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UNITED STATES PATENT OFFICE 
2,371,749 

ARPANETRAFFIC CONTROLLING SYSTEM 

Oscar S. Field, Rochester, N.Y., assignor to Gen 
eral Railway Signal Company, 
N. Y. 

Rochester, 

Application July 28, 1942, Serial No. 452,615 
(C. 17-353) 8 Claims. 

This invention relates in general to “A. T. C.' 
or airplane traffic controlling Systems, and has 
more particular reference to Such Systems. Where 
in there is automatic cancellation of routes and 
sections of routes. 
More particularly, the invention provides 

means for manually establishing a route, and in 
dicating the established route on a panel, to 
gether with means controlled by radio energy sent 
out by a plane following the established route, 
for initiating controlling means located on the 
ground at various check points along the route, 
whereby to automatically cancel a route or por 
tion thereof after it has been traversed. 

Further objects, purposes, and characteristic 
features of this invention will appear as the de 
Scription progresses, reference being made to the 
accompanying drawings showing solely by way 
of example, and in no manner whatsoever in a 
limiting sense, one form of the invention. In the 
dra WingS 

Fig. 1 is a fragmentary plan view of a control 
panel in accordance With this invention. 

FigS. 2A and 2B, when placed one above the 
other, form a diagrammatic view of circuits, both 
in the field and in the control office, in accord 
ance With this invention. 

Referring now to the drawings, and first to 
Fig. 1, there is here shown a portion of a control 
panel P, which may be made of any desired suit 
able material and which bears representations of 
airplane routes. In the present case, two routes 
are shown, separated into sections defined by 
various check points. For example, one route, 
comprised of sections a and b, has the section 
a limited at one end by any suitable marker at 
airport AP and the other end by the intersection 
With a conflicting route. The section b is limited 
at One end by this interSection and at the other 
end by a fan marker F2. The conflicting route 
is comprised of sections c and d defined by fan 
markers F and F3 and the route intersection. 
Only these portions of these two routes have been 
shown, in order to exemplify the invention, and 
it is clear that additional routes and portions of 
routes can be controlled in the same manner as 
described below in connection with the parts 
ShOWn, 
The panel shows routes assumed to be travelled 

at a given elevation, such as 4000 feet, and move 
ments are assumed to be in easterly and southerly 
directions (as shown by arrows) at this elevation, 
So that no opposing routes need be considered. 
Other elevations of an even number of thousands 
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thousands of feet will be traversed in the oppo 
site directions. 
On the panel, at the entrance end to each Sec 

tion, is a token slot or its equivalent, as TSa for 
a token controlling Section a. Adjacent the token 
Slot are indication lightS and merely by Way of 
example, in the present instance, these are shown 
as tWO in number, a hold Or red light ird, and 
a proceed or green light ga, indicating that these 
two lights are red and green lightS indicating 
the condition of Section a of route ab. In a like 
manner Section b has a token Slot TSb and aSSo 
ciated indicating lightS rib and gb. 
Also associated With each Section of each route 

is a representation of a radio receiving device, 
the one aSSociated With Section a being identified 
as Rd. This represents a receiving device for all 
tomatically cancelling an established route or 
Section of route upon a plane having traversed 
and paSSed beyond the Sane. Thus, the receiver 
Ra is positioned a suitable distance beyond the 
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of feet will have movement in these same direc- 55 
tions, while elevations of the odd numbers of 

exit end of Section a. The actual device, Ra (Fig. 
2B), is. On the ground So as to be generally be 
neath the plane following this route. In like 
manner the representation of the receiving means 
for cancelling section b is shown beyond the end 
of Section b and identified as Rb. 

Referring now to Fig. 2A and considering the 
apparatus for Section a, there is here shown a 
token Ta, having a button 8 and a body por 
tion 2, the body portion being insertable into 
the panel token slot TSa and being provided with 
a plate if. The body portion can be of any suit 
able size and form, So as to conveniently bear 
various information about the particular plane 
being dispatched. The token can assume either 
One of two different positions, the first where it 
is inserted in the slot with a plunger portion 2 
entering an opening in the panel and retained 
in place by detent means, such as a spring pressed 
ball 3. For at times preventing the insertion of 
plunger f2 fully within the panel and to bring 
about the Second position, there is a lock magnet 
LMa Which When deemergized allows its lock 
plunger 4 to drop in the path of plunger 2 and 
prevent its insertion fully into the panel. This 
lock magnet LMa is shown as energized and hence 
in unlocking position. 
When a token is inserted into the panel its 

plunger f2 moves a contactor 5 to open contacts 
5-6 and break a normally closed obvious cir 

cuit for energizing a route relay RRa. which con 
trols the establishment of the route through sec 
tion a. When this relay is in picked-up position 
the red indication light ra is energized, while 
When this relay is deemergized and hence releases 



2 
its armature, the red light is deenergized and the 
green light ga is energized. 
Thus, as above described, if a dispatcher de 

sires to dispatch a plane, at the 4000 feet eleva 
tion, from airport AP along route ab he will in 
sert tokens Ta and Tb in their slots TSa and 
TSb and attempt to press them fully into the 
panel. If the route is not locked up by a conflict 
ing route, or section thereof being already estab 
lished such as route cd in the present case, the 
tokens can be fully inserted and the tWO red 
lights ra and rb will be extinguished, and the cor 
responding green light go, and gb Will be ener 
gized and hence illuminated. This indicates to 
the dispatcher that the route is available and is 
established and reserved for a particular plane. 
The plane pilot can then be notified to accept 

the route and upon reaching the end of each 
section, which is defined by a recognizable mark 
er, the pilot can communicate with the dispatch 
er, who can then withdraw the proper token. So 
as to extinguish the green light for that Section 
and re-energize the red light and thus restore 
the panel to normal in this manual way. 
The interlocking referred to above is Such that 

conflicting routes are interlocked So that section 
a, for example, cannot be cleared for plane traffic, 
if the section c is already cleared, and Vice versa. 
This is accomplished, as shown in Fig. 2A, by 

carrying the energizing circuit for the lock mag 
net of each section through the front points of 
the route relays of all conficting Sections. In 
the case of the Section d, the lock magnet IMd. 
is energized through a circuit Which passes 
through contactfinger T and front point of route 
relay RRC. In the Same manner the energizing 
circuit for lock magnet LMC is carried through 
contact finger 8 and front point of relay RRa. 
Thus, conflicting routes cannot be established 
contemporaneously and danger of collision is 
avoided. The tokens for the control of Sections 
b and d need not be equipped With any lock mag 
net since these two sections do not conflict with 
each other, or with the Sections a or c. If the 
direction of travel were opposite to that described 
above, then these two Sections d and b Would 
be interlocked. Furthermore, should there be 
other conflicting routes which produce conflict 
between various sections, these sections would be 
interlocked by carrying the control for each Sec 
tion through a front point of the route relay of 
each one of the conflicting Sections in a Series 
energizing circuit. 
The radio receiving devices, Such as Ra as re 

ferred to above, are positioned a suitable distance 
beyond the sections they control as indicated by 
Ra, etc., in Fig. 1. 
In Fig. 2B these receiving devices are shown 

in somewhat more detail. Referring to receiv 
ing device Ra, for example, this device has a re 
ceiving antenna. 9a and is positioned so as to be 
generally beneath a plane, such as 20, as it is 
passing thereover in travelling along route db. 
Each plane is equipped with a Sending apparatus 
which continuously sends out short wave radio 
energy of perhaps 75 megacycles, by means of a 
direction antenna, so as to cause the energy to be 
included in a relatively narrow cone and thus to 
cover a relatively small area on the ground di 
rectly beneath the plane. The plane upon hav 
ing traversed Section a Will be in a position to 
cause its emitted energy to be received by the 
antenna. 9a and thus to cause the receiving de 
vice Ra which can be of any Suitable, desired, 
well-known form, to energize a relay 2 a which 
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2,371,749 
in turn causes a receiver relay 22a to be energized. 
This relay 22a is of any desired design of slow 
release relay, so as to remain in energized posi 
tion perhaps a few Seconds after the energy bean 
from the plane has passed beyond the receiving 
position. The picking up of relay 22d closes a 
circuit including contact finger 23a and front 
point, wire 24a, line wire 25, and a code following 
relay CFR. Thus, energy is steadily applied 
through line wire 25 to relay CFR, for perhaps 
a few seconds, upon a plane having safely cleared 
Section d. 
ASSume again that a plane is travelling along 

section c and upon clearing the section, has had 
its emitted energy received by receiving antenna 
9c. This results in relay 21c picking up to 

thereby pick up the slow release receiver relay 
22c to thereby energize a coder CC through con 
tact finger 23c. This coder can be of any desired 
form and operates to intermittently make and 
break its front contact by means of its finger 
26c, a given number of times per minute as, for 
example, 75 times per minute. This results in 
the code following relay CFR to operate at the 
rate of 75 times per minute, so long as the coder 
is energized. 

Each receiver is connected to Send energy 
through the line wire 25 to the code following 
relay and to Send energy of a distinctive char 
acter, peculiar to the particular location of the 
receiver. The coders Cb and Cd can code, re 
Spectively, at the rate of 120 times per minute 
and 180 times per minute. Thus, code following 
relay CFR is energized in a distinctive manner, 
depending upon which particular section has just 
been traversed, and hence should be cancelled. 

In the form here shown and described, four 
different codes can be applied to line wire 25, 
namely, intermittent energy coded at the rates of 
75, 120, and 180 impulses per minute and current 
Steadily applied. Furthermore, the energy ap 
plied by the three coders and relay 22a can be 
either direct or alternating in character, the code 
following relay CFR being designed to stay in 
energized position throughout an impulse, even 
though the impulse, as it will, includes several 
cycles of alternating current. 
The code following relay CFR controls decod 

ing relays DRd, DR2, DR3 and DR4 in a manner 
similar to that shown and described in the Re 
issue Patent No. 19,299, issued June 4, 1935, to 
W. D. Hailes. With this reference to the Hailes 
patent, it should be unnecessary to describe in 
detail the operation of the coding and decoding 
System. Briefly, the different codes cause the 
code following relay CFR to operate through the 
decoding relays and the push-pull type trans 
former 30 and the rectifiers 3 and 32, to place 
energy through contact finger 33 and its front 
point on one or the other of the several wires 34, 
35, 36 and 37. 
Assume that plane 20 passes over receiver Ra. 

and hence that current is Steadily applied to code 
following relay CFR for perhaps several seconds. 
This relay picks up and stays up whereby to cause 
the energization of decoding relay DR4 only and 
thus to place energy through contact 33 and its 
front point on wire 34. Upon receiving energy 
coded at the 75 code rate, the decoding relays are 
so arranged and designed that only the relays 
DR3 and DR4 are picked up and, hence, energy is 
placed on the Wire 35. In a similar manner with 
the code rates 120 and 180 in force, respectively, 
energy is placed on the wires 36 and 37 respec 
tively. 



2,371,749 
As described above, when a route is established 

manually, the green light, such as ga is energized, 
and the route relay RRa is deemergized, due to the 
token Ta, being fully inserted and, hence, having 
opened and retained open the contacts 6. To 
cancel the route and restore the indicating lights 
to the normal red light, the route relay RRd must 
be re-energized. 
ASSume noW that a plane through functioning 

of the receiver Rd has placed energy momentarily 
On control Wire 34 to thereby energize the can 
celling relay CRd (see Fig. 2A). A circuit for 
energizing the route relay RRa is established 
which includes contact finger 40 and front point 
of cancelling relay CRG (bridged across contacts 
f6) to thereby pick up route relay RRa and re 
energize the red light ra. Upon being picked up, 
route relay RRd. is stuck up through a circuit in 
cluding wires and 82, its own contact finger 43 
and front point, wire 44, contact 45 and front 
point, and route relay RRa. This stick circuit, as 
just described, includes contact 45 which is 
equipped with a Spring 46, tending to close it and 
is withheld from closing by a finger 47, carried by 
the token operated contact f 5. Thus, when the 
token is fully inserted it allows spring 46 to move 
contact 45 to the right, to make up its front point. 
There is a dash pot 48 connected to contact 5 
whereby to make the contact slow closing and in 
Sure release of the route relay upon insertion of 
itStoken. 
Should the plane continue upon its course, it 

eventually passes beyond section b, whereby to 
initiate receiver Rb to thus send the 120 code to 
the decoding device, and thus place energy on 
wire 36, whereby to momentarily energize can 
Celling relay CRb and cancel this section b of the 
route which has been manually established. 

It is contemplated that the dispatcher, before 
attempting to re-establish a route, which has been 
established and then automatically cancelled, will 
remove his tokens from the panel. Upon this re 
moval as, for example, token Ta, contacts 5-S 
Will reclose and contact 45 will open due to action 
of Spring 49. The opening of contact 45 breaks 
the Stick circuit for the route relay, but the clos 
ing of contact 5 closes the normal energizing cir 
cuit, and to bridge over this transition, the route 
relays Such as RRd. are made slightly slow release 
and insure that the route relay shall not mo 
mentarily release and flash the red lamp to re 
lease. 

It can be seen upon inserting a token fully into 
the panel that the holding circuit for the route 
relay through contact 6 is broken but a stick 
circuit is established by the closing of contact g5 
On its front point. If this stick circuit were estab 
lished before the route relay releases, the route 
relay would not release even though the token 
Were fully inserted. Hence, contact 45 is made 
slow to make up its front point due to the dash 
pot 48, and is made considerably slower than the 
release time, for example, of relay RRa. 
The control means for each of the sections is 

identical, except with regard to the interlocking 
as referred to above, and like parts have been 
given like reference numbers with exponents dis 
tinctive of the route section connected therewith. 
With the above system, the dispatcher can in 

Sert tokens and establish a route, as designated by 
green lights, and then may busy himself with 
other affairs after having dispatched a plane over 
the route. The plane on traversing the sections 
of the route will automatically cancel the sections 
and make them available for further use and un 
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3. 
lock other sections. This feature not only saves 
constant scrutiny of the dispatching panel by the 
dispatcher, but prevents any erroneous cancella 
tion of the route as might well occur if controlled 
by radio notification by the plane pilot of his posi 
tion to the dispatcher as by a loud Speaker, for 
example, or ear phones, and either the pilot is 
confused as to his location or the dispatcher mis 
understands, or both. 
The above rather specific description of one 

form of the present invention is given solely by 
way of example and is not intended, in any man 
ner whatsoever, in a limiting sense. It is to be 
understood that various modifications, adapta 
tions and alterations may be applied to meet the 
requirements of practice, without in any manner 
departing from the Spirit or Scope of the inven 
tion, except as limited by the Scope of the ap 
pended claims. 
Having described my invention, I now claim: 
1. In an airplane traffic control System for use 

with a Well defined route, a control panel bearing 
a representation of an air route, a normally in 
active proceed and a normally active stop indica 
tor. On the panel, manual means movable from a 
Stop to a proceed position for changing the pro 
ceed indicator from inactive to active and the stop 
indicator from active to inactive, cancelling means 
located beneath the route and remote from the 
panel and responsive to radiant energy of a pre 
determined frequency transmitted from a plane 
following the route and then only when passing 
approximately over said cancelling means to 
make the then active proceed indicator inactive 
and the then inactive stop indicator active, and 
means preventing any temporary change in the 
indicators upon moving of the manual means 
from the proceed to the Stop position subsequently 
to Operation of Said stop indicator to its active 
and said proceed indicator to its inactive condi 
tion by the associated cancelling means. 

2. In an airplane traffic control system com 
prising a Well defined air route divided into a 
plurality of sections by check points, a control 
panel bearing a representation of the route and 
its Sections, an indicator for each section on the 
panel and having a normal aspect, a manual con 
trol means for each section movable from a nor 
mal to an operated position whereby to change its 
indicator aspect, a receiver on the ground remote 
from the panel and adjacent each route section 
and each responsive to radiant energy transmitted 
from a plane, a plane carried directional radio 
transmitter tuned to the receivers whereby a re 
ceiver can respond only when a transmitter is 
passing over it, means with each receiver to pro 
duce coded energy of a character distinctive of its 
particular section, a single line circuit, and de 
coding means in the line circuit and distinctively 
responsive to the coded energies of the receivers 
to respectively change the aspects of the indi 
Cators of the respective sections to normal. 

3. In airplane traffic control systems, a plu 
rality of conflicting well defined air routes divided 
into Sections by marker points, a control panel 
bearing a representation of the routes and sec 
tions, a stop and proceed indicator on the panel 
for each section, a manual controller for each 
indicator movable to stop and proceed positions 
to put its indicator respectively at stop and pro 
ceed, lock means for each controller effective to 
prevent the controller being moved to proceed 
position so long as the indicator of any conflicting 
Section is at proceed, a tuned radio receiver re 
mote from the panel on the ground and posi 



4. 
tioned adjacent each section, a single line circuit 
connecting all of the receivers with the panel 
location, a carried radio transmitter having di 
rectional characteristics and tuned to all the re 
ceivers whereby each receiver can be activated 
only by radio energy transmitted from a trans 
mitter and then only when the transmitter is sub 
stantially directly above it, a coder for each re 
ceiver placed into operation upon its receiver be 
ing activated to place energy on the line circuit 
and code it distinctively with respect to its loca 
tion, decoding means in the line circuit and at 
the panel location and responsive to energy on the 
line circuit to selectively change the indicators to 
stop in accordance with the code on the line 
circuit. 

4. In airway traffic control Systems; in com 
bination; a control panel bearing the representa 
tion of an air route; an outlying ground location 
Substantially directly below the air route repre 
sented; an indicator having clear and stop 
aspects; a manual controller on the panel mov 
able to clear and stop positions to control the 
indicator to display, respectively, its clear and stop 
aspect; a radio receiver at Said ground location 
and tuned to a particular frequency; an airplane 
borne radio sender, tuned to emit energy only of 
Said particular frequency and constructed to 
transmit energy only substantially vertically 
downwardly; communication means interconnect 
ing the panel and the receiver; and automatic 
control means at the panel and responsive to the 
receipt of radio energy by the receiver to change 
the indicator aspect to stop, if at that time it is 
at clear, even though the manual controller is 
then assuming its clear position. 

5. In airway traffic control Systems, in con 
bination, a slow release signal control relay, a 
manually movable controller positionable in nor 
mal and reverse positions, an energizing circuit 
for the relay closed when the controller is at nor 
mal and open when the controller is at reverse, a 
stick circuit for the relay including its own front 
contact and a contact closed only a measured time 
after the controller has reached reverse position 
and open When the controller is in normal posi 
tion, a normally deemergized reset relay, a pick-up 
circuit for the control relay closed when the reset 
relay assumes its energized position, and means 
for energizing the reset relay. 

6. In airway traffic control Systems, in combi 
nation, a slow release signal control relay, a 
manually movable controller positionable in nor 
mal and reverse positions, an energizing circuit 
for the relay closed when the controller is at 
normal and Open when the controller is at reverse. 
a stick circuit for the relay including its own front 
contact and a contact closed only a measured time 
after the controller has reached reverse position 
and open When the controller is in normal posi 
tion, a normally deenergized reset relay, a pick-up 
circuit for the control relay closed when the 
reset relay assumes its energized position, and 
means for energizing the reset relay, said control 
relay having a release time shorter than Said 
measured time but longer than the time nor 
mally required for manual movement of the con 
troller from reverse to normal position. 

7. In an airway traffic control system, a cen 
tral office, a control panel in said office bearing 
the representations of air routes, a plurality of 
Outlying ground locations located substantially 
below the air routes, an indicator on said panel 
for each location and capable of manifesting air 
plane traffic conditions for such location, manu 
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ally operable means for controlling said indicators, 
a single line circuit connecting said office and said 
locations, coding means at each location for 
creating a code characteristic of that location and 
each connected to said line circuit, decoding 
means at said office and connected to said line 
circuit and including electro-responsive means for 
each of Said locations actuated when a code cor 
responding to the code for that location is trans 
mitted to said central office, means controlled by 
each electro-responsive means for controlling its 
associated indicator, radio receiving means for 
each location responsive to radio energy of a par 
ticular carrier frequency and which When active 
causes its aSSociated coding means to apply a code 
identifying that location to said line circuit, and 
an airplane carried radio transmitter including a 
directional antenna for each airplane flying Over 
said routes each of which transmits substantially 
continuously a downwardly directed radio beam. 
of said carrier frequency directed through a sufi 
ciently narrow angle such that a particular 
ground located receiver Will only respond While 
the transmitter carrier airplane is Substantially 
directly over the location including that receiver, 
to thereby cause the coding means for that loca 
tion to manifest the presence of an airplane by 
being rendered active and transmitting a code 
identifying that location over said line circuit to 
said central office to in turn through the medium 
of said decoding means and the electro-responsive 
means for that location control the indicator as 
Sociated with that electro-responsive means. 

8. In an airway traffic control system, a central 
office, a control panel in said office bearing the 
representations of conflicting air routes, a plu 
rality of outlying ground locations located sub 
Stantially below the air routes, an indicator 
capable of manifesting airplane traffic conditions 

40 on Said panel for each location, means for inter 

45 

locking the indicators for different routes at a 
location common to two routes, a single line cir 
cuit connecting Said office and said locations, cod 
ing means at each location for creating a code 
characteristic of that location and each con 
nected to Said line circuit, decoding means at said 

s office and connected to said line circuit and in 
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cluding electro-responsive means for each of said 
locations actuated. When a code corresponding to 
the code for that location is transmitted to said 
central office, means controlled by each electro 
responsive means for Controlling its associated 
indicator, radio receiving means for each location 
responsive to radio energy of a particular carrier 
frequency and which when active causes its asso 
ciated coding means to apply a code identifying 
that location to said line circuit, and an airplane 
carried radio transmitter including a directional 
antenna for each airplane flying over said routes 
each of which transmits substantially continu 
Ously a doWin Wardly directed radio beam of said 
carrier frequency directed through a sufficiently 
narrow angle Such that a particular ground lo 
cated receiver Will only respond while the trans 
mitter carrier airplane is substantially directly 
OVer the location including that receiver, to there 
by cause the coding means for that location to be 
rendered active and transmit a code identifying 
that location over said line circuit to in turn 
through the medium of the decoding means at 
Said office and the associated electro-responsive 
means for that location control the associated in 
dicator and manifest an airplane movement over 
that location. 

OSCAR S. FIELD. 


