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1

The present invention relates to a two-tone ra-
dio beacon, the true geographic bearing of which
can be obtained on a mobile vehicle on a directly
reading indicator. In a known system, two sep-
arate transmissions are necessary, and two re-
ceivers are required on the vehicle. It is the ob-
ject of the present invention.to provide a two-
tone beacon which requires one transmission
carrier wave only, and one receiver. -

Tn the known system, a catrier wave is applied
to an omni-directional aerial, and is modulat-
ed alse by two tones of frequencies f1 and f2 in
separate modulators, the outputs from which
are applied to two directive aerials. A combari-
son of the relative levels of the two modulations
(both in amplitude and sense of phase) at the
mobile receiver gives a direct indication of the
bearing. It is necessary, however, to radiate a
“comparison” transmission - in which the two
tones are sent out omni-directionally, and this
necessitated a second carrier frequency to be
used. According to the present invention -two
auxiliary tones are radiated omni-directionally
as sidebands of the original carrier wave, and the
comparison tones are derived from these two
auxiliary tones.

The invention will be better understood from
the following description taken in conjunction
with the accompanying drawings in which:

Fig. 1 shows diagrammatically the circuit ar-
rangements of the transmitter according to the
invention.

Tigs. 2a and 2b show diagrammatically cir-
cuit arrangements of two receivers for working
in conjunction with the transmitter shown in
Fig. 1;

 Pig. 3 shows the arrangement of Fig. 1 niodi-
fied for the case in which fi=f2, but a phase dis-
placement is given to one of the modulating com-
ponents, hence producing in effect a rotating
bheacon;

Fig. 4 shows a modified form of receiver for
use in conjunction with the transmission system
of Fig. 3; o

Fig. 5 shows diagrammatically the circuit ar-
rangements of a transmitter of another embodi-
ment of the invention; and

Fig. 6 shows the circuit arrangements for a
receiver for use in conjunction with the trans-

-mitter shown in Fig. 5.

Referring to Fig. 1, the carrier frequency F
from generator CO is modulated in modulator
M by both low frequencies fi and f2 generated
in oscillators Ofi and Of2 and represented re-
spectively by e: sin 2x it and es sin 2nfql, the
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output from modulator M, containing both car-
rier and sidebands being applied to an omni-di-
rectional aerial VI.

The two low frequencies f1 and f2 from oscil-
lators Ofi and Of2 are also combined in a mod-
ulator D to give two derived frequencies (f1i—f2)
and (f1472) which are filtered from each other
in filters Fi and F2 before each is applied with
carrier frequency wave to modulators MA and
MB respectively. 'The cutputs from MA and
MB, each composed of two sidebands, are applied
to two directional aerial systems Ll and L2
which each have “figure of eight” directive char-
acteristics arranged perpendicularly to each
other. )

Figs. 2a¢ and 2b show suitable receivers for the
beacon transmission of Fig. 1. Figs. 2¢ and 2b
are so similar that Fig. 2a¢ only will be explained
in detail. The modulated waves are received on
a single omni-directional antenna V2 and are
amplified in amplifier A from which the output is
applied to a detector D from which the four
modulation frequencies fi, fa, fi—fz and fitfa
are produced. Frequencies f1 and fz are selected
by filters FRI and FR2 respectively and passed
to a modulator MR which produces two derived
frequencies fi—7fz and fi+f2. These derived fre-
quencies are filtered by filters FS{ and F'S2 re-
spectively and applied to the feld coils Y, X of
the indicator B respectively.

The frequencies fi—fz and fii-fa produced in
the detector D are filtered out by filter FS3 and
applied to the third windings S of the indicator B.

The amplitude of the received frequency fi—Ff2
will depend on the position of the receiver with
vespect to the field pattern of the antenna Li
and the amplitude of the received frequency
f11-f2 will depend on the position of the receiver
with respect to.the field pattern of the antenna
1.2. Voltages at these two frequencies and at
the relative values depending on the position of
the receiver are delivered by the filter S8 to
the deflected member S of the indicator B. The
windings X and Y at right angles to each other

- are supplied by the derived frequencies f1—f2 and

#1172 from the modulator MR, These frequen-
cies have equal amplitude, since they are derived
from the modulation on the omni-directional
antenna VI. The result is that the deflected

member S will assume 2 rotational position with
respect to the deflecting members X and Y which
will be determined by the relative amplitudes of
the frequencies in the winding 8. :
Alternatively, as shown in Fig. 2b the derived
-frequenecies (fi---f2) and (fi—f2) may be applied
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to the winding 8 of the indicator B, and the sum
frequency (fi-f2) applied to one stationary
winding X and the difference frequency . (J1i—72)
to the other ‘stationary winding Y. Here the
relative amplitudes of the frequencies in ‘the

(3

windings X and Y will depend on the position- -

of the receiver with respect to the field patterns

of antennas LI and L2 while the derived .fre--

quencies applied to the member .S are .equal.
However the same result of positioning the mem-
ber S will be obtained. After-the description: of
Fig. 2a the arrangement shown in Fig. 2b is con-
sidered to be self-explanatory and requires no
further description.

Reverting to Fig. 1, if the carrier frequency
is P, the carrier wave is represented by E sin

27F'¢, the total omni-directional transmission: can-

be represented by: E sin 2r8t+-er sin 27F¢ sin
2rf1t ez sin 2n Pt sin Onfat

The directional transmissions are:

E sin 2nF¢ sin 2r (f1—f2) ¢ from MA and L{
and B sin 27 Fi sin 2n (f1--f2) ¢ from, MB and I.2
in which R is .a constant -depending .upon E, e;
and ez,

At the receiver which is in.g direction making
-an -angle ¢ with the direction of zero transmis-
sion from the directional ‘aerial Li fed by MA
the received signal is proportional to:

‘B sin'2xFt+e; sin 97 Ft sin“2xfit -+
€-Sin 2nFisin 2nfyt+ R sin 27 F¢ sin 27 (fi—f;)t.sin 64

"Bsin 2xFt sin 27 (f,4-12)¢ sin,(ﬂ—l—%)

.On detection in the receiver of Fig. 2a, the out-
pbut will contain comiponents-at frequencies 11, fo,
Fr—fa, fi-+f2 in the following proportions:

'fly -€1

fZ; <63

Fi=f,  Risins
St Rsin(04F)

'The components fi—f2 and fi+f; are -applied **

‘to‘the moving-coil-of:a dynamoemeter type indi-
“cator, which takes up an angle ¢ with one field
coil.

The components f1 and f2-are applied to the

modulator MR which delivers two components *

‘which are or are'arranged-to be of equal intensity
iab-(fi—f2) and:(fi4-f2) to'the field ¢oils 'Y and X.
For equilibrium of the indicator:

‘sin @ ‘sin‘(¢+%)=‘sin(0+—2—7r) sin.¢

S O0=¢

Thus, the -true bearing of -the mobile can be
-read off directly from the indicator,

The same principle.for sending -a.comparison
:signal on the Same transmission carrier wave
may also be applied to.the ‘special case where:the
~Same frequency is:used -to.modulate ‘the _signal
rapplied. to each directive
ter. In this' case:the modujating wave has. dif-
-ferent phase for the -two -modulators MA .and
+MB. .The effect is.exactly. equivalent to.the.rota-
:ton . of a.single.directive.aerial at .the . modu-

Aating frequency.and.the invention.may be ap--

-plied to such:system.

This modification. of .Fig. :1:is:shown.in. Fig,. 3,
where fi and fo.0f - Fig. 1.have both. become f,
:80-that fitfo=3f and fi—fa2==0. In Fig. 3 the
searrier frequency.F and frequency are.combined

aerial of :the transmit- 6
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in M, and the non-directional radiation from
Vi can be represented by:

£ sin 2= Ftte. sin-2r FLsinidw o ft

where the wave of frequency 7 is represented by

.e.sin 2x ft.

The low frequency wave of frequency f is also
doubled in frequency in harmonic generator HG,
and the double frequency 25 is split into diphase

‘eurrent before -application to the modulators MA

and MB. For this purpose a portion of the
output from harmonic generator HG is applied
directly to modulator MA and another portion
Is passed to a°90 degree phase shifter PS before
applicatien to-modulator MB,

The directional radiation can be represented
by:

Ry sin 2x Fi sin 4r ft from MA, or Li
and

R sin 27 Ft sin <47rft+g>froni MB or'L2,

‘Ri1 being the amplitude of the wave.

Fig. 4 shows the ‘modified form .of ‘receiver
which is used with the transmission system shown
in Fig. 3. The waves received from omni-direc-
tional antenna V2 are amplified in amplifier A
and detected in detector D in the output of which
are the frequencies f and 2f. These frequencies
are filtered out separately by -filters Ff and F2r
and the frequency f is dcubled in harmonic gen-
erator HGR and ‘the outputs-at ‘A and B from
harmonic generator HGR and filter ‘F2f are ap-
plied to a suitable phase difference.indicator.

In the distance, at an angle ¢ from the direction
of zero transmission from antenns L1, the total
signal picked up by the receiver shown in Pig.
4 is proportional to:

E sin 2xFt--e sin 27F¢ sin 2xft-
By sin 20F4 sin dxft;sin 0+

Ri.sin 27Ftsin (4;rft+‘g)-sin, (a+’§>

The low frequency output . from detector D
contains components of f and 27 .and.this. latter
can be represented by:

K[e— sin 27t Ry sin 4daft sin'6-+4

Ry sin (4nfi+3 ) sin (:+3)]=
Kle sin 2aft--R; cos (dnft—6)]

where K is a constant depending upon E, e and
Ri. The output from harmonic generator HGR
is

K1 sin? 2zft= -1-2{—1(1 ~cos 4xft)

where K1 is a constant.
‘The outputs at A and B, of frequency 2f, there-
fore differ in phase by (=—6), so that a phase-

.meter actuated by them. can be arranged to give

a direct indication of .the.bearing of the trans-
mitter, .

As there are innumerable. possible ways of
sending the necessary “comparison signal” as
modulation of the carrier wave, another par-
ticular case is shown in Fig. 5. In this case the
omni-directional carrier F is modulated by f1
and f2, and the directional antennae. LiL2 are
fed by sidebands derived from (fi—jf2) or (f1+f2)
and that same wave dephased by

T

2

‘respectively,
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A suitable receiver is depicted in Fig, 6, the
outputs from A and B being applied to a phase
difference indicating meter. It is considered that
these two figures are self-explanatory after the
foregoing description and that no detailed de-
scription is necessary.

In all the systems described hereinbefore, there
is a possible source of error in the receiving
equipment, namely, the generation of tones in the
low frequency detector in incorrect proportions,
due to non-linearity of detection. In Fig. 2a for
example, the output of detector D may contain
frequencies (fi—72) and (fi+72) due, not only to
the modulation of the directive signals, but to
the modulation frequencies fi and f2. Such an
effect will, of course, be minimised by careful
design of apparatus, and also by the use of less
intense modulation by 71 and f2 than by (fi—f2)
and (f1--72). i

A still further refinement is provided by the

use of a different relationship petween modula-
tion frequencies for the directive and comparison
or omni-directional sidebands. For example, if
f1 and fo are used to modulate the omni-direc-
tional carrier ¥, then the frequencies 2(f1—7f2)
and 2(fi-+f2) may be derived for modulation of
the directive radiations, by first generating the
harmonics 271 and 2f2, then beating together to
produce 2(f1—f2) and 2(f14-12).

The receiver would be modified in a similar
manner, the low frequencies 2(fi—f2) and
9(f14-f2) being both applied to the deflected mem-
ber of the indicator, and the equal amplitudes of
2(f1i—f2) and 2(fi-+f2) for the deflecting mem-
bers being derived from fi and 72 as in the trans-
mitter.

Though in the description hereinbefore given

.the carrier wave has been modulated by low fre-

quencies, the scope of the invention is not con-
fined to the use of valve modulators.

Tn order to maintain the high degree of bal-
ance between the modulators MA and MB of Fig.
1 without the use of automatic correction circuits,
so that the field pattern radiated does not vary, it
is possible to use the mechanical form of modu~
jator. Applied to the system of Fig. 1, four me-
chanical modulators would be used, geared to-
gether for relative speeds of rotation of fi, fa,
fi—7a, and f1+f2

The system should preferably use double side-
bands for each modulation, as in this case there
is less likely to be phase distortion of the low
frequency waves produced in the receiver. The
scope of the invention is, however, not confined to
the use of double sideband transmissions,

As in the known arrangements the omni-direc-
tional carrier may be modulated by speech or
other intelligence, simultaneously with the nor-
mal navigation service.

What is claimed is: .

1. A radio beacon system for obtaining directly
on a mobile receiver the angular position with
respect to the transmitting station comprising
means to generate a single radio frequency car-
rier wave, means to generate a plurality of low
frequency waves, means to modulate the single
radio frequency carrier wave by a pair of low

frequency waves, means for radiating omni-di-,

rectionally- at least one of the sidebands corre-
sponding to the pair of waves, means for modu-
lating the carrier frequency with two waves from
at least one other low frequency wave, an angu-
larly related directive aerial system and means
connecting one modulator of the other low fre-
quency wave to one directive aerial and the other
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6
modulator to another directive aerial for radi-
ating the sidebands corresponding to the other
of the low frequency waves.

2. A radio beacon system as claimed in claim 1
comprising at a receiver means for obtaining the
sideband frequencies radiated from the directive
antennae, means for applying said sideband fre-
quencies to the deflecting members of an indicat-
ing instrument, means for obtaining the side-
pand frequencies from the omni-directional an-
tenna, means for deriving from these last men-
tioned side band freguencies the same sideband
frequencies as those from the directive antennae
and for applying the derived sideband frequencies
to the deflected member of the indicator.

3. A radio beacon comprising means for modu-
lating a carrier wave of frequency P by two low
frequencies f1 and f2 an omni-directional antenna
system for radiating the modulated carrier fre-
quency, means for applying the two frequencies
71, f2 to a detector thereby producing at the output
thereof two resulting frequencies (f1-+f2) and
(fi—f2), means for applying said frequencies
(f1i+f2) and (fi—72) separately to modulate car-
rier frequency F, means for radiating the side~
bands thus produced from two directive antenna
systems, whose directive axes are angularly re-
lated to each other, means at a receiver for re-
ceiving the radiated waves on g single antenna,
means for amplifying and detecting the received
waves, means for separating out the frequencies
f1 and fs from the detected products and for ap-
plying said frequencles fi, f2 to a modulator to
derive frequencies (fi-4-72) and (fi—7f2), means for
applying the derived frequencies (fi4-f2) and
(fi—Jf2) respectively to the deflecting members of
an indicating instrument, means for separating
the frequencies (fi—f2) and (fi+f2) from the
output of said detected products and means for
applying these latter frequencies (fi—f2) and
(f14-f2) to the deflected member of said indicat-
ing instrument.

4. A radio beacon as claimed in claim 3 in
which at the receiver the derived frequencies
(f1--72) and (f1—7f2) are applied together to the
deflected member of an indicating instrument
and the frequencies (fi+f2) and (fi—f2) ob-
tained directly from the detected received waves
are applied separately to the deflecting members
of said indicating instrument,

5. A radio beacon system comprising means for
modulating a carrier wave frequency ¥ by two low
frequencies fi, f2 an omni-directional antenna
system for radiating the modulated frequency F,
a detector to which the frequencies f1, fz are ap-
plied to produce one of the sum and difference
frequency products (fi—f2), (fi4f2) from the
output thereof, means for modulating carrier fre-
guency F with a portion of the output of said de-
tector, and for radiating the resulting modulated
carrier from one of two angularly relaied direc-

tive systems, a phase shifter to which another

portion from the outpub of said detector is ap-
plied to shift the phase thereof 90°, means for
applying the phase shifted frequency to modulate
carrier frequency F and means for radiating the
resulting modulated frequency from the other of
said two angularly related systems, and at a re-
ceiver s single antenna for receiving said radi-
ated waves, means for amplifying and detecting
said waves to obtain therefrom the said one of
the sum and difference products (fi—f2), (1+72),
means for applying said one frequency to one
member of a phase difference indicator, means
for separating the frequencies /1 and f2 out ifrom
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-the detécted products:of the receiver, :a: modu-
‘lator to.which these frequencies-f1-and fa.are ap-
plied, means for obtaining:the said one ‘frequency
Arom:the output of said modulator and for apply-

{ing the said -one frequency 'so obtained to the -

:other - member of said phase difference indicator.

6. A radio beacon system comprising means
for-modulating a carrier-frequency F by two low
frequencies. f1 and fo, an omni-directional an-
-tenna system for radiating the modulated carrier
-frequency,.directive antenna, systems for radiat-
‘ing the frequencies 2(fi—f2) and 2(f14-f2) re-
‘spectively, a.single antenna on a mobile receiver
‘for.receiving said radiated frequencies, means for
amplifying -and detecting the received waves,
‘means for:separating out the frequencies fiand f2
"from the detected products and for ‘applying said
AIrequencies f1-and f2 to a modulator to produce
-frequencies (fi42) -and.(fi—f2), means for dou-
thling said frequencies (fi+f2) and (fi—jf2) to
‘produce the frequencies 2(f1-fz) -and 2€fr—f2),
:and means.for applying these doubled frequencies
to-the. deflected . member of an indicating instru-
-ment, means for separating frequencies 2(fi-f2)
-and:2(fi—f2) out from the saig detected products
:and for applying them respectively to the deflect-~
ing members of said indicating instrument,

7. A radio beacon system as claimed in claim 1
.comprising at a receiver an indicating instrument
‘having. deflecting members and. a deflected: mem-
ber, means for obtaining the sideband frequencies
-radiated -from the. directive antennae, means for
:applying said sideband frequencies to either said
deflecting members or said deflected member,
‘means for obtaining the sideband frequencies
‘from the omni-directional antenna, means for
:deriving from these last-mentioned sideband fre-
‘quencies the same sideband frequencies as-those
from:the directive antennae, and means for ap-
Plying said derived sideband frequencies to
whichever-of said deflecting members or deflected
member said first mentioned sideband frequencies
have not been applied.

‘8. ;A radio beacon system for obtaining directly
©on a mobile receiver the angular position (bear-
:[ing-or direction) with respect to the transmitting
-station comprising means for radiating omni-di-
:rectionally g, carrier frequency F modulated with
:frequencies f1 and 72 means for radiating two. di-
rective beams angularly related to each other of
‘said -carrier F angularly related to each other
-and modulated by two auxiliary frequencies de-
rived from f1 and f2, and at the receiver means for
obtaining from said. auxiliary frequencies the two
frequencies /1 and f2, and means for utilizing the
robtained frequencies for comparison with the
corresponding received frequencies 11, fa from the
omni-directionally transmitted beam.

9. A-radio beacon system for obtaining directly
‘on a mobile receiver the angular bosition with
‘respect to the transmitting station comprising
‘means to generate a single radio ‘frequency car-
.rier wave, means to generate g Plurality of low
frequency waves, means to modulate a single
radio frequency carrier wave by a plurality of low
frequency waves, means for radiating omni-di-
‘rectionally at least one of the sidebands corre-
sponding to two of these waves, means. for modu-
lating the carrier: frequency with two other low
frequency waves, an angularly related aerial sys-
stem. for radiating at least two beams, and means
connecting one modulator of the other low fre-
‘quency waves to one directive aerial and the
-other modulator to another directive aerial for
:radiating from each of - the-angularly related di-
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“frequency -with -one -of the

-(bearing or ‘direction)

8

“rectivezaerials a: beamcorrespondingto the other
*of-the low frequency waves: :

10. A radio beacon -system ‘for .obtaining . di~

‘rectly on a mobile receiver -the:angular position

(bearing or direction) “with.respect toa transmit-
ting station comprising an omni-directional radi-
ating meéans, means to generate a carrier fre-
quency F, means to generate frequencies. f1-and 7z,
means to:modulate the carrier frequency with
frequencies fi1.and 7s, means for .radiating ‘two
directive beams angularly related to-each: other,
means deriving two. auxiliary ‘frequencies from
irequencies f1 and 72, means modulating said car-
rier frequency P by each.of the two. auxiliary
frequencies derived from frequencies -1 and “fe,
connections from one modulator of an auxiliary
:directive radiating
‘means and-from-the. modulator-of the other aux-
iliary frequency to the other directive radiating
‘means, and at the receiver, means for obtaining
said -auxiliary ‘frequencies from the two received
frequencies 1 and f2,-and means for utilizing the
obtained frequencies for comparison with the
corresponding received auxiliary frequencies from
the directionally transmitteg beam,

11. Aradiobeacon system for obtaining directly
on a mobile receiver-the angular position (bear-
ing or direction) ‘with respect to the transmitting
station comprising an omni-directional radiating
means, means to generate a carrier frequency F,
means-to generate:frequencies f1 and f2, means-to
modulate the -carrier frequency with frequencies
f1 and fz, means for radiating two directive beams
angularly related to each other, means generat-
ing two auxiliary frequencies derived from fre-
duencies f1 and f2 means modulating said. carrier
frequency F by.each of the two auxiliary fre-
quencies derived from frequencies f1 and f3, con~-
nections from one modulator of an auxiliary fre-
quency with one of the directive radiating means
and from the modulator of the other -auxiliary

-frequency to the other directive radiating means.

:12. A radio beacon system for obtaining di-
rectly:on ‘a mobile ‘receiver the angular position
(bearing or direction) with respect to the trans-
mitting . station comprising an omni-directiona]

-radiating means, means to -generate g carrier
frequency P, meansg to generate frequencies h

and f2, means to modulate the carrier frequency
with frequencies f1 and fs, means for radiating

“two directive beams angularly related to each

other, means generating two auxiliary waves de-
rived from frequencieg f1 and f2 and having a

‘frequency differing therefrom, means modulat-

ing said ecarrier frequency F by-each of the two

-auxiliary waves derived from frequencies f1 and

f2, connections from one modulator of an aux-
iiary wave with one of the directive radiating
means and from the other modulator to the other
directive radiating means, -and at the receiver,

‘means-for-chtaining from saig auxiliary frequen-

-cies the two frequencieg 71 and f2, and means for
utilizing the -obtained frequencies for comparison

-with the ‘corresponding received frequencies 7,

and ‘f2-from the omni-directionally ‘transmitted

‘beam.

13. A radio beacon system for obtaining di-
rectly on -a -mobile receiver the -angular: position
"with respect to the trans-
mitting station comprising an omni-directional

-radiating means, means to generate a carrier-fre-

quency F, means,to generate Trequencies 71 and 12,

‘means  to:modulate the carrier -frequency with
-frequencies 1 -and T2,

‘means “for radiating two
directive beams:angularly related. to-each other,
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means generating two auxiliary waves derived
from frequencies f1 and f2 and having & frequency
differing therefrom, means modulating said car-
rier frequency F by each of the two auxiliary
waves derived from frequencies f1 and f2, and con-
nections from one modulator of an auxiliary wave
with one of the directive radiating means and
from the other modulator to the other directive
radiating means.

14. A radio beacon system for obtaining di-
rectly on a mobile receiver the angular position
(bearing or direction) with respect to the trans-
mitting station comprising an omni-directional
radiating means, means to generate a carrier
frequency F, means to generate at least one mod-
ulating frequency, means to modulate the carrier
frequency with each modulating frequency, means
for radiating two directive beams angularly re-
lated to each other, means generating two agux-
iliary waves derived from the modulating fre-
quency and having a frequency differing there-
from, means modulating said carrier F' by each
of the two auxiliary waves, and connections from
one modulator of an auxiliary wave with one of
the directive radiating means and from the other
modulator to the other directive radiating means.

15. A radio beacon system for obtaining di-
rectly on a mobile receiver the angular position
(bearing or direction) with respect to the trans-
mitting station comprising an omni-directional
radiating means, means to generate a carrier fre-
quency F, means to generate at least one modu-
lating frequency, means to modulate the carrier
frequency F with each modulating frequency,
means for radiating two directive beams angu-
larly related to each other, means generating two
auxiliary waves derived from at least one modu-
lating frequency and having a frequency differ-
ing from the latter, means medulating said car-
rier frequency P by each of the two auxiliary
waves, connections from one modulator of an
auxiliary wave with one of the directive radiating
means and from the other modulator of an aux-
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iliary wave to the other directive radiating means,
and at the receiver, means for obtaining said aux-
iliary waves, and means for utilizing the obtained

" waves for comparison with the received modulat-

10

15

20

25

30

35

40

ing frequency from the omni-directionally
transmitted beam,

16. A radio beacon system for obtaining di-
rectly on a mobile receiver the angular position
(bearing or direction) with respect to the trans-
mitting station comprising an omni-directional
radiating means, means to generate a carrier fre-
quency F, means to generate at least one modu-
lating frequency, means to modulate the carrier
frequency F with each modulating frequency,
means for radiating two directive beams angu-
larly related to each other, means generating two
auxiliary waves derived from at least one modu-
lating frequency and having a frequency differ-
ing from the latter, means modulating said car-
rier frequency F by each of the two derived aux-
iliary waves, connections from one modulator of
an auxiliary wave with one of the directive radi-
ating means and from the other modulator of
an auxiliary wave to the other directive radiating
means.

CHARLES WILLIAM EARP.
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