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o 2 Claims. (CL 177—353)
(Granted under the act of March 3, 1883, as

- - 1 -
The invention described herein may be manu-
factured and used by or for the Government
for governmental purposes without payment to

me of any royalty thereon. o

This invention relates to a decoding circuit for
use in systems of radio control, such as, for exam-
ple, the systems used in connection with radio
controlled aircraft or guided missiles, It is the
object of the invention to provide a decoder capa-

" ble of analyzing a coded signal of the type con-

taining a synchronizing pulse and one or more
control pulses occurring at predetermined times
after the synchronizing pulse, and causing cor-
responding control functions to be performed.
In the drawings:
Pig. 1 is a block diagram of a typical system
in which the decoder may be used;
" Fig. 2 shows a number of wave forms obtained

in the circuit of the decoder; and
Fie. 3 is a schematic diagram of the decoder

circuit.
Referring to Fig. 1, the control system con-

sists of a guiding means and a guided means,

the guiding means comprising a radar transmit-
ter | which transmits a series of pulses to the
receiver 2 of the guided means. The output of
this receiver is used to trigger transmitter 3 of

amended April 30, 1928; 370 O. G. 757)
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scribed is designed to work with a signal con-
sisting of any combination of six control pulses
occurring at multiples of 100 microseconds but
not exceeding 600 microseconds after the syn-
chronizing pulse. ‘The signal shown in Fig. 2(a)
comprises three control pulses occurring at 200,
300 and 500 microsecond intervals after the syn-
chronizing pulse. The coded signal (obtained .
from transmission line 20) is amplified by gated
video amplifier V1 and applied by means of trans-
former 21 to the control grid of the right hand
section of tube V2, the output of which is applied
to the control grid of the right hand section of
V3 through condensers 22 and 23. |
The tube V3 is part of a conventional one cycle

~multivibrator circuit 24 having a condition of

20

stability in which the current in the right hand
section is a maximum and that in the left hand
section is cut off. 'The application of a negative
pulse to the grid of the right hand section causes
a rapid transition to the condition in which the
current in the left hand section is a maXimum
and the right section is cut off. This condition
exists until the condenser 23 has discharged suf-

28 ficiently to permit the grid of the right hand

the guided means, which transmits pulses back to

receiver 4 in the guiding means. The output of
receiver 4 is applied to the indicator 5 to give
information about the position and motion of the
guided means. The encoder 6 is triggered by a
pulse synchronized with the transmitted pulses
of the radar transmitter and generates a coded
sienal consisting of one or more coded pulses
occurring at predetermined times after the im-
tial triggering pulses. The, number of control
pulses present in the signal and the time at which
they occur is controlled by stick 12 of control
box. 1. The encoded signal is applied to frans-
mitter 8 of the guiding means which transmits
the signal to the receiver 9 of the guided means.
" The coded output signal of receiver 9 is applied
" to0 che decoder 10 which analyzes the signal and
causes the control system {1 to produce the de-
sired changes in the motion of the guided means.
-Reference is made to Fig. 3 for a description
of the manner in which the decoder {0 of Fig, 1
analyzes the coded signal and causes the desired
control circuits to operate.
coded signal is shown in Fig. 2(a) and consists

of a synchronizing pulse followed by one or more
control pulses, each corresponding to a particu-

lar control function that it is desired to produce
in the guided means. The particular circuit de-

The form of the:
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section to rise to the cut off point, at which
time the multivibrator rapidly reverts to the ini-
tial condition with the right hand section con-
ducting and the left hand section cut off. - This
cycle of operation produces a negative pulse at
the anode of the left hand section, the length of
which is determined by the time constant of
the discharge path of condenser 23, which in this
particular case is adjusted to give a pulse hav-
ing a length somewhat in excess of 650 micro-
seconds. The negative pulse produced at the
anode of the left hand section of V3 is applied

- to the suppressor grid of Vi by means of con-

40
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denser 25 and resistor 26, therefore, after the
synchronizing pulse of the coded signal has
passed through stages Vi and V2 and {riggered
the multivibrator circuit 24, the negative pulse
produced by the multivibrator and applied to the
suppressor grid of Vi renders this tube inopera-
tive for the duration of the pulse and therefore

does not permit Vi1 to pass any of the control

pulses of the coded signal.

The negative pulse produced by the multivibra-
tor 24 is also applied to the left hand section of
Vs which acts as a keying amplifier. This ampli-
fier converts the pulse into a posifive pulse which
is applied to the anode of the left hand section of .
Vs and to the grid of the right hand section of Vs.

The dual-triode Vs is part of an oscillator 21
which is a form of multivibrator having its fre-
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quency ‘stabilized by the resonant circuit com: ..
prising -conductance 28 and condensers 28 and

- 30. The oscillator -is-adjusted to o frequency of
10,000 cycles per second and, since the keying
- pulse applied theretc has a length in excess of
650 microseconds as stated above, the oscillator
produces 6% complete cycles during the time it is
keved by the pulse. The output wave of this
oscillator is shown in Fig. 2() and is developed
across the primary winding of transformer 3I.
This transformer is a differentiating device which
produces across its secondary winding a voltage

proportional to the rate of change of the voltage

appiied to the primary winding and therefore

- econverts the output of the oscillator into a series
- of pulses of alternate polarity and spaced at 50

microsecond intervals as shown in Fig. 2(¢). This
series of pulses is applied to the grid of the right
hand section of tube Vi which is blased to cut-
off by means of the potential drop across re-

- sistor 32. When so biased, the tube will nF’_f?PﬂSS; .
negative pulses applied to its grid, however, posi-

2,443,198
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its initial condision of equilibrium, in which the

leit hand section 6f V7 is conducting and the right

_hand section eui off, to the other condition .of
- .equilibrium in which the right hand section is

A

conducting and the left hand section cut off.

~ One hundred microseconds later the second neg-

10

atlve pulse in the series shown in Fig. 2(d) is

- applied to the control grid of the right hand sec-

tion of Vi, thus causing the trigger circuit 34 to

revert to its initial condition of stability in which

the left hand section of V7 is conducting and the

right hand section cut off. 'This cycle of opera-

- tion produces at the anode of the left hand sec-

tion a positive pulse of 100 microseconds dura-

tion as shown in Fig. 2(f). In a similar manner,

the remaining circuits 35 through 39 produce suc-

~ cesslve 100 microsecond pulses as shown in Pig.

2(g) through (k), the last pulse in the series of

~ Fig. 2(d) serving to trigger circuit 39 back to its

20

original condition of stability in which the left

- hand section is conducting and the right hand

tive pulses applied to the grid appear amplified
and inverted in polarity in the output circuit. -

The output circuit of this section of V4 therefore .
contains a series of negative pulses, as shown in

Fig. 2(d), spaced at 100 microsecond intervals
and starting 50 microseconds after the. occur-
rence of the original synchronizing pulse. * -

‘Circuits 33 through 39 form a cascaded ar-
rangement of trigger circuits, each of which is of
the Eccles-Jordan type. Referring to circuit 33,

for example, the circuit comprises a dual-triode

tube Vs in which the anode of each section is cou-

pled to the grid of the other section. This

type of circuit has two conditions of stability
which are the condition in which the current in.
the left hand section is a maximum and that in

the right hand section is zero, and the condition
in which the current is the right hand section is
- a maXimum and that in the left hand section is
zero. "Due to the regenerative action of a circuit

 of this type, any external influence tending to

change the circuit from one condition of stability
will cause the change to progress in the same
- direction until the other condition of stability

section is cut off. - _-

SIx coincidence amplifiers, Vis through Vis, are
provided, one of which is associated with each of
the trigger circuits 34 through 39. Each of these
amplifiers is a pentode having its cathode con-
nected to ground through resistors 46 and its

~ screen grid connected to the high potential end

-5
(it |
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of resistor 45 to place the proper positive poten-

- tial thereon.  The control grids of all the ampli-

flers are connected together and, by means of lead

' 41, to the control grid of Vi, whereby the received

coded signal is applied to the grids of these am-

-plifiers at the same time that it is applied to Vi.

Each of the coincidence amplifiers is biased to

~an inoperative condition by the application of a
- fixed negative potential to the suppressor grid:

this potential is obtained from the drop across re-
sistor 44, In order to cause the coincidence am-
plifiers to become operative at the proper times,

provision is made for applying the 100 microsec-

ond gating pulses produced by trigger circuits

- 34 through 39 to the suppressor grids of the cor-

45

is reached. In the initial condition of operation

of the decoder circuit, the left hand section of Vs
Is conducting and the current in the right hand

- section is zero. The synchronizing pulse of the
coded signal after amplification by Vi and in-

version by the left hand section of Vz is applied
as a negative pulse to the control grid of the left
hand section of Vs, causing the current in this

- section fo be reduced and, as explained above, the
circuit to be triggered to the other condition of
stability in which the current in the left hand sec~

tion is zero and that in the right hand section is

55

responding amplifiers. This is accomplished by

coupling the suppressor grid of each amplifier to

the anode of the left hand section of the tube in
the associated trigger circuit by means of con-

~ denser 48 through 53. Application of the positive
 galing pulse to the suppressor grid overcomes the
50

negative bias on the grid and renders the ampli-
fier operative for the duration of the pulse.

Therefore, beginning 50 microseconds after the
Synchronizing pulse, coincidence amplifiers Vis

through Vis are successively rendered operative

for 100 microsecond intervals. -

. The decoder circuit describe_d?"is".'_:deslg‘ned to

a maximum,. Fifty microseconds later the Arst

pulse of the series of negative pulses shown in
Fig. 2(d) is applied to the control grid of the right
hand section of Vs through condenser 40. This
pulse reduces the current in the right hand ‘sec-

tion of Ve and causes the circuit to be triggered |
back to its initial condition of -stability with the ¢5
left hand section conducting and the right hand

section cut off.  This cycle of operation produces hand section of Vis. The resulting direct volt-

- 60.

~ energize six control circuits which are repre-

sented in Fig. 3 by relays #1 through #6.  The
contacts of these relays may be connected in the
control circuits so that closing the contacts en-
ergizes the circuits. The output of each of the

. coincidence amplifiers is rectified and the result-
- Ing direct voltage used to control the current in
- the relay coil. In the circuit of relay #1, for

a positive pulse 50 microseconds in length at the

anode of the left hand section of Véas shown in

Fig. 2(e). A negative trigger pulse is produced

~example, the output of Vi3 is applied through
- condenser 54 to the diode rectifier in. the left

age developed across resistor 55 is applied to the

- grid of the left hand section of Vaz through filter

70"

from the trailing edge of this pulse by means of

differentiating eircuit 'c'Omprij_si_ti'g'j;:’:_ﬁcinden_s‘ef A

and resistors 42 and 43 and is applied to the con-  so that no rectification is obtained until the sig-

- nal applied to the diode exceeds the voltage
across this resistor, thus preventing operation of

trol grid of the left hand section of V7. This
causes trigger circuit 34 to rapidly change from

75

elements 56 and 57 causing the grid potential to

~ be raised. A delay bias is applied to the diode
by means of the voltage drop across resistor 58




the relay by nolse or other extraneous signals.
The negative potential drop across resistor 88 is
also applied to the grid of the left hand section
of Va3, thus reducing the current through the
coll of relay #1 helow its threshold value in the
absence of a signal. However, when control
pulses appear in the output of V13, the resulting
rectified voltage applied to the grid of the triode
overcomes the negative bias and raises the plate
current to a value sufficient to operate relay #1.
The construction and operation of the remaining.
relay circuits is the same as for relay #1,

In order for any one of the relays to be ener-
gized, it is necessary that in its associated coin-
cldence amplifier a control pulse be applied to the . 35
control grid during the time that a gating puilse
is applied to its suppressor grid. For example,
in the case of the coded signal shown in Fig. 2(q)
control pulses occur at intervals of 200, 300 and
900 microseconds after the syncronizing pulse.
- It is also seen from Fig. 2 that trigger circuits 38,
36 and 38 respectively are producing gating pulses
at these times. Therefore, associated coin-
cidence amplifiers Vi¢, V15 and V17 will be oper-
ative at the times of occurrence of the first, sec-
ond and third control pulses respectively and
associated relays #2, #3 and #5 will be energized.

What I claim is:
| 1. A decoding circuit for analyzing a coded sig-

nal consisting of a sychronizing pulse and one or
more control pulses occurring at predetermined
intervals of time after said synchronizing pulse,
sald decoding circuit comprising means for gen-
erating & series of pulses spaced at equal inter-
vals of time and beginning a fixed interval of
time after sald synchronizing pulse, a plurality
of trigger circuits connected in cascade, said
circuits being of the type having two conditions
of stability, first means for triggering said cir-
cuits from one condition of stability to the other
condition of stability and second means for
triggering said circuits from said other condition
of stability back to said one condition of stability
whereby each circuit produces a pulse the dura-
tion of which is determined by the time interval
between the operation of said first and second
means, said first means comprising means for
applying sald synchronizing pulse to the first
trigger circuit and means utilizing the trailing
edge of the pulse produced by each trigger cir-
cult to trigger the next succeeding trigger cir-
cuit, said second means comprising means for
applying said series of pulses to each of said
trigger circuits, a plurality of coincidence cir-
cuits one of which is connected to each of the
said trigger circuits in said cascade excluding
the first, a plurality of control circuits one of
which is connected to each of said coincidence
-circuits, and means for applying the coded signal
to each of said.coincidence circuits whereby
those control circults are energized that are con-
nected to coincidence circuits in which a pulse
produced by said trigger circuits and a control
pulse from said coded signal occur at the same
time. - . |
3. A decoding circuit for analyzing a coded sig-

48
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nal consisting of a synchronizing pulse and one
or more additional pulses each occurring at a
multiple of & fixed time interval after said syn- -
chronizing pulse, said circuit comprising a local
oscillator having a period equal to said fixed

‘time interval, means responsive to said synchro-
~ nizing pulse- for keying said oscillator, means

for deriving from the output wave of said oscil-
lator a serles of sharp negative pulses separated
by said time interval and beginning a length of
time after said synchronizing pulse equal to
one-half said time interval, a plurality of trigger
circuits, each trigger circuit comprising a first
and a second vacuum tube, each tube having an
anode, a control grid and a cathode, means cou-
pling the anode of each tube in said trigger cir-
cuits to the grid of its associated tube whereby -
each trigger circuit has a first condition of sta-
bility in which the first tube is conductive and
the second tube non-conductive and a second
condition of stability in which the first tube is
non-conductive and the second tube is conduc-
tive, means connecting said trigger circuits in
cascade with the grid of the first tube of each
trigger circuit coupled through a differentiat-
ing circuit to the anode of the first tube in the
rreceding trigger circuit, means for applying and
synchronizing pulse to the grid of the first tube
of the first trigger circuit in said cascade and
means for applying said series of negative pulses
to the grid of the second tube in each trigger
circuit of said cascade whereby the occurrence
of said synchronizing pulse causes the trigger
circuits of said cascade to operate in succession
to produce a series of pulses with the length
of the pulse produced by the first trigger eir-
cuit being equal to one-half said time interval
and the lengths of the pulses produced by the
succeeding trigger circuits being equal to said
time interval, a plurality of coincidence circuits,
means for applying the pulse produced by each
trigger circuit in said cascade excluding the first
to one of said coincidence circuits whereby said
coincidence circuit is rendered operative for the
duration of said pulse, means for applying said

coded signal to each of said coincidence circuits,

and a control circult connected to each of said
coincidence circuits whereby those control cir-
cuits are actuated that are connected to a coin-
cidence circuit to which a pulse from its associ-
ated trigger circuit and a pulse of the coded sig-

nal are applied at the same time. |

| | - MAX E. SALLACH.
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