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Bhis mventmn relates. to-a. rad1o control systerh’
of: the type ut1hz1ng a: pair of transmlssmn chan-
nels which: are selectwely pulsed in: timed. se-

" guence, and has for an-object: to provide a system:
of the above type ut111zmg a smgle transmitter
which'is-modulated to-propagate pulses alternately
andi in-timed:sequence-on-the respective channels.

Other: objects: and: advantages will'be apparent.
as- the: nature-of: the invention is more: fully: dis~
closed:

In- a- copending: application Ser. 536,104, filed'
Mayg 18; 1944; now U. S. Patent. No 2, 465 995,
granted: March' 29, 1949; o complete system. for:
radio control or s1gnallmg has: been. dlsclosed
invelving: two independent: }rad1o transmitters.
with-the sense-of contrel or-signal-determined by
the pulse sequence. A receiver is- selective to.

" tHe various pulse-sequences-for actuating selected

c¢ontrol-or signal-circuits: Fhe present.invention

~ relates- to: a- transmitter having novel and. im-

proved:characteristics: for use in a.system of the
abovetype:

Although:-the novel:features: whlch are: belleved
to-be characteristicof this invention. are- pomted*

out- more- particularly in- the: claims: appended- :

heteto, the-invention itself will be betier under-
stood by referring to: the: following description;.
talken:iniconnection with the-accompanying draw-
ings; in: which: a-specific embodiment thereof: has
Been set: forth for: the: purposes of illustration:

In- the- drawings:- The: figure: is: a schematie.
disgram-of: a-transmitter embodying: the: present
invention::

‘Referring: torthe drawings,. block: 10: represents
a: pulse: forming: circuit-having pulse output ter-
minals:i1-and 12-and a.common:-return connected
to: a: terminal: 13, The: pulse forming circuit- is:
adapted to form @ pulse: ¢- at- the terminal- I
followed: by a:similar: pulse b- at the:terminal- 12,
the pulsesi arand: b being: positive voltage pulses
with’ respect: to' the: common’ return: or: ground
terminal: i3: The  arrangement: is: such that;
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exCEpt: when' - pulse oceurs, the: tefrhinals: I

and’ 12 gre:at ground potential: The pulse mo=
nientarily’ raises the: terminal: 1:F above ground
_potentisl and then momentarily: réises the' ter~
minal i2 above ground potential. One- type Sk
dfdtt siited for producmg stich+ pulses at: the
ter‘nimals (1; 128 aridl- 13745 showni’ motre in detdil

m tHe- cd-pending application! above: diehitioned:

The: cutput terminals- (1 and’ 12° of the pulse
formmg circuit-aré connedted by lines: IF and: 19
to-thovible contacts 1T dnd- 18! respeetiVely of &
réveisihg’ stitch 200 The' return® teiitial: (3¢ i8

cotiriécted 0 a-grourided line' 18-

The reversmg sw1tch zn is prov1ded with sta=
tmnary contacts 21 and 22 which' are connected

1nput grxds 25 and 26’ of two pulsmg triodes 2T
and~28 of.a. “ﬂ1p-ﬂop” circuit 30,

Th‘lS‘ 01rcu1t 34 includeés: the pulsmg trmdes T
and 28 holdmg trlodes 31 and 32 gnd followmge
triodes 33 and. 38. TH 3’ cathiodes 38 and 36. and
the plates 81-and 38 ‘of: the. tr1odes 27 and 3l which

1 maybe contained i m the same-envelops, are shown

as-conneeted together Slmllarly cathodes 39’ and
4i;and plates 4+ and 42 of the triodes’ Cand. 3‘2

whlch -may. be mounted m the same envelope, are
shown: as connected together The cathodes’ 33 .

i 563 39 and 40 are- connected by a line 4% fo a

grounded lme 15 A source of negative grld blas
shown:as:a battery 45;. 1s connected through re-
sistors- 46 and: a1 to. the: grids 25 and: 26 of the,
trmdes 27 and 28 respectwely ‘Battery 45, and
a battery 50: connected in-series therew1th furmsh
negative grid blas to- the grlds 51 and 52 of the
triodes: 31- and- 32. through the. resistors 53 and
5% - respectxvely A source . of plate potentlal
shown-as- a~batteryr 55 is- connected through re-
sistors. 56 and-57- to supply plate Voltage to the
anodes. 37 and 38 and to- the anodes’ 4I and. 42
respectwely The negatlve potent1al supplied
by the source 45-i is-so-chosen.-that in the: a.bsence
of: & pulse from: the pulse. forming: cireuit. ID no.
current passes through either the triode 2T or the
triode-28:-

The: a;nodesf 41 and 42 are connected through
& resistor: 80 to the grid 5k of the- trlode 31 and
the-anddes® 3T and 38 are connected: through a
resistor &b to-the grid:52‘ of- the triode- 32.. The -
triodes: 33-and: 34 are-provided with:grids 62-and
63 whieh: are: corihected: to’the- grids §f and- 52
respectively diid anddes 64:-and 65 which are con-
nected to:the positive voltage source55: Cathodes
667 anid: 67" oft triodes’ 33* and! 34 are' connected
through: resistors: 68 and: 69- réspectively: to- the
source of biasing voltage 45.

Tn-thi¥ ciredits the tubgs! 31 ald .32 dré cross-
céonneeted by direct: coupling: from- the plate: of
each: to:-the: grid of thes other. Such: a- system:
posseEsses two: positions of stable equilibrivm in
wHith one: of | the: tubes draws- a-large: amount; df
pléite cutrent with's Small-biason its grid:ands-the
onsr draws s smsll amount of: plate: cutrent-with
afargepiasonsitsgrid: Thescircuit coristants-may
be so cHosen thatt egchs: of the: tubes: 31 and: 32
drais cirrent only’ when' itsd ghid: is: ét substiin-~
tigllyicgtiode  potential: -

For egdmple; prior” torthe grrival: of: the pulsés
tHEtibe 32 mal be assumed tosbe’passingicurrent;
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thereby producing a voltage drop through the
resistor 57 which reduces the voltage on the
anodes 41 and 42. Due to the direct coupling
through the resistor 60 to the grid 51 of the tube
31 a highly negative bias is supplied to the grid
51 which biases the tube 31 beyond cut-off 3o
that no current flows therethrough or through
its plate resistor 56. Since no current flows
through the resistor 56 the anodes 37 and 38 are
substantially of the potential of the positive ter-
minal of the source 55 and due to the direct cou-
pling through the resistor 61 to the grid 52 the
latter is at a higher potential than the grid 51,
for example, at cathode potential,

This condition of voltage and current will con-
tinue until influenced by the operation of the
pulsing of tube 21. When a momentary pulse
is applied to the grid 25 of this tube as by a pulse
received through line I5 from a terminal i1, the
tube 27 becomes conductive and plate current is
caused to flow through the resistor §6, causing a
voltage drop in this resistor which, due to the
direct coupling through the resistor 61 to the grid
52 of the tube 32, increases the negative bias of
the grid 52 beyond cutoff so that current flow
through the resistor 57 is interrupted. This, in
turn, causes an increase in potential of the anodes
41 and 42, which is applied through the resistor
60 to the grid 51 of the tube 3{ to increase the
potential of the grid 51 and cause the tube 31 to
pass current. After the pulse on the input of the
tube 27 has passed, the tube 27 will again become
non-conductive, but the tube 31 will continue to
pass current. Hence, the current through the
resistor 56 will decrease somewhat but insuffi-
ciently to cause the tube 32 to pass current.
Therefore, the tube 381 continues to pass plate cur-
rent with its grid biased near cathode potential.

Henee, as a result of a momentary pulse on the
tube 21, the tube 32 which was previously conduct-
ing becomes non-conducting, and the tube 3
which was previously non-conducting becomes
conducting. This state of stability will hold until
a pulse is applied to the grid 26 of the tube 28
from the terminal 12 which momentarily causes
the tube 28 to become conducting and through a
process similar to that above described changes
the biasing voltages on the tubes 31 and 32 so
that the tube 31 becomes non-conducting and tube
32 becomes conducting.

As 2 result of the above operation, the grid 5
of the tube 31 remains highly negative except
during the interval between the pulses ¢ and b
at the terminals 11 and 12, but during this interval
the voltage of the grid 51 rises. Similarly, the
voltage of the grid 52 of the tube 32 is highly nega-
tive during the period between the pulses a and b,
but rises outside of this period. Therefore, the
circuit establishes two oppositely phased pulses
at the grids 51 and 52 with the length of the pulses
equal to the time interval between the-two control
pulses.

The triodes 33 and 34 are cathode following
tubes or repeater tubes provided with plates 84
and 65 connected to the positive end of the source
b5 and with cathodes 66 and 67 normally nega-
tively biased through the resistors 68 and 69. The
tubes serve as repeaters of the impressed grid
votage without phase reversal and are desirable
to prevent the subsequent work circuits from dis-
turbing the action of the flip-flop circuit 30.

Two grid-modulated high frequency oscillators
15 and 16 are designed to produce output voltages
of frequencies f1 and fz respectively. The oscil-
lators 15 and 16 are provided with grids 17 and
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78 connected through resistors 79 and 80 to a
ground lead 81. Taps 82 and 83 on resistors 19
and 80 are connected by lines 84 and 85 to the
cathodes 66 and 61 of the tubes 33 and 34 respec-
tively. The resistors 719 and 80 may be by-passed
to ground by condensers 86 to 89.

The plates of the triode oscillator tubes 15 and
16 are connected through oscillatory circuits 90
and 91 respectively to the positive end of a plate
battery 92, the negative end of which is grounded
to the lead 81. Tapped inductors 93 and 84 are
connected from the cathodes of the triodes T8
and 16 to ground and low impedance condensers
95 and 96 are connected from the cathodes to
taps 97 and 98 on inductors 99 and 100 for trans-
ferring of alternating voltages from osecillator cir-
cuits 90 and 8t respectively to the cathodes.

After the arrival of the pulse b and before the

" arrival of the next pulse, the oscillator 76 is in
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‘oscillation but the tube 15 is not oscillating since
.its grid cireuit is biased negative to cut off by the

‘cathode 66 of the tube 33. Upon the arrival of the
pulse ¢ with the consequent reversal in grid po-
tentials in the tubes 33 and 34, the grid of the
tube 76 is caused to become highly negative,

‘thereby stopping that tube from oscillating

whereas the grid of the tube 15 is raised in poten-
tial to permit that tube to begin oscillating. This
condition holds until the next pulse b is received
at the terminal 12 which reverses the action and
causes the tube 15 to stop oscillating and the tube
16 to begin oscillating. Therefore a voltage of
frequency fe is produced across the inductor 94
during the interval between pulse b and the nexi
pulse a and a voltage of frequency fi1 is produced
across the inductor 93 during the period between
the pulse a and the pulse b.

These voltages f1 and fz2 are applied by lines 101
and 162 respectively to the control grids 183 and
104 of pentodes 105 and 106 which are connected
to constitute a combining circuit. The cathodes
of the pentodes 105 and 106 are connected to-
gether and are positively biased by battery 108,
The screens of the pentodes 105 and 106 are con-
nected together and are positively biased by bat-
tery 107, and the plates are fed from the positive
end of a battery 109 through a choke 110.

The plates (1l are connected through a low
impedance condenser 12 to a coupled circuit net-
work comprising inductances (13 and {14 and
condensers 215 and 216 which are designed to
have maximum frequencies of response at the
frequencies /1 and f2. These frequencies may, if
desired, be separated widely on g percentage basis
with, for example, frequency f2 50% higher than
frequency fi1. The details of construction of such
a coupled circuit network per se are well known
and need not be described herein,

In the embodiment shown, the network is con-
nected by a line (15 to an amplifier 116 of any
standard design which is capable of amplifying
the two frequencies f1 and f2. The amplifier {16
is coupled by lines (17T to an amplitude modulat-
ing circuit 118 of standard construction, which
in turn is connected to radiators {19 and 120
which are suited to radiate waves of frequencies
f1 and fa.

The terminals {T and {8 of the double throw
switch 20 are also connected by lines {25 and 126
to the input circuits of space discharge tubes 127
and 128 respectively having grids 129 and 130
which are grounded through resistors {31 and 132.
A battery 133 is shown as connected to supply grid
biasing potentials, The devices 12T and 128 are
also provided with plates 135 and 136 connected
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thirsush o resistor IFE to: a soukes-of plate p’oten-
il 139 grick through 4: condenser’ 139 to art drtis
ficiyl Hirie: | 40 comiprising! series' induetors. 144 and:
shuns condetisers- 42 and termindted: in: ars oubs
put.resistor (43 The voltage drop-deross: the re-

sistior F48:is'supplied: by @ line: lSUJtu the amplitude:-

nmicdulator (18-
| THe: pulses: from: termingls: 11: and: 12 ave: comi-
bined i the- plate-circuits of the-tubes. L2FE and

138 arid- Bass to: the artifieial transmission: line

14y i suceession: to' prodiuce: negative voltage
pulses across the: resistor 148 which: are. used: to
aiplibiide modilate: the: signal from: the ampli~
fier BiG. 'The pulses dre delayed: by the artifi~
clil trassmission: Uner 140° an dmount such: that
the! pulses: do: not axive: st the modulator duying:
periods of change over from fitquency fi to: frig=
Quercy fi and. vice: vEEsa.. Hende: the:pulse’a will
moduiste the transmitter whew it
at: therequericy fi: and- thes pulse: Bwill:modulate.
thie trarsmitter whett it is opergting: af: the: fre<
. The trunsmitter: Is preferably of the type which:
takes plate: current only when: neggtively” pulsed;
during which:time it propagates from.the antenns:
systersy: 519, 120 whickiever of tHe two' frequencies’
is: thien: impressed: upon: the: gmplifier 166 from:
Hile: kS, 'With:tlie reversing switch 20-in one po-
sitiors;. the: transmitter will radiate: on the- fre=
quericy: fir when: modulated: by the: pulse ¢ and on
firequency: f2 when.modilated:by thepulse b. With:
the vevepsing: switch. 20: in the: opposite: position:
the: transmitter will radidte on: the: frequency” f2
when modulated by the pulse a and on: the: fre-
queriey’ fu When modulated: by the pulse b. The
reversing switch accordingly determines the se-
quence of the pulses on: the' two: frequencies.

As pointed. out in the- co-pending application
above identified, the selected pulse:sequence may
be utilized for selectively energizing control cir-
cuits at a receiver so that one type of control is
produced: with the reversing switch in one: posi-
tion:and another type:of:cantrol is:produced with
the: reversing switch in the opposite position.

"Phe: transmitter is thus frequency modulated: to

selectively operate on frequencies f1.and f2 and is
also amplitude 'modulated by pulses ¢ and b in ac-
cordanee:with the timing of said pulses.

Although a specific embhodiment’ of the inven-
tion has been shown for purpose of illustration,
it is to be understood that various changes and
adaptations may be made as will be readily ap-
parent to a person skilled in the art. The inven-
tion is only to be restricted in accordance with
the scope of the following claims.

What is claimed is:

1. A radio signalling system comprising radio
transmitting means including a source of sig-
nalling energy and a radiator connected to propa-
gate said energy, a source of a series of energy
pulses having g predetermined time sequence,
means modulating the frequency of said trans-
‘mitting means in response to successive pulses
to cause said transmitting means to operate al-
ternately to propagate energy over a pair of dif-
ferent frequency channels, means modulating the
amplitude of the transmitted energy by said
pulses including timed means to cause alternate
pulses to be radiated on different frequency
channels, and means controlling the sequence of
said pulses with respect to said channels.

2. A radio signalling system comprising radio
transmitting means and a radiator connected
thereto to propagate radiant energy waves, a
source of a series of energy pulses having a pre-

is ‘ operating:
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derermined: timie seguence;: means: responsive to
said! pulses tor modulate: said transmitting means:
both: i frequency and: in: amplitude in a man-
ner to propagdate: alternate pulses on. different
frequency’ channels, and: means. controlling the:
sequence:of:said: pulses: with respect to said chan~
nals:. w
3. A radie swna;lhng* system. comp‘flslng radio.
transwiitting means: including sources of oscilla=

tions:iof: different- frequencies, a source of a series
ofr energy: puises having a predetermined time:

sequence;. theansi responsive to successive energy:
pulses' to'render said-oscillation: sources alterna-

tively: operative; additional: means responsive: to

said: energy pulses: for modulating the: amplitude

oft sgidh escillations in & manner: such that alter-

nate- pulses-are radiated over different frequency:

channels, and: means:controlling: the sequence: of .
said pulses. with respect to said:channels.

&, Airadio:signalling system. comprising a. pair
off escillators eonnected to: operate respectively
at different frequencies, a source of a seriesi of
enerigy: pulSes: Kaving a predetermined fime se-
quence,. means responsive to successive pulses for
alternately energizing the respective oscillators; a
transmission: channel, means supplying oscilla=
tionsi from said: escillators thereto during suc-
cessive: periods;. means: responsive: to: said pulses,
including. pulse delaying means; arranged to am-
plitude - modilate said channel during said. suc-
cessive pefiods; and: means controlling the se-
duence of: said pulses with respect to said. fre~
qiiency periods,

5 A rgdio sxgnalhng system comprising a source
ofi dvseries’ of energy pulses:having a predeter-:
mined: time sequence;: & Pair of space discharge:
devices connected to be: energized: alternately by

‘successiverpulses;. means causing each of said de-

vicesswhen energized: to continue to pass: current:
until: deenergized by the succeeding energy pulse;.
. pair of oscillators operating at different fre-
quencies;. means responsive to:passage of current:
hyr said" last devices to cause said oscillators -to’
dperate alternately during.the respective periods,
#transmission’ channel:receiving: said oscillations,
gid:means-conrected to amplitude modulate said'
channelr ity accordance with said: pulses so’ that
sticcessive: pulses modulate: sdaid’ channel when:
the latter- is: operating’ at: different frequencdies..

6. A radio signalling system: comprising a souice:
of a series of energy pulses having a predeter-
mined time sequence, a pair of space discharge
devices connected to be energized alternately by
successive pulses, means causing each of said de-
vices when energized to continue to pass current
until deenergized by the succeeding energy pulse,
a pair of oscillators operating at different fre-
quencies, means responsive to passage of current
by said last devices to cause said oscillators to
operate alternately during the respective periods,
a transmission channel receiving said oscillations,
and means connected to amplitude modulate said
channel in accordance with said pulses, said last
means including a delay circuit connected to de-
lay said amplitude modulation pulses to coincide
with the different frequency periods of said chan-
nel so that successive pulses modulate said chan-
nel when the latter is operating  at different
frequencies.

7. A radio signalling system comprising a source
of a series of energy pulses having a predeter-
mined time sequence, a pair of space discharge
devices connected to be energized alternately by
successive pulses, means causing each of said de-
vices when energized o continue o pass current
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until deenérgized by the succeeding energy pulse,
a pair of oscillators operating at different fre-
guencies, means responsive to passage of current
by said last devices to cause said oscillators to
operate alternately during the respective periods,
a transmission channel receiving said oscillations,
means connected to amplitude modulate said
channel in accordance with said pulses, said last
means including a delay circuit connected to de-
lay said amplitude modulation pulses to coincide
with the different frequency periods of said chan-
nel so that successive pulses modulate said chan-
nel when the latter is operating at different fre-
quencies, and means controlling the sequence of
said pulses with respect to said frequency periods.

8. A radio signalling system comprising a source
of a series of energy pulses having a predeter-
mined time sequence, a pair of space discharge
devices connected to be energized alternately by
successive pulses, means causing each of said de-
vices when energized to continue to pass current
until deenergized by the succeeding energy pulse,
a pair of oscillators operating at different fre-
gquencies, means responsive to passage of cur-
rent by said last devices to cause said oscillators
to operate alternately during the respective peri-
ods, a transmission channel receiving said oscil-
lations, means connected to amplitude modulate
said channel in accordance with said pulses, said
last means including a delay circuit connected
to delay said amplitude modulation pulses to co-
incide with the different frequency periods of said
channel so that successive pulses modulate said
channel when the latter is operating at different
frequencies and a reversing switch connected to
control the sequence of said pulses with repect
to said frequency periods.

9. In radio signalling apparatus, a source of re-
curring energy pulses separated by like time in-
tervals, a transmitter, oscillatory energy gen-
erating apparatus coupled to said transmitter and
controlied by said pulses to supply to said trans-
mitter pulses of energy the fredquency of which
alternates from a first frequency to a second
frequency, sending means connected with said
transmitter, an amplitude modulator in said
transmitter, connections for impressing said
pulses from said first mentioned source on said
amplitude modulator, and a time delay network
in said last named connections.

b
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10. In radio signalling apparatus, 4 sotrce of ré~
curring energy pulses separated by like time in-
tervals and having a predetermined time se-
quence, g transmitter, oscillatory energy gen-

“erating apparatus coupled to said transmitter and
controlled by said pulses to supply to said trans-
mitter pulses of energy the frequency of which
alternates from a first frequency to a second
frequency, signal sending means connected with

:said fransmitter, an amplitude modulator in said
transmitter, couplings for impressing said pulses
from said first mentioned source on said ampli-
tude modulator, a time delay network in said last
named connections and a pulse sequence revers-

:ing ‘switch in the coupling between said first

source and said apparatus and said first source
and said modulator.

~11. In radio signalling apparatus, a source of
energy pulses separated by like time intervals and
having a predetermined time sequence, a trans-
mitter, oscillatory energy generating apparatus
coupled to said transmitter, a switching circuit
including two tubes coupled to said apparatus
and coupled to said first source to be alternately

25- conductive in response to said pulses to key said

30

40

50

generating apparatus and produce oscillatory en-
ergy the frequency of which alternates from a
first frequency to a second frequency, signal
sending means connected with said transmitter,
-an amplitude modulator in said transmitter, con-
nections for impressing saild pulses from said
first mentioned source on said amplitude modu-
lator and a time delay network in said last named
connections.
ELLISON S. PURINGTON.
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