B. R. 16004
Code No.1563
A.P.1093E(2)

Chapter 13
PRODUCTION OF SHORT-DURATION PULSES
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CEAFIER 15
PRODUCTION OF SHORT-DURATION FUISES

1. INTRODUCTION

A sucoession of pulases is often required to initiate, at regular
intervals, the operation of certain radar circuits (see Chaps, 11 and
1), Normally such pulses have a repetition period of one or two
milliseconds and a duration of a few microseconda, This type of
voltage variation is not conveniently obtained direetly by applying a
sinusoidal voltage to a limiting amplifier, for the following reasons.
Pirstly, there is difficulty in producing, and applying to the limiting
amplifier, sinusoidal oscillations of sufficiently large amplitude and
sufficiently high frequency to give rise to pulses of short duration
with steep aides. Secondly, pulses produced by a limiting emplifier
have usually a repetition period which is of the seme order as the
duration of each pulse: the asmaller the mark-to=-space ratio, the leas
truly rectangular are the output pulses (see Chapter 9 Section 6).

It is usually necessary, therefore, to apply the succession of
rectangular pulses, either produced by a limiting amplifier or obtained
from any other source to sams pulse=shaping circuit which converts them
into output pulses of sufficiently short duration for the purposes for

which they are required.
Various types of pulse~-ghaping circuits are considered below.

2, TE USE OF A SHORT TIME-CONSTANT C~-R CIRCUIT

If a succession of c
rectangular pulses is applied ?——I
t0 a circuit consisting of a v, R v
condenser C and resistor R in
series (Fig.591 ), the time-
constant being small in conm- v
parison with the duration of v
a pulse, then the voltage
developed scross the resgistor Shoe - e
consists of alternate
positive amd negative pulses,
each-of short duration, as
shown in Pig.591 (see also )
Chapter 2).

-V,

Pig.591. - Use of short time-constant
C-R ecireuzxt,

This princaple is utilised in the circuit of Fig. 592 . Valve 1
is a limiting eamplifier which produces a rectangular output voltage from
a sinuscidal input. The output voltage of valve 1 is spplied to a
short time-constant C=R circuit followed by a second limiting asmplifier,
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Chap 13, Sect. 2

This second amplifier may be designed so as to discriminate between the
positive~going and negative-going pulses developed across Rg, so that the
final output consists of a succession of wnidirectional pulses of short
duration (see Chapter 9 Section 8.) In the case depicted this output
consists of positive-going pulses. The repetition period of these pulses
is the same as the period of the sinusoidal imput voltage, as indicated in
the figure.

If the voltage variation at the snode of valve 1 could be considered
truly rectangular, and if various circuit components other than C and Rg
could be neglected, there would be no limit to the reduction in pulse
width which could be achieved by diminishing the time-constant CRge In
practice there are limits beyond which further diminutiom of the time-
constant is not practicable. As shown in Chapter 2 Section 5 and 15,
the voltage developed across Rg may be seriously affected by

(i) the input capecitance Cj of the succeeding circuit
(ii) ., the output resistence of the preceding stage

(1ii) the finite rate of change of the applied voltage - i.e., of
the anode voltage of valve l.

The oversll effect of
thegse wnavoidable circumstan-
ces is to reduce the
amplitude of the pulses de~
veloped across Rg; ulti-
mately, if the time=constant
is still further reduced. (Q)
no additional decrease in
the duration of the output
pulses occurs.

oHT (Ve)

SCREEN AND SUPPRESSOR =

For these reasons, CONNECTIONS ARE NORMAL
and because they do not
produce the rectangular v,
shape of output pulse /\ /\
which is frequently re- (b) "g" N T / N

quired, C-R circuits QT OFF - N f N o
usually give place to

other types of pulse= VaVALVE L
shaping circuits when pulses
of very short duration, of
less than about 5 micro-
seconds, are required.

(c)

It should be noted that 0 t
with the circuit arrange-

ment shown in Fig. 593 Ve VALVE 2

the rise in the grid

voltage of valve 2 at the O .
traxling edge of a (d)

negative pulse developed
aoross Rg tends exponent-
ially towards the HT volt-
age (Fig.594 )iit is VaVALVE 2
therefore steeper than when

the rise is exponential

towards earth potential as (e)
would be the case if the

circuit of ¥ig.592 were

used.

g

¥ig,592.~ Action of limiting amplifier
circuit employing short time-constant
C-R network,
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Chap. 13, Sect. 3

By this connection of the grid leak to the HT supply instead of to
sarth the effective pulse width can be substantially reduced without any
alteration of the circuit time-constant.

3. THE USE OF A RINGING CIRGUIT

One of the factors limiting the use of a short time-constent C-R
circuit for producing pulses of short durstion is the input capacitance
of the succeeding stage. This capacitance can be utilised in a ringing
circuit, as shown in FPig. 595 . The response of such a circuit to the
output voltage of valve 1 is illustrated in the accompanying diagrams.
The frequency of the free oscillation is given approsdmstely by

—OHT(Vy)

fa 1

28 e )

Same damping is provided v, 3
by the output resistance of L 1
velve 1 and if this is of R — rrvv—
suitable value, the paraliel CONNECTIONS ARE NORMAL  °
mmreiiﬁ? * R may be Pig.593. - Alternative arrangement of
the limiting amplifier circuit of
The positive~going fig.5%2(a).

change of voltage at the
anode of valve 1 produces

at the grid of valve 2 a
damped oscillation commencing
with a large positive volt-

age swing lasting for about v, (vave 2)

a quarter of a period. The GRID LEAK

negative=going change of CONNECTED

voltege produces a similar TO EARTH |

oscillation commencing with SEE HIG 5924 ! R
a large negative voltage @

swing.

The above considerat-
iona have neglacted any
effeoct of grid ourreat in
valve 2, However, in
the circuit shown in Ve (VALVE 2)
PFige 595 , =ince valve 2 O AR
is not biased, the CRID LEAK '
positive portions of the CONNECTED !
damped oscillations are TO HT SUPPLY | |
limiteds Grid current SEE FIG 593 !
flows while the grid volt- b) ot
age is positive and the
resulting small valus of
grid-cathode resistance
causes considerable damp-
ing of the ringing
cireuite This inoreases
the logarithmic decrement
during the flow of grid
current, and reduces in Pig.594, - Effect of connecting grid-
gize and duration the leak to HT supply.
subsequent oscillation.

As a result, the voltage
asppearing at the grid of
valve 2 oonsists mainly of

S

B ik ‘ol it

~

e e e
ot .

.

> _———— ——
a]- ——————
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Chap 13, Sects 3,4

a negative pulse of short
duration, the start of which
occurs as the anode voltage
of valve 1 changes in a
negative-going direction.

The duration of pulses
produced by this method may
be of the order of 1-5
microseconds.

4, THE USE OF A PULSE-FORMING
NETWORK

Pulses of short duration,
considerably less than 1
microsecond, can be produced
from a rectangular input by
the use of 2 pulse-~forming
network, Fig, 596 shows
8 possible circuit arrange=~
ments The limiting
amplifier produces a rect-
angular voltage from a
sinusoidal input. (Where
the input is of too low a
frequency, some degree of
preliminary shaping will be
needed), In the clrcuit
considered here a short-
circuited delay network is
connected across the anode
loade The characteristie
impedance of the network is
made equal to the load
resistance RF,  The
operation of the delay line
has been discuassed in
Chapters 2 and kL. In the
present case a sudden flow of
current in the limiting
amplifier produces a rapid
change of voltage across R
which is in parallel with the
input impedance of the network.
This voltage is half that
which would be obtained if the
anode load consisted of Ry
alone. The voltage change
developed across B/ now
travels along the network and
after a certain time reaches
the short-circuit where it
suffers a reflection with a
chenge of sign, This
reversed voltage change
travels back along the
network and on reaching the
resistor B/ reduces to zero
the voltage developed across
it. Since the network is
matched to Ry there is no
second reflection at this
end. A voltage pulse is
therefore developed across
R/ , as shown in Fig. 597,
The duration of

=QH T (Ve)
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SCREEN AND SUPPRESSOR
CONNECTIONS ARE NORMAL

<|I-4

Vi (VALVE 1)

v!
(b} l

(OR Vg VALVE 2)
RESPONSE (F GRID CURRENT IN VALVE 2 IS
t

IGNORED

v, (OoR V, VALVE 2)
RESPONSE F GRID CURRENT FLOWS IN
t  VALVE

r V—v 2

Pig.595. - Use of "ringing® circuit.

(@

OHT(ve)

~—— n SECTIONS ———3

SCREEN AND
SUPPRESSOR
CONNECTIONS
ARE NORMAL

Pig.59%.~ Uss of delay network in
anode cireuit,
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Chap. 13, Sectu s

the pulse is 24/ IC where n is the number of sections of the

network end L and G are respectively the inductance of each coil snd the
capacitance of each condenser

(see Chapter 3 Section 16).

This output pulse is negative-

going and its leading edge v,

occurs at the instant at which

the current begins to flow

through the limiting smplifier Ve
valve. If the current |

through the limiting emplifier (a)

is cut off, a positive-going NETWORK o
pulse is formed which has a REMOvED ¥
duretion equel to that of the 4 _
negative-going pulse. vy JT

A variation of the pulse- ) el
forming circuit described above NETWORK Ll
is shown in Fig. 598 . Here MOERTED o i
the network is in the cathode '
ciroult of an amplifier, and
is approximately matched at Pig. .~ Bffe
one end by the low output €391 cirwc‘;t?f network in anode
resistance presented by the
valve to its cathode load
(see Chapter 7 Section 18).

Ihe termination at the other end of the network is a resistor Ry of such
a large value that this end can be considered as open-circuited, This
resigtor is necessery to complete the direct-current path from the cathode

of the valve to earth.

—
e . _

-0 HT [Vg)

Fig.5%98. - Use of network

SCREEN AND SUPPRESSOR .
CONNECTIONS ARE NORMAL in cathode
circuit.

"(‘ T°1.7 T§

(JJ I N SECTIONS

Denote by vy the input voltage and by vy the voltage developed
between cathode and earth. The valve is assumed to be non-conducting
until it is put into operation by the leading edge of a rectangular pulse
applied to the grid, so that initially wx= O and vj is below cut-off;

(Fig. 599 ).

As vi rises through cut-off valve current begins to flow and the
rise of vk follows that of v§ in & manner similer to the action of a
cathode follower (see Chapter 7 Seckion 18), the cathode load being egual
to the characteristic impedance of the network. The initial rise of
vK is slightly less than the amount by which vy rises above cut~off.
The voltage change vy travels along the network to the open-circuited end,
where it is reflected, without a change of sign, to return back along the
network. The returning voltage change arrives between cathode and earth
an interval on J‘f_b“ after the start of the operation, and
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Chap. 13, Seot, )

increases the voltags of the
cathode by an amount sufficient
to0 cut off the wvalve ocurrent.
The leading edge of the output
pulse, appearing across the
ancde resistor By is produced
as the rise of imput voltage
causes the valve to canduct.
The trailing edge of the eutput
pulse is formed as the action
of the network csuses the valve
ourrent to be cut off, Once
the valve current is cut off
the cathode voltage falls
slowly as the network discharges
through the terminating
resistor R « The time
needed for this discharge
should be long enough to ensure
thet the valve current remains
out off wntil the return of the
input voltage to its initisl
value,

High voltage pulses of
sbout 1 microsecond duration,
such as are required for the
modulation of transmitters,
can be obtained by first
charging a delay line to a
pigh voltage and then dis-
charging it through a resist-
ive load, A detailed
consideration of this method
of pulse production is
given in Chapter lie

o]

CUT=OF

Pig.599. - Besponse of delay line
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v, (VOLTAGE BETWEEN GRID AND CATHODE)
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cathode circuit,
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