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Proceedings of the Institute of Radio Engineers
Volume 25, Number 3, Part 1 March, 1937

SIMULTANEOUS RADIO RANGE AND
TELEPHONE TRANSMISSION

BY

W. E. JACKSON AND D. M. STUART
(Bureau of Air Commerce, Washington, D. C.)

Summary-Simultaneous radio range and telephone service has been in de-mand on the airways of the United States for several years. A simple method of ob-
taining this service has been developed and is now being gradually applied to the
airways.

Various methods of obtaining simultaneous service are discussed. The effect of
linear and square -law detection used with single side -band and double side -band
transmission of the range tone have been analyzed. The single side -band method ap-
pears to offer the most practical solution to the problem when used with a linear de-
tector.

RADIO ranges and radiotelephones which have been installed by
the Department of Commerce have contributed a great deal
toward the safety of air navigation; however, it has become

evident that there are definite limitations in the method of operation
of this equipment which greatly restrict its usefulness in practical ap-
plication. Fundamentally the major limitation is that neither range nor
broadcast service is continuous due to the fact that the range has to
be shut down while the broadcast is made and vice versa. This means
that a pilot who may require continuous range service is forced to
stand by during the weather broadcasts by circling at the point where
the range service was removed or in the event that continuous range
service is being furnished to another pilot, he must continue his flight
without the aid of the weather broadcasts. In 1927 and 1928 when
radio ranges and telephone stations were first installed in the United
States, it was the policy to broadcast weather on one radio frequency
and give radio range service on another radio frequency removed by
approximately thirty kilocycles. This method of operation had the ad-
vantage of being continuously available to the pilot, but had the dis-
advantages of being wasteful of radio -frequency channels, necessity of
pilot having to retune the receiver to the telephone frequency at spe-
cific times, and difficulty involved in notifying pilot listening to the
range that a special broadcast was being made. In 1929 numerous re-
quests for the alternate use of radio range and broadcasts on the same
frequency were made. This together with the fact that there were rela-
tively few radio frequencies available brought the change in policy

* Decimal classification R526.1. Original manuscript received by the Insti-tute, October 5, 1936.
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Jackson and Stuart: Radio Range and Telephone Transmission 315

which established both services on the same radio frequency. This
method of operation was in effect from 1929 to 1934. In 1934, it be-
came necessary to give continuous range operation upon request ex-
cept for broadcasting local conditions which required approximately
ten seconds. Also, a number of stations each operated on 236 kilocycles
were installed at busy terminals so that other than local weather
broadcasts could be made on this frequency at the regular broadcast
periods when continuous range service was requested. In 1935, at the
request of the air lines, continuous range service was inaugurated at
six terminal stations on the regular radio -frequency channel with all
broadcasts on 236 kilocycles. At other stations continuous range service
was made available on specific request, the weather broadcasts being
entirely omitted. The 236 -kilocycle broadcast schedules were staggered
in order to eliminate heterodyne interference. This method of opera-
tion could be successfully applied to a few stations, but could not be
applied to the entire airways system employing over a hundred sta-
tions because of excessive interference which would occur due to over-
lapping schedules.

From the foregoing, it is apparent that continuous radio range op-
eration is at times of greater importance to the pilot than the weather
broadcasts. The rapidly increasing air traffic condition and the need
for instantaneous communication between air traffic control ground
stations and all aircraft, will cause the weather broadcast stations to
take over a more valuable function than ever before. It is with these
factors in mind that the Bureau of Air Commerce has been endeavoring
to develop a system which would provide for continuous range and
broadcast service.

The general method of attack has been to transmit weather broad-
casts and radio range signals simultaneously on the same radio -fre-
quency channel and separate them by means of audio -frequency filters
in the receiver output. In order to accomplish this, two separate an-
tenna systems are used at the transmitting station. A single tower
radiates a circuler carrier frequency (fc) field pattern which is modu-
lated by speech during weather broadcasts and which at all times
heterodynes with a fixed frequency single side band (fe+1020) radiated
directionally from four towers, symmetrically disposed about the
broadcast tower, and keyed in the conventional A -N manner to pro-
duce the range courses. (See Figs. 1 and 2.)

The audio frequency selected for the range is 1020 cycles which
appears to be best from several considerations such as, minimum mask-
ing effect due to engine noises and static, easily readable, and may be
produced readily by means of synchronous machines, if required. The
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1020 -cycle audio -frequency difference between carrier and single side
band may be obtained either from a single side -band generator modu-
lated by a synchronous alternator or a tuning fork or by means of two
matched A -cut quartz plates which excite two separate radio -frequency
channels. Both methods have been used although the latter method

SINGLE SIDE BAND ANTENNA

CARRIER ANTENNA

`TRANSMITTER MOUSE

gzSINSLE
SIDEBAR() ANTENNA

OISI

Fig. 1-Layout of radio range plot and antenna system.

has proved to be simpler and more reliable. In order to avoid inter-
ference between the 1020 -cycle heterodyne, and the speech frequencies
during weather broadcasts, a filter which eliminates the band of fre-
quencies between 830 and 1252 cycles is inserted in the line which
carries the speech input to the modulator of the carrier transmitter.
A similar filter is used in the output of the aircraft receiver to pass the

COURSE

a.
SIDE BAND FIELD((. 102C)

CARRIER FIELD 00

COURSE

Fig. 2-Field pattern of simultaneous radio range and broadcast station.

voice frequencies and eliminate the range signal, in conjunction with a
band-pass filter which passes only the range signal and eliminates the
voice frequencies. This combination permits optional reception of
either range or weather broadcasts or the simultaneous reception of
both if one pilot flies the range while the other receives the weather.
Fairly satisfactory simultaneous reception of both services is also pos-
sible without the use of a filter, as the pilot may concentrate on either
service desired; however, the use of a filter is highly desirable in order
to realize the full advantages of the simultaneous system.
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The filter unit which has been developed consists of a single section
band-pass and a single section band -elimination filter connected with
parallel inputs. This unit is very compact, weighs only three and a

INPUT

PHONE OUTPUT

L3 C3 C3 L3

4 RANGE OUTPUT

VALUES OF CIRCUIT ELEMENTS
SAND ELIMINATION

CI L2 ufd.

C2 .414 ufd.

LI .0203 henries

L2 .0589 henries

BAND PASS

C3 .11 08

C4 4.93 ufd.

L3 .222 henries

L4 .00495 henries

CharoOmIeflo Mweelan4e 300 ohms

Fig. 3-Schematic diagram of aircraft filter unit.

quarter pounds and is relatively inexpensive. The band-pass section
is designed for minimum attenuation at 1020 cycles with cutoff fre-
quencies at 919 and 1132 cycles. The characteristic impedance is 300
ohms at the frequency of minimum attenuation. The band -elimination

S,

20

10

60

CYCLES PER SECOND

Fig. 4-Characteristic curves of aircraft filter unit.

section is designed for maximum attenuation at 1020 cycles with cutoff
frequencies of 830 and 1252 cycles. The characteristic impedance is 300
ohms at 2000 cycles, and remains substantially constant over the non -
attenuating range.
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In Figs. 3 and 4 are shown a schematic diagram and characteristic
curves of the complete aircraft filter. Mechanically the entire unit is
constructed in a case 21" X 3/" X 5".

The band -elimination filter which is used in the microphone circuit
at the transmitter consists of two sections of the same type as are used
in the aircraft. The cutoff frequencies are 830 and 1252 cycles with
maximum attenuation at 1020 cycles and the characteristic impedance
is made 600 ohms at 2000 cycles to match the impedance of the line
and line amplifier equipment. The characteristic curve of this filter is
shown in Fig. 5.

CYCLES PER SECOND
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Fig. 5-Characteristic curve of the band -elimination filter used at the transmit-
ting station to eliminate frequencies in the neighborhood of 1020 cycles from
the speech during broadcasts.

The filter which has been adopted is probably the best compromise
under the prevailing circumstances. While it would be highly desirable
to reduce the minimum attenuation of the aircraft band-pass section
below the 6.0 decibels which is obtained, it is necessary to consider
the increased weight and bulk which would result if this was done. If
a sharper band-pass characteristic is used, difficulty is encountered in
the form of high insertion loss and ringing following static crashes or
any form of transient noise, and no particular advantage is gained from
the standpoint of voice interference with the range signals. This latter
is governed chiefly by the distortion present in the receiver detector
rather than by direct interference between speech and range signals
through the filter.
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The method of detection used in the reception of simultaneous
range and telephone transmission is an important phase of the de-
velopment. An analysis of the detection of the type of signal under
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S S 8 TONE MODULATION m X 100 '7o

Fig. 6-Square-law detection of a single side -band tone for a fixed superimposed
speech modulation of M =0.70. Distortion expressed as per cent single side -
band tone fundamental.
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Fig. 7-Square-law detection of a single side-band tone for a fixed superimposed
speech modulation of M =0.50. Distortion expressed as per cent single side -
band tone fundamental.

consideration by means of a square -law or parabolic rectifier shows

that the distortion is so great as to render its use impractical in the

present application. (See Figs. 6 and 7.) However, if a linear detector

is used, the distortion is not excessive provided the single side -band
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modulation does not exceed thirty per cent and the speech modulation
does not exceed seventy per cent. The most serious type of distortion

100

BO

6.0

Ltj 4.0

20

0
0 10 20 30
S.S.B. TONE MODULATION

m x 100%

2U

(205
2P

(U±
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Fig. 8-Linear detection of a single side -band tone for a fixed superimposed
speech modulation of M =0.70. Distortion expressed as per cent of singleside -band tone fundamental.

is that which gives rise to frequencies of (P+ U)/27r, (P ± 2 (7)/27'
(2P± U)/27r, (2P + 2 U)/2r, etc.,, all of which may be of such a value
as to pass through the aircraft band-pass filter, and cause interference

10.0

g SO

2 6,o

,11

T. 4,0

20
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s(u-I-P)

(U t P)
24.,/*P)

0 10 20 30
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Fig. 9-Linear detection of a single side -band tone for a fixed superimposed
speech modulation of M =0.50. Distortion expressed as per cent of singleside -band tone fundamental.

with the range signals in addition to their deleterious effect on the
quality of the voice. Also harmonic distortion of the range signals

1 Refer to Appendix for definitions of P and U.
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passes through the band -elimination filter and interferes with the
speech during broadcasts; however, this type of interference is much
less serious than the former. From the curves of Fig. 8, it may be
seen that no serious distortion of any kind occurs if the percentage of
single side -band modulation does not exceed thirty. In Fig. 9, it may
be seen that the distortion increases if the voice modulation is de-
creased to fifty per cent and the single side -band modulation is in-
creased to fifty per cent.

The chief advantages of the single side -band system, as employed
here lies in the simplicity of the equipment required and the fact that
variation in phase between the carrier and single side band has no
effect. Two transmitters, one of which can be modulated by speech,

10

,? 80

0
1-

O
60

2

O

2U

0 tO 20 30
D Et TONE MODULATION m X 100 %

Fig. 10-Square-law detection of a double side -band tone for a fixed superim-
posed speech modulation of M = 0.70. Distortion expressed as per cent of
tone fundamental.

together with the antenna and coupling apparatus which is used at all
ranges is all of the radio -frequency equipment that is necessary for
simultaneous transmission. Perhaps the most objectionable feature of
the single side -band system is the necessity for operating the single side
band at moderate percentages of modulation in order to avoid high de-
tector distortion when the voice and range signals are transmitted
simultaneously.

It is possible to obtain distortionless reception at considerably
higher levels of modulation if two side -band frequencies, symmetri-
cal with respect to the carrier, are transmitted from the corner towers,
and the receiver detector characteristic is essentially linear. Square-

,' law detection of this type of transmission will cause excessive distortion
which will render the range and telephone signals unsatisfactory. (See
Figs. 10 and 11.) In order to provide for double side-band transmission,
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it is necessary that both transmitters be excited from a common radio -
frequency source, and that the side -band transmitter be of the bal-
anced modulator suppressed carrier type. Also means must be provided.

0
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so

CI 40
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2P

2U
0

0 10 20 30 40 50
D.S B TONE MODULATION m X 100 n

Fig. 11-Square-law detection of a double side -band tone for a fixed superim-
posed speech modulation of M = 0.50. Distortion expressed as per cent of
tone fundamental.
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Fig. 12-Curves showing the relationship between fundamental and second har-
monic output from linear detection of double side -band transmission as the
carrier phase is varied.

for adjusting and maintaining the phase of the carrier so that it is of
the proper value to combine with the side bands in the receiver detec-
tor. While the carrier phase is not very critical, some distortion will be
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present unless it is maintained within approximately plus or minus
thirty degrees of the correct value. (See Fig. 12.) The most objection-
able feature of the double side -band system is the necessary use of a
balanced modulator with matched tubes in the modulated radio -fre-
quency amplifier. Little experience has been had with the operation of
this type of equipment, but it is anticipated that considerable mainte-
nance would be necessary to insure satisfactory operation at all times.

On the other hand, the double side -band system has the advantage
that this is much freer of distortion than the single side -band system
and permits the use of higher modulation percentages with a conse-
quent economy of power. A discussion of detector distortion of single
and double side -band transmission as it relates to the problem of pro-
viding simultaneous radio range and telephone transmission appears
in the appendix.

APPENDIX

Detector Distortion for Cases of Single and Double
Side -Band Transmission

Inasmuch as a brief analysis of square -law detection of the single
and double side -band transmission under consideration discloses the
fact that in each case the resulting distortion is of sufficient magnitude

application (see Figs.
6, 7, 10, and 11) we shall confine ourselves to consideration of the linear
type of detector.
Double Side -Band Case

If a speech modulated carrier is radiated from the center tower
and two symmetrical side bands from the corner towers, the voltage
input to a receiver at some remote point will be given by

E0 = E M cos Pt) cos (Wt 4.) cos (W U)t

cos (W - U)t)

where,

(1)

W/27= radio carrier frequency
P/27 =speech modulation frequency
U/2ir = side -band modulation frequency

= arbitrary phase angle assigned to the carrier
E = carrier voltage

M X 100 = per cent modulation of the carrier by speech fre-
quency (P)/(27)

m X100 = per cent modulation of the carrier by side -band mod-
ulation frequency (U)/(27).
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We may rewrite (1) in the form

E0 = E((1 M cos Pt)2 + 2m cos 0 cos Ut(1 + M cos Pt)
1/2

m2 cos2 Ut) cos (Wt - (2)

where 3=f (U, t) may be neglected without affecting the calculation
of the audio frequencies.2 If a voltage of the form (2) is applied to a
linear detector, the detector output will be directly proportional to the
coefficient of cos (Wt+ 3). If we put 0 = 0, the detected signal will be

E0' = E'((1 + M cos Pt) + m cos Ut)

and no distortion will occur provided

m + M < 1.

(3)

(4)

If 4) has a value other than zero the detected signal will be given by

= E'((1 + M cos Pt)2 + 2m cos 0 cos Ut(1 + M cos Pt)
cos2 Uty12 (5)

from which the frequency components must be obtained by expansion.
We may rewrite (5) as

E0' = E/(1 M cos Pt)(1 + 2Z cos 0 + 2.2)1J2 (6)
or,

E0'=E'(1+M cos Pt)(1+2Z cos 0+Z2)(1+2Z cos 0+Z2)-1/2
where,

m cos Ut
Z = < 1.

1 ± M cos Pt

(7)

The function (1+2Z cos 0+Z2)-1/2 may be expanded in a power
series in Z, the coefficients of which are Legendrian polynomials in
cos 0; i. e.,

(1 + 2Z cos + Z2)-1/2 = E pn(cos cozn.
n=0

The terms (1+M cos Pt) -9 which occur may in turn be expanded
by the binomial theorem and the frequency components determined.
Carrying out this process we obtain

2 C. B. Aiken, PRoc. I.R.E., vol. 21, pp. 601-630; April, (1933).
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si
E0' - E' + m2 n2 3m464 sin2

) (5 cos2 - 1)
4

m6 sin2 0(35 cos4 4, - 14 cos2 1) + 

m2m2sin24' + _9 m4m2sin24,(5 cos20 _ 1) . . .

64

m2 sin2 4, 9m4
+ M (1

4 64
sin2 0(5 cos2 4, - 1) - ) cos Pt

M2 (m2
sin2 9m4

8 64
0(5 cos2 ¢ - 1) + ) cos 2Pt

- M3 (M2 sin24, + ) cos 3Pt

(8)

M
(3m3 5m4

-8- cos 0 sin2 ¢ -I- iF sin' 4)(3 cos 0 -7 cos' 0) + ) cos (U ± P)t

8

m2 sin2 3m4
-M

32
sine 0(5 cos2 ¢ - 1) + ) cos (2U ± P)t

' 5m6
M (-m cos 0 sin2

64
- -sin24)(3 cos -7 cos' 0) + ) cos (3U ± P)t

8

/3m4

-M 128- sin2
0(5 cos2 0 - 1) + ) cos (4U ± P)t

+ M2 sin2 4'3m4
16

+
32

sin' 0(5 cos2 4) - 1) + ) cos 2(U ± P)t

Cm'
32 128

cos 4, 2522,0
..._ M2 sin2 0 sin' 0(3 cos 0 -7 cos' 0) + ) cos (U ± 2P)t

Cm' cos 0
-M3 16

sin24' -F; ) cos (U ± 3P)t

(3m332 cos 4, 25m6
- M2 sine 0

256
8100(3 cos 0 - 7 cos' 0) + )cos(3U ± 2P)

64
-Fmcos0 (1

3m2sin24)

8
-I-

5m4 sine 4,(3 - 7 cos2 0) + 

25

- m2m2 sine4, _F m4m2sin2 0(3 -7 cos2 0) + ) cos Ut

+ m2 sin2 43 (1 +112- (5 cos24, - 1) -E37-24 (35 cos4 - 14 cos2 + 1) + 
4 4 32

M2
3M2M2(5 cos2 - 1) + ) cos 2Ut

m3 sin2 4, 5m2

8
cos4,-

16
(3 cos 4) -7 cos' 0) -I-

3-I- -2- M2 cos 0 - 2503/2(3 cos 0 -7 cos' 4)) + ) cos 3Ut.
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It may be seen by inspection of (8) that all of the distortion terms,
with the exception of the even harmonics of U, are very small for values
of 0 even up to forty-five degrees, provided that m and M are each
less than 0.50. It would thus appear, therefore, that in a practical ap-
plication the phase angle could easily be maintained within limits
which would render detection of this type of transmission essentially
distortionless. In Fig. 12, curves of double side -band fundamental, and
second harmonic against 0 are shown for M =0 and m = 0.4. It is seen
that the effect of increasing 0 from zero to ninety degrees is to reduce
the fundamental output to zero and at the same time increase the even
harmonic distortion.

Single Side -Band Case

When only a single side band is radiated from the corner towers to
heterodyne with the speech modulated carrier the phase angle 0 loses
its significance, and the expression from which the detector output fre-
quencies are to be calculated becomes

\1/2
E0' = E'((1 M cos Pt)2 + 2m cos Ut(1 M cos Pt) + nt2 . (9)

The frequency components obtained by expansion of (9) have already
been calculated by Aiken.2 In his notation this case is covered by put-
ting his m =0 and our m = k. The curves of Figs. 8 and 9 shows the
variation of distortion with percentage single side -band modulation for
a fixed value of M. From an examination of these curves it is seen that
the distortion is not great if the single side -band modulation is kept at
a comparatively low level.
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