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1 14 Cliaims.

Our invention relates to the production of the
reciprocal of a signal or wave and particularly
to the production of such a signal for use in a
system for secret communication.

In the copending application of Alda V. Bed-
ford, Serial No. 456,578, filed August 29, 1942,
and entitled Secret communication system, there
" is described a communication system in which the
speech or other communication signal S is mul-
tiplied by a coding signal K and in which the
product SK is transmitted. At the receiver the
"incoming signal SK is multiplied by the recipro-
cal of the coding signal K to obtain the original
signal S, that is, SKX1/K=S8. According to
the gbove Bedford application the coding signal
" K may be generated by means of a code disc
which is cut to make its periphery have the wave
‘form of the signal K while the decoding signal
1/K may be produced by a different disc which
is cut in accordance with calculated values to
make its periphery haveé the wave form of 1/K.

An object of the present invention is to pro-

means of a coding disc, the speech signal S is,
multiplied by the signal K, and the signal SK
is transmitted to the receiver. At the receiver
there is another signal generating device for
producing the signal K; it may be a coding disc .

- like that at the transmitter, the two coding discs

10

being run in synchronism. The signal K gener-
ated at the receiver is supplied to the reciprocal
circuit to obtain the decoding signal 1/K which
is then multiplied with the received signal SK

" to obtaln the original signal 8.
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vide an improved method of and means for pro-

ducing the reciprocal of g signal or wave.

A further object of the invention is to provide
an electrical circuit which will convert an applied
signal having a certain wave form to a signal
having a wave form that is a reciprocal of the
applied wave form.

A further objeet of the invention is to provide.

28 -

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

- Figure 1 is a block diagram of & commumca-
tion system embodying our invention,

" Figure 2 is a block disgram illustrating the
principle of & reciprocal circuit embodying our.

.invention,

PFigure 3 is & circuit dia,gram of & reciprocal .
circuit embodying ou#‘ invention,

Figures 4 to 12, inclusive, are gra,phs which
are referred to in explaining the -operstion of
the reciprocal circuit of Fig. 3,

PFigure 13 is & block diagram showing another
embodiment of our invention,

Figure 14 is & graph that is referred to .in

- explaining Fig. 13, and
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an improved communication system for secreb .

-signalling.

In practicing our invention we supply a carrier .
wave e1 of constant amplitude through a mixer

~ circuit to a main amplifier. “A negative feed-back

amplifier is connected to feed signal from the

output circuit of the main amplifier back to the
mixer circuit where the signal e: and the output

" of the feed~-back amplifier are added.” This added
signal is the signal that is impressed upon the
input terminals of the main amplifier. The cod-
ing signal K is applied to the feed-back ampli-

_ fier to vary its gain in direct proportion to the
.amplitude of the coding signal K. Itcan be shown
mathematically that if the gain of the amplifiers

is large, the output of the main amplifier, to a .
close approximation, is the reciprocal 1/K times -

a constant. However, it should be noted that in
the embodiment to be described the apparatus
works only on the positive swing of a signal and,
therefore, two units- such as shown -in PFig. 2
are required in the practical embodiment.

In utilizing our reciprocal circuit in a ecom--

munication system, a coding asignal K is generated
in any suitable manner at the transmitter, ?.s by

.36
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position for transmitter operation.

Figure 15 is a circuit diagram of & signal mul-"
tiplier unit that may be employed in the multi-
plier circults of Figs. 1 and 13.. . -

In the several figures similar pa,rts are indi-
cated by similer reference characters.

Referring to.Fig. 1, the invention is shown
applied to radio apparatus that may be switched
for operation either as & transmitter or as a re-
ceiver. The several switches are shown in the
This is the
operation of the apparatus that will first be de-
scribed. A microphone and a speech amplifier -
are shown at 7 and 8, respectively. The signal

S is applied through a switch § to a multiplier unit

45

14 which may be of the same deslgn as that de-
scribed in the above-identified Bedford applica-
tion. The code signal X may be produced by

" means of a code dise 18, & mask {7, & light source

18, & condensing lens {9, and & photoeleciric cell

*20. The signal K is supplied through amplifiers

50
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21 and 22 and through a switch to the multi-
plier unit (4. The resulting multiplier cutput

-signal 8K is supplied throush an amplifier 26
-and through a switch 27 to & radio transmitter 28

or to & wire line, if preferred.
The receivér ‘for decoding the signal SK may
be the same apparatus as in Fig. 1 with switches
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9, 23 and 21 thrown to their contact positions
_R. The multiplier 4 is unchanged. The signal
SK is supplied from a radio receiver 31 through
the  switch 9 to the multiplier (4. The coding
signal K produced by the disc #6 is supplied
through the amplifier-21 to a reciprocal circuit
32 designed in accordance with our invention and
shown in detail in’ Pig. 3. The reciprocal circuit
32 supplies the decoding signal 1/K through the
switch 23 to the multiplier (4. The resulting out-
put of multiplier 14 is the original communica-
tion signal S since SKX1/K=S. The signal S
is amplified by the amplifier 28 and supplied
. through the switch 27 to headphones .or to the
loudspeaker 33. ‘

The code disc 16 at the transmitter and the
corresponding code disc at the receiver are held
in synchronism and in the proper phase relation
by suitable synchronizing means. For example,
at the transmitter a 600-cycle per second cur-
rent from a source 36 may be supplied through
a switch 37 to a synchronous motor 38 which
rotates the code disc 6. The 600-cycle cur-.
rent also modulates a radio transmitter 3% for
' the transmission of synchronizing signal to the
receiver., At the receiver the switch 37 is in its
contact position R whereby the received 600-cycle
current is supplied from a radio receiver 4i to
the synchronous motor 38. In some cases it may
be preferable to transmit the synchronizing sig-
nal over a wire line. ‘

PFig. 2 shows in block diagram the basic part
of the reciprocal circuit 32. It comprises an
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oscillator 42 which supplies a carrier-frequency

voltage e; of constant amplitude and frequency.

The voltage e: passes through a mixer or volt-

age-adding circuit 43 to a main amplifier 44 hav-
ing a gain G. The voltage output es of amplifier
44 is fed hack to the mixer 43 through a feed-
back amplifier 48 having a gain g which is varied
_'in direct proportion to the coding signal X which
is impressed thereon. The voltage output of am-
plifier 48 is es, this voltage being added to the
voltage e1 in the mixer 43 whereby the mixer
output voltage iIs ea=eif-e«.

It may be shown as follows that the output
voltage es=1/K(C:) where Ci is a constant. In
practice Ca represents a direct-current voltage
which is blocked by coupling capacitors. The

values ei, €3, €3 and es used in the following equa-

tions- are the instantaneous amplitudes of the

envelopes of the carrier wave voltases €1, e1, €3

and e«, respectively.

a=6G or e=a/G
= —tf

e==e1+ey==e;— €3
e.IG'=e:—e.g :)r 'c; l+pG)—-e,G'

Then
-¢,=T%v But ¢G is large compared with 1

Therefore

If g=KQC,, where C; is a constant then
ezgel% and if ¢, is constant,

e=1/K(C;) where.C; is a constant.

Fig. 3 shows the circuit diagram for the com-
plete reciprocal circuit 32. It will be noted that
it includes two groups of mixer, main amplifier,
and feed-back amplifier units as mdicated by the
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broken line blocks 43, 44, 48 and 43a, 44a and 48a,
one group acting upon the positive portions of
the K wave and the other group acting upon the
negative portions of the K wave.

The signal —K is impressed upon an amplifier
tube 5 which supplies the sighal +K from its
anode circuit and the signal —K from its cath- -
ode circuit. The signal +K is supplied over &
conductor 52 to a grid 50 of the pentagrid tube
83 (comprising the feed-back amplifier 48). to
control its gain. A suitable negative bias is sup-
plied to the grid 50 ‘through a grid-leak resis-
tor 85. The signal —K is supplied over a con-
ductor 52¢ to a grid of the pentagrid tube $3a

‘comprising the teed-back amplifier 48a, to con-

trol its gain.
A carrier wave oscillator 42, such as a 200 kc.
sine wave oscillator, supplies a carrier wave to

“the mixer circuits 43 and 43¢ which comprise

blocking capacitors 87, 58 and 57a, %8a, respec-
tively, and resistors 89 and 59a, respectively. -

The output of mixer 43 feeds into the main
amplifier 44 which includes a pair of resistance
coupled amplifier tubes 61 and 62 biased to oper-
ate as class A amplifiers. In the example illus-
trated, they are biased by means of cathode re-
sistors 63 and 64 having bypass capacitors &6
and 61. The output of the tube 62 is applied
through a blocking capacitor 68 to a control
grid 89 of the feed-back tube §3. A suitable neg-
ative bias is supplied to the grid 69 through a
grid resistor Ti. The output of the feed-back
tube 83 is supplied over a conductor 12 to the
mixer circuit 43 where this output voltage adds
to the carrier wave voltage supplied from oscil-
lator 42. As described in connection with-Fig. 2,

" since the main amplifier 44 and the feed-back

amplifier 48 have high gains G and g, respective-

" 1y, the instantaneous amplitude of the envelope
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of the carrier wave output Mi of the amplifier 44
is the reciprocal of the instantaneous amplitude
of the coding wave K, except during periods when
the feed-back amplifier 48 is blocked as will be
explained below.

The output Mi of amplifier 44 is shown in

~ Fig. 6. It will be seen that it is modulated down-

ward during the positive parts M of the wave K
shown in PFig. 4; during the negative parts N of
the K wave, the carrier wave remains at full am-
plitude. This is a result of biasing the grid 88
of the feed-back tube 83 so that the tube §3
is driven to cut-off during the occurrence of the .

- negative parts N of the wave K, there, of course,

being no negative feed-back whﬂe the tube is
cut-off.

The output wave Mi is supplied through a
blocking capacitor 18 to a grid 18 of a pentagrid

‘amplifier tube T1. A normal negative biag is ap-

plied to the grid 78 through a grid-leak resistor
74. The wave K is supplied from the anode cir-
cult of the tube 81 over & cqnductor 19 to the grid .
18 for the purpose of making the tube 11 effective
to pass a signsl only during the positive parts M
of the wave K. During the negative parts N of
the wave K, the grid 18 is driven negative suffi-
ciently to drive the tube 17 to anode current cut-
off. During the positive portions M of the wave

. K, the tube 17 is made operative to pass the sig-

70

nal M1 because the portions M drive the grid 18
slightly positive 50 long as they are being applied
to the grid. The wave K from conductor 19 is

-of large amplitude to ensure proper control of -

75

the tube 11. It will be noted that the wave K
is supplied from the conductor 18 to a blocking
capacitor 81 and through 8 srld-leak resistor u
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" in the input circuit of tube 1. The grid 78 is
prevented from going more than slightly positive
by means of a resistor 83 which has a large volt-
age drop preduced therein by.any substantial flow
of grid current.

As shown in Fig, 8, the envelope of the carrier
wave output Mz of the tube 77 is proportional to
the reciprocal of only the positive portions M of
the coding wave K, there being no signal during
the negative portions N. The signal Mz is recti-
fled by a diode 88 which has an output resistor
88 shunted by a bypass capacitor 87. The recti-

_fled signal M3 (Fig. 9) is supplled through a re-
sistor 88 to the grid of an output tube §8. )

The circuit and the operation of the other
group of mixer and amplifier units §3a, 48e¢ and
46a and of the amplifier T7cz and diode 88a are
the same as described above, the only difference

" being that in this second group of units it is the
negative portions N of the wave K that determine
the modulation of the carrier. It will be noted
that the wave —K (Pig. 5) is supplied from the
cathode circuit of the tube 51 over the conductors
§2a and 19a¢. The two groups of units have simi-
lar parts indicated by the same reference numer-
als with the letter “a” following the numerals
applied in the second group of units.

16
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The carrier wave output N1 (Fig, 7) of the main .

amplifler 44a is modulated only by the portions N
of the wave K. The unmodulated portions of the
wave N: are removed by the amplifier tube 17a
to produce a wave Nz (Fig. 10) which corresponds

30

to the wave Mz but which contains only the re- -

ciprocal of the negative portions N of the wave
K. The output of the dicde 88a'is the signal N4
illustrated in Fig. 11.. The combined dicde out-
put signals Mz and N: gre the desired reciprocal
signal 1/K shown in Fig. 12. It will be noted that
the diode 84a is reversed -with respect to the diode
84 in order to give the N portions of signal K
_their original negative polarity.
If desired, the carrier wave signals Mz and Ni

_may be utilized in the multiplier circuit 18 (Fig.

1) without rectification. ‘This is illustrated. in
Fig. 13 which shows a multiplier circuit of the

type described in the sbove-identified Bedford.

application, the difference in the muitiplier cir-
cuit of Pig. 13 and in that of the Bedford appli-
cation being that in Fig. 13 the coding signal (or
decoding signal) iIs on & carrier wave whereas in
the Bedford application the communication sig-
nal S is on g carrier wave. )
Referring to Fig. 13, which is illustrated for the
condition of reception, the received signal SK is
passed through rectifiers 8¢ and 82 to obtain the
positive and negative portions A and B of the sig-
- nal as indicated in Fig. 14. The negative portion
B is reversed in polarity by a tube $3.
tive portion A is multiplied in muiltiplier tubes
84 and 86 by the reciprocal signals Mz.and Na,
respectively. One of the resulting signals AMa
is passed through a high pass filter 87 to remove

the original low frequency signal (primarily to

. remove signal S when the multiplier is used. for
transmission) and Is demodulated by a detector
88 to obtain an audio sighal which is supplied to
an adding circuit or mixer 85. The other signal
ANz is passed through & high pass filter 184, &
detector 182 and g reversing tube 183 to obtain &
second audio signal which is supplied to the
mixer 88.

- Similarly, the signal portion B 1s multiplied in
multiplier tubes 184 and {88 by the reciprocal sig-
‘nals Ma2 and Ny, respectively. The. signal BMs is
- passed through a high pass filter 101, a detector

35
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: &
188 a.nd & reversing tube 188 to supply a third
audio signeal to the mixer 88. The signal BNz is
passed through a high-pass filter (!l and a de-
tector (12 to supply a fourth audio 51gnal to the
mixer 98,

The four audio sighals add at the mixer 89 to .
give the desired signal S. Any carrier frequency.
components that may be present are filtered out
by & low pass filter 1£8.

Fig, 15 shows one possible multiplier tube ar-
rangement that may be employed for the multi-
plier units 84, 98, 184 and 168 of Fig. 13. It con-
sists of a three-element vacuum tube, for exam-
ple, that is biased to operate on a curved portion
of its characteristic. This bias is varied by the
audio signal, such as signal A, so that a carrier

wave signal, Mz for instance, applied to the grid - -

of the tube is modulated by the audio signal.

This modulation also is a multiplication of the

two signals whereby the output, in the example
assumed, is AMa. It is evident that a tube oper-
ating as described as a multiplier is capable of
multiplying only voltages which are swung in a
positive direction with respect to the A . axis
of the wave.

From the foregoing description it will be seen
that by means of our invention it is possible to
obtain the reciprocal of any electrical signal re-
gardless of its wave form merely by passing the
signial through an electrical circuit. This meth-
od of obtaining a reciprocal wave is much superior
to the method comprising calculating and cutting -

a reciprocal wave form on a disc, both because
it saves time and labor, and because it adds flex-
ibility to the design of & signelling system. It
should be understoog that our method and means
for obtaining reciprocal values are not limited to
use in a secret signalling system but are of more
general application.

We claim g our invention:

1. The method of communication which com-
prises preducing a communication signal and a
distorting signal, multiplying said signals to ob.
tain their product, transmitting said product to -
8 recelver, producing at the receiver a second dis-
torting signal which is substantially a duplicate
of the first distorting signal, producing substan-
tially the reciprocal of the second distorting sig-
nel by passing it through an electrical circuit, and
multiplying the recelved product signal by said
reciprocal signal to obtein the original communl-

-cation signel.

2. The method of communication which com-

.- prises producing a communication signal and &

55

The posi-

a0’

70

distorting signal, multiplying said signals to ob-
tain their product, transmitting said product to
& receiver, producing at the receiver a second-dis-
torting signel which is substantially a duplicate
of the first distorting signal, converting the sec-
ond distorting signai to a signal that is substan-
tially a reciprocal of the secongd distorting sig-
nal, and multiplying the received product signal
by said reciproca] signal to obtain the original
communication signal.

3. A communication system which comprises
means for producing & communication signal,
meansg for producing o distorting signal, means
{or multiplying sald signals to obtain their prod-
uct, means for transmitiing sald product to &
receiver, means for producing at the receiver g
second distorting signal which is substantially a
duplicate of the first distorting signal, means at

. the receiver for producing from the second dis-

78.

torting signal a signal that is substantially the
reciprocel thereof, and means for multiplying the -
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received product signal by said reciprocal sig-
nal to obtain the original communication signal.

4. A communication system which comprises
means for producing a communication signal,
means for producing a distorting signal, means
for multiplying said signals to obtain their prod-
uct, means for transmitting said product to a re-
ceiver, means for producing at the receiver a
second distorting signal which is substantially a
duplicate of the first distorting signal, means
comprising an electrical circuit ‘through which
said second distorting signal is passed for con-
verting it to a signal that is substantially the
reciprocal thereof, and means for multiplying the
received product signal by said reciprocal signal
to obtain the original communication signal.

5. The Invention according to claim 4 wherein
means is provided for maintaining between the
communication signal and the distorting signal
substantially the phase relation at the receiver as
at the transmitter.

6. In a circuit comprising a main amplifier, a
negative feed-back amplifier, and an adding cir-
cuit, the method of obtaining the reciprocal of
an electrical signal which comprises producing a
carrier wave signal and passing it through said
adding circuit, amplifying the output of the add-
ing circuit in said main amplifier, feeding back
the amplified signal through said negative feed-
back amplifier to said adding circuit, and vary-

-8 v »

11. An electrical circuit for obtaining the recip-
rocal of & signal having positive and negative
portions, said circuit comprising a main amplifier,

- a negative feed-back amplifier having its input

10
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ing the gain of the feed-back amplifier substan- -

tially in direct proportion to said electrical sig-

nal whereby its reciprocal appears in the output

of the main amplifier.

. 7. An electrical circuit for obtaining the reclp-
rocal of a signal which comprises & main ampli-

fler, a negative feed-back amplifier having its in-

‘ put circuit connected to the output circuit of the

main amplifier and having its output circuit con-
nected through a voltage adding circuit to the
“input circuit of the main amplifier, means for
supplying a carrier wave signal to sald adding
-circuit, and meansg for varying the gain of the
feed-back ampiifier in direct proportion to the
amplitude of sald first signal whereby its recip-

40
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rocal appears in the output of the main ampli- -

fier,

8. In a circuit for obtaining the reciprocal of
& signal, two main amplifiers, each main ampli-
fler having a negative feed-back circuit that in-
cludes a feed-back amplifier, the output circuit
of each feed-back amplifier being .connected
through a signal adding circuit to the input cir-
cuit of the assoclated main amplifier, means for
supplying & carrler wave signal to said signal
adding circuits, ahd means for varying the gain

circuit connected to the output circuit of the
main amplifier and having its output circuit con-
nected through a voltage adding circuit to the in-
put circuit of the main amplifier, means for sup-
plying a carrier wave signal to said adding cir-
cuit, means for varying the gain of the feed-
back amplifier in direct proportion to:the am-
plitude of the positive portions of said: first sig-
nal whereby the reciprocal of said positive por-

tions appears in the output of the main ampli-.

fier, a second main amplifier, a second negative
feed-back amplifier having its input circuit con-

nected to the output circuit of the second main .

amplifier and having its output circuit connected
through a second voltage adding circuit to the
input circuit of the second main amplifier, means
for supplying a carrier wave signal to said second
adding circuit, and means for varying the gain
of the second feed-back amplifier in direct pro-

portion to the amplitude of the negative portions

of sald first signal whereby the reciprocal of said
negative portions appears in the output of the
second main amplifier, and means for adding said
reciprocals of said two portions.to ‘obtain the re-
ciprocal of said first signal. B

12. An electrical circuit for obtaimng the re-
ciprocal of & signal having pesitive and negative
portions, said circult comprising a main ampli-
fler, a negative feed-back amplifier having its in-
put circuit connected to the output circuit of the
main amplifier and having its output circuit con-

nected through a voltage adding circuit to the in- -

put circuit of the main ,amplifier, means for sup-
plying a carrier wave signal to said adding cir-
cult, means for varying the gain of the feed-back
ampllﬂer in direct proportion to the amplitude of
the positive portions of said first signal whereby

- the reciprocal of said positive portions appears in
‘the output of the main amplifier, a second main
- amplifier, a second negative feed-back amplifier

having its input circuit connected to the output
circuvit of the second main amplifier and having
its output circuit connected through a second

~ voltage adding circuit to the input circuit of the

50
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of the two feed-back amplifiers in direct propor- -

tion to the amplitudes of the positive and nega-
tive portions, respectively, of said first signal
whereby the reciprocal values of said portions

appear in the- output circuits of the maln ‘@Me_
Ve

plifiers.

- 9. The invention according to claim 8 wherein
means is provided for supplying the outputs of
said main amplifiers to two channels, respectively,
each of which includes a signal blocking means,
and means for unblocking said channels only
when signal portions having reclproca.l values are
being supplied thereto.

10. The invention according to claim § where-
in means is provided for rectifying the outputs
of said main amplifier and wherein means is pro-
vided for reversing the polarity of one of the
rectified outputs and for adding it to the other

: rectlned output ) . I

gsecond main amplifier, means for supplying a

carrier wave signal to said second adding circuit,

and means for varylng the gain of the second
feed-back amplifier in direct proportion to the
amplitude of the negative portions of said first
signal whereby the reciprocal of said negative

portions appears in the output of the second main -
amplifier, means for rectifying the outputs of said -

main amplifiers, means for reversing the polarity
of one of sald rectified outputs and for adding it
to the other rectified output to obtain the recip-
rocal of sald first signal. :
13. Wave shaping means for reshl.plng on elec-
trical wave, said means comprising an electrical
network that converts sald electrical wave to a
second electrical wave having a wave form that

48 substantially the. reclprocal of the wave form

of the first wave. .
4. In oomblnation, means for producing an

- electrical coding or signal distorting wave hav-

70

ing a certain wave form, and electrical network
means for converting said wave to a second elec-
trical wave having a wave form that is substan-

- tially the reciprocal of the wa.ve form of the first

({1

wave.
ALDA V. BEDFORD
FRANK P, WIPFF.




