* Radiosonde Telemetering

- AN/AMT-3 equipmenf, launched from high altitude aircraft, descends

pheric pressure, temperature, and humidity in Morse code. Construction

By JOSEPH A. SIDERMAN,

Meteorological Branch
Evans Signal Laboratory
Belmar, N. J.

HE function of this radiosonde

telemetering and recording sys-
tem is to measure, transmit, and
record radiosonde data obtained in
areas that are ordinarily inaccessible
from the ground. It is designed to
operate in and from high altitude
aircraft.

For the benefit of those who are
not familiar with the general op-
eration of the radiosonde and in
order that the overall system of op-
eration may be more readily under-
stood, a brief description of the
radiosonde system is provided. The
complete radiosonde system is com-
prised of the components shown in
Fig. 1. Fig. 2a illustrates the dis-
assembled radiosonde, showing the
meteorological sensing elements and
the attaching pick-up arms, the rec-
ord, and crystal controiled transmit-
ter. Fig. 2b again illustrates the
sensory elements, the transmitter,
the record-drive motor, and keying
relay.

The radiosonde is designed to be
launched from any high-altitude air-
craft and, with the aid of an auto-
matically operated parachute, drops

Fig. 2a:

contirolled transmitter

(Left) Interior view showing the meteorological
sensing elements, attached pickup arms, record, and crystal
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Fig. l: Equipment components comprising the complete radicsonde AN/AMT-3 assembly

to the ground at a descent rate of ap-
proximately 2000 feet per minute,
During the course of the descent,
meteorological data are being meas-
ured and transmitted in the form
of international Morse code. The
measured atmospheric conditions are
pressure, temperature, and humidity.
These atmospheric parameters are
detected by means of an aneriod
cell, bi-metallic element, and a hu-
man-hair hygrometer, respectively.

Such a device makes available
meteorological data for weather
analysis and forecasting which may
be unavailable by ordinary means. In

Fig. Zb: (Right) Another interior view illustrating the sensory
elements, transmitter, record drive motor and the keying relay
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this manner, data may be collected
in areas which are ordinarily in-

accessible from the ground, such
as unexplored territory.
Since the meteorclogical intelli-

gence is converted to predeftermined
code groups, it can be deciphered
by a radio operator familiar with in-
ternational Morse code ciphers. The
received coded signals are compared
with a calibrated radiosonde chart
(as illustrated by Fig. 3), from
which the measured meteorological
data are extracted in numerical
form.
Briefly, the

radiosonde is com-
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and Recording System

2000 ff./min. and transmits data describing atmos-

of new, automatically synchronized, recorder described

prigsed of calibrated pressure, tem-
perature, and humidity measuring
elements, each mechanically con-
nected to a specially designed phono-
graph-type pick-up device as illus-
trated in Fig. 2. As the elements
expand or contract, depending upon
the conditions measured, the pick-
ups are moved across the rotating
phonograph-type record. The record
consists of 200 concentric grooves,
each containing a different code
group located in a 90 degree raised
section of the record. As the ele-
ments and their associated pick-up
devices make contact sequentially
with a code groove, a small low-volt-
age type relay is actuated and keyed
in accordance with the selected coded
groups. The relay contacts key a
crystal-controlled transmitter.

Transmitted Signals

The tranamitted signals consist
of three code groups of two letters
each which are transmitted in suc-
cession and followed by a pause
which indicates the completion of a
scanned cycle.

The launching of the radiosonde
is accomplished from an airlock pro-
vided for this purpese in all pres-
surized aircraft. Following the re-
lease of the radiosonde from the air-
lock, the remaining tasks are the
reception and evaluation of the coded
meteorological signals. Radio Re-
ceiver BC-348-R is ordinarily used

to receive the transmitted signal,
although any suitable receiver
equipped with a beat frequency oscil-
lator may be used.

Prior to the development of a re-
corder which presents this type of
data in a convenient manner for
evaluation, the standard procedure
had been to monitor the signals
audibly and transcribe them manu-
ally on a radiosonde flight chart.
This procedure reguired the exclu-
sive use of a trained radio operator
for this singular purpose and delay-
ing the evaluation of the flight data
until the completion of the radio-
sonde descent. It was therefore rec-
ognized that the development of a
recorder which is capable of per-
forming the function of the radio
operator would be advantageous. The
release of a man from the duty of
copying the received signals would
reduce flight fatigue and permit
evaluation of radiosonde flight rec-
ords simultaneous with their recep-
tion. -

At the inception of the recorded
development program, various types
of tape recorders were investigated.
It was very shortly determined that
standard type recorders were nof
suitable for aireraft operation for
the following reasons: Recorders
available at the time were not de-
signed to operate from a 400-cycle
power source which is commonly
found in airplanes, and, in addition,
were deleteriously affected by high

PART ONE
OF TWO PARTS

DaTES OF coLiaRatioy »FF 1 37 mnF-7
- o | -

] Press | rewr [ am
vB c T

483,|—-380

cooe] P1Es | i

i
o0
bt

o
]
-
T

@t
B340

l

@
k]

i

(RO
| g’
kel

lan on]cnlapl

63| 5%

Fig. 3: Typical calibration chart for Sig-
nal Corps type AN/AMT-3 radiosonde

altitude or vibration incident to air-
craft transportation. Above all, the
most serious shortcoming was that
the recording of the code radiosonde
data on narrow strip tape for the
duration of a normal flight consumed
many yards of tape which proved
cumbersome to handle for evaluation
purposes. Based on the shortcom-
ings of the existing equipment found
at the time the investigation was
begun, it became apparent that it
would be desirable to have a re-
corder possessing such basic charac-
teristics as to present the flight data
(Continued on page 86)

Fig. 4: {(Leit) Recorder developed by Evans Signal Laboratory, U. S. Army Signal Corps and Times Facsimile Corp.. N. Y. C.
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It’s only natural
that the largest
PRODUCER?* of

switch-type tuners

should produce
the BEST!

No other commercial
unit possesses all of the
Desirable Features

found in the

* SARKES TARZIAN, INC.
TUNER DIVISION
Bloomington, Indiana

~ OTHER TARZIAN-MADE PRODUCTS
/ Air Trimmers iN
,‘f‘.n\{\:\’ R )
. Qi S /
- Centre-Kooled P \\\\"“ Cathode-Ray
Selenium Rectifiers ° W Tubes :

STATIONS WTTS (5000 WATTS) AND WTTV (CHANNEL 10)

| OWNED AND OPERATED BY SARKES TARZIAN IN BLOOMINGTON
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Radiosonde Telemetering
(Continued from page 41)

in sequenced and columnized form
and be capable of automatically syn-
chronizing itself with the changing
rate of radiosonde transmission.

Fig. 4 illustrates a recorded
which was designed primarily for
aircraft operation, containing the
above-mentioned desirable features.
It was developed through the com-
bined efforts of the United States
Signal Corps, at Evans Signal Lab-
oratory, and the Times Facsimile
Corporation, N. Y. C. The recorder,
is a portable electro-mechanical ap-
paratus used for recording the radio-
sonde data on a specially coated,
pressure-sensitive type of chart
paper. The telemetered pressure,
temperature, and humidity signals
are received in the form of interna-
tional Morse code as illustrated in
Fig. 5, and are recorded in three
vertical columns on a continuously
feeding chart.

The recording is accomplished by
means of a scanning helix and a
signal-energized hammer-print bar.
Provisions have been made for visu-
ally and audibly monitoring the in-
put signals for comparison with the
recorded copy. Provisions have also
been made to permit automatic syn-
chronization of the scanning helix
and radiosonde rate of transmission,
since the latter is subject to change
due to temperature effect on the
motor and batteries., Fig. 5a illus-
trates the effect on the record by
the slope of the recording when syn-
chronization is lost. Fig, 5b illus-
trates the effect of the automatic
synchronization control circuits on
maintaining fairly uniform columns.

Part two will appear in December.

New Prices on Some
Ampex Tape Recorders

Magnetic tape recording equipment
for special applications is available
through the Audio & Video Products
Cory., 730 Fifth Avenue, New York 19,
New York, at new low prices. Because
of the increasing demand for the Am-
pex model 307 telemetering and data re-
cording equipment, the production run
has been enlarged, effecting decreases
in unit costs. Effective immediately the
new prices will be as follows:

Ampex Old List New List
Model 307 Stock # Prices Price
Rack Mount MP-18B6-R  $2,475. $2,250.
Consoale MP.1886-C 2,560. 2,350.
Portable MP-1886-5 2,575. 2,350.

These prices are FOB, Redwood City,
Calif. and apply to equipment on order
as well as new orders. Billing for equip-
ment already shipped or to be shipped
in the pear future will be adjusted ac-
cordingly.
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Radlosonde

Telemetermg

: AN/AMT-3 equ:pmenf launched from high alhfude aircraft, descends
pheric pressure, temperature, and humld:fy in Morse code. Construction

By JOSEPH A. SIDERMAN,

Signal Corps Engineering Laboratories, '

Fort Monmouth, N. J.

HE recording unit is approxi-

mately 18 in. high, 27 in. wide, and
16 in. deep and is completely self-
contained. The equipment weighs 86
pounds and operates from 400 cycles
115 V ac power source. Fig. 6 illus-
trates the mechanical assembly of
the recorder which may be consid-
ered as consisting of four major
sub-assemblies: (1) a.gear box, in-
cluding the differential, (2) a chart-
feed drive mechanism. (8) a chart
take-up magazine assembly, and (4)
a print hammer and helix assembly.
Fig. 7 shows the electro-mechanical
assembly in block diagram form.

Signal Amplifier \

Fig. 8 illustrates the electronic
assembly which consists of signal
amplifier demodulator shaper -cir-
cuits, motor helix speed control, auto-
matic synchronization or error cor-
rected circuit, and power supply.
The circuit diagram shown in Fig.
9 ‘illustrates the various stages in
section form. The function of the
voltage, power, and speaker ampli-
fiers is to amplify the radiosonde
signals and to furnish the necessary

~cuits.
speed control circuit ‘is to permit

signal voltages required to drive a
speaker and the demodulator cir-
cuits. Testing by direct mechanical
keying and monitoring provisions
have been incorporated in this am-
plifier section. The function of the
demodulator section is ‘to detect,
filter, shape, and amplify the output
of the signal amplifier section. The
output supplies the signal control-
ling voltages
mechanism, automatic synchroniza-
tion, and motor speed control cir-
The function of the motor

adjustment of the helix drum speed
to synchronize with the rate of radio-
sonde transmission. This produces
the vertical columns of the code
groups as previously illustrated.

As can be seen from the circuit
diagram, Fig. 9, the automatic cor-
rection circuit, which is somewhat
unique in its application, performs
as follows: The “motor control sec-
tion” and “automatic synchroniza-
tion section” comprise a. servo sys-
tem. Drive motor B101 is a two-
phase motor which provides the
driving power for the helix cylin-
der, chart-drive mechanism, and
through the differential, to the Heli-
pot R102 and timing cam O-107.
One phase of the motor is connected
to the power source in series with

- for ~the recording

the secondary of the motor control
transformer T9. The primary of
transformer T9 is controlled by
tubes V10 type 6J6, V11 and V12
type 6AGT in a manner % as to vary
the voltage applied to this phase of
the motor. The speed of the drive
motor is proportional to the voltage
developed at the primary of the
motor ‘control transformer T9. To
provide speed-stability of the drive
motor with variations in power-line
voltage, the 115 volts 400 cycles is
fed through transformer T8 to a
compensation bias voltage rectifier
type ' 1N48 located in the motor
speed control amplifier circuit. The
tachometer-generator G101, is con-
nected in series with the output of
the 1N48 compensation rectifier. The
resulting voltage of this combination
is connected in series—opposition
with a positive reference voltage
whose amplitude is determined by
the Helipot setting. The net nega-
tive voltage obtained from the
algebraic sum of the three em.f.’s
is applied to the grid of the motor-
speed control voltage amplifier stage,
V10, tube type 6J6. This ampli-
fier stage applies bias to the motor-
speed control tubes which are grid-
controlled rectifiers providing a func-
tion comparable to a variable re-
sistor in series with the main wind-

Fig. 6: (Left) Mechanical assembly of recorder includes (1) a gear box, (2) chart-feed drive mechanism, (3) chart-take-up maga-
zine assemb_ly. (4) print hammer and helix assembly. Fig. 7: (Right Electro-mechanical assembly in block diagram - form
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ing of the two-phase drive-motor.
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grids of the motor-speed control am- F.lg. 8: Bloglg diagram of recorder electrqmc. assembly w_h:ch consists of
. signal ‘amplifier and demodulator shaper circuits, motor helix speed control,
(Continued on page T7) automatic synchronization or error corrected circuit and a power supply

Fig. 9: Circuit diagram illustrates various stages in section form. Function of voltage, power, and speaker 'amioliﬁers is to
amplify the radiosonde signals and to furnish the necessary signal voltages required to drive a speaker and demodulator circuits
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cating the screen can be tolerated.

" For a first zone of 80 ft., a satis-
factory screen is a rectangular struc-
ture made of hardware cloth and
mounted on poles 40 ft. high.

A number of experiments using

differently shaped screens have sub-

stantially confirmed the application
of optical theory to microwave tech-
niques. They have indicated that
troublesome ground reflections can
be eliminated by small ‘screens

' erected in the path, or when techni-

cally feasible, by utilizing obstacles
permanently located near the proper:
pos1t10n in ﬁhe path

Radiosonde :
(Contmued fmm page 55)

phﬁer tubes. The motor-control
tubes will then reﬂect a different re-
sistance value in series with the
drive motor and thereby change its

_speed so-as to cause vertical columns

to be printed again. Vertical col-

umns will appear on the‘ pressure-

sensitive chart as long as the input-
signal code characters are being re-
ceived at a uniform rate. A change
in the drive-motor speed caused by
a change in the radiosonde transmis-
sion rate will cause a corresponding

Compleie 360° pan without
ragged or jerky movement is
acomplished with effortless
control. It is impossible to
get anything buf perfectly
smooth pan and tilt action
with the "BALANCED™ TV
Tripcd. , '

,Quick-release pan handle ad-
|us‘l'meni' locks into posii‘ion
| desired by operator with no
"play" between pan handle
and tripod head. Tripod head
‘mechanism is rustproof, com-
pletely enclosed, never re-
quires adjustments, cleaning
or lubrication. Built-in spirit
level, Telescoping ex‘l’ensnon
pan handle.

\

Wnte to Dept. T for /urther
: : paruculars

1600 BROH

Y NEW YORK CITY

 dction!

. for all
*TV Cameras

““BALANCED”’
TV TRIPOD

This 'l-rlpod was engi-
neered and designed ex-
pressly to meet all video
camera requirements.

Previous concepts of gyro
and friction type design
have been discarded to
achieve absolute balance,
effortless operation,
super-smooth tilt and pan
action, dependability, |
ruggedness & efficiency.

Below:

3-wheel portable dolly with
balanced TV Tripod mounted.
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 change in the output of the dc

in the effective resxstance in series

nwtor such as to restore the drive-

Automatic Synchronization

“has certain limitations in “available -
accuracy and sensitivity which are’

* neering Labs., offers greater accu

tachometer generator. Consequently,
the rate indicator will also change
correspondmgly In turn, the change
in tachometer output will affect the
value of the bias voltage to the motor
control tubes, resulting in a change

‘with the main winding of the drive-

motor speed to the original rate.
If the power-line voltage should
change, the corresponding change re-
flected in the output of the compen-
gation ‘rectifier will also effect the
motor control amplifier in a like
manner and ‘thereby prevent a
change in the drive-motor speed.

Circuit : <

The automatlc synchromzatlon cir-
cuit works in conjunction with the
motor control section to maintain -
vertically aligned columns despite
changes in the rate of incoming code
cycles over the range .of 8 to 16 °
cycles of code groups per minute,
(pressure, temperature, and humid-
ity constitute omne cycle of a code -
group). The timing cam measures .
the column position error of the re-
corder due to a difference in speed
between the incoming signal cycles
and the complete rotatlon of the re-
corder helix. :

During normal synchronized op-
ération, the recorder helix will make
one revolution for each cycle of code .
signals received from the radio-
sonde transmitter. If the recorder is-
faster or slower than the received
code signals, the automatic synchron-
izing mechanism, utilizing two thyra-
trons (V8 and V9, type 2D21), and
timing cam assembly 0-107, in con-
junction with -a system of micro-
switches S102 and S103, with an elec-
trically 'activated speed-control cir-
cuit located in the motor control sec-
tion, will adjust the motor-speed
control voltage to synchronize the
drive-motor speed with that of the '
incoming signal. This is accom-
plished by the electro-mechanical
operation of the helix stop-start con-
trol assembly, which either advances
the helix if the recorder is slower
than the radiosonde transmission
rate -or, conversely holds the helix
until the signal is again in synchron-
ism. :

" It is recognized that this system

contributed primarily by the use o
the mechanical type of sensory ele
ment. A new system now under de
velopment at the Signal Corps Engi

racy and response sensitivity.
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