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AURAL RADIO RANGE SIGNALS SHOWN VISUALLY BY NEW
DEVICE

A device which visually interprets
the signals of aeronautical radio range
beacons which are received through
headphones and are relied upon by air
men for directional guidance under con
ditions of poor visibility, has been
developed by W. E. Jackson and L. M.
Harding, radio engineers of the Aero
nautics Branch.
The device includes an indicator
which fits into the instrument panel
(see fig. 1). It is the same instrument
as that developed for use with the De
partment's experimental radio system
for blind landings and can still be used
for this purpose if desired. It has an
open face with two needles, one vertical
and the other horizontal. The vertical
needle is the chief indicator. If the
aircraft moves off the course defined
by the radio beacon, this needle moves
accordingly in the same direction. If
•he plane is exactly on course, this
Pointer remains in the center of the dial.
The horizontal indicator shows the vol
ume of the received signals and permits
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the pilot easily to adjust this output to
a standard level.
A lever at the top of the instrument is
connected to the dot and dash indica
tors at either side which can be moved
to correspond to the dot and dash
quadrants of the radio range beacon.
This lever is also connected electrically
with the vertical pointer. When a
pilot is flying toward a radio range bea
con, the dash signals may be to his left
and the dot signals to the right, but
when he flies over the beacon and con
tinues on another leg of the beam, the
signals become reversed. He then
moves the lever to the other side to
make the dot and dash indicators at
the sides of the instrument correspond
to the change. By moving the lever,
the pointer is also made to correspond
to the new locations of the signals.

CONVERTING SET USED

In addition to the indicating instru
ment there is a small converting set
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which is connected to the aircraft's reg
ular radio receiver. This set fits into
a small box 6 inches long by 7 inches
wide and 7 inches deep. No changes
are necessary in the regular receiving
set.
When the signals are received, they
are passed into the converting box and
changed into impulses which actuate
the visual instrument in front of the

range beacons in order for the visual
indicator to function. The airman
would still hear a steady signal when
on course.
One of the chief advantages of the
new device is that it requires only a
slight and inexpensive change in cams
at the radio range transmitters. Either
loop antennas or vertical tower radia
tors may be used.

Figure 1.—The indicator which is set into the instrument panel. The position of the vertical needle ia
this illustration shows that the plane is to the left of the course.

pilot. The signals may be received
through the headphones simultaneously,
thus giving visual or aural indication as
the pilot desires.
If the headphones are used, however,
the pilot will hear a predominant dot
or dash when off course, depending
upon the direction, instead of the famil
iar Morse code A (. ) or N (_ .) as it
is necessary to change the character of
the signals transmitted by the radio

OPERATION OP CONVERTER CIRCUIT

Keying of the radio range transmit
ter is done exactly the same with the
dot-dash system as with the A and N;
that is, in the goniometer primary cir
cuit. The 1,000-cycle modulated dot
and dash replace the A and the N,
respectively, in the loops and give corre
sponding "on" and "off course" signals,
depending upon the position of the ob
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server with respect to the loops. The
dash falls, as did the N, in the north
and south quadrants.
The schematic wiring of the visual
course indicator is shown in figure 2.
This circuit has been developed to
replace the headphones used to identify
the "on course" and "off course
signals produced by an aural radio
range and to give an indication visually
of " course ' ' position. This circuit essen
tially makes use of transient voltages
in the transformer of high inductance
developed by the dot-and-dash im
pulses. The relative lengths of the
dash and dot are about 10 to 1, re
spectively, and the dots are about seven
hundredths of a second in length.
The receiver output terminals shown in
figure 2 may be the output of any
standard aircraft receiver. Hence, the

upon the primary winding of the trans
former. These impulses may be in the
nature of either dots or dashes, de
pending upon which signal is predomi
nant in the quadrant in which the plane
is flying. Upon exciting the primary
circuit, current flows in the 25-ohm re
sistor, developing a voltage across it
the magnitude of which is proportional
to the impressed signal. This voltage
is in turn impressed directly across the
terminals of the indicating instrument
giving a reading of the horizontal
needle.
The purpose of the volume level
indicator is to show to the pilot that the
device is operating and to indicate the
proper volume setting for optimum op
eration. When close to "on course"
and under conditions of constant input,
the vertical displacement of the

+ (500 TO 4000)-
(500 TO 4000)

*-On course

Figure 2.—Drawing of converter circuit.
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receiving circuit is eliminated from
this drawing for simplicity.

TRANSFORMER IN INPUT CIRCUIT

A special transformer having two
high inductance balanced secondary
windings is used in the input circuit of
the transient voltage rectifiers. Each
secondary is loaded with a 10,000-ohm
resistor. Two type 79 tubes are em
ployed, which consist of double triodes
in a single envelop. One tube is
used as a double rectifier and the other
is used as a push-pull D.C. amplifier.
The output of the receiver is coupled
directly into the input terminals of a
copper-oxide rectifier, the signal recti
fied, partially filtered by means of a
circuit including a 10-henry choke and
a 2-microfarad condenser, and then the
resulting impulses are impressed directly

"course" pointer will be proportional
to the number of degrees off course. A
condenser of 1,000 microfarads capacity
is connected directly across the vertical
pointer input terminals to give suffi
cient damping of the needle to nullify
the effect of "kicks" caused by the
transient voltages present. A differ
ence in amplitude of the dots and dashes
in the transformer primary circuit causes
a transient voltage unsymmetrical
about its axis to be delivered across
the output terminals of the transformer.
It is the extremely high inductance of
this transformer secondary winding
which produces this effect. This dis
symmetry causes voltages of unequal
magnitude to be applied to the plates of
the rectifying tubes connected to each
transformer secondary since the plates
are 180° out of phase. The circuit
arrangements are such that when two
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transients are received, one closely
following the other, the effect of the
second is small compared to that of the
first. Thus, when a dot is the pre
dominant signal being received, a
sudden rise in signal occurs followed
almost immediately by a sudden drop.
The rise in signal which occurs first has
a much greater effect than the drop in
signal. When a dash is predominant,
a drop in signal is followed almost im
mediately by a rise, and here the drop
is of the greater consequence. It is
this effect that makes a dot and dash
distinguishable. If either a dot or
dash predominates, unequal currents
will flow through the rectifier tubes
causing relative changes in the grid
bias voltages on the normally balanced
D.C. amplifier.

CHANGES PRODUCED AUTOMATICALLY

These changes in grid bias are
produced automatically by current
flowing through the 1-megohm grid
leaks, the bias change being a direct
function of the current flowing through
the grid lead, thus causing the grids to
become more negative with an increase
in grid-leak current. The plate cur
rents flowing in each leg of the bridge
output circuit are controlled independ
ently by the changes in grid bias. The
potentiometer across the meter is
adjusted so that the vertical needle
reads zero when no signal is impressed,
thus indicating that the bridge circuit
is in balance. It is apparent that the
two plate currents of the D.C. bridge
amplifier are independent of each other
and their magnitudes will be a function
of the applied instantaneous grid volt
ages. No current flows through the
meter of the balanced bridge circuit
when the dot and the dash are of equal
signal intensity (or "on course"), as the
steady direct current flowing through
the primary of the transformer induces
no voltage in the two secondaries and
the on course indication results.
In the event of unequal dot and dash
amplitudes, unequal D.C. amplifier
plate currents will result, thus throwing

the bridge circuit out of balance and
causing current to flow through the
vertical needle microammeter, which
will be displaced correspondingly
depending upon the degree of unbal
ance. If the dot predominates the
needle will swing to the right, and if the
dash predominates the needle will
swing to the left, or vice versa, depend
ing upon the setting of the reversing
switch on the meter. The sensitivity
of the converter is such that 5 milli
watts of audio input will give full-scale
deflection of the vertical needle when
approximately 20° off course. The
combined equipment, not including the
dynamotor or filament supply batteries,
is installed in a small and compara
tively shockproof metal case. The
dynamotor and storage batteries used
are already standard equipment in the
plane. The additional power required
from the receiver dynamotor to operate
the converter is approximately 2
milliamperes at 180 volts, or 360
milliwatts. The additional drain from
the 12- volt plane battery is approxi
mately six tenths of an ampere.
The general problem of making radio
range signals available to airmen in a
visual form has been before the Depart
ment of Commerce for several years.
One of the first solutions considered
was that of installing visual type trans
mitters at radio range stations which
would actuate two vibrating reeds on
aircraft instrument panels. However,
this method would have cost about
$500,000 for the entire airways as
against less than $500 for the system
just developed.
The arrangement developed by the
two radio engineers has undergone
extensive flight tests which have shown
it to be satisfactory. However, no
definite plans to place the new system
in operation on the Federal airways
will be made until it has been given
practical service tests by those airmen
who fly the airways regularly, and not
then unless these expert users of the
aids to air navigation signify their
wishes for the new device.

SIMULTANEOUS TRANSMISSION OF VOICE AND AURAL RADIO
RANGE SIGNALS

A method for simultaneous trans
mission of voice and aural range beacon
signals on the same frequency, has been
devised by engineers of the Air Navi
gation Division, and further tests are
being made to determine its feasibility
for a regular service on the Federal air
ways system.
The signals also may be received si
multaneously by the pilot of an air

plane, provided he has the necessary
equipment. A simple device for con
verting aural radio range signals into
visual indications (described in the
article Aural Radio Range Signals
Shown Visually by New Device in this
issue of the Air Commerce Bulletin) is
used. The voice signals then are re
ceived in the ear phones, while the di
rectional signals are directed into a
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converter, actuating a needle which
indicates to the pilot whether he is on
course or to the right or left of his route.
Previous experiments with simul
taneous transmission of voice and range
signals have involved the directional
radio range of the visual type. An
experimental station equipped to trans
mit visual range signals and voice
simultaneously is in operation on re
quest at Elizabeth, N.J. Experiments
with simultaneous transmission of
aural signals and voice will be carried
out at Pittsburgh.
In the method to be tested at Pitts
burgh, radio range signals are broad
cast from four vertical radiator anten
nas of the type now in regular use on the
Federal airways system. Voice goes on
the air from a fifth antenna, of the same
type, located in the middle of the sys
tem of four radio range antennas. The
same carrier is used for both transmis
sions. The radio range signals are a
frequency 400 cycles higher than the
carrier, while the voice signals are the
carrier frequency plus or minus 500 to
4,000 cycles (see fig. 3).
After the signals have been received
in the plane, the receiver output will be
divided between two loads. Filters
will direct frequencies of about 400
cycles to the converter unit that will
change them into visual signals. These
filters will also send the frequencies
above about 500 cycles through the
ear phones to permit the pilot to listen
to the voice broadcast of weather and
other information. If the pilot wishes,
he may receive the radio range signals
aurally in his ear phones, but to do so
it is necessary to connect his ear phones
to the circuit having the frequencies of
about 400 cycles.

INTELLIGIBILITY OF VOICE BROADCASTS

Elimination of the lower range of
frequencies from the voice broadcasts
does not appreciably affect the intelligi
bility of the messages received. It
does affect the timbre, as the bass
pitches represented by the lower fre
quencies are eliminated, and the voice,
as heard in the airplane, is high-pitched.
However, experiments have demon
strated that it is the higher frequencies
that are needed for intelligibility.
A crystal-controlled oscillator unit
will supply a highly stable source of
carrier frequency. The output of this
unit will be divided between two sets of
transmitting equipment, one being a
transmitter that will supply the carrier
energy with the voice modulations
superimposed on it and the second
being a special transmitter that will

supply energy having a frequency 400
cycles higher than the frequency of the
crystal unit. According to present
plans, this 400-cycle change of fre
quency will be accomplished by modu
lating the crystal frequency with a
stable 400-cycle sourse in a carrier sup
pression stage and then using a sharp
filter to eliminate the unwanted lower
sideband. The carrier and voice out
put of the first transmitter will be radi
ated by the fifth tower located in the
center of the square formed by the
other four towers. The output of the
transmitter supplying the frequency
400 cycles higher than the carrier will
be radiated by the four carrier towers.
Extra towers needed for simultane
ous transmission will be available at
many of the radio stations throughout
the country, if it is found practicable
to adopt it for general use. The fifth
towers are to be installed at a number
of stations in the near future, and used
for transmissions on the emergency
frequency of 236 kilocycles.

COMMUNICATIONS ON 236 KILOCYCLES

The 236-kilocycle frequency has long
been assigned for extended 2-way
communication with aircraft in flight.
Originally, radio range and voice
broadcasts emanated from separate
transmitters, operating on a single fre
quency. Range signals were shut down
for weather broadcasts, and for brief
communications with pilots. When it
was necessary to carry on extended
ground-to-plane conversations, the pilot
was directed to shift to 236 kilocycles,
and radio range broadcasting then
could be resumed on the station's regu
lar frequency for the benefit of other
aircraft.
Radio communication stations and
radio range beacons now are being com
bined, with the communication station
and range serving a particular airway
section located in the same building
and using the same antenna system.
Under this arrangement, it is not pos
sible to broadcast range signals and
voice at the same time, even on separ
ate frequencies. To provide means for
shifting to 236 kilocycles when extended
radio communication with planes is
necessary and permit the radio range
signals to continue on the air, addi
tional antennas will be installed at the
combined stations.
The extra antenna for communica
tions on 236 kilocycles at a combined
station consists of a fifth tower radiator
antenna, installed in the center of the
group of four towers in the same man
ner as will be required for simultaneous



270 AIR COMMERCE BULLETIN



AIR COMMERCE BULLETIN 271

transmission of aural range signals and
voice on the same frequency.
Until such time as simultaneous
transmission is found practicable, the
extra towers will be used for special
communications on 236 kilocycles.
Should simultaneous transmission be
come the general practice, the 236 kilo
cycles channel probably would not be

needed for this special purpose, since
radio range signals would be on the air
continuously, even when voice broad
casts were being made on the same
frequency, and the extra tower would
be in place and ready for use in con
nection with simultaneous transmis-

BUSINESS CONTROL METHODS FOR AIRWAYS BEING ESTAB
LISHED BY DEPARTMENT OF COMMERCE

A control system which will place the
operation of the Federal airways on a
business basis and will give the Com
merce Department a reliable check on
the cost of airway maintenance opera
tions and the efficiency of all equipment
is now being established in the Air
Navigation Division of the Aeronautics
Branch.
The lighted and radio-equipped air
ways now have been stabilized to the
point where such a system can now be
set up and can be expected to give ac
curate results. In past years when the
airways were being constructed and
equipment and men were being moved
hurriedly from one point to another, a
maintenance control system would
have been difficult to maintain.
The value of the system to the Gov
ernment has already been demon
strated, although it is not yet in full
operation. As a first step a detailed
inventory was taken of all Federal air
ways equipment. This showed that at
the present time there is nearly $2,-
000,000 worth of surplus equipment on
hand. Some of this is obsolete, but
there is enough usuable material avail
able to reduce expenditures for new
supplies for the next 2 years by about
75 percent of what would normally be
required. Practically all construction
materials for new airways projects now
under way are being supplied from sur
plus stock.
In establishing the system, the De
partment of Commerce is drawing
heavily upon business practices. As
a matter of fact, the system is pat
terned closely after that in use today
in many large business organizations.
Records to be kept by the airways
mechanician, radio operator-in-charge,
or airways keeper, correspond to shop
records kept by a group foreman. The
mechanician, operator, or keeper is
expected to use his records as intelli
gently as is the group foreman, and is
subject to the same supervision. The
chief airways mechanician corresponds
to the shop foreman, the district super
intendent to the factory superintend

ent, and the Assistant Director of Aero
nautics to the president or general
manager of the company.

COMPLETE INFORMATION SHOWN

By means of these records complete
information can be obtained as to all
equipment installed, maintenance work
performed and the costs, for each unit,
for each airways district, and for the
whole United States. These figures
then can be compared for each unit
and district, and will disclose any waste
or inefficiency.
Also a part of the system are reports
as to the operation of radio and light
ing equipment. A valuable feature of
this is that it will isolate causes of fail
ures. If the same failure is encoun
tered in all equipment of the same
type, the cause can be attributed to
design, but if only one or two stations
report frequent breakdowns, the De
partment may conclude that faulty
maintenance is responsible.
The system also involves the stand
ardization of procedure wherever possi
ble. Means are being worked out so
that activities of the same type will be
performed the same way in each air
ways district. Through the use of regu
lar reports even details as to the cost
per mile of mechanicians' trucks, the
miles traveled for each airway mile, the
type of repair work at each aid to air
navigation and when performed, are re
vealed. By requiring airways mecha
nicians to plan their itineraries more
carefully, it is estimated that nearly
$30,000 a year will be saved in travel
expenses.
Further, the system provides for
salvaging each part of equipment that
can possibly be reclaimed. Whenja
part becomes worn it is carefully ex
amined and repaired if at all practicable.
Not only does the system make for
more efficiency at present, but it pro
vides a basis for estimating future re
quirements, and further, it brings about
economy without a decrease in effi
ciency.
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