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3,252,100
PULSE GENERATING CIRCUIT EMPLOYING
SWITCH-MEANS ON ENDS OF DELAY LINE
FOR ALTEENATELY CHARGING AI\D DIS- -
CHARGING SAME’

James E. Webb, Administrator of the National Aeronau-
tics and Space sdministration, with respect {0 an inven-
tion of Fauste V. Taddeo -

Filed Oct. 7, 1963, Ser. vo. 314,570
& Cia:ms. (Cl. 328—587)

" The present invention relates to pulse generating cir-
cuits of the type wherein a delay line is charged and dis-
charged to generate pulses with widths determined and
controlled by tbe Jength of the delay line, and is more par-
ticularly directed to a pulse circuit of this type which is
arranged 10 operate at very high duty cyeles and repetition
rates respectively approaching the theoretical maximums
of 50 percent and one-half the reciprocal of the pulse
width.

In various applications it is necessary to provide pulses
whose amplitude and duration do not appreciably vary
despite large variations in triggering voltage and repetition
rate, supply variztions, envircnmental cbanges, equip-
ment aging, and the like. Under these circumstances it is
the usual practice to employ pulse forming circuits which
include delay lines to determine and control the width of
the pulses substaniially independently of all circuit param-
eters except for the delay live itself. The pulses formed
are accordingly relatively insensitive to shifts in operat-
ing conditions such as those noted above. However, con-
ventional pulse forming circuits employing delay lines
have been limited as to the repetition rates and duty cycles
at which the} may be operated. More parliwularly, such
circuits are g cra}‘; kighly capacitive, particularly in the
switching e}emcn&s emploved to eflect charging and sub-
sequent discharging of the delay line. By virtve of the
high circuit capacitance, the switching times and pulse
rise and fall times are significantly large relative 1o the
durations of the generated pulses. This, of course, is lim-
iting upon the maximurmn duty cycle and repetition rates at
which the pulse forming circuit may be operated. The
repetition rates and duty cycles are far too low for some
applications involving very high repetition rate trigger
pulses such as are encountered, for example, in the meas-
urement of rapidly changing pulse frequencies which occur
in the Doppler returns {rom missiles or spacecraft. More
parsiculasly, for reliable measurement of pulse frequencies
in this particular application, it has been found that a
pulse forming circuit is required which can be operated at
very high duty cycles of the order of 30 percent and repeti-
tion rates of the order of 10 megacycles. Conventional
pulse forming circuits fall far short of these capabilities,
with the result that a substantial number of the trigger
pulses to be measured are lost in the pulse output from
the pulse forming circuit and, accordingly, a substantial
degree of unreliability is introduced in the measurement
thereof. '

Thercfore, it is an object of the present invention to
provide an improved pulse generator which is capable of
operation at very high duty cycles and repgtition rates
approaching the theoretical maximums of 50 percent and
one-half the reciprocal of the pulse width, respectively,
while at the same time possessing pulse width stability
irrespective of shifts in operating conditions, such as sub-
stantial variations in amplitude and rcpctmon rates of
the trigger pulses, equipment aging, changes in environ-
mental conditions, supply vollage variations, and the like.

Ancather object of the invention is the provision of a
pulsé generator for generating stable pulses having f’iSl
rise und fall times -at high power levels,

A more specific object of the invention Is to prowdc for
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the formation of pulses having durations of the order of

30 millimicroseconds and rise and fall times of the order
of 10 millimicroseconds at a power level of the order of

5 volts and 50 milliamperes peak, which pulses may be

generated at very high duty cycles of the order of 30 per-
cent and repletition rates of the order of 10 megacycles.

Yet, another object of the invention is to provide a pulse
forming circuit of the class described wherein 2 delay line
is charged through a resistance equal to the characteristic
impedance of the line and is subsequently discharged
through a resistance of equal value, commensurate with
charging and discharging of the line in minimum lengths
of time respectively equal to subsiantially twice the delay
time of the line.

It is a further object of the mvention to provide a delay
line pulse forming circuit which employs semiconductor
switching devices in the.charging and discharging of the
line with a negligible contribution to circuit capacitance,
such that the switching times are small relative to the pulse
duration.

Further objects and advantages of the invention will
become apparent upon consideration of the following de-
scription in conjunction with the accompanying draw-
ing, wherein:

FIGURE 1 is a schematic circuit diagram of the pulse
forming circuit of the present invention, and

FIGURE 2 is a graphical presentsat tion of voltase and

current waveforms existing at various points of mz cir-
cuit ¢f FIGURE 1.
Referring now to FIGURE 1, the pulse forming cir-

cuit or generator will be seen to include a delay line 31
which is coupled at one end through switching means 12
to charging means including a charging resistance 13 and
a voltage supply 14 connected in series.  The opposite
end of the delay line 11 is coupled through mzchmg
means 16 to discharging means including a discharge re-
sistance 17. The switching means 12 and 16 operate in

_concert to respectively couple the charging resistance 13
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and voitage supply 14 to the first end of ihe delay Jine 11
and to simultanecusly dccouple the discharging resistance
17 from the sezond end of the line during a firgl time
interval equal to at least twice the one-way delay timc of
the line, and to decouple the charging resistance and volf-
age supply 14 from the first end of the line and simultane-
ously couple the discharging resistance X7 across the sec-
ond end of the line during a second time interval equal to
at least twice the one- -Way delay time of ihe line. Accord-
ingly, during the first time interval, the second end of the
line is open circuited while the voltage supply 14 and
charging resistance 13 are coupled across the first end of
the line. The charging resistance 13 is preferably selected
to be equal to the characteristic impedance of the delay
line 11 such that the line is fully charged in 2 time inter-
val egual to twice the one-way delay time of the line.
More particularly, with the open circuited line charge
through resistance 13 equal to the characteristic imped-
ante of the line, the voltage wave generated when the
voltage supply 14 is coupled to the line at the start of
the first time interval propagates along the line to its
epen circuited end and is thereat reflected without inver-
sion, to in turn propagate to the first end of the line and
fully charge same to the voltage of the supply in a time
interval equal to twice the one-way delay time of the line,
This is, of course, the minimum time interval in which the
line may be charged. Upon initiation of the second time
interval when the charging resistance 13 and voliage sup-
ply 14 are decoupled from the first end of the line and this
end of the line is hence open circuited, while the discharg-
ing resistance 17 is placed across the opposite end of the
line, the charge stored in the line discharges through the -
resistance 17, In this regard, the disc!mrging resistance
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17 is preferably selected to be equal to the characteristic

) 1mpedancc of the delay Jine 11 such that during the sec-

ond time interval there is provided a delay line with an
©pen circuit at onz end and a resisiance equal to the char-
acteristic impedance of the. line at the other end,” Under
the cm:umsxances, the delay line 11 discharges through
the resistance 17 in a time interval cqual to twice the one-
way delay time of the line, which is the shortest possible
time interval in which the line may be discharged. A
pu]ss is generated across the discharge resistance 17 hav-
ing a width equal te substantially twice the delay time of
the line 11 and an amplitude equal to substantially half

" the voltage to which the line was previously charged, ie.,

half the magnitude of the voltags of supply 14. 'The pulse
generated across the discharging resistance 17 thus has a
width which is entirely determined and controlled by the
length of the delay line 11 independent of other param-
eters of the circuit and, therefore, any variations therein,
This stable pulse comprises the useful pulse putput of the
pulse generator.and, accordingly, output terminals 18 and
19 may be advantageously connected to the opposite ends
of the discharging resistance 17 to facilitate the ready con-
nection of auxiliary pulse monitoring apparatus or the
like in receiving relation thereto.

It is particularly important tc note - that, where the
switching times of the switching means 12 and 16 are
negligible, the first and second time intervals of previous
mention may be alternately established such that the ter-
mination of one interval coincides with the initiation of
the other. Furthermore, these time intervals may each
be made equal to twice the one-way delay time of the
delay line 11. The switching time irlervals then sub-
stantially correspond to the charging and discharging
times of the line, which, as aoted Fereinbefore, are the
minimum possibie. Accordingly, with switching accom-
plished under the foregoing circumstances by the switch-
ing means 12 and 16, the pulse generator may be op-
erated at extrcmely high duty cycles approaching the

_theoretical maxirnum of 50 percent and very high repeti-

tion rates approaching the theoretical maximum of one-
half the reciprocal of the width of the output pu}se or

- one-fourth the reciprocal of the oide-way delay time of

the delay line 11,

In the accomplishment of the foregoiug, the switching
means 12 and 16 are arranged to contribute negligible
capacitauce to the pulse generating circuit such that switch-
ing times are minimal compared to the durations of the
outpui pulses, and the delay line I1 is tcrminated I
substantially pure resistances equal to the characteristic
impedance of the line during the charging and discharging
thereof. To the foregoing ends, the swilching means 12
and 16 preferably comprise semiconductor devices having
negligible capacitance and arranged in an appropriate man-
ner to accomplish the desired switching function. More

- particularly, the switching means 12 preferably includes

a semiconductor diode 21 having iis negative terminal
connected to one conductor of the delay line 11 and its
positive terminal connected to the opposite side of the
charging resistance 13 from that to which the voltage
supply 14 is connected. In addition, a near ideal three-
terminal switching device 22, preferably a fransistor, is
provided with one switching terminal counected to the
juncture between the diode 21 and resistance 13 and the

other switching ferminal connected to ground, as indicated-

at 23. The control terminal of the switching device 22

" is eonnected to a trigger pulse input-terminal 24 such

that in response 10 the application of a trigger pulse to
the terminal 24 the swilching device 22 establishes a

ncgligible impedance conduction path between the switch- .

ing tcrminals thereof for the duration of the trigger pulse.

In the nbsencc of a trigeer pulse at the terminal 24,
an open circuit is established between the switching ter-
minals of the switching device 22, Similarly, the switch-
ing meuns 16 preferably includes a semiconductor diode

. 26 connected in parallel with the discharging resistance 17, 7
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The positive terminal of the diode 26 is connected to the
opposite conductor of the delay line 11 from that to

which the diode 21 is connected, while the negative fer-

minal of diode 26 is connected to ground. In addition,
a near ideal three-terminal switching device 27, similar
to the sw:tchmg device 22 and therefore preferably a
‘trancsistor, is provided with ope switching terminal con-
nected to the same delay line conductor as that to which

the diode 21 is connected, but at the opposite end of the -

line therefrom. A second -switching terminal of the
switching device 27 is connected to ground. The con-

trol terminal of the switching device 27 is connected to -

the trigger input terminal 24 and is hence in parallel with
the control terminal of the switching device 22. Thus,
assuming the delay line to have been previously fully
charged, the application of a trigger pulse to terminal 24
effects closure of the switching devices 22 and 27 in a

substantially instantaneous manner. Switching device 22

thus grounds the positive terminal of diode 21 and by
virtue of the charge existing on the delay line 11 effects
back biasing of the dinde to hence decouple the delay line
from the charging resistance 13 and voltage supply 14,
Simultaneously, the switching device 27 connects the
other end of the delay line 11 to ground and thereby es-
tablishes a ground return path which connects the dis-
charging resistance 17 across the line. The charge exist-
ing on the line is such as to back bias the diode 26 so
that in effect only the resistance 17 appears across the
line. The line 11 then discharges through the resistance
17 in a time substantially equal to twice the one-way

delay time of the line to thus produce a pulse across the .

resistance, and therefore between the output terminals
18 and 19, having a width equal to this time interval as
determined by the delay line.

After discharge of the line, the circuit is inactive untit
termination of the trigger pulse at terminal 24 where-

upon the switching devices 22 and 27 are respectively - .

substantially instantaneously open circuited, At this in-
stant, the juncture between diode 21 and charging resist-
ance 13 is decoupled from ground by virtue of the open

circuit through switching device 22 and a positive voltage

appears at this juncture to bias the diode 21 in the for-
ward direction and apply the voltage to the delay line 11,

Simultaneously, switching device 27 decouples the other .

end of the delay line from ground to open circuit same,
Furthermore, the charging current drawn by the delay line
due to the charging voltage applied thereto is in a direc-
tion to forward bias the diode 26 and thereby establish
a short circuit to ground across the discharging resistance

17 and, hence, in effect decouple same from the circuif, .
A ground return charging path is thaos established through -~

.the voltage supply 14. charging resistance 13, dicde 21,
delay line 11, and diode 26 whereby the line is fully
charged in a time equal to twice the one-way delay time
of the line. Subsequent to this charging interval, the
circuit is primed for znother cycle of operation in re-
sponse to the subsequent application of a trigger pulse
to the input terminal 24. -

The operation of the pulse generator, as omlmed above,

will be better understood upon consideration of the wave
shapes depicted in FIGURE 2, which wave shapcs are
for voltage and current at various points of the circuit of
FIGURE 1. In the example of wave shapes shown, ideal
conditions are assumed whereby the switching devices 22
-and 27 exhibit zero contact resistance and the diodes 21
and 26 have zero potential drop when conducting. More-

over, the resistances 13 and 17 are assumed to be each

equal to the characteristic impedance of the delay line 11,

Furthcrmore, a time recurrent square wave pulse train ¢, -

is supplied to the input terminal 24 fo tripger the swilch-

ing devices 22 and 27 between off and on states. More. .
_ particularly, as illstrated in FIGURE 2, nt a time 1, the

trigger pulse wave train e;-has & polential commensurate

with the maintenance of switches 22 and 27 i noncob. -
ducimg, or off condmon. Al 2 tlme l; the wave !ram )
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reveris to a potential commensurate with the establish-
ment of a conducting, or on condition, of the switching
devices 22 and 27, and this on condition prevails until
a time 1, when the trigger pulse wave train returns to the
off condition. The off condition is maintained until a
time #; when the wave irain again reverts to the on con-
dition which is, in turn, maintained until a time #;, when
the off condition is again established.

At time fg, it is to be noted from waveforms e; and ey,
that the delay 11 has been fully charged to its maximum
value of, E, volts, which is the voliage at the output
terminals of voltage supply 14. As noted above, the
switches 22 and 27 are in the off condition at this time.
Also, no current flows in any portion of the circuit at time
f as will be apparent from the current  waveforms 7
through is. The circuit is thus primed for the gerneration
of a pulse at time # when the switching devices 22 and
27 are simultaneously closed. Switching devicte 22 at this
time shoris the juncture between resistance 13 and diode
21 to ground 23. This is apparent from the voliage
wave e¢s, which denotes the vollage at the juncmure, and
which at time #, goes from the voltage E. to ground
potential.  Since the initial charge of the delay line 11
has been positive (see waveform e, in time interval fp—
t1), the diode 21 becomss back biased atl time 7, the
notential appearing thereacross besing the difference be-
tween the waveforms ¢4 and es. The diode 21 hence de-
couples the delay line 11 from the charging resistance 13
and voltage supply 14 at time 7. The opposite end of
the delay line 11, however, is shorted to ground at time
t; through the now closed switching cevice 27. As noted
previously, the discharging resistance 17 is placed across
the deley line 11 by this action, and the delay line hence
begins ww discharge through the resistance 17 at time 7.
Moreover, since resistance 17 is equal to the characteristic
impedance of delay line 11, the discharge action is com-
plete in a time Interval equal to twice the one-way delay
time of the line, which time interval in FIGURE 2 is
depicled between 1) and fa.
resistance 17 is designated as e; and it will be noted that
during the interval #1—1;, this waveform includes a neg-
ative going square wave pulse of magnitude -

L.

P

This, of course, arises from ths charging volizge E,
appearing.on the delay ¥ne prior to time 7; being divided
etween the characteristic impedance of the line and the

equal value R of resistance 17 during the discharge inter--

val fi—r. At time 13 it will be noted that the discharge
current i,, which has a magnitude of ' )

Eo
2R

aoes 1o zeto since there is no energy left in the line. The
pulse appearing across resistance 17 thus terminates at
time #3, and moreover, the current 7, to the supply through
the dicde 21 remains at zero since the voltage on both
sides of the diode Is now equal to zero (see waveforms
es and es). Hence, no action takes place in the circuit
until time #; when the trigger voltage wave e; reverts to
the off conditicn and opens the switching devices 22 and
27.

With the switching devices 22 and 27 opened a time 1,

the instantaneous voltage across swilching device 22 is

equal 10

V4

by virtue of the voltage divider action which now takes
pluce between the characteristic impedance of the delay
line 11 and equal value R of the charging resistance 13,
This stite of events will be noted from waveform & at

The voltage waveform across’
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time 7, and the current iz through the switching device
22, which reverts from’ the short circuit valoe of

to zero at this time. At time #, the discharging resistance
17 is effectively removed from the circuit since the polar-
ity of the current i, is such as to render the diode 26
conductive to hence provide a short circuit nrross the
resistanice 17. Accordingly, charging current i», which
at time 1y, is the same as the current iy through resistance
13 flows through diode 21, delay line 11, and diode 26,
to ground, to thus complete tre circuit. Inasmuch as
the resistznce 13 has a value R egqual to the characteristic
impedance of the delay line 11, the charging action pro-
ceeds to completion in a time interval equal to twice the
one-way delay time of the line, which interval is de--
picted as 7,-75. At the end of this charging interval, the
line is fully charged to the magnitude E; (see g4 2t tims
ts). The currents /o, 73, and i, through the varicus por-
tions of the charging path thus go to zero at time 5. The
circnit is now, of course, primed for the generation of
another pulse at time # when the trigger pulse wave e;
returns to the on condition. Another cycle of the dis-
charging action is initiated at this time in a similar man-
ner to that described hereinbefore, which results in the
generation of a pulse in the time interval 7~fy equal to
twice the one-way delay time of the line 11. Similarly,
a subsequeni charging cvcle occurs in the time interval
t10-t3p analogous 1o that occurring in the time- interval
1413 -

From the foregoing, it will be appreciated that the
circuit will function preperly where the trigger pulse
wave e; possesses shorter on and off puise widths than
those depicted in FIGURE 2. More particularly, the on
and off pulse widths of wave ¢; may be made respectively
egual to the discharging ard charging intervals 773 and
In other words, the waiting interval f;—2, mry b2
eliminated and the circuit charged immediately upon dis-
charge and vice versa. This is, of course, commensurate
with driving of the circuit by the trigger pulse wave ¢;
at a daty cycle of 50 percent and a repetition rate equal
to one-half the reciprocal of the pulse width of the gen-
erated output pulses. As noted hereinbefore, the wave-
forms in FIGURE 2 assume ideal circuit conditions
which are requisite to the driving of the circuit at the
maximum theoretical duty cycle and repetition rate, just
noted. In ‘actual practice, the ideal conditions are, of -
course, not atfamable; however, through the employment
of semiconductor diodes as the diodes 21 and 28, and
near ideal semiconductor switching devices, such as tran-
sistors, as the switching devices 22 and 27, conditions are
obtained which vary closely zpproximate ideal. Under
actual operaling conditions, there is some slight departure
from the waveferms of FIGURE 2, the waveforms hav-
ing finile rise and fail times which Iimit the repetition rate
and duly cycle at which the circuit may be driven to
values somewhat less than the maximum theoretical pos- -
sible. However, the rise and fall times of the pulses in -
the circuit under actbal conditions are relatively short
by virtue of the negligible capacitance of the diodes 21
and 26 and the near ideal switching of devices 22 and 27,
Maximum duty cycles and repetition rates closely ap-
proaching the maximum theorstical possible are hence
obtainable with the circuit of the present invention. In
fact, in actual practice it has been demonstrated that the
circuit of FIGURE 1 is cupable of generating pulses of
approximately 30 miliimicroseconds Jength, 6 volts ampli-

Lt

- tude, and 250 milliamperes peak current at duty eycles

70
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of 30 percent and repetition rates of 10 megacycles.
Although the present invention has been described
hereinbefore with respect to a single preferred embodi-
ment, it will be appreciated that various chunges and
modifications may be made therein without departing from
the spirit and scope of the invention. For example, the
sesistances 13 and 17 smay be chunged in valve to devidis




7

from a value equal to the characteristic impedance of the
delay line 11 to vary considerably the discharge action by
the generation of multiple sefiection along the length of
she hine. By changmg the raties of the resistances of the
characieristic impedance of the line, the wave patterns
carn be considerably modified from those depicted in FIG-
URE 2 1o perform various other useful functions. More-
over, in those specml cases where a.square wave is not
avajlable @s a trigger pulse, and the trigger puise is a
pulse shorter than the output pulses formied by the delay
line, the drive voltage to the control terminals of switch-
ing devices 22 and 27 may be supplemented with the
pulse formed across the discharging resistamce 17 and,
therefore, the output terminals 18 and 19. In other words,
the initial switching action of switching devices 22 and 27
can be accomplished by the leading edge of the trigger
pulse waveform e;. Feedback may then be taken from
the ouiput waveform e; to sustain the switch drive to
swit ~ing devices 22 and 27 untl the output pulse ter-

minates. When the output pulse terminates the switch
drwe to switching devices 22 and 27 ceases and same open
to permit charging of the line 11. Thus, it is not in-
tended to limit the invention, except by the terms of the
appended claims.

What is ¢laimed is:

1. A pulse generator comprising a dela™ line, charging
means including a resistance equal to ths characteristic
§mpr:f‘mce of szid line for charging said line through said
resistance, discharging means including a zecond resistance
squal 1o he characieristic impedance of said line for dis-
charging seid Iine through said second resistance, means
g said charging means to & first end of said line
a first time interval equal to at least twice the ope
way éwla“ time of said line and decoupling said charging
mezns from the first end of said line during a second time
interval equal to at least twice the one way delay time
line, and means coupling said discharging means
to a second end of said Iine during said second time in-
terval and decoupling said discharging meuns from said
second end of said line during said first time imterval,
whereby a pulse is developed across said second resistance
ing a duraton equal w twice the one-way delay time

id line during said second time interval.

2. A pulse generator according to claim 1, further de-
fined by wd first time interval and said second time intet-
val being respf’mve}y equal to twice the one-way delay
fime m said line.

3, A pulse generator comprising a delay line, charg,ng
means including a resistance and voltage sup*ﬂv congected
in series, semiconductor switching means having pegligible
capacitance and contact resistance for mupﬁinc said chargs
m; means to & first end of said line when in a first switch-
ing state and decoupling said charging means from the
first end of said ime when in a second switChing state,
dische I“g means including a second resistance, second
semiconductor switching means ha vvng mqyg{ole capaci-
fance cmd caﬂtact resistance and having first and second
vitching states for coaphng said discharging mezns to a
end of said line when said second switching state

,\,

agd da JL;!m" 52 M ms\,bax ging means from the second:

{ said line when in said first swiiching state, and
rigger means coupled to said first and second switching
neans for simultanecusly triggering same alternately be-
tween said first and sesond sw;zchx-.g states.

4. A pulse generator comprising a delay line includ-
ing first and second conductors, a charging resistance, 2
voltage supply baving a first terminal connecied 1o said
sharging resistance and a second {erminal connected to
pround, a diode connecting said charging resistance in
series wzzh a first end of the first conductor of said dclay
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{ine, said diode having an orientation commensurate with
forward biasing thereof by the voltage polarity at said
first terminal of said voltage supply, a near ideal three-
terminal switching device having first and second switch-
ing terminals respectively connected to the juncture be-~
tween said charging resistance and said diode and to
ground, said switching device being respectively conductive
and nonconductive between said first and second switching
terminals in response to the presence and absence of pulses
at a control terminal thereof, a discharging resistance -
connecled between said second conductor of said delay
line and ground, a second diode connected in parallel
with said discharging resistance and having an orientation
comimensurate with reverse biasing thereof by the voltage
polarity of said second conductor of said delay line, a
second near ideal three-terminal switching device having
first and second swizching terminals respectively connected
to, the second end of szid first conductor of said delay
line and to ground, said second switching device being
respectively conductive and nonconductive between the
first and second switching terminals thereof in response
to the presence and absence of pulses at a comtrol ter-
minal thersof, and an input terminal commonly connected
to the conirol terminals of said Arst and second switching
devices for receiving trigger pulses,

5. A pulse generator zccording to claim 4, further de-
fined by said first and second diodes being semiconductor
diodes, said first and second switching devices being three~
terminal semiconductor switching devices having negli-
gibiz c’xpacuance and contact resistance, and by said
charging and discharging resistances, and by said charging
and djscharging resistance being respectively egnal to the
characteristic impedance of said delay line.

6. A pulse generator comprising a delay line, charg-
ing mesdns including a first resistance and voltage supply
connecting in series, szid resistance being equal to the
characteristic impedance of said delay line, semiconductor
switching means having pegligible capacitance and con-
tact resistance for coupling said charging means to a first
end of said line in response to a first switching state and
decoupling said charging means from the first end of
said line in response to a second :witcl;ing state, dis~
charging means mcludmr* a second resistance, said second
resistance being equal to the characteristic impedance
of said delay line, second semiconductor switch means hav-
ing negligible capacitance and contact resistance and hav-
ing first and second switching states for coupling said dis-.
charging means to a second end of said line in Tesponse o
said second switching state and decou t:lmg seid discharging
means from the sccond end of suid line in response to said
first switching state, and trigger means coupled to said first
and second switching means for simultaneously triggering
said first and second switching means aliernately between
said first and second switching states, said trigger means

riggering said first and second switching means between

said first and second switching states at time infervais
substantially equal to twice the one way delay time of
said delay line.
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