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This invention relates to high vacuum tiibe
trigger circuits and particularly to a system for
obtaining a rect&ngula;r Or sguaré wave outdif
pulse whose duration is less thian that of &n in-

put pulse, |
It is known to employ vacuum tube trigger
circuits for producing rectangular wave pulses.

One such trigger circuit utilizes g, pair of vacuum

tubes coupled regeneratively so that the trigser
has one degree of electrical stability. In such a
system, one vacuum tube is normally conducting
while the other is normally non-condiicting. The
application of an input or tripping pulse o 5
suitable electrode of the non-conducting tube
and of such polarity ahnd magnitude as to rerder
this normally non-conducting tube conductive,
will reverse the current passing conditions of the
two tubes of the trigger. for a duration depend-
Ing upon the time constants of the trigger cir-
cuit. The outpbut pulse is customarily taken
from. the anode circuit of either one of the
vacuum tubes depénding upon the polarity of
output pulse desired. Sitich known type of trigger
circuit has been used wHere it ig desired to ob-
taln a rectangular output pulse whose duration
1s.equal to or greater than the duration of the
input pulse.

One difficulty with the foregoing known type
of trigger circuit is that it is impossible to ob-
tain therefrom a.rectangular wave pulse with g
steep end slope or trailing edge and whose dura-
tion is shorter than the duration of the inpui
pulse. This difficulty is overcome by the pres-
ent invention which provides a. system whereby
the output pulse may have any desired duration
relative to the input pulse and still be of rectan-
gular shape with steep starting and trailing
edges.

A more detailed. description follows in con-
Junction with g drawing, wherein:

Fig. 1 shows a conventional or known type.of
_ trigger circuit;

Fig. 2 graphically illustrates the operation of
the system of PFig. 1 under olie pa,rtlcula,r con-
dition; and

Fig. 3 illustrates an embodiment of the inven-
tion for obtaining a rectangular wave output
pulse of shorter duration than the input pulse
and with g steep end slope or trailing edge.

Referring to Fig. 1 inh more detail, there is
shown a known type of trigger circuit comprising
a pair of vacuum tubes Vi and V2. The anodes
of bothh vacuum tubes are supplied with a positive
polarizing potential fromr terminal Es' through
resistors RS and RE; respectively, Vacuum tube
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through a cohdenser-resistor combination C, R.

2
V1 is noimally non-conducting by virtue of a
negative bias supplied to the grid thereof thirough
resistor B2 by meatris of source —E:. Vacuum
tube VZ is normally conducting and has its grid
coupled to the anode of tube Vi through con-
denser Ci. The grid of tube V2 is also connected
to ground through resistor R1. The anode of
tube VI is connected to the grid of tube ‘Vﬂ

The input or tripping pulse may be applled to
the grid of normally nonconductive tube Vi
through lead L. The output pulse of positive
polarity can bé dérived from the anode of tube-
V2. If an output pulse of negative relative pol=
arity is desired, this can be obtained from' the
anode of tube Vi,

In the operation of thé conventional trigger
circuit of Fig. 1, the application of a positive
tripping or input pulse to lead I. of sufficient
magnitude to cause the tube V1 to conduct will
cause the.application of & negative pulse to the
grid of tube V2 through condenser Cli. This
negative pulse will reduce the flow of cilirrent
through tube V2 gid, by virtue of the regenera-
tive: getion of the resistor-condenser combina-
tion C, R, the vacuum tube Vi will conduct its
maximum. current whilé the vacuum tube V2 (by
virtue. of the connéction through condenser CI)
will cease conducting altogether. Viacuum tube
V2 wil] continue in its nonconductive state until
such time as the charge on condenser C1! legaks
off through resistor R{ or, putting it in other
words,; the trigger circuit. will remain tripped -
or in its active state for a time depending pri-
marily upon the time constant consisting of con-
denser Cl and resistor Rt. After this time in-
terval in the dctive state, the trigger circuit will
restore itself to ifs normal or stable state. Such
a, circuit is known as one which has one degree
of stability. In utilizing the circuit of Fig, 1, it
has been customary to obtain a rectansular wave
output pulse from the anode of tube VI or V2
whose duration is equal to or greater thaun the
duration of the input or tripping pulse applied
to lead L. It has not been possible, however, to
obtain: from the trigger circuit of Fig. 1 an cut-
put pulse of rectangular wave form with a steep
trailing slope or edge and which has a duration
which' is shorter than that of the input pulse.
The reason for this- Wlll appear from an mspeﬂ—'
tion of Fig. 2. -

In Fig, 2, line U shows; by way of exa,mple only,
an input or tripping pulse which can be applied
to the trigger circuit. This pulse has g positive
polarity and a duration T, It is demred to ob-~
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tain from the trigger circuit a pulse of a dura-
tion shorter than the input pulse of duration I.
Line V shows the voltage pulse which can be ob-
tained from the anode of tube VI, This voltage
pulse, it should be noted, varies from a high posi-
tive value indicated by the symbols 4 - to a lower
positive value. This pulse will, therefore, be in a
negative direction and has a duration equal to L.
- Line W, however, indicates the shape
age pulse thama,ble from the anode of tube V2.
This last voltage pulse is in a positive direction

and varies from a positive value - to a higher

positive value -+ <. It will be noted that the
starting edge or slope of the voltage pulse in line
W is steep but that the trailing edge or slope of
this pulse decreases exponentially. Line W shows
the shape of the pulse obtainable from the trig-
ver circuit of Fig., 1 when it is desired to obtain

» pulse whose duration is shorter than that of
the input pulse. It should be noted that the pulse

of line W is no longer rectangular in form, and
that the output pulses obtainable from the an-
odes of tubes VI and V2 are no longer identical
in wave shape although opposite in polarity. It
is assumed, of course, that in attempting to ob-
tain the shorter duration pulse with the circuit
of Fig. 1, the values of condenser Ct and resistor
Ri were suitably adjusted to provide the desired
time constant, The reason for the exponential
or drooping trailing edge of the pulse of line W
is due to the fact that the input or tripping pulise
U holds the tube VI of the trigger circuit in ifs
conductive state and prevents regeneration action
in the trigger circuit during time T, which regen-
eration action would normally provide instan-
taneous return of tube V2 to full conductivity
at time £ It will thus be seen that for a time
both tubes Vi and V2 are conductive simultane-
. ously in the condition where it is attempted 1o
obtain from the anode of tube V2 an output pulse
of a duration shorter than the inpuf puise,

The system of Fig. 3 shows an embodiment in
accordance with the invention by means of which

of the volt-
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output pulse of negative polarity is obtainable
from the anode of tube V3, as shown.,

In the operation of the system of Fig. 3, let us
assume that a positive input pulse is abplied 10
the grid of tube VI and thati it is desired to ob-
tain from the system of Fig. 3 a rectangular wave
output pulse of 2 duration shorter than that of

the gpplied input pulse. The application of a pos-
itive input or tripping pulse to lead L of & mag-

nitude sufficient to reverse the current passing
conditions of tubes V1 and V2 considered together
as a, conventional trigger circuit, will cause a posi-
tive pulse to be applied to the grid of tube V3
through the parallel resistor-condenser combina-

. tion R3, C3. By suitable selection of the values

of elements R3, C3 and R4, this positive pulse
applied to the grid of V3 will have & magnitude

- sufficient to covercome the negative bias on the
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it is possible to obtain an output pulse of rectan-

osular wave form having steep starting and trail-
ing edges and whose duration is shorter than
that of the input pulse. The same reference char-
acters have been used in Fig. 3 to indicate the
same parts of Fig., 1. Thus, the conventional
trigger circuit of Fig. 1 is illustrated in Fig. 3 as
comprising the vacuum tubes VI and V2 with its
associated resistors and condensers. Thaf por-
tion of Fig. 3 which is idenfical with Fig. 1 Is
shown in the dotted line box. Fig. 3 provides an
additional circuit to that shown in Fig. 1, and this
additional circuit comprises a vacuum tube V3
whose grid is coupled to the ancde of tube V2
by a parallel resistor-condenser combination RS,
C3. The grid of tube V3 is also connected through
q resistor R3 to g negative biasing source —He.
The anode of tube V3 is supplied with a positive
polarizing potential from source -+Es through re-
«istor R1. The anode of tube V3 is also connected
to the grid of tube V2 by means of condenser

C2. Tube V38 is normally non-conducting by vir-
tue of the negative bias applied to its grid by
source —Ee, An inspection of Fig. 3 will thus
show that the tubes V2, V3 can be considered
as a trigger circuit because these two tubes are
connected together in substantially the same
manner as tubes Vi, V2 are connected togeiher.
It should be noted that tubes Vi and V3 are nor-
mally non-conducting while tube V2 is normally
conducting. An output pulse of positive polarity

is obtainable from the anode of tube V2, while an

50

orid of tube V3 and cause the tube V3 to conduct.
When fube V3 conducts, it will apply a negative
pulse to the grid of tube V2 through condenser
C2, and this negative pulse occurs substantially
simultaneously for all practical purposes with the

application of the negative pulse to the grid of

tube V2 from the anode of tube Vi, The nega-
tive voltage across resistor Rl produced by the
combination of voltages from condensers Cl and
C2 will start to leak off and increase in a posi-
tive direction toward the cut-off value of grid bias
of tube V2. When this cut-off value has been
just exceeded, the tube V2 will start to conduct.
The time at which this occurs is indicated by
time £ of line W of Fig. 2. Thus, when tube V2
starts $o conduct, it will by regenerative action

with V3 apply a negative pulse to the grid of

V3, and tube V3 in turn will have its current flow
therein decreased. The decrease of current in
tube V3 will resulg in the apphcatmn of a posi-
tive voltage to the grid of tube V2 and hasten
the action of tube V2 in restoring itself to full

conductivity. The tubes VZ and V3 thus function

in the manner of & trigger circuif having one de-
oree of stability and the regenerative action of
this trieger is utilized to restore the normal con-
duction state of tube V2. It should be noted that
tube V2 has thus been restored to full conduc-
tivity at time ¢ (note line W, Fig. 2) despile the
fact that the input pulse applied to lead L still
holds tube Vi in a conductive state, An output
pulse of positive polarity and ot rectangular wave
form can be obtained from the anode of tube
V2 or one of negative polarity from the anode of
tube V2, and this output pulse can have a dura-
+ion shorter than that of the input or tripping
pulse appiied to lead L. This outpus pulse of rec-

taneular wave form has extremely steep starting

 gnd trailing edges or slopes. 'The system of ¥ig. 3
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can be looked at from another standpoint. Tubes
V2 and V3 can be considered as a trigger eircuit
which operates . independenfly of tube Vi, al-
though the tube Vi is reduired to change the
trigger circuit V2, V3 from iis snable to its active
state.

What is claimed is:
1. In combination, a Dpair uf mulul—electrode

vacuum tube electrode structures having anode

and grid electrodes so interconnecied regener-
atively as to produce g trigger circuit of one
degree of electrical stability, whereby said trig-
ger circuit has a stable state in which one
structure is normally. non—coﬂduétive and the
other structure normally conductive, and an ac-

 tive state in which these conductive states are

 reversed, an input circuit connected to an elec-

8

trode of one p_f_ said struqtures fﬂ_r sup_plymé‘
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"thereto a 'pulse of such polarxty ‘and magmtude

as to tr1p said trigget éircuit and: thereby réverse
the normal conditions of conductivity of the
striictures, a,nd ‘circait elements including an-

other muitizeléctrode structure having its elec- :

trodes regeneratively coupled to the electrodes
of said normally conductive structure for caus-
ing said normally conductive structure to restore
itself to the conductive state prior to the termi-
nation of the {tripping pulse and without the use
of a, restormg pulse.

2. In combination, a pair of multl electrode
Wocuum tube electrode structdres having their
-fhode ahd .grid electiodes ‘80 “interconnected ‘ie-

- geheratively -as to produce a Frigger circuit of 15

one degree of -electrical -stability, whereby said
trigger circuit has a stable state in which one
stricture is normally non-conductive and the
‘othei structure normally ‘condiictive, and ‘ah ac-

tive state in which these conductive states are ‘50

reversed, an input circuif connected to an elec-
‘trode ‘of ‘one "of said strucétures for supplying
thersto a ﬁulse ‘of slich polarlty 'uhd ‘magnitude
2s 1o tT‘lp said trlgge’r elrcult and thereby reverse
the conditions “of nbrmal ccnduetlwty ‘of the
'Struetures and another multiZelectrode vacuum
tube electrode ‘structutre having anode and grid
electrodes, and impedance elements betWween said
last electrodes and the anode and grid electrodes

cf sa2id normally conductive electrode structure

sO as to cause said normasally conductive elec-
trode structure to restore itself to its conductive
state independently of the length of the tripping
pulse.

3. In combination, a trigger circuit having only
one degree of electrical stability and comprising
firsy and second electron discharge devices whose
anode and grid electrodss are interconnected re-
generatively, said first device being normally non-
- conductive and said second device normally con-
ductive when said trigger circuit is in its stable
state, and a third electron discharee device hav-
ing anode and grid electrodes interconnected
regeneratively with the anode and grid electrodes
oi said second device so as to provide therewith
a trigger circuit having one degree of electrical
stability, said third device being normally non-
conductive, and an input circuit for supplying
a tripping pulse to said first trigeger circuit.

4. In combination, first, second and third vac-
uum tubes, each having grid, anode and cath-
ode electrodes, impedances interconnecting the
anode and grid electrodes of said first and sec-
ond tubes, and means for supplying polarizing

and biasing potentials to the electrodes of said
first and second tubes of such values as to pro-
duce a trigger circuit having one degree of elec-
trical stability, impedances interconnecting the
anode and grid electrodes of said second and

third tubes, and means for supplying polarizing

- and biasing potentials to said third tube of such

&8

'-‘gule,‘r wave pulses counetted to ‘6ne of the tubes

‘of ‘said second trigger: circuit.

6. Tn combination, first and second vacuum
tubes mterconnected to provide 5 tmgger circuit
*havmg ‘OTé degree ‘of “electrical sta,blhty, a8 con-
‘dénser cennectmg the -anode ‘of said first tube
to the ‘grid of said ‘second tube, -a -condenser

. shuntéd by 9 régistor cormectmg the ‘anode of

To
t6 ‘the iorid of said ‘first tibe threugh a, Tesistor,
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values as fo produce from said interconnected |

second and third tubes a trigger circuit having
cne degree of electrical stability.

0. In combination, a trigger circuit having one
cdegree of electrical stability comprising a pair
of interconnected vacuum tubes, and g second
trigger circuit having one degree of electrical
stability, said second trigeger circuit comprising
one tube of said first trigger circuit and an ad-
difional vacuum tube, said tubes of said second
trigger circuit having their electrodes intercon-
nected regeneratively, an input circuit for sup-
plying a tripping pulse to said first trigeer cir-
cuit, and an output circuit for deriving rectan-
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‘Soid ‘second ‘tube to the ‘grid -of said first tube, ‘g

Yource -of negaﬁwe b1asmg notential -econnected

a cennectwn including -a Tesistor between the
Hid and cathode ‘of ‘said second ‘tube, whereby
Caid Irst tube Is norinally non-conductive and
sald second tube nerma]ly 'conductive when said
trigger ‘circiiit ‘is in ‘its stable state, and a third

Wgeuum tube ‘having its- -anode and grld electrodes
‘connected ‘to gaid ‘second tube Hn o, marmer Sit-

Frat to the Waly 4n “Which said first tube ‘s ‘¢on-
nee‘ted 'to said ‘second tube, and s source of neg-

ative biasing potential ‘conhected to the -grid ‘of

sadd third tube threugh - ‘resistor, whetreby daid
depohid and third tubes form s trigger ‘circuit
hgving ‘one degl ee of electrical - stabllxty in ‘which

Saifdl'second ‘tube ‘is normally conductive and said
“third tube ‘hormally ‘non- conductive, -an input
CHICHHE -connected to ‘the grid ‘of - Sald first ‘tube
‘for supplying a tripping pulse of ‘positive polarity

thereto, and an output circuit connected to the
anode of one of said tubes of said second trigger
circuit for deriving rectangular wave pulses
therefrom of a length shorter than the tripping
pulse.

7. In combmatwn first and second vacuum
tube electrode structures interconnected to pro-
vide g trigger circuit having one degree of elec-
trical stability, a condenser connecting the anode
of said first structure to the grid of said sec-
cnd structure, a condenser shunted by a re-
sistor connecting the anode of said second struc-
ture to the grid of said first structure, a source
of negative biasing potential connected to the
grid of said first structure through sa resisvor,
a connection including a resistor between the
grid and cathode of said second structure, where-
by said first structure is normally non-conductive.

~and said second structure normally conductive

when said trigger circuit is in its stable state,
and a third vacuum tube electrode structure
having its anode and grid electrodes connected
to said second structure in a manner similar to
the way in which said first structure is con-
nected to said second structure, and a source of
negative biasing potential connected to the erid
of said third structure through a resistor, where-
by said second and third structures form s sec-
ond trigger circuit having one degree of elec-
trical stability in which said second structure
Is normally conductive and said third structure
normally non-conductive, an input circuit con-
nected to an electrode of said first structure for
supplying a tripping pulse thereto, and an out-
put circuit connected to the anode of one of
sald structures of said second trigger circuit for
deriving rectangular wave pulses therefrom of
a length shorter than the tripping pulse.

8. In combination, a pair of multi-electrode
vacuum tube electrode structures having their
anode and grid electrodes so interconnected re-
generatively as to produce g trigger circuit of

~one degree of electrical stability, whereby said

trigger circuit has a stable state in which one
structure is normally non-conductive and the

other structure conductive, and an active state
in which these conductive states are reversed, an
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input circuit connected to an electrode of one of third structures also form g trigger circuit hav-

said structures for supplying thereto a pulse of ing only one degree of electrical stability.

- such polarity and magnitude as to {trip said o . .
trigger circuit and thereby reverse the normal | WILLIAM A. MILLER.
conditions of conductivity of the structures, said 5 | EUGENE R. SHENK,
tripping pulse having a time duration which is | |
ionger than that of a desired output pulse, an- REFERENCES CITED
other multi-electrode structure, and impedance The following references are of record in the

elements connecting certain electrodes of said file of this patent:
last structure with the anode and grid electrodes 10

of said normally conductive structure regener- UNITED STATES PATENTS

atively for causing said normally conductive Number Name Date

structure to restore itself to the conductive state 2,050,059 Koch Aug. 4, 1936

prior to the termination of the tripping pulse 2,373,145 Sensiper et al. . __... Apr, 10, 1945

and without the use of a restoring pulse. 15 2,193,850 Andrieu ..o Mar. 19, 1940
9. In combination, a trigger circuit compris- -

ing first and second electron discharge device FOREIGN PATENTS

electrode structures each having gnode and grid  Number Country Date

electrodes, impedance elements interconnecting 356,111 Great Britain _______ Aug, 24, 1931

the anode of each of said structures with the g4

erid of the other structure, such that said trigger OTHER REFERENCES

circuit has only one degree of electrical stability, Ultra, High Frequency Technigues, by J. G.
and a third electron discharge device electrode Brainerd et al., pages 176-177. Published by Van
structure having anode and grid electrodes, and Nostrand Co. Inc. (Copy received in Patent Of-
impedance elements interconnecting the anode o5 fice Library May 24, 1943, copy in Division 51).

and grid electrodes of said third structure with Journal of the Insfitution of Electrical En-
the grid and anode electrodes of said second gineers, June 1842, Time Bases, by Puckle,

- structure in such manner that said second and page 110.



	Drawings
	Front Page
	Specification
	Claims

