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1
The present invention relates to apparstug for
a1 reporiing the identification, loca-
tlon and/or the altituds of sirplanes.

In the dispalching of airplane traffic, by

authorizing such airplanes to travel over speci-
fled groumd routes ai specifieq altitudes on vari-
ous stretches thereof, it i3 essential that the
whereebouts of airplanes already given author-
1zation to fiy in the vicinity be definitely known.
Although pilots of airplanes filying over com-
mercial air routzs are seldom los; because radio

route, radio fixez angd radic fan markers inform
them when they have reached certain check-
peints or stations atong the air route and altim-
eters inform them of their altitude, there is a
possibility that a pliot may not know what radio
8 be is passing over. For reasons of safety, the
dupatcher should be informed of the location,
identity and altitude of each airplane by me-
chenical and clectrical apparatus automaticelly
50 that wrong indications or reports due to faliure
of the humen elementg sre avoided,

In view of the foregoing and othor consider-
ations, it is proposed in accordanca with the }res-
ent invention to provide apparatyiz, ai each radio
fix, check-point or ground location, which by
radio communicating apparstus will communi-
cate with airplanes fiying over such particular
check-point only at one altitude a & time, so
that if 2 piurality of alrplanes fly over the same
check-point at different altitudes, as is possible,
such redio communication can be established
with enly one sirplane at a time, thereby avold-
ing the possibiliiy of s mutilated code or other

interference, ) .
Blore specifically, it is further proposed to
tranzmit the information, of airplane identity,

alrplane altitide and check-point identity, frem
such check-point location to a centralized dig-
patcher’s office and to then retransmit informg.-
Hon back to the pllot of such airplane ag to his
identity, the altitude et which he is fiying and
the check-point he is fiying over, so that the
pilol mot only has the check-point specifically
defired to him but also is informed of the fact
thet hig identity ag well as the altitude at which
he iz fiying over o particular check-point has
been transmitied io the dispatcher. If the pliot
fids that hig identity or altitude was improperiy
given he may call the dispatcher by radioc-phone
and correct the error thereover,

Another object of the present invention resides
in the provision of means to prevent the trans-
mission of the information above mentioned foz
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& second time during a single filght over the
check-point or other ground location,

Another object of the present inventica regides
in utilizing the check-point located apparatus
for transmitting the answer-back message
the central office to the pilo: of the airplane, -

Ancther object of the present invention resides
in the provision of means for preventing the
check-point located apparatus from communicat-
ing with a second airplane unill the complete
answer-back Information for a firs: airplane has
been transmitted from the central office back to
the pilot of such airplane. )

Another object of the present invention resides
provision of mechanism at the check-point
ground location for determining which oneg of a
plurality of airplanes fiying at different altitudes
over such location at the same time shall be first
to communicate with the dispatcher's .office
through the medium of the check~point ground
located apparziusg, .

Another olyject of the present invention re- ‘
sides in the provizion of code creating, code re-
peating,-arii decoding mechentsm for transmit-
ting by code the aforementioned informetion
betweern the airplane and the dispatcher’s office.

Othey objects, purposes and characteristic fea-
tures of the present invention will in pari be
pointed ocut in the specification hereinafter and
will in part be obvious from the sccompanying
drawingz in which: i

Figs. 1A and 1B show the airplane carried ap-
paratus, the apparatus located at g check-point
and s portion of the apparatug located at the
dispatcher’s office: and

Fig. 2 shows a time chart illustrating the ge-
Guence of operation of the various devices of the
apparatis illustrated in Figs, 1A and 1B,

Structure.—Reterring - to Pigs. 1A and 1B of
the drawings, apparatus has been illustrated
therein to show one embodiment of the present
invention which apparatus is lccated at three
different plsces, namely, on the airplane desig-
nated “Plane” by suitable legend, at the check-
polnt location CPS, shown by dotted iines, and
at the central office or dispatcher’s office DO also
shown by dotted lines. On the adrplane, as filus-
trated, are shown a pilot's radic transmitter-
receiver PIR which affords direct two-way radio
communication between the pliot and the dis-
patcher’s office or some operator under the dis-
patcher's jurisdiction, and in addition to this
plict’s radic PIR there is provided an airplane
receiver PR and an airplang trensmitter BT for
the purpcse of automatically communicating

from
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with the check-point radic tranamittey CET and
the check-poing redic recelver CPR.  The sadie
communication between the pilod’s radic FIR and
the dispeicher’s office DO mey be established by
tunipg of the carrier or radio freguency only &8
is also irue of the esteblishiment of redio com-
munication between the alrpiane transmitier PT
and the check-point receivey CPR, but in order
to establish & radic communication betwesn the
check-point transmitter CPT and the alrplane
receiver PR not only must the radi¢ frequency be
correct and conform with the tuning of the re-
ceiver PR bub there roust be superinaposed upon
thig radio frequency & tone current which is ca-
pable of belng received by the zirplane recelver
PR. In other words, proper tuning of the radlo
frequency and proper tuning of the tone current
are both necesgery to establish radio communi-
cation between the radio transmitting apparaius
CPT loczted at & check-point and the slrplane
radio receiving apporatus PR located on the alr-
plane.

Referring again io Fig. 14, the pilot’s radic
PIR haz bezn showo very conventionally and a1l
the apparatus of this sending and receiving cauip-
ment is conventionally {llusirated by the sguare
PIR. In order to show how & code received by the
receiver PR may be superimposed upon the mes~
sage received by ihe pilot’s receiving apparatus
PIR, siso located on the sirplane, o contact (5
of the relay TR controlled by the airplane recelver
PR has been Hlusirated, and this contact 18 may
impose clicks on the earphones or pilot's head-
set PHS in sccordance with the impulses of the
code received. The pilot msy of course speak o
the dispatcher through the medium of the pilot’s
microphone PM. These clicks are preferably in
the nature of distinciive tores which may be dis-
tinguished from other notses and these tones may
be crested by monitoring one radio frequency
with another o one of the monltoring frequen-
cies may be the tonc modulation trensmitted by
the check-polnt transmitter CPT. ‘

The airplane transmitier PT has been shown
very conventionally angd this transmitier trans-
mits & redic communicating impulse toward the
ground each time the contacts 18 associated witha
the code wheel PC8 are closed, it of course being
assumed that the radio frequency employed for
the npilot’s radic PIR, ior the alrplane trensmitter
PT and the airplane receiver PR are all distinc-
tively different. As shown, the code wheel PC2
iz driven by a shaft {4 through the medium of the
coding motor M3, and it huas associated there-
with two contecting or commutator rings PCI
and PC2. These commutator rings 2C{ end PC2
are employed to contrel the motor M3 and the
relay TRP through suitable eircults in o manner
more Tully describsd Liereinsfier. '

Referring now (o the airplane receiver PR, this
radic receiver is tumed to be receptive t0 radio
frequency within a2 particuler radio frequency
band sssumed to he transmitied by the trans-
mitier CFT but the relay TR which foilows the
radic energy received wili only respond if the
radio frequency received falls within this radioc
frequency band and if the veceived radio fre-
duency Is mcdulated to o tone corresponding to
the particular sltituds the sirplare is fiying at
tnis time. This is accomplished by employing a
contact 17 on an sitimeter ALM which will gelect
the proper tone for which the receiver is recsp-
tive for each altitude the airplene is dylng. For
instance, if the sirplane s Aying at an gltitude of
2000 feet, as Hlustrated, this contact (7 will en-

10
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&

gage & contact 2 to fune the receiver PR to re-
spond o & modulation selected for the 2000 foot
altitude and similariy, if the alrplane fiies to a
higher altitude this contact 17 will engage a sta-
tionsry centact to tune the apparatus to a modu-
lating fregquency corresponding to such higher
altitude. The stationary contacts have been
numbered 2 to 9, inclusive, with the understand-
ing that these confzcts represent sliitudes of
2000 (o 8000 feet, respectively. This contactor {7
is preferabiy so consiructed that it will always en-
gage at least one of the stationary contacts 2-9

£

- snd will never engsge more than one.

Referring now to the apparatus located at the
check-polnt station CPS (see Fig. 1B), it will be
observed that the radio transmitter CPT pro-
vided with an sntenna AT! is intended to com-

municate with the sirplane receiver PR provided
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with an antenns AT2. Bimilarly, it will be readily
seen, a3 convenilonslly indlceted, that the air-
plane transmitter PT provided with sn antenna-
AT is intended {0 communicate with the check-
point receiver CPR provided with an anienna
ATE,

The check-point transinitter CPT, convention-
ally 1lustrated by s reciangle, communicates &
carrier frequency which Iis modulated fo a suit-
able tone frequency corresponding to the tones
2 to § Inclusive to which the airplane receiver
PR will respond, one at o time, depending on
the altitude the airplane is flying, that is, depend-
ing on the position assumed by the contact {7 of
altimeter ALM. As conventicnslly illusirated,
these tones 2 to 9, each inclusive, are generated
by tone generators 2T to 97, inclusive, conven-
sionally illustrated as connected to the various
contacts 2 to 9, inclusive, of the altitude scanner
AS. This altitude scanner AS includes a rotat-
able contact arm 20. In practice, this rotatable
contact arm 20 is rotating ab all tlmes except
when radic communicetion between the check-
point transmitter CPT end the airplane receiver

. PR end between the sirplane trensmiiter PT and

the checlk-point receiver CPR is established.

The contact 28 of this aliltude scanner AS may
he rotated by the scanuing motor M! through
the medium of a clutch OB, iIn other words, the
rotatable arm 20 which is driven by the motor
M in the direction indicated by the arrow moves
from contact to contact and in so doing super-
imposes on the radio frequency waves emitted by
the trensmitting antenng AT, as by modulat-
ing the radio frequency, & tone current corre-
sponding to the confact with which this rotary
contact 26 is in engagement. In order to stop
the rotatable arm 29 on a particular altitude con-
tact, such as contact 2 for instence, o lock mag-
net LR has been provided, which by being ener-
gized couses the latch pawl 2! to engage one of
the teeth of the latch wheel LW so as to prevent
further rotation of the contact arm 28, this lock
megnet LB simultanecusly with such latching of
the scanning sheft 22 also opens the contact 23
causing deenergization of the clutch magnet CM
and preventing further rotation of this shaft 22
by the scanning mctor M. On this scanning
shaft 22 is slso provided a rotatable contact arm
24 which may engaze similar contacts 2 to §, in-
clusive, of an sltitude detector AD, which con-
tacts complete energiging circuits to altitude re-
lays A2 to AS, inclusive, These sltitude relays
A2--A0 are constructed to be slow to pick up to
an extent that these veleys will nof respond when
the rotetable arm 24 is roteted by the motor M
by reason of the foct that the crergizing circuits
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{fopr thess reloys are nob cloged long encuch o
cauzs &ffzctive ensrgization aod picking up of
thene relays.

if, on the other hand, the ceenning shaft 82 is
stopped by the latch 2( engaging the latch wheal
LW the circult for o particuler altitude relay, de-
pending upon which contact is then engaged by
tue rotatable contact 24, wiil remalin closed cop-
tinuously resulting in the energization and pick-
ing up of this particular altitude relay, such as
relay A%, for instance. Each of these altitude re-
lays A2-AD is provided with a front contact
26 and a back coniact 2¢. ‘The back contacts 28
of thess aliftude relays 42-A8 are ali connected In
series amd nogymelly close a clrcult for o slow
dropping relay AP, so that this slow dropping re-
lay AP is normally energlzed and may through its
front contact €7 normslly energize its repester
reley APP which is only slightly slow dropping.

Ab the check-polnt location CPB and sssoclated ¢

with these altitude relays AZ-A8 is provided ro-
tary codlng apparatus similar 0 the rotery coding
epparatus locnted on the airplans and aiready de-
geribed.

This check-polnt coding apparatus includes &
coding motor M2 driving » shaft 30 on which there
are mounted a comrutator contact ring CBC
and ceding cams CP¥, CP2, CP3, CP4, CPS, CPY,
CP1, CPS and CP3. Reduction gears (not shown)
ars of course Interposed between each of the mo-
tors M, M2 and M3 and thelr respective shafts
82, 80 and 4. The sltitude repesting relay A%
in addition to belng provided with 2 comtact 27,
elready menticned, 15 also provided with & con-
tact 88. 'The second repssier relay APP is pro-
vided with 2 siick contect 29 and & control con-
tect 88. Rach of the coding cams CPF and
CEP2-CP9 1s provided with o roller operated con-
tact similarly designaied, but with the letter P
omitied, that is, they are provided with contacts
CP, €, C3, C4, CE, C§, CT, CF and €§. Tach of
these movable coniacis is provided with a roller
3¢ which may be 1fted by the cam testh contained
on these various coding coms to fmiermittently
close these contacis In code fashion as the shaft
is rotated. The check-point radic recelver OPR,
including the necessary batteries or other zuitable
sources of energy, amplifying, rectl{zing ond de-
tecting tubes, and shown conventlonally by 2 rec-
tengle, controls two relays CR snd 8R. Each of
these releys respond to amplified energy recetved
by the sntenna ATY, the relay CR being suficient-
Iy quick acting to follow the impulses of the code
received wheress the relay SR is somewhat slower
scting and is further provided with s stick cir-
cult including its stick contact 32 and the front
contact 33 of the relay APP. This relasy SR is
elso provided with a contsct 38 which may con-
trol the lock relay LR. The relay CR is provided
with contacts 34 for repeating the code received,
by the receiver CPR from the airplane transmit-
ter FT, {0 the ceniral dispatcher’s office DO pro-
vided the relny AP is then energlzed to hold its
contact 28 closed. )

Asg llustrated in the drawings the dispatcher's
office DO is connected with the check-point appa-
ratus and station CPS8 by line wires 87, 38 and 389.
At this check-noint station CPS there is aiso pro-
vided a relay X which is conirolled from the dis-
paitcher's office through the medium of the Hne
wire 28. )

The apparatus et the dispatcher’s office, only
2 small portion of which has been illustrated con-
venticnally, includes & code recelving relsy OCR
controlled over the line wire 39, & slow dropning
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repeater relny ODC which sssumes its energ:
position 2o long &8 & code is belng recelved by
code recelving reiay OCR but which relay O
sufdciontly stow dropping o a3 nob o follow

impnizes of the esde. This relay ODC s ¢
trolied through o front contact 95 of the ¢
recaiving relay CCUF and through the mediun
its fromt contact 85 conirols the relay K looe
at the check-polas stetion CPS. This dispat
er’s office eode receiving relay OCR ig also t
vided with & front contact 87 which is ineln
in the circuif of the line wive 58 snd through

medium of relay OCRP andg its beck contact
conirols the check-polnt radic transmitting

paratus CPT so 83 50 reiransmit & code from

check-point station $o the alrplane 8ying ¢
that stztion and which is in communication w
such statlon by having the scenning appars
in correspondence with the altimeter Indicat
on thet parilcular alrplane, This code consist
radio “off” periods created by the back contaci
of relay OCRP removing ione energy from

frangmitier. These “0X” pericds of the relay
are indicated by the graph 82 in Plg. 2 of
dravwings, .

Time chori~Betore the operaticn of the ap
ratus Hlustrated in PFigs. 14 and 1B can be ¢
sidered to advantage step by siep, 1t is belleved.
sirable {0 have an undersianding of the mean
of the time chart Hlusirated in g, 2 of the drs
Ings. In Flg. 2 distances from left to right el
horizonial lines reflect lapse of time, whereas"
verious straight and notched graphs illustra
represent the condition of the particular appa
tus. For Instance, the heavy line 50 illustra
thaf the contact arm 20 of the sliitude scani
AB is in engagement with the staticnary cont
8 whereas similer heavy Unes §i, 52, 53, 56 a
88 represent engagements of stationary conta
8,2 8 4 and § by this votatable scanning e
tect 28. The narrow line 49 incicates that
scanner A8 is in stationary locked condition &
ing the time reflected by the length of this If
The straight lines 66 and 57 illustrate periods
energization of the coding motors M8 and M2
spectively., The short deshes such ss 58 and
slpnify thet the coding contacis 8, CF and
respectively are closed. ‘The graphs 82, 63, 64,
63, 87, 75, 7Y, 73, 82, 96 and 87 shown on Fig
of the drawings represent the conditions of ¢
ergization and positions assumed by the vark
relays the reference numbers o which are g
clated with these graphs. A rise in the curves
lustrated by these relays indicates that the re
is operated from its deenergized o its energl:
postilon whereas a drop in this graph indica
thel the relay 1s moved from its energized to
deenerglzed position. The degree of retarc
dropping of the relays is indicated by the ti
required for e graph to drop to iis lower po
tion. Im practice the relay TRPP is much m¢
slow dropping than indlcated, the chart not !
Ing longz enough to show the actual time of abc
one-half minute required for this relay to dr
With this understanding of the timne chart t
operation of the system may now be considered.

Operation~—Let us gssume that the sopara
Is In its normal condition with the lnck mag
LR deenergized and with the scanning motor |
rotating the contact arms 20 and 28. Ac {
scanning motor Mi rotates these arms 20 a
24 all of the altitude relays 42-A%5 will remain
thelr deenergized positions and the check-vo
iransmitting appsratus transmits success
weves of modulated radio frequency, the ene
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sf which is derfved through the back contact £2
3¢ the relay OCRP. Thease pulsss of radio carrier
‘requency energy have superimposed thereon,
hat is, are modulated by fone freguencies gen-
srated by the tone generstors 8T to 9T inelusive,
sne &t 2 time. That is, a tone pulse correspond-
ng to tone generator 27 is frsy emitbed by the
intenna AT superimposed of course upon the
sarrier frequency, which is then followed by tone
sulse § and then by tone pulse 4, and so on un~
t1 gll of the tone pulses 2 to § have been trans-
nitted, after which this cyele is repsated.

f.et us now sssume that the airplane Plane
(see Fig. 1A) gets within the range of the radio
seam transmitted by the entenna AT, 16 being
mderstood that the radio frequency is such end
‘he antenna so designed thai this radiabion of
radio waves by the antenna AT is directed main-
ly upwardly through & lmited sogle of spraad
s0 that an airplane must be simost directly over
the check-point in order to respond to the ra-
diated energy. Thst is, in practice, the airplane
remains in communication with ¢he check-point
abpparatus only for about one-half minute during
its flight over tha check-point.

Tet us now assume that the sirplane Plane is
Alying at an aititude of 2000 feet and that its
altimeter contact {7 is in engagemeni with ste-
tionary contect 2 of the aitimeter ALM. Under
this condition the sirplane receiver FR is re-
ceptive only if radio waves of the proper {re-
quency are emitted by the antenna AT! and
then only if they are moduleted at the rate of
modulation effected by tone generator 2T. On
the next rotetion of the scanning contact 28 when
it reaches the stationary contact 2 of the altitude
scanner AS, the energy trensmitted by the trans-
mitter CPT through the medium of the anienns
ATI to the receiver PR will cause the relay TR
carried by the airplene Plane to pick up and by
the closing of its front contact 88 closes an en-
ergizing eircuit for the motor M3. This causes
the motor M3 tc operate and close a stick circuilt
for the stick relay TRP including the commuta-
tor contacts PC{ and stick contact 7§, Rotation
of the coding cam PC3 in a. clockwise direction
results in the closure of contact {8 of the air-
plane transmitter T which resulis in the trans-
mission of radio frequency energy impulses from
the antenna AT3 to the anitenne ATH resuiting
in the picking up of the relays CR and SR. The
picking up of the relay SR closes its front con-
tact §3 therchy energizing the lock relay LR and
causing the lateh wheel LW to be held in its
contact 2 position by the latch 2, in which po-
sition the rotary arm 20 still engages the sta-
tionary contact segment 2 of aititude scanner AS.
Energization of the jock magnet LR by the open-
ing of its contact 22 of course deenergizes the
cluteh magnet CM and removes the application
of torgue to the scanning shaft 22. It is thus
seen that the check-point apparatus continues
to transmit radio frequency energy modulated
at the same rate as before from the transmitter
CPT to the receiver PR on the airplane.

Referring now to Fig. 2 the picking up of the
relays TR and TRPP on the airplane is indicated
by the rise in graphs 62 and 83 whereas the pick-
ing up of the relays CR and SR and the ener-
gization of the lock magnet Li is indicated by
the rise in graphs 84, 85 and §6, respectively.
The relay CR will of course follow the code trans-
mitted by the coding cam PC$ and this code
consists of four impulses foilowed by three im-
puises followed by two impuises as indicatsd by

pilis

st
&

29

26

30

35

40

o

30

G0

75

» PCI reclose.

@

the humps on coding wheal PCS and by the
deshes 38 im Fig. 2 of the drawings. This code
receiving relay CR then vepeats these impulses
4—3—2 through the medium of its coniact 86
by intermitient energization of the code vecelv-
ing relay CCR located In the dispatcher’s office
DO. It will be seer that this code recelving re-
lay OCR through the medium of its fron; con-
tacts 47 will cause the received code to b re-
transmitted to the 2irplane by the intermittent
energization of the relay OCRP and the inter-
mittent opening of its back contect 48, which
contact 48 feeds tone energy $o the radic trans-
mitter CPF. In other words, as indicated by
graph 2 in Fig. 2 of the drawings the code trans-
mitted by the airplane o the office is repeated
back to the airplane by an “ofi” period for each
“on’” period of the ground located relays as shown
by graphs 84, 15 and 82 repressnting the velays
CR, OCR and OCRP in Fig. 2 of the drawings.

Let us now observe more specifically how the
coding motor M8 on the airplane is energized and
how it is deenergized after the coding cam PC3
has made one complete revolution. Relerring
to Pig. 1A the original picking up of the relay
TE causes energy to be applied through the me-
dium of its front. contact 58 through & circui$ in-
cluding the motor M2 and the front contact 8
of the relay TRP. As soon as the coding shaft
has turned through s small angle, and before
the slow dropping relay TRP has had an op-
portunity to drop, the commutator contacts PC{
and PC2 are both closed thershy closing a stick
clrcuit for the relay TRP including the contact
PC4 and also including the sticlz contact 71 of
the relay TRP. The motor M3 is now alss &n-
ergized through another or auxiliary circuit ln-
cluding the fromi contact 78 of the relay TRP
and including the commutator contact PCE.
This auxiliary circuit for the motor M2 is pro-
vided so as o cause continuous operation of the
‘motcr M3 in spite of intermittent deenergization
and dropping of the relay TR.

The relay TRPP is energized each time thst the
relay TR is picked up and is alsoc energlzed so
long as the motor M3 is energized, so that this
relay TRPP will assume its energized position as
soon as the coding motor M3 is initiated Into
operation and will remain either continuously or
intermittently energized until the relay TR is
permanently deenergized. This relay TRPP is
so slow dropping that it will not drop its contacts
after complete deenergization of its windings un-
til about one-half minute of time has elapsed.
In practice this cannot be readily done by @ re-
iay of the ordinary construction snd & special
timing relay including a dash-pot or other suit-
able time delay means may be employed, if de-
sired. When the motor M3 has operated the
coding wheel PC3 through its entire revolution
the stick circuit for the velay TRP is broken at
the ecommutator contacts PCY thereby causing
deenergization of this relay TRP and csusing de-
energization of the motor M3 before the contacts
The reley TRP will not zgain be
picked up until the slow dropping relay TRFPP
has assumed its deenergized position, which re-
quires about one-half minute, this by reason of
the fact that the pick-up circuit for the relay
TRP includes the back contacts 13 of the relay
TRPP and 74 of the relay TR in series. In prac-
tice, as siready pointed out, an airplane is nof
within the radiating range of the ifronsmitier
CPT at s check-point for more than about & half-
minute and since the slow dropping relay TREP
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requires about & hali-minute period to be oper-
ated to its deenergized position the sirplane ap-
paratus of a8 particular alrplane can only get into
commmunication once during = flight over & check.
point radio transmitter.

Referring again {0 Fig. 2 of the drawings time
has now elapsed as indicated by the nine dashes
§8 representing the airplane identifying code and
this code has not only been transmitted to the
dispatcher’s office as indicated by the jogged graph
84 slgnifying the operation of the relay CR and
recelved at the dispaicher’s office as {llusirated
by the jogged graphs 18 and 82 illustrating the
operation of the code receiving relays OCR and
OCRP located In the dispatcher’s office and check-
point respectively, but has also been retransmit-~
ted back to the alrplane as indicated by the
jogged grarh 82, signifying the operation of the
relay TR constituting part of the receiver PR lo-
cated on the airplane Plane. This code is re-
peated inte the piiot’s earphone PHS through the
medium of contact {5 of the relay TR.

Referring again to Fig. 2 it will be observed
that altitude relay AZ has now been energized as
Indicated by the graph 87 and that the picking up
of its confact 28 has caused deenergization of the
relay AP. However, by reason of its slow drop-
ping characteristic, as indicated by the shaded
portion of the graph 77, this relay AP has nei yet
assumed its deenergized posltion. Dropping of
the stick relay TRP has, however, taken place
and this is indicated by shaded portion of the
graph 7B of Fig. 2 of the drawings. In regard
to the picking up of an altitude relay, such as the
relay 42, thig relay i3 sicw to pick up, as con-
veniently Indieated, and will not pick up during
rotation of the contact arm 28 but will plek up
if this contact arm stops on one of the station-
ary contact segments,

As thus far described the check-point located
apparaius CPS has scanned the ares directly
above this locaiion, and has found an airplane
flying at the 2000 foot altitude, causing the scan-
ner to stop on the contact segment 2 and resuli-
ing in the reception of radio waves by the alr-
plane having & tone signifying the 2000 foot aiti-
tude superimposed thereon. This resulted in the
lock megnet LR being magnetized which caused
the apparstus on the alrplane Plane o transmit
a plane identifying code consisting of four im-
pulses followed by thres impulses, followed by
two impulses end the coding apparstus on the
alrplane has completed its cycle end has again
been brought to & stop,

Ag already poinied out the relay AP is very
slow dropping, as indicated by the heavily shaded
portion of line 77, sand was held up throughout
the eatire transmission of the sirplane identify-
ing code to the dispatcher’s office and back to the
airplane. This relay AP has now reached its
deenergized position as & result of which its back
contact 27 has completed an energizing circuit
through the motor M2 and including the frong
contact 33 of the stick relay APP. As soon as
the motor 32 has operated ihe coding shaft 80
through & small angle & stick circuit for the re-
lay APP iz clesed including the back contact 27
of the relay AP, the commutator contact CPC
and the stick contact 28 of this relay APP. The
motor M2 wiil now continue in operaticn until
the coding shaii 88, driven through suitable gears
(not shown), has completed one complete revo-
lution at which point the stick circuit for the re-
lay APP is broken at the commutator coatact
CPC. During this revolution of the coding shaft
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80 the radio fix coding cam CPF, for identify
the radio fix or check-poing ot which it is Iocal
will trensmit code eclements to identify ¢
check-point, which consists of four pulseg in

present instance. This is followed by a series
pulses identifying the altitude at which the s
plane is fiying, which in the present instance ct
sists of two pulses, will bz transmitted by
coding cam CP2Z hecausz the sliitude relay

now assumes the energized position and all
the other altitude relays AS-A8 assume thelr «
energized positions,

It will be observed that the humps on the c¢
ing cam CP2 do not overlap with the humps
the coding cam CPF se that the four impul
created by the cem CPF will be followed by t
two Impulses created by the coding cam CP2. T
code will cause intermittent picking up andg drc
ping of the code {ollowing relay OCR in the d
patcher’s office 0 through & circuit which m
be traced from the positive terminal of g sow
of current through back contact 28 of the rel
AP and through the comiact CP controlled
the coding cam CFP and ihrough & multi
branch circult alse including this back cont:
28 of relay AP end front contact 25 of relay
and further including the contact C2 of the cc
ing cam CP2 and from there on these two multi
circuits converge Into one circuit including t
line wires 87 and the code following relay K
located in the dispatcher’s office. This code co

. sisting of a group of four impulses identifyi
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the radio fix, followed by a group of twe impul
identifying the altitude at which the airplane
fiying, is indicated by the dashes 59 in Fig. 2
the drawings. It will be obszrved that these cc
impulses result in corresponding picking up a;
dropping of the relays OCR and OCRP as shoy
by the graphs 75 and 82 of Fig. 2 and is also i
dicated by corresponding “off”” periods in the e
ergizing circuit for the relay TR as indicated
the graph 62 in ¥ig. 2 of the drawings.

Referring to Fig. 1B it will be observed tk
the code transmitted from the airplane to the d
patcher’s ofiice and consisting of an girplane ide
tification code cannoi overlap or interfere wi
the code transmitted by the coding cams CI
and CP2 because the first of these codes is trar
mitted through a circuit including the front co
tact 28 of the relay AP whereas the second me
tioned code is {rensmitted through s circuit i
cluding the contact 28 in ifs deenergized po
tion.

Referring now to the graph 86 in #ig. 2 of ¢
drawings, this graph shows that the relay OI
was picked up in response to the first code i1
pulse transmitied to the dispatcher’s office
manifested by the relay OCR and was not dropp
until the last element of the complste code h
been transmitted, and that the relay ¥ controll
by this relay ODC repeats this same operation
the check-point location., This is shown in Fig
by the graph 87. By referring to Fig. 2 it will
cbserved that the apparatus at the check-poi
and on the airplaene is not retwned $o its nc
mal condition immediately after the entire co
has been retransmitteq to the airplane ev
though the apparatus located in the dispatche
office is. This is due to the fact that the ps
ticular altitude code which was assumed to ha
been transmitted was a two-impulse code sigr
fying an altitude of 2000 feet and for this reas
the coding shaft 88 had not completed its rot
tlon and this idle rotation of the shafi 89 is inc
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sated by the dois 6§ asscclated with the dasghes
38 in Pig. 2 of the droawings.

Upon completion of the rotetion of one revoiu-
tion of the shaft 88 the sticlk ecireul$ for the relay
APP is broken and this relay AFPP nssumes Its
deenergized position as Indicated by the drop in
the greph 88 in Fig. 2 of the drewings. Dropping
of the reley APP results in the interruption of the
stick elpenis for the lower winding of the relay SR.
Relay SR then essumes ito deencrgized position
18 indicated by the sbhaded pars of grepk €5 in
g, 2 of the drawings. The dropplng of the relay
3R is foilowed by the dropping of the lock magnet
LR and in the restarting of the rotation of the
icanning sbhaft 2.

Ap soon 28 the sesnnlpg contact 20 leaves the
Arzcd comtact 2 (end of graph 48, Fig. 2) radio
sransmission with the proper tone superimposed
thereon from the checkepoint locstion to the
arplane is discontinued. This causes deener-
zization of the relsy TR on the airplane as indi-
cated by the shaded portion of the graph 82 in
Flg, 2 of the drewings. TFor cbvicus reasons the
altitude relay A2 will also be deenerglzed because
its circuit is broken at the rotary contect 24 of
the seanning mechanism, AD, and this 15 shown
by the shaded poriion of graph 07. As scon a3
the altitude relay A2 assunes itg deenerglzed po-
sition an energlzing clreult for the relasy AP s
slosed at bhack contaet 28 of the altitude relay
A2 thereby causing the relay AP o be reenergized
and pleked up as Indlested by the rise in graph
iT neer thie right-hand noriicn of Pig. 2 of the
drawings., The picking up of the relay AP re-
sults in the closure of an énergiziog clrcult for
the relsy APP g3 indicsied by ths vise in the
zraph 86 near the right-hand end in Jig. 2. De-
snerglzation of the relay TR as indleatzd by the
shaded portion of the graph 82 in Fiz. 3 of the
drowings resulfs in the toirl desnergization of
ihe winding of the repeater reloy TRPP and after
3 lapse of time, as coaventlonally lndiceted by
the shaded porétion of graph 68 In Fig. 2 of the
irawings, this reisy TRPED assumes s fully re-
sracted position, af whickh point in the opera-
sion of the system fhe relay TRE is reenergized
to its novmal position os indizaied by the rise
in the graph 78 near the right-hand end of ¥ig. 2
3f the drawings. .

‘The apparaiis has thus been operated through
e complete cycle of operation which was evi-
jenced by the siopping of the zecanning mechsn-
ism, by the roiation of the coding mechanism
i the girplape through one complete revolu-
don, followed by o complets revolution of opera-
Aown of the coding sheds 86 snd ssgociated mechs-
zm logated on the ground ob the check-point or
adio Ax under consideration, by the trensmis-
idon of an answer-back message and in the re-
sgtm’t»mg of the scenning mechanism into operg-
dom.

Althoush 36 has not been shown spectfesliy
aercin how the informetion tronsmitted to the
Hspateher’s ofies Ig 40 be used, thet is, whether
it 15 to conirol specicl opparatus or indicalors
»i whetheyr the code is 0 he sudibly Interpreted,
it should be understocd $that the codes may be
Zecoded by decoding apparstus DU inciuding o
sircuft clozed in response to the proper code to
momentarily energize o selay. This reley mey
snen be used to display o vicus! lndiealon, pro-
iuce an sudible ddognel or cuncsl o dispicyed sire
ione fight indicolion, of sysiemis such ag dise
sioced in the pricr oppll of Wichs, Zer.
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No. 2,344,759, granted March 23, 1€
and Fleld, Ser. Wo. 454,455, Aled Auguse
now Patent No. 2,344,760, granied March

The sdvantage in repeating the informetion
transmitted to the dispateher's office back to the
airplane resideg in informing the piloy automet-
ically and deflniiely thei he is passlug over &
particular redio fix. It aiso enables che pilot to
recheck the information transmiticd to the dig-
patcher’s office a3z to his identily and the elti-
tude he iz then fAying.

The spme operation just described for
plane sssumed to pass over o particuisy ground
station Mustrated ab an acsumed e of 26C0
feet, will oceur 12 some oblier oirpla 2
this ground station gt any one of ¢
ritudes, It will sometimes nmpppen, nord
at the epproach to alrports or cther gwo
tions where there is dense traiic, $hat o 3
of airplanes dying ot diffzrent alil
over the same ground statiopn at ennctl;
stantially the same time. In the gyste:
invention, when thiz cccurs, gach of
planes will make its repory when the 5¢
vice assumes the position correspond:
altitude af which that aliplane is
quently, each one of the plursiity of
passing over the ground stabion a8if ado
same tlme will report ithelr passsge ot
time in turn end in a szquence deters
thelr respective altitudes. In thls connect]
is contemplated thet the speed of thne scanning
operation and the time an alrplanes will be
the influence of & ground station tr
eguipment wiil be chosen so that the ¢
scapning and report operation for the number of
airplgnes lkely 1o pass the ground station at ex-
actly the same time wili occur |§ than the
time these planes wili bz within influence
of the ground station caulpment. sy BE el
pected that & small number ¢f sirplanes are likely
to be exactly over esch oiher while passing over
the ground station at difersnt eltitudes; end
when and where the alrplenes pass over the
ground station in succession, there is smpls time
for the passage of each of these airplanes {0 bhe
reported hefore the next alrpisne gets oub of the
contrel zone shove the ground station.

The applicants have this shown one embodi-
ment of the presens invention which illusivaises
apparatus for transmitting by radic & code {rom
only one of & plurality of sivplanss Aying over »
check-point ot the same time providing thaj these
airplanes 7y ot differant aliitudss, This oppero-
tus is capeble of transmilting such code through
apparatus located af the radio 8% or chech~poing
location through line wires, resuliing
trensmission of the same code back ik
paratus located et the chech-poln
paratus located on ithe airpla:
a2iso Includes mesns for heving this enswer-backs
code applied to the pliot’s regular recelving an-
paraius sngd heod-seb which is used for ecsrrying
om direct radio communication hatween the pllot
and the disnatchey. Althousgh the appacaius dis-
closed employs o plurality of line wires belbween
the check-polnd location ud the dspatcher’s
office it showdd be understood that this porticuler
construction has been resorted %o 6o chow cre
manner in which the code may we transmitted &
the dispatcher’s office end through :
of which an aucwer-beck oode m
mitted, but it shourld be undersico
transmisslon mey be sorvied on §F
dgawn of p slugle Hne wive and
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sponsive, code repeating, and decoding appara-
tus and that if desired this may be accomplished
through the medium of a radio communication
system. It should alsc be understood that 1f de-
sired the answer-back code may be transmitted
directly to the pliot without going through the
radio transmitting spparatus located et the
chieck-point or radio fix location. .
It should also be undersiood that, if desired,
instead of having the airplane receiver PR ren-

dered responsive only to radio transmission of & .

particuler radio frequency modulated to a par-
ticular tone that this response may be through
thie medium of particular radio frequencies alone
and irrespective of tone current modulstion. The
tuning of the receiving appsaratus PR would be
accomplished in this case through the medium
of a contact similar to the contact 17 on the altl-
meter. In other words, instead of using one radio
carrfer frequency and a plurallty of tone fre-
quencles & plurality of radio carrier frequencies
without having s tone frequency superimposed
thereon may be employed, if desired. Since the
conventional showing would be the same no addi-
tional drawings are deemed necessary.

The applicants have thus shown and described
one particular embodiment and slight variations
of their invention and one manner in which their
invention may be employed, and have disclosed
this invention in a more or less conventional man-
ner. It is therefore desired to be understood that
this has been done because radio communicating
apparatus is well-known in the art and detalled
circuits and apparatus including amplifier, recti-
fier and detector tubes are so well known in the
ar that specific disclosure thereof is considered
and believed unnecessary and it should be un-
derstood that the particular apparatus shown and
described has been selected to show the nature
of the invention and has not been {llustrated to
show the exact construction preferably employed
in practicing the invention and it should be un-
derstood that various changes, modifications and
additions may be made in practising the inven-

tion so long as these changes come within the -

scope of the following claims.

What is clalmed as new is:

1. In combination with ground station located
radic transmitting apparatus, of means oper-
atively coupled to sald radio transmitting appa-
ratus for successively emitting radio beams char-
acterizing different altitudes, airplane carried
radio receiving apparatus having tuned means
adjusted to respond to such radio beams one at
a time, and altitude responsive means operatively
coupled to said airplane carried radio receiving
apparatus for adjusting said tuning means of
said radio receiving apparsdtus to respond only
to a radio beam charscterizing the altitude such
airplane is flying at at that time.

2. In combination with ground station located
radio transmitting apparatus, of means opersa-
tively coupied to said radio transmitting apps-
ratus for successively emitting radio beams char-
acterizing different altitudes, airplane carried
radio recelving apparstus having tuned means
adjusted to respond to such radio beams one at
8 time, altitude responsive means operatively
coupled Yo sald airplane carried radio receiving
apparatus for adjusting said tuning means of
seid radio receiving apparatus to respond only to
a redio beam characterizing the sltitude such
alrplane is fiying at at that time, and means to
cause said radio transmitting apparatus to con-
tinue for a lmited time to emit o radic beam
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ié
characterizing & particular altitude if the alr-
plane carried radjo receiving apparatus has been
adjusted by sald altitude responsive means to
such altitude adjustinent snd hes responded to
the Initial redio beam characterizing such alti~
tude.

3. In combination, & central office, s ground
station, an airplane carried apparatus, code cre-
ating means included in such airplane carried
apparatus for transmitting by radio a code iden-
tifying such airplane, code creating means at
such ground station having its operation gov-
erned by transmission of said airplane identify-
ing code for generating a code identifying such
ground station, communicating means controlled
by said code creating means for transmitting
both of such codes over Hne wires to said cen-
tral office in non-overlapping succession, and
radlo communicating means for retransmitting
over & distinctive channel both of said codes from
said ceniral office to sald airplane carried sp-
paratus,

4. The combination of interrelated radio trans-
mitting apparatus at & check point ground sta-
tion and radie receiving apparatus carried by
an alrplane, interrelated radio transmitting ap-
paratus on said sairplane and radio receiving
apparatus at sald ground station, of means in-
cluding the radio transmitting apparatus at said
ground station for successively emitting radio
beams characterizing different altitudes, airplane
carried altitude responsive means for adjusting
the airplane carried radio receiving apparatus to
render it responsive to a radio beam emitted by
the ground station located radio transmitting ap-
paratus characteristic of the sltitude the air-
plane s flying at ai that tlme as manifested
by such altitude responsive means, means re-
sponsive to the reception of a radioc beam ini-
tlated by said airplane carried radio receiving
apparatus and emitted by the airplane carried
radio transmitting apparatus and received by
the radio receiving appsaratus at said ground sta-
tion for causing the radio transmitting apparatus
at such ground station te continue to transmit
the last transmitted radio beam for a predeter-
mined period of time, and means on said airplane
for transmitting information to such ground sta-
tlon identifying said airplane through the medium
of the radio transmitting apparatus on said air-
plane and the radio receiving apparatus at said
ground station during said period of time.

5. The combination of interrelated radio trans-
mitting apparatus at a check point ground sta-
tion and radio receiving apparatus carried by
an airplane, interrelated radio transmitting ap-
paratus on said airplene and radio receiving ap-
paratus at saild ground siation, of means includ-
ing the radio transmiiting apparatus at said
ground station for successively emitting radio
beams characterizing different sltitudes, airplane
carried altitude responsive means for adjusting
the sirplane carrlied radio receiving apparatus
to render it responsive to g radio beam emitted
by the ground station located radic transmitting
apparatus characteristic of the sltitude the air-
plane is flying at at that time as manifested by
said altitude responsive means, means responsive
to the reception of & radio beam initlated by said
alrplane carried radio recelving apparatus emitted
by the airplane carried radio transmitting ap-
paretus and received by the radic recelving
apparatus at said ground station for causing the
radio transmitting apparatus ot such ground sta-
tion fo continue to transmit the last transmitted



2,081,166

Pl
o beem for e predetermined period of time,
ns on ssid eirplene for transmitting Infor-
lon to such ground stetion identifying said
lzne through the medium of the radio trans-
ing apparatus on said airplane and the radlo
tving apperatus &b said ground station dur-
such predetermined fime, and means 2t sald
ind station for through the medium of said
mg station located radio transmiiting appa-
s and said eirplane carried radio recelving
aratus transmisting informstion identliying
ground station,
T combination, o ground station located
6 trensmitting apparatus, & ground station
ted radio recelving sppaeratus, sirplate car-
- padio vecelving  apparatus - angd ajrplane
1ed radio transmitting gpparatus, of means
ratively ssscclated with saeld ground stetion
ted radio tramsmiiting apparatus for . caus-
such spparatus to successively emit space
lations eseh characieristic of s different alti-
s, pirplane corried means including sald air-
e carried recelving apparaius for cousing the
ratively = associated airpiane carried space
iation iransmitting epparatus to transmit a
ce radiation when the operatively assoclated
slane cerrled radie réeeiving apparatus Te-
res g space radiation characteristic of the alti-
e the airplane is then fiying at, and ground
ited code communicating spparatus for trans-
ting to & distant point & code characteristic
that altitude in response to the recepilon of
ce radigtion by the ground located radio re-
ring  apparstus from -such airplane carried
io trensmitting epparabus.
o in g system for sutomsetically reporting the
sage and identlty of alrplanes fiylng over a
und station: eguipment on eszchr airplane in-
ding radio transmitiing means, a cede send-
device and means coupling them together sc
to when rendered effective transmit a radio
e signeal identifying that sirplane; receiving
aratus gt g ground station responsive 1o such
Ho code signal for when raceived communicat-
' that code signsl to o distant control ofiice;
1 means partly at sald ground station end
‘tly on each of & plurality of pessing airplanes
i including the trousmiiting means on such
rality of airplanes snd sald recelving appara-
. for rendering sald equipments on sald alr-
nes effectlve only cone gb a time in g sequence
:d by the respective sititudes of ssid airplenes
that time.
l. In & system of the chavacter described for
jorting the passsge of airplanes over g ground
tion: transmitting meens st the ground sta-
n normally radiating in ¢ limited ares over
d station & carrloy frequency heving distine-
e tone modulations reisiing to different alti-
jeg sutomatically applied thereto successively
2 at @ fime: means on 2n airplane including o
1io receiver, o radio transmitter and an sltim-
v means for trensmitting on & different fre-
ency a reporing signsl for & Hmited time oniy
the modulation of the cerrier {requency radi-
:d by said ground siation trensmitting means
rresponds with the altitude af which that air-
wne is then Sying o8 menifested by said slélm-
or means; end means including radio recelv-
1 equipment st the ground station responsive
said reporting signsi and iacluding communt-
ting apparatus for automatically cormmunicat-
z to g distant control ofice on indication masi-
ting the passage of such airpione af such
itude,
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9. In & system for sutomaticslly reporting to a
distant conirvol ofice  the passage of alrplanes
over g ground stetion, iransmitting means at
the ground station normally operating to radlaie
upwardly throughout s zone of lmited extent a
plurality of radio beams of distinctive character
one gt & time in succession to designate differsnt
altitudes, radlo receiving apparatus on each air-
plane gutometically adjusted to be responsive to
only one of said yedio beams having the charac-
ter corresponding with the altitude at which that
sirplane is then flying; = radic frequency trans-
mitter on the slrplane having its operation
initiated by the responsz of sald receiving ap-
poratus for radisting for g lmited time g re-
porting signel, and means at the ground sta-
tion responsive to said reporting signal, whereby
a plurality of airplanes that may be passing over
g ground station st different altitudes will re-
port thelr passage one &} gz time as the ground
station frensmitiing means successively: creates
the radic beams of thes distinctive characters
corresponding  with the respective altitudes at
which these alrplanes are fiying.

10. A system for reporting the identity and pas-
sage of airplanes over g ground station compris-
ing, transmitting means st the ground station for
radiating over an ares of limited extent above
the ground station s plurslity of distinctive radio
beams relating to different alfitudes one at g time
in succession, & radic rzcelver on each airplane
for operating en electro-responsive device, means
including an altimeter for controlling seid . re-
celver to cmuse operation of. the eleciro-respon-

% slve device only ln responsz to one - distinctive

radio besgm corresponding: with the zltitude at
which the airplane is then flying, means on each
airplane including s radic transmitter and a
coding device having its operation initiated by
said electro-regponsive device for transmitting for
z Umited timne a reporting signel including an air-
plane identifying code, and means at said ground
stetion for recelving sazid reporting signal and
transmitting it ¢o o distant control ofiice.

11, In o system {or sutomasatically reporting at
iistant point the passage of airplanes over &
ground stetion, radlo transmitiing means at the
ground station necluding ¢ seanner device nor-
melly radiating upwardly over 2 imited area &
plurality of initisting radio beams of distinctive
characters relating to different altiiudes one at a
time In sucecession, & normelly insctive radio
transmitter on each airplane operable when set
into operation to send autcmsatically a reporting
signal for o lmited time, means on the zirplane
for initiating operation of sald transmitter in
response to the reception of an initiating radio
heam having the character corresponding with
the gltitude at which the airplane is then flyving,
end mesy:s b the ground station responsive to
a2ald reporting signels for trensmitiling to a dis-
tent point s code slgnel conforming with the
position of the scanner device at the time a re-
porting signal is recelved, whereby the altitude
of sach pessing alrplane is communicated to the
distant control point.

12. In an sutomeatic alrplane reporting system
of the cheracter described, trensmitiing appa-
ratus st & ground staticn including & rotary
scanner normailly operating to radiate upwardly
over o zone of limited ares a carrier wave modu-
iated with & plurslity of distinctive tones one at
a time as the scanner rotates, means on an air-
plane including an altitude detecting device for
sending o rodio signal on e different {requency

4 .
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only if soid cerrler wave iz then modulated with
o tone corresponding with the altitude at which
the airplene ia then flying; and mesans at the
ground station respousive to seid radio signal
for stopping operation of the rotary scanner for
& Umited time.

13. In a system for automatically reporting the
rpassage of alrplanes over g ground statiop, radic
transmitiing means at the ground station for
radiating upwardly over & Hmited ares 8 radio
carrier wave, scanning means for autometically
epplying distinctive tone modulations to said
sarrier wave for different altitudes one at a time
in rapld succession, means oa each airplane in-
cludlng 3 normslly inactive radio transmitter
operating at & different freguency from sald car-
rier wave end responsive o the reception of the
pardicular modwlation of sald carrier wave cor-
responding with the altitude at which that afr-
plane ia then fying for sending & reporting signal
to the ground siation, means controlled by the
reception of said reported signal at the ground
station for discontinuing for a lmited time oper-
ation of sald scanning means and the change in
the mocdulntion of the carrier wave, and means
responsive to sald reporting signal for communi-
cating to s distant control ofiice & code corre-
sponding with the modulation existing upon re-
cepiion of a reporting signal and representing the
altitude af which the airplane giving such report-
ing signal passed over the ground station, »

14, A sysiem for automatically reporting the
passege of airplanes over a ground station com-
prising, transmitting means at the ground sta-
tion normally operating to radiate upwardly over
B Bone of limited area each one of & plurality of
radio beams of distinctive character in succes-
slon relating to different operating aititudes for
alrpianes pessing the ground station, means on
each sirplane sct into operation by the reception
of a radio beam having the character correspond-
Ing with the sliitude st which thst airplane is
then dving for transmitiing a radio reporting sig-
nal {o the ground ststion, a coder at sald ground
station operable {o transmit e code representing
the altitude of the alrplane causing such report-
ing slgnal, and mesns associated with sald ground
station and responsive to gald reporting slgnal
for aufomatically Initlating operation of said
ceder snbl for governing sald transmitting means
10 prevent o change in the charecter of the radio
beam belng rediated until after sald coder oper-
ation haes been completed.

15. A system for reporiing to & distant control
office the passage ¢f girpianes over a ground sta-
flon and thelr altitudes comprising, transmitting
means af the ground station including a scanner
device for normally radiating in succession each
one of g plurality of radio bzams of a distinctive
character, means on the airplane scting auto-
matically ¢ send a radio reporting signal only
when the character of the radio beam being ra-
diated In accordance with the position of sald
seanner device corresponds with the altitude at
which gaid alrplane is then fiying, a coding device
at the groungd station operable to send any one
of 5 plurality of distinctive altitude codes to a
distent comirel office, and means at the ground
siation resmonsive to the reception of ssid re-
porting slgnal for temporarily stopping the oper-
atlon of seld scanner device and for initiating
operaidon of said coding device to send to the
distant control office an altitude code correspond-
ing writh the existing nosition of the scanner de-
vice,
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16. In a system for reporiing the passege of
alrplanes over ground slations, radio transmitting
mesng on each airplene including o device fos
creating & code signel distinctively identifying
that airplane, & code sending device for eack
ground station operable o c¢reate a code char-
atteristic of that station, and means partly on
the airplanes and perily associated with said
ground stations and responsive to $he reception
of an airplane {dentifying code gt o ground sto-
tion due to the passage of an airplane by said
station for repeating that code over line wires
to & distant control office and for thereafter ini-
tiating operation of the code sending device at
that ground station to send teo said control ofice
the ldentifylng code for that ground station.

17. In ¢ system of the character described for

- automatically reporting the passage of airplanes

over g ground fix, redio transmitting meens at
the ground station normelly scting to radiate Uup=
werdly over a zone of limited ares an initiating
space radiation, en sirplane carried radio recelver
responsive to sald initiating space radiation when
such alrplane flies over thz ground Ax, means
on each airplane Inciuding a radio transmitier
opereting at a different frequency from said space
radiation for sending s reporting signal of limited
duration to the ground station, said means in-
cluding means for csusing the radio recelving
apparatus on the airplane which is responsive to
sald initisting space radiation to initiate opers-
tion of said transmitter, and means at the ground
station including g coding device and automati-
cally set into operation by the reception of a re-
porting signal for sending §o & distant control
point & series of cods pulses identifying the
ground station and also imterrupiing the opera-
tion of seid ground station transmitiing means in
accordance with such code, whereby the alr-
plane receives g code identifying the ground sta-
tion ab the same time the passage of such sir-
plane is automatically reporied to o distant con-
trol office,

18, In combingtion, airplane carried radio
transmitting apparatus, ground siation located
radio recelving apparatus, sirplane carried means
including seid radio transmitting apparatus for
trensmitting to seld ground station located radio
recelving apparatus information disclosing the
identity of the alrplane earrying such transmit-
ting apparatus, and radio transmitting spparatus
at sald ground station end radio receiving appa.-
ratus located on such airplane for retransmitting
to such airplane said Information as received at

; sald ground station and also iransmitting addi-

tlonal information as to the identity of such
ground stetion to such airplane.

18. In combinatlion, a ground station located
radio transmitting spparatus, & ground located
radio recelving apparatus, airplane carried radio
receiving apparatus, sirplane carried radio trans.
mitting apparatus, means inciuding s rotatable
shaft normally rotated snd operably associated
with sald ground station located radio transmit.
ting epparatus to cause such appsraius to suc-
cessively emit space rediastions of different chag-
acters one at & time each charscieristic of & fiying
sltitude for passing airplanes, en electro-magnet
for at times holding sald shaft at stop, means
governed by saild ground located radio recelving
apperatus for controiling sald electre-magnet to
bring sald shaft to 2 stop and to thereby continue

" temporarily the then transmitted space radiation

[

characteristic, means on the airplane governed by
gald airplane carvied recelving apparatus and

@
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rvendering sald alrplane carzled transmitting ap-
paratus. ective when o speoz roadietion chavgce
‘teristic of the sxisting eititude of said 2irplans
is zecelved, mesng op2rably gssecisted with sald
ground statioz loceted rodie iransmitiing appa-
ratug for causing the temporerily continued space
radiation to be coded to o code identifying that
ground station, end alrplone cerried code trarng-
mitting mesns for transmidting gdditional infor.
mation concerning seid sirplane through the
medium of sgid alrpiane carried radio transmite
ting apparatus transmitied space radiation when
said alrplene cerried radio transmitting apparatus
is rendered aciivs,

290, Tn combingiion, o ground station located
radie transmitiing apparaius. 2 ground located
radin receiving apparstus, civpiane carried radio
recelving apparaius ond eirplzne carried radie
tronsmitiing apparatus, of sceaning mMesns opeta
atively associsted with said ground station located
radio transmitting epperalus for causing such
apparatus to successiveiy emit space radiations
each characteristic of o Aferent operating sltl-
tude for passing sirplanes, airplane earried meang
for causing the sssocieted alrplane carrled radio
trapsmitting epperatus o transmit o radio signal
when the associated radlo receiving apparatus re-
celves o space radistion from said ground loceted
radio transmittlny apparatus which is character-
istle of the aititude of that sirplane, and ground
located code communicsting apparatus governed
by sald scewning mesns for frensmitiing ¢o &
distent polné o code characteristic not only of
the altitude of the airplane which caused ihe
transmission of said radio signal but ziso trans-
mitting therelo 47 code ¢he identity of the ground
radlo transmétting and recelving apporatus.

21. In comblusiion, o ground located station,
norpally ingctive code creailng means af gaid
ground locabed statlon which ¥ Initiated crenies o
mulfiple slement gode of tic of the iden-
1ty of sald sround iocabed pletion, radio transmit-
tipg and radio recelving apparatus at seid ground
iocated station, sirplene cerricd vadio transmit-
fing apparatus for nitinting szid ground located
slation code creating rmeans, alvplane carried
sitimeter mesns puicmatically controlling sald
airplane carvizd radio trensmiiting epperatus in
& menner dependent on the aliitude at which the
afrplane is then dylng, sirplane corried radio re-
celving apparaius, and means controiled by the
trensmission of space radiction emitted by sald
airplane carvied radio transmitiing spparatus
amnd recelved by seld ground loested radic re-
seiving epparatus for Initiniing said code creai-
nE mesns e iherely cause sald ground locented
ratie transmeiiiing spparatus to frensmit such
nultipie slemeant radio e through the medhmn
i soid ground located redio trensmiiting appae
atus to geld airplone onrrled radio recelviug
spparabus,

22. In combingiion, s ground loemted station,
y centrel offce, normually inactive code creating
neans ab s2id ground iccoted stotion which if
nitinted creates a b
eristle of the idenlity of said ground located
itation, radio Fecelving apparasus af sald ground
ceated station, alrplene carried rodic trensmit-
ing apparetus, meong on the sirplane dependent
oy its opersticn on the altitvde at which such
irplans s Sying for inftiating seid alrplane car-

{ed radlo tremsmitting appsratus, and Imeans

cntrolled by the {ransmission of space radiation
mibied by seld alrplans carried radio {ransmip-
ing spoeretus and recelved by sald ground io-
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cated radio recsiving 2
zaid code croating mesns,
mitiing such muliiple clement
office,

23, In combinstion, o grotnd looabed stetion,

4 Tl d: A )
eodo b0 pold cende

code creating moeane ob sold grovmd
tion which Iz normally insctive
rendered active is capabie of frovs
one of & pluralily of distlnctive cod

ing sirplane gayried vadlo trangn)
and redio recelving apporniu
Iccated stotlon for render
meens active with sald sh
uier robated position corresy
tude at which ssid =2
thereby cause the iz
distinciive euge,

24, In combination; o Erot
o robatable shafs ob sold g
code cresfing means and
means gt sgid ground lovnisd
normally inactive ansg which i7
capable of transmitting any oy
distinetive radic codes esch <f
ferent altitude snd deps:
on the rotated posltion o
shaft; and means ncluding az
aitimeter, an slrplens carrisd
apparatius and radio recelvin

altitude then meanifested
cause sald code crentlng men
characteristic of the altiinde
Aying at.

distans conbrol ofco ¢
airplanes Sving of AL
ground station comprising,
and redio trancmitting
girpiatie carrled rad
set info operatinn o
signal to the 7
station, slrplane o
an ajrplgns carrie

D IRCeIVEY

ent upon =
sirplene carrl cebre
station transmitiing means, o

tion and confrolied o pard thro

o receiving
megns for actunting spid coutrn e a)
of a plurality of olip wha
ground station obe 2t o 2p-

cordance with the resps s 2t which
these alrpiones are Jging.
26, In g system for avtom:
passage of elrplenes over e ¢
iccated radic transmitting
tus, airplane caivied redio &
ceiving apparatus, scoundn
associated with sald gr
for causing space radintlong o be stccessively
emitted by said trensmitiing apporatus, each
such radiation keing choracteristic of o poviiculay
altitude employed by Dassing alrpl end ne
successive redictions neing

titudes in successive rotetion,

Foing the
Jronng
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meang governed by its essoclated recelving ap- v

paratus in response to the recepiion of & space
radiation characteristic of the altitude in which
the plane is then travelling foy causing the asso-
clated transmitiing apparatus to transmit g radio
signa] characteristic of the identity of the plane,
means at the ground station governed by the gs-
soclated receiving apparatus for stopping opera-
tion of said scanning means during transmission
from said plane, communication means associ-
eted with sald ground siation and governed in
part by said assoclated receiving apparatus and
In part by said scanning means for transmitting
to & distani station g code characteristic of the
ldentity of said plane, the altitude of said plane
end the identity of said ground station, and means
ot sald plane governed by the associated ap-
paratus for preventing s subsequent operation
of the transmitting apparatus in response to the
reception of & radiation characteristic of its gl-
titude for p predeterminegd Umited time.
SEDGWICK N. WIGHT.
OSCAR S. FIELD.

REFERENCES CITED

The following references ara of record in the
file of this patent:

i3

10

15

20

Number
2,246,449
2,271,305
2,275,146
1,843,991
2,289,517

Re, 19,107
2,028,722
2,052,333

Re, 17,614
2,316,411
2,262,766
2,216,610

847,157
1,999,810
2,268,240
1,785,540
1,894,019
2,171,293
2,252,083
2,157,122
2,311,445

22 .
UNITED STATES PATENTS
Name Date
Marshall ___________ June 17, 1841
Mullerhetm __.______ Jan, 27, 1942
Hershey ___________ Mar, 3, 1842
Smith ___._________ Feb. 9, 1832
Muether - __.________ July 14, 1942
Hammond _._______ Mar. 13, 1934
Lesh o ___ Jan. 21, 1936
Williams . ________ Aug, 25, 1936
Sperry - __ Mar, 4, 1930
Finnegan ._________ Apr. 13, 1943
Jansson ..o ___.____ Nov. 18, 1841
Culbertson _._________ Oct. 1, 1940
Brown .____________ Mar. 12, 1907
Hershey —_____._____ Apr, 30, 1935
Brixner ____________ Dec. 30, 1935
Ennes .. __._______ Dec. 23, 1930
Buckley . _______ Jan, 10, 1933
Plastino .____.____ Aug. 29, 1939
Luck . __________ Aug, 12, 1841
Dunmeore .___.______ May 2, 1939
Kerr o _ Feb. 16, 1943
Hershey e __. _-- Sept. 28, 1943

2,330,355



