Oct. 19, 1943, H. LAUER 2,331,986

FREQUENCY DIVIDING SYSTEM FOR ELECTRIC ALTERNATING CURRENTS

Filed June 3, 1942 2 Sheets~Sheet 1

bl
I

64

§ 31 ( ‘ K
z | |
¢ Neg -

HIS ATTORNEY,

[
' ' INVENTOR
\ [ ~ HENRI LAUER




2,331,986

Oct. 19, 1943.

“H. LAUER

FREQUENCY- DIVIDING SYSTEM FOR ELECTRIC ALTERNATING CURRENTS

2 Sheets-Sheet 2

Filed June 3, 1942

wii

UER

S3¥ &
~ W
5o
>33y
W W\ K
! Y
N\
- i B
~¥E e % &/ ~EC
FIGIAIT YIGINIG I Zzomia
fxgmmwwx\ .- LWJ it SP,
~ze fie for Far [
9 H .9 H ‘
P27 O I -l i R £ 77 D I 4
d-:-c — I8 981 ~ o9 J»Pqp \lelsn
(8 : .
81 Li-gg PI [— - A 4 Qﬂdﬁs§;
ToLTTINTD ARNTIDTYS, _ YOIVITN:
YOUY INON » _.I \\ YOLV TOONW, g \W
i > _\ 7 4 |13l ] .
L8 €8 _
ol e oegry  wl e zegig



Patented Oct. 19, 1943

2,331,986

UNITED STATES PATENT OFFICE

"2,331,986

FREQUENCY DIVIDING SYSTEM FOR
ELECTRIC ALTERNATING CURRENTS

Henri Lauer, New York, N. Y.
Application June 3, 1942, Serial No. 445,622
(CL 250—36)

12 Claxms

The present invention: relates to a frequency
dividing system for electric alternating currents
bermitting to obtain, from a single phase alter-
nating input voltage, an alternating output volt-
age of sub-multiple frequency.

This frequency dividing system -utilizes the
properties of such frequency reducing devices as
are described in my United States patent appli-
cation, Serial Number 369,725 of December 712,
1940, Patent No. 2,305,625, dated Dec. 22, 1942,
or of certain other frequency reducing devices of
odd or of even frequency transformation: ratio.
Without therefore limiting the present system to
the use of the device disclosed in my. said patent
application, this system is, however, desciibed in
-relation therewith, for the convenience of ex-
planation. For: greater simplicity of language,
this device, as well as other devices which may-be
used. in its place to perform a similar funciion,
is designated here as a frequency divider.

" Referring to my aforesaid patent appilication,
when an alternately reversed voltage.is applied
to the input terminals of the device disclosed
therein, a voltage is developed at the output ter-
minals of said device, which reverses alternately
at a sub-multiple frequency. If therefore, -the
applied input voltage reverses once during-every
cycle, .as is the case, in particular, when :this
input voltage is of sinusoidal wave shape, the
output voltage has a fundamental -frequency
which is a sub-multiple of that said input-veltage.
But if the input alternating voltage is.of non~
-sinusoidal wave shape and, say, has.a polarity
which reverses several times during every cycle
of its fundamental frequency:component, the fre-
quency components of the output voltage of. the
device.-may or may not be in: the same frequency
relations to- each other as -those of the input
voltage, depending in particular on the:frequency
transformation ratic of the device and on:the
frequency composition of the input voltage. .In
other words, the simultaneous: frequency.division,
in a same ratio, of several frequency components
of the input voltage is achieved by means of this
device for only certain particular frequency, am-
plitude. and phase relations.of the input valtage
-components. And the system described in my
‘said patent application for. eliminating or: .re-
ducing certain harmonics developed: by the oper-
ation of the device and not present in the.orig-
inal input voltage does not lift this limitation:of
the field of application of said device.

The cbject of the:system forming the present
‘invention is to permit the frequency: division.of
‘not only: & sinusoidal. alternating input. voltage,
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.‘respectlve resulting - demodulated voltages
twe - dividers:. differ: from ea.ch other..in. their, .re~

but also the frequency d1v1smn ina- same ratro,
of two simultaneously apphed alternatmg mput
voltages of different. frequencies.-and, in. particu-
lar, .of -equal-or- appromma.tely equal a,mphtudes,
irrespective of the. relative - values .of said’ fre-
quencies, and in. certain cases. of -more.than two
simultaneously applied. alternatlng mput voltages
of -different frequencies- and ef sultable relatlve

-phases and amplltudes

~In this system,-the alternatmg mput voltage,

the compenent frequencies of..which. aze .to be

divided, is not -applied drrectly to the input.ter-
minals ef the frequency d1v1der,, but. is-made ,to
modulate an alternatmg “carrier”. -current. .or
voltage of higher frequency. The invention then
consists, after sepalatmg the. frequency campo-
nents: of* the thus modulated -current . or-voltage

-into upper or lower side - frequency. cempenent

bands-and suppressing the carrier frequency com-

:ponent, in applying-the components.of.-the:; upper '

side. frequency band.to.the input terminals. of
a. frequency -divider -as. deﬁned above and the
components-of the lower. side frequency band 1o
the input te1mma.ls of anocther f1equency drvuder

-of equal input- output frequency transformatlon

ratio, demodulatmsf the. output voltages .of Both

.of these two. dlvrders with .a substantlally
" sinusoidal alter natxnff voltage having a. frequency
:which is: a sub-multiple of. the freouency of the
30 ;s
-frequency.- transformation. ratio .of the. two. di-

said-carrier. current. in the .same ratia-.as. the

viders,-and .applying the thus demodulated volt-

-ages of the two. -dividers -upon a.common circiit,

in which: the. low frequency. component currents
or voltages constltu e the output.currents,or voli~
ages - of. the frequency dividing - system, méans
being furthermote. provided.to. give such, suitakle
phase- relations to.said - currents .or-voltages, as

-may be required.

When stwo frequency. drvrders of equa,l ratres
are thus- differently actuated, and. -their,. output
voltages demedulated. as- descrlbed I-hayve. found -
that, save -in .certain, partlcular 1nstances »the

spective. frequency compos1t1en, or-in. the rela-
tive amplitudes qf their. various, frequency Comm-
ponents;and that.the. algebralc sum.of these volt-
ages, as. obtamed when they are. ‘applied .- to a

‘common.-circuit, constltutes a: voltage whmh is-a

more complete: and- closer sub-multlple frequency

reproduction.of -the 1nput voltage than. the: .de-
.modulated -output. voltage of. elther d1v1de1 taken
Jindividually.:

The invention will be better understood from
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the following description, when considered in re-
Jation to the accompanying drawings, in which

Figure 1 is a wiring diagram of a frequency
halving system according to the present inven-
tion, that is to say a frequency dividing system
having an input-output frequency ratio of two
to one. For simplicity, triode relays are shown
in the drawing, but other suitable types of relays
may be used in place of these; the filament heat-
ing circuits.of all electron tubes are omitted, for
greater clearness of the drawing; and certain of
the tube circuits may be altered to use common
energizing and common biasing batteries or volt-
age sources, as is frequently done in practice.

Figure 2 is a schematic wiring diagram of the
system, illustrating a different arrangement - of
the demodulating circuits.

Figure 3 is a schematic wiring diagram of the

system, illustrating a different arrangement of
the sources of the carrier frequency alternating
voltage and of the sub-multiple frequency sinu-
soidal alternating voltage.

PFigure 4 is a wiring diagram of one of the cir-
cuit systems of a frequency divider similar to one
of those used in the arrangement of Figure 1,
but incorporating an additional amplification
stage, as explained further below.

The system-illustrated in Figure 1 comprises a
generator of substantially sinusoidal alternating
voltage, the circuits of which are enclosed in the
dot-and-dash line frame C; a frequency multi-
plier, enclosed within the frame E; a modulator,
shown within the frame F; two filter circuits
passing respectively the upper and lower side
frequency band components of the modulated
voltage and shown respectively within the frames
G, H; two frequency dividers D and D’ of same
input-output frequency ratio as the output-input
frequency ratio of the frequency multiplier E;
and demodulating, phase-adjusting, and output
circuits shown in the lower part of the drawing.
These various components of the frequency divid-
ing system are briefly described below, before
describing the operation of the system.

The circuits enclosed in the frame C represent
a generator of alternating voltage of substantially
sinusoidal wave shape. In -the particular in-
stance illustrated here, this is a usual form of
triode oscillator; the triode 15 having its grid and
plate electrodes respectively connected to the ends
of an inductance 16 and its filament connected to
a suitable intermediate point of said inductance.
The plate and grid of the triode 15 being given
suitable positive and negative potentials, respec-
tively, by means of the batteries (7, 18, and the
inductance 16 being shunted by a condenser 19,
continuous oscillations are sustained in the cir-
cuit formed by the inductance 6 and condenser
19, the frequency of which is a function of the
dimensions of said inductance and condenser.

Coupled to the inductance 16 is a coil 20,
through which the oscillations generated in the
circuit 16—19 energize a frequency multiplier,
which is & frequency doubler in the present in-
stance, constituted by the circuits enclosed in
the frame E. This comprises two diodes 35, 36
having their filaments connected to each other,
and their plate electrodes connected respectively
to the ends of the coupling coil 20. A connec-
tion is also provided between the filaments and
the middle point of the coil 20, which connection
includes the primary winding of a transformer
31. As known, under the action of the alter-
nating voltage induced in the coil 20 by the oscil-
lating current flowing in the circuit 16—18, a-

pulsating current of double frequency flows in

the circuit branch comprising said primary wind-

ing of the transformer 31. The alternating volt-
age induced in the secondary winding of this

5 transformer 31, which thus has a frequency equal
to twice the frequency of the alternating current
produced by the generator C, constitutes the car-
rier voltage mentioned in the earlier paragraphs
of this specification.

10 This carrier voltage is impressed upon a modu-
lator, the circuits of which are shown within the
frame F. ‘This is a conventional balanced modu-
lator, which comprises two parallel-connected
triodes 38, 39, the plate circuits of which are en-

15 ergized by the battery 40, and the grids of which
are given a suitable biasing potential by the bat-
tery &41. The secondary winding of the trans-
former 37 is connected in the common branch of
the grid circuits of the triodes 38, 39, so that the

90 carrier voltage generated in this secondary wind-

ing through the operation of the frequency dou-

bler E produces simultaneous and in-phase vari-

ations of the grid potentials of said triodes 38, 39.

The grid circuits of these triodes also comprise

the secondary winding of a transformer 42,

shunted by the usual high frequency by-pass

condensers 43, 44, and so connected that an al-
ternating current flowing in the primary wind-
ing of said transformer 42 produces opppositely

30 directed alternating voltage variations of the
grids of said triodes, which modulate in opposite
directions the alternating plate current compo-
nents of these tubes developed under the action
of the carrier voltage. The terminals 45, 46 of

g5 the primary winding of the transformer 42 con-

stitute the input terminals of the frequency di-

viding system, and it is the object of the opera-

tion of said system, as described further below,
to produce an alternating voltage across its out-

40 put terminals 67, 68, the largest components of

which have frequencies which are respectively

sub-multiples (in the present instance one-half)
of those of the components of the alternating

Xoltage impressed upon said input terminals 45,

6.

Connected to the secondary terminals 47, 48 of
the differential output transformer 44 of the
modulator ¥ are two filter circuits G, H, sche-
matically represented as composed of condensers

0
[

‘5n and inductance coils so disposed and connected

that the filters G, H, pass respeciively the upper
and lower side rrequency band components of
the output voltage of the modulaior F, that is to
say those frequency components of said output
voltage which have. respeciively greater and
smaller frequencies than the carrier voltage pro-
duced by the multiplier E. Any other suitable
arrangement may of course be used in place of
those shown as G, H, for performing the same
function. Through these fiiter circuits G, H, and
through transformers 59, §(, the actuating ter-
minals 81, 32 and 11, i2 of two frequency dividers

D’, D are connected respectively to the output

terminals 47, 48 of the modulator ¥. The divider

D’ is thus actuated by the upper side frequency

band voltage components of the modulated out-

put of the modulator ¥, while the divider D is
actuated by the lower side frequency band voli-
age components of said modulator output.

70 The two freguency dividers D, D’ shown in the
drawing are frequency halving devices, that is
to say, they have an input-output frequency
transformation ratio of two to one which corre-
sponds to the two to one frequency transforma-

75 tion ratio of the frequency multiplier E. These

G0

G5
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trequency dividers are-similar: to.each other, and
réspectively similar to the frequency halving de-
vice illustrated in Figure- 1" of ‘the drawing ap-
pending to the spec1ﬁcat1on of my. aforésaid
United States Patent apphcatmn in wh1ch they
are described in detail.

‘Fhe frequency divider ‘D, the various clrcult
elements of which are designated by the-same
aumerals from | to 12 and letters A and B'as in
said patent apphcatmn, includes two ¢circuit sys-
tems A and'B each: of ‘which comprises a revers-
ible ‘apparatus composed ‘of two triodes- I, 2 the
plate ‘eircuits’ 'of which are energized, respec-
tively by a battery 8 in"series with a résistance
5, and a battery 4-in series with’ Tesistance 8.
"Phe cathodes of the two tubes -are connected o
‘each other: by resistances 6, T in series,; and the
gr1d electrode of each tube'is corinected to-some
‘suitable point of ‘the plate circuit:-of -the-other.
Each of the systems A, B also comprise two-tri-
odes 9, 10 having their filaments connected to-
gether while their plates are respectlvely con-
‘hected to the cathodes -of tubes ‘I and-2. - The
gmds of tubes 9 and 10 of system A are connected
respectlvely to suitable points of ‘the plate:-cir-
cu1ts of tubes | and 2-of system B, while the grids
‘of tubes -9 and 10 of ‘system B are respectively
‘connected to suitable points of the plate circuits
of tubes 2 and I- of system’A. -Finally, the input
termmals {1, {2 which receive the alternatmg
voltage actuatmg the divider-are connected as
follows: terminal {1 is‘connected to the filaments
‘of tubes 9, 18 of system B and to'the common
point of resistances 6, T of system A, whlle ter-
mmal ‘12 is connected to the filaments of tubes

{0 of system A-and to the common pomt of
resxstances 6, 7 of system B.

A similar description applies to the frequency
divider -D’,- the various respective circuit ele-

ments of which are designated in corresponding -

‘manner- by numerals from 21 to 82 and letters
A' and B’ Output connections of the frequency
d1v1der D are made, through the wires, 13, 14, to
the plate electrodes of the tubes 9, 10 of its sys-
tem B, wh1le output connections of the frequency
divider D’ are made, through the wires 33, 34, to
the plates of the tubes 29, 30 of its system B”.
By means of these connectmns 13, 14, the out-

put voltage of the frequency divider D is applied

between the grid and ‘filament-of a coupling fri~
ode 52, the plate circuit of which is energized by
a battery 53 and comprises the primary winding
of a transformer 54, The' secondary winding of
th1s_transformer 54 is included in a circuit ‘com-~
prising an alternating current rectifier 55. On
‘the other hand, the ¢ircuit of this rectifier -55-is
coupled through the transformer 56, to-the plate
circuit of @ triode 57 energized by the battery 53,
and the grid circuit of -which is actuated by a
;§ bstantially sinusoidal voltage produced by the
generator C. For-this purpose, the grid and fila-
ment of ‘the tube 51 are connected respect1vely
to the grid and filament of the tnode f5; = %
S1m11arly by means’ of ‘the: ‘connections-§3, ‘34,

’fthe output voltage of the frequency divider D’ v1°’

,_apphed between the gr1d and ﬁlament of-a cou-
phng triode 58, the plate c1rcu1t of which is ener-
“gized- by the battery 53, and comprises-the pr1-
v Wmdmg of' a. transformer 59. The second-

kS crrcmt compnsmg an alternatlng current rect1-

"Cl] tri
and- the grid and ﬁlament of wh1ch are connected :

ary Wmclmg of thls transformer 59 is in¢luded in
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respectlvely to: the gnd and ﬁlament of the tzr;-k
ode 15

However, for purposes explamed later the con-
nection of the transformer 6} to the plate circuit
of the friode 62 is made by-way; of a bhase adjusts
ing device composed, in“the example illustrated
here, of a transformer 69 and the: resistance 10.
‘The -primary winding of this transformer 69 and
the resistance 10 are connected in series in:the
plate-circuit of-the tube 62, while one end. of the
secondary winding of the transformer 69 is eoh-
nected to .a commeon- point of the resistance ‘10
and the  primary- winding of said transformer
69.  'The other‘end of the secondary winding-of

this -transformer 68 .and’ some suitable point. of

the-resistance -10 ‘are .connected respectively to
the ends. of the primary. winding of :the trans-
In this -manner, the: alternating cur-
rent component -developed in the plate:circuit.of '
the triode-62 under the-action of the alternating
grid voltage:supplied to-.this triode by the gen-
eftator C, induces:in.the circuit of the.rectifier

60,-an ‘alternating- voltage the phase. of which
Thay-be adjusted by:suitably- choosing the:con-

nection point- of the -primary winding of :the
transformer: 61 to-the resistance 10, and adjust-
ing the coupling of the two windings. of the
transformer. 69, ‘which' windings ‘may for .this
purpose be made to be movable Wlth respect 0
each other:

Finally, the cu'cults of .the: rect1ﬂers 55 and:60
are coupled to a common- cireuit through trans-
formers 63, 64 respectively, shunted by high fre-
quency by-pbass condensers65,:88, ' The terminals
61, 68 of this common: circyit ‘constitute the out-
put terminals of -the - frequency dividing systern.

Descnbmg now the: operation..of the: system,
when no voltage:is applied to the:input terminals
45, 46, no alternating voltage is produced at-the
actuating terminals-ii;:12 and 31, 32 of the fre-
quency dividers'D; D?, and the latter remainin a

"qulescent operatmg condltlon “The only. veltage

operatmg in the: c1rcu1ts of the rectifiers 55, .60
is then the alternatmg voltage of constant maxi-

: "mum amphtude derived, through-the tubes &1

and 62 respectlvely, from the oscillator tube. 19.

~The currents opet: ‘ating in'these rectifier. circuits

hence - comprise high -frequeney: components,
wh1ch are:by-passed-through the condensers 65,

‘66, and éontinuous components of constant in-

tensity, which, in flowing through the primary
windings of ‘the transformers 63, 84, induce no

-voltagé in-the output circuit 67, 68. -

“If now .an alternating voltage of sinusoidal

wave shape is applied to the terminals 45, 48, the

operation of the balanced modulator F develops,

.- across the terminals.47, 48, an alternating voltage

60

70

75

‘minals 13,

composed, as known, of two side-frequency.com-

-ponents, the frequencies of which are respective-

1y equal to the sum and difference of the carrier
frequency and of the frequency of the alternat-
ing voltage applied to the terminals 43, 48. These

“two side frequency.voliages: being separated by

the filter circuits &, H, the lower frequency -ouf-
put-voltage component of the modulator ¥ actu-

‘ates, through the transformer 54, the texminals

i1, 12 of the frequency divider D, while: the liigh-
er frequency output voltage component.of the
modulator Factuates, through the transformer
50, the tenmnals 31, 32 of the frequency divider
D’. ’

These frequency dividers D, D' then produce
alternating voltages across their. respective:ter-
m 14 and--83, 34 ‘which have.a much
distorted wave shape;. but the.fundamental -fre-




4
quencies of which are respectively equal to one=
half the frequencies of the voltages applied to
the terminals 11, 12 and 31, 32.

The voltage thus developed across.the termi-
nals 13, 14 is impressed, through the coupling
tube 52, and the transformer 54, upon the circuit
of the alternating current rectifier §5. - Upon
this same rectifier circuit is applied the substan-
tially sinusoidal alternating voltage of one-half
carrier frequency, supplied by the generator tube
{5 through the coupling tube 5T and transformer
§6.  Alternating currents are then produced in
the circuit of the rectifier §5, having frequencies
respectively equal to those of the alternating
voltages applied to said circuit, and to muitiples
of these frequencies, and the sums and differ-
ences of these frequencies. ‘While the currents
of higher frequencies are by-passed through the
condenser 65, those of lower frequencies flow
through the primary winding of the transformer
63, and induce in the secondary winding of the
latter an alternating voltage having a wave
shape which depends to some extent, in particu-
lar, on the characteristic of the rectifier 55, and
a frequency equal to one-half the frequency of
the voltage applied to the input terminals 45, 46
of the system. ) -

Similarly, the voltage developed across the
terminals 33, 34 of the frequency divider D’ is
impressed, through the coupling tube 58 and
transformer 59, upon the circuit of the alternat-
ing current rectifier 60. This same rectifier cir-
cuit receives a substantially sinusoidal alternat-
ing voltage of one-half carrier frequency from
the generator tube 15, through the coupling tube
62 and transformer 6f. Here again, a voltage is
produced in the secondary winding of the trans-
former 64, having a frequency equal to one-half
the frequency of the voltage applied to the input
terminals 45, 46 of the system. )

The secondary windings of the transformers
63, 64 being connected in a common circuit, an
alternating voltage is then obtained between the
terminals 67, 68 of the latter, having a frequency
equal to one-half the frequency of the alternat-
ing voltage applied to the input terminals 45, 46
and having a wave shape which approaches the
sinusoidal wave shape of said applied input
voltage, more closely, generally, than the voltages
developed in either one of the transformers 63,
64.

This result is obtained, however, when the
voltages developed by the two transformers 63,
64 are applied to the common output circuit
61—68 in proper mutual phase relation. Such
a phase relation may be obtained by means of
the phase adjusting device 69—10, which, in per-
mitting to shift the phase of the voltage derived
from the generator C in one of the two rectifier
circuits correspondingly shifts the phase of the
low frequency voltage developed in this same
rectifier circuit, with respect to that developed
in the other rectifier circuit. Such a phase
shifting arrangement may be placed either be-
tween the circuit of the rectifier 60 and the
generator C, as shown in the figure, or in simi-
lar manner between the circuit of the rectifier
§5 and the generator C. Or else, it may be con-
nected as a part of the coupling circuit between
the modulator output terminals 47, 48 and the
actuating terminals {1, 12 or 13, 32 of either one
of the frequency dividers D, D’, or as part of the
coupling circuit between the output terminals 13,
(4 or 33, 34 of one of said dividers D, D’ and the
circuit of the corresponding rectifier 55 -or 60,
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Or again, it may be inserted between the outpub
circuit 6T—68 and the circuit of either one of
the rectifiers §5 or 60.

Supposing now that, instead of being of sinu-
soidal wave shape, the alternating voltage ap-
plied to the input terminals 45, 46 of the fre-
quency -halving system of Figure 1 is composed
of . two sinusoidal components of different fre-
quencies and of substantially equal amplitudes,
it-is only for certain particular relative frequency
values of said components that voltages compo-
nents having frequencies respectively equal to
one-half the frequencies of the two input volt-
age components are developed at the terminals
of one of the two transformers 63, 64. But I
have found that, irrespective of the relative fre-
quency values of the two input voltage compo-
nents of the system, a voltage of frequency equal
to one-half the frequency of one of these input
voltage components is developed across the sec-
ondary winding of the transformer 63, while a
voltage of frequency equal to one-half the fre-
quency of the other frequency component of said
input voltage is developed across the secondary
winding of the transformer 64. These two volt-
ages thus complement each other, and in apply-
ing them to the common circuit 61—&8, a voltage
may then be obtained, comprising components
having frequencies respectively equal toc one-
half the frequencies of the two components. of
the alternating voltage applied to the input ter-
minals 45, 46, and having a wave shape ap-
proaching that of said input voltage, if the phase
shifting device 69—170 is properly adjusted.

Similarly, when the input voltage energizing
the terminals 45, 46 comprises more than two
different frequency components, and depending,
to some extent, on the relative frequencies,
phases and amplitudes of said components, the
voltages developed, respectively, in the trans-
formers 63, 64 are in a measure complementary,
and the application of these two voltages to &
common circuit 61—68 permits to obtain, more
completely than through either one of these, a
sub-multiple frequency reproduction of the al-
ternating voltage applied to the input terminals
45, 46,

While the system illustrated in Figure 1 is
shown as utilizing two frequency halving devices,
the same . disposition of its various circuit ele~
ments may be used with two frequency dividers
D, I’ and a frequency multiplier E of other fre-
quency transformation ratios, providing that the
input-output frequency ratio of each of the fre-
quency dividers D, D’ is equal to the output-
input frequency ratio of the frequency multiplier
E, said ratios being measured when the devices
are operated with applied alternating voltages
of sinusoidal wave shape.

The -system illustrated by the schematic dia-
gram of Figure 2 is laid out according to the
same general arrangement as the system of Fig-
ure 1, but with another disposition of the demod-
ulating -and. output circuits. As in the system
of Figure 1, a generator C, producing an alter-
nating voltage of substantially sinusoidal wave
shape, actuates a frequency multiplier E which
supplies an alternating voltage of carrier fre-
quency, multiple of the frequency of the gen-
erator C, to a modulator . The modulating
circuit terminals 45, 46 of this modulator F con~
stitute the input terminals of the system and to
these terminals is applied the alternating volt-
age, the sub-multiple frequency reproduction of
which is to be developed across the output termi-
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nals 67, 68 of the system. The output terminals
41, 48 of the modulator F are connected; as in
Figure 1, to the input terminals i1, 12 and 31, 32
of two frequency dividers D, D’ respectively
through a filter circuit H passing the low fre-
quency side band output voltages of the modu-
lator F and a filter circuit G passing the high
frequency side band output voltages of said mod-
ulator. The output terminals 13, 14 and 33, 34
of the frequency dividers are connected respec-
tively between the grid and filament of coupling
tubes T{, 72, the plate circuits of which are ener-
gized by a-battery 13. The plate circuits:of these
tubes are coupled, through transformers T4, 15,
to the circuit of an alternating current rectifier
16.. This same rectifier “circuit is also coupled,
through a transformer 11, to the plate circuit of
8 triode 18, energized by the battery 13, and the
grid circmt of which is actuated by the voltage
produced by the generator C. 'The circuit of the
rectifier 16 also comprises a transformer 19
-shunted by:a-high frequency by-pass conderser
80,:and’ the secondary winding terminals 67, 68
of:said transformer constitute the output termi-
nals of the'system. 'The system of Figure 2 thus
differs. from” that of Figure 1 in that the out-
put volfages of the two frequency dividers D, D’
opersate, together with a voltage derived from the
‘generator C, in"the circuit ‘of a common rectifier
‘16, instead of ‘operating in the.circuits of sepa-
rate rectifiers 55, 60 respectively.

“Since the voltages developed across the termi-
nalst3, 14 and 33, 834 by the frequency. divideérs
D, D"respectwely are of non-sinusoidal wave
‘shape, filter circuits I, J may be inserted between
said terminals and the circuit of the rectifier 16,
-S0-‘arranged- as-to pass the low frequency com-
ponents of said voltages, and to attenuate such
‘harmonics thereof, particularly the third -and
higher, as may produce disturbing low frequency
-components -across the output terminals ‘67,68
of: the -system. :

" Furthermore, in order to perm1t an‘adjustment
of the phase relations between the output volt-
-age components produced through the operation
‘of one of the two frequency dividers and those
‘produced by that of the other, a phase adjusting
device 81—82, which may be similar to the: phase
.adjusting device 69—10 of Figure 1, may be con-
nected between the output terminals 471, 48 of
‘the. modulator F and the input termmals i, 12
or.31,732 of either one of said dividers, or be-
tween the output terminals ‘13, 14, or 33 34 of
eitherof :said dlviders and the circuit- of the
rectlﬁer 16. N

"The system 111ustrated in F1gure 3 follows the
same general pattern-as ‘shown in' Figure-2, but
with @another arrangement of the sources of the
carrier voltage energizing the. modulator F and

‘the sub-multiple sinusoidal voltage actuating the -

‘demodulating rectifier “circuit. Corresponding
-elements. of Figures 2 and 3 are therefore des-
ignated by the same Ietters and numerals in both
figures.. . .

:-In the- arrangement of Flgure 3, the carrier
frequency alternating voltage is supplied to the
‘modulator'F.by a. generator ‘K'of said frequency,
~to. the -output terminals 87, 88 of which it is
connected. - The sub-multlple Irequency volt-
-age ‘actuating - the circuit of the rectifier 16 is
applied to this’ circuit by a frequency demul-
-tiplier L of same input-output frequency ratio as
the frequency-dividers D, D’; and actuated by the
“generator: K. " -The. demultiplier I, may be a

“frequency divider similar to the frequency divid- 7
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86, 97 is connected to the terminal 12.
~F1gure 1, output terminals 13, 14 of the frequency

S5
ers D, D’." Ifs input terminals 83, 84 are then
connected to the output terminals 87, 88 of the
generator K, while its output terminals ‘85, 86
are connected to the grid circuit of the coupling
tube 18, This latter connection is preferably
made through a resonator circuit formed, for in-
stance, by a condenser 83 shunted by an induct-
ance coil 90, tuned to the sub-multiple output
frequency of the divider L, for the purpose of
supplying to the circuit of the rectifiers 76 an al-
ternating voltage of substantially‘sinusoidal wave
shape.

Or else, the frequency’ demultlpher L may be
const1tuted by a multivibrator, synchronized by
the generator K at a suitable multiple frequency,
or-by a synchronized submultiple frequency tuned
oscillator, in which latter case the resonator cir-

cuit 89--90 may, m ‘some instances, be dispensed

Wlth
~In all of the systems illustrated, the half-wave

rectifiers 55, 60, 16 may be replaced by full-wave

rectifier arrangements. Moreover, the function
of said rectifiers being to develop so-called com-

‘bination frequency: voltages in their respective

circuits, proportional to. the: product of the volt-
ages applied to said circuits, modulating circuit

arrangements and devices may. be used instead

of ‘these rectifiers, through which the sub-mul--
tiple frequency sinusoidal voltage supplied by the
generator C or-demultiplier L is made to modu-
late the output voltages of the frequency dividers

‘D, D’ or vice-versa.

Finally, when the alternatmg Voltage applied
to the input-terminals 45, 46 of the system com-
prises several components of different frequen-

cies; the alternating voltages actuating the input

terminals {1, 12 and 31, 32 of the frequency di-
viders undergo wide variations of their maximum
amplitudes. - The reversible apparatus formed by
the tubes 1, 2-and 21, 22 and their associated

‘circuit elements should then preferably be ad-

justed to:operate with small reversing voltages,

-and the mcdulator. F with sufficiently large car-
‘rier and modulating voltages.
5.the output voltage of said modulator may also be
“provided before applying said voltage to the in-

Amplification of

put terminals of the dividers D, D’.

Moreover, the differential.voltages developed by
10-and 29, 30 of the frequency di-
viders may be amplified before: being applied to
the circuits of their corresponding triode pairs

-1, 2-and 31, 32 respectively.. One possible man-

ner of ‘achieving this is illustrated in Figure 4,
which shows the circuits of the system B of the
divider D:of Figure 1, to which an intermediate
-amplification stage as just set forth has been
added.  Thus, the resistances 8, T through which
the. filaments of the tubes I, 2 are connected to
each other, instead of being connected in the
plate circuits of the rectifier tubes 9, 10, are in-

~cluded . respectively in the plate circuits of two

tricdes:91, 92 energized by a battery 93 and op-
erating as a “push-pull” amplifier. The grid
circuits of these two triodes 81, 92 comprise, re-
spectively, resistances §4, 95, which are connected
in series with each other across resistances 96,
.97 'of. the plate circuits of the tubes 9, 10 respec-
tively. . As in the arrangement of Figure 1; the
{0 are connected to
the terminal {I of the frequency: divider, while
the common. connection point of the re51=tances
As-in

divider are taken off the plates of the tubes 9, 10.

- The system A of the divider D of-Figure 1 being
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altered in a manner similar to that.shown in
Figure 4 for the system B, the grids of the tubes
9. 10 of the system B are connected, as before, to
suitable points of the plate circuits of .the tubes
2, | of the system A through wires 98, 89 respec-
tively, while the grids of the tubes 9, [0 of the
system A are connected to suitable points of the
plate ‘circuits of the tubes I, 2 of the system B,
through wires (00, 101 respec’clvely

What'I claim is:

1. In a frequency dividing system for electric
alternating currents comprising a modulated
wave - alternating carrier current generator in-
cluding a source of "alternating carrier' current
and a modulating circuit and two ‘modulating
voltage input terminals and two modulated volt-
age output terminals, the combination of two fre-
quency dividers having equal frequency transfor-
mation ratios and each provided with a pair of
actuating terminals and a pair of output termi-
nals, frequency selective means for coupling said
actuating terminals to said modulated voltage
output terminals in such a manner that one of
said dividers shall be actuated by the upper side
frequency components of said modulated voltage
and the other of said dividers shall be actuated
by the lower side frequency components of said
modulated voltage, a source of alternating cur-
rent having a substantially sinusoidal wave shape
and a frequency which is a sub-multiple of the
carrier frequency of said generator in the same
ratio as the frequency transformation ratio of
each of said dividers an output circuit, and alter-
nating current demodulating means coupled to
said source of sinusoidal current, to said output
terminals of said dividers and to said output cir-
cuit,

2. In a frequency dividing system for electric
alternating currents comprising a modulated
wave alternating carrier current generator in-
cluding a source of alternating carrier current
and a modulating circuit and two modulating
voltage input terminals and two modulated volt-
age output terminals, the combination of two
frequency dividers having equal frequency trans-
formation ratios each provided with a pair of
actuating terminals and a pair of output termi-
nals, frequency selective means for coupling said
actuating
output terminals in such a manner that one of
said dividers shall be actuated by the upper side
frequency components of said modulated voltage
and that the other of said dividers shall be actu-
ated by the lower side frequency components. of
said modulated voltage, a source of alternating
current having a. substantially sinuséidal wave
shape and a.frequency which is a sub-multiple
-of the carrier frequency of said. generator in the
same ratio. as the frequency transformation ratio
of each of said dividers, two alternating current
rectifiers, means: for coupling one of said recti-
fiers to said source: of -sinuspidal current and to
said -output terminals of one of said dividers,
means. for: coupling the other of said rectifier to
said source of sinusoidal current and to said out-
put. terminals of the other of said dividers, and
means for coupling the circuits. of said rectifiers
to a common output circuit.

. 3. In: a frequency dividing system for electric
alternating - currents comprising a modulated
wave alternating carrier current generator in-
cluding a source of alternating carrier current
and modulating circuit and two modulating volt-
age input terminals and two ¥nodulated voltage
outpul terminals, the combination of two fre-

terminals to said modulated voltage
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quency dividers having equal frequency transfor-
mation ratios and each provided with a pair of
actuating terminals and a pair of output ter-
minals, frequency selective means for coupling
said actuating terminals to said modulated volt-
age output terminals in such a manner that one
of said dividers shall be actuated by the upper
side frequency components of said modulated
voltage and that the other of said dividers shall
be actuated by the lower side frequency com-
ponents of said modulated voltage, a source of
alternating current having a substantially sinu-
soidal wave .shape and & frequency which is a
sub-multiple of the carrier frequency of  said
generator in the same ratio as the frequency
transformation ratio of each of said dividers, an
alternating current rectifier, an output circuit,
and means- for coupling said rectifier -to said
source of sinusoidal current and to said output
terminals of said dividers and to said output cir-
cuit.

4, A frequency dividing system for electric al-
ternating currents according to claim 1, in ' which
said demodulating means are coupled to said
source of sub-multiple frequency current through

.an alternating current phase adjusting device.

5. A frequency dividing system for electric al-
ternating currents according to claim 1; in which
said output terminals of one of said dividers are

_coupled to said demodulating means through an

alternating current phase adjusting device.
6. A frequency -dividing system for electric

-alternating currents according to claim 1, in

which said means for coupling said actuating ter-
minals of one of said dividers to said modulated
voltage output terminals of said generator in-
clude an alternating current phase adJustmg de-
vice.

7. A frequency dividing system for electric
alternating currents according to claim 2, in
which said means for coupling said source of sub-
multiple frequency current to the circuit of one
of said rectifiers include an alternating current
phase adjusting device.

8. A frequency dividing system for electric al-
ternating currents according to claim 2, in which

-said means for coupling said common output

cireuit to the circuit of one of said rectifiers in-

.elude an alternating current phase adjusting

device.

9. A frequency dividing system for electric al-
ternating currents according to claim 1, in which
said demodulating means are coupled to said out-
put terminals of said dividers through frequency
selective means passing the lower frequency com-
ponents: of the output voltages of said dividers
and attenuating the higher frequency compo-
nents of said output voltages of said dividers.

10. A frequency dividing system for electric al-
ternating currents according to claim 1, in which
said dividers comprise circuit systems including
each a reversible apparatus, rectifying relays
provided. with. a differential output circuit, am-
plifying means provided with a control circuit
and an output circuit, means for coupling said

..control circuit to said differential output.circuit,

and means for coupling said output circuit of
said amplifying means to said reversible appa-
ratus..

11. A frequency d1v1d1ng system for electnc

_alternating currents according to claim 1, char-

acterized by the provision of a frequency multi-
plier affording a low frequency circuit and a high
frequeney circuit. whose input-output frequency

.ratio is. equal to the output-input frequency
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ratios of the dividers, and the low frequency
circuit being coupled to the source of sub-mul-
tiple frequency current and the high frequency
circuit to the modulating circuit.

12. A frequency dividing system for electric

alternating currents according to claim 1, char-~
acterized by the provision of a frequency demul-
tiplier affording a high frequency circuit and a

low frequency circuit whose input-output fre-
quency ratio is equal to the input-output fre-
quency ratio of the dividers, and the high fre-
quency circuit being coupled to the generator
of alternating carrier current and the low fre-
quency circuit to the demodulating means.

HENRI LAUER.




