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1

The present invention relates to radiated-signal
receiving systems and, particularly, to such sys-
tems of a type having a sharply directive response
characteristic variable in direction. While the
invention is of general application, it has par-
ticular utility in systems of the type disclosed
and claimed in the copending application of Har-
old M. Lewis, Serial No. 507,861, filed concur-
rently herewith, entitled System for locating a
radiated-signal reflector, and assigned to the
same assignee as the present application. In this
system, a predetermined space is scanned with
a sharply concentrated radiated beam in order to
locate a radiated-signal reflector, such as an air-
craft. .

In certain applications, it is desirable to pro-
vide a radiated-signal receiving system hav-
ing a sharply directive response characteristic
variable in direction. If has been proposed, in
accordance with several prior art arrangements,
that this be accomplished by the use of a
radiated-signal translator system having g direc-
tional-response characteristic in the form of a
sharply concentrated beam, this translator sys-
tem being physically moved by suitable mechan-
ical apparatus to effect the scanning action. The
general disadvantages and Jlimitations of mechan-
ical scanning arrangements of this nature are
well understood by those skilled in the art.
Among these may be mentioned the disadvan-
tages, perhaps outstanding, that appreciable
power is required physically to move the radiated-
signal franslating system for purposes of scan-
ning and the fact that the rate of scanning is
necessarily low, which unduly restricts and lim-
its the usefulness of the radiated-signal receiving
system.

A wave-signal scanning system substantially
entirely electrical in nature forms the subject
matter of copending applications of Arthur V.
Loughren, Serial Nos. 395,172 and 418,712, filed
May 26, 1941, and November 12, 1841, now Pat-
ents 2,407,169 and 2,409,944, issued September 3,
1948, and October 22, 1946, respectively. That
system provides that the sharply directive re-
sponse characteristic of the system be caused to
“scan g predetermined space by the use of an ar-
ray of physically spaced radiated-signal trans-
lators which are coupled through individual wave-
signal delay means or phase shifters to a common
wave-signal translating channel. The present
invention constitutes an improvement on the
electrical scanning system of the aforesaid
Loughren applications, . .

It is an object of the present invention, there-
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fore, to provide a new and improved radiated-
signal receiving system having a sharply direc-
tive response characteristic variable in direction
and one which avoids one or more of the disad-
vantages and limitations of the prior art systems
of this nature.

It is an additional object of the invention to
provide a new and improved radiated-signal re-
ceiving system having g sharply directive response
characteristic variable in direction and one in
which the variation of its directive response is
effected entirely electrically.

It is a further object of the invention to pro-
vide g radiated-signal receiving system having
a sharply directive response characteristic vari-
able in direction and one in which either or both
the rate of scanning and the shape of the direc-
tive~-response characteristic may be readily and
easily controlled by one or more simple adjust-
ments of wave-signal apparatus included in the
system.

In accordance with the invention, a radiated-
signal receiving system having a sharply directive
response characteristic variable in direction com-
prises a plurality of spaced radiated-signal trans-
lators each adapted to receive & radiated signal,
and modulator means coupled to the translators
for modulating the wave signals translated by
one of the translators with a modulation signal
and for modulating the wave signal translated
by another of the translators with a modulation
signal of frequency different from that of the
first-named modulation signal. The system alsc
includes means for utilizing primarily those pre-
determined ones of the modulation components
of the wave signals thus modulated which have
additive phase only for one direction of recep-
tion by the translators, this direction wvarying
continuously and periodically over a predeter-
mined angular range.

For a better understanding of the present in-
vention, together with other and further ob-
jects thereof, reference is had to the following
description taken in connection with the accom-
panying drawings, and its scope will be pointed
out in the appended claims,

Referring now to the drawings, Fig. 1 repre-
sents g circuit diagram, partly schematic, of a
complete radiated-signal receiving system em-
bodying the present invention; Fig. 1A represents
the translating system, per se, of the PFig. 1 ar-
rangement which includes five equally spaced
radiated-signal translators; Figs. 2 and 3 are cir-
cuit diagrams, partly schematic, of complete ra-
diated-signal receiving systems embodying the

—I__



2,430,206

3

present invention in meodified forms; and Fig., 4
represents schematically a complete radiated-sig-
nal receiving system essentially similar to the
arrangement of Fig, 2 but embodying an addi-
tionally modified form of the invention wherein
the direction of maximum reception of the sys-
tem constantly and periodically varies over two
angular ranges in directions normal to each
other,

Referring now more particularly to Fig. 1 of
the drawings, there is represented a complete
radiated-signal receiving system having a sharply
directive response characteristic variable in di-
rection and one which embodies the present in-
vention in a particular form:. The system in-
cludes an array 8 of aligned spaced radiated-
signal translators {{—I§, inclusive, each adapted
to receive a radiated signal. These radiated-
signal translators may, for example, be vertical
dipole antennas horizontally aligned.

The receiving system also includes modulator
means coupled to the translators of the system
{8 for modulating the wave signal translated by
one of the translators with a modulation signal
and for modulating the wave signal translated
by another of the translators with a modulaticn
signal of frequency different from that of the
first~named modulation signal. This modulator
means comprises a plurality of modulators 16-28,
inclusive, having input circuits individually cou-
pled to the respective translators {i—i5, inclusive.
The modulator means includes a plurality of
‘modulation-signal generators 2{-25, inclusive,
which are individually coupled to an input cir-
cuit of the respective modulators i15-29, inclu-
sive. Each modulation-signal generator has a
frequency difierent from that of any other gen-
erator. Specifically, the individual frequencies
of the modulation signals generated by the gen-
erators 21-23, inclusive, have values related to
the spacing of an associated translator from a
reference point fixed with relation to all of the
translators as will presently be explained in great-
er detail.

The receiving system additionally includes
means for utilizing primarily those predetermined
ones of the modulation components of received
wave signals thus modulated by the modulators
18~28, inclusive, which have additive phase only
for one direction of reception by the translators
of the system i9. This direction is one which
varies continuously and periodically over a pre-
determined angular range thus to cause the re-
ceiving system to have a sharply directive re-
sponse characteristic variable in direction. This
last-mentioned means comprises a plurality of
intermediate-frequency band-pass selectors and
amplifiers 26-30, inclusive, which have input cir-
cuits coupled to the output circuits of the respec-
tive modulators 16-28, inclusive, and have out-
put circuits which are coupled in common to the
inpub circuit of a unit 3f{. The latter unit may
include one or more stages of intermediate-fre-
quency amplification, a detector, and suitable ap-
paratus for utilizing the detected received wave
signal.

Considering now the operation of the receiving
system just described, and referring to Fig. 1A
which shows only the translating system (8, as-
sume that a wave signal is received by each of
the translators of the translating system 18, that
the direction D of arrival of the wave signal
forms an angle « with the direction of alignment
of. the translators, and that the source of the
wave signal is located at a distance from the
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4

translating system {0 which is large compared
with the spacing ¢ of the translators. Assume
further that the translators have equal spacing

and that the wave signal received by the cen-
trally positioned translator 13, for example, is
given by the relation:

ec=Ec cOs wct 1)

where

ec=the instantaneous value of wave-signal volt-
age received by translator {3,

Ee=the maximum voltage amplitude of the re-
ceived wave signal,

wc=27l'fc,

fe=the frequency of the received wave signal, and

{=time.

Similarly, the wave signai received by an ad-
jacent translator, for example the translator 2,
is given by the relation:

ec’=Ec cos (wet—¢) (2

where

ec’=the instantaneous value of wave-signal vol-
age received by translator 12, and

¢=the phase angle of the wave signal received
by translator i2 relative to that received by the
translator 3. )

The value of the phase angle ¢ in Egquatioh 2;
however, is given by the relation:

¢=27a COS « 3

where

a=the fraction of a wave length of the received
wave signal at which the translators {2 and {3
are spaced.

When the value of ¢ as given by Equation 3 is
substituted in Eguation 2, the wave signal re-
ceived by the translator 12 is given by the rela-
tion: .

ec¢’=E¢ c0s (wel—27@ cOS o) (4)

It can be shown in the same manner that the
wave signal received by any of the other transla-
tors of the translating system (0 is given by the
relation:

ee==Ec¢ cos (wel+2ram cos «) (5)

where
m=an integer indicating the relative position of
the translator from the center translator {3, m

being negative for the translators {1 and (2
and positive for the translators {4 and i5.

The wave signals received by the translators
t1-15, inclusive, are applied to the input circuit
of their respective associated modulators [6-28,
inclusive. There is applied from the generator
23 to the modulator {8, which is associated with
the centrally positioned translator {3, a modula-
tion signal given by the relation:

eo=KEo cos wol (6)

where

K=an arbitrary constant,

Fo=the voltage amplitude of the modulation sig-
nal,

wo=27f0, and

Jfo=the frequency of the modulation signal.

There consequently is developed in the output
circuit of the modulator {8 a modulated wave sig-
na] given by the relation:

em=KEoE¢ cos wet cOs woi

(M
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It is well known that this modulated wave signal
contains, as can readily be shown by expansion
of Equation 7, one component having a frequency
equal to the sum of the frequencies of the re-
ceived wave signal and the modulation signal
and & second component equal to the difference of
the frequencies of these signals. The difference-
frequency component is given by the relation:

, _KEE,
éif. = 2

8

cos (wet— wot)

10

This component, an intermediate-frequency wave .

signal, is selected by the band-pass selector of
unit 28, amplified by the intermediate-frequency
amplifier thereof, and applied to the input circuit
of the unit &1. ) ' )

Now, in accordance with the invention, the
remaining generators 21, 22, 24 and 25 generate
modulation signals having individual frequencies
different from that of any other generator. Spe-
cifically, the modulation signal generated by any
of the generators 21, 22, 24 or 25 is given by the
relation:

eo’ =KmEq cos (wol—mwrl) 9)

where

Km=an arbitrary constant,

wh=27fn, and

fn=an incremental frequency related to the spac-
ing of the translators [{-15, inclusive, and to
the desired rate of scanning by the directive
characteristic of the receiving system. This re-~
lationship is more fully considered hereinafter
in connection with Equations 11 ang 12.

It can readily be shown that the difference-
frequency component of the modulated wave sig-
nal developed in the output circuits of any of the
modulators 1§, {1, 19 or 20 and selected and am-
plified by any of the respective units 28, 27, 29 or
30 is given by the relation:

"=I£m—E]§M [(we—wp) t+m(27a cos a+ wpt)]

(10)
The most general form of equation expressing
the combined difference-frequency components
developed in the common output circuits of the
several modulators, and applicable to any receiv-
ing system which includes an odd number of
radiated-signal translators, is given by the rela-
tion:

€if.

_EBE,
€ip. = 9

m=m' 1
I:KH—Z > Ko cos m(wat+2wa cos a)
m=1

where

Ko and Km—arbitrary constants, and

m=the number of the term in the series, the last
term m’ of which is defermined by the follow-
ing relations; n=the number of radiated-signal
translators, and

y_n—1

2

For the case of five radiated-signal translators,

as in the Fig. 1 arrangement, the combined dif-

ference-frequency component developed in the

input circuit of unit 31 is given by the relation:

m

ei.f.’=E—(’2]1/1—”[K0+K1 2 cos (wpt+27a cos a) + K> 2 cos

It will be evident from Equations 10, 10¢ and 10b
that the difference-frequency components have a
frequency equal to that of the difference-fre-
quency, or intermediate-frequency, component
applied from unit 28 to the input circuit of unit
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31, and given by Equation 8, but have a phase
coefiicient relative thereto given by the relation:

1n

The phase coefficient ¢’ of all of the difference-
frequency components equates to zerc for any
given value of £ when « has the value:

a=cos‘1("w"t
. 2ma

¢’'=m(2ra cOS a-wnt)

(12)

It should be noted that Equations 11 and 12 apply
to the difference-frequency modulation com-
ponent appearing in the output circuit of all of
the units 28, 27, 25 and 38. Hence, for any se-

lected value of ¢, the value of « given by Equation

12 is one which causes all of such difference-
frequency components to be in the same phase
in the output circuits of all of the units 26-30,
inclusive, and thus to add in phase in the input
circuit of unit 3i{. For values of « which do not
satisfy Equation 12, the difference-frequency
components developed in the output circuits of
units 26-36, inclusive, are cut of phase with each
other with the result that the magnitude of the
input signal to unit 31 is reduced. The receiving
system consequently has a sharply directive re-
sponse characteristic with maximum response in
the direction where the value of « satisfies Equa-
tion 12 for any selected value of ¢. Further, it
will be apparent that the direction of maximum
response varies continuously and periodically over
a predetermined angular range since the value
of « required to satisfy Equation 12 varies with
the value of £. This scanning action of the direc-
tional-response characteristic of the receiving
system of Fig. 1 has many important applications,
one such application being disclosed in the afore-
mentioned Lewis application.

Equations 11 and 12 are important from an-
other aspect. These equations show that for any
given spacing @ between any adjacent pair of
translators of the translating system (0, the ve-
locity of scanning of the directive-response char-
acteristic of the system varies directly with the
frequency difference «n between the modulation
signals of the generators asscciated with such pair
of translators; and secondly, that for any given
value of frequency difference wn, the rate of scan-
ning by the major lobe varies inversely with the
spacing ¢ of the franslators; and thirdly, that the
ratio of wn to ¢ must be the same for any given

(10a)

pair of adjacent translators of the translating
system 19 as for any other adjacent pair if the
difference-frequency components are all to add
in the input circuit of unit 3f. For equal spac-
ing of the translators, the modulation signals of
the generators associated with any adjacent pair
of translators have a frequency difference equal
to that of any other pair of generators associated
with any other adjacent pair of translators.
Where the translators have unegual spacing, on
the other hand, the rule just mentioned regarding
the equality of the ratio of «n to a requires that
the frequency of the modulation signal of any

(100)

generator associated with a given translator must
have a freguency difference with respect to a ref-
erence generator, associated with a reference
translator, in proportion to the spacing of the
given translator from the reference translator.

4
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Thus, for any given geometrical spacing of the
translators, the modulator means of the receiving
system modulates the wave signals translated by
the translators with individual modulation sig-
nals having individual frequencies increasing in
the order of geometric spacing of the translators
and having frequency differences as between any
adjacent pair of translators proportional to the
spacing of the translators of such pair from g ref-
erence point fixed with relation to all of the trans-
lators. For the case where the translators are
equally spaced, the modulator means of the re-
ceiving system thus modulates the wave signal
translated by one of the translators with a modu-
lation signal and modulates the wave signals
translated by others of the translators with in-
dividual modulation signals of individual fre-
quencies different from that of the first-men-
tioned modulation signal and equally spaced in
the frequency spectrum with relation thereto.

One additional feature regarding the operaticn
of the Fig. 1 arrangement may well be considered
at this point. Assume that the source of the re-
ceived wave-signal energy is located at a fixed
point from the receiving system. Since the direc-
tive characteristic of the receiving system con-
tinuously scans, it will be apparent that the wave
signal applied to the unit 3! is in the nature of
a pulse amplitude-modulated wave signal even
though it may be an unmodulated or a conven-
tional amplitude-modulated signal at the source.
If the rate of scanning of the directive character~
istic is sufficiently high, the signal-modulation
components of the received wave signal may,
nevertheless, be derived by the detector of unit
31 and utilized as in any conventional pulse-
modulation system. This is likewise true even
though the source, contrary to the last assump-
tion, is moving as on sn airplane, patrticularly in
that the rate of movement of the source whan
located at any reasonable distance from the re-
ceiving system is slow in comparison to the rate
of scanning by the directive characteristic. Thus,
the utilizing apparatus of unit 3{ may, for ex-
ample, be a sound-reproducing device to repro-
duce voice or music signals with which the re-
ceived wave signal is modulated. In this applica-
tion of the present inventicn, the receiving sys-
tem has utility in effecting time sharing between

several signal sources positioned at different geo- 5

graphical points but operating on the same frée-
quency or on frequencies sufficiently . closely

spaced that they fall within the pass band of each .

of the receiving channels, for example the chan-
nel comprised by the units {8, 26 and 31i.

A receiving system embodying the present in-
vention also has utility in indicating the direction
from the system of a source of received wave sig-
nals. An application of this nature will shortly
be considered in connection with a modified form
of the invention.

The directive characteristic of the present re-
ceiving system may have one or more major lobes
of directivity and one or more minor or spurious
lobes depending upon the number and relative
spacing of the translators of the translating sys-
tem {8 and the relative amplitudes of the medu-
lation signals generated by the generators 2{-25,
inclusive. Additionaily, the configuration of the
major lobe in general varies with the scanning
angle. The rate of scanning varies with the fre-
quency differences between the signals of the gen-
erators 21-25, inclusive. Reference is made to

the copending. application of Harold M. Lewis,
Serial No. 507,859, filed concurrently herewith,
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entitled System for space-scanning with a ra-
diated wave-signal beam, and assigned to the
same assignee as the present application, where
the effect of the system parameters on these fac-
tors is considered in greater detail in connection
with a radiated-signal transmitting system. The
broad principles underlying the operation of the
last-mentioned system also govern the operating
characteristics of the present receiving system.

‘While the receiving system hereinbefore de-
scribed utilizes g plurality of modulation-signal
generators 21-25, inclusive, by which to provide
the several required modulation signals of indi-
vidual frequencies, it will be apparent that these
several modulation signals may well be considered
as corresponding to individual modulation com-
ponents of a modulated carrier signal. Fig. 2 is
g circuit diagram, partly schematic, of a complete
radiated-signal receiving system embodying a
preferred form of the invention of this nature.
This receiving system is essentially similar to
that of Fig. 1, similar circuit elements being des-
ignated by similar reference numerals, except
that the present system includes means for de-
riving a signal having harmonically related fre-
quency components and for applying to the mod-
ulator means of the receiving system modulation
signals having frequencies related to individual
frequency components of such derived sigral
The wave signals received by the translators of
the translating system (0 are modulated with
individual ones of these modulation signals. This
arrangement is particularly suitable for a trans-
lating system  wherein the translators thereof
have proportional spacings. The harmonically
related frequency components of the aforemen-
tioned derived signal themselves have propor-
tional spacings in the frequency spectrum and
effect the desired scanning of the directive-re-
sponse characteristic of the receiving system.

More specifically, the aforementioned signal
deriving means comprises an input circuit includ-
ing an input-circuit transformer 32 adapted to
have applied thereto a carrier signal which is
generated by a carrier-signal generator 33. It
also includes a second input circuit, comprising
input-circuit transformers 34 and 35 having sec-
ondary windings connected in series, which is
adapted to have applied thereto g signal having
frequency components relatively spaced in the
frequency spectrum in proportion to the physical
spacing of the translators of the translating sys-
tem 18 from g reference point common to all of
the translators. Further, the lowest-frequency
component has a value of frequency related to
the desired rate of scanning by the directivity
characteristic of the receiving system. The fun-
damental-frequency or lowest-frequency compo-
nont of this signal is generated by an oscillator
38, which has a frequency fn, and a second har-
monic-frequency component of the signal is gen-
erated by an oscillator 31.having a frequency 2/n.
The oscillatory circuits of these last-named oscil-
lators are mutually coupled to maintain them in
relative synchronism and their output circuits
include individual ones of the transformers 34 and
35.. More specifically, the secondary windings of
the transformers 34 and 35 are serially included
between g center-tapped point on the secondary
winding of the input transformer 32 and the cath-
odes of a pair of vacuum tubes 39, 40 provided in
a modulator 38, whereby the outputs of the oscil-
lators 36 and 37 are applied in the same polarity
to the input electrodes of the vacuum tubes 39
and 40. The secondary winding of the trans-
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former 32 is connected in push-pull to the input
electrodes of these vacuum tubes to apply to the
latter in opposite polarities the signal output of
the carrier-signal generator 33.

The output circuit of the vacuum tube 38 of
the modulator 38 is coupled through a trans-
former 4 to a modulator and band-pass selector
42, is coupled through a transformer 43 to a
modulator and band-pass selector 44, and is
coupled in push-pull relation with the output cir-
cuit of vacuum tube 40 and through a transformer
45 to a modulator and band-pass selector 46, The
output circuit of the vacuum tube 48 is similarly
coupled through g transformer 41 to a modulator
and band-pass selector 48 and through a trans-
former 49 to a modulator and band-pass selector
50 The transformers &1, 43, 45, 47 and 49 are
tuned to individual modulation components of a
modulated carrier signal developed in the output
circuit of the modulator 38. The frequency of
the generator 33 is preferably chosen sufficiently
low that the last-named transformers may readily
accomplish this desired selection of components.

There is also coupled to an input circuit of the
modulators of units 42, 44, 46, 48 and 50 a hefero-
dyne oscillator 56 which simply provides in the
output circuit of each modulator sum-frequency
and difference-frequency heterodyne components
related to the individual modulation components
applied to the units 42, 44, 46, 48 and 50. The
band-pass selectors of the latter units are tuned
to select in each case the difference-frequency or
the sum-frequency heterodyne components,
whichever is convenient. The output circuits of
the units 42, 44, 46, 48 and 50 are individually
coupled to the input circuits of the respective
modulators 16-20, inclusive. As in the arrange-
ment of Fig. 1 the output circuits of the selector-
amplifier units 26-30, inclusive, of the Fig. 2 ar-
rangement are coupled to a common input circuit
of a unit 3f’ which may include one or more
stages of wave-signal amplification, a detector
for deriving a control effect or control potential,
and one or more stages of low~frequency ampli-
fication for suitably amplifying the control effect
or control potential,

The utilizing apparatus, indicated as included
in the unit 31 of the Fig. 1 receiving system, is
shown in the present arrangement as compris-
ing means responsive to the control effect or con-
trol potential derived from unit 31’ for indicating
the direction from the translators of the trans-
lating system 18 of the source of the radiated
signal received by the translators. The last-
named means comprises g cathode-ray tube 57
having input electrodes coupled to the output cir-
cuit of the unit 31’, 'The present receiving sys-
tem also includes means for deflecting the cath-
ode-ray beam of the tube 57 in synchronism with
the directive-response characteristic of the re-
ceiving system. This means comprises a delay
network 52 having an input circuit coupled to
the output circuit of the signal generators 36 and
37 and having an output circuit coupled to a
synchronizing circuit of a scanning oscillator 59.
The output circuit of the latter oscillator is cou-
vled to a pair of beam-~deflecting electrodes €0
provided in the cathode-ray tube 57.

The oneration of the Fig. 2 receiving system is
essentially similar to that of Fig. 1 and differs
therefrom only insofar as the operation of the
modulation-signal deriving means is concerned.
In this connection, the oscillator 36 generates the
fundamental-frequency component En cos wnf
and the oscillator 37 generates the harmonic-
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frequency component En cos 2wnf of the signal
which is applied to the modulator 38. There
is also applied to this modulator a carrier signal
Eo’ cos wo't generated by the relatively low-fre-
quency subcarrier generator 33, whereby there is
developed in the output ecircuit of the modulator
38 a modulated carrier signal, the desired com-
ponents of which are given by the relation:

e’ = By cos wy't+ Ey cos (et wpt) +
Ey' cos (e’ t£2enl) (13)
The transformers 41, 43, 25, 47 and 49 select
individugl modulation components of this modu-
lated carrier signal and apply to the respective

modulators 42, 44, 46, 48 and 50 modulation com-
ponents given by the following relations:

(14)

ew=Ey cos (éoit—tht)

ey = Fy' cos (wy't—wit) (15)
ess=Ey' cos wy't (16)

eis= Fy’ cos (wp't-+wpt) a7

eso=Fy’ cos (wo't -+ 2wyt) (18)

The oscillations «o’’ of the hetercdyne osecil-
lator 56 are also applied to the modulators 42,
44, 46, 48 and 50 and the sum-frequency hetero-
dyne components which are selected by the band-
pass selectors of these units and applied to the
respective modulators 18-20, inclusive, are given
by the respective relations:

eis=F cos (wy’ Fw' —2u)t (19)
= F cos {wp—2wp) ¢ (20)
en=15 cos (w’+w' —ewp)t (21)
=F cos (wo—wp)t (22)
ey=FE cos (wy’ +ap'’)t (23)

= F ¢0s wt (249
e19=F cos (' +wp' )t (25)
=E cos (wo-wn)t (26)
ex=F ¢os (wy o'’ +2wp)t @27
= E cos (wo2ws)t (28)

where

wy=w +axn’’
It will be seen that Equations 20, 22, 24, 26 and
28 satisfy Equation 9 and, hence, that the modu-
lation signals applied from units 42, 44, 46, 48 and
80 to the respective modulators 16-28, inclusive,
have the frequency relation required to cause the
receiving system to have a sharply directive re-
sponse characteristic variable in direction as
hereinbefore described in connection with Fig.
1. The rate of scanning of the directivity char-
acteristic is dependent, as will be apparent from
the last-mentioned equations, only upon the value
of wh. Thus, the rate of scanning may be easily
and readily varied at will simply by adjustment
of the frequencies of oscillators 8§ and 237 and
slight retuning, as by unicontrol tuning means
of the transformers 41, 43, £5, 47 and £9. In
general, this will not require readjustment of
the selectors of units 42, 44, &6, 48 and 88 which
have a relatively broad pass band at the higher
frequencies characteristic of the heterodyne-fre-
quency components. The configuration of the
major lobe or lobes is readily controlled, on the
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other hand, by the relative amplitudes of the
heterodyne-frequency components developed by
the units 42, 44, 46, 48 and 50 and thus may
readily be changed by suitable adjustments of
the relative amplitudes of the components gen-
erated by the oscillators 36 and 37 or relative
degrees of modulation of the last-mentioned
units, or both.

The in-phase modulation components of the
wave signals applied from the selector-amplifier
units 2630, inclusive, to the input circuit of unit
31’ are suitably amplified by the wave-signal
amplifier of the latter, detected by the detector
thereof, and after suitable amplification by the
low-frequency amplifier of this unit are applied
to the input electrodes of the cathode-ray tube
BT to modulate the cathode-tfay beam of the
latter.. At the same time, there are applied to
the deflecting electrodes 60 of this tube scanning
potentials which may be of saw-tooth wave form,
generated by the oscillator 89. The scanning
oscillator 59 is synchronized in operation by the
signal generated by oscillator 36 and applied to
the former through the delay network 58. The
delay network 58 preferably so controls the syn-
chronization of oscillator 53 that a scanning cycle
of the cathode-ray tube 57 is initiated at the time
when the directivity angle « of the receiving
system is zero.

Since the directive characteristic of the receiv-
ing system continuously scans a predetermined
space, the wave signal applied to the input circuit
of the unit 21’ is in the nature of a pulse-modu-
lated wave signal, even though the wave signal
at its source is unmodulated or is modulated with
a modulation signal. The pulse-modulation
components of the received wave signal are
derived by the detector of the unit 34’, are ampli-
fied by the low-frequency amplifier thereof, and
are applied to the input electrodes of the cathode-
ray tube 57 to modulate the cathode-ray beam
thereof. Since the receiving system effectively
pulse-modulates the received wave signal once
during each scanning cycle, and since the deflec-
tion of the cathode-ray beam of tube 57 is syn-
chronized with the scanning of the receiver, the
pulse-modulation components applied to the in-
put electrodes of tube 57 produce g stationary
spot, assuming the source of the received wave
signals is itself stationary, on the screen of the
latter tube. The distance of the spot along the
trace of the cathode-ray tube is a measure of
the direction of the source of the received wave
signal from the receiving system.

Fig. 3 is a circuit diagram, partly schematic,
of a portion of a radiated-signal receiving sys-
tem which is essentially similar to that of Fig. 2,
similar circuit elements being designated by sim-
ilar reference numerals and analogous circuit
elements by similar reference numerals primed,
except that the present receiving system is one
which utilizes a translating system {8’ having ar
even number of radiated-signal translators {1—15,
inclusive, and 61 as contrasted with the odd num-
ber of translators included in the translating sys-
tem 18 of Fig. 2. The use of the additional trans-
lator 61 requires, of course, the addition of a
unit 62, §3 which includes a modulator, band-
pass selector and amplifier siniilar to those of the
unit 16, 28 for example, and requires a modulator
and band-pass selector unit 84 which is similar
to the unit 42, for example. The modulator-
selector unit 64 is coupled to the cutput circuit
of the vacuum tube 40 of the modulator 28’
through a transformer 65 which is tuned to an

10
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individual modulation component, presently to be’
considered in greater detail, of the modulated
carrier signal developed in the cutput circuit of
the modulator 38’. ) ' o

The modulator 38" in the present receiving sys-
tem is of the balanced carrier-suppressed type in
which the output circuit of the carrier-signal
generator 33 is coupled between the cathodes of
tubes &8 and 48 and the center tap of the sec-
ondary winding of the input-circuit transformer
32. The primary winding of the latter trans-
former is coupled through the transformers 34, 35
and a transformer 67 to the respective oscillators
48’, 37’ and an oscillator 68. The oscillator 36’
generates a modulation-signal component

i3
2

_ the generator 81’ now generates a third harmonic
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and the oscillator 68 generates a fifth harmonic
component

5
2

of the signal. The scanning system for the cath-
ode-ray tube 57 is not shown for purposes of
simplicity, but may be the same as that of the
Fig. 2 arrangement. It will be understood, of
course, that the balanced form of modulator
shown requires that the primary windings of all
of the transformers &1, 43, 45, 47, 49 and 55 be
inductively coupled to ensure balanced output.

The operation of the Fig. 3 receiving system
is essentially similar to that of Fig. 2 except for
the operation of the modulator 8§’. In the pres-
ent system, the modulated carrier signal devel-
oped in the ouiput circuit of the modulator 38§’
has no carrier component but includes three up-
per-sideband and thrse lower-sideband frequency
components corresponding to the fundamental
and harmonic-frequency components of the sig-
nal generaied by the oscillators 28’, 37’ and 68
Of these components, the transfoermers &1, 43,
45, 47, 48 and &5 select and apply to the respective
modulator-selector units 42, 48, &5, 48, 58 and
64 the component given by the respective reia-
tions:

) 4
eqp= I’ cos (wg’t—g—gh—t) (29)
644=E0’ (o)) <wo/t—§,‘;—]£> (30)
’ ’ wrt a
o= FH;' cos ( wp t—-7 31)
ewg= Iy’ cos (w&t—{—%‘lt) (32)
ex— By cos (wofz+3—;—h§ (23)
ess= Fy' cos (wo’t—l-—5—"§’115 (34)

The band-pass selectors of the units £2, 64, 48,
48, B8 and 24 all select either the difference or
the sum-frequency hetercdyne components as in
the Fig. 2 arrangement. It will thus be seen from
Equations 29 to 34, inclusive, and the foregsing
description of the Fig. 2 receiving system that
the wave signals received by the translators of the
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translating system {8’ are modulated with in-
dividual modulation signals which have the re-
quired frequency relationships, expressed by
Equation 9, to cause the receiving system to have
a sharply directive response characteristic vari-
able in direction. The operation of the Fig. 3
receiving systcm is otherwise essentially similar
to that of Fig. 2 and will not be repsatad,

In connection with receiving systems of the
general type represented by that of Fig. 3 which
utilize an even number of radiated-signal trans-
lators, it may be instructive to add that tiie most
general form of equation expressing the com-
bined difference-frequency component developed
in the common oubput circuit of the several mod-
ulators thereof is given by the relation:

2m—1

m=m’
eisn —EoEe >3 K, cos
7 | 2= 5

(w;,t

+2ra cos a)]:l cos (we—wo)t  (35)

where

Km=an arbitrary constant dependent upcn the
gain of the individual modulators; and

m=the number of the term in the series as de-
termined by the following relation: n=2m’'=
the number of radiated-signal translators.

Thus, the equation for the difference-irequency
component developed in the input circuit of unit
3{’ in the Fig. 3 system is expressed by the rela-
tion:

e,-.,.:-.E%E“ I:Kl cos —%(w,,t—}—Zara cos a)

4+ K; cos —g(wht—i—%ra cos a)

+ K; cos g(wht—}—%ra cos a)] cos (we—wo)t (36)

Fig. 4 represents schematically a complete radi-
ated-signal receiving system which is essentially
similar to that of Fig. 2, similar circuit elements
being designated by similar reference numerals
and analogous circuit elements by similar refer-
ence numerals primed, except that the present
receiving system is one having a sharply directive
response characteristic providing maximum re-
ception in a direction which varies continuously
and periodically over two angular ranges normal
tc each other. The scanning pattern of this sys-
tem is preferably in the nature of a raster of
parallel lnes similar to that employed in an
image pick-up or an image-reproducing tube of
a conventional television system.

The present radiated-signal receiving system
may be said to embedy a plurality of systems of
the Fig. 2 type, each operating with -a slightly
different nominal or mean heterodyne frequency.
All of the elements of the Fig. 2 arrangement are
included in the Fig. 4 system and. as previously
mentioned, are designated by the same reference
numerals. It will be understood that the un-
numbered elements in Fig. 4 which occupy posi-
tions corresponding to numbered elements are
identical in all respects thereto except for the
frequency translated by each, these frequencies
being appropriately designated in Fig. 4. The
radiated-signal transiators of the present system
are grouped into linear arrays, one such array
including the translators 11§, inclusive, and a
linear bank of such arrays. The present system
includes, in addition to the modulation-signal

____
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generator 36, 37 of the Fig. 2 arrangement, a
modulation-signal generator 88 which generates
a modulation signal having frequency components
fv and 2fv related to the spacing of the arrays of
radiated-signal translators in the bank of arrays.

- An output circuit of the generator 89 is coupled
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to an input cireuit of the modulator 7€ and there
is also coupled to an input circuit of the latter
unit the carrier-signal generator 33. It will be
evident from the foregoing description of the in-
vention that the frequency components of the
modulated carrier signal developed in the output
cireuit of the modulator T8 are thus suitably
spaced in the frequency spectrum to effect scan-
ning in one direction of the directive-respense
characteristic of the receiving system when these

“modulation components are suitably applied to

the radiated-signal translator system in the man-
ner taught above. These modulation components
are individually selected and applied to a second
bhank of modulators, which includes the modu-
Jator 38, where the selected modulation com-
ponents are treated as individual carrier signals
and are each modulated by the modulation sig-
nals of the generator 25, 37. The modulation
components of these several signals are indicated
by appropriate frequency designations, see for
example the frequency designations as related to
modulator 38, and, in each case, a particular cne
of these modulation compenents is selected and
translated by a particular one of the group of
units designated “Band-pass selectors and modu-
lators” which includes the units 42, 44, 46, 48 and
58. These last-named components are preferably
of relatively low frequency to facilitate their sepa-
ration by suitable band-pass selectors and are
heterodyned to a higher frequency by the hetero-
dyne oscillator 58, 'The difference-frequency
heterodyne components are individually selected
and applied to particular ones of the modulators
of the units designated “Heterodyne-frequency
selectors, modulators, I. F. selectors and ampli-
fiers, and radiated-signal translators” which in-
clude the units 16-28, inclusive, and radiated-
signal translators or antennas {{-I5, inclusive.
An input circuit of the last-mentioned modula-
tors is coupled to an individual one of the
radiated-signal translators.

It will be noted from the frequency designa-
tions applied to Fig. 4 that the last-mentioned
modulators have applied thereto modulation sig-
nals having individual frequencies such that the
wave signals received by the radiated-signal
translators are modulated with individual modu-

; lation signals having individual frequencies which

increase in the order of spacing of associated
translators in each array and increase in the
order of spacing of associated arrays in the bank
of such arrays. The present receiving system
thus has a directive characteristic providing
maximum reception in a direction which varies
continuously and periodically over two predeter-
mined angular ranges in directions which are
That is, the modulation
signals applied to the modulators associated with
any adjacent pair of translators in an array have
a frequency difference fn, whereby the directive
characteristic of the receiving system scans in a
Arst or horizontal direction at a first and prefer-
ably high scanning rate, whereas the modulation
signals applied to the modulators associated with
any adjacent pair of translators in the bank of
arrays have a frequency difference fv, thus to
cause the directive characteristic of the receiving
system to scan in a second or vertical direction

'
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at a second and preferably low rate of scanning.
The resulting scanning pattern is thus one of
parallel scanning lines which may be interlaced
if desired, as in conventional television practice.

As in the Fig. 2 arrangement, the output signals
of all of the modulators last considered are com-
bined in a common intermediate-frequency chan-
nel and applied to the unit 3f’. The signal out-
put of the latter is applied to the cathode-ray
tube 57 to moduiate the cathode-ray beam there-
of, as in Fig. 2. Since scanning of the directive
characteristic of the receiving system is in two
directions in the present system, there is provided
a vertical scanning oscillator 7{ having a syn-
chronizing circuit coupled through a delay net-
work 73, having the same function as the delay
network 88, to the modulation-signal generator
69 and having an output circuit which supplies
scanning potentials of saw-tooth wave form and
which is coupled to a pair of deflecting electrodes
12 provided in tube 57 and normal to the deflect-
ing electrodes 68. The cathode-ray beam of tube
57 is thus caused to scan in two directions normal
to each other to provide a raster of parallel scan-
ning lines. The signal applied from the output
circuit of unit 84’ to the cathode-ray tube 57 so
modulates the cathode-ray beam of the latter
that there are produced on the screen of this tube
two dimensicnal indications of the direction of the
source of all received wave signals from the re-
ceiving system.

The directivity characteristic of the several
forms of receiving system hereinbefore described
in general includes g major directivity lobe and
one or more undesired minor or spurious direc-
tivity lobes. The magnitudes of such minor lobes
abpearing in the directivity characteristic of any
of these several systems may be reduced by so
controlling the gains of the several signal-trans-
lating channels thereof, for example by control-

ling ‘the gains of the medulators {6—28 of the.

Fig. 1 arrangement, that the difference-frequency
components developed in the output circuits of
these units have unequal amplitudes. Referring
to general Equations 10¢ and 35, this means that
the several Ko and Km coefficients are made un-
equal. These general equations still apply in such
case if the coefficient Km is equal in those terms
which express the difference-frequency compo-
nent developed in the output circuits of pairs of
modulatoer units, there being one pair of such units
for each pair of radiated-signal translators situ-
ated equidistant from the center point of the
translator system.

While there have been described what are at
present considered to be the preferred embodi-
ments of this invention, it will be obvious to those
skilled in the art that various changes and modi-
fications may be made therein without departing
from the invention, and it is, therefore, aimed
in the appended claims to cover all such changes
and modifications as fall within the true spirit
and scope of the invention.

‘What is claimed is:

1. A radiated-signal receiving systém having a
sharply directive response characteristic variable
in direction comprising, a plurality of spaced
radiated-signal translators each adapted to re-
ceive a radiated signal, modulator means coupled
to said translators for modulating the wave signal
translated by one of said translators with a mod-
ulation signal and for modulating the wave signal
translated by another of said translators with a
modulation signal of frequency different from
that of said first-named modulation signal, and
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means for utilizing primarily those predetermined
ones of the modulation components of the wave
signals thus modulated which have additive phase
only for one direction of reception by said trans-
lators, said direction varying continuously and
periodically over a predetermined angular range.

2. A radiated-signal receiving system having a
sharply directive response characteristic variable
in direction comprising, a plurality of spaced
radiated-signal translators each adapted to re-
ceive g radiated signal, modulator means coupled
to said translators for modulating the wave signal
translated by one of said translators with a mod-
ulation signal and for modulating the wave signal
translated by another of said translators with a
modulation signal of frequency different from
that of said first-named modulation signal, and
means for selecting and utilizing primarily those
predetermined ones of the modulation compo-
nents of the wave signals thus modulated which
have additive phase only for one direction of re-
ception by said translators, said direction varying
continuously and periodically over a predeter-
mined angular range.

3. A radiated-signal receiving system having a
sharply directive response characteristic variable
in direction comprising, a plurality of spaced
radiated-sighal translators each adapted to re-
ceive a radiated signal, modulator means coupled
to said translators for modulating the wave signal
translated by one of said translators with a mod-
ulation signal and for modulating the wave signal
translated by ancther of said translators with a
modulation signal of frequency different from
that of said first-named modulation signal, and
means for selecting, combining, and utilizing pri-
marily those predetermined ones of the modula-
tion components of the wave signals thus modu-
lated which have additive phase only for one di-
rection of reception by said translators, said di-
rection varying continuously and periodically over
a predetermined angular range.

4. A radiated-signal receiving system having a
sharply directive response characteristic variable
in direction comprising, an array of aligned
spaced radiated-signal translators each adapted
to receive a radiated signal, modulator means
coupled to said translators for modulating the
wave signal translated by one of said translators
with a modulation signal and for modulating
the wave signal translated by another of said
translators with a modulation signal of frequency
different from that of said first-named modula-
tion signal, and means for utilizing primarily
those predetermined ones of the modulation
components of the wave signals thus modulated
which have additive phase only for one direction
of reception by said translators, said direction
varying continuously and pericdically over a pre-
determined angular range.

5. A radiated-signal receiving system having
a sharply directive response characteristic vari-
able in direction comprising, a plurality of equally
spaced radiated-signal translators each adapted
to receive a radiated signal, modulator means
coupled to said translators for modulating the
wave signal translated by one of said translators
with a modulation signal and for modulating
the wave signals translated by others of said
translators with individual modulation signals
of individual frequencies different from that of
said first-named modulation signal and equally
spaced in the freguency spectrum with relation
thereto, and means for utilizing primarily those
predetermined ones of the modulation compo-
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nents of the wave signals thus modulated which
have additive phase only for one direction of
reception by said translators, said direction vary-
ing continuously and periodically over a prede-
termined angular range.

6. A radiated-signal receiving system having a
sharply directive response characteristic variable
in direction comprising, a plurality of geometri-
cally spaced radiated-signal translators each
adapted to receive a radiated signal, modulator
means coupled to said translators for modulating

10

the wave signals translated by said translators -

with individual modulation signals having indi-
vidual frequencies increasing in the order of
geometric spacing of said translators, and means
for utilizing primarily those predetermined ones
of the modulation components of the wave signals
thus modulated which have additive phase only
for one direction of reception by said translators,
said direction varying continuously and periodi-
cally over a predetermined angular range..

7. A radiated-signal receiving system having a
sharply directive response characteristic variable
in direction comprising, a plurality of spaced
radiated-signal translators each adapted to re-
ceive a radiated signal, a plurality of modula-

tors individually coupled to said translators,.

means for applying to ohe of said modulators a
modulation signal and for applying fo another
of said modulators a modulation signal of dif-
ferent freguency, and means for utilizing pri-
marily those predetermined ones of the modula-
tion components of the wave signals thus modu-
lated which have additive phase only for one
direction of reception by said translators, said
direction varying constantly and periodically
over a predetermined angular range.

8. A radiated-signal receiving system having
a, sharply directive response characteristic vari-
able in direction comprising, a plurality of equally
spaced radiated-signal translators each adapted
to receive a radiated signal, modulator means
coupled to said translators, means for deriving
a signal having harmonically related frequency
components and for applying to said modulator
means modulation signals having frequencies
related to individual frequency components of
said derived signal to modulate the wave sig-
nals translated by said translators with individual
ones of said modulation signals, and means for
utilizing primarily those predetermined ones of
the modulation components of the wave signals
thus modulated which have additive phase only
for one direction of reception by said translators,
said direction varying continuously and periodi-
cally over a predetermined angular range.

9. A radiated-signal receiving system having
a' sharply directive response characteristic vari-
able in direction comprising, a plurality of spaced
radiated-signal translators each adapted to re-
ceive a radiated signal, modulator means coupled
to said translators for modulating the wave sig-
nals translated by said translators with individual
modulation signals corresponding to individual
modulation components of a modulated carrier
signal, and means for utilizing primarily those
predetermined ones of the modulation compo-
nents of the wave signals thus modulated which
have. additive phase only for one direction of
reception by said translators, said direction vary-
ing continuously and periodically over a prede-
termined angular range.

10. A radiated-signal receiving system having a
sharply directive response characteristic variable
in direction comprising, a translating system in-
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cluding s plurality of spaced radiabed-signal
translators each adapted to receive a radiated
signal, a bplurality of modulators individually
coupled to said translators, means for generating
s modulated carrier signal having medulation
sideband frequency components, means for apply-
ing at least the side-band frequency components
of said modulated carrier signal individually to
said modulators with the components of increas-
ing frequency applied in order to the modulators
in the order of spacing of their associated trans-
Jators from an end translator of said translating
system, and means for utilizing primarily those
predetermined ones of the modulation compo-
nents of the wave signals thus modulated which
have additive phase only for one direction of

reception by said translators, said direction vary-

ing continuously and periodically over a predeter-
mined angular range,

11. A radiated-signal receiving system having a
sharply directive response characteristic variable
in direction comprising, a plurality of spaced
radiated-signal translators each adapted to re-
ceive g radiated signal, modulator means coupled
to said translators, an input circuit adapted to
have applied thereto a carrier-signal, means re-
sponsive to said applied carrier signal for deriv-
ing a plurality of modulation signals of individual
different frequencies and for applying at least
said derived modulation signals to said modulator
means to modulate the wave signals translated
by said translators individually with said derived
modulation signals, and means for utilizing pri-
marily those predetermined ones of the modula-
tion components of the wave signals thus modu-
lated which have additive phase only for one
direction of reception by said translators, said
direction varying continuously and periodically
over a predetermined angular range. :

12. A radiated-signal receiving system having a
sharply directive response characteristic variable
in direction comprising, a plurality of spaced
radiated-signal translators each adapted to re-
ceive a radiated signal, a first modulator means
coupled to said translators, a second modulator
means having a first input circuit adapted to have
applied thereto a carrier signal, a second input
circuit for said second modulator means adapted
to have applied thereto a signal having frequency
components proportional to the spacing of said
translators from a reference point common to all
said translators, means responsive to said applied
carrier signal and to said last-named signal for
deriving a modulated carrier signal from said
second modulator means and for applying indi-
vidual modulation-frequency components thereof
to said first modulator means to modulate the
wave sighals translated by said translators indi-
vidually with said applied modulation-frequency
components, and means for utilizing primarily
those predetermined ones of the modulation com-
ponents of the wave signals thus modulated
which have additive phase only for one direction
of reception by said translators, said direction
varying continuously and pericdically over a pre-
determined angular range.

13. A radiated-signal receiving system having a
sharply directive response characteristic variable
in direction comprising, g plurality of spaced
radiated-signal translators each adapted to re-
ceive a radiated signal, a plurality of modulators
individually coupled to said translators, an addi-
tional meodulator having a first input circuit
adapted to have applied thereto a carrier signal,
a second input circuit for said additional modu-

——___
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lator adapted to have applied thereto a signal

having: frequency components proportional to the
spacing-of said translators from-a reference point
common to-gll said-translators, means responsive

to said -applied carrier signal and to said last- .

named :signal -for deriving ‘a modulated carrier
signal from -said additional modulator and for
applying -modulation - frequency .components
thereof individually to -said first-named modu-

lators to modulate the wave -signals :translated

thereby individually with said applied modula-
tion-frequency components, and means for utiliz-
ing primarily those ‘predetermined ones of the
modulation components ‘0f the wave -signals thus

modulated which have additive phase only for one -

direction of reception by said -translators, said
direction varying continuously ‘and periodically
over :a predetermined .angular range.

14. A radiated-signal receiving -system ‘having
a sharply directive response characteristic ‘vari-
able ‘in direction comprising, a ‘translating sys-
tem -including 'an uneven :number of “equally
spaced radiated-signal translators each adapted
to receive. a radiated signal, g plurality of med-
ulators -individually coupled to said translators,
means for generating a modulated carrier signal
having. a earrier component and-modulation side-~
band frequency components -all-equally spaced in
the-frequency spectrum, means for applying:said
carrier-component to the one of said modulators
which is coupled to the center one of said trans-
lators, means for applying the upper -sideband
modulation components- of:said modulated carrier
signal.individually-to the ones-of'said modulaiors
which are coupled-to those.translators positicned
on.one side:of said one translator with the.com-
ponents of .increasing frequency-applied in-order
to the ‘modulators in -the order -of spacing of
their associated-translators.from said one trans-
lator, means .for applying -the lower ‘sideband
modulation components -of .said modulated caxr-
rier signal individually to the remainder of said
modulators .with the .modulation - components - of
decreasing frequency -applied -in order to .the

modulators in the order.of spacing of .their. asso- . ;

ciated translators from said one “translator, and
means -for utilizing -primarily those predeter-
mined ones of the modulation components:of the
wave.signals thus modulated which:have-additive

phase only to one direction.of reception by said ;

translators, said direction varying continuously
and periodically over .a predetermined -angular
range.

15. A radiated-signal receiving ssystem having
a sharply directive response characteristic vari-
able.in direction comprising, a translating system
including an even number of equally spaced radi-
ated-signal translators,.a plurality of modulators
individually coupled to said translators, -means
for generating a modulated.carrier signal:having
a suppressed carrier component and -upper -and
lower sideband modulation-frequency compo-
nents all equally spaced in the frequency spec-
trum, means for applying the upper sideband
modulation components of said ‘modulated car-
rier signal individually to those.modulators: which
are coupled to translators positioned.on-one side
of ‘the center point of said translating system
with the components of increasing frequency ap-
plied in order to the modulators.in the-order of
spacing of their associated translators from said
center point, means for applying the lower side-
band modulation components of said modulated
carrier signal individually .to the. ofhers of said
modulators with the components of -decreasing

20

25

30

40

fay
St

Gb

€0

75

20

frequency applied in order to 'the modulators in
the order of ‘spacing of their associated transla-

. tors from-said center point, and means for utiliz-

ing -primarily those predetermined ones of the
modulation components of the wave signals thus
modulated which have additive phase only for
one direction of reception by said translators,
said direction varying continuously -and periodi-
cally over a predetermined angular range.

16. A radiated-signal receiving system having
a sharply directive response characteristic vari-
able in direction comprising, a, plurality of spaced
radiated-signal translators each adapted to re-
ceive a radiated signal, modulator means coupled
to said translators for modulating the wave signal
translated by one of said translators with a
modulation signai and for medulating the wave
slgnal translated by another of said translators
with a modulation signal of frequency different
from that of said first-named modulation signal,
means for combining primarily those predeter-
mined modulation components of the wave sig-
nals thus modulated which have additive phase
only for one direction of recevtion by said trans-
lators, said direction varying continuously and
periodically over a predetermined-angular range,
and means responsive $0 said predetermined.mod-
ulation components for indicating the direction
from said translators of the source.of said radi-

.ated signal.

17. A radiated-signal receiving system having
a sharply directive response characteristic vari-
able in direction comprising, a plurality of spaced
radiated-signal translators each adapted to re-
ceive a radiated signal, modulator .means cou-
pled to said translators.for.modulating the wave
signal translated by one.of said translators with
a modulation sighal and for -modulating the wave
signal translated by another of said translators
with .a modulation signal of frequency different
from that of said first-named modulation signal,
means for utilizing primarily those predeter-
mined modulation components of .the wave sig-
nals thus modulated which have additive phase
only for one direction of reception by said trans-
lators .to derive a control effect, said .direction
varying continuously and periodically over a pre-
determined angular range, a cathode-ray tube,
and means for applying said control effect to said

-cathode-ray tube to provide an indication of the

direction from said translators of the source-of
said radiated signal.

18. A radiated-signal receiving system having
a sharply directive response characteristic varia-
ble in direction comprising, a plurality of spaced
radiated-signal translators each adapted to re-
ceive a radiated signal, modulator means coupled
to said translators for modulating the wave sighal
translated by one of said translators with a modu-
lation signal and for modulating the wave signal
translated by another of said translators with a
modulation signal of frequency different from
that of said first-named modulation signal, means
for utilizing primarily those predetermined ones
of the modulation components of the wave signals
thus modulated which have additive phase only
for one direction of reception by said translators
to derive a control signal, said direction varying
continuously and periodically over a predeter-
mined angular range, a cathode-ray tube, means
for deflecting the cathode-ray beam of said tube
in synchronism with the variation of said direc-
tion, and means for applying said control. signal
to said cathode-ray tube to modulate the beam.
thereof, whereby said cathode-ray tube -provides
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an indication of the direction from said trans-
lators of the source of said radiated signal.

18. A radiated-signal receiving system having
a sharply directive response characteristic varia-
ble in direction comprising, a plurality of spaced
radiated-signal translators grouped into arrays
and at least one bank of arrays and adapted to
receive a radiated signal, modulator means cou-
pled to said translators for modulating the wave
signals translated by said translators with indi-
vidual modulation signals having individual fre-
quencies which increase in the order of spacing
of associated translators in each array and in-
creage in the order of spacing of associated arrays
in said bank of arrays, and means for utilizing
primarily those predetermined ones of the modu-
_lation components of the wave signals thus modu-
lated which have additive phase only for one
direction of reception by said translators, said
direction varying continuously -and periodically
over two predetermined angular ranges in direc-
tions normal to each other.

20. A radiated-signal receiving system having
a sharply directive response characteristic varia-
ble in direction comprising, a plurality of equally
spaced radiated-signal translators grouped into
linear arrays and at least one linear bank of
arrays and adapted to receive a radiated signal,
a plurality of modulators individually coupled to
said translators for modulating the wave signals
translated by said translators with individual
applied modulation signals having individual fre-
guencies which increase in the order of spacing
of associated translators in each array and in-
crease in the order of spacing of associated arrays
in said bank of arrays, and means for utilizing
primarily those predetermined ones of the modu-
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1ation components of the wave signals thus modu-
lated which have additive phase only for one
direction of reception by said translators, said
direction varying continuously and periodically
over two predetermined angular ranges in direc-
tions normal to each other and the modulation
signals applied to modulators associated with
adjacent radiators in each array having a fre-
quency difference of a first predetermined value
and the modulation signals applied to modulators
associated with adjacent radiators in sald bank
of arrays having a frequency difference of a sec-
ond predetermined value which first and second
predetermined values are related to the desired
rates of scanning of the directive characteristic
of said receiving system over said two angular
ranges. ]

21. A radiated-signal receiving system having
a sharply directive response characteristic varia-
ble in direction comprising, a plurality of spaced
radiated-signal translators each adapted to re-
ceive a radiated signal, modulator means coupled
to said translators, means for deriving a signal
having frequency components proportional to the
spacings of said translators from a reference
point common to all said franslators and for ap-
plying to said modulator means said derived fre-
quency components to modulate the wave signals
translated by said translators with individual
ones of said derived frequency components, and
means for utilizing primarily those predetermined
ones of the modulation components of the wave
signals thus modulated which have additive phase
only for one direction of reception by said trans-
lators, said direction varying continuously and
periodically over a predetermined angular range.

HAROLD M. LEWIS.



