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1 Claim.:. (CL 25027} .

17,: 25&
This ‘invention reldtes’ to- methods ‘of "and ar<-  from:the: ‘anodg-eireitfof the:cathodé- circuit of
rangements for-obtaining-from a given eléctrical -
pulse-another “eléctrical ‘pulse-of modified form;: Inkan-embodlmenb -of ‘therinvention;: arranges«

and 'in ‘particular, to-suitdblé-application of ‘the’ mients similaf t6those Just« déseribed are” e,ppheq
methods described® for-producing pulses “having* #* téia’pulse'genefdtor-which may ‘bé of ‘4 typa-al=-

a-Very stéep initial rise:-or of very short duration; reddy khown; wherebythe <pulses:so ‘generated:!
or ‘both.: are ‘miade stéeper orinarrower of-both::

I connection with the testing ‘of television sys< In another embbdifnentof-the invention a-dés-
téms * and~in* obstaclé ~détéction;: pulses are’ re= lay ‘network is:applied’ to--a*harmonic ‘generator”
quired containing relatively'large amounts-of ‘en= 1%+ of &-kifown type in‘which harmonics are‘obtained?
ergy-but of ‘exceedingly . short-duration; perhaps- fromrastrainof repeatedipulsss of short duration:
of ‘the-order of"l microseéondor-1éss.” This re Théapplication of the: deldy’ netWork enabies the

quires that the initial rise must be exceedingly~  pulBes obtainedto'be very:consideérably shortened;.
steep.” The"generation .of “such. pulses” presents theteby:enablifig a very much gfeater-number "of~
some’ difficulty - and*~the - present’invention - digs 13+harmonics- of ‘approxitiately-equal ‘power- to be>
closes some methods by which this may conven= obtained. »
ientlyhe done: The-objects and- féatures-of ‘the invention will..
While.the chiéf application™of this invention is .~ be’more’ fally understood  from the féllowing de-=-
to-the generation of :these short pulses; the same . tailed description; and from-the-attached ‘draws
principles-may be used [in the solution of .other. 26?ingsinwhich:"

allied problems in which.pulses.of ‘one type are- F1g 1shows the varidtion-of voltage with*time:
requireéd to be changed inte pulses of some other.  Of“an~original'pulse; a*secondary delayed pulse-
type. ) ang’ the resultant combined pulse.”

The principal .object .of .this.invention, .there-- Fig» 2 issimilar t0 Fig. 1 except that the sec-
fore, is-to.disclose a method for.producing, elec-- 25 ‘ondary‘pulseis steeper-and is delayed by:a shorter”
trical pulses.of .very.short duration..- time::

Another.objéct.is to. apply the method to pulses: Fig. 3"shows a-particular-examiple of ‘the com-
generabing-systems:whereby the-pulses-produced:: bination of ‘a’series-of original pulses and a‘series:
may be considerably,shortened.: ofdélayed pulses:

According. to-the main featursiof the invention,. >0 s f‘ag 14 ;Illows siher;latie;iuls; 8 network arranged”
an electrical. pulse of -short duration: is produced= °F~1 ge %yshg“?spg Sfr czlgearigrllozm 67 prod
from.a longer electrical pulse:(which maybe gens- g oCb 0 i adaton L Whlchgthee e ; Eﬁfwgﬁi
%’?‘.ted’ in-any of’a:number: of known: Ways)..  joesnnected in-the anods-circuit: of Ja’valve,.

is original pulse is modified by producing:from::, . )
o : Y 4 854 FigsU6°and™7 show othér circiiits in which’ the :
1t :a- secondary: pulse. of :similar - form;. .which-is ™ g0 e rwork™is connectéd in the.cathods ciis
then-delayed. in:turn and:subsequently:combined’ cuit of & valve”
with: the original pulse<«(or a copy:ofit) in‘a:comi= Fie ‘ : - :

N . g."8 shows a. cireuit arrdhgement for.produc-
mon: <f:1rc:1(111b1 Th"; t1m§ delaytls pmd‘i";d by the™  ine extremely™ stéep: and/or gna\,rrow ptll)lses in
use-of -a delay network: of:a type:well known:in: 404which™two delay networks .
the‘art; The-original-and secondary-pulses: may® ¥ vk are:assoclated- with.an-

be:arranged:to-have:ithe same or:opposite signss Tmpylse generator,

Fl 9 shOW the f m ’
before combination;: and:two' differenit kinds -of* = : or Of"tf}'e ‘pulse prodiced by.
modified pulsestmay:theérefore be obtained. - Fur=- Fig. 10 ‘shows another mrcum atrangement: for:
ther; the-delayed:secondary ‘pulse may be' pro=-453produeing * ‘extremiely’ narrow pulses -in"which..a.
duced at the input ternmiinals of:the:delay network delayhetwork 1s agsociatéd with'a harmonic.gen--
by. applying: the original: pulsé tothe input ‘tepz- erators”

minals; and: reflecting:itvat thetoutput terminals:- Fig 11°shows the f6rs of ‘pulses. produced by,
According 't another feature, the deldy‘net~  th& harmonic geherator showd in Fig.. 103,

work-may: be:connectedseithet ‘in“the ‘ahode* 01r-~—501‘ Figr 127shows the rélation. between. the fre-

cuit or the:cathode cireuit ‘ofia:thermionic valve; queney;and the power of ‘thé harmonics.produced..

to the control grid of which is applied the orig=- by'the generator of Fig, 10:

inal pulse.: THe ‘deldyed pulse is in these cases In ‘Fig."1'the detted ciirve-a-shows-the.outline-

obtained by reflection: at the output terminals‘of©  ofa’ pulse‘ ~wHich might. bé: applied to:the.termi--
themetwork:and the modified pulse may-be taken “58%nals~of “a-circuit;” The’ curve gives the relation
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between the difference of potential of the cir-
cuit terminals and the time. The dotted curve
b shows likewise the outline of a pulse having the
same shape as a but of opposite sign and dis-
placed horizontally by a time ¢ seconds which is
small compared with the duration of the pulse.
If now pulse b be applied to the circuit ¢ seconds
after a the resultant effect will be the full-line
pulse ¢ which is obtained by adding algebraically
the ordinates of @ and b.

In Fig. 2 is shown another example in which
the original impulse has a very steep initia] rise
and in which the time ¢ separating the pulses ¢
and b is much shorter. This enables a substan-
tially rectangular pulse of duration very short
compared with the original pulse, to be obtained.

Another type of modified pulse can be obtained
similarly by combining with the original pulse ¢
a delayed pulse b of the same shape as ¢ and
having the same instead of a reversed sign.

- While these methods may be applied to pulses
of any form, particular importance is attached
to-pulses having a steep initial rise. Thus Fig. 1
indicates how a relatively narrow pulse ¢ may
be obtained from a pulse ¢ having a moderately
steep initial rise. Fig. 2 shows how a much nar-
rower pulse ¢ may be obtained from a pulse «
having a much steeper initial rise by making the
time interval ¢ smaller. Generally, as the re-
sultant pulse ¢ is required o be narrower, so the
initial rise of the original pulse ¢ must be steeper.

There are several well-known means of pro-
ducing pulses having a steep initial rise, so that
this requirement does not constitute a practical
limitation to the application of the process just
described. i

According to the principle of the invention,
the pulse ¢ is generated by some such convenient
means and the pulse b is obtained from it by ap-
plying a proportion of the voltage to a delay net-
work from which the pulse b emerges g short
time ¢ later, Pulse b with the same or reversed
sign is then combined with pulse ¢ and applied
to the circuit terminals, and as explained above,
the resultant pulse ¢ will be obtained. By suit-
ably adjusting the delay in the network, the time
t can be varied, and the resulting pulse can ac-
cordingly . be made to have any desired width.
Details of various methods of utilising the delay
network will be explained below.

"An example is shown. in Fig. 3. The series of
saw-tooth pulses ¢ is displaced by a time ¢ and
reversed in sign, as shown.in b. When these two
series of pulses are combined at the input of a
circuit, the resultant will be the series of square
topped pulses shown in e¢. In the special case
when ¢ is equal to half the interval separating

the successive peaks of series @, the symmetrical

series of square pulses d will be obtained,

A method of producing the necessary time de-
lay is indicated in Fig, 4. A delay network 1 of
the type well known in the art in which a pulse
entering at terminals x: and 2 emerges from
terminals y1 and y2 after a finite interval de-
pending upon the elements of which it is com-
posed, has an impedance 2o preferably equal to
its image impedance, connected to its input ter-
minals x1 and z2. The pulse a is applied to the
input terminals, and the output terminals 1, Y2
are short circuited as shown, The pulse travels
into the network and is reflected at the short cir-
cuited output terminals, and returns as the b
bulse to the input terminals z1, x2 after a cer-
tain delay. The b pulse will arrive at terminals
Z1, T2 with the sign opposite to that of the orig-
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inal @ pulse. If however the output terminals
¥1, ¥2 are unconnected the a pulse will be reflected
as before and the b pulse will arrive with the
same delay at the input terminals x1, 22 but with
the same sign as that of the original impulse a.

Thus in either case the original impulse ¢ and

the delayed impulse b will add together at the
input terminals z1, x2; and the resultant pulse ¢
will be of the type shown in Figs. 1 and 2 if the
output terminals are short-circuited, and will be
of the alternative type if they are left uncon-
nected: While for most practical purposes the
output terminals y1, ¥2 of the network will be
either short circuited -or left unconnected, the
delayed pulse b can be varied in amplitude by
connecting to y1 and 2 some impedance Z dif-
ferent from the image impedance Zo, and its sign
will depend upon whether Z is greater or less than
Zo.

It should be added that the impedance Zo is
preferably chosen to be equal to the image im-
pedance of the network in order to prevent addi-
tional reflections at the input terminals. Whenthe
input terminals of the network are connected to
a circuit the impedance of that circuit will be
effectively in parallel with Zo. Accordingly in
this case the value of Zo should preferably be
50 chosen that when it is combined with the cir-
cuit impedance the resultant impedance will be
equal to the image impedance of the network.
In the circuits described below it will generally
be assumed that the value of Zo has been so
chosen.

Some circuits showing various methods by
which the principles explained above may be car-
ried out will now be described.

In Fig. 5 is shown 3 simple circuit employing
one valve, The valve 2 is provided with the usual
anode. battery 7, cathode circuit 8 and blocking
condenser 10, and suitable pulses are applied be-
tween the grid electrode and earth. The ancde
load consists of a delay network | shunted by
a suitable impedance Zo. The input pulses will
be amplified by the valve 2 and a pulses of sim-
ilar shape will appear at the input terminals
Z1, Z2 of the delay network {. As already ex-
plained delayed b pulses will also be produced at
the terminals zi;, x2 by reflection at the output
terminals ¥1, y2 and c pulses will accordingly ap-
bear at the output terminals 21, 22. If the output
terminals y1, ¥2 of the network { be short circuited
as shown in Fig. 5, then the ¢ pulses will be of
the type shown in Figs. 1 and 2. If y1 and y2 be
left unconnected, then the ¢ pulses will be of the
alternative type.

One arrangement whereby the delay network
| is connected in the cathode circuit of the valve
2 is shown in Fig. 6. The anode is fed from the
battery 1. The output terminals z1 and 22 are
connected across the terminating impedance Zo,
a blocking condenser 18 being introduced in the
connection between the terminals XI and ZI.
By this arrangement the valve is operated as a
cathode follower. The output terminals of the
delay network | are short circuited, in which
case a ¢ pulse similar to Figs. 1 or 2 will be ob-
tained, at terminals 21 and z2. The resulting ¢
bulse will be slightly different from that produced
by the circuit of Fig. 5, because the use of Zo
in the cathode circuit introduces negative feed-
back which changes somewhat the form of the ¢
pulse.

A second arrangement whereby the delay net-
work | is connected in the cathode circuit of valve
2 is shown in Fig, 7. This differs from Fig. 6 in
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5
that the anode circuit contains 2 lead impedance
L across which the output is taken at terminals
21 and 22, and that the delay network output texr-
minals are left unconnected. In this ease, when
a positive pulse is applied to the grid, a similar
pesitive ¢ pulse appears in the cathode circuit,
and the anode current increases. The reflected
b pulse will arrive 8t the input terminals i, 2
of the network with the same sign as the a pulse.
This then causes the cathode voltage suddenly to
increase, and since the erid voltage remains un-
changed, the cathode voltage assumes a large
positive valie with respect to the grid, so that the
plate current is suddenly cut off, The ¢ pulse oh-
tained in the plate circuit will acecordingly be of
the type shown in Fig. 2.

For some purpose extremely narrow pulses are
reauired. As already explained, reduction in the
width of the ¢ pulse is limited by the steepness
of the initial rise of the a pulse. There are sev-
eral known methods of produging pulses having
a steep initial rise and it is convenient to com-
bine in one circuit the means for generating such
pulses with the methods of reducing their width
which are the subject of the present invention.
One way in which this may be done is shown in
Fig. 8. The valve 2 has connected in its anode
circuit an anti-resonant circuit consisting of an
inductance il and a capacity {2, which if de-
sired may be represented by the capacify asso-
ciated with the plate circuit of the valve. Con-
nected in parallel with the inductance is a delay
network | having its output terminals ¥1, ¥2 shord
circuited, and having the usual impedance Zo
connected to its input terminals 1, T2 The com-~
bined impedance of the network { and Zo is of
such a value that the antiresonant circuit H,
{2 is critically damped. Connected in the cath-
ode circuit of the valve is a second delay network
’ having its output terminals yi' y2’ left un-
connected, and its input terminals 1’ 2o’ shunted
by the impedance Zo’. The output of the valve
cireuit is taken from terminals 21, 22 through a
blocking condenser 19.

The circuit of Fig. 8 with the omission of de-
lay retworks t and 7 is in essentials the same
as one already known for producing pulses having
a very steep initial rise. Pulses a1 of square topped
form are applied to the grid of the valve 2. After
the initial sudden rise of grid potential due to the
pulse g1 the anode current increases very slowly
owing to the nature of the anode load and con-
ditions are chosen so that the ancde current
reaches 2 maximum before the final fall of the
grid potential at the end of pulse ¢1. 'When the
grid potential falls the anode current is sud-
denly cut off and the inductance i1 discharges
very sharply, producing a single peak of the type
shown in Fig. 9, the circuit being critically
damped.

When the delay networks | and {’ are added,
the cperation of the circuit will be as follows:

The pulse a1 applied to the grid of valve 2 will
produce across Zo & pulse ¢ of form similar to
Fig. 0 as already explained. The network 1 pro-
duces the delayed b pulse which combines with
the o pulse to produce the ¢ pulse at the output
terminals in the manner already explained with
reference to Fig. 5. Since the a pulse has a very
steep initial rise, the time delay in the network
may be made very small, so that the ¢ pulse can
have a width small compared with the width of
the ¢ pulse shown in Fig. 9. The delay network
i’ in the cathode circuit operates in the man-
ner described with reference to Pig. 7, and causes
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the anode current to he cut off much mote sud-
denly on the final fall of the pulse a1. As a re-
sult the initial rise of the pulse ¢ (Fig. 9 is
made steeper than before. Thus in belief, the
network I’ steepens the initial rise of the pulse
¢ in the anode circuit, and network { produces
the narrow pulse ¢ from ¢ by combining with
it, the delayed and reversed pulse b. It will be
clear that the fuhctions of networks { and I’
are independent and either could he used alone
without the other.

Another application of particular interest is to
a harmonic generator of a known type the cir=
cuit of which is shown in Fig, 10. In this cir-
euit a train of pulses is produced from a sinusoidal
generator, one pulse heing produced for each
complete cycle of the generator. Referring to
Fig. 10, the generator G is connected to a res-
onant circuit consisting of an inductance L2 and
a. variable capacity C2, which is tuned to the
frequency of the generator. The potential across
the inductance L2 is applied through a high re-
sistance R2 to a condenser Ci and a resistance
Rt connected in series, and the ouput is taken
from terminals 21 and 22 connected across RI. A
small inductance LI is connected across R2 to
improve the operation of the circuit. The. cir-
enit also includes a gas-filled triode V, the plate
cathode impedance of which is connected across
the series circuit of Rf and Ci, and the grid
is connected to the generator through a high
resistance R3 and a polarising battery B. A de-
lay network | is shown connected with its input
terminals 71, %2 across Ri with its output ter-

. minals ¥1 and ye short circuited.

Assuming for the moment that the delay net-
work | is not connected to Rl, the circuit pro-
duces at the terminals 21 and 22 a pulse of the
form shown by the full line curve shown in Fig.
11. As the potential produced by the generator
rises so also the potential across the series cir-
cuit. CI, BRI rises and the cireuif elements are
so chosen that this rise of potential is very sharp.

_ At the same time the potentials of the grid and

the plate of the valve V have risen until a point is
reached at which the valve suddenly becomes con-
ducting and the plate-cathode impedance be-
comes low, thus discharging the condenser Ci,
and causing the potential across R! to fall in
the manner indicated at Fig. 11.

Pulses of this type periodically repeated at the
frequency of the generator G produces a series of
harmonics the relative power of which plotted
against the frequency is shown in the full line
curve of Fig. 12, and it will be seen that the
power falls rather rapidly as the frequency of
the harmonic increases. The frequency of the
generator may be, for example, 4 ke., and the
values shown in Figs. 11 and 12 are those which
can be obtained by a suitable choice of the values
of the elements shown in Fig. 10.

When, however, the delay network | is con-
nected to the resistance RI as shown in g, 10
the pulse shown in the full line of Fig. 11 will be
reflected at the short-circuited output terminals
and will return to the resistance R{ with a change
of sign, and with a suitable delay. Accordingly,
5 modified pulse will be obtained at the output
terminals 21 and 22 of the type shown in Fig. 2.
This pulse has been indicated in Fig. 11 by the
dotted line. Such a pulse as this, when pericdi-~
cally repeated at the frequency of the generator,
will produce a series of harmonics whose power
is shown plotted against the frequency in the
dotted line of Fig. 12, and it will be seen that the
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7
bower of the harmonics is practically constant
up to about 15 megacycles. In other words, as-
suming the generator produces a frequency of 4
ke., something like 3000 harmonics of equal power
will be produced in this way.

It will be understood that no change whatever
has to be made to the values of any of the ele-
ments of the circuit excepting that the resistance
RI should be doubled in value and the delay net-
work should be designed so that its characteristic
impedance at the terminals z1 and 22 is also 2RI,
Accordingly, the effective resistance connected
across terminals 21 and 22 is again R, Thus it
follows that the curves shown in Figs, 11 and 12
represent the improvement obtained with a cir-
cuit having elements of bredetermined values
when the delay network | is added to it.

With the values shown in Pigs, 11 and 12 the
delay network should have g delay of approxi-
mately 0.015 microsecond, thereby producing a
time interval between the ¢ and b pulses of about
0.03 microsecond, and, as seen from Fig. 11, dotted
line, the width of the ¢ pulse so produced is per-
haps 0.07 microsecond. A delay network of an
already known type is suitable for a case like this.
Such a network consists of a small solenoidal coil
with tappings at equal intervals to which are
connected a number of equal condensers having
Capacities of the order of a few uuf, The self
inductance of the corresponding sections of the
coil will be of the order of 10 microhenrys and
such a coil might he perhaps 2 or 3 inches long.

Other similar methods of combining delay net-
works with generators of pulses for use in obsta-
cle detecting and the like, or for producing har-
monics will oceur to those skilled in the art. For
example, a delay network may be connected in
the plate circuit of g relaxation oscillator and
Very narrow pulses may be obtained from the
cutput terminals.

What is claimed is:

A system for broducing electriea] impulses of
short duration, comprising a source of impulses,
an electron discharge device including a cathode,

b
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bulses from said source into impulses of shorter
duration, a circuit connected between the anode

and cathode of said discharge device including a
first impedance which is also common to the
cathode-grid circuit and an anti-resonant circuit
comprising a second impedance, a first electrical
delay network having its input terminals con-
hected across said first impedance and its output
terminals unconnected, a second electrical delay
network having input and output terminals and
having a delay characteristic such that the total
time taken by said converted impulses of shorter
duration to travel from said input terminals to
said output terminals and after reflection at said
output terminals to travel back to said input ter-
minals is less than the duration of said converted
shorter impulses, means for connecting said input
terminals of said second ‘delay network across
said second impedance, means for short-circuit-
ing the output terminals of said second delay net-
work, and an output circuit coupled to said an-
ode-cathode circuit.
MAURICE MOISE LEVY.
LESLIE ERNEST WEAVER.
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