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The present invention relates to radio reception
and has for its principal object to provide rela-
tively simple, practical means for reducing inter-
fering electrical noise of either natural or man
made origin, normally encountered in the recep-
tion of radio telegraph and radio telephone sig-
nals. Another object is to accomplish this result
with equipment which can readily be added to
existing radio equipment.

Essentially the invention contemplates the use
for mixer or detector functions in a radio receiver,
of a balanced modulator circuit in which essen-
tially ail amplitude modulation on the incoming
radio signal is balanced out, except insofar as this
cancellation may be made intentionally incom-
plete to permit desired modulation to be received.
When adjusted for complete cancellation, no out-
put signal voltage is derived from the circuit from
either an incoming signal or from undesired elec-
trical noise; if, however, the cancellation be made
only partially complete, essentially all amplitude
modulation components above an arbitrary, vari-
able level may be made to balance out, while those
components below this same level are passed to
the output. In this manner the received signal
may be freed of noise and interference compo-
nents above the selected signal or modulation
level. )

With the foregoing general object in view the
invention consists in the novel combinations and
arrangements of features as will be hereinafter
more fully described, illustrated in the accom-
panying drawings and defined in the appended
claims.

In the accompanying drawings, wherein are
illustrated different practical embodiments of the
invention and wherein like characters of refer-
ence denote corresponding parts in related views:

Figure 1 is a diagrammatic view illustrating
one practical embodiment of the invention utiliz-
ing g balanced diode rectifier.

Figures 2 and 2B are diagrammatic views illus-
trating the action of the circuit of Fig. 1 upon
an incident mixture of noise angd desired signal,
when adjusted for the reception of CW or radio
telegraph signals.

Figures 3 and 3B are diagrammatic views illus-
trating the action of the circuit of Fig. 1 upon an
incident mixture of noise and a desired modu-
lated signal, when adjusted for the reception of
amplitude modulated radio telephone signals.

Figure 4 reflects diagrammatically another
practical embodiment of the invention wherein
the balancing voltages are derived from the same
envelope of the incoming signal and noise, result-
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ing in independence of incoming signal symmetry
for the desired cancellation.

Figure 5 is a diagrammatic view illustrating
another practical embodiment of the invention
utilizing triode modulator elements.

Figure 6 is a-diagrammatic view reflecting still
another practical embodiment wherein multi-grid

-modulator elements are used.

In the drawings, modulator elements are repre-
sented generally by A. Referring in detail to Fig.
1, there is shown at § an input radio frequency
transformer, the primary 2 of which is tuned by
variable condenser 3 and the secondary 4 of which
is tuneq by variable condenser 5 to any desired
frequency. 'The end terminals of secondary #
are connected respectively to diode plates 6 and 7;
ang the corresponding diode cathodes 8 and 9 are

“connected through radio frequency chokes {8 and

t{ respectively to equal load impedances 12 and
{3. In addition, cathodes 8 and 9 are connected
respectively to the junction 19 of loads 12 and {3
by equal radio frequency by-pass condensers 14
and 5. A second radio frequency transformer
is shown at 18, the secondary {7 of which is con-
nected between center tap 18 of input transformer
secondary & and junction-19.. The primary 28 of
{6 is excited by radio frequency
source 21, and the primary 2 of transformer {
is excited by signal source 22. Source 22 ordi-
narily will be the radio frequency or intermediate
frequency sections of a conventional radio re-

. ceiver, but may be some other source, as for ex-

ample, an antenna. Source 2l ordinarily will be
g, self excited local oscillator and associated phase
shifting network, but may be connected as shown
to source 22 through switch S and a heferodyne
oscillator-limiter amplifier 38, whereby the fre-
quency of 2 may be controlled by source 22 in a
manner well known to the art, either to lock in
on the identical frequency of 22, or to become
operative on a slightly different frequency from
22 only when 22 is operative. With respect to
center tap 18, the diode plates 6 and T will be
excited 180° out of phase by signal source 22,
whereas cathodes 8 and § will be excited in phase
with each other by source 2i. Relative excita-
tion of plates 6 and T may be varied by varying
the coupling between primary 2 and the corre-
sponding halves of center tapped secondary 4 to
secure the desired degree of balance. Excitation
of cathodes 8 and 8 may be varied by varying the
coupling between primary 28 and secondary {1.
Output voltage is taken between terminals 23 and
24 connected to loads (2 mand {3 respectively
throygh equal coupling condensers 25 and 26. A%




2,424,925

3

T is shown a single-pole double-throw switch
which, when thrown to the other position, re-
moves the excitation by source 21 from one of the
cathodes 8.

The action of the circuit of Fig. 1 is best visugl-
ized by plotting voltages and currents at various
critical points, and in Figs. 2 and 2B this has
been done diagrammatically for the conditions
under which the circuit of Fig. 1 is.suited for the
detection and reception of radio telegraph sig-
nals. Referring to Figs. 2 and 2B, which are re-
lated to Fig. 1, there is represented by line 27 the
signal voltage from source 22 on diode plate:6
(Fig. 1) and by solid line 28 the signal voltage.on
diode plate T (Fig. 1). In general these lines
represent a uniform sine wave signal; however,
at 29 and 88 are shown the effects of a modula-
tion peak of interference or static. The envelope
of the signal from 22 is shown as X in-Fig. 2B.
Line 37 represents the voltage on cathodes 8 and
g (Fig. 1) resulting from source:2{,.operating on
a frequency slightly -different from the signal
frequency of 22. Lines 3!.represent the resulting
pulses of current through cathode .8, and -the
effective envelope .of these pulses .appears as &
rotential at terminal 23 by virtue .of the:action
of load (2. This envelope is shown:in Figs. 2.and
2B diagrammatically as line:32. .Similarly, lines
23 represent the .resultant pulses .of current
through cathede 8 .and.the effective. envelope 24
of these pulses appears as a.potential at terminal
24. Since these-envelopes.are 180° out of.phase,
it-is-thus apparent that an alternating electromo-
tive -force appears between points 23 and 24, the
frequency of which is the familiar “beat”.or dif-
ference frequency between the frequencies of
sources 22 and 21. However, it.is.equally appar-
ent that as a result of signal peaks 28 -and 30
respectively, at 35 and 38 peaks occur, the en-
velopes of which are in phase with each other,
and which therefore, tend to cancel-when meas-
ured between points 23 and:24.  Cancellation will
be most nearly complete during the periods when
a 90° phase differénce exists between excitation

from sourees 21 and 22 as may be.seen by refer- *

ence-to Fig. 2B, where it will.be noted that en-
velopes-32 and 34 crosseach other (. e., have equal
values and therefore cancel completely) at those
points where -such a 90° phase dlﬁerence -exists

between cathode excitation 27 and diode plate #

" excitation curves 27, 28. -This is further shown
in the mathematical discussion -hereinafter set
forth. ' i

The net effect-of the circuit shown in Fig. 1,
then, under the conditions imposed, is to produce
a heterodyne frequency between terminals 23 and
24, while effectively cancelling all incoming-signal
n*odulatlon effects from source .22 that exceed an
arbitrary level. That this arbltrary level is de-
termined by the amphtude of the-excitation from
source 24, may be seen by 1ett1ng the amphtude

of 27 in Figs., 2 and 2B diminish, approachmg
zero. 'The amphtudes of envelopes 32 and 34 vary
accordingly, approaching each other as adiacent
pulses-21 and 33 become more and more nearly
equal and as adJacent peaks 35 and 38 become
more and more nearly identical in amplitude
(helght), with essentlally complete cancellation
occurring. Under the conditions descnbed there-
fore, the circuit of Fig. 1 is suitable for: the re-
ception of radio “telegraph signals, with a, ‘igh
degree of noise rejection.

‘A still higher degree of readabxhty of radiotele-
graph signals is obtained by deriving source 21
from the radio telegraph signal source 22 through
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heterodyne of source 22 with an auxiliary limiter-
oscillator 38 in such a manner that the frequency
of source 2i again is slightly different from that
of source 22, Thus source 2f will operate to un-
balance the modulator circuit, only when 22 is
producing a signal. For the intervals between
marking sighals of the telegraph code characters,
the modulator circuit will be completely balanced,

-and ‘the resultant noise in these intervals is less

than when the cathodes 8 and 9 are excited con-
tinuously. The result is a more clear cub distine-
tion between marking and spacing intervals, and

.is.correspondingly easier to read.

JFrom examination of Figs. 2 and 2B, it will be
further apparent that the excitation from source
2{ may be applied to cathode 8 or cathode 9

- .singly, rather than to both, with essentially the
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tween envelope Z and envelope :24,

loads 12 and (3.

same result, with the exception that only one

-envelope 32 or 24 will be effective in producing

the desired beat ncote. The other envelope de-

:generafes.into .a steady potential, except as it is
-affected by modulation peaks on the incoming
-signal-from source 22, i, e., it becomes the envelope

of -the original signal from source 22 as shown at

% in Fig, 2B. -Cancellation of excessive modula-
-tion effects, therefore, sccurs as before.

For ex-
ample, if switch T.in Fig. 1 be thrown to the other
position, excitation by source 21 will ' be removed
from cathode 8 and thus only cathode $ will be
excited. In:this event, diode-8, 8 acts as an ordi-

‘nary detector, and-the potential across load re-
sistor 12 will then follow the envelope X of the

original signal from 22, as shown at Z; i. e., en-
velope 32 becomes envelope Z. Since excitation

-is 'still on cathode 9, envelope -34 remains un-
elyanged. Thus the potential difference between

points 23 and 24 now reflects the difference he-
which, :as
shown in Fig; 2B, still reproduces the “beat” note,
and still substantially cancels modulation peaks
of noise-and interference.

In Figs. 3 and 3B which are also related.tc Fig.
1, there is represented diagrammatically the ac-

~tion of the -circuit shown in ¥Fig. 1, upon an in-

coming amplitude modulated radio signal from
source 22 when the frequency of source 21 -is
locked in:synchronism with source 22 and:is.either
0° or 180° cut of phase with 22, The line 39 re-
flects the modulated signal potential on diode

-plate § (Fig.'1) ;-the solid line 40 reflects the mod-

ulated signal potential on diode plate 1 (Fig, 1)
and the line 4! reflects:the potential on cathodes
8 and-9 (Fig. 1) produced by source 21, At 42
and 43 are shown the potentials produced on
plates § and T respectively -by an interference
noise ‘pulse. The -envelope of the original signal
from 22 is representeqd by line X in Fig. 3B. At
44 and 45 are shown:the resulting pulses of cath-
ode current from cathodes 8 and 9 respectively.
The effective envelopes of these pulses shown as
46 and 47 appear at: terminals 23 and 24 (Fig. D),
respectively, as potentials through the action of
‘From -inspection of the enve-
lopes 46 and 417, it is evident that they follow the
original signal modulation envelope X and are
180° out of phase with each other, so long as‘the

- sighal modulation peaks do not exceed in ampli-

70

5

tude the amplitude of cathode potential A4f.

However, it is further apparent as shown by peaks
48 and 49, that when the signal modulation peaks

42 and 43 exceed:the amplitude of cathode poten-
tial 41, the envelopes 46 and 47 of resulting cath-
ode pulses 48 and 49 respectively are in phase

.with each -other and therefore tend to cancel each
.other when measured .as .a potential difference
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between terminals 23 and 24. Therefore, the
effect of the circuit shown in Fig. 1 upon an am-
plitude modulated signal from source 22 under
the conditions stated is to produce between out-
put terminals 23 and 24 a potential difference
which accurately follows the original signal mod-
ulation envelope up to the point where the modu-
lation peaks equal in amplitude the cathode ex-
citation potential derived from source 21; and to
effectively cancel all modulation above that point.
Phase reversal of envelope 46 may be seen to
occur at point Y where the amplitude of the sig-
nal X from 22 becomes equal to that, 41, from
source 21.

From the foregoing discussion and reference to
Figs. 1 thru 3, it will be apparent to those skilled
in the art that the excitation from source 21 may
be applied to cathode 8 alone rather than to both
8 and 9, as for example by a switch arrangement
similar to that shown at T in Fig. 1, but con-
nected to cathode 9 instead of 8, with essentially
the same result under the phase relations shown.
In this case, potential 41 vanishes for cathode 9;
i. e, diode 7, 9 then acts as an ordinary detector,
the output of which follows the impressed modu-
lation envelope as shown rt Z in Fig. 3B, the
phase relation of which in regard to envelope 46
is identical to that of 47. However, it is not pos-
sible to excite cathode 9 only under the phase
relation shown, because to do so would result in
the inversion of envelope 46, that is, envelope 46
would then become envelope Z, so that both en-
velopes 846 and 47 would be completely in phase
and would cancel each other for all modulation
values.

In the embodiment reflected by Figs. 1, 2, 2B,
3, and 3B, rectification or “detection” of opposite
half cycles of the incoming signal has been uti-
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lized to furnish opvosing potentials which are so -

added as to cancel modulation effects above an
arbitrary, variable value. Obviously, the com-
pleteness of cancellation is partially dependent on
the symmetry of such opposite half cycles for
equivalent opposing potentials, and any non sym-

metrical excursions of the incoming signal will :

result in an uncancelled potential between output
terminals 23 and 24.

This dependence upon the symmetry of the in-
coming signal is avoided in the embodiment
shown in Fig. 4 where the input signal from source
22 is impressed on diode plates 50 and 51 in the
same phase thru the agency of a radio frequency
transformer 52, and associated tuning condenser
53. Cathodes 54 and 55 are excited 180° out of
phase from source 21 through the agency of trans-
former 58 and coupling condensers 51 and 58.
Cathodes 54 and 55 are also coupled through radio
frequency chokes 59 and 60 to equal radio fre-
quency bypass condensers 61 and 62 respectively
and to essentially equal load impedances 63 and
64 respectively. Output is taken from terminals
65 and 66 through coupling condensers 67 and 68.

With the circuit of Fig. 4, therefore, since both
plates 50 and Bi are driven positive by identical
half cycles of the signal from source 22, exactly
the same modulation and noise components will
affect each, and under conditions of no excitation
from source 21, complete cancellation of all mod-
ulation effects may be obtained by balancing var-
iable adjustment 69 to produce equal voltage
drops across loads §3 and 64. If, now, cathodes
54 and 55 are excited by source 21 at a frequency
slightly different from that of signal source 22,
the modulation products or beat frequencies will
appear as potential differences between 65 and

40

50

55

60

65

10

75

6

66, with complete cancellation of all signal mod-
ulation peaks above an arbitrary level, deter-
mined by the amplitude of the excitation from
source 21, in a manner very similar to that de-
seribed above for the operation of the circuit of
Fig. 1. Under the conditions indicated, there-
fore, ‘the. circuit of Fig. 4 is suited for the recep-
tion of radio telegraph signals, and as in the
case of the circuit of Fig. 1, the effectiveness may
be increased to some extent by making source 21
operative’ only when actuated by source 22
through the agency of a heterodyne oscillator 38,
as described under the operation of the circuit
of Fig. 1.

Likewise, in a manner analogous to that ex-
plained for the circuit of Fig. 1 and graphically
represented in Figs, 3 and 3B, the circuit of Fig.
4 may also be adapted to the reception of radio
telephone signals by synchronizing local source
21 with signal source 22, and applying the excita-
tion from source 2 to cathodes §4 and 535 in
either 0° or 180° phase difference with the excita-
tion on plates 50 and 5f from signal source 22.
Under these conditions the amplitude modula-
tion envelope of the signal from source 22 will be
recovered as a potential difference between ter-
minals 85 and §6, up to the point where the mod-
ulation peaks exceed the amplitude of the exci-
tation of cathodes 54 and 55 from source 21.
Above this point, the amplitude modulation en-
velope of the signal from source 22 will be essen-
tially balanced out.

Again, as in the case of the circuit of Fig. 1, the
desired effect may also be obtained by applying
the excitation from source 21 to a single cathode
rather than to both 54 and 55 as for example by
opening switch V in Fig. 4. For radio telephone
operation, the excited cathode must be in phase
with its correspording diode plate. :

Application of the principle of the invention
is not.limited to diode detection or rectification,
and, accordingly, in Fig. 5 is illustrated diagram-
matically a practical embodiment of the inven-
tion wherein the excitation from signal source
22 is applied through a radio frequency trans-
former 73 to the control grids 70 and 71 of a bal-
anced dual triode circuit. With respect to the
center tap 75 of transformer secondary 74, grids
18 and T1 are driven 180° out of phase by source
22, and cathodes 716 and 77 are driven in phase
with each other by local frequency source 21
through the agency of transformer 18, Variable
condenser 12 serves to tune secondary 74 to the
desired signal frequency of source 22. Grids
10 and Tt normally are biased essentially to cut
off ' by potential source 19. Plates 80 and 8! are
by-passed to cathodes 78 and 77 by equal con-
densers 82 and 83 respectively, and are coupled
to essentially equal load impedances 84 and 85
through radio frequency chokes 86 and 87 respec.
tively. Output is derived as potential difference
between terminals 88 and 8% through coupling
condensers 50 and 91. Plates 80 and 81 are made
positive with respect to cathodes 76 and 11 by
potential source §2. Under conditions of no ex-
citation from source 21, and equal excitation on
grids 70 and 71 from source 22, it will be appar-
ent that no symmetrical modulation products
will appear between points 88 and 89. Plate cur-
rent will flow through both loads 84 and 85, but
under the conditions stated, they will be opposed
in voltage effect and thereby cancel between
points 88 and 89. Upon adding excitation from
source 21, when 21 is slightly different in fre-
quency from that of source 22, modulation prod-
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ucts>between:: the, fr.eque,hci,e&, of- source .21 and:

source 22;will appear:between-the output termi-

nals :88-and:'89; however, all signal modulation:
reak:envelopes.existingon the signal from source:
22 and:exceeding: the :level. determined: by the

the-amplituds of the:exeitation:from source.2{,
again- will remain: cancelled; since they neces-
sgrily+will be:in phase-with each other; and .are
added::in::opposition.. Under the conditions de-
scribed;: therefore the:circuit of Fig. 5, is:suitable
for the recepfion:-of radio telegraph signals, with
a: high:.degree -ofsincoming: noise rejection, and
as.;before, the effectiveness. of the signal recep-
tion may be improved by making source 21 oper-
abive.only: whenractuated: by.source 22 .through
the:agency: of. a: heterodyne:oscillator 38.

From the above discussion of the:principle:of
the:inventian; it:is; believed that it will now be
apparent:to:those skilled-in the:art that by syn-
chronizing:the frequency of local source:2i with
signal source:22;. and by applying the excitation
from source. 2{rto.cathodes:TSand:i17; 180°%- out:
of phase withithersignal source.-22. excitation .of:
grids:T0ron: 1L all . amplitude: modulation: on the
signal:fram:22-which:lies below an arbitrary level
determined::by.: the::amplitude -of the: excitation:
from:source-2#-will;be:recovered. between termi-
nals-88:and 89y :.and:that essentially- all signal
modulation .abave:this:same arbitrary level will
be-balanced:-out :in:a. manner ;analogous. to. that
explained for the eircuit of Fig..1 and graphically
represented in Figs. 3 and 3B. . Under-these con-
ditians; theccircuits of . Fig.- 5:is: suitable far-the
reception of radio:telephone signals..

Alternatively - it-is:.to: be:noted that.grids T8
and: Th:of-Fig::5;: rather -than_being excited:180°
out;:of-*phase :with-each other by . source 2% as
shown,: may be execited:in phase;:and:- that upon
exciting cathodes:. 16 .and: TT::180° out .of ‘phase
with -each other. from:source. 21, the action: re~
sulting:will ‘be: essentially: the:same as:for. the
cireuit -shawn:in: Fig. 55 except: that the: balanc-
ing. potentials -acrosscthe: output. terminals: are
thencderived from identical half cycles .of the
signal: from: source 22 and:therefore-do not de-
pend . upon the:symmetry -of the -modulation: ex-
isting.on-this-signal, from 22 for-equivalence-and
perfection-of caneellation:.

Sincerthe principle:of. the invention: involved
in:the .circuitof :Fig: 5 sis inherently similar to
that:of Fig.~1 and Fig..2;:it will be observed that
again;.one of -the:cathodes T6.0r 1T may be ex-
cited:alone by source:21. to produce the:desired
result, and it:issnot necessary that both cathodes
be -excited::

In-Fig: 6 there is illustrated;diagrammatically
still- another: embodiment of : the. invention
wherein multi-element: - tubes :are -employed - as
modulating units.. As before, 22.again-denotes-a
signal. source:and.:21;.a. Iocal source capable of
control- by: means- of: heteradyne- oscillator .38
The -signal-from: source. 22 ‘is- applied :in push-
pull.: (186° out-ofr phase) to :grids 83 and. 94
through  radio .frequency -transformer-95- The
signal- from-source. 21 is-applied- to another set
of. grids. 86.and. 97. in- phase-through radio- fre-
queney transformer 98.. With: respect-to cath-
odes:-99-and: 100;: grids .98 .and- 94: are normally
biased.essentially to negative cut-off. by means. of
potential. source-- {8§,. and. grids -86- and: 97 -are
maintained positive by means. of potential: source
102.. Plates . §03 and. {04 :are maintained- posi-
tive with respect to cathodes 89 and 100 by means
of potential source 105.acting through equal-load
impedances:- 108...and ..107 and-then. radio. fre-
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quency: chokes 108 and--109 respectively. Plates
103-and 104 are also bypassed to: cathodes 99.and
180 by ‘radio: frequency. bypass: condensers (0
and-[1}. Output-is taken between terminals 112
and: 113 -through..coupling condensers. [14- and
115 respectively. Under conditions of no excita-
tion- from-source 2.I; equal and opposite voltages
will be-produced across.loads 106-and 07, cor-
responding : to-- the- amplitude modulation en-
velopes recovered from: the positive excursions of
grids 93 and 94 respectively under excitation from
source:22- Therefore, essentially no modulation
products will be-produced between points 412 and
{13 except those which result from nhon .sym-
metrical excursions of grids-93-and 94:;: If now,
grids 96-and 97T -are excited by source 21 at a
frequency -slightly: different -from. that of source
22, the heterodyne or-beat frequency will appear
as:a-modulation- product between points 12 and
{13~ And in-a manner analogous to that dis-
cussed: above - for: Figs. 1, 4, and 5, amplitude
modulation peaks-on the signal from source 22;
if they exceed in their effect on the plate-current
throughloads 106-and 107, the excursions of grids
967and “97 on-such- plate current, the resulting
plate:currents will be:in-phase and since added in
opposition; will' balance out.. Thus, under the
conditions named; the circuit of Fig. 6 will auto-
matically ‘reject noise peaks above an-arbitrary
level, while: passing- the  heterodyne or ‘beat note
required:for.radio teleégraph signal reception.,

Alternatively; by synchronizing source-2# with
souree 22 -and -exciting: grids- 96 "and 97 in phase
(0 phase-difference)- with-either -grid- 83 or-84;
through action analogous to that illustrated:in
Figs. 3 and-3B,.all:amplitude - modulation-existing
on thersignal from:seurce 22, which does not: exx
ceed in-effective amplitude-an-arbitrary level de-
termined by the :excitation from source 21, will
appear-as -a:petential difference between poirits
(12:and” 1 13 -whereas, alll amplitude moduldtion
on the signal.-from:22 which exceeds this leve] will
cancel out between points 112 "and-1{3,. Under
these latter conditions, then; the circuit-of Fig. 6
issuitable for:the reception of -amplitude-modu-
lated signals-from:scurce- 22, and -provides can=
cellation of noise peaks or puldes:which are-in
excess:of-any : desired level.

Again; it is to-be noted:that asin the preceding
embodiments; grids 93:and- 94:may be-excited in
phase fromssource 22, and. upon-exciting grids 98
and 97:180° "out of-phase with each othér from
source 21{; similar results will be obtained to those
indicated foryFigy 6 circuit. However, the effect
ofrexciting: grids: 93 and: 94 in phase:is to derive
the ' opposing - modulation: envelopes appearing
across-loads-106:and- 107 from: the -same positive
excursions of :grids 93 and 94, and thereby to ren-
der-thenoise: cancellation: independent of the
symmetry-of: signal modulation from' source 22.

It is further to-be-observed that in Fig. 6; if the
excitation from-source 2{ is applied to either-grid

. 96-or 87 singly rather than. to both, as for: exam-

65
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ple:by throwing switch-W+to the other position;
essentially the-same-result- will be - obtained be-
itween: termingls 142 -and 113, provided - that for
radio-telephone reception; source 21 be-properly
phased-relative:to source 22; i.-e., the-grid-driven
by-source-21 -must;be-:180° out.of phase with the
cerresponding grid- driven: by ‘source 22.
Application:of ‘the principle of the:invention is
not..restricted- to the -use -of -elecironic ‘tubes as
balanced. modulator elements; indicated  in-the
drawings.generally-by. A.- Any modulating -device
capable of . combining the signals from sources 2i
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and 22 fo form 4 modulation product in its output
may be used, as for example, any of the various
mineral “detectors,” well khown in the art.

In general mathematical form, if the signal
from source 22 is represented by:

¢ sin 2xNt
where

¢ is the amplitude of this signal
N is the frequency of this signal
t is time parameter

and if the excitation from source 2{ is repre-
sented by:

b sin 2ant
where

b is the amplitude of excitation
n is the frequency of excitation
t is time parameter

then the necessary and sufficient conditions of
the invention will be met if, first, the respective
currents Ix and Iy through the two load imped-
ances (e. g. 12, 13; 638, 64; 84, 85; 106, {0T) of a
balanced modulator system in a radio receiver can
be represented (neglecting harmonic and high
order terms) by functional expressmns of the
type:

I:=F©2xNt, 2ont) —c sin 2rN£ sin 2xnt
I,=F(2rNt, 2rnt) —c sin 2Nt sin 2rnt

when b is greater than ¢ and

Iz-—f(zert 27nt) —b sin 2xNt sin 2xnt
=§(2xNt, 2rnt) —b sin 2xNt sin 2xnt

when c is greater than band if, second, the output
voltage Eo be derived from these currents in op-
position so that: . E

Eo—k(Iy—I:c) =2¢k sin 2Nt sin 2=nt.
: =ck cos [2nr(N—n) t]-—ck
cos [2r(N—n)tl

when b is greater than ¢, and where k& is a propor-
tionality constant and

EO—k(Iy—Ia:) =2kb sin 2= Nt sin 21rnt
=kb cos [2r(N—n)t1—Kkb
cos [27(N—n)t]

when c is greater than b, and where k is a propor-
tionality constant and if, third, b is maintained
at a value to limit the output modulation product
to a non-reception disruptive value of amplitude,
whereby undesired modulation product peaks in
excess of such limiting value are substantially
eliminated.

In the event an initial phase difference of value
¢ exists between the signals from.source 21 and
source 22, the expressxons for Ho shown above
become: .

Eo=ck cos [21r(N—n) t-61 ——ck

cos [2n(N4-n)t401.
and i
Eo=kb cos [2r(N—n) t-+01—kb
cos [2x(N+n)t+61 -
respectively.

From these equations, it is seen that when the
amplitude ¢ of the incoming signal from source

22 is less than the amplitude b of excitation from

source 21, a beat frequency of amplitude ck will
be pr esent in the output; it is also apparent that

amplitude b, the output voltage is limited by the
maghitude of b and is independent of ¢, This is

the condition for reception. of radio telegraph’
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equations that at the beginning of each train of
incoming waves {=0, and if the frequency N-+n .
is filtered out, as for example by condensers 14
and (5 in Fig. 1, then the expressions for Ho

become:
Eo=ck cos ¢
and
“Eo=kb cos ¢
respectively. If then, in addition, the initial

phase difference ¢ be made equal to 90°, the ex-
pressions for Eo vanish.” That is, if an initial
phase difference of 90° be present between the
signals from source 21 and source 22, the cutput
is substantially zero regardless of the values of
amplitudes b and ¢, until such time as the expres-
sion 27 (N—n)t has reached a value substantially
greater than zero.

For the reception of radio telephone signals,
frequencies N and n become identical; N—n=0;
and the frequency N-+n is filtered out by radio
frequency by-pass condensers (for example, by
condensers {4 and 15 in Fig. 1). Therefore when
the initial phase difference ¢ is equal to 0° or 180°,
Eo=ck when b is greater than c¢, and now since

“amplitude ¢ is fluctuating because of the ampli-

tude modulation impressed on it in radio tele-
phone transmission, it is apparent that this same
modulation will appear in Fo and the signal will
be ‘“detected” or received. As soon, however, as
the amplitude ¢ of source 22 exceeds the ampli-
tude b of excitation from source 21, then Eo=0bk;
that is, the output voltage is limited by the ampli-
tude b of source 2§ and the modulation of ampli-
tude c disappears above this level. It is also noted
that under the conditions where N=n, if the
initial phase difference ¢ is egual to 90°, Eo be-
comes zero for all values of amplitudes b and e¢;-
1. e, all modulation is cancelled out. For values
of ¢ intermediate between 0° and 90°, the modula-
tion of ¢ will be recovered, but will be more re-
duced in amplitude as ¢ approaches 990°.

The mathematical steps in the above descrip-
tion are familiar to those skilled in the art; how-

-ever, it is noted that a mathematical statement

of the fundamental relations involved in ampli-
tude modulation may be found in ‘“Frequency
Modulation,” pages 1 thru 9, by August Hund;
and further, the derivation of the sum and differ-
ence frequencies from a product of the two parent

‘frequencies may be found in any standard trig-

onometry book, as for example on page 57 of
“Elements of Plane and Spherical Trigonometry”
by Dr. D. A. Rothrock.

While only certain specific embodiments of the

‘invention have been illustrated and described to

convey the general concept of the invention, it is
to be understood that the same is readily capable
of various other embodiments within its spirit
and scope as defined in the appended claims. I
is further to be understood that although intended
primarily for radio wave reception, the present
invention is equally applicable to the reception
of any electrical wave disturbances, as, for exam-
ple, any of the various carrier systems now in
communications use.

"I claim: )

1. In an electrical wave receiving system, means
for receiving signal and noise waves, means for
generating local electrical waves, balanced modu-
lator means interconnected with and responsive
to excitation from both of said first-named means
to produce -combinational waves, means con-
stantly limiting the amplitude of the local waves .
~applied- to said balanced modulator means to a

signals, It is further appavent from the above T3 va,lue lower than that of reception-disruptive
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ity
components of said signal and noise waves,
thereby constantly to limit the amplitude of said
combinational waves to a value proportional to
the value of the local waves applied to the modu-~

lator means, and selective means acting on said 5

combinational waves to segregate the desired ones
thereof.

2. An electrical wave receiving system as set
forth in claim 1 in which the balanced modulator
means comprises two or more bhalanced modu-
lator elements for the preduction of said combina-~
ticnal waves.

3. An electrical wave receiving system as set
forth in claim 1 in which the balanced modulator
means comprises balanced: rectifier-modulator
elements for the production of said combinational
Waves.

4. An electrical wave receiving symtem as set

forth in claim 1 in which the balanced modulator
means comprises balanced diode electronic recti-
fier elements for the production of said combina-
tional waves.

5. An electrical wave receiving system as set
forth in claim 1 in which the balanced modulator
means comprises balanced multi-element -elec-
tronic tubes as modulator elements for the pro-
duction of said combinational waves.

6. An electrical wave receiving system as set
forth in claim 1 in which the balanced modulator
means comprises at least two balanced modulator
elemenis; and in which the received signal and
noise waves are applied to said modulator ele-
ments in the same phase for the production of
said combinational waves.

7. An electrical wave receiving system as set
forth in claim 1 in which the balanced modulator
means comprises at least two balanced modulator
elements; and in which excitation from the loecal
electrical wave source acts on only one of said
medulator elements for ‘the preduction of said
combinational waves.

8. An electrical wave receiving system as seb
forth in claim 1 in which the balanced modulator
means comprises at least two balanced modulator
elements; and in which the local electrical wave
source acting on said modulator elements is inter-
connected with the said signal wave receiving
means and is actuated only by the presence of
said received signal waves.

9. An electrical wave. receiving system as set

forth in claim 1 in which the balanced modulator

means comprises at least two balanced modulator.

elements; and in which the local electrical wave
source acting on said modulator elements is inter-

connected with the said signal and noise. wave -

receiving means to produce an initial phase dif-
ference of 50° between said received waves and
the excitation from said local source upon, the
beginning of each new received wave train.

10. An electrical wave receiving system. as: set

forth in claim 1 in which the local source.of elec--

trical wave energy is operated at the same fre-
quency as one component of said received signal
waves to produce the said combinational: waves.

11. In an electrical wave receiving. system,
means for generating a local electrical wave sub-
stantially of the form bsin 2znf, where.b is the

amplitude of the local wave, 7 is the frequency-

of the local wave, and £ is time parameter; means
for receiving signal and noise waves, said signal
and noise waves. being generally represented by
one cor more expressions of the type csin2zN%,

where ¢ is the instantaneous amplitude of said.
waves, N is frequency of said waves, and ¢ is time
parameter; balanced modulator means intercon-.-
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nected with and responsive to excitation from
both: of said:first-named means to produce modu-
lation-product waves of the general form

2b sin 270t sin 27 NE

when c is greater than b, and of the general form
2c¢ sin 2rni sin 2rNt when b is greater than c;
means constantly limiting the amplitude b to a
value lower than reception disruptive values of ¢,
thereby substantially to eliminate reception dis-
ruptive components of said modulation product
waves, angd selective means acting on said modu-
lation product waves to segregate the desired ones
thereof.

12. An electricai wave receiving system as set

"forth in claim 11 in which the balanced modulator

means comprises balanced rectifier elements. for
the production of said modulation product waves.

13. An electrical wave receiving system as set
forth in claim 11 in which the balanced modulator

" means comprises balanced diode electronic recti-
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fier tubes for the production of said modulation.
product waves.

14, An electrical wave receiving system as set
forth.in claim 11.in which the balanced modulator
means comprises balanced multi-element. elec-
tronic tubes for the production of said modulation
product waves.

15. An: electrical wave receiving systenmr as seh

. forth in claim 11 in which the balanced modulator

means comprises at least two balanced modulator
elements; and in which the said received signal
and noise waves are applied to said modwlator
elements in the same phase for the prodiction of

. said: modulation: product: waves.

18. An electrical wave receiving system as set
forth in claim 11 in which the balanced modulator
means comprises at least two balanced modulator
elements; and in which excitation from the local

40 clectrical wave source acts on only one of said
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modulator elements for the production of said
modulation. product waves.

17. An electrical wave receiving system: as set
forth in claim. 11 in which the local electrical
wave source is inter-connected with the said sig-
nal and noise wave receiving means and is actu-
ated only during presence of said received waves
to produce said- modulation product waves.

18. An- electrical wave receiving system-as- set
forth: inv claim 11 in- whieh: the loeal electrical
wave-source is inter-connected with the said sig-
nal and-noise wave receiving means, whereby said
received waves actuate the local source only dur-
ing the presence of said received waves, and
whereby an initial phase-difference of 90°is pro-
duced between-said-received waves and -the exci-
tation from:-said local source by the beginning-of
each new received electrical wave train.

19. An electrical wave receiving system as set
forth in claim 11 in which the frequency » of the
local source of electrical wave energy is made
equal to the frequency N of the said received
signal and noise waves for the.production of mod-
ulation product waves -which may be represented
by expressions of the general type e(l—cos4xNt)
when ¢ is less than. b; and b(1—cos 47N%)- when ¢
is greater than.b.

20. In a.radio: signal receiving system, means
for receiving radio s1gnal and noise waves; means
for.generating-local radio waves; balanced modu-
lator means. interconnected with and: responsive
to-excitation from both of said first named means
to: produce combinational waves; means con-
stantly limiting the amplitude of the local waves.
applied -to. said: balanced. modulator means to. a.
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value lower than that of reception-disruptive
components of said signal and noise waves, there-
by constantly and substantially to eliminate re-
ception-disruptive components in said combina-
tional waves; and selective means acting on said
combinational waves to segregate the lower fre-
quency ones thereof.

21. In an electrical wave-receiving system, a
tuned receiving circuit for receiving signal and
noise waves, balanced modulator means compris-
ing two modulator elements each having input
and output circuits, connections between said
"tuned receiving circuit and the input circuit of
each of said modulator elements, a source of
locally generated electrical waves, means for ap-
plying said locally generated waves to each of
said modulator elements, means constantly limit-
ing the amplitude of said local waves applied to
said balanced modulator means to a value lower
than that of reception-disruptive components of
said signal and noise waves, and an output system
differentially connected to the cutput circuits of
said modulator elements.

IVAN W. CONRAD,
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