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1

My invention relates to apparatus for utilizing
or for indicating the reception of electrical pulses
of short duration which recur at different repeti-
tion rates and particularly to apparatus which is
effective to increase the energy content of such
pulses.

The invention is useful in pulse-echo recogni-
tion systems, for example, where the received
pulses are of only a few micro-seconds duration
and where their repetition rate may be any one
of a large number of preassigned repetition rates.
One of the problems in designing such equipment
is to obtain an output signal from the receiver
which contains sufficient energy at the repetition
rate of the received pulses to operaie the asso-
ciated equipment such as a decoder and/or a
recorder or to obtain a strong audible signal.

An object of the invention is to provide an im-
proved method of and means for converting pe-
riodic short electrical pulses into a-correspond-
ing periodic signal of increased energy content.

A further object of the invention is to provide
improved apparatus for converting short elec-
trical pulses recurring at a certain frequency into
an approximately square wave signal having the
same fundamental frequency as said repetition
frequency and of increased energy content at this
frequency.

In a preferred embodiment of the invention
the short electrical pulses are supplied through
an amplifier to a -relaxation circuit comprising a
pair of tubes which are direct-current connected
plate-to-grid in multivibrator fashion and which
block and unblock alternately, - One of the plate-
to-grid connections includes a coupling capacitor
shunted by a résistor, the capaciter and resistor
having a suitable time constant to permit partial
charge of the capacitor befween successive re-
ceived pulses. In the absence of received pulses,
the coupling capacitor . has a direct-current
charge thereon, having been charged by a flow
of grid current. The other plate-to-grid connec-
tion includes a resistor only.. Upon reception of
the first short pulse, the first tube is unblocked
and the second tube is blocked and held blocked
by the coupling capacitor for a shorf time, Mean-
while, the coupling capacitor discharges until the
second tube is unblocked at which time the first
tube is again blocked. Meanwhile the coupling
capacitor receives an additional charge, Upon
reception of the next short pulse the cycle of op-
eration is repeated.

The periods available for charge and discharge
of the coupling capacitor are interdependent
and, as a result, after a few cycles of operation
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,tube V2 through a resistor I1.

2

the two periods are approximately equal whereby
a substantially square wave is produced within
the operating range of the apparatus regardless
of the repetition rate of the received pulses. The
circuit constants are such that the relaxation cir-

. cuit always goes through one full cycle of opera-

tion between successive received pulses,

The invention will be better understood from
the following description taken in connection
with the accompanying drawing in which »

Figure 1 is a circuit diagram ‘of a preferred em-
bodiment of the invention, ’

Figure 2 is a group of graphs illustrating the
results obtained with the apparatus of Fig, 1,

Figure 3 is a group of graphs that are referred
to in explaining the operation of the invention,

Figure 4 is a group of graphs illustrating the
operation of the circuit of Fig. 1 for the first few
cycles when it is functioning accord1ng to the in-
vention, and

Figures 5 and 6 are graphs that are referred to
in explaining the invention.

Referring to Fig. 1, the short recelved pulses
indicated at {0 are supplied through a vacuum
tube VI to a relaxation circuit comprising a pair
of vacuum tubes V2 and V3, In this particular
embodiment of the invention the: pulses {0 are
applied to the tube VI with positive polarity and
each pulse is immediately followed by & short
negative pulse due to the grid-leak biasing action
of the grid capacitor Cl and the grid-leak re-
sistor RI in the input circuit of tube Vi, This
negative pulse, which appears reversed in polar-
ity at the anode of the tube Vi, is the pulse that
triggers  the " relaxation eircuit V2——V3. This
method of applying triggering pulses to the cir-
cuit V2—V3 is not an ‘essential feature of the
invention but it has certain advantages and will
be discussed in detail hereinafter.

Referring more particularly to the circuit com-
prising the tubes V2 and V3, the anode of tube
V2 is connected to the grid of tube V3 through a
capacitor C which is shunted by a resistor R.
The anode of tube V3 is connected to the grid of
Operating voltage
is supplied to the anodes of tubes V2 and V3
through anode resistors 12 and 13, respectively.
The cathodes of tubes V2 and V3 are connected
to ground through a common cathode biasing re-
sistor 14,

The short triggering pulses appearing on the
anode of the tube VI are impressed upon the grid
of the tube V2 through a direct-current connec-
tion §6. Operating voltage is applied to the anode
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3
of the tube Vi through the anode resistor 13, and
the coupling resistor I 1.

In the absence of incoming pulses {8, the rela-
tive voltage drops in anode resistor {3 and cou-
pling resistor Il and in cathode resistor (4 will

be such that the grid.of tube V2 will be sufficient-

ly negative W1th respect to its associated cathode
t0 block the tubé V2. The anode of tube V2 is
now at its maximum positive potential and the
" tube V3 is conducting since the RC coupling

The -capacitor C has a D.-C. charge because of
the grid current flow in the tube V3.

-10
holds its grid positive with respect to its cathode.

Upon the reception of a Positive bulse 10, the

grid of tube V{ draws currént and the sihall srid
capacitor Cl is charged. At the end of pulse 10,
capacitor Cl discharges through the grid re-

15

sistor RI to put a short negative pulse-on the : -

grid of tube VI, thus making the plate of tibe

V1 go more positive to apply a positive pulse to the -

~gr1d ’f ube. V2. }Th' makes tube V2 conduct-

ThlS change in
of tube 3 xs fed back to the
hro h the couplmg Tesistor 11-

V3. again to conduct a.node current at whlch'
thme the reverse action takes place whereby the

tube V3 ﬁowing thtough the cathode res1stor M
Meanwhlle the fioWw ‘of gnd cufrent in. tube V3
: Can- addltmnal charge to capacitor C.

20 .

25

.o thé constants indicated in Fig. 1. -

4

sumed in Fig. 3, the discharge timeé for capacitor
C is substantially constant whereas if the pulse -
period is shorter, as is assumed in Figs. 2-and 4,
the discharge time for capacitor C is a function-
of the charging time of capacitor C and the ap-
paratus will function as desired.

. The. réason that my c1rcu1t operates as illus-
trated ih Figs. 2 and 4 may be seen more clearly
by referring to the graphs of Figs. 5 and 6. The
graph | in Fig. 5 shows the discharge time of
the coupling capacitor C  plotted against its
charging time. As here used, discharge time
means the time following an input pulse which is -
reqmred to discharge capacitor C to a potential

. which will. permlt the two tubes V2 and V3 to

switch; whilé the charging time refers to the
time. fIom  the $witching point to the next im-
pulse, during which capacitor C charges.
Referring to the graph of Fig, 5, it will be
noted that if the charging time for capacitor C
is greater than 10% mzcro-seconds, ‘the discharge
time is substantlally constant but if the ‘charg-
ing time is 1e8s than 103 iero-seconds, the dis-
charge tithe i almdst. 2 lineal: funetion of the
charging time.  Tt'is in or near the latter region
of the graph that my invention applies. -
Referrmg now-to Fig. 6, the graphs 2, 8, & and
51 ‘are for different repetition rates-of. the received
pitlsés 10 and they are plotted for a circuit havmg,

capacity and re51stance ‘values,: glven by way of

© example, are mdrcated in microfarads, micro- -

35

microfarads, ohms and fneg S, 1f[‘he absc1ssas
and- ‘ordinates are Fractions-of o -pulse period; i. e.,

= fractions of one petiod of: pulses 10 Each of‘the

. graphs shows (by its ordinate values) the frac-

When ‘tHe. 'next plse 10 occurs; ‘the. tube V2 is

again unblocked and the cycle of operatmn re-
peats, -

40

The dlscharge and charge periods for suecessive

cycles 6f operation are unlike:'and chdnging. in

‘diization. ‘for ‘sevéral :bulse periods or cycles -as .

illustrated in Fig. 4. Durirg the. first cycle the -

dischdrge period-T: IS long.compared with the

charging Period. Te, ‘but during the second :cycle

the: diScharge period. T3 is:'short compared with
the.chargihg period Ta.

charging ‘period Te ‘but: it will: be noted that by
this time the;two periods are:more nearly equal.
After about. five eycles, -for ‘example, the dis-
charge. and, charge penods -are of substant1ally

constant duration. and are so. nearly -equal. that

~the wave form of the output wave (5 is fairly
close to the Q{ _a._symmetrical ‘square wave.

Within the operating range of the eqmpment

this action takes place regardiess of the repeti-
tion rate of the recelved pulses 10 ThIs fact is ¢

1llustrated in F1g 2 where two groups ‘of pulses
10 are shown’ as. occurring at, ‘two different rates.
I—Iowever the” output wayve 16 is approx1mately
a symmetrxcal square wave 1n éach instance, and

each’ square wave has the’ same Tepetition rate as ¢

that of the pulses 10 bemg apphed to the circuit.

~Buring ‘the third cycle
the discharge period.Ts-again is longer than the :

tion ‘of 4 certam “pulse period N reqmred for
the dlscharge “time of: ‘capacitor ‘'C ‘when in the
precedmg pulse ‘beriod N the fraction ‘of the pe-
riod: N requlr ‘for the dlsoharge tlme of eapam-
to: is a: valu es). . For
example, - assume i 1y value - between 0-and -1 for
this fraction of period N; say the value. al=0n,

and assuime ‘that the repetltlon rate-is 1000 cycles :
per Sécond. - The'fraction:of the next cycle -Or pe-
rlod N +1 requlred for: drscharge of: capacltor Ciis.

" indicdted-on‘the.graph4 by the arrow:at’ the rlght

this ordinate value being ¢2=0.19. Now ‘taking
a2 as ‘the absmssa value 1t w1ll be seen that for

3and's a 'well “as’fo] graph 8, It may be’ noted

; that’at the hlgher pulse rates th1s ﬁxed Value is

. .It may be noted that_with apparatis ‘having '

given 01rcu1t constants, if the repetition rate of
the received pulses 10 is foo Tow, the” apparatus
Wwill not function as deéscribed above and : as, ilfus-
trated in Fig. 4. Instead, it will operate &s shown
1n F1g '3 because the’ couphng capacitor C will
i e 'a full charze before the

second received pilse, 10° otcuts.
cally, if “the pulse’ petiod is too 16ng, as is ds-

70

‘More specifi- ;-
75

stants a wide range of frequenmes can be covered o
For example, over a frequency‘range of 500°¢. DS,
arige of 1 to 30, the pos1t1ve
half cycles of the Wave 15 Mave the f6llowing Yer-

‘Centages of “a full half ‘eycle: =500 "¢c. P, S—56
percent 1000 c. p

s—70 percent 5000 c ‘B s—

As prevrously stated 1t 1§ not necessary to .

InFlg 1 the - -
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utilize the grid-leak biasing action at the input
circuit of the tube V1 for triggering the relaxation
circuit V2—V3. For example, the tube VI may
be operated as a class A amplifier drawing no grid
current, in which case the received pulses {0 are
spplied thereto with negative polarity. The ar-
rangement illustrated and previously described is
preferred, however, as it is a simple way of mak-
ing certain that the triggering pulse which ap-
pears on the grid of the tube V2 is of sufficient
duration to give the circuit V2—V3 time to switch
to the alternate condition of tube blocking. It
will be understood that by selecting properly the
values of Cl and RI, the negative pulse imme-
diately following a positive pulse 10 may be given
a width or duration greater than that of the pulse
10. ’

Tt has been found that for best operation of
the specific circuit described the amplitude of the
input pulses should be limited to values between
3 volts and 15 volts positive. While specific circuit
values have been given by way of example, the
values are not critical and may, for instance, be
changed individually by plus or minus 50 per-
cent with little change in operation. The +B
voltage may be from 150 volts to 250 volts, for
example.

Mention may be made of the fact that if the
tube V1 is omitted from the circuit, the remain-
ing circuit comprising tubes V2 and V3 will os-
cillate as a multivibrator with the frequency of
oscillation determined largely by the time con-
stant of the circuit RC.

The complete circuit comprising tubes Vi, V2,
and V38 may be utilized as an electronic frequency
meter by measuring the alternating current volt-
age appearing across the capacitor C. This A.-C.
voltage is a function of the repetition of the ap-
plied pulses and is substantially independent of
the amplitude and of the wave form of the input
wave within the limits of circuit operation. The
peak value of the said A.-C. voltage decreases
as the frequency of the input signal decreases.

T claim as my invention:

1. The method of operating a pair of cross-
connected tubes wherein one of the cross-connec-
tions consists of a capacitor shunted by a resistor
and wherein the time constant for both charge
and discharge of said capacifor is long compared
with the period between successive applied pulses,
said method comprising applying regularly re-
curring short electrical pulses to said pair of
tubes and initiating the discharge of said capac-
itor in response to the occurrence of a short pulse,
causing said capacitor to charge partially in re-
sponse to said capacitor discharging to a prede-
termined voltage value, and again initiating the
discharge of said capacitor by the next succeed-
ing short pulse while said capacitor is only par-
tially charged whereby said charge and discharge
periods tend to become equal after a few cycles of
operation. ‘

2. Apparatus for converting periodically recur-
ring short electrical pulses into pulses of longer
duration recurring at the same rate as the short
pulses, said apparatus comprising a pair of am-
plifier tubes having cathodes and having anodes
and grids which are direct-current cross-con-
nected, one of said connections including a series
capacitor shunted by a resistor, the other of said
connections being substantially purely resistive,
and a cathode resistor common to said tubes, the
time constant of said series capacitor and shunt-
ing resistor being long compared with the period
between successive short pulses.
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3. Tn combination a pair of vaciuia fube§ each
having a cathode, a grid and an anode, & cath-
ode resistor common to said tubes, a coupling ca-
pacitor shunted by = resistor connected between
the anode of one tube and the grid of the other
tube, a coupling resistor only connected between
the anode of said other tube and the grid of said
one tube, and means for applying short periodi-
cally recurring pulses of positive polarity to the
grid of said one tube, the time constant of the
charging circuit for said coupling capacitor be-
ing substantially greater than the period of said
recurring pulses. -

-4, In combination a pair of vacuum tubes each
having a cathode, a grid and an anode, an anode
resistor for each tube through which a direct-cur-
rant voltage is applied to its anode, a cathode re-
sistor common to said tubes, a coupling capacitor
shunted by a resistor connected between the anode
of one tube and the grid of the other tube, and a
coupling resistor only connected between the
anode of said other tube and the grid of said one
tube, and means for applying short periodically
recurring pulses of positive polarity to the grid of
said one tube, the time constants of the charging
circuit and of the discharge circuit for said cou~
pling capacitor being substantially greater than
the period of said recurring pulses.

5, In apparatus responsive to periodically re-
curring electrical signals, a pair of amplifier tubes
each having an anode and a grid, said tubes hav-
ing direct current connections from the anode of
one tube to the grid of the other tube, the said
connections from the anode.of one tube including
a series capacitor shunted by a resistor, the said
connection from the anode of-the other tube be--
ing substantially purely resistive and the time-
constant of said series capacitor and shunting:
resistor being long compared with the period be--
tween said successive electrical signals, means for-
maintaining said one tube biased substantially-
to cut-off in the absence of a signal voltage on ifs:
grid, and means for applying said electrical sig-
nals to the grid of said one tube.

6. Apparatus for converting periodically re-
curring short electrical pulses into pulses of
longer duration recurring at the same rate as the
short pulses, said apparatus comprising a pair
of amplifier tubes each having an anode and a.
grid, said tubes having direct-current connec-
tions from the anode of one tube to the grid of
the other tube, the said connection from the
anode of cne tube including a series capacitor
shunted by a resistor, the said connection from,
the anode of the other tube being substantially
purely resistive and the time constant of said
series capacitor and shunting resistor being long
compared with the period between said succes-
sive short pulses, means for maintaining said '
one tube biased substantially to cut-off in the
absence of a sighal voltage on its grid, and
means for applying said short electrical pulses
with positive polarity to the grid of said one tube.

7. In apparatus responsive to periodically re-
curring electrical signals, a pair of amplifier tubes
each having an anode and a grid, said tubes
having direct current connections from the anode
of one tube to the grid of the other tube, the
said connection from the anode of one tube in-
cluding s series capacitor shunted by a resistor,
the said connection from the anode of the other
tube being substantially purely resistive and the
time constant of said series capacitor and shunt-
ing resistor being long compared with the period
between said successive electrical signals, means
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fof maintaining said one tube biased substantial-

Iy to cut-off in:the absence of a signal voltage

on its grid, and means for applying said short
electrical pulses to the grid of said one tube
whereby there appears aeross said-series capaci-
tor an alternating current voltage having a peak
value - that. decreases as: the repetition rate of
the electrical signals increases.

8. The invention according to claim 3 Wherem
said means for applying shor$ pulses includes an
amplifier tube having. an: output: electrode that
is direct-current connected to the grid of said
cne tube.

9. The invention according to claim 5 wherein

said means for mamtalmng said gone tube biased 15 Number

substantially to cut~off in the a,bsence of a sig-
nal voltage on its grid mcludes an amphﬁer tube

0

havmg an anode that is dxrect-current connected
to the grid of Sald ene tube.

LOUIS L. LARKATOS.
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