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“This invention relates to radio aids to naviga-
. tion, and more particularly to improvements in
radio ranges of the “omnidirectional” type. The
term “omnidirectional” in the present descrip-
tion is intended to mean a radio range providing
continuous bearing indications throughout a
sector which does not necessarily extend through
a full 360 degrees.

The principal object of the present invention is

to provide an' omnidirectional radio range system °

“affording a higher degree of sensitivity or sharp-
ness of bearing indication than has been achieved
heretofore by omnidirectional ranges.

Anocther object of the invention is to provide
a system of the described type which is readily
adapted for direct visual indications of bearing,
using - substantially the same equipment ordi-
narily employed with conventional omnidirec-
tional radio ranges.

The invention will be described with reference
to the accompanying drawing, wherein:

Figure 1 is a schematic block diagram of a
range transmitter system embodying the inven-
tion; Figures 2, 3, 4 and 5 are polar graphs show-
ing typical radiation patterns produced in the
operation of the system of Fig. 1; Figure 6 is a
schematic block diagram of a typical omnidirec-
tional radio range receiver which may be used
in conjunction with the system of Fig. 1; and
Figure 7 is a schematic diagram of a modification
of the system of Fig. 1.

Refer to Figure 1. Two antennas | and 38, each
by itself having a substantially circular directive
pattern in the horizontal plane, are spaced hori-
zontally apart by a distance n\, substantially
greater than one wavelength A at the frequency
at which the range is to operate. The antennas
1 and 3 may be in the form of vertical towers, as
high as is structurally and economically feasible,
and a tynical spacing between them may be two
wavelengths. For long-range operation, a low
carrier frequency. of the order of 100 kilocycles
per second, is preferred.

A radio frequency oscillator 5 is coupled to the
antenna | through a modulator 7, and to the
antenna 3 through a single sideband modulator
8. The single sideband modulator 9 may com-
prise a balanced modulator and sideband filter, or
any . other known apparatus providing suppres-
sion of the carrier and one sideband of a modu-
lated radio frequency signal.

The modulation input terminals of the modu-
lator 9 are connected to an oscillator {1 which
provides an output of a low sudio frequency, for
example 30 cycles per second. The oscillator i
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2 .
is also coupled to the modulation input terminals
of a third modulator 13. An oscillator 5, oper-
ating at an intermediate audio frequency such as -
1000 cycles per second, is coupled through the
modulator 13 to the modulation 1nput terminals
of the modulator 1.

In the operation of the system of Figure 1, the
antenna, | radiates a signal comprising a 100 kilo-
cycle carrier modulated by a 1000 cycle sub-
carrier which is in turn modulated at 30 cycles
per second. Both sidebands of the 100 kilocycle
carrier are present, each including components
differing from the carrier frequency by 1000-
cycles per second, 1030 cycles per second, and 970
cycles per second. )

The antenna 3 radiates only one sideband of
the 100 kilocycle carrier modulated at 30 cycles
per second. Assuming the lower sideband to be
suppressed with the earrier in the modulator 8,
the antenna 3 radiates a signal comprising a
single component whose frequency is 100,030
cycles per second. This may be regarded as,
and in fact is, the same thing as a 100 kilocycle
signal which is being advanced in phase continu-
ously at the rate of 10,800° per second or 360
degrees per cycle of the low frequency oscil--
lator 11. :

The 100 kilocycle carrier signal radiated from
the antenna { combines with the signal radiated"
from the antenna 3 to provide a space pattern
which varies cyclically at 30 cycles per second. -

Referring to Figure 2, two antennas spaced two |
wavelengths apart along the line 0—@ and ex-
cited in phase with each: other will produce a
radiation pattern substantially as illustrated,
comprising a broad lobe 17, three approximately
evenly spaced narrow lobes 19, 21 and 23, another *
broad lobe 25 extending opposite the lobe {7, and -
three further lobes 27, 29 and 3! similar to and

symmetrically disposed with respect to the lobes

23, 21 and 19 respectively.

Now, using the in-phase condition of Figure 2
as a starting point, let us advance the phase of
the excitation of one of the antennas. As this
is done, the lobhes 19, 21 and 23 move counter-
clockwise and the lobes 27, 29 and 31 move clock~
wise. The broad lobe 17 gradually splits into two
lobes 17’ and 17"’ which move counterclockwise
respectively, as indicated in Figure 3 and Fig-'
ure 4. Figure 3 shows the pattern obtained when
the phase has advanced 90°, and Figure 4 shows
the 180° condition. .

As the right hand lobe 7 expands and splits,
the lobe 25 contracts and disappears. With-con-

5 tmued advance in phase, the lobes 23 and 21
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merge into a single lobe replacing the lobe 25,
and a new lobe 33 appears in the place of the
orizinal lobe 1i. Figure 5 shows the pattern
existing when the phase has advanced 27¢°. A
further advance to 360° produces a pattern like
the original pattern of Figure 2.

The system of Figure 1 provides a radiation
pattern
cycle 39 times per
within range of the transmitter and at some

definite azimuth with respect thereto (say along
will receive a signal. which.

the dash line 385)
varies cyclically in amplitude. This is caused by
the passage of successive lobes:through the-line 3%

Referring to Figures 2, 3 and' 4, it is seen: that

the lobe 23 passes through the line 385, and will be
followed by the lobes 21, 19 and. T’,
subsequent lobes which develop from the right as
the phase advances. With a phase rotation fre-
quency of 30 cycles per second, the frequency of
variatiorn: in. signal. amplitude along: the line: §%

(or- any: other radial line from. the midpoind: ke~

tween. the antennas F and.: 3): Is:3%: eycles. per seer
ond. It may be noted that: this: frequency of
modulation caused: by rofation. is wof: a funetion
of the antenna spacing.

Referring to Figure: 6, & suitable receiver- and
indicator system: is:shown: This; is; substantiaily:

the: same- as that commonly- used: with: conven--

tignal omnidirectional radio ranges; except: for

the calibrations. A receiver-3T; tuned in the:pres--
ent; examp’e: to respond to: 100 kilocyeles; has: its:
audio outputb: circuit connected: to. two narzow

band pass. filters 39: and: 4i. The filtex 29 passes:
the one kilocyele subcarrier, with: its 30- cyele
modulation, which is.impressed-on the-carriex ra-
diated by thetransmitter antenna k.. The filier &i:

which varies througlk the foregeing:
second. A radic receiver

and. othex

4

lation depends on the bearing of the receiver from
the transmitter. Thus, if the line 35 is moved
clockwise from its illustrated position, the modu-

iation phase will advance. However, the phase
of the 30 cycle modulation of the 1000 cycle sub-~

carrier is independent of azimuth.. The differ-
ence in phase between the output of the filter 41
and: the: output: of the rectifier 48 is accordingly
a measure of the-angle of the bearing line 35.
Suppose, for example, that the two modulations
are in phase when the bearing line 8% coincides
with. the line 385’ in Figure 2. 'Then, as the line

" 35 moves clockwise, the phase of one modu'ation

20

passes the: 30 ¢ycle rotation: frequency modula-

tion produced by the cyclical “slinping” of radi-

ation: lobes across the line hetween transmitter

and: negeiver, as. described. abave,.

The modulated 1000 cycle output. of the filter
39 is.applied:to a demodw ator 43, which. demodu~
lates the. subcaxrier: to. provide: a. constant, phase:
- 30:eycle outpub. This is applied. to one pair of
terminals. of a. phase: meter 45, which may Te. of:
the wattmeter type or any other known: typs:.
The. 30 cycle output. of the. filter 41 is.applied: to
the other pair-of terminals.of the phase meter 45..

In addition. to. the. phase meter 45, a phase
deviation indicator may be: provided, compris-
ing a phase detector 41 connected to the demodu-
lator 43, and through. an adjustable phase shiften
49. to. the. filter 41. The: phase: detector 41 may
be of the halanced. rectifier type, which provides.
a. D.-C. output whose magnitude and polarity
depends on the difference: in phase. between. the
two. inputs. The output is applied to a, zero-
center D.-C. meter 51, marked I—R like the visual

course indicator of a conventional radio range. ¢

The operation of the system. of Figure. 6 in re~
sponse. to. signals. of the type transmitted by the
system of Figure 1 is as follows:

- The receiver and. indicator system. is carried.
aboard an airplane or other mobile; craft. The
bearing from the transmitter must be known ap-
proximately, or determined by auxiliary means.
such. as a direction finder, with an accuracy. cox-

responding to, or better than the width. of one
Suppose the mobile craft,

lobe, (say ten degrees).
to. be on a line within five degrees either way
from the line 35 of Figures 2, 3, 4 and 5.

.As already described, the received. signal is
madulated in amplitude owing to the rotation of
the directive pattern. The phase of this modu-

Ko
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advances-with respect to the other. The advance

: will be-approximately, though not necessarily ex-

actly, proportional to the angle « between the
lines. 35, and. 35.. When the line 35 reaches the
line 85’’, the phase angle has advanced 360°.
Further clockwise motion of the line 35 will
cause further phase rotation.

It will: be: evident: that the. low: frequency: phase
reference signal may be. impressed: on the. sub=-
carrier as a.frequency modulation, rather-than. as:
amplitude modulation. This.may-afford some re=-
duction: in “crosstalk’ between the: two: low fre-.
auency channels in the.receiver system. If.is.also:
feasible. to freguency- modulate the radio fre~
quency carrier with the modulated subcarvier.
With such: modulation, the pattern. lobes will
wobble at-a 1600 cyc’e-rate. about: mean positions:
which move: at 30 cyeles as: described. This will =
not affect the: aceuracy- of' the system, since the:
detector will integrate to provide. 30: cycle output-
corresponding to. the mean positions: of the pat-

" tern: lobes.

Since a change in bearing through an angle.of
o degrees will cause a change in phase through
an- angle of ng-degrees, where: n is a constant. de-.

., bending on the spacing of the transmitter anten-
" nas, the accuracy of bearing determination with-

in any sector- (such as that between the lines 35"
and. 357"y may be approximately 7 times that
which would be obtained with the usual single-
lobed: pattern of prior art- omnidirectionat ranges.
This results from the fact that the instrumental
errors- of the system are about the same in both
cases, while the change in phase in response to
a change in bearing is n times as great in the
present-system as in previously used systems:

The price of increased accuracy in this case
is loss of uniqueness of indication, since the phase’
relations: appearing: in: the sector between the
lines 35~ and 35"~ of Figure 2 are duplicated along

. corresponding bearing lines in various other simi-

lar sectors: The scale 45 may be calibrated in
terms of bearing angle, rather than in terms of
phase angle. In this event, the scale must be
replaced. with another when the desired course
lies in a gdifferent. sector. Sector identification
may be made by means of a direction finder on
the mobile craft, as mentioned above, or by means
of an auxiliary omnidirectional range of the sin-
gle-lobed pattern. type..

The course deviation indicator is used, as in
ordinary radio range systems, to set. and main-
tain a prescribed radial course to or from the.
transmitter station. The phase shifter 49 is ad-
justed so that the output of the phase detector AT
is zero when the craft is on the desired course.
Deviation from course will cause the qutput. of
the phase shifter 49 to advance or retreat in
vhase with respect. to the output of the. rectifier
%3. The phase detector will aceordingly provide
an output whose polarity and magnitude depends.
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on the direction and the amount of deviation,
and: the deviation is indicated on the meter 5.

The described transmitter system does not:pro--

vide bearing information in all directions. Thus,
along the Hne 0—0.in Figures 2 through 5, there

is no rotary motion of the pattern Iobes, but only -

expansion and contraction. - Complete ; angular
coverage through 360 degrees, if it is 1equ1red
may be - obtained by providing another -trans-
mitter system like that shown in Figure .1, but
with' the antennas in g line at right ancrles i0
the line 0—0.

For clarlty of descriptlon and snnphclty of 11—
lustratlon it has been assumed that the anten-
nas | and 3 are energized equally,; causing the
radiation patterns of Figures 2 through 5 to go
to zero between lobes. In actual practice, this
would be undesirable because -the percentage
modulation of the reference phase signal would
become infinite (i. e. the carrier would disap-
pear) each time a pattern null swept through
the position line 35. This difficulty is avoided
very simply by supplying one antenna, for ex-
ample the antenng 3, with less power than the
other. The resulting radiation patterns will be
similar to those shown, except that the minimg
will be partial rather than complete.

With the two antenna systems of Figure 1
there is in addition to the above-described ef-
fects, an undesired amplitude modulation at 30
cycles of the 1000 cycle subcarrier. This may
tend to introduce crosstalk between the two 30
cycle channels in the receiver-indicator system
and cause error unless the detectors 43 and 47
are completely non-responsive to amplitude varis
ations.

Amplitude modulation of the subcarrier may be
prevented by providing a third antenna and an
additional single sideband modulator, as shown
in Figure 7. As in the system of Figure 1, the
antenna [ is excited by the carrier oscillator 5
through the modulator 7, which impresses on the
carrier a 1000 cycle subcarrier frequency mod-
ulated at 30 cycles per second. Instead of the
single antenna 3 of Figure 1, two antennas 53
and 57 are provided, one on each side of the an-
tenna {. The antenna 53 is energized by the 100
kilocycle source 8 through a single sideband mod-
ulator 59 controlled by the 30 cycle oscillator I,
and transmits only the lower sideband, whose fre-
quency is 99,970 ecycles per second. The antenna
87 is similarly energized through a single side-
band modulator &1 to transmit only the upper
sideband of 100,030 cycles per second.

The radistion patterns produced by the system
of Figure 7 are substantially identical with those
shown in PFigures 2 through 5, providing the an-
tennas 53 and 57 are each two wavelengths from
the central antenna {. The signal at the receiver
is the same as described with reference to the
system of Figure 1, except that the 1000 cycle
subcarrier is purely frequency modulated. As
‘in the system of Figure 1, it is preferable to divide
the power unevenly between the central antenna
{ and the side antennas 53 and 57 to fill in the
nulls of the radiation patterns to some extent.

I claim as my invention:

1. A radio range transmitter system, includ-
ing two omnidirectional antennas spaced hori-
zontally from each other by a distance d, a source
of radio frequency energy of wavelength sub-
stantially less than d, means providing a com-
posite modulation signal including a constant-
phase signal of relatively low audio frequency
and a signal of substantially higher frequency

16

15

20

25

80

6"
modulatéd by said low fréquency signal, means:
for: modulatmg a- portion of said radio frequency:
energy with said composite modulation signal and.
for applying the resultant modulated energy to

- one of said anténnas, and means sunultaneous-

1y and continuously changing the phase of an-
other portion of said radio frequency energy at'a
constant rate of 360° per cycle of said low audio
frequency signal and for applying the resulfant
phase-shifted radio frequency energy to the other
of said antennas.

2. A radio range system including means gen-
erating in space a multiple-lobed radiation pat-
tern which is substantially symmetrical with re-
spect to a predetermined-line and means moving
the lobes cn one side of said line clockwise con-
tinuously at a constant rate and moving the
lobes on the other side of said line counterclock-
wise continuously at said constant rate, and
means modulating the radiation in said pattern
as a whole to provide a distinguishable phase
reference signal of a frequency corresponding to
the rate of motion of said lobes.

3. A radio range system including two anten-
nas spaced apart horizontally, a source of radio
frequency energy, a modulator connected between
the first of said antennas and said source, a sec-
ond source of A.-C. energy of a frequency sub-
stantially lower than that of said first source, a
second modulator connected between said source
and said first modulator, a third source of A.-C.
energy of a frequency substantially lower than

" that of said second source and means for apply-
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ing the outnut of said third source to said sec-
cnd modulator; a single sideband modulator con-
nected between said first source and the second
of said antennas, and means for applying the
output of said third source to said single side-
band modulator.

4. A radio range system including two horizon-
tally spaced antennas, means exciting one of said
antennas with a signal including a radio frequency
carrier, means modulating said carrier by a sub-
carrier which is of substantially lower frequency
than said carrier and means modulating said sub-
carrier by a constant frequency sienal of still
lower frequency, and single sideband modulating
means exciting the other of said antennas with a
signal sideband signal of radio frequency differ-
ing in freruency from said carrier by the frequen-
cy of said lowest frequency signal.

5. A radio range system including a central
antenna and two side antennas equally distant
from said central antenna and on a line includ-
ing said central antenna, a source of radio fre-
quency signal of wavelength substantially less
than the spacing between said antennas, a source
of low frequency signal, means modulating said
radio frequency signal with said low frequency sig-
nal to provide separately the upper and lower side-
bands of said radio frequency signal, means apply-
ing said upper and lower sidebands respectively to
said two side antennas, a further source of sig-
nal of intermediate frequency, means frequency
modulating said last-mentioned signal with said
low frequency signal to provide a comvosite mod-
ulation signal, means modulating said radio fre-
guency signal with said composite modulation
signal, and means applying the resultant signal
to said central antenna.

6. A radio range system including a central
antenna and two side antennas, a source of radio
frequency signal, g source of low frequency sig-
nal, means medulating said radio frequency sig-
nal with said low frequency signal to provide
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separately the upper and lower sidebands «of said.

radio frequency signal, means applying said up-
ner and lower sidebands Tespectively to said two
side antennas, 2 furbher source of sig al_ of in
termediate frequency, means Jnodul:
last-mentioned -signal with said low trequency
signal to provide a composite modulation signal,
means medulating said radie frequency signal
with said composite modulation signal, and means

applying the resultant signal to said -ceniral 10

antenna.
DAVID G. C. LUCK.
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