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My invention relates broadly to radio beaconS. 
systems and means whereby surface vessels and 
aircraft may obtain continuous indications of 
their true bearing relative to such beaconS. 
One object of my invention is to provide a 

means for radiating an omnidirectional radio 
signal having a separately distinctive character 
istic on all courses departing from it. 
Another object of my invention is to provide 

a means to be carried on board a surface vessel, 
or on board an aircraft, Which is capable of re 
ceiving signals radiated from the aforesaid radi 
atting means and which is capable of indicating 
continuously the true bearing between the receiv 
ing means and the radiating means. 
Another object of my invention is to provide 

means capable of providing continuously indi 
cated bearings, in the manner above stated, 
simultaneously at as many receiving points as 
may be desired, each of Which may have a differ 
ent bearing from the radiating means. 
Another object of my invention is to provide a 

simple, light Weight and inexpensive means for 
accomplishing the aforesaid purposes which does 
not involve the use of cathode-ray Oscilloscopes 
nor Synchronous motors at the receiving point, 
and Which does not require careful adjustment of 
phase relationships at the radiator. 
Other purposes of my invention will become 

apparent by reference to the following descrip 
tion of my invention and by reference to the 
figures, of which: 

Fig. i is a plan view showing the omnidirec 
tional radio beacon with its radiating system; 

Fig. 2 is a block diagram showing a typical re 
ceiving and bearing indicating system for the 
omnidirectional radio beacon; 

Fig. 3 is an enlarged view showing the cali 
brated Scale and pointer of the bearing indicator 
at the receiving station; 

Fig. 4 shows graphically the change of trans 
mitter frequency as a function of time; and 

Fig. 5 shows graphically the change of fre 
alley Of tWO received waves as a function of 

e 

Fig. 6 is a more detailed view of a portion of 
Fig. 1 and shows the manner of connecting the 
transmitter to the transmission lines and the 
manner of Operation of the automatic switch 
eas. 
Referring to the drawing, in Figs. 1 and 6 the 

Output of a frequency modulated transmitter 6 
is connected through transmission line 25 to a 
time controlled automatic switch means 7 and 
also to a vertical radiator 8 through transmission 
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line 26, so as to energize vertical radiator 8 and 
Simultaneously, via the Switch i, to energize 
either the vertical radiator 9 through transmis 
Sion line 0 or vertical radiator through trans 
mission line 2. Automatic switch means , Op 
erated by a motor driven eccentric can 2, is a 
conventional time controlled switch well known 
to the art. The choice between radiator 9 and 
radiator. to be energized simultaneously with 
radiator 8 is determined by Switch means . The 
frequency modulated transmitter 6, the vertical 
radiators 8, 9 and , and the transmission lines 
f) and 2 are of conventional types well known 
to the radio art. Radiator 9 is erected due West 
of the radiator 8 and radiator is erected due 
South of radiator 8. Radiators 9 and are pref 
erably equi-distant, from radiator 8 and trans 
mission lines and 2 are preferably of the 
Same length. 

Referring to Fig. 2, a conventional radio re 
ceiver 3 capable of receiving amplitude modu 
lated waves is provided with an antenna, 4 lo 
cated at the receiver, and a bearing indicator 5, 
responsive to audio frequencies. Bearing indi 
cator 5 is a conventional audio frequency meter 
Such as the One, described on page 43 of the Re 
view of Scientific Instruments for February, 1935, 
but its scale is calibrated in degrees of true bear 
ing. 

In Fig. 3, the pivoted pointer 7 and calibrated 
scale 6 of the bearing indicator 5 (Fig. 2) are 
shown. Scale 6 comprises four concentric scales 
8, 9, 2) and 2, each calibrated to cover 180 

degrees of arc. Towards the extremities of scales 
8, 9, 20, 2 the calibrated markings are com 

pressed, While toward the center they are ex 
panded. Scales 8 and 9 together comprise 
what is denominated the outer scale; scales 20 
and 2 comprises the inner Scale. 
In the graph of Fig. 4, the abscissae of which 

are time units and the ordinates are frequency 
UnitS, the linear change of frequency of the fre 
Cuency nodulated transmitter 6 (Fig. 1) is shown. 
As shown in this figure, the transmitter frequency 
is caused to increase linearly by the amount Q 
in time t, and then to decrease linearly by the 
Same amount Q in the Same time t. Obviously, 
the period of frequency modulation is 2t seconds, 
and the frequency modulation is continuous at 
the rate of 

2 
Cycles per Second. 

Fig. 5 represents graphically two received waves 
22, 23 emanated from transmitter 6, which waves 
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arrived at the receiving point at slightly different 
times. In this figure, as in Fig. 4, time is plotted 
as abscissae, frequency as ordinates. For the 
particular situation illustrated, wave 23 lags wave 
22 by a time interval tx-te (explained later). 
The instantaneous frequency difference between 
waves 22 and 23, also for the particular situation 
shown, is dif, except near the maximum and mini 
mum frequency limits of frequency modulation. 
Again returning to Fig. 1, assume that the time 

required for a wave to travel from the transmitter 
6 to the radiator 9 by way of the transmission 
line ) is equal to tx seconds and a SSume that 
the time required for a wave to travel from the 
transmitter 6 to the radiator by Way of the 
transmission line f2 is also tx Seconds. Also a S 
Sume that the time required for a Wave to travel 
the distance between radiator 8, and radiator 9 
or between radiator 8 and radiator by Way of 
radiation in space is te seconds. The time to 
may be made any desired value by properly spac 
ing the radiators 9 and from radiator 8. The 
time tx may be made any desired value greater 
than to by any well-known method, such as by 
laying out transmission lines 0 and 2 on in 
direct routes between the radiators connected 
thereby. 
Now assume that receiver 3 is located at Some 

distance due west of radiator 9. The time re 
quired for a Wave generated by the transmitter 
6 to reach the receiver by way of radiator 8 is 
te--k seconds and the time required for the same 
wave to reach the receiver by way of radiator 9 
is tx-k seconds where k is the time required for 
a Space wave to travel from radiator 9 to the 
receiver. The difference in transit time for the 
two waves will then be tx-tc seconds (Fig. 5) 
and the difference in frequency dif between the 
tWo Waves at any instant Will be 

cycles, as shown in Fig. 5. 
Next assume that the receiver 3 is located some 

distance due east Of radiator 8. The time required 
for a Wave generated by the transmitter 6 to 
reach the receiver by way of radiator 9 is tx--te-k 
Seconds and the time required for the same wave 
to reach the receiver by way of radiator 8 is k 
Seconds where k is the time required for a space 
Wave to travel from radiator 8 to the receiver. 
The difference in transit time for the two Waves 
Will then be tx--te seconds and the difference in 
frequency dif between the two waves at any in 
Stant will be 

For locations of the receiver other than due 
east or due West of radiator 8 it is obvious that 
the value of dif will vary with change of bear 
ing from radiator 8, and that such values will lie 
between the minimum value (when the receiver 
is located due west of radiator 8) and the maxi 
mun Value (When the receiver is located due 
east of radiator 8). 

In general, the difference infrequency between 
the two received waves at any instant Will be 

af=Q(- k+ VF-2EE cos 0--t?) (1) 
Where 

dif=instantaneous difference in frequency between 
the received waves from radiator 9 and radi 
atOr 8, 

5 

20 

30 

35 

40 

50 

5 5 

60 

6. 

70 

75 

4. 
Rc=time required for the wave to travel from 

radiator 8 to the receiver, 
and 

9-the bearing angle of the receiver measured 
clockwise from radiator 9 about radiator 8 as a 
center. 
In normal operation, to is negligibly Smail 

compared to k?-2tck cos 0, hence the value of 
the radical in Equation 1 will not be appreciably 
changed by multiplying the last term thereof by 
the expression cos2 0 thus completing the Square. 
If this be done, Equation 1 becomes 

dif= act-ki-VF-21, cost it coe a (2) 
O 

at-of-k+ (it cos ) (3) 
O 

af-o'-los P. (4) 
Let Z=the true bearing of the receiver meas 

ured clockwise from true north about radiator 8 
as a center. Then 

Z=270°-9 (5) 
O 

62-270 (6) 
and 

cos 0 = -sin Z (7) 
Substituting Equation 7 in Equation 4, there 

is obtained 

af-Q-Flein Z) (8) 
The above equation will hereinafter be denom 

inated Equation 8. 
Assuming that tic equals 0.573X106 seconds, 

that tx equals 0.70x10-6 seconds, that 
t-1.273X10-2 

seconds and that Q-10 cycles then, Substituting 
in Equation 8, 

10 (0.70- 0,578 sin Z)10 lf= 1.273X 10-2 
or dif=785 (0.70--0.573 sin Z) cycles per second. 
The above a SSumptions would result in values 

of dif which vary between the limits of 100 and 
1000 cycles per Second for bearings. Of the receiver 
which vary between 270 and 90 degrees true, clock 
Wise or counterclockwise. The time to is equiva 
lent to a linear spacing between radiators l and 
2 of 0.573x10-6X3X108-171.9 meters-564 ft. 
The time t is equivalent to a modulation frequency 
of 

1.273X10-2 =78.5 cycles 

per second and Q is equivalent to a change in 
frequency of 10 megacycles during each half 
cycle. In order not to produce appreciable am 
plitude modulation in the tuned circuits of the 
transmitter or receiver, the value Q should not 
exceed four percent of the unmodulated frequency 
of the transmitter which in the case cited cal 
culates to be 250 megacycles. 
In Fig. 5 it will be noted that there are periods 

of time near the maximum and minimum fre 
quency limits of the frequency modulation dur 
ing Which one Wave continues to increase in fre 
quency after the other has started to decrease 
infrequency. During these periods the difference 
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in frequency between the waves is not equal to 
the aforestated value of dif. However, in the case 
cited the maximun duration of each of these 
periods is only 1.273X106 seconds while the 
duration of the complete half cycle is 12,730x10 
seconds, a ratio of 0.0002 to 1. This ratio may be 
permitted to become as large as 0.02 to 1 without 
modifying the indications of the type of audio 
frequency indicating instrument used at the re 
ceiver. 
The receiver 3 (Fig. 2) should be designed 

to armplify, with reasonably constant gain, sig 
nals which vary in frequency by the amount Q 
and to attenuate as sharply as possible interfer 
ing signals outside of this range. A band Width 
of Q is adequate in the present instance because 
the number of cycles of frequency modulation per 
Second is small compared to the number of cycles 
per Second frequency deviation of the carrier Wave 
and therefore the spectrum occupied by the sig 
nal is substantially that of the deviation itself. 
When the receiver is so designed, the audio de 
modulator (final detector) of this receiver takes 
no cognizance of the fact that the two received 
waves are varying in frequency, but the fact that 
these two waves differ in frequency by a constant 
amount causes the audio de-modulator to produce 
in its Output circuit an audio frequency equal 
to the difference in frequency between these two 
waves. A receiver of the type described is so well 
known to the radio art as to render further de 
scription unnecessary. 

Frequency meter 5 is calibrated in degrees of 
true bearing from radiator 8. By substituting 
different values of true bearing in Equation 8, 
the corresponding value of df can be obtained 
(the values of Q, tac, to and t being constants 
Of the transmitter, transmission lines and radio 
ators), and for such value of dif, the correspond 
ing true bearing in degrees is inscribed on the 
outer scale of Scale 6. Except for bearings of 90 
degrees and 270 degrees true from radiator 8, 
there are two possible values of Z for each value 
of dif. The outer scale gives the true bearing, 
of course, only when radiators 8 and 9 are ener 
gized by transmitter 6. Frequency meter 5 is 
adjusted to produce minimum deflection of 
pointer 7 (Fig. 3) at a value of dif corresponding 
to Z=270 degrees, maximum deflection for a value 
of Z=90 degrees and mid-scale deflection for a 
Value of Z=0° or 180°. Further reference to the 
outer scale shows that the scale is considerably 
compressed near the points of maximum and 
minimum deflection, and expanded near its mid 
Scale point. 

If radiators 8 and 9 alone were continuously 
energized by transmitter 6, the system would 
have bilateral ambiguity, and, in addition, the dis 
advantage of the compressed calibrations and 
Consequent loss of bearing sensitivity at each end 
of Scale 6 would be present. 
To overcome the above, at periodic intervals 

automatic SWitch means 7 disconnects the out 
put of transmitter 6 from transmission line 
and connects the transmitter to transmission 
line 2. This results in radiators 8 and being 
energized together. 

Utilizing radiators 8 and instead of radiators 
8 and 9 has the effect of shifting the radia 
tion pattern counterclockwise through an angle 
of 90 degrees. At any given receiving point, this 
would result in causing the bearing indicator to 
read 90 more than the true bearing on the outer 
scale. To obviate the necessity of solving a prob 
lem in mental arithmetic after each shift of the 
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radiation pattern, the inner scale, comprising 
scales 20 and 2, is added to the scale 6. As 
on the outer scale, each point on the inner Scale 
except the maximum and minimum points repre 
sents two bearings. The inner Scale is exactly 
similar to the outer Scale, in that for each calibra 
tion mark on the outer scale there is a corre 
sponding mark on the inner scale, but the corre 
sponding calibration marks on the inner Scale 
are denominated 90 degrees less than the corre 
sponding mark on the Outer Scale. 

It will be noted that when radiators 8 and 9 
are energized the outer scale should be employed; 
when radiators 8 and are energized the inner 
Scale should be employed. 
In order that the operator at the receiver may 

know which scale to read and which of the two 
supplementary bearings is the correct one, the 
following keying cycle may be followed at the 
tranSinitter: 

(1) The identification letters of the station are 
keyed using only the central radiator and using 
amplitude modulation of a frequency equal to 
that required to produce half-scale deflection of 
the frequency meter at the receiver. In addition 
to station identification, this provides a calibra 
tion signal for the frequency meter. 

(2) The transmitter is 'off' for tWO Seconds, 
(3) Radiators 8 and 9 are supplied With fre 

quency modulated energy for 30 seconds. 
The receiving operator reads two possible bear 

ings on the outer scale. 
(4) The transmitter is 'off' for 2 Seconds. 
(5) Radiators 8 and are supplied With fre 

quency modulated energy for 30 seconds. The 
needle of the bearing indicator will now generally 
shift its position. The receiving operator reads 
tWO possible bearings on the inner Scale. Of these 
latter two bearings, only one will be identical to 
either one of the two bearings previously indi 
cated on the outer Scale. This bearing which is 
regularly repeated on the inner and outer scales 
is the correct bearing. 

(6) The transmitter is 'off' for 2 seconds. 
(7) The cycle is repeated. 
Reference to Figure 3 indicates that any bear 

ing lying in the compressed area of the Outer 
scale, say between 60 and 120 degrees true, will 
be repeated on the expanded portion of the inner 
scale, and vice versa. 

In the cycle of operation above described, the 
receiving operator is informed as to which bear 
ing scale to read by the order in which trans 
mission is made following the identification and 
calibrating signal. Another method of conveying 
the same information at more frequent intervals 
consists of causing the modulating frequency 

() 2t 

of the transmitter to be increased by a small per 
centage for approximately one-tenth of a second. 
during each second of operation when energiz 
ing, for example, radiators 8 and 9 (Fig. 1) si 
multaneously. This mode of operation causes the 
pointer of the bearing indicator 5 to pulsatingly 
increase its deflection by a small percentage for 
time intervals which are short in comparison to 
the time during which the correct bearing is in 
dicated. These upward pulsations indicate that . 
the outer scale is to be read. Similarly, when 
simultaneously operating radiators 8 and l, the 
modulating frequency of the transmitter may be . 
pulsatingly decreased by a corresponding, small. 
parcentage which will cause the pointer of the 
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bearing indicator 5 to pulsatingly decrease its 
deflection and thus indicate that the inner Scale 
is to be read. The means for periodically in 
creasing or decreasing the modulating frequency 
may be by a motor driven rotating capacitor, or 
such may be accomplished electronically. 
The above are only two of many cycles. Or 

methods of operations that could be succeSSfully 
employed utilizing the system herein described. 
Wariations in the cycle or method may require 
slightly modified transmitters and Switching 
means, but such are So well known to the art as 
to require no further description here. 
In the foregoing, the vertical planes contain 

ing radiators 8, 9 and radiators 3, Were speci 
fied as being located at right angles to each other. 
This particular configuration is chosen in order 
that any bearing which may be indicated in the 
most compressed portion of the scale of the bear 
ing indicator 5 during transmission by radiator's 
8 and 9 Will be indicated again in the most ex 
panded portion of the scale during transmission 
by radiators 3 and . It is obvious that the 
vertical planes containing the radiators may be 
located at any desired angle provided that the 
inner and outer scales of the bearing indicator 
5 are calibrated accordingly. 
The type of beacon described herein is a true 

omnidirectional beacon in that the energy radi 
ated during any one radio frequency cycle is equal 
in all directions. It provides continuous indica 
tions of bearing to as many receivers as may be 
located in all directions from the transmitter. 
The transmitting equipment is simple, inexpen 
sive, and easily maintained in adjustment, par- : 
ticularly in the respect that careful phasing of 
the radiating system is not required. The receiv 
ing equipment is simple, compact, inexpensive, 
and easily maintained in adjustment. If the sug 
gested cycle of operation is followed a calibrat 
ing Signal is received at the receiver at approxi 
mately one minute intervals. This type of bea 
COn appears to possess certain desirable features 
which may recommend its use to replace existing 
types of 4-course runway localizers and radio 
range beacons. 
Other modifications and changes in the num 

ber and arrangement of the parts may be made 
by those skilled in the art without departing from 
the nature of this invention, within the scope 
of What is hereinafter claimed. 
The invention described herein may be manu 

factured and/or used by or for the Government 
of the United States of America, for governmen 
tal purposes without the payment of any royalties 
thereon or therefor. 

Having thus set forth and disclosed the nature 
of this invention, what is claimed is: 

1. In combination, a frequency modulated 
radio transmitter, a first vertical radiator posi 
tioned at said transmitter, a second vertical ra 
diator and a third vertical radiator located in the 
vicinity of said transmitter, equidistant there 
from, and each positioned on a different radius 
from Said transmitter, said radii being ninety de 
grees apart, a transmission line for energizing 
Said Second vertical radiator, a transmission line 
for energizing said third vertical radiator, an 
automatic Switch means located at said transmit 
ter, the output of said transmitter being con 
nected to said Switch means and to said first ver 
tical radiator, said transmission lines being con 
nected to said SWitch means, said Switch means 
being Operable to connect said transmission lines 
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8 
vertical radiator is energized continuously and 
Said Second and said third Vertical radiators are 
energized alternately, substantially equal energy 
being radiated in all directions by said radiators, 
a radio receiver with an audio demodulator, an 
indicating means responsive to audio frequency 
being connected to the output of said receiver, 
said indicating means being calibrated in degrees 
of true bearing from said first vertical radiator, 
the output audio frequency of said receiver being 
a function of its true bearing from said first ver 
tical radiator when energy emitted from said ra 
diators is applied to the input of said receiver. 

2. In combination, a frequency modulated ra 
dio transmitter, a first vertical radiator posi 
tioned at said transmitter, a second vertical radi 
ator and a third vertical radiator located in the 
vicinity of Said transmitter, Substantially equi 
distant therefrom, and each positioned on a dif 
ferent radius from said transmitter, said radii 
being substantially ninety degrees apart, a trans 
mission line for energizing said second Wertical 
radiator, a transmission line for energizing Said 
third Vertical radiator, an automatic Switch 
means located at Said transmitter, the output of 
said transmitter being connected to said Switch 
means and to said first vertical radiator, said 
transmission lines being connected to said SWitch 
means, said switch means being operable to con 
nect said transmission lines to said transmitter 
alternately, whereby said first vertical radiator is 
energized continuously and Said Second and third 
vertical radiators are energized alternately, sub 
stantially equal energy being radiated in all di 
rections by said radiators, a radio receiver with 
an audio demodulator, an indicating means re 
Sponsive to audio frequency being connected to 
the output of said receiver, said indicating means 
being calibrated in degrees of true bearing from 
said first vertical radiator, the output audio fre 
quency of said receiver being a function of its 
true bearing from said first vertical radiator when 
energy emitted from said radiators is applied to 
the input of Said receiver. 

3. In combination, a frequency modulated ra 
dio transmitter, a first vertical radiator posi 
tioned at said transmitter, a second vertical ra 
diator and a third vertical radiator located in 
the vicinity of said transmitter, equidistant there 
from, and each positioned on a different radius 
from said transmitter, Said radii being ninety 
degrees apart, a transmission line for energizing 
said second vertical radiator, a transmission line 
for energizing said third vertical radiator, an 
automatic SWitch means located at said trans 
mitter, the output of Said transmitter being con 
nected to said Switch means and to said first ver 
tical radiator, said transmission lines being con 
nected to said Switch means, said switch means 
being operable to connect said transmission lines 
to Said transmitter alternately, whereby said first 
vertical radiator is energized continuously and 
Said Second and said third vertical radiators are 
energized alternately, substantially equal energy 
being radiated in all directions by said radiators, 
a radio receiver, an indicating means responsive 
to audio frequency being connected to the out 
put of Said receiver, said indicating means being 
calibrated in degrees of bearing from said first 
Vertical radiator. 

4. In combination, a frequency modulatedra 
dio transmitter, a first vertical radiator posi 
tioned at said transmitter, a second vertical radi 
ator and a third vertical radiator located in the 

to Said transmitter alternately, whereby said first 75 vicinity of said transmitter, said second vertical 
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radiator being located due west of said Wertical 
radiator, said third vertical radiator being located 
due South of said vertical radiator, said second 
vertical radiator and Said third vertical radiator 
being equidistant from said transmitter, a trans 
mission line for energizing Said second vertical 
radiator, a transmission line for energizing Said 
third Wertical radiator, an automatic switch 
means located at Said transmitter, the Output of 
Said transmitter being connected to said Switch 
means and to said first vertical radiator, said 
transmission lines being connected to said Switch 
means, Said SWitch means being operable to con 
nect said transmission lines to said transmitter 
alternately, Whereby said first Vertical radiator 
is energized continuously and said second and 
Said third vertical radiators are energized alter 
nately, Substantially equal energy being radiated 
in all directions by Said radiators, a radio receiver 
With an audio demodulator, an indicating means 
responsive to audio frequency being connected 
to the output of Said receiver, said indicating 
means being calibrated in degrees of true bear 
ing from said first vertical radiator, the output 
audio frequency of said receiver being a function 
of its true bearing from said first vertical radiator 
when energy emitted from said radiators is ap 
plied to the input of Said receiver. 

5. In combination, a frequency modulated ra 
dio transmitter, a first vertical radiator positioned 
at Said transmitter, a second vertical radiator and 
a third vertical radiator located in the vicinity 
of Said transmitter, equidistant therefrom, and 
each positioned on a different radius from said 
transmitter, said radii being ninety degrees apart, 
a transmission line for energizing said second 
Vertical radiator, a transmission line for energiz 
ing said third vertical radiator, an automatic 
switch means located at said transmitter, the out 
put of Said transmitter being connected to said 
Switch means and to said first vertical radiator, 
Said transmission lines being connected to said 
Switch means, Said switch means being operable 
to connect Said transmission lines to said trans 
mitter alternately, whereby said first vertical ra 
diator is energized Continuously and said second 
and said third vertical radiators are energized al 
ternately, Substantially equal energy being radi 
ated in all directions by said radiators, a radio 
receiver With an audio demodulator, an indicat 
ing means reponsive to audio frequency being 
connected to the output of said receiver, said 
indicating means having an outer scale and an 
inner Scale calibrated in degrees of true bearing 
from Said first Wertical radiator, said outer Scale ; 
being Calibrated for use When said first vertical 
radiator and Said Second Vertical radiator are en 
ergized together, Said inner Scale being calibrated 
for use When said first Wertical radiator and said 
third vertical radiator are energized together, the 
output audio frequency of said receiver being a 
function of its true bearing from said first ver 
tical radiator When energy emitted from said ra 
diators is applied to the input of said receiver. 

6. An omnidirectional radio beacon, comprising 
a frequency modulated radio transmitter, a first 
radiator positioned at said transmitter, a second 
radiator and a third radiator located in the Wi 
cinity of Said transmitter, substantailly equidis 
tant therefrom, and each positioned on a differ 
ent radius from said transmitter, said radii being 
substantially ninety degrees apart, a transmission 
line for energizing said Second radiator, a trans 
mission-line for energizing said third radiator, an 
automatic Switch means located at Said transmit 
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ter, the output of said transmitter being con 
nected to Said first radiator and to said Switch. 
means, both Said transmission lines being con 
nected to said switch means, said switch means 
being operable to connect said transmission lines 
alternately to the output of Said transmitter, 
Whereby said first radiator is energized continui 
ously and Said second radiator and Said third ra 
diator are energized alternately by said trans 
mitter, whereby substantially equal energy is ra 
diated from said beacon in all directions. 

7. An omnidirectional radio beacon, comprising 
a frequency modulated radio transmitter, a first 
radiator positioned at Said transmitter and con 
nected to the output thereof, a second radiator 
and a third radiator positioned in the vicinity of 
Said transmitter, substantially equidistant there 
from, and each positioned on a separate radius 
from Said transmitter, Said radii being substan 
tially ninety degrees apart, means for alternately 
connecting Said second radiator and said third 
radiator to the output of said transmitter, where 
by Said first radiator is energized continuously 
and said Second radiator and said third radiator 
are energized alternately by said transmitter, 
Whereby Substantially equal energy is radiated 
in all directions fron said beacon. 

8. In combination, a frequency modulated ra 
dio transmitter, a first radiator positioned near 
Said transmitter and connected to the output 
thereof, a Second radiator and a third radiator 
positioned in the vicinity of said first radiator, 
Substantially equidistant therefrom, and each po 
Sitioned. On a separate radius from said first ra 
diator, Said radii being Substantially at right an 
gles, means including a SWitch means for alter 
nately connecting Said Second radiator and said 
third radiator to the output of said transmitter, 
Whereby said first radiator is energized contin 
uously and said Second radiator and said third 
radiator are energized alternately by Said trans 
mitter, whereby Said radiators in combination are 
caused to radiate an omnidirectional pattern of 
radio frequency having a distinctive and distin 
guishable characteristic On each separate bearing 
from said first radiator, a radio receiver respon 
sive to the energy emitted by Said radiators, said 
receiver having an audio demodulator, an indi 
Cating means calibrated in degrees of bearing 
from Said first radiator being connected to the 
output of Said receiver, Said indicating means be 
ing responsive to audio frequency, the output au 
dio frequency of said receiver being a function of 
its bearing from Said radiators. 

9. In combination, a frequency modulated 
radio-transmitter, a first radiator positioned near 
Said transmitter and COnnected to the output 
thereof, a Second radiator and a third radiator 
positioned in the Vicinity of said first radiator 
and each positioned on a Separate radius from 
said first radiator, means including a switch 
means for alternately connecting said second 
radiator and Said third radiator to the output 
of Said transmitter, whereby Said first radiator, is 
energized continuously and Said Second radiator 
and said third radiator are energized alternately 
by Said transmitter, whereby said radiators in 
combination are caused to radiate an omnidirec 
tional pattern of radio frequency having a dis 
inctive and distinguishable characteristic on 
each separate bearing from said first radiator, 
a radio receiver responsive to the energy emitted 
by Said radiators, an indicating means calibrated 
in degreeS of bearing from Said first radiator 
being connected to the output of said receiver, 
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the output of said receiver being a function of 
its bearing from said radiators. 

10. In combination, a frequency modulated 
radio transmitter, three radiators disposed on two 
lines at right angles to each other, One Said radi 
ator being common to both lines, means continu 
ously connecting to Said transmitter the radia 
tor at the vertex of the angle, means including 
an automatic Switch alternately and cyclically 
connecting the other said radiators to Said trans 
mitter, Whereby Said radiators in combination 
are caused to radiate an omnidirectional pattern 
of radio frequency energy having a distinctive 
and distinguishable characteristic on each Sep 
arate bearing from said radiators, a Signal re 
ceiving means responsive to the energy radiated 
from said radiators, Said receiving means includ 
ing an audio demodulator, and an indicating 
means actuated by the audio demodulated out 
put of Said receiving means proportionately to 
a function of the true bearing of said receiving 
means fron said radiators, whereby the Said 
distinguishing characteristic of said onnidi 
rectional pattern may be identified in terms of 
the true bearing of the said Signal receiving 
means from the said radiators. 

11. A frequency modulated radio transmitter, 
a reference radiator and a plurality of other radi 
ators, means for supplying energy to Said other 
radiators one at a time and for simultaneously 
supplying energy to said reference radiator, 
whereby said radiators in combination are caused 
to radiate an omnidirectional pattern of radio 
frequency having a distinctive and distinguish 
able characteristic on each separate bearing from 
said reference radiator, a signal receiving means 
responsive to the energy radiated from said radi 
ators, said receiving means including an audio 
demodulator, and an indicating means actuated 
by the audio demodulated output of said receiv 
ing means proportionately to a function of the 
true bearing of Said receiving riheans from Said 
reference radiator, whereby the said distinguish 
ing characteristic of said omnidirectional pat 
tern may be identified in terrns of the true bear 
ing of the said signal receiving means from said 
reference radiator. - 

12. Th combination, a frequency modulated 
radio transmitter, a plurality of radiators located 
in the vicinity of said transmitter, a transmission 
line connected to each of said radiators, a Switch 
means operable to connect simultaneously at 
least two of said transmission lines to said trans 
mitter, whereby said radiators in combination 
are caused to radiate an omnidirectional pattern 
of radio frequency energy having a distinctive 
and distinguishable characteristic on each Sep 
arate bearing from Said radiators, a signal re 
ceiving and indicating means, whereby the said 
distinguishing characteristic of Said onnidirec 
tional pattern may be identified in terms Of the 
true bearing of the said signal receiving means 
from the Said radiators. 

13. A method of directional signalling by radio 
which comprises generating frequency modulated 
oscillations of a high frequency, impressing said 
oscillations continuously on a first radiator and 
alternately on a second radiator and a third 
radiator, said second radiator and said third 
radiator being positioned in the vicinity of said 
first radiator, equidistant therefrom and each 
positioned on a separate radius from said first 
radiator, said radii being substantially ninety de 
grees apart, whereby a frequency modulated wave 
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is emitted continuously from Said first radiator 
and alternately from said second radiator and 
said third radiator, simultaneously receiving two 
of Said frequency modulated Waves in a radio re 
ceiver having an audio demodulator, heterodyning 
said Waves in Said receiver to produce an audio 
frequency output Wave, the frequency of Said out 
put wave being a function of the true bearing of 
said receiver from said first radiator, and impress 
ing said audio frequency Wave on an indicating 
means responsive to audio frequency, said indi 
cating means being calibrated in degrees of true 
bearing. 

14. A method of directional signalling by radio 
which comprises generating frequency modulated 
OScillations of a high frequency, impressing Said 
oScillations continuously on a first radiator and 
alternately on a second radiator and a third ra 
diator, said second radiator and said third ra 
diator being positioned in the vicinity of said 
first radiator, equidistant therefrom and each 
positioned. On a separate radius from said first 
radiator, Said radii being substantially ninety 
degrees apart, Whereby a frequency modulated 
wave is emitted continuously from said first 
radiator and alternately from said second ra 
diator and said third radiator, simultaneously 
receiving two of Said frequency modulated Waves 
in a radio receiver, heterodyning said Waves in 
Said receiver to produce an audio frequency out 
put Wave, the frequency of Said output wave being 
a function of the true bearing of said receiver 
from said first radiator, and impressing Said audio 
frequency Wave on an indicating means respon 
SiVeto audio frequency. 

15. A method of directional Signalling by radio 
Which comprises impressing frequency modu 
lated oscillations continuously on a first radiator 
and alternately on a Second radiator and a third 
radiator, Said Second radiator and Said third ra 
diator being positioned in the vicinity of Said first 
radiator, equidistant therefrom and each posi 
tioned on a separate radius from Said first ra 
diator, said radii being substantially ninety de 
grees apart, whereby a frequency modulated wave 
is emitted continuously from Said first radiator 
and alternately from Said second radiator and 
Said third radiator, simultaneously receiving two 
of Said frequency modulated Waves in a radio re 
ceiver, heterodyning said Waves in Said receiver 
to produce an audio frequency output Wave, the 
frequency of Said output Wave being a function of 
the true bearing of said receiver from said first 
radiator, and impressing said audio frequency 
Wave on an indicating means responsive to audio 
frequency. 

16. In a radio direction finding arrangement 
comprising a pair of transmitting Systems ar 
ranged in predetermined spaced relation to a first 
point, each of Said transmitting systems compris 
ing means to transmit radio Waves to a Second 
point over at least two paths the difference be 
tween Which varies according to the directional 
angle between the line connecting Said first and 
Second point and a fixed reference line, means 
for equally periodically varying the frequency of 
the waves radiated according to a predetermined 
Schedule, a receiver located at said second point 
adapted to produce beat signals from the Waves 
received over the separate paths from each trans 
mitting System, and means for utilizing the beat 
frequencies to determine Said directional angle. 
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