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graphic illustration of the receiver indicator; 
0 Claims. 

This invention relates to an omnidirectional 
radio range and, more particularly, to a radio 
range in Which carrier waves of different fre 
quencies are modulated by a common signal fre 
quency and are radiated to establish respectively 
a nondirectional field and pair of differently 
oriented directive fields. The relative amplitudes 
of the several fields indicate the bearing of a non 
directional receiver, responsive to the fields, with 
respect to the radio range transmitter. 
Omnidirectional radio beacons have been de 

scribed in which a nondirectional field and a 
rotating field are established. In this type of 
beacon, the phase of the currents derived from 
the two fields is compared by means including a 
nondirectional receiver to indicate the bearing of 
the receiver With respect to the transmitter. A 
type of radio range is also used to establish 
Several Courses, which are fixed With respect to 
the earth. In this latter type of radio range, 
Overlapping directional fields are distinctively 
modulated. A receiver responsive to the fields 
produces output signals corresponding to the dis 
tinctive modulation. An aircraft pilot, observing 
the signals, may follow an equisignal path which 
corresponds to the desired course. 
In the present invention, means are provided 

for establishing an infinite number of courses 
about a radio range without employing the rotat 
ing fields and phase comparison or equisignal 
methods of the prior art. The system has the 
advantage of simplification with respect to the 
rotating beacon and does not have the disadvan 
tage of the limited numbers of courses established 
by the conventional radio ranges. It is one of 
the objects of the invention to provide means for 
producing a radio range with an infinite number 
of courses. Another object is to provide means 
for establishing a radio range in which the 
courses are not ambiguous. Another object is to 
provide means for radiating waves of different 
frequencies bearing the same modulation Signal 
to establish a nondirective field and a pair of dif 
ferently directive fields. A further object is to provide means for indicating the bearing of a east quadrants are in phase. 
receiver, responsive to the fields, with respect to 
the transmitter as a function of the relative 
amplitudes of the several fields. 
The invention will be described by referring to 

the accompanying drawings in which Figure 1 is 
a block diagram of One embodiment of the radio 
range transmitter of the invention; Figure 2 is a 
graphic representation of the fields established 
by the transmitter; Figure 3 is a block diagram 
of the receiver of the invention; Figure 4 is a 

5 

Figures 5 and 6 are block diagrams of a modified 
transmitter and a portion of a modified receiver, 
respectively; Fig. 7 is a diagram of a modified 
transmitter; and Fig. 8 is a diagram of a modified 
receiver. 
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line 2. 

Referring to Fig. 1, a first radio frequency 
Oscillator is connected through a modulator 3 
to an omnidirectional antenna, 5. A second radio 
frequency transmitter 7 is connected through a 
Second modulator 9 to directive antennas N, S 
Which, Suitably energized, establish a figure 8 
field. A third radio frequency oscillator is 
Connected through a third modulator to an an 
tenna, array E, W, which also has a figure 8 di 
rective pattern. The antennas NS and EW are 
preferably oriented so that one pair NS lie on a 
line extending from north toward south, and the 
other pair EW lie on a line extending from east 
toward West. Other Orientations may be used. 
The three modulators are connected to a modu 

lation oscillator 5, which applies the signal fre 
quency currents to the several carrier currents. 
The second and third modulators may be of the 
balanced modulator type, although it is not essen 
tial to suppress the carriers f2, f3 which are radi 
ated from the nondirectional antenna, 5 after the 
carrier currents are applied thereto by trans 
formers , 9, which are suitably connected to 
the Second and third Oscillators. 
The operation of the transmitter is as follows: 

If f, f2 and f3 are the three radio frequency car 
riers and f is the signal modulation, ffif, f2 
and f3 are radiated from the nondirectional an 
tenna, as shown in Fig. 2 by the broken circular 

ihe antennas N and S establish the 
figure 8 field 23 which includes f2-hf. The an 
tennas E and W establish the figure 8 field 25 
Which includes f3ï¿½f. The phase of the radio 
frequency fields of the same frequency is the 
Same. Instantaneous polarities are shown by the 
plus and minus Symbols. It Will be noted that 
the modulation envelopes of the Omnidirectional 
field and the directional fields in the north and 

The modulation 
envelopes of the Omnidirectional field and the di 
rectional fields in the South and West quadrants 
are out of phase. This phase relationship pro 
Wides means for Sense indication and the relative 
amplitudes of these envelopes of the directional 
fields indicates direction as Will hereinafter 
appear. 
The receiver is shown in Fig. 3. A nondirec 

tional antenna, 27 is connected through a radio 
frequency amplifier, detector and converter 29 to 



2 
three intermediate frequency amplifiers 3A, 33, 35 
which are responsive respectively to the inter 
mediate frequency carrier Currents (F-fi), 
(F-f2) and (F-f3) plus their side bands due to 
modulation frequency f. The intermediate fre 
quency currents are applied to detectors 3, 33, 
4, respectively, which demodulate the interme 
diate frequency currents to produce the currents 
of signal frequency f. The relative amplitudes 
of the separate currents in the detectors will de 
pend solely upon the position of the receiver in 
the ratio range fields, provided the relative 
amplitudes of the currents corresponding to the 
directive fields have been kept equal in the range 
transmitter and provided the relative sensitivity 
of the two channels of the receiver responsive to 
the directive fields has been maintained equal. 
The Voltages derived from the detector 39 con 

nected to the intermediate frequency amplifier 33 
are applied to the vertical deflecting electrodes 
43 and the voltages derived from the detector 
A connected to the intermediate frequency an 
plifier 35 are applied to the horizontal deflecting 
electrodes 45. Since the modulation currents f 
are derived from a connon Source and are ap 
plied to both carriers f2 and f3 without phase 
shift, it follows that the demodulated currents 
will be in phase, provided there is no relative 
phase shift in the receiver channels. The rela 
tive amplitudes of the voltages from the detectors 
will depend upon the receiver location with re 
spect to the transmitter and hence the Cathode 
ray beam will be deflected along a line at an 
angle corresponding to bearing of the receiver 
from the transmitter. 

For example, if the receiver lies along the dash 
line 47 of Fig. 2, equal currents will be received 
and equal voltages will be applied to defect the 
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cathode ray along a line at 45ï¿½ with respect to 
the vertical line extending from one vertical 
deflecting electrode to the other 43, 43. This 
line will lack ï¿½Sense' because the receiver night 
be either northeast or Southwest of the range. 
To provide a sense indication, the currents fron 
the first intermediate frequency amplifier 3 are 
demodulated to provide a reference voltage which 
is applied to the control electrode 9. This Volt 
age dinns (or defocuses) the ray during half its 
excursion as shown in Fig. 4. 

If the receiver Were north of the range, the 
receiver would respond only to the omnidirec 
tional field (f if) and (f2) and to the single 
directional field f2-hf. The received currents 
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would defiect the cathode ray along a vertical 
line and would defocus the lower half to provide 
SeS. 
Instead of using the carrier frequencies f, f2 

and f3, the currents of two frequencies f and 

55 

f2 may be beat against each other to form upper . . . 
and lower side bands in the circuit arrangement 
ShoWn in Fig. 5 in which the carrier and Sub 
carrier sources are Oscillators 5, 53, respective 
ly. The currents from the carrier Source 5 and 

60 

from the mixer 52, which is a linear device, are 
applied to a modulator 57 which is connected 
to an omnidirectional antenna, 59. Currents 
from a modulation oscillator 55 and the Subcar 
rier source 53 are Superimposed in the mixer 52. 
The output from the modulator 57 includes cur 
rents of frequencies ff, ff2, and fif. The 
nodulation Oscillator is also connected to a pair 
of balanced nodulators 6, 63. The balanced 
nodulators are connected through filters 65, 6, 
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O 

respectively, to the output of the modulator 57. 
The filters are designed to paSS respectively cur- 75 in the channels ar denodulated and applied to a 
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rents corresponding to the difference and Sun 
of the carrier 5 and Subcarrier 53 Oscillator 
frequencies; i. e., currents of frequency f-f2 
and f--f2. These currents are applied to the 
balanced modulators 6 A, 63, respectively. The 
outputs of the balanced modulators are applied 
to the antennas NS and EW. The same type of 
receiver and indicator are used for reception but 
with the three intermediate channels tuned to 
respond respectively to the carrier currents f, 
f: - f2, and f -f2, as well as their side bands. 

It is practical to omit all the modulators of 
Fig. 1 and to use the rectified carriers to deflect 
the cathode ray Spot 69 as shown in Fig. 6. In 
this case, the detector outputs 7, 73, 5, are Con 
nected so that the voltages corresponding to the 
carriers f and f2 are added algebraically, and 
are applied to the vertical deflection electrodes 
if and f and f3 are added algebraically and are 
applied to the horizontal deflection electrodes 79, 
respectively. The cathode ray deflection will 
appear as a spot. The outer portion of the 
cathode ray Screen may be marked as a COmpa SS 
card to indicate bearing. The antenna, and in 
termediate channels of the modified receiver are 
Similar to the arrangement of Fig. 3. The modi 
fied receiver will also respond to the modified 
transmitter of Fig. 5, if the modulation Oscil 
lator 55 and modulators 6, 63 are omitted. 
A third modification of the System, which has 

the advantage of using only two channels, may 
be had by omitting the first radio frequency 
oscillator f of Fig. 1 and its associated modul 
lator 3 as shown in Fig. 7. In this case, the 
modulation oscillator 6 is designed to produce 
an unsymmetrical Square wave of the type Sup 
plied by a commutator and preferably of low 
frequency. The modulation oscillator thus keys 
both directive outputs on for about 90% of the 
time and off for the remaining 10% by means Of 
the modulators 9, 3. 

For receiving, the detector system of Fig. 6 is 
used without employing the detector and the 
intermediate frequency channel connected there 
to. In this case as shown in Fig. 8, the AVC is 
derived from the combined outputs of the de 
tectors 3, 5 as indicated by the lines 8. The 
Cathode ray tube includes the normal centering 
means, which is not shown because it is Well 
known. The centering means is adjusted to 
maintain the cathode ray spot 9 at the center of 
the tube screen during the 10% interval when 
the transmission is omnidirectional Only. With 
the transmission modulation rate of the order of 
thirty or more per second, the receiving indicator 
will show two steady spots; one bright, the other 
din in proportion to the relative on and off 
periods of the transmitter. The dim spot 9 
Corresponding to equal signal strengths trans 
mitted on both channels permits adjustment of 
the relative gain of the two receiver channels 
to equality at any time. 
Thus, the invention has been described as an 

Omnidirectional radio range in which an infinite 
number of courses are established. The range 
transmitter is arranged to establish an omnidi 
rectional field of one frequency and two differ 
ently Oriented directive fields of two different 
frequencies. The directive fields are maintained 
so that they produce equal signals along their 
lines of maximum field strength. The received 
Signals are applied to a device with three chan 
nels tuned respectively to currents including fre 
Cuencies reprSenting the fields. The currents 
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cathod ray tube to deflect the cathode ray and 
to form on the fluorescent Screen a trace indicat 
ing the bearing of the receiver with respect to the 
radio range transmitter. The method of estab 
lishing coul'SeS and of indicating bearings may be 
practiced by different transmitting and receiving 
Systems. 

I claim as my invention: 
1. An Omnidirectional radio range including 

means for establishing two differently oriented 
directional radio frequency fields of predeter 
mined Strengths, said field including different 
radio frequencies, and means for establishing a 
nondirectional radio frequency field including a 
frequency different from any of said directional 
field frequencies, said fields having a common 
center, so that the relative amplitudes of the 
directional fields determine a bearing line, and 
the combination of the directional fields and the 
non-directional field determine the sense of the 
bearing. 

2. An omnidirectional radio range including 
means for establishing two differently oriented 
figure 8 radio frequency fields of predetermined 
Strength, Said fields including different radio 
frequencies, means for establishing a nondirec 
tional radio frequency field including a fre 
quency different from any of said figure 8 field 
frequencies, said fields having a common center 
so that the relative amplitudes of the figure 8 
fields at any point indicate a bearing line through 
that point and the vectorial combination of the 
figure 8 fields and the nondirectional field indi 
cates the sense of the bearing, and receiving 
means responsive to said fields for indicating the 
bearing of said receiving means as a function of 
the relative amplitudes of said figure 8 fields 
and means including said receiving means for 
combining signals from Said figure 8 and Said 
nondirectional fields to indicate the Sense of Said 
bearing as a function of the combined Signals 
from the figure 8 and nondirectional fields. 

3. An Omnidirectional radio range transmitter 
including means for establishing two differently 
oriented figure 8 radio frequency fields in Which 
the fields each include a carrier of different fre 
quency and modulation of the same frequency 
and phase, said modulation being of predeter 
mined relative strength, and means for estab 
lishing a nondirectional radio frequency field 
and including a carrier of a third frequency and 
modulation of the same frequency and phase 
as that of the figure 8, said figure 8 fields and 
said non-directional field having a common Cen 
ter. 

4. An omnidirectional radio range System in 
cluding means for establishing two figure 8 radio 
frequency fields in which the major axes inter 
Sect and in which the fields each include a car 
rier of different frequency and modulation of 
the same frequency and phase, Said modulation 
being of equal strength at equally distant points 
along said axes and of different relative ampli 
tude at points not equally distant along Said axes, 
means for establishing a nondirectional radio 
frequency field having its center at Said inter 
section and including a carrier of a third fre 
quency and modulation of the Same frequency 
and phase as that of the figure 8 fields, and re 
ceiving neans selectively responsive to currents 
including said carrier frequencies, means for de 
modulating said modulated carriers, and means 
for indicating the bearing of said receiving means 
as a function of the relative amplitude of the 
demodulated signal and for indicating the Sense 
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B 
as a function of the Combined signals from said 
demodulated signal, 

5. An Omnidirectional radio range transmit 
ter including means including a Symmetrical an 
tenna System for establishing a nondirectional 
radio frequency field including three radio fre 
quencies, means for establishing a figure 8 radio 
frequency field including a frequency corre 
SpOnding in frequency to One of said radio fre 
quencies, and means for establishing a second 
figure 8 radio frequency field differently oriented 
and including a frequency corresponding in fre 
quency to another of said radio frequencies, said 
figure 8 fields having predetermined relative 
Strengths. 

6. An omnidirectional radio range System in 
cluding means including a Symmetrical antenna, 
System for establishing a nondirectional radio 
frequency field including three radio frequencies 
of equal strengths, means for establishing a fig 
lure 8 radio frequency field including a frequency 
corresponding in frequency to one of said radio 
frequencies, means for establishing a second fig 
lure 8 radio frequency field including a frequency 
corresponding in frequency to another of said 
radio frequencies, said figure 8 fields being ori 
ented at right angles to each other and having 
equal strengths, receiving means selectively re 
sponsive to said fields including means for rec 
tifying the received signals, and an indicator re 
sponsive to the sums of the amplitudes of the 
nondirectional and of each figure 8 field signal 
to indicate the bearing and sense of bearing of 
the receiving means. 

7. An omnidirectional radio range transmitter 
including means including a Symmetrical anten 
ria. System for establishing a nOndirectional radio 
frequency field including two unmodulated radio 
requencies and a third radio frequency includ 

ing a modulation frequency, means for establish 
ing a figure 8 radio frequency field including a 
frequency corresponding to one of said unmodul 
lated radio frequencies, modulated by said mod 
ulation frequency, and means for establishing a 
Second figure 8 radio frequency field including 
a frequency corresponding to the other of Said 
unmodulated radio frequencies, modulated by 
said modulation frequency, said figure 8 fields 
having equal amplitudes at equally distant points 
along their axes. 

8. An omnidirectional radio range System in 
cluding means including a symmetrical antenna, 
System for establishing a nondirectional radio 
frequency field including two unmodulated radio 
frequencies and a third radio frequency includ 
ing a modulation frequency, means for establish 
ing a figure 8 radio frequency field including a 
frequency corresponding to One of said unmod 
ulated radio frequencies, modulated by said mod 
ulation frequency, means for establishing a sec 
ond figure 8 radio frequency field including a 
frequency corresponding to the other of said un 
modulated radio frequencies, modulated by said 
modulation frequency, said figure 8 fields having 
equal amplitudes at equally distant points, re 
ceiving means selectively responsive to said fields 
including means for denodulating the received 
siginals, and an indicator responsive to the rela 
tive amplitudes of the figure 8 field signal mod 
ulations, and to the relative phases of the figure 
8 and nondirectional field signal modulations to 
indicate the bearing and sense of bearing of Said 
receiving means. 

9. A System according to claim 1 including re 
ceiving means Separately responsive to each of 
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the three radio frequencies, and an indicator 
connected to said receiving means, said, indicator 
including means for indicating, by movements 

, along two coordinates, the magnitude of move 
ments along said coordinates being controlled re 
spectively by the amplitudes of said directional 
fields, and the sense of movement being indicated 
by the phase, relationship of said direction fields 
to said nondirectional field. 

10. A System according to claim : 3 including 
receiving means separately responsive to each of 

the three radio frequencies, and an indicator 
connected to said receiving means, said indicator 
including, means for indicating by movements 
along two coordinates, the magnitude of move 
ments along said coordinates being controlled re 
Spectively by the percentages of modulation of 
said directional fields, and the Sense of move 
In ent being indicated by the phase relationship 
of the modulation of said directional fields to said 

10 nondirectional field. 
DAVID G. C. UCK. 


