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\Iy inv entlon relates to s10na,hnor systems

employmo high: frequency waves as the me- ¢
dium of commumcahon, and more- part1cu—_
muy to the selective reception and ampl1ﬁ—~

8 cation of modulated carrier waves.

Tt ig well known that signal carrier. Waves,‘ ~

under favorable condltlons, may:; be réceived
with a high degree of :selectivity when sub-

[

here ate: cer tail
v

well kiown that ©
tendant upon this type of ¢

ence be tw sen . statlons.

s
@i

received” Lzeqm,ncles *)roducea side frequen-

cies each ‘ofi which carries’a signaling -fre-*
~quency component’ which, side flequencwsi
may cause -interference. between:stations to-
. or substantla,m/ prevent the radiation: of the 0
An many re- -
“ceivers employing the-so- scalled saperhetero-'

20y greater extent than the concupondmo Orig~
inal received wave frequenciés:-
~dyue type of mmhuauon, two'or more. 'dis-

ause” a sdeptum of the same station” fre-

allmw “although these spttmos are: separa’c—v :

ad by othex set ings wherein ﬂns station”is
“not-selectsd. - K urthermore, any one of the
ett me may select more ‘than one ‘station
- fréquenicy. owing to the coincidence of two
ov more side frequene ms re p1 esentmc d]ﬂ’er
ent stations.

Among the ()1)]()(%% of’ mV mventlon are
to provi de a cortveniernit and eﬁ"lment method
of -and
with a high degree of selectivity and freedom
from 111+ﬂ}+ewn0f fhrmmlwout o wide  fre-
d' oy range;

on of the carrier waves from a plurality
Wl*l’e
i m ( cb gmtlon Jco as mffle set—

: : v\' aves in Quch a w V as to
43§

Aveid i
rece !
) 'loml]v 9,(1161 atcd wave of ﬁ zed . frequency
value; to so relate the frequency of the lo-
caldy gener ated nmdulatmo wave to.the fre-

b3
<

SIGNALING SYSTEM

\eﬁect multi- stage hmerodyne amphﬁcatlonv‘

by ‘méans of the same locally. generated_‘
wave;: to effect; amphﬁcatlon with' accom:
Jected to mod ulubion:with a lomlly generated' '
wave of” a;pmprute frequem, y. It is also
‘offects at-
rier ‘wave re- .
ception which iead to tIOllbk:‘,.:OIlle interfer-
‘The - modulating

are tuned to différent frequenmes, to relate -
action between the- 1ocally generated - and

tmct gottines of the ‘sélecting mechamsm i

-Ing waves and the locally generated modulat
\ing ‘wave -are so chosen: In relation to ‘each

‘means 'f()l‘ “E‘CQlV]llO' carrier waves'

to offect. e etex odyne ‘1mphﬁ-‘ “ting.: The locally supplied waveis'so applied «

2t the same. time ‘nmtmd" frequency ' relation 'with -respect to.the r

crence by undesired. products of

_ ,1app1ng as between stdtions, and in the nelgh- et
‘umdmwuon, to effect ‘ampiification 'of the

borhood of the received frequency range so. .
ived waves by modulating the same with ‘
‘means of elements having constants which are.
-similar tothose of the elements used - for se-
;lectlng the 1ncommor Waves.

:‘:‘Senal No. u34 2287'

: plurahty of stamons as to
"unmate 1nterferbnce betweenl L
sfatlonu, ‘to amplify the received:waves bV..;‘

a plurality of hete*odyne modulatlons, to

panying change of fxequenoy in order to per-; .
mit seléctive  tuning while -avoiding the

tendericy to  feed: Lack and’ oscillations;. to v

effect mu}tl—amge amphﬁcatlon of a particu-+: .
lar carrier wave in which successive stages. "

, tumnor means: pemumcr at’ (hfferent fle-
uencies in such a way-as to. peumt unitar;
variable tuning control; to increase the:: m-
plification faetor by ad]ustlno the fr equency .-
of the received carrier wave; to minimize

locally generated wave; and generally to im-" = -
prove -and properly coordmate ‘the relation: - ..

:of -the local and ‘received wayve irequenmes"‘

aiid, the apparatus utﬂwed in different, parts
of a heterodyne wave Téceiving system o

In accordance with one aspect of the pres-
ent invention; the frequencies of the incom-

other that no interference can take place-be-
tween the selected. side frequency of the de:

- sired: station and the side “frequencies of the ‘
“other stations, or between groups of ‘side
‘bands which: 1618 d661 e

o keep separated‘ ;
Only one setting of the selcetmg mechanism
can select 8. statlon ‘of given frequency, and = ‘'
no other station can be selected by this set-fi

to the modulator or:adjusted to have such a S0

ceived: waves that radiation ‘of the: lomllyﬁ* .

fsupphed wave is mlnlmlzed or ehmmated; ST

The side frequencies utilized from the output f
of the modulator are preferably NON-0Ver- g "

as to'be susceptible of ‘convenient control by

The methods ' 00 - v
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‘and means of my invention are adapted for
selecting waves from any desired frequency.

position within a wide band of incoming wave-
frequencies. When the receiving circuit is
organized in accordance with certain features

‘of my invention, this band may have.a width

as large as one of the wave frequencies with-
in'the band. :

v« The 'lo(:al\oscijﬂatm* freqtleﬁcy sl'lvoﬁld‘p'ref~
10:
- _-range, but may be either-above or below. said .

erably be outside of the received frequency

range, and may also lie within said range

provided certain other requirements are com-"
- plied with, as will' hereinafter be pointed

olit.
quency is below the received frequency range
and the difference frequencies of modulation
are-to be utilized, the received range in:cer-
tain modifications of the application of my
invention should be limited in width to s

value not greater than twice the minimumi

frequency in said range. The oscillator fre-

quency in this case should be not greater than

~.the mmimum frequency in the received fre-

25

quency range, and should be not less in value

than one-half the fréequency width of the re-
‘ceived range. .o T T R
By subjecting the incoming carrier wave -

~energy to onie or more heterodyne modula-

30

tions, at least one of which provides the de- .

“sired ‘selectivity characteristics, the desired

signal bearing carrier wave energy may be’

efficiently translated into waves of conven-

lent frequency free from feed-back and self-
oscillation tendencies. - The heterodyne mod- -
~ unlation-or modulations at the same time may -
~beemployed to increase -the energy of the

- waves that it is desired to utilize without de-

40

pending-therefor upon cascade-amplification’
with:its inherent tendency to cause energy’
“ feed-back. : el i
‘One of the characteristic features of my
" Invention in-one of its aspects is that of mod-
‘ulating an'incoming carrier wave with a fixed -
locally generated wave, and associating with
‘the modulator a variable selective input and

a.-variable selective output adapted to have

" maintained between them a tuning frequency

difference equal to.the frequency of the lo-
- callysupplied modulating wave. In the well-
‘known superheterodyne system, for instance,
‘the selective input to the modulator is vari-
~able with respect to frequency, the selective
~output is fixed, and the local modulating fre-
. quency is variable. - In the present invention

the selective input and the selective output

~.are-both. variable -and the local modulating

%

~ fixed frequency . cutside
‘quency tiuning range.

frequencyis fixed. ‘Again,in the superheter-
A y tac) ) K

" odyne system the locally generated frequency

is a variable frequency within the received

frequency tuning range. In the present in--

P

vention the:locally generated frequency is a

* More broadly, the application-of tha _f)r_im

the “received fre- -

1,018,483

ciple of the fixed heterodyne mOdulainh and

amplification, as hereinafter more particular-

“ly described, may involve merely the impress-

ing with or without preliminary individual
gelection of all of ‘the received carrier wave
or. station frequencies upon the input circuit

of the modulator to:which the local fixed fie-
quency isapplied, and the selection 6t any or-
all of the upper side band frequencies of the
received waves or the selection of any or-all !

70

of “the-lower side band frequencies of the -

waves in the output circuit of the modulator.

or in a circuit operatively associated there-

;a8 Will herein L °d - with.~ The selected:range of upper or lower:
In case the fixed local oscillator fre- ; :

side band frequencies includes an. amplified

carriér wave corresponding to each carrier -

or the range of modulated waves or a selected
individual wave may again be acted upon by

the local fix

-modulation and the resultant side band fre-
quency or frequencies; thus further amplified

ced frequency in a second stage of

-wave lying within the received range, and the - -

~eorresponding station: frequency may. either -

»be individually selected and further amplified
and detected at its changed frequency level, &

invenergy and restored- to the original fre- -

quency value of the originally received wave
T waves, may besubjected to further ampli-
fication and. detection in'the ordinary way.

- There are many advantages resulting from ¢
- the fixed heterodyne amplification of the re-
“ceived.carrier waves with attendant change

in. frequency level which may be secured in

accordancs with the principles of my inven-

tion and by the employment of the methods -
and organizations hereinafter to-be set forth. -

Amplification being accompanied by change

of frequency level, the tendency to objection-
able - feed-back of ‘energy is avoided. The."

frequency level difference between stages *

haying an invariable value dependent npon
the fixed frequency of the local oscillator, the

- tuning elements of successive stages may be'

mechanically coupled and coordinated. The

signal bearing. frequency values operating .

within the receiving circuit may be set.and
predetermined by the frequency value as-
signed the local oscillator to such values as

~will minimize ‘or prevent :interference: be-
tween stations; and may also be adjusted to-

such a level as to take advantage of the most
tavorable amplification factorin the amplify-
ing ‘stages which may: siucceed the stage or
stages in which the heterodyne amplification

s effected. , : '

These and other advantages which arise

whiche-oo o T R
“Figs. 1 to '8, inclusive, are circuit dia-
grams of wave receiving and utilizing organ-

(izations embodying’ the various - features of -

115

133

“from the employment of the varions features -
of ‘my -invention will be understood more:
clearly in view of the following detailed de-.
scription and the accompanying drawings, in: -
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my invention, :and éxemplifying modmca—,

tions ‘the chstlnrrulshmg characteristics of

which will be made clear in the detailed dn—“
" side-frequencies R—X.. "Waves from station

1, having a frequency R, of 1,500,000 cycles, .
‘fu'e modul‘tted with. waves. of a fixed fre— it
quency K, of 100,000 ¢ ycles and produce -

the output of the modulator difference-side = .
frequencies R—K, of 1,400,000 cycles and‘,;5~*
“Each of theé frequencms represented

K, and R+K bear the same signal +

scription. which follows..

For the purpose of more cleally showmc'k

~ the relation of the input wave frequencies
and. the output wave side. frequencies in a
heterodyne. modulator employed in: the re-
ception of signal waves, the tables lettcred A

to E; 1ncluslve are given bDIOW
Wave frequencies. cycles per seeond '
. Modulator input Modulator output.
Table | Station 1. o .| Difference | Sum:side
Received | Oscillator " side . frequen-- .
: frequencies cies:: *
R X (fixed) | R<K | R+K
11 1,500,000 | 100, 000°| 1,400,000 | 1,606,000
. 2| 1,300,000 100, 000- | 1,200,000 | 1,400, 000
A 3| 1,100, 060 100,000 |- 1,000, 000 | -1, 200, 600
4| 500, 000 100, 000 |+~ 800; 000 | -1, 000, 000
5. 700,000 - 100,000 600, 000" |- "800, 000
6 500, 000 100, 000 400,000 | 600,000
11 1,500,000+ . 800,000 | * " 600,000 | 2,400, 600
: 211,300,000 | . 900,000 | "~ 400,000 | 2,230, 000 "
B 30, 100,% 900, 000 |-~ 200, 008 iz ggg 883
. 4:(: .7 500, 200,000 | L )
: 5 700, 600 900, GO0 | 200 000 | /1, 660, 000
6| 500,000 | *'000,000-|. ~400,600{ 1 400,000.
1| 1,500,000 2,000,000 = 500,000 | 8,500,000
R 2. 1,300,000 2,000,000 | 709,000 3, 300, 000
ol 37| 1:000,000 ] -2, 000,000 | 1,000,000 | 3,000,000
iz 4 1. 7500, 000 | 2,000,000 | 1,100,000 | 2,900,000
5| 700,000 | 2 000,000 | 1,300,000 |- 2,700, 000
6 500,000 1., 2,060,000 |~ ; 500, 600 | - 2,500, 600
K (varied) |
o {‘1,”500,000 4,550,000 17 50,0007]. s oi
1,500, 000 | 1,450, 000} S peeooo |
o { 1::400, 000 1 . 1,450, 000 h QU0 |-
D 2 111,400,000 |-, 350,000 50, 000
Y { 600,000 650,600 50, 000
: 600, 000 550, 000} 50000
4 { 500, 000 550, 000f1 - )
. “500,000 | 450, 000 50, 000 L2
K (fixed) e
141 500,000 | - 509,000 [ 1,000,000} 2,000, 000
9| 1,300,000 | 500,000 £00, 000 | 1,800,000
B 3" 1,160,000 | 500,000 (60, 000 |1, 600, 000
4 900, 500 490,000 | 1,400, 000
5 700, 000 | 500, 600 200, 000'| - 1, 200, 000
6 550,000:| 500,000 1 50, 000 | 1, 050,000 -

ReferrmO' to Table A, it is assumed that ‘

incoming wave frequeneles R, to be re-
¢ceived, are located within a frequency range

e‘{tendlncr from 1,500,000 cycles, to 500 000‘
For convenlence, only one wave Fro-
qency is represented for ‘each station, but it
~is to be understood that ordinarily each dif-
ferent station frequency:is a signal modu-.
lated  carrier wave consisting Of a constant "
{requency wave together Wlth the upper-and

cyeles.

lower side bands produced by modulation of
the signal with the conistant frequency wave.

The received waves R, to'rether with waves’

K from ‘a, local oscﬂlafor orother source,

when impressed upon the input of an ordi-.
-nary modulator produce in the-output. cir-";
*cult in'a well known manner, not only am-

“eyéles,

“as'R, R

turb ‘neighboring stations;-
~this objection, it will be noted'also that unless

phﬁed waves of frequenmes K: and R, butb“ "

‘also. modulated waves: consisting of. the sum

side -frequencies: R-+K; and: the difference

sum side frequenmes R+K of 1,600,000

e

derived from station 1.  Similarly, i incoming

received waves of 1,300,000 cycles, are modu-

“lated” with the same fixed. frequency K, of

80,

100,000 ‘cycles, and produce the dlfference_ .

: s1de frequenmes ofil ,200,000: cyclesand: suni:
. side frequencies of 1. 400 OOO cycles; and'soon.
for-the other statlons llsted in Table:A.. The -

width of the received - frequency range in 8

Table A, as-shown by column R, is 1 OOO 000 -
cyeles; and the oscillator. frequency K in .

Table A; lies below this range.:

CAS A result»

of the relatlon ‘between. K- zmd the received. o

frequency range, it will be:noted-that dif-
ference side frequencies R—X, for station 1,
: and sum side frequencnes R+K for statlon,f Cen
:2; are the same in value, each: bemor 1,400,000 ==
cycles; and thus interfere, unless the i 1ncom- o

ing waves R.are sharply restricted to a single
ntatlon in the modulator input, as by sharplv

other statlons listed" in Table“A..

‘Referring ‘to Table B, it will be noted,

95

tuning the input. In a similar manner, ser-
Lious mterferenee tends to:occur between the :

that the received. frequency rangeis the same - -

= ~as used in Table: A, but that a chﬁerent oS-

cillator . frequency K‘ of -900,000 ‘cycles, " is
cmployed.. In’ Table B, the oscillator  fre-

‘quency -lies Wlthln the frequency range of. "
the recelved waves 'R, and ’hence;, unless'
“special provision is. made to prevent it, may

reach:the ranténna or- other'mconnng con-

- ductor, and radiate energy therefrom to dis-
‘TIn addition to

105

110

the modulator input is sharplv tuned, serious

‘mterference oceurs between ‘stations: 2 and 6

in the difference side frequencies R~ K, and
similar interference occurs between the dif-

ference side frequerncies of atleast two sta- -

tions" for'every selected: “station’ Wlthln the .
recelved Tange from 500 ;000 to 1800 OOO‘:;‘/

cycles.

120 -

In Table Gy the 1‘ecelved frequencws 11e, e
'\Vlthln the same range as in Tables A and B.

The oscillator frequency K; of 2,000,000 -
cycles is outside of ‘and above the range of .

the réceived frequencies R. Tt will be noted.
that the difference side frequencxes R—K in®
~Table C start-low and ‘increase in‘value in

reading down'the column, while the station’

frequenc1es in column R decrease in valye.
‘As arestlt of this relationship there are pro-
duced i the output of the modulator d1f—

10 :




a

ference side freguencies lying very close to .
the frequercies of the received waves R

~which give rise to these side frequencies, the

station 3 frequency of 1,000,000 cycles being .
5 identical with the side’ frequency 1,000; 000‘

Under these conditions, unless means are
prov.lded for preventing' it, .there will be a

- tendency {or the modulator to’ oscillate and
“for resulting waves to escape to the incom-

10 ing conductor as in the case of Table B,

~Table D shows the relationship of the wave:
~frequencies in the ordinary superheterodyne . t

type of receiver wherein ﬂle -oseillator fre-
quency X is varied in order to 'produce the
csame diffevence side frequencies for each sta-
uon ueauency, R, these side frequenties lmv-
' vlxed value of 50 000 (‘y eles. Tt will be
seen that station 1 rnay be selected by adjust- v
ing- frcqucncy K, to either 1,550,000 cycles
or 1,450,000 ¢y les the fixed differc ence fre-
(“u(mcy 50 ,000 ¢ 7Lles being produced in each
- IﬁLJmL}xloie when the oscillator fre-
»'qucn ey X, is adj u te d to 1,450,000 cycles, sta-
ons 1 and 2 bo 11 appear-in the output of
the. nmomatm on the 50,000 cycle diderence
frequency waves, and thus mterfele Simi-

20

lar interference and. mulmphclty of settings:

~o1 the selecting mechanism: arise in connec:
tion with each setting of the oscillator. fre-
guency K.
cireutt of the modulator can prevent inter-
ference between two stations onany. given
setting of the:oscillator flcqueney K but
such tunmo of the modulator input; is OL
no value for Loduuno the mulupl'(nw of aet
tings of the station qeiecimn mechanism.

a8

Table W shows a relation of wave frequen- -

cio_;: whloh may be empwyed to avold the in-
terference and lack of s selectivity of th e kinds
'refened to above. The received freqt tency

ange hag a width equﬂ to-one of the fre-
quencies within this range; that is, 950,000

C\/Cl{‘b this range. being hml ed in wwidth to

vamn not greater than twice the lowest fre-
,(mumy within said range.. It will be. ob-
served that the oscillator hequency K of
500,000 cycles is  close’ to the received fre-
queney-u
the received. range to make it feasible to de-
tane the receiving ¢ireuit to prevent any ten-
deney of the waves K to ¢ escape. It will also
be-seen that the oscillator frequency K, in

45

:50

“this case is’ greater than one-half the fre-

quency WT(h,h of the received range, »
. Waves of frequency I, of oOO OOO cycles,
-in Table B, modulate with the incoming wave
"req"on\w Ry Lhembv producing: side .fre-
quencies of one sign which do-not interfere
with each other by coincidence of their fre-
,qvwclr s,-and do not interfere by coinciding
in. f anenu,r with side frequencies of oppo-
~site sign. The band of difference side {re-
.quencies R— K extends from 50 ,000 to 1,000,-

60

0006 cydes and is spaced 50 OOO Lycles 2 con
venient amount to pelmln of dlscmmmatmn, '

65

cial tuning

Only :,hcup tuning of the mput‘

" the desived station irequency
range bt s spdcul sufficiently below

1, 918 433

i'z om tbe band of sum side frequencies R—}- K,
extending from 1,050,000 to 2,000,000. cycles

Iy will be noted that both bands of side
fr equencies are as close as practicable in the

;requcncy scale to the range of received fre-
quencies B, of 550,000 to 1 ,500,000 cycles, -

iht‘e(by avoyhn') the use of e\tlemely high
or extreinely low. wave frequencies, and thus
being susceptible to convenient control. The

separation of 50,000 cycles between the fre-
'qvnﬂcy of the . ocaﬂy supplied waves K and -

the Towest received frequency R, provides a
suitable margin to prevent the waves K,

{rom rea chlno the antenna orinput cirenit of
the nodulator and causing objectionable es- -
‘cape of the waves K to disturh neighboring

s-.tations:.- 'The value of the locally mpphed
wave frequency XU, in relation to the received

Lquenc" Tange. Jg-such that no side. fre-
quency ¢ mnmdos in the ﬁequency scale with
the cone sponding station frequency from
which 15 1s derived. Kither the sum or the
difference wide frequencies may be selected
from the ontput of the modulator for further
u‘i‘i(i“ ation, without incurring interference
between stat ons and without 16501tmg t0 spe-

the u,umved range..

L
difference side frequencies overlap over part
of their range with a part of the received
frequency - range.  Possible
effects due to such overlapping are prevented
in -certain embodiments of my- mvention,
hereinafter to be described, by employing a
modulator of the carrier suppression type.
In other forms of my invention, as will here-

ingfter appear; overiapping is permitted but

interference effects are prevented by co-
ordinated tuning of ‘different stages of the

‘récelving circuit "t different irequency levels.
Referring now to the wave: receiving cir--

cuit shown in Fig. 1, the radio loop antenna

10 is tuned by a vanable ¢ondenser 11 to

will be noted. that both the sum and'

70

80

‘85

of the medalator input to sep-
.m:m wave, fre x,qucnme ~within the limits of‘

‘interference -

110

selectively receive signal carrier waves R of -

"The selected

waves ‘are transmitted to the common or .-
parallel input path 12 of balanced moduldtor ~

14 of the kind described in the Carson Patent
No. 1,348,306, Oscillator 16, which is shown

as being of the well-known. Har tley type, but -

“which may be of any type desired, has the

variable or trimmer- condenser 17 in shunt.

with the main frequency determining capac-.

ity of theoscillator. Thisvariable condenser
sary to keep: the oscillator adjusted to . the
desired fixed frequency after it is once set -
for that frequency.

Waveés from oscillator !
16 are picked up by the coupling coil which

120

“may have only such mpamty as may be neces-

forms a part of transformer 18 and are ap-
plied through the medium of transformer 21 -

to ‘the series mput path 13 of modulator 14,
The . characteristic - rol‘ztlo_nshlps . whieh -
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> of transformer 27 to the

1,918,433

" exist in the balanced modulator 14 are such
asto produce in the secondary winding of the
output - transformer 15 signal carrier waves
‘of frequencies R—K and R+XK produced- by

the modualation of the received radio waves
R with the oscillator waves X, and to sup-
press the amplified carrier wave frequencies
R and the double frequencies of both R and
K.  The sum and difference frequency prod-
ucts of modulation are transmitted from
transfornicr 15 to the selective network I
which is preferably an electric filter of any
well known construction, such as the Camp-
bell type designed to selectively transmit side

frequencies of only oneé sign and substantially:

to suppress waves of other frequencies.” Net-

work I may be a high pass oz a low pass.

filter. The selected waves R—XK or R+K

are transmitted through transformer 23 to

the series input paths 24 of the balanced
modulator-25 which'is similar to modulator
14. - Locally generated waves from the oscil-
lator 16 ave carried from a pick-up coil'of
oscillator transformer 18 and applied by way

27 of modulator 25. ' S

Resulting waves, produced by modulation
in modulator 25, are”transmitted through
transformer 28 to network F2 which is
preferably an'electrical filter of similar type

o that of network F.. Network F?may, in’

an assumed case, be designed to pass signal
bearing side frequency waves of only one

sign, and of the same frequency as the:waves:

selectively received on antenna 10, it being
noted that modulator 25 combines the locally
generated waves K with the side frequencies

"R-X or R+X selected by network 22, The

- side bands of the received carrier waves, the
* sum products of the second modulation are.
of a frequency corresponding to the original

60

€5

result of this second modulation is to_pro-
duce other side bands of which ever signal
bearing side bands have heen passed through
the preceding electrical network F'. Tf the
- - 1 ‘1 1(‘) N " . . R

network F1 has béen chosen to pass the lower

received frequency; and if the selective net-
work F* has beén chosen to pass the upper

. side bands or sum prodaets of medulation,

the lower side bands or .difference products
of the second stage of modulation are'of the

original received carvier frequency. = There -

are other frequency products of the second
stage of modulation” in modulator 255 but
these are either neutralized or suppressed in
the output circnit of the balanced modulator
itself or are suppressed-in the selective net-
work ot ejectrical filter F=. '
The signal:bearing carrier waves of fre-

' quency R are selected by the network I, and

are transinitted by way of transformer 80 to
the input circuit 81 of detector 32, which may
be of any well known construction.” The de-
tected waves of signal frequency, which are

of the ordinary audible frequencies, may be

parallel input: path

transnﬁtted toa léud'_spe'a,ker 33.to produc;a s
an ‘audible signal or may be utilized in any -
other desired manner. “Anamplifier 834 may

be inserted, if desired, between detector 32 "o

and loud speaker 33 to amplify the signal
waves,. RS Ve

~The circﬁit of Fig.’fl: has been (iescribe'dv .

‘thus far as requiring the adjustment of only -

one tuning element; antenna condenser 11,

in-order to select any-desired station.: The

75;1 '

selectivity of the circuit may be increased -

by connecting variable condenser 85 with in-'
“put cirenit 31 of detector 82, ' Circuit 81 may:

thus be sharply tuned to'the.same frequency

‘R as that for which the antenna 10 is tuned.

When condenser 35 1s employed; sufficient se-

lectivity may be obtained without employing -
network B2, For convenience in adjustment:
the mechanical coupling 87 may be provided ]8‘5; :

to connect the movable elements of the two

80

condensers 11 and 35 so that the movement of -

the coupling: synchronously adjusts both con-
densers and ‘maintains circuits 10 and ‘31
tuned to the same frequency. ¢« ;o

As'is'well known,; modulation O‘f‘.th‘e‘ type

. described, ‘wherein a received. carrier wave is

90

caused to interact with a-locally generated.
oscillation, has. the effect'not only:of chang- .
ing the: frequency level of the. modulation .

“products of the received and locally generat-

95

ed waves, but also.of greatly increasing the -

“voltage of the products of modulation. The

result therefore in the circuit that has been '

described is not only to increase selectivity

- as between simultaneously received waves of

100. -

different stations, but also to effect;in‘the two . -

stages of modulation, a large voltage ampli--

fication of the received signal’bearing carrier -

wave; and by two stages of modulation with

the same locally generated fréquency the se-
lected and amplified signal bearing carrier

105

wave reaches the detector at its-original re- - '
ceived frequency. value. " The coupling ecir-

cuits by means of which the locally generated :1‘1'0' oo

oscillations’ are “applied to the riedulators
are shown variable with respect to theidegree

of coupling employed in order that the local- = -

ly generated. ‘oscillation may be applied to

the modulators at the correct-voltageto secure

products of modulation. s

. When the receiver shown i

ment so that circuit 10 may be tuned only be-

maximum: amplification’ of ‘the 'resulting .

115

n Fig. 1isad-" = .
justed in accordance with Table E condenser = "

11 ig preferably given fixed limits of adjust- 1o

tween the broadeast fr.e‘quenéyj limits of 1,500 - -
and 550 kilocycles, the oscillator 16 being ad- -

justed to supply waves K of 500 kilocycles.
The trimmer condenser 17 in this case may be

merely a vernier gondenser, which may have. -

only such adjustment ag would keép the fre-
quency of the oscillator at approximately 500
kilocycles. Any gradual change likely to oc-

cur in the frequency of the oscillator doesnot
affect the operation of the receiver as the ef- >

,1‘25‘,,’“ :
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.column R+K. Waves selected by network
J10:

_fect of any such change is automatically com-

pensated .in modulator 25 when the carrier
wave energy is restored to its -original fre-

quency R. Network F* may be. designed to
“transmit difference. side frequency ‘waves

shown in column R—XK, and suppress all
other frequencies, or it may be ‘designed to
transmit only sum side frequencies shown 'ijn
F* are combined in modulator 25 with waves
of frequency K, thereby restoring the signal
carrier  wave energy -to . its original fre-
quency R. - o L

In the modification illustrated in" Fig. 2

it may be assumed that the signal bearing .
carrier waves R received upon the antenna.
36 are within the-usual broadcast range of’

550 to 1,500 kilocycles. . The antenna is con-
nected directly with-the common portion of
the input circuit of a balanced modulator M2
of the type hereinbefore referred to, a radio
frequency choke 42 being  included in the
common circuit between :the antenna termi-
nals. A locally generated wave K, which
may in the present instance be assumed to
have a frequency of 500 kilocycles, is ap-

plied from-oscillator O-to the ‘series input
. circuit of the balanced modulator by way of
~an_ indactive link: circuit: the ' coupling of

which is-made adjustable. "As a result of
" the intéermodulation of the received waves R

and the locally generated wave K, there ap-

- pears in the output circuit of the modulator

M= the amplified sum and difference products
of modulation-and the amplified locally gen-
erated wave. . S ' :

- Inthe present.instance the electrical filter

F* connected with the output circuit of the-
“modulater has its elements -so proportioned
as to act- as a low pass filter adjusted to

transmit: frequencies up - to and including
1,000 kilocycles and substantially to suppress

~ the products of modulation lying higher in
" ‘the frequency range.

Consequently-the low-

er side bands or difference frequency prod-

ucts of modulation of the locally generated

“wave with-all of the carrier waves received

.50

upon the antenna are transmitted through the -

filter F*; and as the locally generated fre-
quency lies within the transmission band of
the filter, that also is amplified and. trans-

© mitted, for use in the second stage of modula-
- tion.

185
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After passing through the filter these fre-
quencies are applied to the input circuit of
balanced modulator M* where intermodula-
tion again takes place. The sum frequency
products of this second modulation are at
frequency levels corresponding to the fre-
quencies of the signal bearing carrier waves
received upon the antenda 36; and conse-
quently the frequencies that are applied to
the input circuit of radio frequency ampli-
fier A’ are the originally received frequencies
with their intensities increased by two stages

“to the loud speaker.

1,918,433°

of heterodyne amplification under circum- =

stances; as explained, which prevent: the

transmission to the radio frequency amplifier -

A’ of more than.a single signal bearing car-
rier wave for each station. .

The input circuit of amplifier A’ is provid-

ed with a tuning condenser 43 by means of
which the wave of the desired station is se-
lected ; and after amplification the audio fre-

quency components of this-wave are detected ?

in detector D’ and hence may pass through
the usual audio frequency amplhifying stages
The detector D’ is also
provided with a tuning condenser 45 which,
if desired, may be mechanically coupled to

‘and coordinated with ‘the tuning condenser

48 associated with the amplifier A”.
As will appear from the foregoing, in the

circuit of Fig. 2 the broad station selection .

ig effected in the electrical filter ¢ which is

80

adapted to pass only one of the sets of side

bands resulting from intermodulation in the’
modulator M2, and the frequencylevel of
which differs from the frequency level of the
broadcast range received on antenna 36 to a
degree determined by the frequency level for
which the fixed oscillator O is set. After
this broad selection of a single set of side
bands. representing the stations within- the
broadecasting frequency range, the desired in-
dividual station selection is-accomplished by

90

means of the tuning circuits controlled by -

the condensers 49 and 45.
In the form of the invention ltustrated in

-Fig. 8 the carrier waves received by antenna

10 are limited in selection by condenser 11 to
the desired range of frequencies R, which
may be the broadcasting range of from 550 to
1,500 kilocycles.
oscillator 16 is set to generate a 500 kilocycle
wave K, below and just-outside of the range
of received frequencies; the selected. carrier
frequency and the loeal frequency of 500
cycles are transmitted to the input of modu-
lator 88, the output circuit of which modu-
lator contains the primary winding of trans-
former 39. Variable ¢ondenser 40, in shunt
with the secondary winding of transformer
39, tunes the input circuit of the modulator
41 to the frequency of the modulation prod-
uct of the particular carrier wave that has
been selected by antenna tuning condenser
11. - Assuming that the selected station. car-
rier is one that has a. frequency of 1,500 kilo-

cycles and that the funing condenser 40 is 1

such as to give it a tuning range covering the
upper -or sum side band frequency of the
various received stations, then the condenser

100

Assuming that the local

105

d .

10

115

40-in the assumed case will be adjusted to

make its associated circuit resonant to a-fre-

quency of 2,000 kilocyeles. - This 2,000 kilo-

cycle wave therefore flows in the input cir-

cuit of modulator 41 together with a 500 kile- -

cycle wave K derived from the local ogcilla-

tor 16, The 2,000 kilocycle wave and the
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loca]ly enexated 500 k}locycle wave there- .‘
> upon: 1nbermodulate to produce sum and dif--

ference frequencies, which flow in the output

circuit-of modulator 41 and are communicat-
ed through the output transformer to the
.input circnit of detectm 32,

- cuit of detector 32:is pr 0V1ded with a tuning

10

. kilocycles and 550 kilocycles.
‘that has been assumed, the difference product

15

‘condenser 45 having a range adapted to en>
able  the input circuit of detector 32 'to be;

tuned for waves of frequencies between 1,500
In -the case

of ‘modulation of the 500 kilocyele local fre-

quency and the selected 2,000 kilocycle car-

rier side band in the second modulator. 41

" has a frequency of 1 500 kilocycles, which is
- the original frequency -of the s wnal bearing

L 20

. frequency amplifiers A2

‘25

30

~tuning movements, and areso indicated in the -

carrier wave for which the antenna 10 is as.
sumed- to be tuned: - After. demodulation in
the detector 32 the signal or'audio frequency
components are carned through the.audio

speaker S.

"It will be noted that thexe isa ﬁxed tan1nn7
(hﬂ"el ence between antenna tuning; condensel‘ o

11 and tuning. condenser:40 whlch is'equal to
the frequency value of the local oscillator 16,

and that. this same tuning -differénce e\lsts :
‘between condenser 40 and condenser: 45, the
tuning range of condenser 45 coinciding with
that of condeneel 11. These three: tunmfr»f
condensers- may therefore be mechanlcally'

coupled ‘together and coordinated: in their

drawings. The mechanical couohno of tun:
ng eondensels igwell undelstood in the art,

and it is.thought unnecessary to show any’

- specific means for accomplishing this result:

40

45

-cireuit may 1t désired: be accom pushed by sets.
ting up the required relation between in~
duct‘lnce rather than - capacity  tuning: ele- .
ments or by proper combinations of coordi--
_nated movable capacity and inductance elet:
“ments."
" tuning range of ‘tlie antenna condenser:

1y

50

60

It will be noted that the tuning coordination
of the condensers may be aceomphbhed by

the proper shaping of the plates of their moy- L
able or fixed elements or by establishing the
proper gearing relations between: the mov'j :

able elements ‘or in any other well known
way. It is also obvious that the coordinated
variation -of ‘the tuning ofthe stages of the

In the-particular case assumed the

between 550 kilocycles and 1,500 kilocycles:
Therefore the tuning circuit controlled by
variable - condenser. 40 will ‘have this same
range, and that controlled by tuning con:

denser 40 will have a range cqual to ths sum

or difference between ths rarige and the fixed -
' frequency of the oscillator 16, Tf the oscil-

lator frequency is assumed to be.500-kilos

“cycles’ and the sum products of modulation

are to be selected by the tuning circuit of

~ yariable condenser 40; then that tunmo eir=

. 65

.cult will be ‘made- vamable Wlthm ‘a range.’

ie\tendmg from 1 050 to 9 OOO klloeycles
the tuning cireuit of 0011(16110(31 40.is to be .
.adapted to select; the difference flequeneles',:* .
of .modulation, then it will be so adjusted . ="
with respect to- tuning condenser 40 that that 79 o
The input cir- - a.i
tuning range -extending’ from. 50 to 1,000
Tt the local oscillator, is set; for
alower frequency walue; then the tuning fre-'_
".quency difference- betweon. the cireuits of cons

2 md A° to ‘the: loud-

Ay

‘Kilocycles.: :
lation selected snd utlhzed inthe output of
“fiodulator M5 therefore extend overthesame .~
frequency range ‘as the: .original’ carriers ... - o

coridenser. in -it§. movement compxehends

kilocycles. «

densers 43 and: 45 on’ the one:hand and. con:

Te

e
R

denser 40 on the other hand will ‘be .corre:

spondingly less.:

“Whatever the. fLequeney-

value of the local oscillator 16 may ey the #

tuning cir cuité of: condensels 11 and: 45 Wlll

.80~
alwmys be set‘;fm identical fr 'eqUENCy Tanges: .
If there is any slight change in the frequency -
of the wave gener rated by osclllator 16 tend-
ing to alter the frequency value of the side
band for which variable condenser. 40 is co- 8

ordinately set in the tuning operation, this "’

‘may be corrected by occasional’ slight adjust- -
ent of the: trimmer, condensex 17 of thef'
'()‘%Cll]d,tOI‘ 8 |
In the cireuit or rranwatlon of: FIO‘ 3 that
“has’ Just been desor 1bed the locally generdted i
wave was assumeéd to have a- frequency value =

lying slightly below. the lowest carrier freé-
quency -of: the received range, and’the sum

or upper side band frequencies were assuined

90"
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to be those selectéd and utilizediin the output”

circuit "of ‘the first modulatm

scribed, it is: assumed that the locally - gen-
erated wave has a fr equency value above the

In the ar- o °
- rangement’ of Fig. 4, which will-now be de- "

R0

highest fzequency of the.carrier wave rangey
and that the'lower Slde band.of modulation is¢

selected -and utilized in the output eircuit of

the first moduhtor In this circuit-the car-

rier-waves are received by the antenna 44
.which 1s selectively . tuned  for a paltmu

station by ‘the variable condensel 45,

ar.

='The "

selected carrier: flequeney Reis apphed to

the divided. inputcireuit of balanced modu-

lator M? while. at.the same time the 10(3‘11137‘

e

eenerated: wave K from: oscﬂlfmtor 0is ap-

pued to the series 1nput circuitof the modu=
Iator..

These two waves. mtelmoduhte and ‘

their sum and difference productb ’Lppeax in e

the: oulput circuit:-of the modulator.

% flequency of 2,050 kiloéveles.

lation will ‘have a

The dlﬁ'erence products of modu

themselves, but in ‘an 1nve1ted relation  to
the carrier frequencies.

In-the
‘present instance it may be ‘assumed; for ex-
ample, that: the, IOCdHy generated wave has
If the se:

*lected scarrier wave lias a frequency of 550
‘kilocycles the difference ‘product of modula-ﬂ\ ;
“tion will have'a fr requency of 1,500 kilocycles, = -

Tt the selected caitier wave is a 1,500 kilo-'

‘cycle wave the d1ffel,en('e pr oduct of modu-.
requency ‘value of 550 i

The hwhest; rece1ved i
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-carrier frequency corresponds-to the lowest
~ utilized modulation frequency in the modu-
lator output circuit; and the lowest received

carvier frequency corresponds with the high-

e

est. utilized modulation frequency -in’the out-

- pub-cireuit, and the intermediate frequencies’
. 1n the range. are similarly represented by

complementary- frequencies in the output

_range. Thercfore if, as shown in Fig. 4, the
‘station selection associated with-thé input

- and output:circuits of modulator M® is ac-

30

- complished by means of tuning condensers,
“the movements of the movable elements.of

these condensers are so related that -as the
capacity of the input condenser is increased,
the capacity of the output condenser is cor-
respondingly decreased. Ience the two con-
densers may be, and are indicated as being,

.. “mechanicaily coupled and coordinated to op-
29 . o

erate in this:way:

The tuning condenser 46 that controls the
appropriate “modulation’
product of modulator M° is connectéd in the-
After amphifi-
‘cation in amplifier -A*theselected wave is ap--

selection - of the~

input circuit of amplifier A%,

o]

plied to the wmput circuit of detector D?; and

the detected audic frequency components of
theselected earrier wave may then be ampli-

fied in audio frequency amplifier A% and con-
veyed to the loud spealer 3. Additional se

wioT

~lectivity with respect to. the selected carrier

Lo
a2}

wave may be secured by:the tuning condenser

47 associated with the input circuit of detec-
tor- D2, and this variable condenser may also .

be. mechanically coupled .and coordinated

“with the tuning condensers 45 and 46, as indi-

on
&

“cated. The tuning effected by condenser 47
“i5 in-the same sense as that effected by con-

denser 46, and both of these are in an opposite
sense to'the tuning movement of condenser

45, This is indicated in the drawing by the
direction of slant of the arrows which indi--
“cate variability of the condensers.. '

At soie point as the tuning controlled by
condenser 45 is varied- downwardly and that

“controlled by condensers 46 and 47 is varied

upwardly or vice versa; a point is reached
where the input and output circuits of modu-

lator M® are tuned to the same frequency.

But the tendency to-oscillation which might

otherwigse - occur -when this. condition is®

reached is.prevented by the conjugzate rela-

tion existing in the balanced modulator be-
~ tween the paralle] relation of the antennain=
put circuit and the series relation of the mod-

ulator output cireuit controlled by condenser

46, . By making the frequency.value of the

Jocally generated wave of ogeillator O” suffi-

3}

N ‘ciently high so that'the range of difference .
.

SILE

" products of modulation lies entirely above the
frequency range of the received oscillations,

which can-be done by making the frequency

of the locally generated wave slightly over:
. 3,000 kilocycles, such coincidence between the
' resonant frequencies of the modulator impuf-

1,918,433

- and output cireuits may be entirely avoided:

- I such cage the tuning range of the antenna

KE
55
cireuits controiled by condensers 46 and 47
would have a range extending approximately
from 2,500 t0.1,550 kilocycles. . e

t will be noted that in the Clr"guit-.“olf Fig.’

4 there ig but-a single stage of heterodyne

modulation and amplification, that which oc- .

curs in the modulator M® In thearrange-

input circuit would remain as it is, between .
-and 1,500 kiloeycles; while the resonant = -
G ' 70

[

5

ment of Fig. 5, -which will now be described, .-

there is also but a'single stage of heterodyne
modulation and amplification.  The received
carrier waves in the” broadcast range are

eircuit of balanced modulator M, aradio fre-
quency choke 49, as:in the-circuit of Fig. 2,
being inseérted if desired. A locally gener-

“ated wave from oscillator O® is-applied to the

80
picked up by antenna. 48 and applied, with- -
out individual tuning, to the divided input-

85"

series input civeuit: of balanced modulator =

Me, and the resultant products of modulation

are communicated to radio frequency ampli- . -
ig 90

fier A° across the input circuit of ‘which' is
eonnected the tuning-condenser 49 by means
of ‘swhich the degired modulation frequency
may be selected. - Theselected and amplified
wave ig demodulated and the audio frequency
components separated in. detector D? which
“also has associated with it a tuning condenser
50, From detector: D? the audio frequency
components are amplified in audio frequency

to loud speaker S. IR
As a result of the intermodulation of the
received carriers R and the local wave I in

amplifier A7 and may then be communicated -

195

100

modulator M¢ there are produced in the out- -

put cireuit of the modulator the sum and -
difference products of modulation of the -
two.  If it 1s assumed that the locally gener--

ated wave is given a frequency value, say

500 kilocycles, which is-greater than half

the. frequency range (950 kilocycles) of the
received. frequencies, then the range of side
band frequencies.representing the'sum prod-

110

~uets ‘of modulation ‘are entirely separated -

from and non-coincident with:the lower fre-
quency ‘side bands representing the differ-

ence products of modulation, and the ampli- %
fied carrier waves of the original received.

R
o
[}

frequency values are suppressed in the out-. -

put-circuit: of the modulator. Assuming 500
kilocycles for the local escillator: frequency

and:550 to 1,500 kilocycles for the range-of 2
received frequencies, the upper . side band

products of modulation . appearing in- the

i
- B
«

output circuit of modulator M® cover a range.

extending from 2,000 “to 1,050 kilocycles,
:while the lower side band products of modu-

lation .cover a frequency range extending-

from 1,000 kilocycles to 50 kilocycles. ~As--

suming in-the: present instance that the up:

per side band frequencies.are to be used, the -
tuning condensers 49 and 50, which are in- -



“resonant -or -tuning ‘range. -extending from-

10

1-”1:‘5‘
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: 'dicatéd‘. as: beipgf"mechdhigally%‘,z colipléd;. and’ a

coordinated, have such capacity value ‘that
their, -associated ': circuits. have a :possible

1,050 kilocycles. to 2,000 kilocycles..: ~ ...

The carrier waves are picked.up:by the an-

tenna 51 which is tuned to any. desired fre-
~quency within the broadcast frequency range

by means of variable condenser.52.. The:lo-
cally. generated modulated frequency is de-
rived from oscillator O¢ through the medium
of a potentiometer coupling . 53. This,po-
tentiometer coupling is-of a high Tesistance

- which is properly proportioned with respect

20

.25

to the impedance of the modulator.input cir-
cuit and the operating requirements of ‘the

~oscillator O% and is preferably made initial-
. lyvariable so that.the voltage derived from
- the oscillator and applied ‘to the input’ cir-

cuit ‘of the modulator may be such asto give
optimum heterodyne amplification’effects in

‘the modulator. . It may be noted at this point

that cumulative grid rectification or modula-

30

Isshown, . o 0 o e
- After intermodulation has taken place in-

tion, of the well-known grid condenser and
grid leak type, may if desired be substituted
for the anode reqtiﬁcation br‘,modulati:Qn .tha_t_

" the modulator M?, the resultant combination

.35

.40

frequency of the selected carrier wave is ap-
plied to the input circuit of a screen grid

amplifier A5, the input circuit being tined
“by means of the variable condenser 54. The

operating circuits of the screen grid amipli-

~ fier are well'known; and need not be partic-
ularly- described.  After amplification’ in-
amplifier "A® the selected’carrier wave side

- band is rectified in detector D4, the rectified

45

=50

~The modulation of. the selécted “carrier

components of the carrier wave being then
amplified in andio. frequency ampl"ﬁ';_‘_'A'"

and carried to the loud speaker S. -

‘wave by thé heterodyne action of local os-
- cillator O® greatly amplifies the voltage of.
‘the received wave, and.at the same time pro-

duces sum and difference side bands of fre-

- quencies-differing from the received-carrier

frequency.. Consequently the selective tun-

~ing of the modulator output circuit is for a

-55

60

frequency differing from that-of the selec-
tive tuning ‘of the modulator input circiit,

~with the result that tendency ‘to feed back

and oscillation in the modulator are avoided.
Furthermore, the'frequeney changing char-
acteristic of heterodyne modulation may be
taken advantage:of to obtain a modulation

-wave for application to. the input circuit of
the screen . grid’amplifier: which modulation

wave has a lower frequency. than'the corre-
sponding received. carrier wave. ‘This reduc-

tion-of frequency enables the screen grid termediate: ‘initially -variable tap- 60 being ‘-;;130 e

; p‘liﬁer;’_ité,‘:bé ~_-dpéra,te‘d :,':ﬁﬁdér,>i._<':oi1u(‘ifiﬁoh_s-’"' L

which give.a'larger and more favorable am: -

~plifying factor. " If for instance -the local
- -the received: carrier frequencies are selected

product frequencies; éxtend over a range that
1s 500 kilocycles lower than the received car-

amplifier. - If the tuning range of the varia-

‘-‘blercondenser‘,543e_xtending,_,fro,m»50"kil§(_>ﬁ‘cy¢les\ £

~t0.1,000 kilocycles presents difficulties in con-
.neetion with the design:of : the-variable ca- = . e
- pacity and. inductance of the tuning circait; - o

oscillator  O%:is'set for a frequency:of -500

: oo kiloeyeles, and the: difference side bands of

. In the: circuit arrangement; illustrated .in ;

.. Fig. 6; the carrier waves R and the locally
~generated  wave from oscillator 0% are ap-.

‘plied to the input circuit:of modulator M.

in the tuned input circuit of ‘the: screen ‘grid -
amplifier: A%, these: difference .modulation

a less degree of reduction; of the frequency
range at- this:point in the circuit'may be ob-..~

tained by setting the local oscillator to deliver
a- wave-of lower frequency value, say 100 - S
kilocycles. ‘In this.case, the frequency range = -

85

to be provided for in the tuning circuit.con='

trolled by variable condenser. 54 Willl“e’xtenyd :
. from-450 kilocycles to 1,400 kilocycles, which B
W_illaliefwithin;_ane\a‘sﬂyr-v.practicabl‘e_i'ange- of oot

design for the variable elements of the am- - o
‘plifier input tuning elements, and at the same

~:time will render possible the obtaining of a . . v
etter amplification factor in the amplifier ‘g5 .
A% As indicated, the tuning condensers 52 . . .
.and 54 are mechanically coupled.and:co- © -

-.ordinated, and; if desired, may also be cou- '

“pled and coordinated with a tuning condenser = -

-associated with the input circuit of detector “Top =~ -
assoctated with the input cirel elegtor 100,

- The circuit arrangement of Fig. 7is a sim.~ *

ilar to that of Fig. 6 with respect-to the =

amplification, but differs from the circuit of

- Fig. 7 in/ the ‘provision of two' stages of

employment of heterodyne- and screen gt‘.idf1 5 G

~ heterodyne - modulation “and ‘amplification

- from the same local oscillator.

tor O% like oscillator O° 'of: Fig. 6, is of

. type in which the frequency of the oscillator
- is’ determined by the coupling of the .grid -
platé circtits of the oscillator witha lo-- = -
‘ it’ 56. - The frequency of. =~
“the resonunt circuit 56 is controlled by varia- = ..
AL
“made’ variable ‘only to the exterit necessary :

“an

cal“resonant -circui

bl condenser: 57 which, it may be assumed; is

_ The oscilla-

. tokeep 'the: oscillator  in’ adjustment after i
(its frequency “is' once ‘fixed.  The" resonant

“cireuit ~561s - connected with ‘the terminals =
‘of “the “high  resistance “58. 1" As. optimum o
" heterodyne effects are obtained by:a proper. .

proportioning of the voltage of the locally.
‘generated wave ‘Wwith respect to the voltage
~of the carrier wave in the input eircuit of -

‘the modulator, there are shown in'the present -
instance two-taps 59-and 60-from the ‘high

‘resistance 58; the tap 59 serving to apply the

-full voltage across resistance 58 to ‘the-inpit -
-eircuit-of the'second modulator M®, and in- =

_rier: frequency range, and are therefore ca- . - .. "
pable:of more eifective;_amp_hﬁcatio’n‘ ncthe . i 0

0 .

‘1o’

12




B wdapted: t-oV‘si‘rppiy‘ a lesser part of the vol:

* drop to'the input circuit of modulator
‘Agthe control cireuit 56 .of the oscillator O*

-which' may tend

210

is resonant only for the frequency which the

oscillator is set to produce, the circuit 56
presents-a low _
quencies other than the‘oscillator: fréequency
tap connections from the circuits of the two

modulators M# and M¢, and therefore tends to
-operate to minimize or.prevent any feed back

2 ~or coupling between the ‘two modulator cir-

-cuits. - It may be noted that in- any of the

gircuits; described wherein  two - heterodyne

‘modulators are supplied from the same local
oscillator, any “possible tendency: for feed
‘back or coupling between the two may readily

“be eliminated by the-inclusion of an ‘electron
- tube amplifier 1 -one of the local wave sup-

=20

28

plying branches, preferably in the branch to
the second modulator ‘where the voltages of
‘the carrier wave should preferably be greater

AN the input cireuit of the first- modula-

tor. < -

. “In the circuit of Fig: 7 ‘the carrier ‘,Wa,'x7es -
“are:picked up by the antenna ‘55 which: is

tuned by means of the variable condenser 61

“. to compreliend the desired frequency range.

30

The tuned anténna cireuit is included in the
input-circuit of modulator M® which derives’

" its locally generated wave by way. of tap 60

-~ of modulator M® is connected ‘with the-input -
‘¢ircuit of modidator M? in which there is in-
“cluded the variable tuning condenser 62 that
“comprehends in its range of adjustment one
“of the sets of combination frequencies pro-

» '3} 1 5

*"duced by the modulation of the received car-

2240

rier waves with the locally generated wave. the amplifier. ~After detection in. detector -y, L

' The modulation frequency. selected by varia-

~ ble tuning condenser 62 is applied to the grid
-of modulator. M® together with the locally

Y L

-generated wave supplied by way of tap 59

from. oscillator - 0%, The combination . fre-
quencies in the output 0f modulator M? are

“applied. (eithér with or without further selec-

- ‘tion. by means of variable condenser. 63, as

72B0 -

~desired). to the input circuit: of ‘screen grid
amplifier - A%%. - The amplified frequency cor-
responding to that for -which variable con-:

denser 62 is set is selected by variable con-
denser 64 in the tuned plate circuit'of the

. screen grid amplifier, and. is capacitatively
111

‘coupled, according to a well known circuit

arrangement of screen grid amplifiers, with--

" the input circuit of detector D®.. The audio

kS ::6’0

.65

or signaling frequency components .obtained
by demodulation in the detector. D° pass by
‘way of audio frequency amplifier A** to
the loud speaker S. .- .

< If it is-assumed that the tuﬁing "i'ahge of
“frequencies for which variable condenser 61
-is adapted extends: from: 550 to 1,500 kilo-

cycles and that the local “oscillator is.set to

A

impedance path to any fre-.

to'be:fed back by way of the.

1018488

produce a-wave having. 4 frequency value of
100 kilocycles, the tuned.-circuit controlled by

variable condenser 62-may have a range ol

adjustment extending from 450 kilocycles to-
1,400 kilocycles; and the tuning: eircuit ‘con- 4o, -

trolled by variable condenser 64 (and also-the

tuning - ciretit- controlled by variable con- e

deénser- 63, if used;)” will be adapted Afor a

frequency - rafige of 550 to 1,500 kilocycles

corresponding to that-of variable condenser:

coupleéd’and coordinated, as indicated. - -

- In the-circuit of Fig. 8 the carrier waves
are Teceived by the open antenna’ 65 and ap-

‘plied. to the input circuit of modulator M*

I o
%5
‘61, the tuning condensers being mechanically. - -

-

through the medium of coupling transformier

66, Modulator M is shown to be of the

modulating type employing grid condenser ®. -

67 and grid leak path 68 in'its input circuit. .

An L

Selection of the desired station carrier wave

is ‘effected by tuning ‘condenser. 69, ‘and the’
‘selected wave together with the locally gen-

erated wave from oscillator O intermodulate

municated to-the imput ‘circuit of amplifier
‘A2 Further selection is effected by tuning

and produce combination frequencies in the .-
modulator output circuit, these being com- -7

80

condenser: 70 ‘which is mechanically ‘cotipled -

and coordinated with tuning condenser 69. -
; (%o%dejrfiser 70-has a tuning range equal to -
enerated v tap 60 “that of condenser 69 but at a frequency level
“Ffrom- the oscillator O*. The output eircuit: bt b2, frequency. level

difference equal to the frequency of oseilla- .
tor O°. " Amplifier A may be of the screen - -

grid type, and. the modulation. frequencies

rier fréquencies in order to take advantage

of a more.favorable amplification factor-in

‘D¢ and audio frequency amplification in am-
plifier A® the signal components of the:
_selected carrier wave may be carried-to loud
.speaker S, or otherwise utilized." T

"It will be understood that, in ‘accpi“dzincé

with usual practice, the oscillator.and radio

frequency . stages of the :receiving. ecircuits

‘105 -

1o -

that have been described are to be properly.

screened in order to prevent undesirable cou-

pling and feed back of energy. - It will also ‘i
‘be .understood- that proper and customary

precautions are to-be taken to ensure that the

- Whatis claimed sy

‘modulating frequency as supplied by the .
local oscillator. shall ‘be a pure frequency,
‘substantially free from harmonics. ~ .

1. The-method of selective signal ‘r"e'cep-: /

‘tion, which consists “in selecting one of a

in & certain frequency range; modulating the

-selected ‘carrier wave with-a locally applied

-number of signal carrier waves lying with- .

126

wave of fixed frequency. lying outside said-

-range and of such a frequency as to produce .
with said selected wave, side frequencies-
,Wh}ch are.readily separable from: waves of

130

selected by variable condenser 70 may be A0t
Jower ‘than the corresponding received .car-
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said selected frequency, and- detecting and
utilizing the signal component of a combi-
nation frequency of the fixed frequency wave
and the selected carrier wave,

- 9. The method of selective signal recep-
tion, which consists in receiving a.plurality
of signal carrier waves lying within a lim-
ited frequency range, selecting one of said
carrier waves, supplying a local modulating
wave of fixed. frequency lying outside said
range and of such a frequency as to produce
with said. selected wave, side .frequencies

which-are readily separable from waves of

said selected frequeéncy, modulating said se-
lected carrier wave with said local wave, and
simultaneously and :coordinately selecting a
combination frequency resulting from- the
modulation -of said selected ‘carrier wave
and- local wave.. . . T

8. The method of selective signal recep-
tion, which consists in selecting one of a
number of signal carrier waves lying with-
in a limited frequency range, modulating the
selected carrier wave with a local wave of
fixed frequency lying outside said frequency

range and of such a frequency as to produce-

with said selected wave, side frequencies
which are readily separable from waves of
said selected frequency, and selecting and

utilizing a combination frequency of the

local wave.and-the selected carrier wave.
4. The method of selective signal recep-
tion which consists in modulating a plural-

“ity of signal carrier waves lying within a

limited frequency range.with a wave of .fixed

frequency lying outside said range, and. se-’

lecting and utilizing a combination frequen-
¢y produced by the modulation of the fixed
frequency wave and a particular one of the
carrier waves. . L

5. The method. of selective signal. recep-
tion, which consists in maintaining a: fixed
frequency tuning difference between vari-
able input and output tuning circuits:of a
modulator, and combining in said modulator
received carrier waves with a local waye of
substantially fixed. frequency equal to. said
frequency tuning difference. .~ . .

6. The method of selective. signal recep-
tion, which. consists in. establishing a fixed
frequency difference between broad band se-
lective input and output circuits of a.modu-
lator, combining in said modulator a plural-
ity of carrier waves with a local wave of sub-
stantially fixed frequency equal to said fre-
quency difference, and selecting and utiliz-
ing the combination frequency of a desired
cne of said carrier waves. S
" 7. The method of selective signal recep-
tion, which consists in receiving a plurality
of signal carrier waves lying within a fre-

quency range at least as large as one of the.

frequencies therein, modulating said carrier
waves with a local waye having a fixed fre-
quency such as to produce two non-overlap-

~wave of a fixed frequency not less than half

carrier waves of . desired frequency. and:
largely excluding waves of undesired - fre-

ping sets of carrier sidé bands,-and séIeCting =

side bands ‘in- one only of said-sets.

“and utilizing any desired one of the carrier- .-

8. The method of selective signal recep- 5

tion which consists in receiving a plurality
of signal carrier waves, modulating said car-

rier waves with a fixed frequency local wave . .

to produce two non-overlapping sets of .car-
rier side bands and to suppress the carrier
waves, ‘and selecting -and utilizing ‘any. de-
sired one of the carrier side bands in .one .
only of said sets. S e s T
:9. The method of - selective réception,
which consists in modulating the range of
received signal carrier waves with a local -

the frequency difference comprehended in the.
received carrier wave range to produce non-

~ overlapping sets of side bands, selecting any

desired carrier:side band in only ‘one of said
sets, and utilizing the selected band.

%

10. The method of selectively  receiving "

within a frequency band having a width at

least as large as one of the frequencies therein,

which consists in gélecting inceming signal

quency, limiting the frequency width of the -
band within which said seléction can be-made:

to a value which is not greater than twicethe -

low frequency limit of said band, modulating
said selected set of waves with another set of

waves. of a frequency relatively close to:said, -

band but no closer thereto than one frequency
limit thereof, selecting side frequenciesof
only one of the two signs of side frequencies
resulting from said modulation, and utilizing
said selected side frequencies. L
11. The method of selectively receiving
signal carrier waves of any given frequency
within a. fréquency band having a-width at
least. as “large as one of the frequencies -
therein;, which consists in selecting incoming
signal carrier waves of desired frequéncy.and
largely excluding waves -of .undesired fre-
quency, modulating said selected waves with :

a-second set of waves of such a freqiiency -

value that the side frequencies - of at least one
sign produced by said modulation aré non-
coincident in frequency -with each other or_
with side frequencies of opposite sign, and

- selecting and utilizing said side frequencies

of said one sign. - , : :
12, The method of selectively receiving
signal carrier waves of any given frequency

signal-carrier waves of any given frequency .-

1o

‘105

10
15

I

within a frequency band having a width at -

least aslarge as one of the frequencies there-

in, which’ consists in selecting incoming sig-~
nal carrier waves of desired frequency and

125

largely -excluding: waves of undesired fre- .
quency, modulating said selected waves with .~

a second set of waves of such a frequency
value that the side frequencies of at least one
sign produced by said modulation are in the

130-
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~neighborhood of the frequencies of said band

20

and’ are non-coincident in:frequency -with
each other or with side frequencies of oppo-

‘site sign, and selecting and utilizing said side

frequencies of said one sign. : :
13. The method of selectively receiving
carrier waves, which consists in selecting in-

coming carrier waves, modulating said- se-.

lected waves with a second set of waves; se-
lecting from the resulting products of modu-
lation a third set of waves consisting of side
frequencies of only one sign, modulating said

third set of waves with sajd second set of .

waves, selecting from the resulting products
of modulation a fourth set of waves consist-
ing of side frequencies of only one sign oppo-
site to the sign of said previously selected side
frequencies, confining said third set of waves
to a path substantially free from exposure to
-outside interfering waves other than said sec-
ond set of waves, and utilizing. said fourth

“set of waves.

- 14. The method of selectively receiving sig-
nal carrier waves of any given frequencys
within a frequency band having a ‘width at
Ieast as large as one of the frequencies there-

:

‘in, which consists in selecting incoming sig-

- nal carrier waves of desired frequency and

.30

largely excluding waves of undesired fre-
guency, limiting the frequency ‘width of the
band within which said selection can be made
to a value which is not greater than twice the
low frequency limit of said band, modulating

- said:selected waves with another set of waves

35

C40

50

55

of a frequency not greater than said low fre-

‘quency limit and-not less than one-half the

frequency width of said band, selecting side
frequencies of only one of the two signs of
side frequencics resulting from said modula-
tion, and utilizing said selected side frequen-
cies. ' ' .
15. The method of high frequency ampli-
fication which consists in selectively receiv-
ing a wave, changing the frequency of said
wave inone direction, pieventing radiation
of the resulting wave, changing the fre-
quency of the resulting wave in the opposite
directien, and increasing the voltage of the
wave with each of ‘said changes of fre-
quency. IR Do

16. The method of high frequency ampli-
fication which consists in changing the fre-
quency of a high freguency wave In one di-
recticn by a given amount, preventing radi-
ation of the resulting wave, changing the
frequency of the resulting wave by the same

-amount 1n the opposite direction, and in:

60

65

creasing the amplitude of the wave with
each of said changes of frequency.

17. The method of carrier wave amplifi-
cation, which consists in changing the fre-
quency of the wave in one direction, pre-
venting radiation of the resulting wave,
changing the frequency of the resulting wave
in the opposite direction, said frequency

1,018,488

éhangeé' being by inharmonic fractional

amounts, and increasing the amplitude .of

the wave with each of said changes of fre-
quency. = : S »

18. The method of selective carrier wave
reception and amplification, ‘which consists
in changing the frequency level of said wave,

preventing radiation of the resulting wave,

70

selecting the wave at the changed level, re-

storing the selected wave to the original fre-
quency level, and increasing the amplitude of
the wave at each change of frequency.: ‘

19. The method of selective carrier wave
reception and amplification, which consists
in changing the frequency and increasing the
amplitude of the wave in a plurality of
stages, and controlling the selection of said
wave in each of a’plurality of said stages by

simultaneous adjustment of the different -

frequency levels of said wave in said stages.

20. The method of carrier wave amplifica-
tion, which consists in modulating one’ or
more carrier waves with a locally applied

wave of fixed single frequency, modulating

the side band or bands of one sign resulting
from said modulation, with said locally ap-
plied wave, and utilizing in - the- resulting
wave g side band of opposite sign from that
of said first-mentioned side band or bands.
21. The method of selective carrier wave

reception and amplification, which consists in .
modulating the waves of a band of carrier

waves with a local wave of fixed frequency,
selecting. the side bands of frequencies of

~only one sign resulting from said modulation,

restoring the frequency of said bands to the
original carrier wave frequency. values: by
modulating said selected side bands with said

local "wave, and utilizing- the products of .

said second modulation. .

22. The method of selective carrier wave
reception and amplification, which consists in
selectively receiving a carrier wave, modu-

s
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lating the same with a local wave of fixed

frequency to produce a modulation product
differing in frequency from the frequency of
the received carrier wave by an amount
equal to the frequency of said local wave, re-

110

storing the frequency of said resulting wave .-

to the original frequency of the received car-
rier. wave by modulating” said modulation
product with said local wave, and utilizing
said second modulation product.

115

28. In a carrier wave Teceiving system, . .

means for selectively receiving a range of
carrier waves, a fixed frequency wave source,

a modulator for combining the Teceived car--

rier waves and the fixed frequency wave to

120

produce upper and lower amplified sets of

signal bearing side bands, and means for sup-

pressing one of said sets of side bands and

for selecting and utilizing the other of said
sets of side bands. '

24. In a carrier wave receiving system, .

means for receiving a plurality of carrier

‘130



* waves lying within a certain frequency raii_ge, _

118483

~a fixed frequency wave source for generating
“'a wave having a frequency lying outside the

10

(]
&

frequency range of the received carrier waves,

a modulator for combining the received car-
rier waves with said fixed. frequency wave to.
produce a set of upper and a set of lower side -
bands, and means for selecting and utilizing"
~from one of said sets a combination frequency

of any desired one of said carrier waves and

for suppressing the corresponding combina-:-

tion frequency in the other of said sets.
~95. In a carrier wave Treceiving system,

‘means for receiving carrier-waves within a

certain range of frequencies, means for pro-

ducing a local wave of fixed frequency lying "~
- outside said range and of such a frequency:

“as to be: capable of producing with said re:

20

ceived waves, side frequencies which are- _ » ] :
-to the, frequency of said locally generated 89

readily separable from waves of said received
frequency, a modulator, means: for selecting

“one of said carrier waves and combining it
_ with the fixed frequency wave in said modu-

U
[

lator to produce a combination frequency, and

means for selecting and utilizing said combi--

nation frequency.

96, In a carrier wave

" modulator having an input circuit and an

- output circuit, means for locally generating a.
unicontrolled:

ore)
s

wave of fixed frequency value,

" variable tuning devices coupled to said tnput

o
&

circuit’ and said output circuit respectively

and adapted to maintain a fixed tuning dif-

ference between the same equal to the fre-
quency of said locally generated wave, means

for receiving and applying a signal carrier.
wave together. with said locally generated -

wave to the input circuit of said modulator to

amplify and change the frequency of said .
carrier wave, and means for utilizing the cor-

. 45

50

~ b5

60

receiving system, a -

résponding changed frequency. signal® car- -

‘of said modulator..

97 In a carrier wave receiving system,

means for receiving signal carrier waves, two .

“rier ‘wave derived from ‘the “output circuit

70

modilators each having an input circuit and

an output circuit, means for locally generat-

the second modulator, unitarily operated tun-

‘inga wave.of fixed frequency, means for ap= .. -
‘plying a signal carrier wave and. said locally -~
‘eenerated wave to-the input circuit of the
“first modulator, connections between the out- S
“put’of the first modulator and the inputof

ing devices associated respectively with the N

" input of the first modulator: and the connec- -
tions between the output of the first modula- -

tor and the input of the second modulator,

80

said tuning devices being adapted tomaintain. — °

a fixed tuning difference between them equal:- =

85 -

wave, means.for modulating: in ‘the second - . ¢

‘modulator a“product of modulation of : the .
“first modulator with said locally generated.
“wave; and means for utilizing the product of

modulation of said second modulator. .-

.98, The method of selectively receiving '
carrier. waves, which consists in selecting in-- -

coming carrier waves, modulating said. se-

lected waves with a second set of waves, se-  »‘ S
‘lecting from the resulting products of mod-9%"

ulation a third set of waves consisting of side

frequencies of only one sign, modulating said. :

third set of waves with said-second set of o
waves, selecting from the resulting products
- of modulation; a fourth set of waves congsist:

ing of side frequencies of only one sign op-

posite to the sign of said previously selected - o
side frequencies, and thilizing said fourthset =

of waves.
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