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11 Claims.
1

The present invention relates to the trans-
mission of speech or other types of signals with
nrivacy. 'The invention is based upon the use
of variable time delay in transmission of signal
elements to render reception of the message
difficult.

A known type of privacy uses g moving mag-
natic tape with cooperating electromagnets
spaced along the tape at equal intervals as a
mesns of producing unegual time delay in the
transmission of signa] elements. A commutator
or equivalent is used to switch electromagnets,
serving as individual recorders or pick-ups, into
circuit with the line in definitely timed short
intervals. A similar arrangement is used at the
receiver to decode the message. In such a sys-
tem the sum of the delay introduced at the trans-
mitter pius that introduced at the receiver is the
same for all signal elements. For illustration,
gssuming a commutator of ten segments individ-
ually wired to the electromagnets, the total delay
ab hoth transmitter and receiver is ten units (a
uniy being in this case one tenth the rotational
period of the commutator) so that if a delay. of
three urits is introduced in transmitting a given
signal element, a delay of seven units must be
introduced for that element in the receiving and
decoding process.  With a given wiring between
commutator segments and electromagnets the
the code is repeaied in each rotation of the com-~
rutator, “code” here being used to indicate the
scheme of time delays introduced in the ten in-
dividual signal elements sent in commutator
times 1 %o 10, inclusive. This can conveniently
be expreszed as & series of ten numbers, for ex-
ample, 1376838475 to indicate the delays
of the respective clements. In view of the fact
that each.clement must experience a total delay
of ten units at transmitter and receiver together,
it the message is to be successfuily decoded, the
time delays introduced at the receiver in order
to decode the message sent by this code would
havetobe 273427 4 6 3 5 for the respective
signal elements considered above, but since these
elements are variably delayed they are actually
received in g different order from that which they
originally had, the received order being 354 2 1
7 9 6 8 10 on the basis of an original order of 1,
2, 8, ete. If the receiver delays given above are
identified with the individual signal-elements the
receiver code expressed in terms of delay to be
introduced into the signal elements as received
would be 32479437665,

In the known type of privacy system referred
to there. are nine electromagnets spaced along
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the record tape and these are designated A, B, C,
D, E, F, G, H and I. If magnet A is used, since
it is situated nearest to the recording magnet, a
delay of one unit is introduced. Magnet B in-
troduces two units delay, ete. The above code,
together with its decoding sequence, could be
expressed in terms-of the electromagnets that
are used in successive commutator times, the
transmitting code then being ABCGFHCFD
G E and the decode sequence being C BD G.ID

‘C G F E. The connections between the com-
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mutator segments and. electromagnets at. the
transmitter would have to be different from those
at the receiver if this code were. used. This
would be satisfactory in the case of one-way
transmission or two-way transmission on a four-
wire basis using four machines. Two-way. trans-
mission with two machines each serving alter-
nately to receive and transmit would also be
possible with different codes used- for. opposite
directions provided the necessary switch-overs
were made at both stations whenever the direc-
tion of transmission is reversed. In order to
avoid the rather complicated switching that
would. be involved it has been proposed to use
self-converse cocdes, meaning that if one ma-
chine is set to code a message for transmission
with a self-converse code, it can without switch-
over decode a received message sent with the
same code.. This imposes the limitation that the
delays introduced into the. individual signal ele-
ments as transmitted. must be the same as the
delays introduced into the elements: as received,
and that as before the sum of the delays intro-
duced into the same signal element at both trans-
mitter and receiver must be equal to that for each
of the other elements. One such code, for illus-
tration, might ,te BGEGCFCEHD.

Applicant has found that for every seli-con-
verse code a pair of electromagnets must be used,
one giving a delay complementary to the other,
and that the commutator segments to which
these pairs are connectable also fall into pairs.
In the case of a ten-element code, the electro-
magnets and commutator segments can be ar-
ranged in a table comprising forty-five possible
pairs of electromagnets and commutator seg-
ments. This fact enables g straightforward type
of selection to be made for setting up all possible
self-converse codes and gives the general pattern
of a switching circuit for selecting the codes.

An object of the invention is to facilitate se-
lection of different codes for both transmitting
and receiving and especially to provide for quickly
and automatically changing codes.
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The nature of the invention and its various
objects ‘and features will be better understood
from the following detailed description in con-
nection with the acccmpanying drawings in
which Fig. 1 is a table from which to determine
interconnections between reproducer magnets
and commutator segments in making up self-
converse codes;

Fig. 2 is a partial view in perspective of one
type of code selector according to the inven-
tion; and

Figs. 3, 4, 5 and 6 when placed together in the
manner shown in Fig. 7 show in schematic dia-
gram form the circuit of a complete two-way
privacy system in accordance with the invention.

In Fig. 3, the magnetic tape is shown at i1
passing “over pulleys 12 for driving it and the
electromagnets are shown below the tape, there
being nine reproducer magnets lettered A,
B. ... I a recording magnet {3 and an eraser
magnet {4. Each of the reproducer maghets is
adapted, by switching devices to be described, to
"be connected to an individual segment of the
commutator shown in developed form at the
right of Fig. 3 with the segments in a vertical
line.. These segments are numbered | to {8 and
i’ to 19’, the latter being interlaced with the
former. In the drawings, these segments are
shown widely separated but in practice it will be
understood that they would be situated as closely
together as feasible in accordance with usual
commutator design, It will be understood that
in practice the tape 11 may be mounted on the
rim-of a disc and that the commutator may be
circular and mounted so that the same shaft
rotates the tape disc and the commutator brush
i5 over the segments.

Reference will now be made to Fig. 1 which
consists of forty-five boxes in each of which
appears a pair of letters designating reproducer
magnets and an associated pair of numbers des-
ignating commutator segments. Thus, in the
single box appearing at the top of the figure, the
notation indicates that if reproducer A is con-
nected to commutator segment 2 and if repro-
ducer I is connected to segment i, two of the
signal elements of "a ten-<unit section of signal
will be coded in a self-converse code. The two
signal elements sent by such arrangement will be
correctly ‘decoded at the receiver with identical
connection of reproducers-A and T to the commu-
tator segments 2 and | thereat, assuming. of
course, synchronous operation of the machines.
A complete ten-element self-converse code can
be built up by choosing any five boxes that re-
sult in a connection to each of the ten commu-
tator segments with only one connection to each
segment. There may and usually will be more
than one connection to the same reproducer:
It will be noted that in any self-converse code,
such as that given earlier in this description by
- way of illustration, the letters representing the
amount of delay given to g signal element appear
in pairs such that the sum of the delays is the
same for all pairs. Moreover, the letters corre-
spond in their position in the code to com-
mutator segments and, in the case of each pair,
are separated by a number of segments equal to
the number of delay units represented by one of
the pairs, counting around the commutator re-
garded as a closed ring.

Since these forty-five sets of connections rep-
resent all of the possible self-converse codes when
taken five at a time as explained, it becomes a
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relatively simple matter to arrange switching
mechanism to select the codes one after another
in any desired sequence.

One such switch mechanism is shown in Fig.
2 and comprises a rotating cyiinder 20 with in-
sets, two of which are shown at 21 and 2%, ex-
tending the length of the cylinder and situated
close together entirely around the cylinder. Each
inset has five raised portions, which when di-
rectly underneath corresponding springs 23, raise
the springs and cause two pairs of contacts per
spring to be closed, as indicaied, for example, atb
25 and 26. There would be forty-five such springs
23 any five of which are operated at a time as
determined by the positions of the lugs on any
one inset 21 or 22, etc. One set of contacts, 25,
would connect a particular reproducer pick-up
coil with a particular commutator segment |, 2,
3, efc., of the regular set. The other set of
contacts, 28, would coanect a particular pick-up
coil with a particular commutator sezment f{’,
27, 8’, etc., of the interlace set.

The insets 2{, 22, etc., can be made of metal,
plastic, fiber or other suitable material and they
can be inserted in slots in the cylinder and can
be readily interchanged among themselves by
simply withdrawing them and reinserting them in
different order.

The cylinder 28 can be stepped to bring the
next inset underneath the row of forty-five
switch springs 23 by means of a pawl and ratchet
operated by stepping magnet 30 which can be
actuated at timed intervals by a clock-operated
contact or from the commutator drive, as for
instance, after each rotation of the commutator
or after a given number of commutator rota-
tions..

It will be understood that the insets are cut
50 as to select five pairs of magnets, and accom-

40 panying commutator segments from those given
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in the table of Fig. 1 to provide self-converse
codes as previously explained, each strip with its
lugs representing one code. 'The interlace code
can be entirely independent of the regular code.

Reference will now be made to Figs. 3, 4, 5 and
6 arranged as shown in key Fig. 7. It will be
noted that forty-five relays are shown in Figs.
5 and 6 arranged in the same manner as the
boxes in Fig. 1, except that for convenience of
arrangement on the sheet the table is turned on
its -side in Figs. 5 and 6 with the relay corre-
sponding to the uppermost box in Fig. 1 shown

_ at the extreme right in Fig. 6. The bottom row
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of boxes of Fig. 1, therefore, corresponds to the
vertical coluinn of relays at the left side of Fig. 5.
Each relay has two armatures and it will be ob-
served that the armatures are permanently con-
nected to commutator segments and when at-
tracted close contacts leading to the pick-ups.
Taking the left-hand column of relays of Fig. 5,
for example, and reading from the top down, the
left armatures are connected to respective com-
mutator segments 1, 2, 3, 4, 5, 6, 7, 8 and 9 while
the right-hand armatures are all connected to
segment 10, A corresponding rule with one less
total number is followed in each of the other
columns of relays. Again considering the left-
hand column, the left armatures can be closed
to connect individually to reproducers A, B, C,
etc., reading from the top relay down, while the
right-hand armatures have an opposite order of
connection, that is, théy can be closed to con-
nect individually to reproducers I, H, G, F, E, D,
C, B and A. A similar scheme is followed in the
case of the other columns except displaced one
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reproducer. element. since: the number of relays
decreases:by ore per column.

Tt will: be. seen: by tracing cut. the wiring that
wheriever g particular reldy is energized: it con-
nects the pair of pick-ups to the pair of com-
mutator segments that are given in the corre-
sponding box in Fig..i. Taking relay 40 (Fig. 5),
for examyle, which corresponds to the hox
marked 49 .in Fig. 1, this relay when energized
closes both its armature contacts, the left arma-
ture connecting commutator segment 4 to repro-
ducer D and the right armature connecting com-
mutator.segment $5 to reproducer F. It is merely
necessary, therefore, to snergize five relays to pro-
vide- 5 self<converse code, these relays corre-
sponding- to any suitable five boxes in the dia-
gram of Fig. 1. ’ : T

Each relay in Figs. b and 6 has an individual
energizing. conductor’ extending off the top of
Pig..5 to the selecting circuit in Fig. 4 where a
ground can be applied to any of these leads, the
opposite side of each relay being permanently
connected to battery as shown in Figs. 5 and 6.

Referring. to Fig. 4, twe banks of selector
switches are shown, those at the left being num-
bersd 160 to {85 and those at the right being
numbered {86 to 1{f. The switches {80 to 105
are stepped by stepping magnet 112 and switches
106 to- #1{ are stepped by magnet (13, These
switches are stepped under control of clock-op-
erated contacts Ii{# which when closed energize
either stepping magnet (i2 or {13 depending
upon whether or not the transfer relay 115 is
energized or desnergized. This relay is, in turn,
controlled by the two selector switches 1686 and
107 in tandem from ground {16 through contact
of selector 120 through conductor leading through
the-code plug {7, contact cf selector (06 and
winding of relay {15 to battery. It is to be under-
stood that a number of conductors extend be-
tween the sector of selector 182 and that of selec-
tor (€8 and that the code plug provides cross-
connections-between these conductors as may be
desired. to: introduce 2 variable operation into
relay {15 For example, with the relay {15 in
the condition stiown the next time contacts 114
are closed stepping magnet 143 is energized caus-
ing switches 188 to {i! to take an additional
step. If after such step is taken switches 100
and 188 find a closed circuit to ground, relay ({5
is energized but if no circuit to ground is closed
in' this- position of switches 188 and 186, relay
{15 remains unenergized.. The wiring between
switches ¢88 and {05, together with that inside
the code plug, may be such as to cause relay 115
to be operated or unoperated for varying lengths
of time.

Anocther transfer relay (20 is also operated in
parallel with transfer relay {!5. The purpose of
relay 120 is to furnish grounds to the movable
arms of either the selector switches 188 to 165
or i0T to #1!. With relay 122 unoperated as
shown grounds are supplied to the wipers of se-
Jectors 167 to ¢1!. With the wipers in the posi-
tions shown these grounds cause energization of
the following relays on Figs, 5 and 6: [, 13, 26,
35 and 49. These relays, in turn, set up the fol-
lowing code using the notation given in Fig. 1:
A-2 I-1, C-6 -3, C-8 G-5, B-9 H-7, F-10 D-4.

If with the switches in the position shown the
relay 120 were energized supplying grounds to
the selectors on the left, the following relays in
Figs. 5 and 6 would have been operated: 8, 18,
24, 29 and 42 and the following code would have
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been: set:upy C-5.G—-2; C~7°G-4, E-8:E~-3, H-9 B-1,
-6 D-10.

For simplicity of drawing only a. few connec-
tions are-shown:in: Fig: 4:between the energizing
1sads for therelays:in Figs. 5:'and 6 and the selec-
torr Banks:: It: will be: chvious, however, how all
of the corinections: indicated in.the diggram of
Figs 1 caniberprovided: for by merely connecting
the individual leads: from the code relays to
prover chosen: points off the selectors. A great
variety of contiectitns: is possible since the codes
can be set up:iti any desired.sequence and the
same: codé can: be-used.over and-over again in
different sequences;-

The selecting circuit:of Fig. 4 and the relays on
Figs. 5 and 6-determine the coding to be used for
the normal commutator segments 1, 2, 3.... .-10,
A duplicate set of ‘equipment is indicated in the
upper part-of Fig, 3 to determine the coding to be
used for the interlace set. of segments 1’, 2’,
3’ ... . 10% this equipment consisting of a tim-
ing and selector circuit 121, which may be en-
tirely similar to-that shown on Fig. 4, and forty-
five selécting relays (interlace set) 122 which may
be similar to - those shown in Figs. 5 and 6. The
wiring’ between - the relays and selectors and the
wirinig within the timing and selector circuit in
the case-of thig'interlace equipment 121, 122 may
be différent - from that used in the normal set of
equipment of Figs. 4, 5 and 6; since the normal
and interlace codes can be entirely independent
of each’ other. Also the wiring between the re-
lays :and ‘commutator segments may be different
in the'two cases.

In the use of this equipment fo transmit and
receive, the telephone or other signal generating
mesns 131 and the telephone or other signal re-
ceiving means 132 are arranged as in Fig. 3 to be
connected into the system by the two-position
three-spring switch 130, which is shown in nor-
mal or receiving position. The “line” 133 may
be: the audio input to a radio or other signal
transmitter and the audio output of a radio or
other receiver, or it may be one side of an or-
dinary telephone® or other signal line the oppo-
site side of which in any case is assumed to con-
gist; in: this figure, of grounded terminal of re-
corder coil 13'but may, if desired, be metallic.

With switch {30 in the position shown, coded
speech’ or other signal received over line 133 is
sent through central-switch spring of switch 138 .
and conductor 135 to the recorder coil 13 and
makes-a record of coded speech or signal on the
tape {1. As different parts of the coded mate-
rial’ is picked up by the coils A, B, C, etc, the
brush {5 is passing over the commutator seg-
ments and momentarily connecting these indi-
vidual coils in.proper order to the receiver (32,
through the upper spring of switch 130, to decode
the message, the. order of connection being de-
termined by the.relays:in the regular and inter-
lace sets of selecting relays as previously de-
scribed.

In transmitting, the talker or user pushes
switch {30 to its upper position so that the trans-
mitter 131 is connected to recorder coil 13 and
the message is recorded on the tape Il in normal
form, the coding taking place by the relays con-
necting various ones of the pick-up coils A, B, C,
ete. individually to the commutator segments and
thence via brush 15 and middle switch spring of
switch 130 to the line 33.

It is to be understood that various substitu-
tions, alterations and modifications may be made
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within the spirit and scope of the claims, which
follow.

‘What is claimed is:

1. In a speéch privacy system in which differ-
ent speech fragments are delayed in transmission
by different amounts of time, a plurality of in-
dividually actuable devices each determining a
different transmission delay time, a circuit and
circuit contact for actuating each device, said
contacts being arranged in pairs, the devices con-
trolled by the contacts constituting any one pair
determining respective transmission delays the
sum of which is a constant, and means selectively
operating said pairs of contacts.

2. In a privacy system in which a succession of
delay elements is used to .introduce successive
equal units of delay into signals together with
means for allotting time periods to said elements
for individual operation, means to code or decode
the signal comprising switches associated to be
always operated in definite pairs, each pair of
switches when operated determining a particular
pair of delay elements to be used and particular
time periods allotted to them for operation such
that the sum of the delays introduced into sig-
nals by the two elements of the pair is a constant
for all pairs and the time periods allotted to the
elements of a pair for operation are always sep-
arated in time by a number of time periods cor-
responding to the number of units of delay intro-
duced by one of the elements of the pair.

3. The invention claimed in claim 2 in which
sald switches comprise pairs of double contact
- switch springs and cams for operating said pairs
individually and selectively. :

4. The invention claimed in claim 2 in which
sald switches comprise sets-of switch spring pile-
ups, each bpile-up comprising two switch ele-
ments, and means for actuating said switches
comprising a rotating drum angd code strips re-
movably mounted on said drum, each code strip

having raised lugs for passing under and lifting-

a selected spring pile-up to close the pair of
switch elements thereof. :

5. The invention claimed in claim-2 in which
said switches comprise relays each when operat-

ed closing two circuits for selecting the two ele~

ments of a pair, and means for selectively oper-
ating said relays.

6. In a privacy system in which message cur-
_rents are divided on a time basis into short frag-
ments and the fragments are transposed in time
in irregular manner in recurrent cycles and in
which the number of fragments in each cycle is
an even number, the method of building up self~
converse codes comprising conditioning in ad-
vance the fragment transposing means to trans-
pose the signal fragments in pairs such that the
time shift in one of the two fragments of the pair
is the converse of that in the other and selecting
and operating enough of said transposing means
to provide the proper number of pairs of frag-
ments to fill up one cycle, ~
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7. In a privacy system including a moving rec~
ord medium for signals and reproducers spaced
along said medium, and timing means for divid-
ing the signals on a time basis, means to provide

- & plurality of paths between said reproducers

and said timing means, switching means for clos-
ing said paths in predetermined pairs to produce
time shifts in a pair of signal fragments such
that the time shift in one fragment is the con-
verse of thaf in the other, and means to select
groups of said switching means.

8. In a signal privacy system using a moving
magnetic tape, electromagnets spaced therealong
and a commutator having segments, for arrang-
ing signal elements in different time sequences in-
cycles, switches associated in inseparable pairs,
cne switch of a pair when operated closing a cir-
cuit from one of said electromagnets to one of
said segments and the other switch of the pair
when operated closing a circuit from one of said
electromagnets to a different one of said seg-
ments such that the time sequence, within a cy-
cle, given to a signal element by closure of one
of said circuits is the converse of that given by
closure of the other circuit, and means for selec-
tively operating said pairs of switches in groups
simultaneously.;

9. The invention claimed. in claim 8 in which
said swifches comprise electromagnetic relays, a
sclector -circuit having successive positions,
means in each position of said selector circuit-for

operating a group of said relays, and means to

move said selector circuit from one
another, .

10. The invention claimed in claim 8 in which
sald switches comprise pile-ups of pairs of

position to

. springs and said means. for selectively operating
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said pairs of switches comprises a rotatable cyl-
inder containing projecting lugs on its surface for
lifting selected groups of spring pile-ups. when
said lugs pass underneath said pile-ups.

11. In a signal privacy system having o travel-
ing record medium and N reproducers spaced
along said medium and including a distributor
of P segments for dividing the signal into frag-
ments in time, paths extending between each
Teproducer and each segment, said paths being
NP in number,

P
2

switches each controiling closure of a definite
pair of said paths such that one signal fragment
is coded in converse relation to the other, and
means to select and operate said switches in
groups of :

P

2
to the group to build up a self-converse code.

OSCAR MYERS.



