Nov. 8, 1949 N. B. COLEY 2,487,102
- CODE COMMUNICATION SYSTEM
Filed May 2, 1947 7 Sheets—Sheet 1

AN\T‘/;NNA

TRANSMITTER
23w
T

GENERATORS

1

2

3

4

5
TONE

1sw

Juventor

* ud W
/%/L.q/ Gttorne

7




N. B. COLEY | 2,487,102

CODE COMMUNICATION SYSTEM

Nov. 8, 1949

Filed May 2, 1947

7 Sheets—Sheet 2

]

Jupentor
e

/‘ﬁ/,;/attome

7. 13

gu—

T x5 ]
|

By

Y3AIEOIY ]

Ot | O |~

501 ]

7z "
cy3lld INOL YNNIUINY



2,487,102

Nov. 8, 1949

N. B. COLEY
CODE COMMUNICATION SYSTEM

Filed May 2, 1947

7 Sheets-Sheet 3

G120 L s_ LT e

uEE sz |
d3dopad |
24 43N0y !

m_w J

_

7
m.o.?&uzuw aNOL |

_

_

_

_

#

_

!

" 43dd3LS | __
|

_

!

_

_

|

_

|

¢4 %.Ezm.zﬁp !

L —
ﬁz

umﬂu%a

o@m:

Eo

:m 20:.5.0 #ood

_|||||l It

Jnventor
7
%L&/ Gttorney

el : [erzor ™ |
i
0@, @ MW 08 L dav_ 1 odny
_Logad "] 0k
| suld oL | | nmubc anoL |
130003C | ¥30003a
| gauamzom | | 243N |
IR SN | IS —|
——
mmmu o 1
|
mmub@m Y | _ Ia@lmllE“
| e s o || __ " gald aNoL |
1 o
: 3300030 | | ¥3dopaq |
| HwIAER |1 ed ¥aaEo3 |
I __ e T
T
ydand __ _ 1 4ang 1 day
ger | __ _ g o2
e __ _ __| oL 2L
_ TsaowvaangoanoL 1] | | | isuowuana® InoL |
_ “ agddass  po Do) ¥3dd3LS
| 24 gamwenvas |1 | _ | 14 43LLINGNRLL _
g il ui«lﬂ TP e BT
| T DT __ __ "
_oﬁ;m oam || _|mh odnd
v NOILV.S JinoTd __ | g zEEﬁ/ﬁSm
.

A ﬂ-:-wj_

GUOLYINID ANOL |
¥3ddILS _
¢4 YILLIWGNVEL |

WG 8Ew

_ mvmﬁs
_ _NN_ ’
_ _emﬂ
\ \ s

cand ‘sawv’ nQ_m

l_

301440 04LNOD

‘o014



2,487,102

N. B. COLEY
CODE COMMUNICATION SYSTEM

Nov. 8, 1949

7 Shéets—Sheet 4

Filed May 2, 1947

—{d3LLINGNVIL

VYNNILNV

JSAIATY HOLIMG| & 7o "
TVYWHON HOLIMS| ¥ . E
dO1C IWNDIS| € d NOLLYLS m
1437 IwNOIS| 2 o)
1HOId wNoIS| 1
3JCHIATE HOLIMS| & 20 ]
IYWAON HIOLIMS | ¥ ma/u
dols TYNoIS| € "V 'NOLLYLS ..
14371 yNoIg | 2 D _ _@
1HOIY YNDIG | T
“NOILLONNA INOL |TaNNVHD | NOLLVLS .
1¥VHD 3dop
. IO— .M|
- S E el
w 2L .
[
V4 (&)
7% ﬁﬁ
5 d
5 &k
2L
L
GUOLYHINID 261 .
uzo;. f\? \? L/ ./ /.+ =
_ | ggr
L il 1o L3
LA __ ) " 1 ¥3ddaLs
| v _ %9 “ m
1
7 ALK /
at %z AN 4 SN m\@ 1
INSE  195¢ WS2 195¢-2
e~ <
.qlé—m

By

/

Gttorney



2,487,102

N. B. COLEY
CODE COMMUNICATION SYSTEM

Nov. 8, 1949

7 Sheets-Sheet 5

Filed May 2, 1947

Ve

JInventor
7
QGttorney

%{J

k
/. 13.
Noct

—H

| |
I
toal |
|
_
|

By

S xapT—<x )

AIAITOTAH

AR AR TN e

|

YNNZLNY



Nov. 8, 1949 N. B. COLEY 2,487,102

CODE COMMUNICATION SYSTEM

Filed May 2, 1947 . 7 Sheets-Sheet 6
F|G|.7. FIELD STATION A
1FRL . 1FR2 1FHR§ §4 2FR5 SFEQI 3FR2 .EER.’} 3FR4 3FRS
E&» | T 238 160 EZRW |
Q«-) ﬁa——'ﬂ [~
152 I l | s¢  5Y SYP
l T e 1 ow || 4
| 154 H;-) | 161
l148 'T’“Lli?. 157 / \ .
VAR lisg fi— \ \ SCP
o @
147 <

1IFRI 1FR2 1FR3  2RR4 2FRS  3ERI Sﬁf 3FR3 3FR4  3FRS

HH

| — B 1 = 3RW
—Liop Lo
SC SY SYP E;f—q [ |
i IEI 1Le |l ENR
by .
| ' i l
ATA S IR i S T
\ . I—tﬂ—‘ | b Scp
|
b
=5 I
Fia.9. TYPICAL TONE GENERATOR ‘
oscILLATORHI \wv» MODULATOR TRANSMITTER
86% a4 83 H |

a5 b |
CONTROL
RELAY\ﬁm =

_ z
X)
Fie.10. 2t
TYPICAL TONE FILTER
TRIGGER j || e m—G

RECEIVER AMPLIFIER H

l loz | clreulr

Jnventor

Py

4
Clttorney

&

§}§




‘Nov. 8, 1949 N. B. COLEY 2,487,102

CODE COMMUNICATION SYSTEM

Filed May 2, 1947 7 Sheets—Sheet 7
' 3B
Fiell. ) O
_ 2w A-O—
©= 48 46 = =— .
164 TT52 e U=
Il e }ﬂ_l 0P L2
2NW 2RwW ol 53 ) T
m(‘) i LS |4 l 7
| I ~ih ]
_) o)
166 —+ar || T"I:{.( { i o
Li67 | 168 | @=pig
| | .
T ﬁ TR Byt L
: - | ﬁj LAS _RAS
1 1

|
.%&’2 o — i\
T T |
| | | RWC
&) — | — :
LG 2RG e . -
| | i j | !
JE A, i LGZi | I
Mo 1o ;’f_'@l____fisg__;__}__ B6Z
' ) @y | ,
2AG —
2:3B 38
‘ ]:::169 : “@ 2BG L. : = +| 23 ]
Tosle| <] { }(—) | 54 ! 1Yo
“ 40 The | [
| & 1IYGP | | T J3A
0 szg{ > !

ZBLE'_(('H o { ]-L__ : . |
g . M i }Tosre._
| —+ [ B

Juventor

, , Attorney




Patented Nov. 8, 1949

2,481,102

UNITED STATES PATENT OFFICE

2,487,102
CODE COMMUNICATION SYSTEM

Nelson B. Coley, Rochester, N. Y., assignor to
General Railway Signal Company, Rochester,

LY.

Application May 2, 1947, Serial No. 745,673
(CL 177—353)

15 Claims.

1

This invention relates to communication sys-
tems and it more particularly pertains to sys-
tems for maintaining a plurality of independent
channels between respective spaced locations.

In an air traffic control system of the general
character disclosed, for example, in the applica-
tion of Kendall et al. Serial No. 743,046, filed April
22, 1947, block stations are spaced along an air-
way for communicating information to aircraft
in their respective vicinities as to the condition of
occupancy in that block as well as the block in
the rear and the block in advance, particularly
for the altitudes at which each of such aircraft is
flying. Over control means is also provided
wherein a controller or a dispatcher in a central
office can govern, through the respective block
stations, suitable ascent, descent, and hold indi-
cators in the aireraft at respective altitudes.
Although these control office to block, and block
to block, controls can be transmitted over line
wires as disclosed in the above mentioned appli-
cation, the large number of flight altitudes in-
volved obviously requires a large number of inde-
pendent circuits and a large number of line wires.
There are also matters of safety involved in that
the integrity of the circuits must be assured for
safe aircraft operation along the airway.

The above described problems relative to com-~
munication between a controller’s office and re-
spective block stations will be recognized as be-
ing similar to problems involved in the control
of railway track switches and signals located at
respective field stations along a stretch of railway
track from a control office in a centralized traffic
control system. In such a centralized traffic con-
trol system, the large number of distinctive con-
trols required to be transmitted from the control
office to the field stations is such that a stepper
organization is often employed wherein a large
number of distinctive controls can be transmitted
in sequence over g single pair of line wires to con-~
trol respective switches and signals.

It is an object of the present invention to re-
place the above mentioned line wires in both an
air traffic control system for airways and a cen-
tralized traffic control system for railroads with a
radio link system of communication from block
station to block station in case of the air traffic
control system, and from control office to the re-
spective field stations in case of a centralized traf-
fic control system. In transmission from block
station to block station, distinctive carrier fre-
guencies are used in transmission as required so
that no block station can receive carrier waves on
the same frequency from two different trans-
mitters.

Another object of the present invention is to
provide the required number of channels for
simultaneous distinctive control of a large num-
ber of relays by maintaining the transmission of
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a carrier wave constant and selectively applying
modulations or tones at respective different fre-
guencies to such carrier wave.

Another object of the present invention is
to provide for the transmission of but one tone
at a time by the use of a stepping organization
for scanning the respective tones for transmis-
sion.

Another object in the use of a stepping organ-
ization is to reduce the number of distinctive
tones required by providing an organization al-
lowing a repeat of the same tones for alternate
steps, such tones communicating distinetive con-
trols by reason of the order in which they are
transmitted.

Another object of the present invention resides
in the operation of the steppers continuously to
thereby maintain relays repeating conditions of
unoccupancy continuously energized at respective
block stations in accordance with the condition
of energization of corresponding relays at an ad-
joining block station.

An object of the present invention in the re-
ceiving of the tones on the respective steps is to
prevent against erroneous operation of relays
controlled by the tones in case of failure of a tone
to be received on any one step.

Another object of the present invention is by
use of a stepping organization to scan the re-
spective field stations for the reception of switch
and signal controls, different stations being re-
sponsive to different steps in a cycle of operation
of the stepping organization,

Other objects, purposes, and characteristic fea-
tures of the present invention will be in part ob-
vious from the accompanying drawings, and in
part pointed out as the description of the inven-
tion progresses.

In describing the invention in detail, reference
is made to the accompanying drawings in which
similar reference characters designate corre-
sponding or similar parts of the organization, and
in which:

Pig. 1 illustrates a typical stepper and tone
transmitter;

Fig, 2 illustrates a typical receiver and decoder
organization actuated in response to tones se-
lectively applied to a carrier wave as by the or-
ganization of Fig. 1;

Fig. 8 illustrates a radio link organization be-
tween a control office and the respective block
stations in an air traffic control system;

Fig. 4 illustrates a typical control office trans-
mitter for transmitting switch and signal con-
trols by means of the selective application of
tones to a steadily transmitted carrier wave;

Fig. 5 is a code chart illustrating a typical
manner of assignment of tones to the respective
steps for transmission according fto the trans-
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Fig. 6 illustrates a decoder unit such as is pro-
vided at each of the field stations to be respon-
sive to the tones transmitted from the control
office according to the transmitter of Fig. 4;

Fig. 7 illustrates the control of switch and sig-
nal application relays in response to tones re-
ceived as decoded by the decoding unit of field
station A;

Fig. 8 illustrates the control of switch and sig-
nal application relays in response to the decoding
of tones received at field station B;

Fig. 9 illustrates the circuit organization of a
typical tone generator;

Fig. 10 illustrates a typical tone filter circuit

organization; and,
. Fig. 11 illustrates typical switch and signal
control circuits governed by the selective ener-
gization of the application relays at field station
A

For the purpose of simplification of the dis- :

closure of the present invention, the drawings
have been prepared in the conventional schematic
manner, more particularly for the purpose of il-
lustrating the circuit organization and the mode

of operation involved than for the purpose of il- :

lustrating the specific structure and arrangement
of parts that would be employed in practice.
The symbols (+) and (—) are used to designate
connection to the respective positive and nega-
tive terminals of suitable batteries or other
sources of direct current while the symbols (BX)
and (NX) are used to designate the respective
instantaneous positive and negative terminals of
a suitable source of alternating current. The
symbols (B+) and (B—) are used to indicate
connections to the respective positive and nega-
tive terminals of a suitable plate supply battery,
the (B—) terminal of such battery being con-
nected to ground.

To consider first the general organization of the
typical tone transmitter shown in Fig, 1, such
transmitter comprises stepping relays VI, V2, V3,
and V4, and a synchronizing pulse relay SP for
effecting the stepping continuocusly through suc-
cessive cycles of operation to form channels in-
cluding the wires Cl, C2, C3, and C4 respectively,
whereby the conditions. of respective control de-
vices IC, 2C, 3C, and 4C can be effectively con-
stantly transmitted, the conditions of the devices

{C, 2C, 3C and 4C being defined by tones selec- :

tively applied to a continually transmitted carrier
wave. :

The radio transmitter shown in block form in
Fig. 1 is normally active when its control switch
283W is closed to transmit a steady carrier wave
at an assigned frequency, and such transmitter
is adapted in a well-known manner to be modu-
lated by any one of the tone generators I, 2, 3, 4,
or 5 which may be rendered effective for modula-
tion of the carrier wave being transmitted. Be-
cause of the circuit organization in a manner to
be hereinafter described, only one of the tone
generators at a time is rendered effective to
modulate the carrier wave being transmitted.

The transmitter of Fig. 1 is shown as having &
circuit organization wherein it is rendered con-
stantly active upon the closing of the control
switch 28W, and similarly the closing of switch
{SW renders the stepper continually active, such
switches having been shown open primarily for
the purpose of illustrating a starting point facili-
tating the explanation of the mode of operation
and circuit organization of the transmitter and
stepper organization.

To consider first the mode of operation of the
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4
stepper relays Vi, V2, V8 and V4 and the syn-
chronizing pulse relay SP, it will be assumed that:
the switch ISW is closed, and upon the closure:
of that switch, the relay VI is energized through.
back contact 80 of relay SP, and the relays V2, V3,.
and V4 are successively picked up in accordance:
with the closure of their pick-up circuits at front:
contacts 61, 62 and 63 respectively of the next:
preceding stepper relays.

When the picking up of relays Vi, V2, V3 and.
V4 has been completed, the synchronizing pulse-
relay SP is picked up by the energization of a cir-
cuit extended from (+) including front contact
64 of reélay V4, front contact 85 of relay V3, front
contact 66 of relay V2, front contact 87 of relay
Vi and winding of relay SP, to (—). The relay
SP when picked up is maintained picked up by a
stick circuit energized through front contacts 68,
§9, 16 and 11 of relays Vi, V2, V3 and V4 respec-
tively connected in multiple and through its own:
front contact 12. By this arrangement, the relay
SP is maintained energized until all of the step~
per relays are dropped away.

The relay SP when picked up opens the ener-
gizing circuit for the relay Vi at back contact 60..
and thus the relay Vi is dropped away to form.
the  first channel of the stepper organization..
The resistor 13 shunted across the winding of the:
relay Vi makes that relay slightly slow in drop-
ping away as a means of timing the synchronizing
pulse in a manner to be hereinafter more readily
apparent. '

Upon the dropping away of relay VI, the open-
ing of its front contact 61 deenergizes relay Ve,

5 and the resistor 74 shunted across the relay V2

is effective to delay the dropping away of that re-
lay sufficiently to govern the desired time of
transmission through the channel of the first
step of the transmitter before such step is ter-
minated and the second step initiated.

The initiation of the third step of the trans-
mitter is rendered effective when the relay V3 is
dropped away subsequent to the opening of its
energizing ecireuit at front contact 62, the drop-
ping away of that relay being made slow by the
resistance 15 shunted across its winding. The
third step is terminated by the dropping away of
the stepping relay V4, the energizing circuit for
relay V4 having been opened at front contact 63
of relay V3. Relay V4 is made slightly slow in
dropping away by the resistor 76 shunted across
its winding to govern the duration of the third
step.

The stick circuit for the relay SP is opened by
the respective stepper relays when they are

- dropped away and the dropping away of the last

60
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of the step relays V4 by opening its front contact
11 deenergizes the synchronizing pulse relay SP,
its pick up circuit having been opened by the
dropping away of the respective stepper relays V.
The relay SP is made to be slightly slow in drop-
ping away for the purpose of governing the time
during which the last control channel of the
stepper is maintained closed. Upon the dropping
away of the relay SP, the closure of back con-
tact 60 of that relay in the energizing circuit for
the relay VI restores the initial conditions of

. the cycle of operation and thus initiates a sec-

75

ond cycle of operation of the stepper. It will
therefore be readily apparent that the stepper op-
erates continually through successive cycles of
operation as long as the confrol switch ISW is
maintained closed. A synchronizing tone is
transmitted in a manner to be hereinafter con-
sidered when relay SP is dropped away to close
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back contact 71, and thus the aggregate pick up
time of the relays V governs the duration of the
synchronizing tone.

Having described the organization and mode of
operation of the stepper unit, consideration will
now be given to the circuits for selectively form-
ing the respective channels for the various steps
and the manner in which a tone is selected for
transmission on each channel formed by the
stepper. Upon the dropping away of the stepper
relay VI to form the first step, ground is con-
nected to the first channel wire Ct through back
contact, 18 of relay VI and front contact 19 of
relay V2. This circuit is opened upon the drop-
ping away of the relay V2 at front contact 19,
and the wire C2 is connected to ground on the
second step through back contact 78 of relay VI,
back contact 19 of relay V2 and front contact 80
of relay V3. Upon the dropping away of relay
V3 at the beginning of the third step, the wire C2
is disconnected from ground at front contact 80,
and the wire C3 is connected to ground for the
third channel through back contacts 718, 19 and
80 of relays VI, V2 and V3 respectively and front
contact 81 of relay V4. After the relay V4 has
dropped away, the connection of the third chan-
nel wire C3 to ground is broken by the opening
of front contact 81 of relay V4, and the channel
wire C4 for the fourth step is connected to ground
through back contacts 18, 79, 86 and 81 of the
stepper relays VI, V2, V3 and V4 respectively
and the front contact 82 of the synchronizing
pulse relay SP. At the end of the cycle, the open-
ing of front contact 82 of relay SP disconnects
the channel wire C4 from ground, and the closure
of back contact 17 of the relay SP connects
ground directly to the tone generator for tone 5.

Having thus described the stepper and circuit
organization by which ground is successively con-
nected to the channel wires CI, C2, C3, C4 re-
spectively, consideration will now be given as to
the manner in which the respective tone gen-
erators are selectively rendered effective to modu-
late the carrier wave of the transmitter. With
reference to Fig, 9, a typical tone generator cir-
cuit organization is illustrated more specifically
wherein a suitable type of oscillator generates the
assigned frequency for modulation of the carrier
wave for a particular tone, and the output of such
oscillator is applied to the grid of an amplifier
tube I'T which is normally biased negative beyond
cut-off by the battery 83 so that the tube T is
normsally non-conducting, and thus there is nor-
mally no input to the modulator and normally
no modulator output to the transmitter for mod-
ulation of the carrier wave being transmitted on
the assigned frequency.

Because of the tube IT being normally biased
to cut-off, it will be readily apparent that the
tube 1T can be made conductive by the shunting
of the bias battery through a suitable resistor
84. It is thus provided that when it is desirable
to render a. particular tone generator effective to
modulate the carrier wave being transmitted, the
control relay governing the effectiveness of its
associated tone generator upon the carrier, such
as the relay {C of Fig. 1 and Fig. 9, can selec~
tively govern the modulation of the transmitter
at the associated tone by shunting the bias of the

grid of tube IT and thus allowing that tube to -

conduct in its anode-cathode circuit. This is
accomplished in Fig. 9 by the closure of front
contact 85 of relay 1C which shunts the battery
83 through the resistor 84, and connects the grid
of the tube I'T to the cathode of that tube through
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a suitable resistor 86. The output of the tube IT
is further amplified by a suitable modulator stage,
and the output of such modulator is applied to the
transmitter to modulate the carrier wave, such
modulation of the carrier wave being accom-
plished in a suitable manner well known to those
familiar with the art.

It is thus to be understood that each of the
tone generators Nos. 1, 2, 3, 4 and 5 of Figs. 1 and 4
is' of an organization similar to that which has
just been described, each generator having an
oscillator generating a distinctive tone which is
rendered effective to modulate the carrier wave
of the associated transmitter only if ground is
connected to the block representing the asso-
ciated tone generator. The tone freguencies
chosen should be such that there will be no trou-
ble from harmonics. A band of audio frequencies
spaced about 300 cycles apart have been found
to be satisfactory.

The relays IC, 2C, 3C and 4C illustrated in
Fig. 1 are assumed to be normally energized con-
trol relays that are subject to any particular type
of a control circuit in accordance with the re-
quirements of practice, and it is assumed that the
conditions of these respective relays are required
to be communicated to a distant receiver station
by radio link transmission. It is to be under-
stood that the contacts of the relays IC, 2C, 3C
and 4C could as well be contacts of manually op-
erated control levers, or other devices, the condi-
tions of which being desirable to be communi-
cated by radio link to another station.

If the relay (C is picked up as illustrated when
ground is connected to the channel wire Cl, the
closure of front contact 87 of relay IC connects
that channel wire to the tone control wire Tl
associated with the generator of tone No. I. Thus
by the connection of the wire Tl to ground
through the channel wire Ci, tone No. | is ap-
plied to the carrier wave transmitted by the
transmitter during the first step of operation of
the stepper organization. If, on the other hand,
the relay IC were dropped away during the first
step, the closure of back contact 87 would have
been effective to connect ground through the
channel wire Ci to the tone control wire T2 and
thus render the tone generator No. 2 effective to
modulate the carrier wave transmitted during the
first step of the stepper organization.

In a similar manner, during the second step,
the closure of front contact 88 of the relay 2C
as illustrated connects ground through the chan-
nel wire C2 to the tone control wire T8, and thus
renders the tone generator No. 3 effective to
modulate the carrier wave during the second step
of the stepper organization. If the relay 2C were
dropped away during that step, the closure of
back contact 88 would have been effective to con-
nect the tone control wire T4 to ground through
the channel wire C2 and thus render the tone
generator for tone No. 4 effective rather than
the tone generator for tone No. 3 for modulation
of the carrier wave during the second step of the
stepper organization.

‘When the third channel formed by the stepper
is selected, ground is connected through wire C3
and front contact 89 of relay 3C to the tone con-
trol wire T for rendering effective the tone gen-
erator No. | for modulation of the carrier wave
during the third step, the closure of its back con-
tact 89 would have been effective to connect
ground through the channel wire C3 to the tone
control wire 'T2, and thus render the tone gener-
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ator No. 2 rather than the tone generator No. |
effective to modulate the carrier wave.

The connection of ground to the channel wire
C# during the fourth step renders the tone gen-
erator No. 3 effective to modulate the carrier wave
if the relay 4C is picked up as shown to close front
contact 98 to connect channel wire C4 to the tone
control wire T3. If, however, the relay 4C were
in its dropped away position during the last step,
the closure of its back contact 90 would have been
effective to modulate the carrier wave being
transmitted. )

Upon the dropping away of relay SP at the end
of a cycle of operation of the stepper organiza-
tion, the closure of back contact 77 of that relay
connects the tone control wire T5 to ground and
thus renders the tone generator for tone No. §
effective to modulate the carrier wave for trans-
mission of a synchronizing tone characterizing
the end of a cycle of operation of the tone trans-
mitter. It will be noted that the synchronizing
tone is always the same tone as compared to a
selection of one or more tones for application
during the other steps of the cycle of operation.

Having thus considered the manner in which
tones are transmitted during respective cycles of
operation of a stepping organization on a con-
stantly radiated carrier wave, consideration will
now be given to the means shown in Fig. 2 for
receiving and decoding that which is transmitted
according to the organization of Fig. 1. With
reference to Fig. 2, the radio receiver is tuned
to the carrier frequency transmitted by the radio
transmitter of Fig. 1, and the output of such re-
ceiver is applied to a bank of tone filters which
are tuned to the respective frequencies of the
tone generators associated with the tone trans-
mitter of Fig. 1.

The output of the tone filters is used for the
control of decoding relays IFR, 2FR, 3FR and
4FR which are provided for the respective steps
of the decoding organization. There is a relay
FR provided for each tone that can be selectively
applied on each step received, and thus, according
to the organization that has been described for
selectively applying one of two tones to each
step, there are two decoding relays FR provided
for each step, one for each tone which can be
received during that step.

In sddition to the decoding relays FR for the
respective steps, a synchronizing relay SY is pro-
vided to be responsive to the tone No. 8 which
is the synchronizing tone. Magnetic stick relays
SC and SYP which can be of the general char-
acter disclosed, for example, in the prior appli-
cation of J. E. Willing et al.,, Ser. No. 697,452,
dated September 17, 1946, are also associated with
the clear-out at the end of the respective cycles
of operation of the system in a particular organi-
zation for checking the completion of each cycle
as will be hereinafter disclosed. The relay SCP
is a slow acting relay controlled through a suit-
able decoding transformer in accordance with
the pulsing of contact 91 of the relay SC as a
means for indicating that the respective cycles of
operation received are complete.

The relays 17, 27, 83Z and 4Z are application
relays provided at the receiving station of Fig. 2
to be responsive to the respective controls that
are transmitted by radio link from the trans-
mitter station illustrated in Fig. 1. Thus the relay
{C of Fig. 1 governs the energization of the relay
{Z of Fig. 2, 2C the control of relay 2Z, etc.

As illustrated in Fig. 2 the outpubt of the re-
cefver, which is to be assumed as an audible fre-
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quency output, if the tones employed are within
the audible range, is applied to the respective tone
filters Nos. 1, 2, 3, 4 and §, and these filters govern
the application of energy to the respective decod-
ing reiays. For convenience and for simplifi-
cation of the drawings the respective tone filters
are illustrated in block form, and each filter is
assumed to be provided according to a suitable
manner known to those skilled in the art, or ac-
cording with the organization of the tone filter
typically illustrated in Fig. 10.

The filter according to Fig. 10 is of the LC type
in which the audio output of the receiver is ampli-
fied by the amplifier shown in block form, and the
output of the amplifier is fed into an LC circuit
92 tuned to the tone frequency to which the as-
sociated relay Z is desired to be responsive. At
the frequency to which the LC circuit is tuned,
sufficient potential is applied to a suitable trigger
circuit to so govern the bias of the grid of a
suitable gas tube 2T as to trigger that tube and
effect the energization of the winding of the re-
lay Z in response to the reception of the particu-
lar tone for energization of that relay. It will
be noted that the relay Z is connected in the
anode-cathode circuit of the gas tube, and al-
ternating current is used for energization of the
anode-cathode circuit of the tube so as to provide .

“for the cut off of the tube upon the cessation of

the tone to which the filter is tuned. Direct cur-
rent can be used for this circuit provided means
such as the response of a relay FR for the fol-
lowing step is provided for extinguishing the gas
tube as is inherent in the first three steps accord-
ing to this embodiment of the present inven-
tion.

To consider the mode of operation of the de-
coding unit, it will be assumed that the clear-out
period at the end of a cycle of operation has been
completed and the relay SY dropped away atb
the termination of such period. On the first step
of the following cycle of operation, as has been
described, tone No. i or tone No. 2 is selected
for transmission, and thus the reception of the
carrier wave with one or the other of such tones
during the first step of the cycle provides for the
selective energization of the relay IFR{ or [FR2,
dependent upon whether tone No. { or tone No. 2
is received. :

If the tone No. | is received during the first
step, the relay IFR{ is picked up by the ener-
gization of its lower winding in the output circuit
of filter No. | to which alternating current is ap-
plied, and which includes back contact 93 of re-
lay 2FR4, back contact 94 of relay 2FR3, back
contact 95 of relay IFR2, and the lower winding of
relay {FRI. The picking up of relay IFRI, by
opening back contact 96, opens the circuit for
relay (FR2 to prevent the energization of that re-
lay if by any chance the tone No. 2 were to be
applied to the carrier from someextraneoussource
during the first step of the transmission of the
cycle. If, the tone No. 2 were transmitted on
the first step rather than the tone No. {, the relay
IFR2 would have been picked up in preference to
the relay IFRI because of its winding being in-
cluded in the output circuit of the tone filter
No. 2 in series with back contacts 93, 94 and 36
of relays 2FR4, 2FR3, and {FRI! respectively.

The picking up of a relay {FRI or IFR2 during
the first step of the cycle of operation under con-
sideration closes an obvious stick circuit includ-
ing the upper winding of that relay and including
back contact 91 of the synchronizing pulse re-
ceiver relay 8Y. Thus, the felay (FRI or IFR2
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that is energized during the first step of the eycle
is maintained picked up until the cycle is com-
pleted, even though the pick up circuit of such
relay is opened upon the picking up of the relay
2FR3 or relay 2FR4 during the next step of the
cycle.

In a similar manner, the reception of tone No.
3 during the second step is effective to pick up
the relay 2¥FR3, or the reception of tone No. 4
during the second step is effective to pick up relay
2FRA4. The output circuit of the tone filter No. 3
in addition to including the lower winding of re-
lay 2FR3 includes back contacts 98, 99 and (00
of relays 3FR2, 3FRI and 2FR4 respectively and
alternating current energy is applied to that cir-
cuit through either front contact 104 of
IFRI or front contact 102 of relay IFR2. If,
on the other hand, tone No. 4 is received during
the second step, the lower winding of relay 2FR4
is energized in the output cireuit of the tone filter
No. 4 by a circuit including front contacts 101 and
102 of relays (FRI and IFR2 connected in multi-
ble, and back contacts 98, 99 and 103 of relays
3FR2, 3FRI and 2FR3 respectively. The cir-
cuits for relays 2FR3 and 2FR4 are to be con-
sidered as typical of the circuits that would be
provided for additional intermediate decoder re-
lays that may be required as a greater number of
steps is provided in accordance with the require-
ments of practice.

The relays 3FR{ and 3FR2 are provided for de-
coding purposes during the third step of the cycle,
and such relays are selectively energized in ac-
cordance with whether tone No. | or tone No. 2
is received during the third step. If tone No. |
is received, the lower winding of relay 3FRI is
energized in the output circuit of the tone filter
by a circuit similar to that which has been de-
scribed for the energization of the lower winding
of the relay 2FR3; and similarly, if tone No. 2
is received on the third step of the cycle, the lower
winding of the relay 8FR2 is energized in the
output circuit of the tone flter No. 2 by a circuit
comparable to that which has been described for
the energizstion of the lower winding of relay
2FR4 in the oubput circuit of tone filter No. 4.

During the foutrth step in the cycle of opera~
tion, the relays 4FR3 and AFR4 are selectively
governed in accordance with whether tone No. 3
or tone No. 4 is received during that step. The
lower winding of relay 4FR3 is energized during
the fourth step in the output circuit of tone filter
No. 3 when that tone is received through back
contact 184 of relay 4FR4 and front contact 195
of relay 8FR! or front contact 106 of relay 3FR2
of the preceding step. Similarly, if the tone No.
4 is received during the fourth step, the output
circuit of the tone flter for that tone causes the
pleking up of the relay 4FR4 by the energization
of its lower winding in a circuit including back
contact 107 of relay 4FR3 and front contact 105
of relay 3FR{ .or front contact 106 of relay 3FR2.

Affer a relay FR has been picked up for each
of the steps of the cycle, the magnetic stick relay
SC is energized with a pelarity to actuate its con-
tacts from their left hand to their right hand
positions by a circuit extending from the positive
terminal of the center tap battery 108 including
contact 199 of relay SYP in its left hand posi-
tion, front econtact 110 of relay IFRI or front
contact #11 of relay 1FR2, front contact 112 of
relay 2FR3 or front -contact 113 of relay 2FRA4,
front contact ‘44 -of relay 3FR1 or front contact
{15 of relay 3FR2, front contact 116 of relay
AFR3 or frent contact 1T of relay 4FR4, and
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10
winding of relay SC to the center tap of the hat-
tery 108. The shifting of the contact 118 of re-
lay SC to the right conditions a circuit by which
the magnetic stick relay SYP can be energized
with a polarity for the actuation of its contacts
to their right hand positions, such circuit being
closed only upon reception of tone No. § for the
picking up of the synchronizing pulse relay SY.

The picking up of a decoding relay on the
fourth step completes the decoding, and the tone’
responsive relays that have been picked up dur-
ing the cycle are all maintained picked up by
their respective stick circuits, dependent upon
back contact 87 of relay 8Y. The reception of
tone No. §, designating the clearout period, pro-
vides for the picking up of the relay SY which is
connected directly in the output circuit of the
tone filter No. 6, and the picking up of that relay
by opening back contact 97 provides for the res-
toration of the decoding relays FR to thereby
condition such relays for the next cycle of opera-
tion.

The relay 8Y in picking up, closes a cireuit for
energizing the magnetic stick relay SYP with a
polarity to operate the contacts of that relay
from their left hand to their right hand positions.
Buch circuit extends from the positive terminal
of the center tap battery 108 including contact
118 of relay SC in its right hand position, front
contact 118 of relay SY and winding of relay
SYP to the center terminal of the battery 108.

The shifting of the contacts of relays SYP to
their right hand position in respense to the above
described energization of that relay, pole changes
the circuit for the relay SC, but the circuit for
that relay has been opened by the dropping away
of the decoding relays se that it is not respensive
to such change in polarity until the circuit for
the relay SC is again closed at the end of the next
cycle of operation. It is thus provided that under
normal operating conditions, as long as the cyeles
of operation of the decoder are complete, the
relay SC shifts its contacts at the end of each
cycle of operation, and thus in accordance with
the pulsing of contact 81 of that relay, the pri-
mary winding of the decoding transformer is en-
ergized with first one polarity and then the other
to provide for the energization of the relay SCP
by the output of that transformer through the
rectifying contact 128. The relay SCP is made
sufficiently slow in dropping away to be main-
tained steadily picked up as long as the contacts
are pulsed for each cycle of operation.

Having thus considered specifically the organ-
ization of the decoder, consideration will now be
given to the utility and afttributes of the organ-
ization as described. In general, the decoding
organization is such as to have the ability to
keep in step, to distinguish between complete
and incomplete cycles of operation, to restore
itself fo normal after an incomplete cycle so as
to be ready for the next cyele, and to maintain
continuous energization of a remotely controlled
relay, such as a relay Z, for example, on a closed
circuit principle.

The decoder organization as shown is kept in
step by each pair-of decoding relays FR for each
step have their energizing circuits checked
through a front contact of a relay FR for the
preceding step, except for the relays FR asso-
ciated with-the first step of ‘the decoding bank.
Thus, for example, relay 2FR3 or relay 2FR4 can-
not be energized during the second step of a cycle
of operation unless a relay 1{FRI or {FR2 has
been picked up on the preceding step to close
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front contact {81 or front contact 102 respec-
tively. )

By use of different tones for successive steps,
it is provided that if step 2, for example, is not
received, the tones of step 3 cannot energize the
relays FR for step 2 which have not been en-
ergized because of failure to receive tones on the
preceding step. Assuming the third step to be
received properly, the tones of the fourth step
cannot energize a relay of the second step because
the relays of the second step have their circuits
open by a relay of the third step. If the second
and third steps are both not received during a
cycle, one of the tones of the fourth step can en-
ergize a decoder relay FR of the second step
only momentarily because of the creation of a
short cycle.

Provided that complete cycles are received by
the decoder organization shown in Fig. 2, the
magnetic stick relay SC shifts its contacts at the
end of each cycle, and thus an energizing pulse
is applied to the relay SCP at the end of each
cycle. If, however, a relay FR fails to be picked
up in response to its associated tone for any one
step of the cycle, the circuit as described for the
relay SC cannot be closed at the end of the cycle
to provide for the shifting of the contacts 84 .and
120 of that relay, and thus by failure of the relay
SC to shift these contacts relay SCP becomes
dropped away, and by the dropping away of that
relay, a suitable indication is provided as, for
example, by the energization of the indicator
lamp SCK upon the closure of back contact {21.
It will be readily apparent that this indication
can be used in accordance with the requirements
of practice to merely indicate to an operator that
there is something wrong at that receiving sta-
tion, or the dropping away of relay SCP can be
used to automatically govern the controlled re-
lays Z of the receiver organization at that sta-
tion to provide for more restrictive confrol in
cases where controls which are communicated
involve safety circuits.

If, because of a failure of the decoder to re-
spond to a tone on a particular step, although a
distinctive indication of an under-step is provided
as above described, it is also provided by the cir-
cuit organization that has been described that
the reception of a subsequent synchronizing pulse
at the end of a short cycle or at the end of any
other cycle, is effective in the manner which has
been described to restore the relays FR at the end
of that cycle by the opening of back contact §7,
and thus condition the decoder for the reception
of the next cycle of operation. In this way, as
soon as the trouble originally causing the short
cycle is repaired, the decoding unit is automati-
cally conditioned to be responsive to complete
subsequent cycles of operation.

It will be readily apparent from the organiza-
tion as it has been described that application re-
lays to be governed by the tones received can he
governed by contacts of the respective decoding
relays FR in accordance with the requirements of
practice for the particular application to which
the stepper and decoder organization is to be
applied. For this embodiment of the present in-
vention, it is assumed that it is desired to control
a relay Z of Fig. 2 in correspondence with each of
the relays C at the transmitter station of Fig. 1.
By this arrangement it is provided that the relay
1Z is picked up in response to tone No. | on the
first step as selected by the relay IC in its picked
up position at the transmitter station. The tone
No. 2 when received on the first step is not shown
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in Fig. 2 as governing the energization of any
particular application relay, but such tone is ef-
fective to govern the dropping away of the appli-
cation relay {Z for the first step in a manner to:
be more readily apparent as the description pro-
gresses. In a similar manner the relays 2Z, 3Z
and 4Z are provided to be energized in correspond-
ence with the relays 2C, 3C and 4C at the control
office.

To consider the energization of the application
relays Z more specifically, it will be noted that
the picking up of any of such relays, and the sus-
tained energization of any of such relays is de-
pendent upon the closure of front contact 122
of the relay SCP, which relay is maintained picked
up only in response to complete cycles of opera-

‘tion. It istherefore required that a cycle be com-

pleted so as to actuate the relay SC, assuming the
system to be initiated from a deenergized and in-
active condition, before a pick up circuit can be
closed for the respective application relays Z.

Thus, when the system is in operation, the re-
lay IZ is picked up in response to the picking up
of the relay {FRI by the energization of a circuit
extending from (-+) including front contact 122
of relay SCP, back contact 123 of relay (FR2,
front contact 124 of relay IFRI and winding of
relay iZ, to (—). The picking up of relay iZ
by closing its stick contact 125 shunts the front
contact 124 of relay IFRI out of the circuit that
has been desecribed and thus maintains that. re-
lay steadily energized, dependent upon the con-
tacts 122 and {23 of relays SCP and [FR2 re-
spectively being maintained closed. It is there-
fore provided that the relay {Z can be dropped
away upon the reception of tone No. 2 when it
is transmitted during the first step of a subse-
quent eycle, such tone being selected for trans-
mission by the dropping away of the relay IC at
the transmitter station shown in Fig. 1. TUnder
such conditions, the relay IFR2 is picked up in
preference to the relay (FRI during the first step
of the cycle, and by opening back contact 123 in
the stick circuit for the relay IZ, the relay iZ is .
dropped away.  In case of a short cycle at the
end of which relay SC fails to shift, the failure of
contacts 81 and 120 to be pulsed provides for the
dropping away of relay SCP and the opening of
the circuit for relay 1Z at front contact 122. The
circuit governing the mode of operation of fthe
relay 1Z as it has been described is to be under-
stood as typical of the circuit organization pro-
vided for the control of the similar relays 2Z, 3Z
and 4Z associated with the respective second,
third and fourth steps of the system.

Because. of its being assumed that the energiza-
tion of the respective relays Z is used to indicate
safety conditions in a system of the general char-
acter of that shown in Fig. 3 and to be herein-

‘after described, it is provided that the integrity

of the picked up condition of the relays Z is
dependent upon the reception of complete cycles.
In case of the failure to receive a tone on a par-
ticular step in the -cycle, it is provided that the
opening of front contact 122 of the relay SCP
because of the short cycle causes the dropping
away of all of the application relays Z and thus
prevents all of such relays from providing errone-
ous information involving safety because of their
being maintained picked up during times of
abnormal operation of the decoder organization.’
It is to be understood, however, that the energiza-
tion of the application relays Z could as well be
provided independent of the relay SCP, if this
feature of the present invention is not desired.
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Radio link for air traffie control

In an air traffic control system of the general
nature of that disclosed in the above mentioned
Kendall et al. application, the airway is divided
into successive blocks of predetermined limits,
and each block has & block stationh for transmit-
ting intelligence to and receiving intelligence from
aircraft at respective altitudes within that block.
Lines of demarkation of these blocks are drawn by
time-distance characteristics it a pulse technique
system such as is disclosed in the above mentioned
Kendall et al. application and is of little con-
sequence to the present invention in that the
present invention is motre particularly related to
the communication of block occupancy and over
controls (confrols from a central office) from
station to station rather than dealing with prob-
lems involving block demarkation and communi-
cation of intelligence between the block stations
and the respective aircraft. ASspart of the block
demarkation organization, however, the adjoin-
ing blocks are of slightly different character as
identified by the character of pulses transmitted
to the aircraft from the associated stations, and
thus a given block of a character A has adjoining
blocks at each side thereof of'a character B. With
reference to Fig. 3, for-example, the block station
A’ has to its left block station B’ and to its right
block station B’’, the blocks B’ and B’’ being of
the same general character but distinctive from
station A’.

The information to beé communicated from
block station to block station is primarily that
of the occupancy of respective flight altitudes of
the adjoining block stations. The occupancy
condition of such altitudes is réceived from the
respective aircraft by the block station nearest
such aircraft and such information governs block
occupancy relays BO (provided with preceding
numerals indicative of the altitudes with which
such relays are associated, and also provided with
a preceding letter indicative of the particular
block for which that relay is provided. For ex-
ample, the relay A’IBO is the block occupancy
relay for the first flight altitude in bloek A’, and
the relay A’2BO is the block occupancy relay
for the second flight altitude in block station A’.
These relays -are 50 ‘controlled as to be normally
energized, and are dropped away in response to
the presence of aircraft in that block and at the
associated altitude.

Inasmuch as each block station must have
information rélative to the occupaney of each
altitude of the block at each side thereof, it is
required that the conditions of ‘occupancy for
the respective flight -altitudes be transmitted to
the block station to the left and to the block
station to the right from each of the block sta-
tions receiving the occupancy indications from
planes within that block. It is therefore requlred
that the relays A’IBO and A’2BO, for example,
be repeated by radio link both to station B’ to
the left and to station B’’ to the right.

Tt is also desirable to be able to communicate
certain over ‘controls from a ‘control office to the
respective block stations to be relayed by the
respective block stations to aireraft in the respec-
tive blocks with which such stations are asso-
ciated. These over controls ' may be controls in-
structing aircraft at any selected altitude to as-
cend or descend, or instructing the aircraft to
hold within the particular block within which
it is flying. In this manner, ia controller at a
central control office who has for his information
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certain indications as to the location of aireraft
along the airway, can intelligently govern the dis-
patching of aircraft in congested areas to the
best advantage. Thus, it may be desirable to
provide respective aseent, descent and hold con-
trol levers at the control office for each block
station, and for each flight altitude governed by
that block station that is desired to be governed
in the above described manner. The disclosure
of a means for the communication of one of the
above described types of controls to the respective
blocks can be considered typical of the manner
provided for the communication of the other
types of controls to such blocks, and thus, for the
purpose of simplification of the disclosure of the
present invention, only levers and control circuits
relative to the communication of an over control
to descend for a given altitude for each of the
blocks illustrated is shown. It is thus provided
that the levers B’'DS, A’DS, and B’’DS are pro-
vided on a suitable confrol panel at a control
office as a means by which the controller at such
office can designate descent controls for trans-
mission te the respective block stations B’, A’
and B’’.

For the communication of the above described
over controls and block occupancy controls be-
tween respective blocks and the control office,
it is provided that a radio transmitter is con-
tinually active at the control office and at each
of the block stations for transmitting its par-
ticular assigned carrier frequency, such carrier
frequency to be received as indicated by the dotted
lines of Fig. 3 at the respective block stations to
the left and to the right of the particular block
station transmitting. )

To prevent interference in transmission by the
respective transmitters, it is provided that the
carrier wave transmitted from the control office
is for a carrier frequency F3, and the next two
block stations to the right have their transmitters
tuned to the distinctive frequencies ¥l and ¥2.
By this arrangement, it is provided that the re-
ceiver F2 at block station B’ is the only receiver
within range of the transmitter F3 at the control
office that is tuned to the frequency F3. 'This is
desirable because the receiver F3 at block station
B’ is intended to be responsive only to controls
transmitted from the next station to the left
which is the control office. Similarly, the receiver
Fl at block station A’ is responsive only to con-
trols transmitted hy the transmitter Fi of block
station B’, and receiver F2 at block station B’’ is
responsive only to controls transmitted by the
transmitter F2 of block station A’.

The receiver Pl at block station B’’ receives
from the next block station to the right (not
shown), block station B’’ being assumed to be
out of range of the transmitter 1 at block sta-
tion B’. The receiver F8 of block station A’ is
responsive only to controls transmitted by the
transmitter F2 of block station B’’, and similarly
the receiver F2 of block station B’ is responsive
only to controls transmitted from the transmitter
F2 of block station A’ to the right thereof.

It is to be understood that all of these trans-
mitters and receivers are continually active, and
communicate controls through respective succes-
sive cycles of operation of a stepper and decoder
organization of the character shown, for example,
in Figs. 1 and 2 which has been heretofore de-
scribed. More specifically, the channel wires Ci,
€2, C3 and C4 of Fig. 3 correspond to wires simi-
larly designated in the stepper organization of

Fig. 1, and the tone control wires T, T2, T3 and
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T4 of Fig. 3 correspond to the tone control wires
similarly identified in Fig. 1.

It is thus provided, for example, that the con-
tact 128 of the descent lever B’DS selects the
transmission of tone T2 with the lever in its left
hand position during the first step of each cycle
of operation of the stepper at the control office,
and the actuation of that lever to the right hand
position is effective to render the transmission of
tone T effective during the first step of each cycle
of operation of the stepper organization. In a
similar manner, the tone control wires T3 and T4
are selectively energized during the second step in
accordance with the contact 127 of the lever A'DS,
and the tone wires Ti and T2 are selectively en-
ergized during the third step by the contact 128
of lever B’'DS for governing the tone to be applied
to the carrier wave transmitted from the con-
trol office.

in accordance with the reception of the tone
No. 2 during the first step by the receiver F3 and
decoder at block station B’, a decoder relay cor-
responding to relay (FR2 of Fig. 2 is picked up,
and the picking up of that relay is effective to
open the control circuit for the relay B’DR for
that step, the relay B’DR of Fig. 3 corresponding
to the relay 1Z of Fig. 2, relay B’DR being con-
trolled by the wire CI—T1{ which corresponds to
the wire Ci—T1 associated with the relay iZ of
Fig. 2. It has thus been illustrated that the lever
B’'DS at the control office in its left hand position
provides for the relay B’DR at block station B’
to be dropped away and thus to be ineffective for
selecting a control to energize a descent indicator
(not shown) in an aircraft fiying at the particular
altitude for which the descént control under con-
sideration is provided.

In a similar manner, the relays A'DR and
B’’DR at block stations A’ and B’’ respectively
are maintained in their dropped away positions
in accordance with the respective left-hand posi-
tions of the levers A’DS and B’'DS at the control
ofiice, and such relays are picked up, as is the re-
lay B'DR, at anytime the respective associated
control levers at the control office are actuated to
their right-hand positions to thereby change the
selection of tones transmitted from the control
offices.

The relays A’DR and B’DR at block station B’
must repeat their controls through to the next
block station to the right, and thus such relays
selectively govern tones transmitted during as-
signed steps by the transmitter 1 at block sta-
tion B’. It is thus provided that the back con-
tact 129 of relay A’DR at block station B’ when
closed selects the connection of the tone wire T2
to the channel wire C3 for rendering effective the
transmission of tone No. 2 during the third step
of the respective cycles transmitted by the trans-
mitter Pl of block station B’. If the relay A’'DR
is picked up, the shifting of contact 129 selects
the transmission of tone No. | during that step
in accordance with the lever A’'DS at the control
office having been actuated to its right-hand posi-
tion. In a similar manner, the contact i38 of
relay B’’ DR selects between tones No. 3 and 4 for
transmission during the fourth step of each cycle
of operation of the stepper at the block station B’.

It has been pointed out that it is also desirable
to transmit conditions of the block occupancy re-
lays BO for the respective flight altitudes to the
next station to the right, and thus it is illus-
trated that the contacts 131 and 132 of relays
B’({BO and B’ZBO respectively at block station
B’ select tones to be transmitted during the re-
spective first and second steps of the stepper at
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that station. Assuming the blocks to be normally
unoccupied at the respective altitudes under con-
sideration, the relays B’ {BO and B'2BO at station
B’ are normally picked up, and thus select re-
spectively the transmission of tone Nos. | and 3
on the respective first and second steps of each
cycle of operation of the stepper at that block sta-
tion.

. Upon reception of controls at block station A’
in response to the transmitter Fi at block station
B’, it is provided that the relays B’IBO and
B’2BO at block station A’ are maintained steadily
picked up in accordance with the tone Nos. | and
3 received on the respective first and second
steps from the block station B’, and it is also pro-
wvided that the over.control relays A’DR and
B’DR at station A’ are maintained dropped
away according to the tones TI1 and T3 trans-
mitted during the respective third and fourth
steps of each cycle. The relay A’DR is used at
block station A’ to govern the descent confrol
transmitted to aircraft in the block A’, the con-~
tacts of that relay being substituted in the control
circuit for the relay 2AR of Fig. 6§ of the above
mentioned Kendall et al. application for the
switch 530 shown normally open in the circuit
for that relay. A contact of the relay A’DR

-replacing the switch 538 should be a front con-

tact so as to aliow the relay 2AR to be normally
dropped away as illustrated, and to be picked
up in response to the actuation of the lever A’DS
at the control office to its right hand position.

The relay B’DR at block station A’ must
repeat its position through the radio link from
block station A’ to block station B’’. Thus the
contact 133 of that relay governs the application
of tone No..l or tone No. 2 to the channel wire
C3 during the third step of the stepper at block
station A’. ‘

The conditions of .the relay A’IBO and A’2BO
at block station A’ are transmitted during the
respective first and second steps of each cycle
of the stepper at that station because of the
respective contacts 134 and 135 selectively gov-
erning the respective tones applied during those
steps, the tone No. { being applied during step
No. I, and tone No. 3 being applied during step
No. 2 if the respective first and second altitudes
of block A’ are unoccupied.

It is therefore provided, as above described,

that the transmitter P2 of block station A’ trans-
mits controls of distinctive devices on steps I, 2,
and 3, such transmission being received both by
the station to the right and the station to the
left.. Inasmuch as the station to the left is not
interested in- the conditions of relay B’'DR as
transmitted by the transmitter F2 of block station
A’, the receiver F2 at block station B’ provides
for the control of only the relays A’IBO and
A’2BO at block station B’ to correspond with the
conditions of similarly identified relays governing
the tones transmitted by the transmitter F2 of
block station A’.
At the block station B’’, however, such station
is interested in receiving controls on all 3 steps
transmitted from the block station A’ and there-
fore the relays A’'1BO, A’2BO and B’DR at block
station B’ are positioned in correspondence with
the relays bearing similar reference characters
used in selection of the tones for application to
the transmitter F2 at block station A’,

From the typical condition of link transmission
as it has been described; it will be noted that at
times the full complement of steps according {9
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‘Pig. 145 used for-the communication of ‘controls
from station to station, ‘and at other times only
two or three steps ‘are required. In ‘accordance
-with the-organization-of the stepper-employed as
jHustrated and described with reference to Figs.
1 and 2,the number of steps required is dependent
upon the number of distinetive ‘controls required
‘to be transmitted, It is required ‘that the re-
spective decoders ‘complete ‘each ‘cycle as a check
against faulty operation because -of failure to
transmit a-tone during ‘a step-on account of dirty
‘contacts, or other conditions affecting tone trans-
mission. It is therefore required that although a
smaller ‘number of -application. relays are con-
trolled 'in -certain cases than one for each step
‘transmitted, that each of the decoder units is
adapted to-be responsive to-a tone for each step,
‘the tonesfor the steps not'used for the control of
application relays serving merely as phantom
tones to effectively ‘compléte the count of the
number of tone pulses transmitted during each
cycle,

‘Consider for example the transmitter ¥2 at
‘block station A’ which has three distinctive con-
‘trols-to transmit on three successive steps. The
‘Intelligence transmitted from block station A’
during the ‘three steps is used only in part at
‘block station B’, and thus the decoder associated
‘with receiver ¥2 ‘at block station B’ provides only
for the control of ‘relays A’1BO and A2BO 6n
respective first and second steps of each cycle of
‘operation, the third step of the cycle stepper
‘being ‘assigned to the trahsmission of a descent
control intended only for block &tation B’’.
‘Under these conditions, the decoder at block sta-
tion B’ is adapted to receive tone | or tone 2 dir-
ing the ‘third step, only for the purpose of com-
‘pleting the cycle, there being no application relay
such, for example, as the rélay 3Z of Fig. 2, pro-
‘v1dmg for that step of the decoder.

The organization of the systém therefore is
such that the number of steps employed by the
transmitter is determined by the number of
distinctive controls to be transmitted, and each
station ‘which receives from that transmitter
must have a decoder unit including a relay re-
sponsive to the tone transmitted on each step,
irrespective of whether or 116t the associated step
is used in that receiver for the reception of a
control which has been transmitted,

‘Having thus described specifically typical con-
ditions of operation of the radio link system of
Fig. 3, it is believed to be readily apparent to
‘those skilled in the art as to the manher in which
controls are commuricated under other combina~
tions of occuparcy and office controlling cendi-
tions other than those which have been described,
and it is to be understood that the stepper and
tone transmitter F3 4t block station B’’ is effec-
tive to communicate block occupancy controls to
the block station A’ at the 1eft and to the next
‘block station to the right (not shown) in a man-
ner similar to that which has been specifically

described for the communication of block occy- -

bancy controls from block station A’ to the re-
spective adjoining block stations,

Radio link for centralized trafic control

In a centralized traffic control system of the
‘general character disclosed in the patent to W. D.
Hailes et al. No. 2,399,734 dated May 7, 1946, a
stretch of single track is provided Wlth passing
sidings and power switehes and signals at the

respective -ends -of ‘the passing sidings soverned °

10

15

20

25

30

40

45

50

60

70

=L
=

18

‘from ‘s ‘contiol ‘office by ‘tiears of ‘a ‘code ‘Comm-
‘municsgtion systein, wheieby ‘an ‘opetator ‘at the

‘control bffice ‘can desighate respective sWitch and
signal control on a suitable control ‘paiiel for
transmission to réspective’ fleld ‘stations” at which
such switchés and signals ‘are Tocated. “The ¢on-

trols #ire copimuiii¢ated in ‘general’ Guting respec-

‘tive control ¢ycles of operdtion Wherem -a single

cycle of ‘6beration is tiansmitted in réspotise to
the actuation of a start button at ‘the ‘eontrol’ of-
fice. ‘According to the préseﬁt invénition, it is
contemplated to “use the stepper o*rgamzatlon of
the general charac“bér heretofore des‘crlbed w1th

of similar swn;ch and sighal ‘coftrols ‘to the re-
spectlve ﬁeld statlons m a (fentra,hZ'ed traﬂic con—

‘erably COI'ltlhIIOlfSlY attive and tliéreby eﬁec ive
‘to maintain 'at all times the réspective controlled

switches ahd sighals siibstahtially d1rect1y ‘Te-
sponsive to the actudtion of the réspective switch
and signal control Tevers b the ‘cofitiol offic
respective of thé order in which stuch sw1tch and
sighal control lever can Bé actuated, and irteshec-
tive of whether or hot several switch and sig-
hal conhtrol levers are simultahieously actuated.
In other words, the centralizéd traffic coritrol
system -according to the ‘present invention can
be-said to be'in effect, a ¢6de comimiinication 5y8-
tem providing ‘the wdvantageés of a unit wiie
switeh ‘and signal eohtrol system Fithott reqirir-
ing a large number of lide Wwires Which reaches
prohibitive proportions where 4 substantial nui-
ber of respective switehies and sigrals are to be
controlled from % contiol office.

The organization of ‘the ¢etitralized traffic con-
trol system of the ernbodiment iustrated in Figs.
4,5, 6, 7 and 8 i5 such as 1o proV1de for the con-
trol of switches and ‘signils a4t the respective A
and B ends of & (n*ossoVeT which iy 1llustra,ted by

the track diagrain 136 6f Fig, 4. Such diagram

is assumed to be provided 'on 4 suitable control
panel at the control office as a typisal part of a
centralized traffic contiol system. Also dlsposed
on the control panel aie suitdble respestive
switch and signal coiitiol levers ‘SML ‘and SGL
for the track sw1tches and sxgna,ls generally pro-

such. switches and sxgnals belng associated w1th
the ends of the pgssmg swhng 1n 'a manner weIl
for the left hand ‘end A 0f the passlng 51d1ng A,
for example, in Fig. 11. ,
With reference to Fig. 11, the switeh 2W is il-
lustrated as being a power switch governed By
a suitable switch machine 28M, &hd the OS track
section T including the switch 2W has SIgnals
2A and 2B associated with the 1&ft hand snd
thereof for governing éastbound trafic (bo the
right) and sighals 3A and §8 for governihg en-
trance to that track segtion for westbound sﬁraﬁic
(to the left). Tt is to be understood that the
present invention is not limited to the use of any
partictlar typés of sighals, and th 315
the gearch licht, semaphorte, poslt n lig
color lamp types can be employed. The sibfials
illustrated are assumed to be of the search hght
type such as is disclosed,‘ Or éxample,,ln ‘the
patent to O. S. Field No. 2,3 6 534 dated May 22,
1945. The organizition 10T'E
directly governing the switches and mgnals‘ ] 11-
lustrated m Flg 11 m 'a.“céﬁraance w1th a,p

paratus disclosed in' the prisy’ apphcatlon of W L
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Livingston Ser. No. 703,173 dated October 14, 1946
to which reference can be made for a debailed
description of its organization and mode of
operation.

With reference to Fig. 4, the stepper for this
embodiment of the present invention is illus-
‘trated in block form, as it is to be understood that
the stepper disclosed in Fig. 1 can be employed
for selectively connecting ground to the respec-
tive channel wires Ci, C2, C3 and C4. It will be
readily apparent however that stepping organiza-
tions other than that disclosed in Fig. 1 which
are effective to provide respective channels ClI,
C2, C3 and C4 can be employed within the scope
of the present invention.

The respective contacts of the signal and
switch control levers 2—3SGL, 4—5SGL, 2SML
and 3SML selectively govern the connection of
the tone control wires Tf, T2, T3, T4 and T5 to
the channel wires Ci, C2, C3 and C4 in a manner
to be hereinafter considered, and the connection
of ground through the respective channel wires
to selected tone wires T is effective to selectively
render the tone generators Nos. i, 2, 3, 4 and §
selectively effective to modulate a carrier wave
assumed to be continually transmitted at an as-
signed frequency by the transmitter shown in
block form. Each of the respective tone genera-
tors can be of the character shown, for example,
in Fig. 9 and heretofore described.

With reference to Fig. 5, a code chart is shown
illustrating the manner in which the different
steps are used in the control of the respective
switches and signals. It will be noted according
to this chart that the steps { and 2 having the
channel wires Cl and C2 are used in the control
of the switch and signals at station A, and the
steps 3 and 4 involving the channel wires C3 and
C4 are used in the control of the switech and
signals at station B. In a similar manner, steps
can be added for additional stations in accord-
ance with the requirements of practice.

The tones Nos. {, 2 and 3 are used for govern-
ing the respective signal right, signal left, and
signal stop controls when applied to the channel
Cl, for the signals at field station A, and the
tones 4 and 5 are used for the respective switch
normal and switch reverse controls for govern-
ing the switch machine at field station A through
the channel C2. In a similar manner, the tones
Nos. I, 2, and 38 govern the signal right, signal
left, and signal stop controls respectively through
channel C3 for field station B, and the tones Nos.
4 and 5 govern switch normal and switch reverse
controls respectively for the control of the track
switeh at field station B through the channel C4.

It will be noted that the assignment of the
tones as above described follows the general prin-
ciples of the organization heretofore described
in that the same tones are never repeated on ad-
joining steps, but are repeated on alternate steps,
thus providing for the transmission of ten distine-
tive controls during the four steps with the use
of only five distinctive tones. Because of their
being substantially no limit to the number of dis-
tinctive tones that can be assigned to a single
step of the organization, it is to be understood
that various arrangements of tone assignment
can as well be applied in accordance with the
requirements of practice. Although it is desirable
to limit transmission to only one tone at a time
per step, with slight modifications in the decoding
circuits the organization may be adapted to the
transmission of more than one tone at a time if
such is the requirement of practice.
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Because of the use of five distinctive tones for
control purposes as compared to four distinetive
tones as used in Fig. 1, it is necessary to employ
a sixth tone according fo the organization of
Fig. 4 for a synchronizing tone, such tone being
applied and used for purposes corresponding to
that of tone No. 5 of Figs. 1 and 2. :

The tone control wires TI, T2, T3, T4 and T5
(see Fig. 4) are selectively connected to the chan-
nel wires Ci, C2, C3 and C4 in correspondence
with the requirements according to the code chart
of Fig. 5. For example, the channel wire C{ is
selectively connected to either tone wire Ti, T2,
or T3 by the positioning of the signal control
lever 2——3SGL. With such lever in its center posi-~
tion as shown, the tone wire T8 is connected
through contact 137 of lever 2—3SGL in its center
position to the wire Cl; thus ecausing the
radiated carrier wave to be modulated by the
tone generator No. 3 during the first step of a
cycle of operation transmitted from the control
office. The actuation of the lever 2—3SGL to its
right hand position opens the connection of wire
Cl to the wire T3 at contact 137, and closes the
connection from the channel wire Ci to the tone
wire Tl to render the carrier wave modulated
by tone generator No. | during the first step. If,
however, the lever 2—3SGL is operated to its
left hand position for designating the clearing
of a signal governing westbound traffic, the chan-
nel wire Ci becomes connected to the tone wire
T2 to render the tone generator No. 2 effective
to modulate the carrier wave during the first step
of the cycle.

The switch control lever 28ML when in its left
hand position connects the channel wire C2 to
the tone wire T4 through contact 138 and thus
provides for the modulation of the carrier wave
during the second step by tone generator No. 4
for governing the operation of the switch ma-
chine 2SM at station A (see Fig. 11) to its normal
position. The actuation of the lever 28ML to its
right hand position opens the connection of the
channel wire C2 to the tone wire T4 and connects
the channel wire C2 to the tone wire TH for
rendering the carrier wave modulated by tone
No. &.

In a similar manner, the application of tones
Nos. 1, 2 and 3 during the third step is selected
by the lever 4—5SGL for governing the signals
at station B, and the tones 4 and § are selected by
lever 3SML for governing the modulation of the
carrier wave during the fourth step of the cycle.
The completion of the cycle provides for the
deenergization of the synchronizing pulse relay
SP, and the dropping away of that relay by clos-
ing its back contact 139 renders the modulation
of the carrier wave by tone No. 6 effective for
marking the clear out period at the end of the
cycle. .

A decoding bank for the decoding of the tones
transmitted on the respective steps according
to the tone transmitter of Fig. 4 is shown in
Fig. 6, and this decoding unit will be readily
recognized as corresponding in most respects with
the organization of the decoding unit of Fig. 2,
the principal difference being that three relays are
used for each of the first and third steps, one for
each tone to be received on that step, as com-
pared to two relays for each of these steps in the
organization of Fig. 2. It is therefore believed
unnecessary to describe specifically the mode of
operation of the decoding bank of Fig. 6, and the
description of Fig. 6 will be in general limited to
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the manner in which the decoding bank of Fig. 6
differs from that of Fig: 2.

Assuming the first step-of a control cycle.to be
received by the apparatus.of Fig. 6, which is typi-
cal of the decoding unit at each of the. field sta-
tions A and B, the relay- 1FRi: is. picked up. if the
carrier wave is modulated. by tone No. 1 by a
circuit checking the back contacts 140 and (4d
of relays IFR2 and {FR3}. for that step, and the
back contacts {42 and 443 of relays. 2FR4: and
2FR5 associated with the next step. This is in
accordance with the principles as described with
reference to Fig. 2; wherein the energization of
each tone responsive relay checks that the tone
responsive relay for that, step: and for the fol-
lowing step are dropped away, and if the step
under consideration is an intermediate step, the
circuit also checks that a.decoding relay is picked
up for the preceding step. It is:believed to be
readily apparent that if a tone No. 2 or a tone
No. 3 is received on the first. step rather tham
the tone No, I, its corresponding: relay {FR2 or
IFR3 is picked up by a. cirenit checking contacts
of other decoding relays in. a manner similar
to that which has been specifically deseribed with
reference to the.circuit organization for the relay
IFRI. The circuit organization for the -controel
of the relays 3FRI, 3FR2 and 3FR3 will be rec-
ognized as being comparable to that described
for the relays {FRA, IFR2 and {FR3 except that,
because of such relays being provided for an in-
termediate step in the cycle, the. pick up-circuits
for such relays check threugh the front.contacts
144 and 145 of relays 2FR4 and 2FR5. respect-
fully to insure that a relay. for the preceding step
has been properly conditioned..

The circuit for the magnetic stick relay .SC
will be recognized as being similar te.that of the
relay SC of Fig. 2 except that the-contact groups
for the steps 4 and 38 in its pick up. circuit have
3 contacts in multiple, one for each tone respon-
sive relays as shown in. Fig. 2. This ebviously
does not . alter the mode.of operation of the relay
8C and ifts associated. relays. SYP and SCP of
Fig. 6 as. compared to the mode of operation of
corresponding relays according: to. the .organiza-
tion which has ‘been specifically described with
reference to Fig. 2. .

With reference to. Fig. 7, the. control circuits
for switch and signal conrtrol application: relays
at field station A are illustrated whereby such
relays are rendered responsive. to the respective
codes used for their control according to the code
chart of Fig. 5. The. relays: 3L:G and 2RG are
signal control application relays for controlling
the clearing of signals governing westbound and
eastbound traffic respectively at. field station A.
A stop control application relay 2——3B is used in
insuring the putting to stop:of whichever of the
signals at field station A may have last been
cleared in accordance with a stop: control desig-
nated by an operater at the control office. The
relays ZNW and 2RW are “switch -confrol appli-
cation relays provided for governing the respec-
tive mormal and reverse operations of the switch
machine 2SM which is provided for the operation
of the power switch 2W (see Fig, 11).

Assuming the relays PR to: be controlled:in a
manner which has been described; according to
the. circuits of Fig. 7, it.is provided that the relay
2RG is picked up in response to the reception of
tone No. {-during-the first step:of a controlcycle
in accordance with. the lever 2—~38GL. at the
control office being actuated to its right-hand po-
sition.. '
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Assuming the respective cyeles. of operation to
be complete so as to maintain the relay SCP (see
Fig. 7) steadily picked up in a manner which has

2en described, the relay 2RG is picked up in
response to the picking up of relay 1FR{ during
the first step of a eycle by the energization of a
circuit extending from (4) ineluding front con-
tact 147 of relay SCP, back contact 148: of relay
{FR3, back contact {49 of relay {FR2, front con-
tact 158 of relay IFRI and winding of relay 2RG,
to (—=). When relay 2RG is picked up, the clos=~
ing of its front contact 151 establishes a stick
circuit to shunt front contact 156 of relay IFRS
out of the circuit that has been described so as
to maintain the relay 2RG steadily picked up,
dependent upon the back contacts 148 and {48
of relays {FR2 and {FRS remaining closed, and
the front contact {471 of relay SCP being main-
tained closed as an indication that complete cy-
cles of operation are being received.

At a time when it is desired to. put a signal to
stop which is controlled by the relay 2RG, the
stop control relay 2—3B can be picked up and
the relay 2RG dropped away in accordance with
the actuation of the control lever 2—3SGL at
the control office from its right-hand: position to
its center position, which operation selects the
tone No. 8 for transmission during the. first step
of the respective control cycles.

The reception of the tone No. 3 during the
first step at field station A provides for the pick=-
ing up of the relay {FR3 at that station during
the first step of the cycle and in accordance with
the picking up of relay IFRS, the opening of
back contact {48 in the above deseribed -circuit
for the relay 2RG opens the stick circuit for
that relay and causes the relay 2RG. to be
dropped away. In addition, the shifting of con-
tact 148 of relay IFR3, is effective to. pick up
the relay 2—3B by the energization of a circuit
extending from (+4). including front contact 147
of relay SCP, front contact 148 of relay IFR3,
back contact 192 of relay IFR2, back contact {53
of relay (FR{, and winding of relay 2—3B, to
(—). The closing of front contact 154 upon the
picking up. of relay 2—3B establishes a stick cir-
cuit to shunt the front contact 148 of relay 1FR3
out of the circuit that has been described so as
to maintain the relay 2--3B steadily. picked up
as long as the decoding unit at field station A is
continuously responsive to compilete cycles of op-
eration, and as long as the levers 2—3SGL at
the control office is maintained in its center po-
sition.

Similarly, when the confrol magchine operator
at the control office desires to permit the clearing
of a signal for governing westbound traffic, the
actuation of the lever 2—3SGL to its left-hand
position selects the transmission of tone No. 2
during the first step of the next cycle of opera-
tion. The reception of that tone at field staticn
A provides for the picking up of relay iFR2, and
the picking up of that relay according to Fig. 7,
is effective by the opening of back contact 152
to release the relay 2—3B. The relay IFR2 in
being picked up provides for the.pickingup of re-
lay 3LG for governing the clearing of a signafl
governing westbound. traffic by. the energization
of a circuit extending from (4) -including front
contact 147 of relay SCP, back contact 148 of re-
lay IFR3, front contact 149 of relay 1FR2, back
contact 155 of relay {FRI and winding: of relay
LG, to (—). When relay 3LG is picked up, the
closing of its front contact 156 establishes a-stick

T6 circuit to shunt front contact 149 of relay 1FR2

’
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out of the circuit which has been deseribed and
thereby maintain the relay 8LG picked up until
a change in tone is effected on the first step of
some subsequent control cycle. .

The application relays 2NW and 2RW for gov-
erning the operation of the track switch 2W illus-
trated in Fig. 11 at field station A are controlled
in accordance with whether tone No. 4 or tone
No. 5 respectively is transmitted during the sec-
ond step of the respective control cycles transmit-
ted from the contrel office. It is therefore pro-
vided that the actuation of the switch control
lever 2SML at the control office to its left hand
position causes the transmission of tone No. 4
during the second step of the respective control
cycles of operation, and in accordance therewith,
the decoding relay 2FR4& at field station A is
picked up. The picking up of relay 2FR4 closes a
pick up circuit for the relay 2NW (assuming the
relay SCP at field station A to be picked up) ex-
tending from (4-) including front contact 147 of
relay SCP, back contact {57 of relay 2FRE, front
contact 158 of relay 2FR4, and winding of relay
2NW, to (—). The closure of front contact {59
of relay 2NW shunts the confact 158 of relay
2FR4 out of the circuit just described and main-
tains the relay 2NW steadily picked up until a
change in the tone applied to the carrier wave
during the transmission of the second channel of
the respective control cycles. The picking up of
the relay 2NW governs the operation of the track
switch 2W to its normal position in a manner to
be hereinafter considered.

Similarly, the relay 2RW can be picked up when
the lever 2SML at the control office is actuated
to its right hand position so as to apply tone No. §
to the carrier wave transmitted during the second
channel of the respective control cycles. The re-
ception of such tone at field station A, by picking
up the decoder relay 2FR5 at that station, is ef-
fective to pick up the relay 2RW and release the
relay 2NW in accordance with the shifting of
its contact 157. 'The pick up circuit for relay
2RW extends from (+4) including front contact
147 of relay SCP, front contact 157 of relay 2FRS,
back contact 160 of relay 2FR4, and winding of
relay 2RW, to (—). The front contact 181 of
relay 2RW establishes a stick circuit to shunt
front contact 1571 of relay 2FR5 out of the cir-
cuit just described and thus maintain the relay
2RW steadily energized until a change in the tone
transmitted during the second step of a subse-
quent control cycle.

Having thus described specifically the circuit
organization by which switch and signal control
application relays are conditioned in response to
the decoding of codes received during the first
and second steps of respective control cycles of
operation, it is to be understood that this descrip-
tion as set forth is readily applicable to the con-
trol of similar application relays at field station
B as illustrated in Fig. 8 except that such relays
are controlled during the respective third and
fourth steps of the control cycles transmitted
rather than the first and second steps as is the
case of the application relays of field station A,
'This is because of the assignment of the third and
fourth steps of the cycle for the control of these
application relays at field station B as distin-
guished from the transmission of corresponding
tones for corresponding purposes during the first
and second steps for governing the switch and
signal control application relays at field sta-
tion A. :

Inasmuch as a means has heen described

1)
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whereby respéctive switch and signal control-ap-
plication relays for a plurality of field: stations
can be effectively directly controlled through
radio transmission from a distant control -office,
all-on a single assigned carrier fréquency, it is
to be understood that the use of the application
relays in the field which have been described as
being conditioned from the control office can be
made in controlling the respective switches and
signals at those field stations in accordance with
safety control circuits varying in their organiza-
tion according to the requirements of practice.
For the purpose of illustrating specifically how a
typical switch and typical signals can be con-
trolled in response to the above described appli-
cation relays, it is illustrated in Fig. 11 how the
application relays at field station A can govern
the operation of the track switch 2W and the con~
trol of the signals 2A, 2B, 3A and 3B. S

For the purpose of simplification of this dis-
closure of the present invention, the switch and
signal control circuits of Fig. 11 have been made
to correspond with the circuits shown and spe-
cifically described in the above mentioned appli-
cation of W. L. Livingston Ser. No. 703,173 dated
October 14, 1946, to which reference is to be made
for a description in detail as to this circuit or-
ganization. The circuits in Fig. 11 correspond
to those of Fig. 1 of this Livingston application
except that the respective normal and reverse
switch control relays 2NW and 2RW the control
of which has been described herein as being con-
trolled from the contro] office, are substituted for
the switch control lever SML of Fig. 1 of the above
identified Livingston application. Similarly the
office controlled relays 3LG and 2RG and 2-——3B
of the present application have been substituted
for the signal control lever SGL in Fig, 1 of the
above identified application of Livingston.

It is therefore provided that when the relay
2NW is picked up for operating the track switch
2W to its mormal position, the closing of front
contact 162 establishes a circuit including back
contact (83 of relay 2RW and front contact 22 of
relay LS for the energization of the normal switch
control relay NWZ. Relay NWZ by closing its
front contacts 164 and 165, applies energy to the
wires 46 and 47 through front contacts 48 and 49
respectively of lock relay LS for governing the
operation of the switch machine 23M to its nor-
mal position.- In a similar manner, it is provided
that the relay 2RW when picked up, with the
relay 2NW dropped away, provides for the ener-
gization of the reverse switch control relay RWZ,
which by closing its front contacts 52 and 53 ap-
plies energy to the switch machine control wires
48 and 47 of a polarity to operate the switch
machine 2SM to its reverse position.

The function of lock relay LS is of a general
character well known to those familiar with the
art relative to permitting the operation of the
switch machine SM only under safe conditions,
and permitting the clearing of a signal only when
the track switch 2W is locked in its operated full
normal or full reversed position. The pick up cir-
cuit for the relay LS is closed through either relay
2NW or relay 2RW in its-picked up position in cor-
respondence with the corresponding relay NWZ
or relay RWZ. Thus the pick up circuit of the
relay LS includes front contact {66 of relay 2NW
in series with front contact 51 of relay NWZ, and
similarly the relay LS can be picked up through
front contact 167 of relay 2RW and front contact
168 of relay RWZ.

Assuming the radio communication system fq
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be normally active for transmitting controls se-
lected at the control office by the levers in the
positions in which they are shown in Fig. 4, the
relay 2—3B for the stop position of the lever
2—3SGL which is associated with station A is
picked up, and thus energy is removed from the
circuits for the signal control relays LGZ and
RGZ at back contact 169 of relay 2—3B to insure
that the signals are all at stop. It will be ap-
parent that the signals would be at stop with
the relays 3LG and 2RG dropped away under
such conditions without the use of the stop con-
trol relay 2—3B, but the ‘use of the relay 2—3B
positively removes energy from the signal control
circuits, and thus relay 2—3B would be effective
to prevent a false clear indication in case either
of the relays 3LG or 2RG were to fail to drop
away when the associated signal control lever
2—3SGL were restored to its center position.

‘When the lever 2—3SGL at the control office is
actuated to its right hand position to clear a
signal for eastbound traffic, the relay 2—38B is
dropped away and the relay 2RG at field station
A is picked up. The picking up .of such relay
applies energy to the :signal .control relay RGZ
through back contact 169 of relay 2—3B, back
contact 170 of relay 3LG, front contact ITi of
relay 2R@, and other suitable selections that may
be required in practice as indicated by the dotted
line 32. The picking up-of relay RGZ, by opening
back contact 15, locks the track switch 2W .and
the closing of front :contacts 33 and 94 of relay
RGZ conditions the circuits for the energization
of relays 2AG and 2BG, one or the other of such
relays being energized as selected by the position
of the track switch 2W. If the relay 2AG is
picked up, for example, the closing of front con-
tacts 39 and 40 establishes a signal control circuit
for the energization of the mechanism of the
searchlight signal 2A with a polarity as selected
by the condition of the next signal in advance.

Similarly if the signal lever 2—3SGIL: is actu-
ated to its left hand .position, the relay 3LG is
picked up at field station A for permitting the
energization of the relay LGZ. The relay LGZ
in picking up, by clesing its front contact 38, con-
ditions circuits whereby the relay 3BG or the re-
lay 3AG can be energized, as selected by the
position of the track switch 2wW.

Although the present invention according to
the embodiments which have been specifically
described is assumed to be applied to the com-
munication by space radiation of the respective
controls transmitted from the respective trans-
mitters to the receivers, it is to be understood that
the invention is not necessarily limited to space
radio, in that the respective frequencies or tones
could be superimposed directly, or by limited space
radiation, upon existing line ecircuits without in-
terference with such existing circuits. It will be
readily understood that it is merely a matter of
selection of a proper band of frequencies which
is least susceptible to interference and attenua-
tion in line circuit transmission in .accordance
with the requirements of practice.

It will be readily understood that a -controller
at a central office, in the icase of the air traffic
control system, must necessarily have suitable in-
dications of the bresence of aircraft within the
respective blocks of his controlled airway in order
to intelligently dispatch the airceraft at congested
areas. Although the means for the communica-
tion of such indications to the controller is not
herein disclosed, it is to be understood that such
indications can be readily communicated by the
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radio link communication system provided by the
present invention, by line wire, or voice radio, in
accordance with the requirements of practice.
Similarly, it is to be assumed that indications are
communicated to the control office iin the cen-
tralized traffic control system herein deseribed as
to the locations of the respective ‘trains and the
conditions of the switch and signal control appa-
ratus in the field in a suitable manner such, for
example, as is described above.

Having thus described specific embodiments of
the present invention relative to a step by step
communication organization, it is desired to be
understood that these forms have been selected
primarily for the purpose of facilitating the dis-
closure of the invention rather than for the pur-
pose of defining the number of forms which the
invention may -assume, and it is to be further
understood that various adaptations, alterations
and modifications may be applied to the specific
form shown to meet the requirements of practice,
without in any manner departing from the spirit
or scope of the present invention except as lim-
ited by the appending claims.

What I claim is:

1. In a communication system, decoding appa-
ratus for the reception of a pulse at a selected
one of any plurality of distinetive frequencies
during each of a plurality of successive steps
comprising, a filter for each of said frequencies
having its input energized by the respective
pulses received, a .group of decoding relays for
each step, one relay for -each frequency to be
received on that step, and circuit means ‘for
energizing each of said decoding relays in re-
sponse to the output of its associated frequency
filter during the step for which that relay is pro-
vided, -said circuit means being -effective for in-
termediate steps only provided that one of said
group of decoding relays for the preceding step
is picked up and only provided that each of said
group :of decoding relays for the following steps
is dropped away.

2. In a communication system, decoding appa-
ratus for the reception of -a pulse at a selected
one of any plurality of distinctive frequencies
during each of a plurality of successive steps
and for receiving a clear-out pulse at a given
frequency characterizing the end of each cycle
of stepping operation comprising, a filter for
each of said frequencies having its input ener-
gized by the respective pulses received, a group
of -decoding relays for each step, one for each
frequency to be received on that step, -circuit

-means for energizing each of said decoding re-

lays in response to the output of its associated
frequency filter during the step for which that
relay is provided, a clear-out relay -energized in
response to the output of said filter for said given
irrespective ‘of the picked up or
dropped away condition of said decoding relays,
and stick circuit means effective to maintain
each of said decoding. relays energized subse-
quent to its being picked up, said .stick eircuit
means being rendered ineffective in response to
the energization of said clear-out relay.

3. In a communication system of the charac-
ter -described, decoding apparatus for the re-
ception of any selected one of a plurality of re-~
spective distinctive modulation frequencies se-
lectively applied to a carrier wave during each
of ‘a plurality of successive steps comprising, a
filter for each of said frequencies having its input

-energized in response to the modulations re-

ceived, a group of decoding relays for each step,
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one relay for each frequency to be received on
that step, circuit means for energizing each of
said decoding relays in response to the output
of its associated frequency filter during that
step, said circuit means being effective on each
intermediate step only provided that one of said
group of decoding relays is picked up for the
next preceding step and only provided all of
said group of decoding relays are dropped away
for the following step, and stick circuit means
for maintaining each of said decoding relay en~
ergized until the reception of a distinctive fre-
quency characterizing the end of a stepping
cycle.

4. In a communication system, decoding appa-
ratus for the reception of a pulse at any selected
one of a plurality of distinctive frequencies dur-
ing each of a plurality of successive steps con-
stituting a cycle of operation, a filter for each of
said frequencies having its input energized by
the respective pulses received, a group of de-
coding relays for each step, one for each fre-
quency to be received on that step, and circuit
means for energizing each of said decoding re-
lays in response to the output of its associated
frequency filter during the step for which that
relay is provided, said circuit means being effec-
tive only provided that all other decoding relays
of that group are dropped away.

5. In 3 communication system, decoding appa-
ratus for the reception of pulses during respec-
tive sucecessive steps and for the reception of a
distinctive clear-out pulse at the end of each
of several stepping cycles, decoding relays for
the respective steps energized in response to the
pulse received during that step, a clear-out relay
energized in response to said clear-out pulse at
the end of each cycle, irrespective of the condi-
tion of energization of said decoding relays, a
cycle checking relay, circuit means for ener-
gizing said cycle checking relay at the end of
each cycle only provided that one of said de-
coding relays has been energized for each step
during that cycle, and electro-responsive means
maintained normally active during the reception
of successive cycles in accordance with the joint
energization of said clear-out and said checking
relays at the end of each cycle, said electro-re-
sponsive means being rendered inactive upon
failure of either said clear-out or said check-
ing relays to be energized at the end of a cycle
of operation.

6. In a communication system of the charac-
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ter described, decoding apparatus for the re- -

ception of a pulse at g selected one of a plurality
of distinctive frequencies during each of a plu-
rality of successive steps and during a clear-out
period for each of several successive cycles, said
decoding apparatus comprising a filter for each
of said frequencies having its input energized
by the respective pulses received, a group of de-
coding relays for each step, one for each fre-
quency to be received on that step, circuit means
for energizing each of said decoding relays in
response to the output of its associated frequency
filter during the step for which that relay is
provided, electro-responsive means maintained
normally active during the reception of succes-
sive cycles of pulses only provided a pulse char-
acterizing said clear-out period is received at
the ‘'end of each cycle, and only provided that
one of said decoding relays is energized during
each step of that cycle, and devices governed
by ‘the respective decoding relays, said devices
being conditioned in responsé to said decoding
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relays only provided said electro-responsive"
means is active. g

7. In a normally active communication system, :
the combination with decoding relays energized
on successive steps of each- of several successive
cycles in response to pulses characterizing such-
steps, of electro-responsive means maintained
normally active during the reception of successive
cycles only provided one of said decoding relays
is energized during each step of each cycle, an
application relay for each step, circuit means for.
energizing said application relay in response to
the energization of a predetermined decoder relay’
for that step, and stick circuit means for main-
taining each of said application relays energized:
until a different decoder relay is energized for~
that step, and only so long as said electro~
responsive means is maintained active.-

8. In a normally active communication system;
the combination with decoding relays energized
on successive steps of each of several successive
cycles in response to pulses of selected characters
received during such steps, of electro-responsive
means maintained normally active during the
reception of successive cycles only provided that
one of said decoding relays is energized for each’
step of each cycle received, application relays for:
the respective steps, circuit means for energizing
each of said application relays in response to
the energization of a predetermined decoder relay
for that step, said circuit means being rendered
effective only provided that said electro-respon-
sive means is active, thereby indicating that the
preceding cycle has been completed.

9.- A traffic control system for the continuous
communication of respective designated controls
for devices between two stations by the constant
transmission of pulses at selected frequencies in
correspondence with - the respective designated
controls during continuously successive cycles of
operation comprising in combination, a generator
at one of said stations for generating each of said
frequencies, control devices at said one station for
selecting a particular one of said frequencies to -
be transmitted for each designated control, step-
ping means at said one station governing the
transmission of said pulses during each of said
successive eycles, said stepping means permitting -
the transmission of but one frequency per pulse,
and said stepping means permitting the frans-.
mission of similar frequency pulses during ‘a,
single cycle of operation but not as consecutive
pulses, and electro-responsive means at the other
of said stations for each pulse of the cycle dis-
tinctively responsive to the respective frequencies
that' may be transmitted to characterize that
pulse, said electro-responsive means for each
pulse being rendered active only provided that
the electro-responsive means for the next suc-
ceeding pulse is inactive and providing that the
electro-responsive means for the next preceding
pulse has been rendered active during that cycle.

10. A centralized traffic control system for the
continuous communication of respective desig-
nated distinetive controls for signals from a con-
trol office to respective field stations with which
such signals are associated by frequency pulses
selected in accordance with designated signal
controls and transmitted during respective cycles
of a continuous series’ of ‘cycles of operation
comprising in combination, -2 generator at the
control office for generating each of said- fre-
quencies, manually operable means at the control
office for selecting respective ‘distinctive signal
control frequencies for transmission-in-aceord-
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ance with distinctive designated controls for each
of sald signals, said manually operable means
being effective to select the same frequencies for
the confrol of signals at different stations for
transmission during a single cycle, and step-by-
step means permitting the transmission of similar
frequency pulses to each of the field stations dur-
ing a single cycle of operation of said step-by-step
means and on separate steps, but not as con-
secutive pulses. :

11. A centralized traffic confrol system for the
continuous communication of respective desig-
nated distinctive switch and signal controls from
a control office to each of a plurality of field sta-
tions with which such switches and signals are
associated comprising in combination, a genera-
tor at the control office for generating a distine-
tive frequency for each distinctive switch or
signal control that can be manually designated,
manually operable means at the control office for
selecting a particular one of said frequencies for
transmission during a cycle of operation to each
of said field stations, said manually operable
means being effective to select the same fre-
quencies for the control of switches and signals
at different stations during a single cycle, and
step-by-step means governing the transmission
of control pulses during each cycle to cause the
pulses to be transmitted for the respective field
stations in a predetermined order during a single
cycle of operation, said step-by-step means per-
mitting the transmission of pulses at the same
frequencies during a single cycle to each of the
field stations but not as consecutive pulses in the
cycle, and electro-responsive means at each of
the field stations for each pulse that can be
transmitted during a cycle distinctively respon-
sive to the respective frequencies that can be
transmitted to characterize that pulse, said
electro-responsive means for each pulse being
rendered active only provided that the electro-
responsive means for the next succeeding pulse
is inactive and the electro-responsive means for
the next preceding pulse has been rendered active
during that cycle.

12. In a centralized traffic control system for
the communication of respective switch and
signal controls from a confrol office to respective
field stations by applying selected modulation
frequencies to a constantly transmitted carrier
wave, a generator at the control office for gen-
erating each of said frequencies, stepping means
operable step-by-step through a cycle of opera-
tion, manually operable means at the control
office for each of said field stations for designat-
ing a selected one of a plurality of respective
switch and signal controls for transmission to
that field station, and circuit means governed by
said manually operable means and said stepping
means for rendering a selected one of said gen-
erators effective to modulate said carrier wave
during one step in accordance with said desig-
nated signal control for communication to a given
field station during that step and for rendering
another of said generators effective to modulate
said carrier wave during another step in accord-
ance with said designated switch control for
communication to said field station, whereby re-
spective switch and signal controls for each field
station are transmitted on two separate steps,
said carrier wave being modulated only by a single
frequency during any one step.

13. In a centralized traffic control system of the
character described for the communication of
respective manually designated switch and signal
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controls from a control office to respective field
stations, the combination with means for trans-
mitting selected switch and signal controls for a
plurality of field stations during each cycle from
a control -office by distinctive frequency pulses
during successive steps of a control cycle, of
decoding apparatus at the respective field stations
comprising a plurality of decoding relays for each
step, one of said relays being provided for each
distinctive frequency to be received during that
step, o filter for each of said frequencies having
its input energized by the respective pulses re-
ceived, circuit means for energizing each of said
decoder relays in accordance with the output of
said filter for its associated frequency, switch
and signal control relays at the respective field
stations, said relays being provided only for the
respective steps of said cycle corresponding to
those assigned at the control office to the control
of such relays at that station, and means govern-
ing the energization of said switch and signal
control relays in response to said decoding relays
for associated steps, and means effecting the de-
energization of said switch and signal control
relays if at any time during the reception of con-
tinuous successive cycles there is an incomplete
cycle.

14. In a link communication organization of
the character described for the effectively con-
stant control of a plurality of devices at one sta~-
tion in accordance with conditions of correspond-
ing devices at another station, a frequency pulse
transmitter at said another station normally
active through successive cycles to transmit pulses
at selected frequencies defermined by the con-
ditions of said corresponding devices, said trans-
mitter being effective to transmit but one fre-
quency pulse at a time during successive steps,
each step being assigned to the control of one of
said devices, decoding means at said one station
comprising frequency responsive means condi-
tioned in response to the respective pulses re-
ceived during each cycle, and circuit means re-
sponsive to said frequency responsive means for
maintaining said devices at said one station con-
ditioned in accordance with said corresponding
devices at said other station, such circuit means
being effective only so long as said pulses are re-
ceived in continuous successive complete cycles.

15, In a link communication organization of
the character described for the effectively con-
tinuous control at one station of a plurality of
devices in accordance with conditions of corre-
sponding devices at another station, the com-
bination with a frequency pulse transmitter at
said another station normally active through suc-
cessive cycles each cycle comprising a predeter-
mined number of pulses to transmit pulses, at
selected frequencies determined by the condi-
tions of said corresponding devices at said
another station, of decoding means at said one
station comprising frequency responsive means
conditioned in response to the respective pulses
received during each cycle, and circuit means re-
sponsive to said frequency responsive means at
said one station for maintaining said devices at
said one station governed in accordance with said
corresponding devices at said other station, said
circuit means being continuously effective de-
pendent upon the continuous reception of com-
plete successive cycles of pulses. ‘

NELSON B. COLEY.
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