
rotential, whose maznitude depends on the roise level of the receiver,
Ncise voltage affects the rlates of the discrimipator censtantly.

The discriminator is balanced when there is no signal by means of
potentiometer R45, "Balance I," i.e., the potentials at the cathodes of
both halves of tne tubes are adjusted to be equal.

when a reflected signal is delivered to the plate which corresronds
in time with the half-gate, the potentials at the cathodes can be equal
only if the center of the reflected signal is at the junction of the
half-gates. In this case both halves of V11 pass equal currents and

C231 and C32 charge to the same potential.

If the signal is asymmetrically positioned relative to the junct-
ion of the half-gate pulses, different currents pass through the tubes
(the potentials at the cathodes of beth halves of a tube will not ke the
same) and the cordensers charge to different potentials. The resul is
that an error signal (a constant voltase! will be developed in the cir-
cuit; the polarity of this signal is determined by the placement of the
center of the reflected signal (lagring or leading) relative to the
junction of the half-gate pulses, The maaznitude of the error signal is
determined by the magnitude of the time discrepancy between the center
of the reflected signal and the junction of the half-eates and is pro-
portional to the differernce in the voltages on C31 and C32.

Constant voltages are fed from the cathodes of the discriminator
tubes to the grids of the tubes in the balance amplifier (cf. Fig,
g.26!. Besides amplifying, the balance amplifier converts the error
signal to a voltare of either polarity. This two-polarity error signal
is necesssry in order to turn vhe autotracking motor in one direction
or the other, depending on the deviation of the answering sixnal rela-
tive tc the junction of the half-gates.

The balapce amplifier allows subtraction of the voltages delivered
to 1t from C31 and C32.

With a symmetrical placement of the answering signal relative to
the junction of the half-gate pulses, the error signal is zero.
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The error-signal veltage goes from the output of the balance ampli-
fier to the RC low-pass filter. Wwhen the high-freaquency comronents of
the signal, which could result in damaging overloads of following
stages, pass through the filter they are filtered cut and fed to the
adaer staze of the d.c, amplifier, which is also supplied with feedback
voltage that stabilizes the operation of the tracking system. The
feedback voltage is taken from the cortrol winding of the autotracking
motor. The amplitude of the voltage is proportional to the speed of
rotation of the motor, and the phase is shifted by 150° when the di-
rection of rotation is changed.

The feedback voltage goes to the feedback demodulator, which is a
full-wave phase-sensitive detector. At the input of the demodulator a
constant voltage appears whose polarity depends or the direction of
rotation of the servomotor and whose amplitude is proportional to the
speed of rotation of the motor.

Summation of the error-signal voltage and the feedback voltare, as
well as preamplification cf the summed sigral, takes place in the first
stage of the d.c. amplifier.

The second 4.c. amplifier stage operates as a current amplifier.
The control windings of the magretic power amplifier (MA) is connected
in the plate circuit of this stage.

The voltage taken from the output of the magnetic amplifier is
used for controlling the servomotor voltage. It is fed to the control
winding of the motor and makes it rotate so that the error signal de-
creases. The motor is mechanically connected tc the rotor of the
phase shifter and the glider of potentiometer Ri9. As the rotor of the
phase shifter turns, the phase of the 75-kHz voltage is changed, so that
the juncticn of the half-gate pulses is moved to the center of the re-
flected signal. ‘hen the reflected signal coincides with the junction,
the error voltage disappears and the motor stops.

If the center of the refiected signal moves to the other side of
the half-gate junction, the sigr of the error signal changes and the
motor turns the other way until the errcor voltage disaprears. The
tracking system thus automatically follows the change in range and
records this change on the scales of the range mecnanism.

The running values of the slant range are transmitted to the re-
cording unit by the coarse and fine selsyn csensors lucated in the range
control unit. DBoth selsyns are kinematically connected to the range
mechanism, and their rotors turn proportional to the changz in the re-
corded magnitude.

The calibrator circuit is designed for tuning and checking the
linearity of tracking of the electric hairlines of the &-km. sweep as
the fine range scale is rotated. The calibrator consists of a
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phase-shifting n:twork and a freguency multiplier. To increase the
calibration precision of the bridge of the phase shifter the 75-klz
1 signal is multiplied to 600 kHz in the calibrator circuit, which cor-
: responds to the distance bet<een the 250-m. calibration marks,

L gl iy

In the "Calibrate' mode the 600-kHz signal is fed at » level of
€0 v. frcm the circuit of the last freguency multiplier through the
switch that selects the mode of operation to one of the vertical de-
flection plates of the tube. This produces calibration marks on the
sweep line which are used to determine the amount of shift of the
dark marks (hairlines) and compare it with the indications of the
range mechanism scale. The phase snifter is adjusted if the results
differ. In other modes of operation the calibrator is switched off.
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Curves of the main voltages in the range systemare shown in Fig, 9.34.

!

L

‘s

| e N ——— N pMTEALe
o ! & €3Sy
: | = e -
S S —— Cmz2b
\ & a7
5 A v
F , JA _ Henusbe 36NUEK2 L
T nepedamyuny ¢

\—{—» T \ ,ﬁrv.';.v.',ﬂc: e

caremping

—_— e CpE L
T U ——— i ST vm
- B e
i e '.: .4/4«';. ) (}
| e 14 w1 3008p>tru ¥
B Ao R
J i LTl
2-M
- - Y., .
NN~~~ = AN - = === NN ¢;L{u i
[A I
L— 1{ I Sl N T
— - A LIRS danurCCmuy &
n T M0 BL3uLa K
t I-u nonycmpas A
| | -
i —— 2-.7 noAyemoch ™
\ :
4 T vVo ™
i

Fig. 9.34. Voltage curves in the MI-50 system

Key: a, 75-Hz voltage f. 30-km. gate
b. 833-Hz pulse g. 1lb-km. delay pulse
c. 6-km. gate h. <2-km. gate
d. Transmitter trigger pulse 1. 75-kHz peaks
e, Sanatron pulse [Keycontinuedonfollowingpage]
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j. Range pulse

k. Hairline pulse
1, TFirst ralf-gate
m. Second half-gate
n. URG
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9.6. The MT-A0C Data Transmission and Recording System

skt dan

The sy-tem of transmitting and recording the data is designed for
transmitting the running values of the azimuth, the angle of elevation,
and the slant range of the tracked object to the automatic recording
. device and for recording ~n paper *ape the rumnning angle coor "nates,

3 the slant range, the flight time, and the radiosonde signals carrying
the coded meteorclogical informa®ion.

£ The MT-6C contains three identical trackinc sysiems (for azimuth,
1 angle of elevation, and range) that are used to transmit the angle co-
ordinates and the slant range to the recorder urit during manual or
automatic tracking of an object. Each tracking system consists of a
summing amplifier for the sensors, a servoamplifier, a magnetic ampli-~
fier, and a recorder. The system also includes selsyn sensors for fine
and coarse reading of the azimuth and the angle of elevation, located
in the antenna column, and selsyn range sensors, located in the range

3 control unit of the MT-50, as well as servomotors for the recorder and
4 coarse and fine selsyn transformers. Because the systems are all the

. same we shall consider only the azimuth system (Fig. 9.35).

L

fig. 9.35. Block diagram of the MI-60

Key: a. Selsyn sensors
b. Sensor summing amplifier
c. Servosmplifier
d. Magnetic amplifier
e. Servomotor
f. To printing mechanism
g. Selsyn transformers
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goes tz the tspsor summing arplifier (SSA), which is designed to sum the
error signs’ls delivered by the two coarse and fine selsyn transformers.

The sensq~ zumming amplifier. The signal from the selsyn sensors

The summing circuit provides the requisite precision of transmis-
sion of the coordinates and prevents false synchronization from appear-
ing in the system. An error signal appears if the positicns of the
rotors of the selsyn senscrs and the selsyrn transformers in the channel

; are not matched. The rotors of the selsyn sensors are connected to the
rotation axes of the antenna along the azimuth and angle of elevation
(during transmission of angle coordinates) and to the range mechanism
in the range trasnmicsion channel. The rotors of the selsyn transform-
ers are connected with the servomctors in the recorder unit.

From the output of the S5A the error signal goes to the
servoamplifier,

| The gervoamplifier. The summed error signal is amplified in this

‘ stage and converted to a d.c. voltage that controls the magnetic ampli-

] fier. The servoamplifier is assembled as a balance circu. . in two twin
triodes.,

The d.c. control voltage goes from the output of the servoamplifier
\ to the contrul windings of the magnetic amplifiers.

The magnetic amplifier is designed to amplify and convert the error
signal to a voltage controlling the servomotor. The magnetic amplifier
has two a.c. windings, two control windings, and one bias winding. The
operation of the magnetic amplifiers is based on the change of the mag-
netic permeability of iron when magnetized by continuous current, which
allows the inductance of the a.c. windings to be greatly changed by
small changes in the control current,

%—
s
|

The magnetic amplifier is fed 220 volts at 40O Hz.

Thus the magnetic amplifier converts the constant error-signal volt-
age to an amplified 400-Hz alternating voltage.

lThe control winding of the servcmotor located in the recorder unit
is the load for the magnetic amplifier,

The recorder servomotor is designed to exhaust the errors in the
mismatch of the running coordinates and to transmit motion to the ap-
propriate scales (azimuth, angle of elevat:on, and range) and to the
type-setting printing mechanisms.

An error signal appears at the output of the summing ampiifier when
there is a mismatch in the angular position of the selsyn sensor rotors
for a particular coordina®e and the selsyn transformer rotors. This
signal is amplified and converted %y the servoamplifiers and the magnetic
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amplifiers and fed to the control winding of the servomotor. The motor
begins to rotate and turns the rotor of the selsyr tr-.sformer (cf. Fig.
G.35). Wnen the angle positions of the rotors ccincide, the error siz-
nal disappears and the servomotor stops. The tracking system will thus
automatically exnaust the angle of rotation specified at each coordinate
by the selsyn sensors.

The servomotor of the tracking system is connected to the type-set~
ting mechanisms for printing range, azimuth, and elevation angles that
compose the running values cof the coordinates of the olLject being
tracked and prepare them for printing on the vaper tape.

The recorder is used to automatically record on paper tape the
radiosonde signals (the metecrological data) appearing every five sec-
onds and the running coordinates and time marks appearing every 30
seconds.

The recorder includes mechanisms for advancing the paper tape and
the inking tape, mechanisms for the servomotors asscciated with the
azimuth, the angle of elevation, and the range, type-setting mechanisms
for printing the angie of elevation, azimuth, range, metecrological
data, and time, a printer, a working-pulse urit, a circuit for regulat-
ing the count time, and instruments to indicate the results cf the count.

The paper- and inking-tave drives are desigred to pull the graph
tape on which the running coordinates, radiosonde flight time, and
meteorolcgical data are recorded and the inking tape, which allows
the composed data values to be recorded during the orinting. The
inking-tape drive has a reversible motor for chaneing direction and
motion.

The typesetters for printing the angle of elevation, the azimuth,
and tne range are designed to compose the values of the running coordi-

nates and print them on paper tape. They contain drum-type numbered
dials with numbers in relief. Each typesetter is connected by z uni-
versal coupling with the corresponding servomotor., As the shaft of the
servomotor rotates, the dials of the typesetters turn to the correspond-
ing angle and set the necessary coordinate values and prepare them for
printing.

The typesetter for printing the time has two electromaguets con

nected to a wheel ir the device which has plus (+) and minus (-) signs
in relief on it. The minus sign corresponds to 00 sec.; the plus sign
means that 30 seconds must be added to the printed time. The wneel is
conrected oy a ratchet gezar to the first dial drum, Ythe typresetter for
printing the time has three dial drums, for units, tens, and hunireds
of minutes. A composed result car be reset by a reset knob orought out
to the front panel of the reccrder unit.




The typesetter for printing the meteorological data consists of
rack differential gears for thousands, hundreds, tens, and units, which
are designed for transforming the electric parameters of the results of
the count into mechanical ones (the angles of rotation of the correspond-
ing exeas). These mechanisms have 14 electromagnets with moving cores.
The windings of the electromagnets are connected in the plate circuits
of the output stazes of the electronic counter. 3Since the electronic
counter has four ccuanting decades, the electromagnets are alsc divided
into four decades: the decades for units, tems, huadreds, and thousands.
s

A shift of the cores cf the electromagnets causes rotation of the dials
of the tyresetter for printing the meteorological data.

The printer of the recorder unit consists of 8ix striking electro-
magnets, which print the time, the angle of elevation, the ezimuth, the
range, thousands, hundreds, tens, and units of the meteorological data.
Tne first four electromagnets are controiled by the electronic time
counter through printing stages in the working-pulse unit. The time
counter is also located in the working-pulse unit; its main element is
a synchronous motor, SM-2. Using groups of contacts which close as it
turns, this motor ccntrols the cperation of the stages in the time type-
setter as well as the oreration of the stages for printing time, range,
and angle coordinates.

Tne printing stages, assembled in thyratrons, develop pulses every
30 seconds which cause the striking electromagnets to trigger. when
triggered, the striking electromagnrets strike the printingbars, and they
in turn strike the paper, pressing it through the inking tape to the
numbers on the drums of trne typesetter dials,

The radiosonde signals (the meteorological data) are recorded as
fol_ows., The electromagnets of the typesetter are controlled by voltagee
coming from the electronic pulse counter in the MT-40 system. After the
radiosonde-pulse count is finished, the output thyratrons are switched
on. Tne totals of the count will determine which thyratrons fire. The
state of the thyratrons and, therefore, the position of the cores in
the electromagnets (the thyratrons are connected in the electromagnet
circuit), will correspon? to the sum state o’ the counter,

The electromagnets transmit the sum of the count to the output
shafts of the rack differential gears, which turn the dial drums to the
correct angles. The print pulse that actuates the striking electro-
magnets follows 3 seconds after the thyratrons in the electronic counter
fire. The coordinatas and time are recorded once every 30 seconds,

9.7. The MT-70 Antenna Control System

The antenna control system is designed to control the movement of
the antenna along the azimuth and the angle of elevation.
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Turee medes of operation of thz aaterna control system are provided
in the etation: an automatic tracking mode, used for precise determina-
tion of the angle coordinates and automatis tracking of the change in
azimuth and the angle of elevation ¢f the tracked object; a manual con-
trol mode, used for searching for the object and following it befere
switching to autematic tracking; an automatic sector scanning mode,
used for searching for an object in a specific sector.

Push buttons labeled, *Manual,' "Search," and "Automatic Control,"
located on the front panel of the antenna control urit, ard used to
change from one mode of operation to another., The "Stop' button is

used for rapidly stopping the antenna along both coordinates.

fne fcllowing units are found in the antenna control system: an
automatic angle~coorfinave tracking unit, an azimuth and elevation-
angle tracking unit, a unit containing the final magnetic rower ampli-
fiers, an antenna contrel unit, and an antenna column.

The automatic angle-coordinate tracking unit is designed to iso-
late the 24-Hz error-signal voltage from the video signals coming from
the output of the main amplifier when a radiopilot is being tracked or
to isolate the error-signal voltage from the super noises when a radio-
sonde is being tracked.

The automatic tracking unit includes an 300-kHz amplifier, a
super-noise envelope detector, a peak video-signal envelope detector,
a fast-acting automatic gain control (FAGC), a 24-Hz tuned amplifier,
an amplifier for the alterrating current in the azimuth and elevation-~
angle channels, auxiliary a.c. amplifiers, phase-sensitive rectifiers,
and instruments to indicate the bearing error.

The azimuth and elevation-angle tracking unit is used to convert
the error-signal voltage to a control voltage for the azimuth and ele-
vation-angle channels. This unit operates in all modes of the statisn's
operation.

The u.it consists of two identical channels, one for the azimuth
and one for the angle of elevation., In cach channel there are phase-
sensitive rectifiers for the error-signa’. and feedback voltages and
two stages of d.c. amplification.

The final magnetic power amplifier unit is designed to amplify the
control signal to a level sufficient for actuating the antenna rotation
servomotors. The unit includes two identical power amplifiers, one for
the azimuth and one for the angle of elevation,

The antenna control unit is designed for controlling the position
of the antenna in space and switching the modes of operation of the
system, The unit includes mechanisms for manual control of the antenna
and the automatic sector search and the circuit for switching the modes
of operation of the system.
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The antenna column rotates the antenna along the azimuth and the
angle of elevation, determines the angle coordinates of the target, and
transmits tnem to the recording system. The antenna column consists of
azimuth and elevation-angle actuators, azimuth and elevation-angle sel-
syn drives, a slip ring, and the control linkage for the reference volt-
age generator, The antenna column is set up on a poured foundation to
which all major junctions and the parabolic reflector are attached.

Let us examine the operation of the MT-70 system under the various
operating conditions of the antenna control.

Automatic tracking. 7Two modes of automatic tracking are provided
in the station: automatic tracking of a radiopilot and automatic track-
ing of the RKZ-2 radiosonde. The need for two modes of operation was
brought about by the difference in tne signals from these objects at
the input of the station., In the "Radiosonde' mode the signal is a
super noise amplitude modulated at a frequency of 24 Hz, 1In the '"Corner
Reflector' mode the radiopilot signals reflected from the corner re-
flector are arplitude modulated by a frequency of 24 Hz. The operating
principle of the tracking system using angle coordinates is identical
in both modes.

The principle of the bi-signal zone is fundamental to the auto-
matic tracking of a target. A bi-signal zcue is created as a resul?
of conical scanning. The axis of the lobe of the radiation pattern
is offset from the geometric axis of the paraboloid by an angle of
about 2° because of the asymmetric placement of slots in the lateral
surface of the counter-reflector of the antenna head. The counter-
reflector is rotated by a motor, with the result that the maximum of
the lobe of the radiation pattern deascribes a circle in space, and
the lateral surface describes a cone. The motor rotates at 2% r.p.s.,
and the freaguency of the conical scanning of the radiation pattern
is thus 24 Hz.

If the tracked object lies on the geometric axis of the antenna,
its answering signals at the cutput of the receiving system will be
identical in amplitude for all positions of the radiation pattern
(Fig. 9.36a)., 1If the tracked object moves relative to the axis of the
paraboloid, the answering signals will be amplitude modulated, ac-
cording to thie sinusoidal principle, at a frequency of 24 Hz, wnich
corresponds to the rotation speed of the radiation pattern. The phase
of the modulation envelope depends on the direction of shift of the ob-
ject relative to the axis of the antenna, and the depth of the mncdula-~
tion depends on the amount of the shift (Fig. 9.36).

The rotation of the reference-voltage generator is synchronized
with the rotation of the radiation pattern; this generator develops two
sinusoidal voltages which differ in phase by 90°.

The function of the sutotracking channel is to compare the modula=-
tion curve with the reference voltages, to isolate the error signal, and
to control the antenna rotator along both coordinates.
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Fig. 9.36. Change in the phase of
the envelope of the received sig-
nals

a) object on axis of antenna; b)
object shifted up along elevation
angle; c) object shifted right a-
long azimuth; d4) object shifted
along azimuth and elevationangle;
1) beam axis; 2) object; 3) anten-
na 8xis

The block diagram of the automatic angle-coordinate tracking
channel is shown in Fig. 9.37.
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Fig. 9.37. Block diagram of the angle-~coordirate
automatic tracking channel

Key: a. From main amplifier
b, PFPeak detector
€. A.,c. amp, and FAGC
d. Azimuth channel phase-sensitive rectifier

e. RVG
f. A.c. amp.
g. MA

h., Azimuth motor

i, 4&levation-angle phase-sensitive rectifier
j. A.c. amp.

k. MA

1. Elevation-angle motor

From the output of the automatic radiosonde-angle control channel
or the automatic corner-reflector angle control channel in the main
amplifier unit of the receiving system the voltage is fed to the input
of the automatic angle-coordinate tracking system of the MT-70.

When a radiopilot is being tracked the reflected signal is fed to
the peak detector, where it is converted to a voltage whose variation
corresponds to the form of the envelope of the reflected signal. The
output voltage of the peak Jetwctor consists of a d.c, component pro-
portional to the total level of input signealc and an a.c. component
with a frequency of 24 Hz, which corresponds to the scanning frequency
of the electromagnetic beam, The d.c. component of the detected volt-
age is needed for the operation of the FAGC circuit in both modes.

Depending on the mode of the station's operation, the FAGC stage
is supplied with either a signal from the output of the 800-kHz detect~
or ("Radiosonde" mode) or a signal from the output of the peak detector
("Corner Reflector" mode). The amplitude of the 24-Hz voltage at the
output of the FAGC stage is held constant despite the amplitude of the
incoming signal (with a constant depth of modulation of the 24-Hz input
voltage).




The FAGC stage is assembled in a 6K4P with a variable transconduct-
ance characteristic, thanks to which it can be used for the fast auto-~
matic gain control.

When the intensity of a signal increases, the d.c. componeat of the
output voltage from the detector is increased and shifts the working
point of the characteristic of the tube into a less steep region (Fig.
9.38). As a result the gain drops and the amplitude of the a.c. com-
ponent at the output of the tube changes insignificantly.

With a decrease in signal intensity the d.c. component of the volt-
are at the output of the detector decreases, with the result that the
working point of the characteristic is shifted intc a steeper region,
Ampiification thus increases and the a.c. component, whose amplitude
remains almost the same as before, is taker from this stage.

From the output of the FAGC stage (Fig. 9.37) the 24-Hz sinusoidal
voltage is fed to phase-sensitive rectifiers that convert the a.c. sig-
nal voltage to d.c. signal voltage whose magnitude and polarity depends
on the amplitude and phase of the signal at the input. The phase-sen-
sitive rectifiers in the azimuth channel and the elevation-angle chan-
nel are identical, so we shall describe only the operation of the phase-
sensitive rectifier in the azimuth channel.

Fig. 9.38. Voltare curves explaining the
operation of the FAGC
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The circuit of the phase-sensitive rectifier (demodulator) is
shown in Fig. 9.39. It is assembled in V1 and V2 (6Kh2P's) in a
full-wave rectifier circuit. Resistors Rl, R2, and R3 are the load.

b anHR
B ~
- WA A A
Yy
et ]
| B s
f | M | -
!3’  SOP— J | F:-\. | of
a e "'_/:;\.} 1 o
242 =
Honppowpue ‘l — ‘ ! i "_‘ | i . N C
owufa: :I 11 i I == 232 Boizod
P D {8 1 1 ——— }
1 | | bl
¢ | e A M
r { | A3
| A H [
i VoL | 7
1

Fig, 9.39, Circuit of the phase-sensitive
rectifier

Key: a. Error voltage
b. Reference voltage
c. Output

The error voltage is fed from Tl and the reference voltage from T2,
The secondary windings of Tl are connected directly to the plates of
V1 and V2., When the rectifier is operating the sum of the e.m.f. devel-
oped in the sections of Tl and T2 is applied to the electrodes of each
diode through the corresponding shoulder of the load Rl, R2, R3., The
amplitude of the reference voltage from T2 is always selected to be
greater than the error signal coming from T1, thus either the left
halves or the right halves of V1 and V2 are conducting during each half-
cycle of the reference voltage. Since the cathodes of V1 and V2 are
connected at opposite shoulders of the symmetrical lcad, the voltage
taken from the load will depend on the ratio of the amplitudes of the
voltages applied to the simultaneously conducting diodes.

when there is no error-signal voltage the current through each
half of the load is equal but moving in the opposite direction. Since
the load resistance in each half is equal, tne potential at the load
points will also be equal and there will be no signal at the output of
the phase-sensitive rectifier,

Reference voltages are developed by the a.c. generator, whose ro-
tation is cortrolled by the same motor which controls the rotation of
the counter-reflector of the antenna head. Because of this the fre-
quency of the reference voltage always coincides with the frequency of
the conical beam scanning of the radiation pattern.
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The referen:e voltage generator (RVG) develops two sinusoidal
voltages 90° apart. One of them is the reference voltage for the azi-
muth channel; it should coincide in phase (or be 180° out of phase)
with the envelope of the azimuth error signal. The second voltage is
the reference voltage for the elevation-angle chanrel. It is selected
to coincide in phase (cr be 180° out of phase) with the envelupe of
the elevation-angle error signal,

The envelope of the error signal appearing at the input of the sys-
tem can generally be represented as the sum of two sine waves having
the same frequency but being 90° out of phase, so that each component
will coincide in phase {or be 180° out of phase) with the corresponding
reference voltage. The amplitudes of the components are proportional
to the amount of angular deviation between the axis of the antenna and
the direction to the object along the appropriate coordinate, and a-
change in the direction of the deviation (right or left, up or down)
changes the phase of the associated component by 180° (cf. Fig. 9.26).

Separation of the azimuth and elevat.ion-angle error signal and
determination of its magnitude and sign takes place in the phase-sensi-
tive rectifiers in the azimuth and elevation-angle tracking channels.

If ar error signal voltage appears at the input of the phase-sensi-
tive rectifier, 2 control voltage appears at its ou*tput which depends on
the phase shift between the reference voltage and the error signal. If
the error signal voltage is in thase with the reference voltage, the
current flowing through one shoulder of the phase-sensitive rectifier
will increase and the current through the other will decrease. A con-
trcl voltage with a specific polarity will appear at the output of the
rectifier; its magnitude will be proportional to the voltage of the
error signal., With a 180° shift in phase of the error signal the cur-
rent passing through the left shoulder of the phase-sensitive detector
increases and the current through the right shoulder decreases. The
control voltage at the output of the rectifier will be of the opposite
polarity. With a phase shift of 90° between the reference voltage and
the error signal voltage the control voltage at the output of the recti-
fier will be zero, since during each half-cycle of the reference veltage
the current in both shoulders of the load changes from maximum to mini-
mum. Consequently, the phase-sensitive rectifier of the azimuth channel
reacts only to the component of the azimuth error signal and not to the
component of the elevation-angle error.

The rectifier in the elevation-angle channel works similarly.
The rectifier is balanced by potentiometer k2, "Demodulator Balance."
With manuzl control and automatic sector searching a 4C0-Hz volt-

age is used for the reference voltage. The control voltage is fed from
the output of the phase-sensitive rectifiers to the two-stage d.c.
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amplifiers, and from their output it goes to the control windings of the
magnetic power amplifier. A change in the current in the control wind-
ings of the magnetic amplifier results in a change in the 400-Hz current
in the a.c. windings, which are connected to the control winding of the
electric motor drive of the antenna column. The level and phase of the
current in the circuit of the a.c. windings in the electric motor and,
therefore, its speed and direction of rotation, depend on the level and
polarity of the control voltage.

With automatic tracking any deviation of the tracked object from
the bi-signal zone leads to the appearance of control voltages. These
voltages make the electric motor~ drives rotate in a direction so that
the antenna turns in the direction of the target. When the axis of the
antenna system coincides with tlie direction of the target, the error
signal disappears and the ccntrol voltage is lifted from the antenna
rotors.

Becausze cf the inertia of the system, however, the antenna may go
past the precise direction of the target, resulting in the appearance
of an error signal of the opposite phase, and this leads to continuous
swinging of the antenna.

Negative feedback is used to eliminate the swings. A feedback
vcltage proportional to the speed of the antenna motion is taken from
the tachometer generator of the appropriate channel and fed to the
phase-~sensitive rectifier of the feedback voltage. This rectifier works
the same as the phase-sensitive rectifier for the error-signal voltage.

A L0O-Hz voltage goes from the tachcmeter generator located in the
antennz column to the input of the phase-sensitive feedback rectitier,
The amplitude of this voltage is proportional to the speea of the anten-
na, and the phase shifts 180° when the antenna's direction of rotation
is rev.rsed,

"he magnetic power amplifier unit (cf. Fig. 9.37) supplies the
400-Hz reference voltage to the phase-sensitive feedback rectifier in
all modes of operation.

The control voltage goes from the output of the phase-sensitive
feedback rectifier to the first d.c., amplifier stage, where it is added
to the error-signal voltage. The polarity of the voltage fed to the d.c.
amplifier is such that it decreases the level of the control voltage at
the output of the d.c. amplifier as the axis of the antenna approaches
the direction of the target. As a result the speed of antenna rotation
decreases as the antenna approaches the precise direction of the target.
After two or three swings the antenna stops precisely in the diresction
of the target.
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‘Voltage corresponding to the antenna rotation angies along the azi-
muth and the angle of elevation ig taken from the coarse and fine selsyn
sensors and fed to the MT-60 data transmission and recording system.

The level of the error signal is checked by two meters located in
the azimuth and elevation-angle tracking unit. The voltages fed to
these instruments are developed by two phase-sensitive rectifiers whose
operation is similar to the operation of the rectifiers descrited above.

Manual antenna control. With manual control the azimuth and ele-
vation-angle channels are supplied with two independent error signal
voltages developed by the selsyn transformers in the antenna control
unit. These voltages are created by rotating the handwheels
(azimuth or elevation-angle), with which the selsyn transformers are
kinematically connected.

Reference voltages are taken from the selsyn sensors located in the
antenna column and connected with the =2zimuth and elevation-angle axes

of rotation. The block diagram of the manual artenna control is shown
in Fig. 9.40,
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Fig. 9.4C., Block diagram of the manual an-
tenna control channel

Key: a. Azimuth control handwheel
b. Phase-sensitive rectifier
¢. D.c. amp.

d. MA
e. Motor
f, Reference voltage

The 400-Hz mismatch voltage from the selsyn transformers and the
reference voltage. from the selsyn sensors are fed to the phase-sensitive
rectifiers of the azimuth and elevation~-angle channels. A contrcl
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voltage appears at the output of these rectifiers whose level depends an
the angle of mismatch between the rotors of the selsyns of the particular
channel,

The sign of the error voltage depends on the direction the hand-
wheel is turned for a given coordinate.

The control voltage is converted in the same way as with automatic
tracking.

Amplified by the magnetic amplifier (MA), the error signsl actuates
the corresponding antenna motor, and the antenna begins tn rotate; it
continues rotating until the mismatch signal disappears. The antenna
thus turns to the angle specified by the rotor of the selsyn transformer in
the antenna control unit,

Automatic sector scanning. With automatic sector scanning the an-
tenna automatically oscillates along the azimuth in sectors of 20° x 20°
with a speed of not less than 15 complete oscillations per minute,
Simultaneously with the oscillations along the azimuth the antenna may
oscillate along the angle of elevation from -3° to 90°. For every five
complete azimuth oscillations the antenna makes one complete elevation-
angle oscillation., A complete cycle of sector scanning lasts 20 sec.

The antenna is swung along the azimuth and the angle of elevation
following a quasi-sinusoidal principle by the automatic sector scanning
mechanism. This mechanism includes selsyns for searching the zzimuth
and the angle of elevation, a search motor conrected to selsyns through
a reduction gear, and an electromagnetic clutch.,

Pressing the "Search' button turns or the electric motor which makes
the rotors of the search selsyns turn at a specific speed. The mismatch
cignal is taken from the selsyns and fed to the phase-censitive rectifi-
ers in the azimuth and elevation-angle tracking units,

Reference voltages are taken from the selsyn sensors of the antenna
column, Further operation of the system is the same as with msnual
control.

Two limit switches are located in the antenna column to limit the
rotation of the antenna along the angle of elevation from -3° to +30°,

A slip ring is used to make the electrical connection between the
movable elements of the antenna column and the fixed elements of the
station. It consists of 72 silver rine= separated by insulating rings.
Voltage is taken from the i1ings by special contact brushes attached to
insulated panels,




Test Questions

1. List the basic tactical and technical specifications of the
station.

2. what systems does the station include?

3. Draw a b.iock diagram of the transmittinz system. How does the
transnitter modulator work?

Lk, Wnat is the discharge chumber and how does it work?

5. Draw a block diagram of the input device unit. What is the
reflex klystron used for?

6. Name the main channels of the main amplifier unit.

7. What is the function of the threshhold device circuit?
8. What units does the count system comprise?

9. In what modes does the count system operate?
10. Discuss the operation principles of the main system,
11, What is the calibrator for?

12, How are the type~-setting electromagnets for printing meteorolo-
glical data controlled?

13, Name the modes of vperation of the antenna control system.

Chapter 10
The MRL Meteorological Radar Station

In the preceding chliapters we considered the radar devices used to
determine the meteorological elements (pressure, humidity, and tempera~
ture) as well as wind speed and directicn at different levels in the
atmosphere up to an altitude of 35 or 40 km,

In recent years the hydrometecrological service of the USSR has been
using a new meteorological radar (metecrological radiolocation, MRL)
station, designed to discover, observe, and determine the location of
thunderstorm cells and showers as well as their direction and speed of
movement. The MRL is a centimeter-range station and permits determining:
1) the vertical and horizontal elevation of meteorological formations:
2) upper and lower cloud boundsries; 3) the inteneity of precipitation
and the water content of clouds; 4) the intensity of and tendency for
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the development of meteorological formations. The therxodynazic states
of the troposphere are also determined (convection zones, ascending air
currents, sltitude of th> tropopause, etc.).
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| Fig., 10.1. Basic circuit of the MRL-1

Key: a. Channel I circulator
b. Channel I transmitter
. H.f. section of channel I receiver
Channel II transmitter
L.f, section of channel I receiver
Accumulator
Channel II circulator
Weather echo
RSPI
. Channel II receiver
« Switch column
m. Trigger unit
n. NC1
[Key continued on following pagel
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Indicator unit

PPl

RHEI

Type & indicator
External eguipmernt

PPI

R41

Type A indicator
Meteorologist's console
Flight director's conscle
Frl

RHI

.
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The meteorological radar station is cf great help to airrort dis-
patchers in reducing the danger of take-offs and landings of airplanes
under complicated meteornlogical conditions.

BASIC SPECIFICATIONS FCR THE MRL STATION

1. The transmitting and receiving sections consist
of two channels

2. Channel I wavelength is in the millimeter range
%, Channel II wavelength is in the centimeter range
L, Channe! I transmitter power 65 kw.
5. Channel II transmitter power 210 kw.
6. Blind »sne of channel I no more than 700 m,
7. 3Bilind :one of channel II no more than 3000 m.
8. Radia“.on pattern width at 0.7 E__ :
max
Channel I 13 min.
Channel II k4 min,

9. Indica’or types: FFI, RHI, type A

Two variations of the meteorological radar stztion are produced,
a portable unit (MRL-1) and a stationary unit (MRL-2). Unlike the MRL-1
station, the HMRL-2 station has only one channel.

The vasic circuit of the MRL-1 is shown in Fig. 10.1. The station
includes an eguipment cabin, which contains the basic statior equipment,
and an erternal uiit, which contains the meteorologist's and flight di-
rector's consoles.

10.1. “n: iransmitting and Receiving Sections. AFS

The transmitting section (Fig, 10.2). Positive pulses are fed from
the trigger unit to the channel I transmitter, which consists of a sub-
modulator, & modulator, and a superhigh-frecuency cscillator (a magnetron
oscillator).
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The submodulator forms the working pulse with a duration of 0.55
psec. A delay line, a cathode follower, and a paraphase amplifier are
used for this, At the output of the amplifier the resulting positive
and negative rectangular pulses (which result fror subtracting the de-
layed pulses from the direct pulses) are isolated. The positive pulses
are amplified to a ievel of 1200 v. in the power amplifier (the output
stage) and fed to the modulator.
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Fig., 10.2. Basic circuit of the Channel I transmitter

Key: a. Submodulator
b. From trigger unit
c. Amplifier and blocking oscillator
d. Delay line
e. Cathode follower
f. Paraphase amplifier
g. Output stage
h. Modulator
i. Magnetron oscillator
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The modulator is assembled in a circuit with capacitive storage.
#hen a positive pulse comes from the modulator, the storage capacitor
discharges through the tube to the magnetron oscillator. A negative
15-kv. pulse is fed to the cathode of the megnetron oscillator. The
duration of the generated pulses is 0,45 psec., i.e., somewhat less
than the duration of the submodulator pulse, since the voltage on the
cathode of the magnetron does not increase instantaneously. The s.h.f.
signal from the magnetror, (P_ = 65 kw.) is fed through the waveguide
circuit to the antenna and ehitted into space (as a pencil beam).

The channel I transmitter is used for determining the altitude of
the lower boundaries of shower-yielding clouds that are located at dis-
tances up to 10 km., and also for determining the upper boundaries of
dense clouds yielding drizzles.

The channel II tr.nsmitter is triggered by a synchronizing pulse
of 0.7-1 psec. duration from the trigger unit, The circuit of the chan-
nel II transmitter is similar to the circuit of the channel I transmit-
ter., The distinctive feature of the submodulator is that pousitive pulses
of various durations (1.1, 2.1, and 0.9 usec.) can be taken from its
output for operating the MRL in the "Tune,’ "Local," and '"Distant' modes.
The channel II transmitter is used for discovering showers and thunder-
storms within a radius of 300 km.
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The receiving secticn, like the transmitting section, consists of
two channels. The channel I receiver operates with the ¢t

mitter, and the channel II receiver operates with the channel I! trans-
mnitter.

+
hennel I trans-

The channel I receiver is assembled in a superheterodyne circuit and
is designed to isolate, convert, and amplify the signals refiected from
meteorological formations tc the necessary level (Fig. 10.3).
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Fig. 10.3. Basic circuit of the Channel I receiver

Key: a. Balance signal mixer
b. 1.f. preamplifier
c. H.f. slip ring
d. I.f.amp, bus
e, 1-st stage, 2-nd stage, etc.
f. 1-st stage, 2-nd stage, etc.
Adder stages
h. Heterodyne-power divider
i. Attenuator
j. Heterodyne
k. From transmitter
1. Balance AFC mixer
m

. AFC bus
n. AFC
0. MFC

p. I.f. blocking pulse generator
q. Delay line (5 stages)

r. Csthode follower

s. To indicators

t. Trigger
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A signal ricked up by the antenna goes through the waveguide
circuit to the h.f. section, which consists of segments of waveguides
and contains two balance mixers (for the signal and the AFC) which
are supplied by a single local oscillator; a power divider for the
local-oscillator signal is provided in the circuit.

The incoming reflected signal and the local-oscillator signal,
whose frequency is 60 MHz above that of the reflected signal, are
fed simultaneously to the signel mixer. The 60-MHz i.f. signzl
appears at the output of the signal mixer and is then fed to the in-
put of the two-stage i.f. preamplifier. The i.f, preazplifier is
assembled in a low-noise grounded-cathode grounded-grid circuit.

The amplified signal then goes through the high-frequency slip
ring through a cable tc tne i.f. channel divider. From the output of
the divider the signal voltage roes to the i.f. amplifier bus and to
the reflected-signal-power indicator unit (RSPI). A srecial character-
istic of the i.f. amplifier is that it can operate in two modes, linear
and logarithmic.

Ir the linear mode smplification takes place in five stages, after
which the signal is detected and amplified by the video amplifier and
fed to the indicator unit, which consists of a plan position indicator
(PPI), a range-height indicator (RHI), and a double-beam amplitude in-
dicator with straight sweep (the type A indicator). The loragithmic
operation of the i.f, amplifier provides attenuation for strong reflect-
ed signals and amplification of weak ones. The amplification and atten-
uation of incomiig signals is logarithmic and is performed by the detec-
tor and adder circuits. :

The i.{. amplifier operates in the logarithmic mode as follows.
After conversion the reflected signal is amplified by the five i.f.
stages and then detected. From the output of each stage (of the five
detectors) the signals are fed to the input of the five adder stages,
which operate only logarithmically and which are switched in by a rel: .
The adder stace is a video amplifier whose load is the delay line. 1In
the delay line all the signals are added and the resulting positive
signal is fed from the output of the line thro:gh a cathode follower
to the indicator device.

A special negative pulse generator (the i.f. amplifier blocking-
pulse generator) is provided in the circuit for blocking the receiver
when the transmitter is in operation. The generator is trigeered by
positive pulses with a frequency equal to the repetition frequency of
the transmitter sounding pulses. A negative pulse with a specific ampli-
tude is fed from the output of the generator to the control grid of the
first i.f. amplifier stage and blocks it.

The channel I receiver section includes an automatic frequency
control circuit to provide a constant i.f, signal of 60 MHz,
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The AFC circuit includes an attenuator, an AFC balance mixer, a
discriminator, ard a video amplifier.

Let us examine the operation of the AYC circuit (Fig. 10.4).

The high-frequency channel I transmitter signal is reduced by the
attenuator and fed to the AFC balance mixer. A high-frequency signal
with a frecuency of 60 MYz above the transmitter frequency is simultane-
ously Ted to this mixer from the local-oscillator power divider. The
i.f. signal from the output of the AFC mixer is amplified in the i.f.
amplifier and fed to the input of the discriminastor. The difference
signal, whose amplitude and polarity depena on the amount of deviation
of tre intermediate frequerncy from 60 MHz, is taker from the load of
the discriminator. This signal goes to tue video amplifier and then
to the peak detector of the locz’ occillator. The peak datector de-
velops a constant control voltage that is fed to the local escillator
and sets its frequency 60 MHz above that of the signal.

The heterodyne frequency may also be tuned manually This is ac-
comrlished by using a potentiometer to regulate the Jevel of the al-
ternating (400-Hz) vcltage at the peak detector.

The circuit ard operaticn of the channel II receiver are similar
to the circuit and operation c¢f the channel I receiver, so we shall
indicate here only certain differences beiween these channels.

The channel II receiver includes a high-frequency amplifier ascem-
bled in a traveling wave tube to increase *he sensitivity of the derice.
The signal from the cutput of the traveling wave tube gces through tie
waveguide circuit to the mixer. The 60-MHz i.f. signal goes to two
i.f. preamplifier stages, and then through a cable to the input of the
i.f., amplifier and the input of the i.f. channel divider.

The i.f. amplifier, just as the channel I amplifier, can operate
linesrly and logarithmically. Provision is made in the i.f{. amplifier
for manuel gain controcl (by changing the negative voltage on the control
grid of the first i.f. amplifier stage). The circuits for automatic
frequency control and receiver protection from the powerful transmitter
pulses are similar to the circuits in channel I,

The weather-echo unit, the RSPI unit, and the accumulator can also
be included in the receiving section.

The weather-echo unit. As is generally known, the method used in
meteorological radar stations to record and process informatior is that
in which the radar signal reflected from meteoro.ogical formations,
corrected for the square of the distance, and exceeding a fixed level
are limited and fed to the plan position indicator (FPI).
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The weather-echo unit accomplishes this signal conversion in the
¥XL; the reflected sigrnals are fed to the input of this unit from the
cutput of the channel II receiver., Video signals limited to the level
of the weather echo and amplified go from the output of this unit to
the indicator device and the trigger unit, where they are mixed with
the trigger pulses. Tne rixed pulses go to the externzl indicators
(the meteorologist's conso.e). Areas of the most intensive meteorolo-
gical formatiors will be isoiated on the indicatcr screens. The in-
tensity is determined by ar instrument located in the trigger unit,

The wratner-echo unit is also designed for checking the operating
modes of the transmitters of both channels, Instruments located in
this unit duplicate the indications of instruments located in the
transmitting system.

The accumulator device. Every radar receiver has internal noise.
If a signal picke¢ up by the antenna is below the internal noise of
the receiver, the receiver circuit will not be actuated. Cases can be
ohserved in the opsratiun of the MRL when the amplitudes of signals
reflected from meteorclogical fcrmations are very small. The radar
station includes an accumulator for discovering suct formations; this
device accumulates the reflected signals whose amplitude is significant-
ly below the amplitude of the interral noise of the receiver secticn,

A modulated method for increasing the sensitivity of the radar
receiver, which is based on improving the signal-to-noise ratio, is
used in the accumulator device. Increased sensitivity is achieved by
increasing the time for observing the meteorolocgical formations.

The accumulstor device consists of a forming unit, an accumulator
uait, and an zutomatic recorder unit. ¥From the second stage of the i.f.
preamplifier of the channel II r:ceiver the signal goes to the forming
unit, Amplification of the i.f. signals, their iime selection, and
the formation of calibration marks and a gated signal occur in this
unit. The signel-to-noise ratio (Vg/V,) is improved in the accumulo-
tor unit, A constant vcltage proportional to the incoming useful
video signal is taken from the output of this unit,

The pulses from the accumulator unit are fed to the station trig-
ger and also to the recorder unit for recording the amplitudes and
shapes of the pulses. A simplified block diagram cf the accumulator
device is shown in Fig, 10.5,

The reflected-signal power indicator (RSPI)., The meteorological
radar station includes equipment for measuring the power of signale
reflected from clouds and precipitation, The RSPI unit takes compara-
tive measurements of signal power at a trigger pulse repetition fre-
quency of 300 and 600 p/s.

The power of signals reflected from clouds and precipitation must
be measured in order to evaluate their intensity and discriminate be-
tween showers and thunderstorms.
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Fig, 10,4, Block diagram of the AFC

Key: a. From lccal-oscillator power divider
b, To local-oscillator peak detector
¢, {from transmitter
d. Attenuator
€. AFC balance mixer
f. I.f., amplifier stage
g. Discriminator
h, Video amplifier
i. AFC
k. MFC

A block diagram of the RSPI unit is shown in Fig., 10.6. I.f. sig-
nals from the channel I and channel II receivers appear at the input of
this unit. Signals from either channel 1 or channel 1I appear at the
input of the attenuator depending on the position of the switch (''Chan-
nel I" or "Channel I1I'"). During this %ime the i.f. signals froa the
receiver of the otner cuannel zre grounded. The attenuator is cdesigned
t> provide calibrated rttenuation of the i.f. signals.
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Fig. 10 5, Block diagram of the accumulator unit

Key: a. Staticn trigger
b. To type A indicator
¢. From i.f, preamplifier
d. Forming unit
e, Video signal
[Key continusd on following page]
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f. Accumulator unit
g. Recorder unit
hl 1l-km. marks
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Fig. 10.6. Block diagram of the RSPI unit

Key: a. Channel I i.f. signal
b, Crannel II i.f, signal
c. Switch stage
d. Attenuator
e. I.f. amp. and detector
f. Video amp.
g. Voltmeter
h, Blanking-pulse forming unit
i, From trigger unit
j. To type A indicator

The power of the reflected signal is measured by comparing this
signal with the level of the inte mal receiver noise (the reference
level). This level is strictly ec:ablished for every station.

The signal goes from the outrut of the attenuator to the stage con-
teining the i.f. amplifier and the detector,.

The blanking-pulse forming unit develops negative pulses for
blocking the i.f., amplifier during the transmitter sounding pulse, and
positive pulses from this urit unblock the i.f. amplifier at the time
the power of the reflected signal is measured. '

A positive pulse is fed to the type A indicator to isolate the
necessary signal of the target.
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The detected i.f. signals go to the video amplifier, which in-
creases the aimrlitude of the signals to a level measurable by the peak
voltmeter.

The p@ak vo.tmeter, in whose load circuit a microammeter is cocn-
nected, is used to compare the power level of the reflected signal with
the reference level, .

Besides these units, the MRL includes equipment for mzasuring the
noise figure of the receiver and a photographic recording device,.

As is gererally known, the noise figure shows how much the
signal-to-noise ratio is decreased as the signal passes through the
receiver circuit, The noise figure is measured at the output of the
receiver i.f. preamplifier, since its value is determined chiefly by
the noise figure of the traveling wave tube, the mixer, the local
oscillator, and the i.f. preamplifier.

The photographic recording equipment photographs thne meteorological
situation within the range of operation of the station on the PPI, RHI,
and type-A indicator screens. These photograrhs are later used to con-
firm the correctness of the methods used in making the observations.
Single-frame photographs are made from the FPI, RHI, and type A indi-
cator screens, and a continuous 35-mm. film may be made of the RHI
screen.

The FARM 2A automatic camera is used for the photograrhic recording.

The antenna feeder system (AFS). The antenna ot the MRL-1 radar
station is of a parabolic type and has two ranges. The parabolic re-
flector is a paraboloid with an opening 3 meters in diameter. A dual ex-
citer is used. The two horns of the exciter are built into each other

s0 that their openings lie in the same plane and their radiation ceaters
coincide.

Waveguides are used to transmit the high-frequency pulses from the
transmitter to the antenna and the reflected signals picked up by the
antenna to the receiver.

The antenna feeder system consists of two channels and allows the
radar station to operate in the following modes: panoramic horizontal
scanning; vertical scanning; vertical sounding with a fixed bYeam along
the angle of elevation from -1° to 105°; stepped scanning along the
angle of elevation and the azimuth,

Since the receiving and transmitiing equipment of channel I is
located in the rotating part of the antenna system and the channel 11
equipment is located in tne equipment cabin, a rotating waveguide trans-
ition {slip ring) is connected on the axis of the antenna rotation.
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Ferrite circulators function as the antenna switch of the MRL
centimeter range.

The AFS also includes a double directional coupler, which is made
of waveguide segments, and an attenuator. The coupler directs the high-
frequency energy to the AFC circuit, and the attenuator regulates the
level of energy shunted from the main channel,

10.2. 1Indicator Devices

The indicator devii.es of the MRL radar station can be divided into
two groups. The first group, the control group, is located in the
equipment compartment. It includes a FPI, a RHI, and a type A indica-
tor. The second group, the external equipment, is located no more than
one Kilometer from the MRL. This group includes a PPI, a RHI, and an
amplitude range indicator. These indicators are installed in a single
console for the meteorologist. Besides the indicators, the external
equipment also includes the photographic recording equipment and the
flight director's console. The corresponding indicator devices of the
control equipment and the meteorologist's console are constructed with
the same circuits and have identical functiors.

The FPI is designed to produce on a c.r.t. screen radar representa-
tions of a meteorological formation in polar coordinates in terms of
azimuth and range. The PPI has a bright marker with long persistence,
i,e., the image of this fecrmation remains on the screen for some time.

The PPI has three fixed range scales of 25, 100, and 300 kilometers,
The beginning of the sweep on the screen may be shifted. The location
of meteorological formations is determined by their position on the
indicator screen relative to the range marks. The azimuth is determined
by a dial device.

The range-height indicator is used to supply the c.r.t. screen
with racdar reflections of meteorological formations lying within the
MRL visibility range in terms of range and altitude coordinates. The
vortical profile of clouds and precipitation can be viewed on this in-
dicator. The rotation of the sweep is synchronized with the scanning
of the antenna along the angle of elevation. The vertical angle of the
antenna corresponds to the angle of slant of the sweep line at all times.

The RHI has four fixed scales of 5, 10, 20, and 40 kilometers and
corresponding height scales of 2.5, 5, 10, and 20 kilometers. The
height and depth of the meteorological formations as well as their dis-
tance from the MRL are determined relative to the range and height
marks on the scale.

The double-beam type A amplitude indicator (straight sweep) is

designed for cbserving signals reflected from meteorological formations
as well as for determining the amplitude and the time relationships

-111-

&



between these signals. On this indicator the range of the meteorolo-
gical formations is determined by the distance between the beginning
of the vertical sweep and the vertical burst (the reflected sigral) on
this sweep. Since there are two operating channels in the MRL radar
station, the signals from channel I and channel II can be observed
simultaneously on both sweeps of the double-beam indicator, and indi-
vidual sections of the sweep can be observed on a large scale.

The plan position indicator. The functional diagram of the PPI
circuit is shown in Fig. 10.7.
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Fig., 10.7. Functional diagram of the PPI

Key: a. Trigger I

b. PPL sweep generator bus
1 ¢. Video signal
! d. Video I

e, Video II
f. Trigger I
g. PFI video signal bus
h. Relay Pl, switching the position of the beginning of the sweep
i. Scale switch, B4

j. Marks
k. Range
1. Azimuth

| The sweep generator bus develops positive and negative pulses
whose duration corresponds to the three scales of sweep (25, 100, and
300 km.). Trapezoidal voltare pulses whose amplitude varies as the
sine and cosine of the angle of antenna rotation are later formed in
the bus from these pulses. These pulses are then converted to sawtooth
| pulses of the opposite phase, which are needed for feeding the deflecting

coils.
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‘ The channel I and channel II signals as well as the range and

\ azimuth scale marks are fed to the input of the video amplifier bus.

i This bus is designed to mix and amplify the video signals and scale

‘ marks, and also to suppress the interference arising during the opera-

‘ tion of the channel I transmitter., From the output of the bus the video
‘ signal goes to the cathode of the c.r.t.

Relay Pl is used for switching the circuits and shifting the

: - beginning of the sweep to any point on the screen with the 100-km. and
| 300-km. scales.

Switch B4 selects the desired sweep scale on the PPI for observing
| 3
| the signals reflected from metecrological formations.

1 Let us consider the simplified block diugram of the sweep genera-

¥ tor bus (Fig. 10.8), The sweep generator channel is triggered by a

| positive pulse which goes to the buffer amplifier. In this stage the

‘ trigger pulses are amplified, changed in phase, and fed in negative

‘ polarity to the flip-flop multivibrator, which functions as a pulse

‘ stretcher. The duration of the multivibrator pulses can be varied using

\ the switching device connected with the scale switch, The duration of
these pulses is strictly controlled at 180, 700, and 2400 psec., which

‘ corresponds t> the range scales on the PPI (25, 100, and 300 km.). From

| the output of the multivibrator positive pulses go to the phase invert-

| ers and into the sweep-dimming channel.

\ The sweep-dimming channel is assembled as a cathode follower from

whose output positive rectangular pulses go to the c,r.t. modulator for
‘ dimming the cetrace of the sweep,

| The vhase inverters are designed to convert the rectangular pulses
| coming from the multivibrator to negative and positive pulses. Since

‘ identical load resistors are cennected in the plates and cathodes, the

| ampli tudes of these pulses will be identical. The output pulses of the

! phase inverters go to the trapezcidal-voltare generators and trigger
‘ : them.

| Fig. 10.8. Block diagram of the PPI sweep
generator bus
[Key on following page]
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Key: a, Phase inverter
b. Trapezoidal-voltage generator
¢. Final push-pull amplifier
d. To c.r,t. deflection coils
e. Buffer stage
f. Flip-flop multivibrator
g. Phase inverter
k. Trapezoidal-vcltage generator
i, Final push-pull amplifier
j. To c.r.t, deflection coils
k. Cathode follower
l. To c.r.t. modulator

The trapezcidal-voltage generators are designed for forming trape-
zoidal pulses which, after amplification in the push-pull amplifier
stages, create a linearly increasing sawtooth current in the c.r.t. de-
flecting system,

The video amplifier bus includes a channel of video amplification
and interference suppression, which is designed for mixing and amplify-
ing the video signals and range- and azimuth-scale marks, and also for
suppressing interference arising from the operation of the channel I
transmitter.

A 311LM32V cathode ray tube is used in the PFI of the MRL. The
deflection system is fixed and consists of horizontally and vertically
deflecting ccils. The vertical deflection coils are fed by a sawtooth
current whose level is proportional to the cosine of the antenna rota-
tion angle, and the horizontal deflection coils are fed a sawtooth cur-
rent whose level is proportional to the sine cof the antemna rotatiom
angle.

A rotating magnetic field is created as a result of the interaction
of the megnetic fields of the coils, with the result that the electron
beam scans along the radius of the screen, and the sweep line snifts
in synchronization with the rotation of the antenna.

Focusing of the c.r.t. electron beam is done with the focusing
coil and the focusing stage by varying the current flowing through the
coils. The current level is regulated by a potentiometer, whcse knob is
brought out to the front panel sand is labeled "Focus."

The brightness of the image and the brightness of the azimuth and

range marks on the screen of the indicator can be varied using specific
regulating circuits,
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¥oreover, provision is also made for regulating the amplitude of the
video signal to the PPI, centering the start of the sweep, and displacing
the beginning of the sweep from the center of the shif: of the sweep.

The range-height indicator. The circuit of the range=-leight indi-
cator includes a sweep generator tus, a video amplifier bus, regulat-
ing circuits, biae for the center, brightness, focus, and smplitude of
the sweep, the delay of the aweep, the brightness of the range marks,
and the amplitude of the '"video."

Let us consider the functional diagram of the sweep generator bus
(Fig. 10.9).

b g e LA AL TS

ATy

Fig. 10.9. Functional diagram «f the sweep generatcr
bus of the PPI

Key: a., Delay line, DL-1
b, Amplifier/inverter, V1
c. Delay multivibrator, V2
d. Differentiating circuit
e, Amplifier, V3
f. Multivibrator, V5
€. Dimming pulse cathode follower
h. To c.r.t. modulator
i. Relay, Kl
j. Trapezoidal-voltage generator, V6
k. Amplifier
1., Jinal amplifier
m. To deflectiol coils
n. Sweep start iocator
o. Damping dicde
P. Scale selector
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Positive pulses from the trigger unit gc to the DL-1 delay line,
which causes the beginning of the sweep on the indicator to coincide
in time with the transmitter sounding pulse by delaying the pulses
that trigger the sweep generator. ¥rom the delay line the pulses go
to the amplifier/inverter (V1), where the pulses are amplified and
shifted to the opposite rhase, From the output of the amrlifier/in-
verter trigeer rulses go either to the delay multivibrator (V2) or the
multivibrator (V5),.

If the "Delay-Defl." switch on the front parel of the RHI is in
the "Delay" pusition, relay Pl closes and puls=s from the inverter
trigger the delay multivibrator at V2, which develops rectangular
pulses with a variable duration (from 3 to 30 psec.). Positive
pulsss from the plate load of the multivibrator go to the differen-
tiating circuit, at whose output short-duration positive and negative
pulses are formed. Tze pesitive pulses are limited and the negative
pulses go to the grid of the amplifier (V3),

The negative pulses from the plate load go to the multivibrator
{V3) and trigger it. The multivibrator develops positive and nega-
tive rectangular pulses. The duration cf these pulses can be varied
{40, 80, 160, or 300 microseconds) and dervends on the position of the
scale selector switch (5, 10, 20, and 40 km.). respectively.

From tne output of V5 the negative pulses go to the trapezoidsl-
voltage generator at V6, and the positive pulses go to the dimming-
pulse cathode follower. Tre trapezoidal-voltage generator converts
the rectangular pulseeg into trapezoidal ones, which are necessary for
the sweep to appear on the screen of the RHI. Like the duration of
the multivibrator pulses, the duratior of the outvut pulses from the
generator changes when the position of the scale selector is changed.

From the output of the generatcr pulses go to the three-stage
amplifier, which is designed to amplify the voltage pulses and cen-
vert them to sawtooth current pulses in the deflection coil.

To 1imit the positive volt:zge spikes at the deflection coil dur-
ing the sweep retrace, the circuit incorporates a sweep-start voltage
clamper, which is cut off during the rightward sweep by the negative
travezoidal pulses.

When the "Delay-Defl.' swithc is in the ''Defl." position, the
ou.put of the amplifier/inverter is connected through relay Fl1 to the
multivibrator at V5, The operation of the remaining stages is no
different than their operation when the switch is in the '"'Delay"
position.

A c.r.t. with electromagnetic beam deslection (31LM32V) is used
in the range-height indicator. Synchronized in time and phase, the
deflecticn coil repeats the swinging of the antenna. For this a
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synchronous coupling systex is used which includes a selsyn sensor, a
selsyn receiver (the control linkage of the deflection coil), and a
synchronizing device.

The rotor of the selsyn sensor is mechanically connected with the
axis of the antenna, and the angular position of the antenna is trans-
mitted to the selsyn receiver and then to the rotating coil of the
deflection system (the rotor of the selsyn is connected to the coil).
The selsyn sensor and the selsyn receiver operate in the indicator
mode. A rhasing system is used in the selsyn transmission to provide
cophasal rotatinn of the coil and the swinging of the antenna.

To provide raster (line) scanning the beginning of the sweep is
shifted from the center to the edge of the tube using a shift coil
and a special potentiometer, "Center 3hift," located on the front
panel of the RHI.

In the RAI tube unit there are also circuits for regulating the
image focus, range-mark intensity, video signal amplitude, brightness
of the scale illumination, etc.

The scale device is designed for reading off the range or height
of meteorolcgical formations from a mechanical scale indicating the
position of the antenna.

The double-team type A amplitude indicator. The type A indicator
in the radur station is designed for examining the video signals of
channel I, channel II, or channel II and II simultaneously. The in-
dicator circuit consists of two independent channels, one for each
beam of the tube., Each channel contains a range-mark generator and
a video amplifier.

The sweep of the first beam can be delayed relative to the trans-
mitter sounding pulse., The sweep of the second beam is triggered in
synchronism with the emission of a transmitter pulse in all three
modes of operation of the indicator.

Fig. 10,10 shows a simplified diagram of the indicator (one chan-
nel); the stages of the other channel and their operation are similar
to those in this figure.

The station trigger pulses (trigger I and trigger II) go through
the switching unit (P2-F5) to the trigger with the trigger tube (V1 and
V2), which trips and triggers the linearly increasing-voltage (LIV)
generator, When this voltage reaches the tripping level, the trigger
returns to its original (initial) state. The pulses go from the output
of the trigger to the sweep-dimming channel, assembled in a cathode
follower (V8). Positive pulses go from the cathode load to the control
electrode of the c.r.t. to dim the retrace.
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Key: a. Video I

b. Switching unit

¢. Output divider

d. Cathode follower and mixer

e. Paraphase amplifier

f. V¥ideo II

g. ASPI unit

h. Accumulator

i. Trigger 1

j. Tricger 11

k. Switching unit, P2-P5

1, Multivibrater, V1, V2

m, Impact-excitation oscillator, V3, Vh4
n. 1-, 5-, and 20-km. mark blocking oscillator
o. Trigger, V8

p.- Gate generator, V9§

n. Coincidence circuit

r. Switching unit, F5-F7

s. Mark expander, V11, V12

t. Delay

u., Trigger with trigger tube, V1, V2
v. LIV generator, V3, V4, VS5

w. Fhase inverter, V6

x. Sweep-shift stage

¥y. Sweep-dimming channel, V8

The output pulses from the LIV generator g¢ to one of the horizon-
tal defiection plates and to the phase inverter (V6). From the output
of the phase inverter negative pulses are fed to the stage that shifts
the sweep horizontally on the c.r.t.

From the switching unit (2£2-F5) the trigger pulses also go to the
input of the multivibrator {Vl1, V2), which is the first stage of the
channel that forms the range-mark pulses. Negative rectangular pulses
from the output of “he multivibrator trigger the impact-excitation
oscillator (V3, V4), whose output signals are fed to the blocking os-
cillator for the 1l-, 5-, and 20-km. marks.

The range marxs from the blocking oscillator pass through the
switching unit (P5-F7) to the cathode of the c.r.t., the range marks
for the 5- and 20-km. scales being preliminarily expanded by the flip-
flop multivibrator (V1l, V12) so as to be more clearly distinguishable
when the larger sweep scale is switched in.

The following stages operate in the circuit in order to delay the
sweep-triggering pulse for the first beam relative to the sounding
pulse: a Schmidt trigger (V3), a gate generator, and a coincidence
circuit.
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From the output of the LIV generator (V4} a positive voltage goes
to the input of the Schmidt trigger at the same time as the reference
voltage (from the '"Delay'' potentiometer). 'When the positive sawt 'th
voltage from the LIV generator exceeds the reference voltage, the
trigger trips and at its output there appears & pulse delayed rela-
tive to the trigger pulse by a value pcoportional to the value of the
reference voltage.

when the indicator is opzrating with a discrete delay, the pulse
from the trigger triggers the gate generator (V9), assembtled as a
flip-flop multivibrator. The gate is generated in this stage, and,
when it coincides with one of the range-mark pulses, a pulse coincid-
ing in time with this range mark appears at the output of the genera~
tor. Tkrough the switching unit this pulse then triggers the sweep
generator of the first beam.

The video signale from the receiving section of the MRL go
through t..e switching unit, which allows passage of signals from chan-
nel I, channel II, or both channels together, to the input of the
divider, where their amplitude can te decreased by a factor of 10 cor
10C.

The signal mixer, which is assembled as a cathode follower, re-
ceives video signals from the divider and blanking pulses from the
reflected-signal power indicator {RSPI) and the accumulator. The
mixed signals go to the paraphase amplifier and then to the vertical
deflection plates of the c.r.t.

A 161024 (double-beam) cathode ray tube is used in the type A
indicator. Located on the front panel cf the unit are regulating and
controlling knobs for the two beams, '"Intensity I," "Intensity II,"
"Focus I," "Focus II," "Shift X,"” and "Shift Y.,"

10.3. Radar Acguisition of Meteorological Formations

In deriving the basic radar equation in Chapter I we accepted
the definiticn that the target has an effective surface, £ . The
radar equation (1.14) in such a form is usually used for sgngle tar-
gets {an airplane, a rocket, a ship, etc.).

In meteorological radar, however, it is very important tc¢ know
the effective surface not of a single target but of a metecrological
formation that must be acquired. This is connected with the fact that,
i no matter how narrowly directed an antenna a meteorological radar
| station may have, the radiation pattern "illuminmtes'" simultaneously
a certain number of individual targets (reflectors) wrich is determined
by the width of the antenna pattern and tihe length in space of the
| pulse. Therefore, the power of an incoming reflected signal must be
‘ viewed as power reflected from a large number of individual targets.
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Since the speed of movement of meteorological formetions is not
Zreat, the power of the reflected signals during a specific time period
can be averaged. Using Tormulas (1.13) and (1.14), we obtain

Ps A2 \\~ . (10.1)
4 Foolir =t
mp= TrecC
uss = rad
oz e
3G,
where Azn-g1 - is the antenna aperture. The summation here is

over some 'rolume of mass Vp, which is determined by the width of the
radiation pattern:

r
N (u

" PRV 2
V== mi iR ) (10.2)
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where ev and Sh are horizontal and vertical widths of the beam in

radians,and ti is the duration of the sounding pulse in seconds.

The total cross section of the backscatter (S) can be defined as
the cross section of a single volume multiplied by volume Vm'

If the clouds and precipitation consist of spheric particles
whose diameters are significantly less than the length of the wave,
the effective surface of the scatter from a single particle is ex-
pressad by the formula

:')d‘! it — 2

Si= =7 \TE=7) (10.3)

where di is the diameter of the particle in centimeters, A is the
wavelength in centimeters, m is the aggregated factor of tne refraction
2 2
of the water, ice, or gas, and 92 —l\ depends on the dielectric
m o+ 2,

constant cf the atmosphere.

Inserting the value of V, and Formula (10.3) into Formula (10.1),

we obtain
.

MY
P :‘l—".—G— P A20,0. 4 ) ‘me— 12 ;‘\‘!dl (10.1‘)
p = rec n? 72 I (nﬂq~2} R:
v3r = rad
8 = v
r=onh
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Taking the attenuation factor into account, we can rewrite this equa-
tion as

> 140 [T TN
e - =i_£_[;_)l,:"”&";,‘ jn__,*i‘. N SRR, (10.5)
r3A = rad l .
& =V
rr = h
WP = rec
3 = ch

where Pr.. is the power of the received signal reflected from a meteoro-
logical formation (in watts), P__4 is the transmitter radiated power

(in watts), A is the antenna aperture (in square meters), A is the
wavelength (in meters), R ir the distance between the radar station

and the formation, K is the attenuation factor of the radio wave,

Ken, is the factor characterizing the charge of the sounding pulse by
particles of clouds and precipitation, and h is the length of the
sounding pulse (in meters).

Equations (10.4) and (10.5) are the basic eguations for radio-
location of meteorological formationms.

The maximum range for the detection of formations can be deter-
nined from the formula

Renems | (Spemm Y T SN, (10.6)
Make = RaX
usa = rad
B =V
 =h
Tp.muh = rec. min

In this formula the reflected signal power (P, .) is assumed to
be equal to the receiver sensitivity (Prec.miQ' e power of an in-
coming signal is inversely proportional to the square of the distance
and not to the distance tuv the fourth power, as we have shown in
Chapter I. This is because the number of reflecting particles increases
proportional to the sgquare of the distance from the station,

From Formula (10.6) it is clear that the diameter of the particles
has a strong influence on the power of the received signal, since it
appears to the sixth power in the formula. An increase in particle
diameter by a factor of two results in an increase in the power of the
received signal by a factor of 64,

As the wavelength decreases, the probability of detecting fine

particles increases, since the power of the received signal is inverse-
ly proportional to the sixth power of the wavelength.
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In order for one meteorological radar station to detect precipi-
tation areas and cloud zones, modern radars operate with two ranges,
the centimeter range and the millimeter range.

The reflectivity of clouds and precipitation depends on the number
of drops and the diameter of the particles:

N
Z- J::.vid? (10.7)

1

For moderate latitudes Z = 220 11'6

rainfalls in mm./h.

. where I is the intensity of

The effective surface of cloud scattering is expressed as

=010 s 8
S8, = 21 (i) (10.8)

and the surface of precipitation scattering is expressed as

- ¢ -'il : 14--1
Spr = 6.2 107 — (M) (10.9)
where W and I are the water content of the clouds and the intensity
of the rainfall,

Using the formula for the range of radar detection of meteorolo-
gical formations, we can determine the intensity of precipitation and
the water content of clouds from the power level of the received signal.

A meteorological radar station (MRS) permits detection of the
horizontal distance (D ) of thunderstorm and shower cells. The MRS
can also be used to de%emine the shape and cross section of ameteoro-
logical formation in the horizontal and vertical planes, the direct~
ion and speed of its movement, the tendency for it to develop, and the
intensity of the rainfall. The azimuth of the formation is found from
the position of the antenna.

The MRS ie also used by airport dispatchers for take-offs and
landings under complicated meteorological conditions.

Let us consider only questions connected with meteorclogical
service, i.e., the obeservation of meteorologiczl formations.

The place for setting up a radar station is selected so as to
give a good view in all directions and so that its antenna is suffi-
ciently elevated above local objects., For the stationary variant of
tne MRS a special (standard) building is constructed to house the
equipment.

After the MRS is established and oriented, local objects situated
in the area of the station are found and studied. To do this the
station is turned on and the azimuth and distance of the local objecta
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are noted on the PFI screen; the FPI "picture' is then photographed.
This photograph is later used (in station operatiors) to distinguish
the image of clouds, precipitation, and other formations from the
local objects.

To provide maximum range for detecting continuous precipitation
and thunderstorm and shower cells the MRS begins operating on channel
IT even during the panoramic scanning, and the transmitter transmits
2-psec. inquiry pulses at a rate of 300 p/s.

The scale for the 0-300-km, range should be set up on the indi-
cator. The MRS antenna is smoothly rotated along the azimuth .om
0° to 36C°, the elevation angle Leing shifted by 5° (beginning at (°)
for each revolution of the antenna. When a meteorological formaticn
is acquired, its range should be read from the FPI scale marks and
the apprepriate sweep scale switched in. A sharp image of the meteo-
rological object is achieved by using the "intensity'" and "Amplifica-
tion" controls, and its class is determined (thunderstorm cell, shower
cell, or continuous precipitation).

The specific criteria of the echo are used to classify the
meteorological formations. Echos from thunderstorms and showers have
a cell~type structure; individual transverse cells can extend several
kilometers. The echo from thunderstorm and shower cells has a large
vertical spread (more than 4 km.) and is quite powerful; thus it can
be tracked @asily on a type A indicator as well as a PPI.

An experienced operator can distinguish the echo of a thunderstorm
from that of shower cells by the more powerful reflected signals
(above S50 db.) when the vertical spread of the echo extends above the
altitude of the ~22° isotherm and when the distance to the target is
more than 150 km,

The echo from areas of continuous precipitation is characterized
by a homogeneous picture of a large area, znall vertical spread (less
than 4 km.), and low power. Moreover, on tne RHI this echo may appear
as a bright band (the melting level) aud have little variability
(in time and space).

The vertical (Jispersion of the echo is studied &as follows, After
the location of a meteorological formation is determined, the antenna
is stopped on the azimuth of the target (its center). The antenna

then scans (automatically) along the angle of elevation from -1° to
+105°,

The vertical spread of the echo is observed on the RHI (up to a
range of 40 km.) as both channels I and II are nsed simultaneously.
A vertical radar cross section of the meteorological formation is
thus obtaired.
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The horizontal dispersion of the echo can be tracked on the PPI
with the 0-100-km. scale. The antenna is set on panoramic scan at the
angle of elevation at which the greatest surfaces of the echo can be
observed,

Operational documentation of the dispersion pattern is obtained
by laying a transparent display on the RHI screen and outlining the
observed pattern at the 20-40-km, scale.

Nonuperational documentation of the ech> during syuoptic time
periods is made by photographing it from the RHMI screen.

Thunderstorm cells, shower cells, and continuous precipitation
are then observed on the PPl and the sreed and direction of their
movements determined.

Since meteorological formations can break up with time and new
ones form in their place, it is recommended that the FPI be observed
continuously to avert error in determining the speed and direction of
these targets.

Upper and lower cloud boundaries are of particular interest to
the weather forecaster and the airport flight director,

It should be recalled that every radar station has a so-called
blind zone, which depends on the duration of the sounding pulse, t.,
and the location of tne station. Cloud-system boundaries can thus
be determined from any specific altitude, which is called the critical
altitude for a particular station. Channels I and II are used in
measuring the upper boundaries of all clouds as well as the lower
boundary of clouds in the upper and middle layers. PFrecision in
measuring the lower boundary of low clouds is reduced because of the
presence of images from local objects on the indicator.

One of two methods is used fr: neasuring the cloud boundaries:
1) when the antenna is scanning along the elevation angle from -1°
to +105°; 2) when the antenna is set at a specific vertical angle
(B) and remains fixed during the vertical sounding.

The slant range to the clouds (Rg) is established from the scale
marks on the RHI, and their altitude is found from Formula (8.1},

H = Rs sin B

Measurement of the altitude of the lower boundary of clouds in
the lower layer is somewhat complicated. When the echo from these
clouds does not reach the ground on the RHI, slant sounding is used
(the second method). Here only channel I operates, and the location
of the measurement is read froum the PPI and the slant range from the
RHI. The altitude is determined from Fermula (8.1).
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It is practicaily impossible to determine the lower boundary of
clouds when precipitation is falling from them, since in this case
the echo begins from the ground.

Single-frame photography is used in determining cloud boundaries,
just as in observing thundersiorm cells and shower cells.

Figs., 10.11, 10.12, and 10.13 show types of radio achos from
clouds of various forms in the lower, middle, and upper layers., A
brief description of the echo from diffeient clouds as ovserved on
MRS indicators is presented below.

1. Stratus (St) clouds appear on the RHI as a narrow unbroken
band. The vertical power of the echo cn the scale marks is 0.2 to
0.8 km. when light rain is falling from the clouds, the echo extends
from the murface of the earth. The lower boundary of the clouds is
0.1-1.5 km.

ne gt

Fig. 10.11. ©Echos from Ac, Cb, and Cc clouds
2. An echo in the form of a narrow unbroken band, sometimes
cell-like in structure, is characteristic of stratocumulus (Sc) clouds.
3. Nimbostratus (Ns) clouds with continuous precipitation (rain

or snow) appear on the indicator as a spot extending from the ground
to an altitude of 2-3 km,
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Fig. 10.12. Echo from Nimbostratus (Ns) clouds with
altocumulus (Ac) clouds during the warm half of the
year
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Fig. 10.13. Echo from Cb convective clouds during
the warm half of the year

-127-




4, Altostratus (As) and altocumulus (Ac) clcuds can be distin-
guished only from the pattern of the echo, The As eche is an unbroken
band and the Ac echo is a band with a cell-like structure. The ver-
tical power of these cloude on the indicator is from hundreds of
meters to several kilometera. The lower boundary is 2-5 km.

5. An echo in the form of a needle-shaped band ccrresponds to
clouds of the cirrus (Ci), cirrostratus (Cs), and cirrocumulus (Cc)
types. Their vertical power is from hundreds of meters to several
kilometers. The lower boundary is 4-10 km. (depending on the time
of year).

6. An echo in tiie form of extended vertical pillars corresponds
to clouds of vertical growth.

It is japossible to precisely classify the shapes of clouds from
echo patterns on the RHI when clouds of varicus shapes are present.

In this case the average power of the reflected signal is measured
and the vertical cross gection of the clc.d cover is used.

Test Questions

1., List the basic tactical and technical specifications of
the MRL-1.

2. Draw a block diagram of the channel I transmitter and ex-
plain how the units interact,

3. what is the special feature of the operation of the preampli-
fier in the receiving section of the MRL?

4, What is the propcse of the accumulator unit?
S. Wwhat is the reflected-signal power indicator designed to do?
6. What does the indicator unit :=~iude?

7. What are the particular problems involved in finding the
height of clouds on indicator screens?
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