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CHAPTER L

FULSE MODULATION OF TRANSMITTERS

1. MODULATION REQUIREMENTS

In Chap. 8 various types of pscillators are described,
meinly with regard to their ability to generate continuous oscilla=-
tions, In pulse radar systems, power oscillators are not employed
to generate CW but RF pulses. However, since the time taken for
oscillations to build up is much less than the duration of the out-
put pulses in present-day Service equipments, this difference does
not invalidate the description of the modes of oscillation given in
Chap, 8.

Transmitting velves are usually held gquiescent for
comparatively long periocds, of the order of & millisecond. They are
then caused to operate, generating a RF pulse lasting for about one
microsecond, after which they remain inoperative until the next pulse
is required., The unit which controls the Firing or Pulsing of the
oscillator is called the Modulator. This term is retained from
Radio Communication, in which the RF output is modulated in a manner
which conveys the intelligence. It is usually not convenient to
regard the modulator from the point of view of the integrated effect
of recurrent pulses but to consider it instead as a switching device,
controlling the initiation,-and, sometimes, the shape and the duration
of the eutput pulses. Considered in this manner it is the function
of the modulator to maintain the oscillator valve quiescent during
the intervals set aside for reception, and to bring it into cscilla=-
tion as and when required, maintaining the controlling potentials at
suitable values throughout the duration of the pulse., Also, except
in the case of self-quenching oscillators, the modulator controls the
duration of the output pulses.

In some systems the modulator controls the recurrence
period by its own independent timing mechanism, This may be necessary
when spark gep modulators are employed, since these are prone to
Jitter so that they cannot readily be triggered to spark at an exuot
instant, end the uncertainty may lead to unnecessary timing errors.
Either the modulator pulse or a rectified version of the transmitter
pulse may be used to start the timing mechanism for each successive
recurrence period, Where gas=filled triodes or hard valves are used
as modulator velves, or when the errors due to spark-gap jitter are
not important, the modulator may be externally controlled by & master
timing system,

In pulse radar as commonly employed successive transmitter
pulses are not phase~linked and are said to be Non-Coherent. Some
types of radar system require Coherent pulses; i.e. successive pulses

must conform to the phase of a continuously running oscillator. In
such systems the problem of modulation is more complexs In this
chapter we shall consider modulators for the production of non-coherent

HF pulses only.
2. MODULATION METHODS

Pulse modulators may first be divided into two main types:-

I Grid Modulators
II Anode Modulators
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Although many early radar systems employed I this is now
generally abandoned in favour of II for the following reasons.

(&) It is necessary with grid modulation to maintain a
high HT voltage for much longer than with Type II..
This wastes power and necessitates the use of larger
and more elaborate equipment,

(b} More precise control is possible with anode modulation,

(e) Most transmitter valves (magnetrons) now used for
operation at centimetre wavelengths have no control
grids,

Anode modulators may be classified under two general headings;=~
(i) Soft Valve Modulators,
(ii) Hard Valve Modulators.

This division is more profound than the inere names suggest.
Because of the high power handled by the anode modulator, which must
apply to the oscillator valve the necessary HT voltage (usually scveral
kilovolts)}, and which, during the pulse, carries the full current of
the oscillator valve (usually several tens of amps) it is a decided
advantage to use soft wvalves, which are capable of passing larger
currents with less dissipation than hard valves. Unfortunately, soft
velves, although readily triggered, are not so readily extinguished.
It is necessary, when using & soft modulator walve, to employ & pulse-
forming network as a supply source for the oscillator wvalve. The
power available for each pulse is then utilised during the double
transit time of the network and the oscillator is therefore unable to
oscillate after thet time.

Where hard valve modulators. are used there is no such limite
ation, The shape and duration of the modulator pulse are determined
by a pulse forming network at a low power level. Subsequently the
pulse is amplified by hard valve amplifiers which are controllable,
both at the beginning and at the end of the pulse, by the potentials of
their control grids.

The divisions (i) and (ii) have, therefor<, the following
significance.

(i) The pulse~forming network is made to carry the whole of
the pulse energy and is discharged into the oscillator in series with
the soft modulator valve, which controls the start of the discharge.
The problem of charging the network and causing it to discharge as and
vwhen required is the main consideration.

(ii) The pulse forming network is incorporated in & low-
power stage and the pulse is subsequently amplified until the power
level is sufficient for modulating the osciliator. The problem of
amplification, and the choice of suitable walves, is the main consider-
ation.

Both systems are commonly used in Service equipments.
GRID MODULATION
5« Pulse pmplifier Method

The essential circurt of this method is shown in Fig. 600.(a).
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The oscilletor is shown for
simplicity as a single valve,
valve 1, with lumped L-C

tuning, although arrange-

ments using push=pull valves g
and tuned lines may be

employed, The RF connec—

AAAN
W

HT

tion from the tuned eircuit 2t G oleeal
back to earth is via the 'G_-_ bioa o]
condenser C, but the DC PRE —~MODUL ATOR ezt l
path is via the resistor Puse

R, which forms the anode L —iVs

load of the pulse sawmplifier,

valve 2. The cathode of o t
valve 2 is returned to the (b TR “‘“'“““'““‘;F

negative supply line,
=oVg. The action is as

follows.
el
(1) valve 2 is 6 t
normally
conducting < curoert—— -
heavily,
since its
grid-cathode R OUTRUT

Q

potential is

approximately . | t
equal %o zero. <

The flow of

anode current

through R
depresses the Fig. 600 = Grid modulation:
potential at pulse amplifier method.

oA, and there=~

fore the grid

bias of wvalve l,below earth by an amount sufficient to
cut off the anode current of wvalve 1, which therefore
does not oscillate.

(ii) The anode current of valve 2 is cut off by means of a
negative pulse applied to its grid, so that its anode
voltage, and hence the grid bies of wvalve 1, rises

towards earth potentisl. This allcewa velve 1 to conduet and

generate oscillations. The waveforms are shown in
Pig. 600,

Capamcitance in shunt with R, including the anode-cathode
capacitance of valve 2 and that of the RF bypess condenser C, delays
the rise and fall of the voltage at pA, and the grid bias of valve 1.
The effect is most marked on the leading edee of the pulse, which rises
with a time-constant equal to the product of the total shunt chpacit-
ance and the load R; 1in order to make this time-constant small, R
must heve & small walue (e.8., 3k }. A second reason for making R
small is that the grid current of the oscillator flows through it,
tending o produce a negative bias. To obtain‘'the required rise in
voltage at 2A (e.g. 1500 volts) across a low resistance requires a
large decresse of current (e.g. 0°5 amp). Thus valve 2 must be
capable of passing such a current continuously and have an adequate
permissable anode dissipation, because it is conducting for the whole
of the recurrence period except for the duration of the RF pulse.

For this reason, the mean power taken from the HT supply =oVp is large.
A suitable value for oVp is 2-5 kV.
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b thode Follower Meth I

) Fig., 601(a) shows
the circuit for this method.
The DC return path from the
grid circuit of the oscilla=
tor (valve 1) is via the “”
cathode load R of the
cathode follower (valve 2).
The operation is as follows:~

Pemmmm— o

(1) Valve 2
e healiils N
to cut=off, l i l
because its
grid circuit is Ve

returned to the
‘negative end of

R, the voltage & I_'l | |
at oK becoming .

positive with
respect to M- %
-2Vp by &b
smount app.oach=-

ing the cut=off i) I | ﬁ
bias of valwe 2,

This means that

the voltage at

2K, and hence oy

the grid bias. o)
of valve 1, are-
sufficiently

negative with

respect to Fig. 601 = Grid modulation:

earth to dut’ oathode follower method.
off the anode

current of wvalve

1.

RF QUTRUT

(i1) A positive pulse mpplied to the grid of valve 2 raises
the grid voltage to & value approaching earth potential,
and the cathode voltage, together with the grid bias of
valve 1, follows, so bringing valve 1 into conduction.

Capacitance in shunt with R produces little delay in the rise
of the pulse because of the low ocutput impedance of the cathode follower.
The trailing edge, however, may be adVversely affected, since for this
the output resistance of the cathode follower i3 larger than for the
leading edge. The fall in voltage at 2K tends to lag behind that at
2G 80 that the wvalve current is cut off. The output resigtance for
the trailing edge of the pulse is thus approximately R, and the corres—
ponding time=constant is the product of R and the total shunt capacit-
ance,

The waveformas for the cathode follower circuit are shewn in
Fig. 601.

Advantages of this method compared with the former are;=
(i) The modulator walve, valve 2, is conducting heavily only

during the pulses; consequently its anode dissipation
during the quiescent period is comparstively low and the
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valve is operated more efficiently. However, the
cathode of walve 2 must still have s high emissivity
because, while valve 2 is conducting, it must carry
the grid current of walve 1.

(ii) The distortion of the pulse due to shunt capacitance
1s reduced.

The cathode-follower modulator reguires to be driven by a
positive~-going pulse of amplitude somewhat greater than that of the
ocutput pulse required. The stage generating this pulse can be an
amplifier of the type described in Sec. 3 but can have a largerout-
put resistance than is permissable if such & stage is employed as
the modulator. This is because the input impedance of the cathode
follower is considerably higher than that presented by the grid
c¢ircuit of the oscillator,

The design of & grid modulator is similar to that of the
Pre-Modulator Stage for a hard velve anode modulator, It is there-
fore suggested that Secs, 9 and 10 should be read in conjunction with
the above,

FIXED

5. Grid Seli-Quenching POSITIVE

VOLTAGE

HT (¥
If an oscillator «
is provided with a C=R
network in its grid circuit, R
it may be made to generate
RF pulses. The phenomenon ()
of Grid Self-Quenching
(squegging) has already v}
been described in Chap. 8,
Sec. 47. It is sufficient
here to indicate the '
circuit to be used and the
waveforms produced, illust=
rated in Fig. 602, 1In
Pig, 602(a) the condenser
C is shown inserted
between the top end of the
L-C circuit and the grid,
but if more convenient it
mey be placed between the
bottom end and earth.
The resistor R is connec=
ted either to zero or to
a positive potential.

Fig. 602 - Grid self-quencning oscillaton
The sgquegging
oscillator has the merit
of extreme simplicity but possesses several disadvantages;-

(i) The biss is varying throughout the duration of the pulse
s0 that @timum conditions of oscillation are not maintained.

(ii) The pulse shape is not very good.
(iii) The repetition period is rather indeterminate because it
depends on the slow exponential rise of the grid voltage teo cut-off,

Variation of cut=off potential with ageing of the valve or between
different valve specimens can thus cause alternations of recurrence
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freguency. This tendency is reduced when R is returned to & positive
voltage.

(iv) The RF pulse length is also rather indeterminate bec=
auge it depends on the rapidity with which C charges due to grid
current flow. Change of grid-current characteristics with ageing
of the valve or change of valve specimen thus produces variation of
pulse width,

The indeterminacy of the recurrence frequency of the freely
running squegging oscillator can be eliminated by triggering the grid
circuit of the oscillator by ope of the methods described in Secs. 5 and
4. The triggeritg pulse is longer- than the required duration of the
EF pulse, the latter being determined as before by the rate at which
C is charged by grid-current flow. The circuit mey be arranged as
in Fig. 603, a cathode follower triggering valve being used. From the
waveforms it can be seen that the action of the oscillator is initiated
by the triggering pulse and its duration is determined by the squegging
sction. The free-running repetition frequency is chosen to be
grester than the frequency of the triggering pulses so that the valve
is ready for operation by the time each triggering pulse is applied.

o —mmmmmem

L
d e
V2 SUPPLY
LG ff - R c FOR V2
e "
PRE-MODULATOR
PULSE
o =¥
VUG

EL

» L L

Pig. 603 - Triggered squegging oscillator.

The duration of the trigger pulse need not be shorter than is necessary
to prevent double pulsing. Double pulsing occurs if the rate of rise
of mean grid potential after the end of the RF pulse is such that cub-
off is reached before the end of the positive portion of the triggering
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pulse. In this case a second RF pulse is produced by the oscillator.

The advantage of the arrangement compared with the simple
cathode follower type of grid modulator is that it removes the
necessity of generating triggering pulses as short as the dquration of
the RF pulse.

6. Anode Self-Quenching

Although this is not a
method of obtaining grid modulation,
it is convenient to mention it here,
as it is used in conjunction with
triggered grid self-quenching
circuits to reduce the likelihood
of double pulsing. If the anode 4 I .
circuit of the oscillator is fed PRE-MODULATOR l
from the HT supply via a C-R PULSE v
network as shown in Fig. 604, the
applied HT, instead of remaining o =t
constant as with direct feed, b)
varies in the manner shown in Fig.

604.  The applied HT falls

repidly due to the discharge of

C by anode current flow while the

valve is oscillating during the v
first part of the trigger pulse; &
it then commences to rise as C ©
recharges through R, but the rise
during the remainder of the
trigger pulse is small. Because
of the low vslue of applied HT
during this period, the cut=-oif - ~quenching
value of grid potential is less Fig. 60k - Anode self

negative; consequently the mean

grid potential can rise

further during the remainder of

the triggering pulse without the oscillator coming into conduction
and producing & second RF pulse. The variation of applied HT also
affects the RF pulse length and shape.

L

ST T

N

S R

-

The action of the tripgered self-quenching circuits can be
made more definite by substituting an open-ended delay network for
the condenser C of the C=R circuit. The operation of self=-quenching
using delay networks will not be described as they have not been used
to any great extent. Anode self-quenching using a delay network
constitutes one of the important methods ol anode modulation and is
described in Sec. 11,

7. Disadvantages of Grid Modulation

(1) If valves with oxide-coated c.thodes are used grid
modulation may be seriously affected becsuse of grid emission naused
by deposition of oxide-coating on the grid. Gold plating the grid
reduces this effvct, the gold poisoning the sputtered coating and
preventing emission. Even with thoriated tum;sten filaments grid
emission can occur for either of twe reasons.

. (a) ‘If the grid, by reason of its proximity to the cathode,
becomes very hot, primary emission from the grid may occur.

(b) If the grid is driven very positive, secondary emission
may result.
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In any case the Reverse Grid Current tends to cause the
squegaing network to charge up in the wrong sense, with possibilities
of CW oscillations ensuing., In generwl, speciel precautions must be
taken to prevent such reverse surrent from passing through the squegg-
ing network, such as the use of bypass diodes.

(ii) The H? is applied to the oscillator continuously, so
imoreasing the tendency for the phenomenon known as flashearcing to
occur; this is the complete breakdown of the high insulation normally
aiforded by the high vacuumn between the electrodes of the walve,

ANCDE W ODULATLON
8. General

In this type of modulation, the mean potential of the grid
(if any} of the oscillator remains constant, whilst the anode-cuthode
voltage is switched to the operating value for the reyuired duration
of the R¥ pulse. This action may be brought about by switching
either anode or cuthode voltage, the lattor being used for oscillator
valves which viork with Lheir anodes earthed.

9. Hard Valve Modulutor

The basic circuit for Hard Velve Modulation is shown in Fig.
605, The oscillator and moduletor valves a.e connected in series
across the HT sugply. The modalatore-valve current is normmlly cut off
by the negative grid bias and no current can flow in the oscillator
valve, A positive pulse is supplied to the modulutor grid so as to
bring the valve into hesvy conduct.on for tne ro.uired duration of the
RF pulse. During the pulse, the mouvulator vilve suould offer a low
impedance so that the greater part of the HI' voltaze may be developed
across the oscillator valve,

OHT
Ry
C
PRE-MODULATOR =
PULSE >
.L L)
MODULATOR MAGNETRON
Fig. 605 - Basic circuit Fige 606 - Shunt-fed modulator
of hard wvalve modulator. circuit,

If a magnetron oscillator is employed the HT positive lead
must be earthed since the anode of the magnetron is at earih potential
because of its mechanical construction., This may be avoided by
adopting & shunt=fed arrangement, &s in ®Pig. 6U6. To ensure correct
operation the voltage developed across the magnebtron mast remaln steady
during the pulse. This means that a long time-constant coupling
circuit should be used., The resistancesinvolved in this coupling

circuit are;-

R,, the resistance of the modulator valve when conducting, and
Rm, the resistance of the magnetron when oscillating.
For maximm efficiency the following results mmst hold:-

R >R,
R, > Ry

T 580



Chap.1k, Sect.10,11

Hence the condition for small distortion of the rectangular
pulse is that GRI» the duration of the pulse.

10s  Modulator Walve Reguirements
The Modulator valve must satisfy the following requirements;-

(1) The cathode must have a high emission, since the oscilla-
tor valve current passes through the modulator valve.

(i1) The resistance of the valve when conducting must be
smll compared with that of the oscillator in order
that the greater part of the HT voltage may be devel-
oped across the oscillator.

(1i1) The valve must be capeble of withstanding the full HT,

(iv) The valve must have =mall inter-electrode capacitances
in order to preserve pulse shape.

(v) The maximm permissible anode dissipation must be
adequate.

These different requirements conflict with one another, and
the design is necessarily a compromise.

Two exemples of modulator velves are given below :-
(1) ©OV57 Beam Tetrode

Thoriated cathode. Gold-plated grid.

Max. permissible anode cwrent = 54
e = 50040

Meximm anode voltage = 11 kV

Imput capacitance = 21 pP

Output capacitance = 1l pF

Maximm anode diassipation = 15W

Three of these valves in parallel are normally used for
modulating a CVél magnetron.

{11) 715C Beam Tetrode

(xide-coated cathode. Goldepnlated erid
Max., permissible anode current = 154
Impedance = 3000

Maximm ancde voltage 18kV

Input capacitance = J5pF

Output capacitance = 8 pF

Maximum anode dissipation = 60W

Rated anode Voltage = 15kV

11, Anode lodulation using a Pulse-forming Network in Conjunction with a

Spark Gap ar a Gas Triode

In this method the modulsting pulse is obtained by discharping
a pulse-forming network'into the load presented by the oscillator through
a spark.gap or a gas triode. The network is charged from the HT source
in the intervals between pulses.

The principle of operation may be understood by first

581



Chap.1k, Sect. 11

considering the action of the circuit of Fig, 607(aj. This consists
of the anode self-guenching
circuit of Fig. 60k, with the i

addition of a switch 3 in

series with the oscillator. | v, lﬁ
In practice, 3 takes the ' —HT s .

form of a spark gap or a gas @ s T

triode; thf:e possess the +HTT [‘U;,
property of maintaining

conduction at very much
lower voltages than those at
which they strike.

While S is open,
the condenser C charges
throush resistor R to the
HT wvoltage, When 3 ia
closed, ¢ discharges
through the load presented
by tae oscillator, the
resistance of R being very
much grezter than that of
the load. When the volt-
age across O reaches sonme (<)
value V7, Fig. 607(b), &
opens {i.e. the spsrk gap |
or gas triode extinguishes)
and C recharges through R.
The voltage across the -
oscillator is zero between Fle: 607 .ﬁ&;d;;::gruﬁtion using
pulses and, neglecting the
small loss of wvoltage across
3, is equel to vy while 8
is closed.

The circult just described is capable of generating modulat=
ing pulses for the oscillator, but the pulse shape is fur from recte
anzular. Thies disadvantage mav be overcome by replacing C by an

open-ended network as shown in Fig,608. While S is open,
tne condensers charge
through R as if' they were

&1l connected in paralle) o -

the inductances having Hr c -F -F Tc
negligible effect during SupbLY ) e s 2
the relatively slow charge. s DELAY NETWORK
The total chargzing capaci- HL { . bt e

tance is thusnc; (b).
When 3 s closed the netw-

-

()

work discharges producing _ _
a more or less rectangular ] Ro f
pulse across the oscillator; ! 5 =
(¢). The munncr of this H1{vs) [ -y v
discharge depends on the i [ oscr | T Ru ‘})
following considerations;= + -+ ! 1 +
. by ¥ (c) v
(i; The numder of
sections in Fig. 608 - Anode modulation using
tne pulse. network.

forming netvork.
The more sections tunere are the move nearly rectan.ular
the pulse becomes,

(ii) The total inductance (nLl) and capacitance (nC)
of the network. The duration of the
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pulse is 2 jnl.nC = 2n fL.C

(iii) The ratio of the characteristic impedance of the net=-
work at zero frequency to the resistance of the load.
The existence of subsequent reflections, their
magnitude, and polarity, depend on this ratio.

Thedse effecte are dealt with in Chap. 4, Sec. 12 and Chap. 3, Sec. 16,
Various methods of charging the delay network may be employed. These
are deslt with in Secs, 23 - 36,

Owing to the high voltages used, the network is usually
immersed in oil to minimise leakage and the possibility of a flash-
over,

PULSE TRANSFORMEKS
12. General

High voltage fransformers normally used in power supply
circults are designed to operate with currents which are approximately
sinuscidal, and are required to produce a corresponding sinusoidal
output wvoltage. In high-power pulse circuits the requiremeunta are
different, and ordinary transformers are liable to distort pulse=-
snape very considerably.

The term Pulse Transformer is applied to transformers which
are designed to pass pulses without appreciable distortion of their
shape,

Pulse transformers find particular application in the
modulstor section of radar equimments, being used for the following
purposes:-

(i} Ma'cning, e.g. matching tne medulator or magnetron to the cable
connecting thnem.

(1i) Reversal of a pulse, e.g. between the pre-modulator and modulator
valves.

(iii) Coupling between two circuits at diiferent stesdy voltuge levels,

13. Equivalent Circuit of & Pulse Transformer

The distortion of the pulse shape produced by a pulse trans-
former can be determined by
analysis of its equivalent
circuit, An approximate

equivalent is shown in rFig. o R‘.. o
609. A mathematical juste 1 11 2 i seconomm
ificetion for tnis egquive TERMINALS - Lr ?ER"F; ‘ TERMINALS
alent circuit can be given, o IDEL ¢
but it is sufficient here m 1

to indicate the signiricance

of the various circuit Fige 609 = Equivalent circuit for
elements shown. pulse transformer,

C1 is the primary winding self-capacitance + output capacitance
of the stage feeding the primary.

Lg represents the leakage inductance between primary and. second-
ary i,e. the inductance of the primary when the secondary is
short-circuited.
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represents the magnetising inductance, i.e. the inductance
of the pri.wry when the secondary is open-circuited,
Ry represents the losses due to dissipation in the iron core.
m  is the step~down ratio of the transformer (the turns ratio).

c,", = 0%, where C2 is the secondary winding self-capacitance +

stray shunt capacitance + input capacitance of secondary
load,

R" = IIZR‘, where
Ry :i.sl the secondary load resistor.

O and R} are the equivalent values of Cp and Ry reflected
from the secondary to the primery circuit of the transformer.

The Ideal Transformer merely transforms the voltage in the
ratio of the turns,and introduces no other circuit elements.

1lh. Pulse Transformer Connected Between a Modulator Valve and Magnetron

An approximate treatment of the operation of a pulse trans-
former connected between a modulator and
magnetron (Pig. 610(a)) is now given,
The modulator and mgnetmu valves MAGNETRON
conduct heavily during the pulse, and ‘JP
are non-conducting between pulses. u:\
The equivalent circuits for the duration
of the pulse, and for the interval
between pulses are considered separately.

(1) Operation during pulse

The equivalent circuit during

the pulse may be derived from Fig. 609 _:_ Ryyya——
and is shown in Pig. 610(b). In this = 1 Lvs |
figure Vo i ¢, Lp . 2 v,

= anode-cathode resistance of Ry IDEAL
the modulator valve when (b)
conducting.

' _ Fig. v10 = Pulse transformer
R =n?Ry where connected between modulator

= anode-cathode resistance of mag- V2lve and magne
netron when conducting. ;

v = voltage across magnetron,

Ry of Fig. §09 is ammitted because

This still complicated equivalent circuit can be simplified
by considering deparately the action of the circuit for the leading
edge of the pulse (modulator just switched on) and during the ste
portion of the pulse. :

(2) Response on leading edge.
The equivalent circuit may be simplified by omitting 29 ,
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since C; can charge very rapidly through the low impedence Ry of the
modulator. We may also omit Lp for the following reasons;-

In the first instance neglect Ls since Ls <K Lp. Then
the current through Lp is small provided the time-constant E’.E is

much greﬂter than the corresponding time-constant for the cim uit
formed by Cz » !fu and Ry, i.e.
L] r

Le 2 By Fv

T »

v By + Ry

Normally Ry > Ry so that this reduces %2; > ¢ Ry

This condition.is normally satisfied in & pulse-transformer
circuit. The simplified circuit is shown in Pig. 611(a) in this the
ideal transformer is omitted for clarity.

The voltage vy across the mgnetmn does not instantaneously
attain its stesdy value of -8 , because of the presence

. \ m(m + RV)
of Ly and 02' which form & series resonant circuit, Oscillations
occur if the damping factor § of the circuit is less than unity;
(see Chap. 2, Sec, 10). Any reduction in damping below this
critical value will

(1) introduce a ring, which is undesirable;

(2} steepen the leading edge and so accelerate the build-up,
whjch is desirable. ’

A compromise must be achieved between these effects,and the
value § = 0-7 is commonly used. This compromise is illustrated in the
following typical specification:;= "The pulse must attain 90% of its

final voltage within O-1 , and the amplitude of the ripple must not
exceed 10% of the mean wltage. The pulse shape for various
values of § is shown in F’:Lg. 611(b).
L -
Ls -'f-" m¥,,
é Q00 l ' —!' V‘-d- Le R ‘L
id) “"_llr_ ! IR' %mvu R, -
. 'J" (a)
Ry
' v,
o t 1
b W, L incREASING
\‘ ‘\I“ FFFFF .
= 'w | .
o (b)
Fig. 611 - Performence of pulse Pig. 612 - Performance of pulse
transformer during leading edge tranaformar during steady portion
of pulse. of pulse.
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(b) Response during steady portion of pulse.

Here the gradual build-up of magnetising current inm Ly
results in a decrease of current through the magnetron. Since this
variation of current is relatively slow, Cj, Lg, and C'p may all be
neglected, The resultant simplie
fied circuit is shown in Fig. 612(a).

The voltage mvwy across Lp falls

from its initiel value with a time "
constant
' o t
Lp Ry +Bv) = Lp
Rv Rv
bei i 4
the pulse shape being as depicted _%aﬁ |

in Fig. 612(b).

Combining the effects
on the leading edge and during
the steady portion of the pulse
we obtain Pig. 613.

Fig. 613 « Pulse transformer:
combined effects on leading edge
and steady portion of pulse.

(ii) Operation between Pulses i

We will consider the
effects on the trailing edge of
the pulse, when the modulator and b
megnetron have bscome non-conducting.
The equivalent circuit is shown in
Mg, 6l4(a). C3 and Cp' wre charged
and must discharge before equili=
briun is reached. Two types of
ring can occur:-

fﬁ\/

P

~F RING

(a) 4 relatively low-
frequency ring
due to Lp reson= (b
ating with the
parallel combina-
tilon of G1 and
02 r3 LS bﬂViDS
little effect for
this slow oscilla=
tion. Damping v, |||E
occurs due to Rj.

(b) A high-frequency

ring due to Lg
resonatin, with
the series
combination of
cl and 02‘ E) Lp
having little
effect on this
rapid owcilla=-
tion.

«

OVERSWING
DIODE MAGNETRON

{cy

Fig. 614 = Performance of pulse
transformer after the end of
the pﬂl’e.

Fig. 614(b) shows the type of waveform produced, the high-
frequency and low-frequency rings being superimposed.

bR6



Chap.1k, Sect.15,16,17

15. Design Considerations

It follows from Sec., 14 (i) that for minimum distortion
during the leading edge and stexdy portion of' the pulse the constants
must be chosen so that

L ‘ '
EE > TP >> Go Rr’

v

where T is the duration of the pulse.

Gonsequgntly C2' should be as small as possible, with & large value
of Lpl

In order that the trailing edge of the pulse should be
sharp, the frequency of the low-frepency ring should be high; 1i.e.

Ly (Cy + C3) should be small.

In general these two sets of conditions cannot be attained
unless Ry is very small., A large value of Lp can be obtained by
either using a large number of primary turns or using & high permea-
bility core. Of these, the latter is preferable because smaller
values of Lg, C) and Cp are then obtained. High-permeability core
materials are available in the form of certain nickel=ircon alloys,
of which the outstanding exemple is mu-metal, A considerable
reduction of leakage inducteznce can be effected by the use of an auto-
transformer, rather than one with two ._eparate windings. Thic is
possible only when primary and secondary circuits are ut the same
steady potential.In large pulse transformers high-permeability alloys are
seldom used since flux saving is very small.

Tue insulation of hish voltagc pulse transformers_ is a
difficult problem; the wost suitavle method is to enclose the
windings in a sealed oil=filled containcr. Allowance must be made
for expansion of the oil due to heat,

16. Overswing Diode

In Pig. 614(b}, the negative peak at P may reuch sufficient
emplitude to cause the magnetron to oscillate again, leading to the
production of a double RF pulse. To prevent this a diode is connected,
as in Fig, 614(c) so that it conducts on the preceding positive half-
cycle,i.e. between ¢ and R, and damps out the oscillation. A pro-
tective resistance is usually included in series with the overswing
diode.

17. Pulse Transformer with Bifilar Secondary

If a pulse transformer is used to feed the HT pulse to the
cathode of the magnetron (Fig, 615) the transformer supplying the
heater of the magnetron must be rated to withstand the full pulse
voltage. Tuis may be avoided by tne use of 4 pulse transformer with
a bifilar secondary, connected as in Fig. 616. The two sections of
the bifilar winding are numbered 3, L4 and 5, 6. The ends marked L, 6
are effectively at earth potential so far as the pulse is concerned,
6 being connected to earth directly and L being connected thereto via
the condenser C1 (e.g. 0'0LuF). The heater voltage for the
magunetron can therefore e ‘appglied at the points L, 6 from & trons-
former of normal rating.

Equal pulse voltages appear at the eunds of the winding of

the pulse transformer marked 3, 5 and are applied to the two sides of
the heater o1 the magnetron, one of which is connected to the cathode.

The condenser ensures that any inequality in the pulse outputs of the
bifilar winding does not damage the heater.
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HEATER
TRANSFORMER

°© PULSE e
TRANSFORMER v
Fig, 615 - Pulse transformer Fig. 616 - Pulse transformer
feeding magnetron. with bifilar secondary.

18. Use of Pulse Transformer in Conjunction with Hard Valve Modulators.

In certain Service applications it is necessary to separate
the oscillator and modulator valve circuits. To avoid distortion
of the pulse shepe by the connecting cable it is necessury to termin-
ate the cable in its characteristic impedance; this may be done by
using & pulse transformer to match the impedance of the magnetron into
the cable. The matched cable will not in general present a suituble
impedance for direct connection to the modulator, and a second pulse
transformer is inserted between the modulator valve and the inpuf of
the cable. This arrangement is shown in Fig. 617; since the impeds-
ance of the cable is nommally considerably less than thut of the
magnetron, the input pulse transformer has a step-down turns ratio,
and that at the output & step-up ratio. Because of this, the voltage
across the cable is considerably less than that applied to the magne-
tron, with the consequence that the necessary voltage rating of the
cable is much reduced.

CONNECTING CABLE
oHT

R F OUTPUT]
_— 4

O . -+
. L oveaswne
- - OIGOE

Fig. 617 - Use of connecting cable Fig. 618 = Use of auto~transformers
and pulse transformers between between modulator and oscillator.

modulator and oscillator,

Example: -

Impedance of magnetron when conducting = 9000
100 n

Characteristic impedance of cable
Amplitude of pulse across magnetron = 12 K.

Step=up turns ratio required between cable and magnetron

-29.9 = 3.
100

Voltage across cable = l’é‘.‘-’kV= L.
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The purpose of the overswing diode in Fig., 617 is des=
cmbed in Sec. 160

In place of the double-wound transformer shown (Fig. 617)
auto-transformers are frequently employed. An arrangement using
auto-transformers is drawn in Fig. 618.

19. Use of Pulse Transformer in Conjunction with Delay Network
(Soft Valve) Modulators

Pulse transformers may be used in conjunction with a delay
network modulator for the following purposes:-—

(i) To step up the voltage of the pulse before application to
the oscillator. This allows the use of a delay network with a lower
voltage rating. It increases, however, the current which must flow
through the spark gap or gas triode to produce & given current in the
oscillator circuit, e.g. if 12kvV. 10A. are the voltage and current
required in the oscillator circuit, and 4KV the output voltage from
the delay network, a current of 3CA. must flow through the switching
device, ’

(ii) To ‘enaole & low impedance cable to be used between modulator
and oscillator units,

HARD VALVE MODULATCR CIRCUITS

20. Pre-Modulator

A hard modulator valve requires the application of a positive-
going pulse of large amplitude (e.g. 1,000 V) to bring it into conduct=
ion. The unit which generates the pulse is known as the Pre-Modulator
(or Driver).

The action of the pre~modulator is initiated by & triggering
pulse from the radar timing mechanism. This pulse is normally of
comparatively long duration and is used to produce & short duration
pulse of the desired shape by oneé of the methods described in Chap. 13.
This pulse mey go through several stages of amplification, inversiom,
shaping, etc. before the output stage is recched.

The output impedance of the pre-modulator unit must be low,
for the following.reasons;= '

(1) The grid of & large modulator valve must be driven consider-
ably positive, e.g. 100 V, in order to make the valve conduct as
heavily as possible; under these conditions the input impedance is
low due to the flow of grid current. Unless the output impedance of
the pre-modulator is sufficiently low, limiting will occur as described
in ChﬂPc 9.

(ii) A low output impedance is necessary to preserve pulse shape,

The simplest form of pre-modulator output stage consists of
a valve with resistive anode load which conducts during the intervals .
between pulses and is rendered non-conducting by the application of a
negatiwve pulse to its grid for the rcquircd duration of the RF pulse.
In order that the stage may have & low output impedance, it is
necessury to use a small anode load. To produce & voltage pulse of
large amplitude across a small resistance requires a large current
chenge, Therefore a valve capable of passing a heavy current contin-
uously and having a large permissible anode dissipation must be used,
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On the other hand the stege supplying the nega¥ive pulse which cuts
off the current of the output stage can be of low power since it is
required to conduct only for the duration of the RF pulse.

The high power SHORT-CIRCUITED Low HIGH
consumption of the pre= pELAY NETHRX bl e
modulator output stage M
may be avoided by insert-

OUTPUT TO

ing & phase-reversing VAE TR
pulse transformer bete 2

ween the anode of the o

output stage and the ccer S a g;i

grid of the modulator 3 1

valve, Inthis case . T & anie om0 s sepres

the output wvalve is brought
into conduction for the

durstion of the RF pulse N

only, and although it . e Sea— — ot

must be capable of hand- -_I

ling large peak currents, s

its ratings of maximum

emission current and ancde T R s s mp—

dissipation may be comper-

atively low. Such a I

stage may, if cesired, be M —

driven frem a norvslly _'f’ff___] __________ l _____

quiescent low-power st. e °r, t

through anctner prace- o L

reversing transforpes, CUT_O&T‘ - F——— t
A represeni— 3t

ative arrangement for & Mo

complete pre-modulator 1000V

unit is shown in #ig, o S SO I t

619 together with the outeuT

waveforms of the volt- T

ages produced at warious 1000V

points. The negative- olt ¢

going edge of the rect-

angular triggering Fig. 619 - Representative pre-modulator

voltage corresponds to circuit and waveforms,

the firing instant of the

transmitter; this volt=-

age is applied to the grid

-of valve 1 via a long

time-constant circuit, which in conjunction with the grid=cathode
circuit of the valve, clamps the voltage so that its positive=going
level at the grid is approximately zero volts. In the anode circuit
of valve 1 is a short=circuited delay network, which results in the
production of positive-going and negative-going pulses of the
required duration. These are applied to the grid of valve 2 which is
biagsed so as -to be brought into conduction only during the pogitive=
going pulses. The amplif'ied negative=going pulses at the anode of
valve 2 are reversed in phase by the pulse transformer T and applied
to the grid of valve 3, which is also biased so as to condwct only
during the (positive) applied pulses. The negative-going pulse out=
put of valve 3 is reversed in phase by To before appllcat:.on to the
modulator valve,

21. Boot-Strap rre=Modulator

The employment of' pulse trunsformers, with the consequent
possibilities of distortion of the pulse shape, cun be avoided, whilst

590



Chap.14, Sect.21

at the same time all valves msy be kept in the quiescent state except
during the pulse, by use of the Boot-Strap circuit., Tnis circuit,
together with waveforms, is shown in Fig. 620,

In the interval between pulses valve 2, a gas triode, is
biased by the voltage ~Vg so that its grid is sufficiently negative
with respect to cathoue %o prevent it striking. The open-ended
delay network in the auods circuit of valve 2 charges io 1Vp through
the large resistance Ry 'in scries with the comparatively small resist-
ance Ry. Valve 5 is biwsed to cut-off by the voltage ~Vg.

Cy

PULLE
JP

(a) i
Ry ::
>
3R 3
L1s
ETEYTIYITITTR
CHASSIS
'VG
o

TRIGGER VOLTAGE

(B}

t Fig.620 - Boot-
strap pre~
modulator.

Ve 15 THE VOLTAGE

(el DEVELOPED BETWEEN

A AND B

t

Ve
Vies IS THE VOLTAGE
(d) " n DEVELOPED BETWEEN
K AND B
Q t
Yo

THE VOLTAGES BETWEEN
A OR K _AND CHASSIS
(e) MAY BE FOUND BY
ADDING TO (c) OR (d)
THE VOLTAGE SHOWN
AT (e}

o = t

The circuit can be triggered by any pulse with a fairly
sharp positive-goiny edge. This pulse is applied to the short time~
constant circuit C; -~ Ry. The positive-going portion of the output
of this network is applied to the grid of valve 2 via the isolating
diode, valve 1. Valve 2 strikes and the delay network discharges
through the series combinetion of valve 2, which has negligible
resistance, and Rp,” the value of which is made equal to the character-
istic impedance of the delay network.
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At the instant of striking, the input voltage to the delay
network 1alls to Lﬁg, nnd, neglecting any loss across valve 2, an equal

voltage appears across Roe The woltage across Rp is-applied via thé
coupling components C3, to the grid of wvalve 3 which is brought into
conduction, The flow ezf} ‘ourrent through Ry raises the cathode potent-
ial of walve 3, but this valve does not act as a cathode follower
because the lower end of Rz is returned to its cathode. As the cathode
voltage of valve 3 rises, the woltage of Ro & a whole riges; this
raises the cathode voltege of valve 2, but because walvé 2 is a gas
triode, once struck it continues to conduct, irrespective of its grid-.
cathode voltage. The voltage across Rp, i.e. that applied between grid
and cathode of valve 3, remains constant, since the anode-cathode
circuit of wlve 2, including the delay network, rises with the cathode
of valve 3. Ry is large and has little shunting effect on this "boot-
atrap" action. Provided the voltage acroass Rz is of sufficient magni-
sude to rrise the potential at the grid of valve 3 above that of its
cathode, this valve can be made to comiuct very heavily, the woltage
across Ry approaching the value pVp.

The time for which wvalve 2 and wilve 3 remain in conduction is
deternmined by the transit time of the delay network., At the instant
at which valve 2 is struck and the delay network starts to discharge, a
negative~going ractargular wave of amplitude )Vg commences to travel

- i

along the nsiwork and is reflected without change of phase at_ the open
end., When the wave returns to the input end the line is completely
discharged and the voltage across valve 2 and Rp in series falls to
zera., Valve 2 is extinguished, the driving wvoltage for valve 3 dis-
sppears and its current is cut off, The output pulse to the modulator
valve therefore lasts for the double transit time of the delay network,
The delay network subsequéntly recharges, valve 2 remaining non-corduct=-
ing until the next triggering pulse is applied.

A condenser Oz is connected fromthe cathode of* valve 2 to the
Jjunction of two resistors Rs and BRg in order to prev;nt the grid-
cathode voltage of valve 2 becoming highly negative Whén the cathode
voltage of valve 2 rises during the pulse due to the "boot-strep’ action.
The purpose of the isolating diode is to prevent the passage of & high
positive-going pulse back to the trigpering circuit from the grid of the
valve due to the presence of Ca.

The potentials of the supply circuits are chesen with respect
to earth potential so that the oufput pulse to fhe modulator rises
to a suitable value. Since this is normally not greater than earth
potential the common negative supply line (shown connected to chassis)
is wsuslly several hundreds of volts negative,

22, Single Valve Pre-Modulator

A pre-modulator ‘circuit usmg & single valve only is shown in
Fig. 621 together with the appropriste waveforms, The circuit consists
of & triggered blocking oscillator, modified by the addition of a delay
network which determines the duration of the pulse” pmdmed. The anode
end grid cll"( uits 6 the valve are coupled together by means of two
windings of three-w:.nd:l.ng pulse transformer, and the output pulse is
taken across the third winding. One end of the grid winding is fonnected
to an open-circuited delay network, the circuit to earth being completed
via the resistance R;, across which the triggering woltege is developed.
The grid is normally biased beyond cut-off through the grid leak Rp.

The circuit can be triggered by the leading edge of a positive-
going pulse of sufficient amplitude., This pulse is applied to a short
time-consiant circuit C3 = Rj,and the output is applied via the delay
network and the grid winding of' the transformer to the grid of the valve,
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bringing the voltage above cut-off. Regenerative action then causes
the walve to conduct heavily, a large voltage of polarity as indicated
in Fig. 621 appearing across the grid winding. This winding now acts
as a source of voltage which charges the delay network via the resis-
tance R] and the, grid-cathode circuit of the valve, the latter being now
of low resistance because the voltage of the grid is positive with
respect to that of the cathode. As the delay network charges a negative-
going reotangular wave travels towards the open end, where it is reflet—
‘ted without change of phase, On its return to the input end, the grid
voltage falls and 'the valve current is cut off. The output pulse thus
lasts for the double transit time of the delay network. Damping

OPEN CIRCUITED
DELAY LINE

TO MODULATOR
VQ VALVE

TRIGGER
PULSE

O +Va

— Vg O

TRIGGER
VOLTAGE

[} I'_I _I_I T

Vg

2
cut-oFF b=
i~] =Va / /

Ve

ot — =

Pig, 621 = Single~-valve pre-modnlator.

resistors R R), across the wipdings prevent any appreciable
ringing eff’ecta. While the valve current is cut off the delay net-
work discharges relatively slowly through the circuit comprising the
gridq winding (in parallel with R}), Ro, the grid bias source and Ry,
in the interval beflore the next pulse,

The above description of the action of this cifcuit is an
idealised one, complications occuring in practice due to the trans-
former characteristica.

CHARGING DELAY NETWORK FROM STEADY VOLTAGE SOURCE
23. Choke Charging
If a delay network formed by n L-C sections, is charged from
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a steady supply source through « rec.istor, the maximum network volt-
age is equal to that of the supply. If a choke L (PFig. 622) is
substituted for the resistor, an waplitude double that of the supply
miy be obtaincd. Phe efilective charging circuit then consists of a
series resonunt L=C combination. As shown in Sec. 11, the effective
charging capacitance is nC. If the line is initially uncharged,
application of the HI' shocks the series L-C circuit into an oscillation
‘of period 2 X4/ nCL. Assuming that the series resistance of the
choke is negligible, the waveforms of the wvoltage vg across the line,
the voltage vy, across the choke, «nd the current i {lowing in the
circuit are as shown in Pig., 622, The woveforms illustrated in this
figure, and in siailar succeeding figures,are very much idealised,
since in practice considerable ringing ususlly occucrs from the oscilla=
tory circuit forued by the choize (of the order of 10(H)-and its self-
capacitdnce, This ringing is uswelly present during each period
imuediately after the line is dischared, The action is as follows:-

4t time t = O the condensers are considered to be uncharged,
i.e. v5=0. Therefore, since vg + vy, = ~Vp,

initially v, = =VB;
but v = ]'_%%;
. di VL _ -V

ooatt=o,EE-‘r- .r..o
w, has its m.ximum negative value at t = 0; hence %% also

has its meximum negative velue &t this instant. The value of i,
however, is zero because L prevents an instantaneous rise ov current,
Hence,at t = o, avg - Qe

—

Ve

W, 1 HERE !
c
(-] t H !
(b) ° i// \'
b Y P ;
-h _______ !_ _________ _i _________
-2vs 1 S I | S
1
1 ! I i
] 1
n P o
— N /I“‘\H
N L1l
[e] K t
AN VAR
-vB 1l

© /N S

(d)
Fig. 622 - Choke charging of Pig. 623 - Choke charging
delay network. with hold-off diode.

The circuit oscilletes as shown by the waveforms of Fig.
622, until a half-period, T+ nCL has elapsed.

Tf at this instant the switch S is closed, the delay net-
work is discharged through the matched loed and the line voltage is
reduced to zero after the double transit time of lhe line. Hence if
the pulse recurrence period is made equal to T A/ nCL, ou.itput pulses
of amplitude equal to the su.ply voltage Vp iay be obtained.
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When this condition is sutisficd, we have what is known as Resonand
Choke Charging or DC Resonant Cherging.

If the recurrence period is greuter than W+ nCL then the line
voltage begins to-decrease before $ is closed. The ozcillutions
during the third quarter cycle are shown dotted in Pig. 623. The
reduction in line voltage may be prevented by the insertion between
L and the line of a Hold-Off Diode (Iig., 624) which does not allow the
current i to reverse, so that vg is main-—
tained at =2vg (full lines in Fig. 623).

When the recurrence period is
Jjittery,as for example when L
a rotary spark gap is employed, its - -_J':
n

value should be made greater than va|
X~/ 0CL, and a hold-off diode used. ‘T
Jitter does not then cause the line

voltage to vary. '

Fig. 62l - Use of hold-off
diode.

2L, gonstant Current Charging

If the recurrence period is less than K~/nCL then the
circuit takes several periocds to reuch the steady state.

Interval 1
The condensers do not charge 1'F . |
fully to =2V during the first period tp2iae
(Pig. 625).  The current i is still ° ¢
negative when S is closed, not yet @ v
having fallen to zero. \ k
2% .
Interval 2, ' | E
v Ll
At the start, i has approx- / ]F /!
imately the same value as at the end ® o =t
of interval 1. _ Therefore, the d..}_/ .
charging rate 9Vg at the start of : i
Tat ; I
interval 2 is the same as at the end o Tf At
of the first interval, whereas at A
the start of that interval it was © NAAA
A
i

zZero. Et is, however, the same

at the beginning of intervals 1 and
2, because in each case vg = 0 and Fig. 625 - Constent current

= di . -yg. Conscquently charging of delay network
L Fis ! (discharge assumed instantaneous).

not only does the charging start

at a higher rate than in interval

1, but,at least initially, the charging rate increcscs with tine.
The result of this is that Vo abbe.ns & much lorger (neSutive, velue
by the end of interval 2. Ihis (negative) vulue may be

(i) equal to,
(ii) 1less then
or (iii) greater than -2Vg,

depending on the relative walucs of' the recurcence periocu ond ol
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N~/CL. Fig. 625 shows the waveforums for case (ii).

Interval 3

(i) If vg reaches -2Vp by the end of interval 2, then the
current flowing is the same at the start and Tinish ot interwval 2,
the conditions at the start of intervals 2 and 3 are the same, and
the action is repeated.

(i1} If ¥ does uot reach ~2Vp in intervel 2, the current £low-
ing at the end of interval 2 is greater than at the start of that
interval. Therefore, the current and charging rate at the start of
intervel 3 are greater than at the start of the second interval and
the (negative) value of Vg reached by the end of the interval will be
greater.

(iii) If the (negative) value of vy is greater than -2Vp, the
current flowing at the end of interval 2 is less than at the start
of that interval. Consequently the (negative} vulue of vy reached
by the end of interval 3 will be less than ut the end of the second
interval.

Succeeding Intervals

The process is repeated, & steady state being re.ched when
Vo etfains the value of -2Vp st the end of each interval., When this
occurs the values of' 1 at the beginning and end of each interval
become equal, and the current variation is a relatively small one
about a constant level. It is from this fact that the term Constant
Current Charging is derived,

The actual value of the pulse recurrsnce periocd does not
affect the steady state condition that vp = =2V at the end of each
interval provided that its value is steady. Constant current charg-
ing is not sultable for use with & jittery recurrence period.

25. Symmetricsl Charging f—c/c
5
It has been shown that ' " Ll TTTTTT
by charging a delay network ‘4 v,
through a choke a pulse of
= (@

amplitude approximately equal
to Vg may be obtained., However,
with the method described above,
it is necessary for the delay
network to be capable of with-
standing 2V, since it becomes
charged to this yoltage. This
can be avoided by arranging
that the voltage across the
delay network swings equal
amounts above and below zero.
Pig.626.(a) shows a circuit
whereby this action mey be
produced. In this circuit

the network charges rapidly
during the intervals when

the switch 5 is closed and
discharges slowly through

L while 53 is open,

Suppose that the
condensers of the delay

network are initially Pig. 626 et | ing of del
network.
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uncharged. When § is closed Vg is applied to the network, of
characteristic impedance Ry, and the oscillator, of resistance Ry,
in series (Fig. 626(b)). If R, = Ry, & voltage 3Vp appears across
Ry, and an equal negative voltage across Ry. As the network
charges a rectangular wave of amplitude V. travels along the line.

The wave is reflected without change of phase at the open end and
returns to the input end, the voltage across the line increasing to
Vge If Ry = Ry the wave is completely absorbed at the input end,

the charging current falls to zero, and 5 opens.

The line now discharges through L (iig. 627(a)). ¢€unsider-
ing first that the recurrence period 1s equal to T » the voltage
across the network swings from +Vg to -Vp during the discharge as
shown in Pig. 626(c). The second time that 3 is closed, the effect-
ive woltage acting in the circuit is equal to «2Vg (Fig. 627(b)),
and if Ry = By the voltage appearing across the oscillator is equal
to + Vg. /=8 the delsy network charges & rectangular wave of
amplitude + Vp travels along the network, the voltage across the
line changing from Vg to zero on the forward journey and from zero
to + Vg on the return. The action is then repeated.

If the recurrence period is less than X~ rCL & constant
current form of discharge builds up in the way described in Sec.
2L, and the voltage across the line again swings from + Vg to =Vp
as for the resonant case.

ISQLATING CHOKES

i
1
Ve i 1 ive : v
| !
L ! Yo—DELAY T vl T

I NETWORK

v, Val|

Ry (\r’a ‘|8T RQE Bli__ Lz T\"o L

i i T N

i

(@) b

Fig. 627 - Equivelent charging Fig. 628 - Symuetrical
(a? and discharging (b) circuits. char, of network:
practical cirecuit,

This circuit therefore generates pulses of amplitude equal
to Vg without the voltagse across the delay network exceeding this
value, but in its present form neither side of the HT supply can be
earthed. This disadvantage mey be overcome by re-arranging the
circuit as shown in Fig., 628, The oscillator, shunted by a coil
L2, is inserted in series with the smoothing components L), Cj of the
HT supply. The circuit comprising the HT supply, Lj and Gj, is
completed by Lo during the intervals when the oscillator is not
conducting. The Isolating Idustances, Ly and Lp, are both small
compared with L, but are of sufficient inductance to sct during the
charging process as virtual open-circuits. The action of the circuit
is similar in every way to that described immediately above, the
condenser Cq taking the place of the HT supply, the time-constant
Cy (Ry + Ry) being very much greater than the pulse duration,

26. TYPICAL SPARK GAP MODULATOR

The circult of a typical spark gap modulator is shown in
Fig. 629.

Valves 1 and 2 form a multivibrator, producing a 20~
microsecond pulse output, which is fed to the grid of the trigger
valve, valve 3. This valve is normally biased beyond cut-off, but
is brought into heavy conmduction by the positive-going 20 microsecond
pulse. On the trailing edge of this pulse, valve 3 is cut=-off, and
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SYNCHRONISED TRIGGER
MULTIVIBRATOR VALVE o HT SUPPLY FOR
TRIGGER UNIT

1
SYNC
NPUT
> T
¥ &
MODULATOR
BIAS SUPPLY
HIGH VOLTAGE
POWER SUPPLY
(VOLTAGE DOUBLER)
PSS , SuPPLY
- 3
T < 1
L

MAGNETRON

LT
TITIIT

PULSE -FORMING
NETWORK

-  OVERSWING
= 0I00E

Fig. 629 = Typical spark-gep modulator.

its anode circuit rings, the first positive-going swing being of
large amplitude. This is used to trigger the spark gap, which
discherges the delay network, The l-microsecond pulse so formed
is fed to the magnetron via a matched connectirgcable, and a step-
up pulse transformer. The. latter matches the cable to the load
presented by the magnetron when conducting, and converts the pulse
from 4kV, LOA to 16kV, 10A. The delay network is charged through
& choke from a woltage doubler power pack,

CHARGING DELAY NETWORK FROM AN ALTERNATING VOLTAGE SOURCE

27. Adventages of Alternator Charging

Although it is simpler to charge a line modulator from a
source of steady voltage, there are definite advantages to be
gained frow the use of an unrectified alternating supply. The
principal advantages are;-

(i) No high voltage recitifer is required.
(ii) No high voltage smoothing circuit is needed.
(iii) The high voltage transformer need not be so large.
(iv) A hold-off dicde is unnecessary (see Sec. 23).
(v) The maximum HF voltage is developed across the line
for only & small fraction of the recurrence period,

This helps to ensure that the transmitter does not
oscillate except when required.
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These advantages considerably reduce the bulk and weight
of the modulator unit. However, this method of charging is usable
only if the alternator frequenoy is constant within narrow limits.
This frequency is also the recurrence frequency of the cutput pulses.

28. The Charging Circuit

Pig. 630(a) shows a simplified diagram of a circuit for
charging a line modulator from an alternator. The line discharging
circuit (b) is comected between A and B. While the discharge valve
is not conducting AB is open-circuited, and, to.the altermating volt-
age of the frequenocy normally used, of the order 500-1000 o/s, the
impedance of the line to the right of AB is a small capacitance C.
The input impedance of the line {ransformer Ty may then be shown to be

approximately éjﬁ whore m is the step~up ratio of the trans-

former andw= 2 W f,, f, being the alternator frequency. This

result neglects the magnetising inductance of the transformer. A
more accurate result gives the input admittance of T as the sum of

the maoeptaﬁ(e: of the magnetising induotance and of the input
capacitance

t N N edance of Transformer when Joad is a small

Capacitance
The input impedance z; of the transformer T, terminated
in C is given by

where Iny Ly are primary end secondary inductances respective-
1y and M is the mutual inductance between primary and secondary windings.
Ip 2

v, WLy > L, W = and =5~ = m" where m is
Taeally, Ty > Loy 0 22 1y Iy, and 22
the transformer step-up ratio.
The equation for zy simplifies as follows :=

1
WLo = et
T2 wC

_ 39,
@Iz (1 - 1)
w0y
= - 1 4 b
= Jwly - Joly ( +m2%J

= Jwly
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_ Hence the transformer, when terminated in C, "looks like"
a capacitance m%C.

Rg L T

A DELAY
Vi, (#) z:% TE'J LINE
Im

L =CHARGING INDUCTANCE + LEAKING INDUCTANCE
RG=GENERATOR OUTPUT RESISTANCE + RESISTANCE OF PRIMARY CIRCUIT

(@

©)

Fig. 630 = Alternator charging: basic
' c‘-mt'.

29, The Equivalent Charging Circuit

Neglecting the megnetising inductance of the transformer
we may represent the charging circuit by the equivalent arrangement
shown in Fig. 630(c).

When the switch S8 is closed the line discharges through the
oscillator load Ry. This discharge action is described in Chap. &,
Sec. 12, For a reaistive load the line may be assumed to be
completely discharged in & few microseconds, even if it is not properly
matched to the load. BSo far as the low frequency charging circuit is
concerned, this discharge may be considered as instantaneous, and may
be represented by the momentary short=circuiting of the terminals AB

(Fig. 630(a)).

In the case of a magnetron load, and in some other instances,
an overswing generally occurs, The reasons for this overswing, and
its effect, are discussed later; for the present it is assumed tbat
the line is discharged completely during the momentary closure of the
switeh S (Fig. 630(c)) representing the firing of the discharge valve,

30. Transients Due to Line Discharge

The closure of the switch S (Fig. 630(c)) reduces the imped=
ance across the effective line capacitance mC to zero (the justifica=-
tion for this may be found by putting zero in place of 1 in the

ALY
analysis given in Sec. 28). The corresponding input voltage v alsd
becomes zero. Since the short-circuiting is only of momentary dura-
tion no appreciable change in current occcurs in the primary circuit
during the discharge of the line, the time constant L _ being much

R

G

greater than the duration of the discharge.

An interval follows during which the circuit passes through
a transient state and, in the absence of further irregularities, tends
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gradually towards the steady state, or normal AC working comdition.

In the actual circuit this steady state is never reached, but
for ease of explanaticn it will be assumed in what follows, in the
first instamnce,that the switch is closed once only, when the line volt=-
age is at any portion of its steady state conditicn (Fig. 631).

Later it will be described how the line voltage is maintained in a
condition little resembling & steady sinusoidal fcrm,

31. gGrephical Derivation of Transient State

The manner in which tne line voltage returns to its steady
state after a single momentary discharge is illustrated in Fig. 631(a).
This picture is derived as follows,

The steady state voltage across m?C (Fig. 630(c)) is
indicated by the full cuwrve from O to E and from then on by the dotted
curve, It is to this steady state that the fransient conditions
ultimately return. The actusl wvolitage vg is shown by the full line.

When the line is momentarily discharged (E) vg falls to zero

a
(F). The line current given by i = m2c _.;.%

dvg
is unchanged, so that < s Jhe same ve Je irmedietely after the

discharge ag it had Immediately before. The gradients of the pre-
discharge and post-discharge curves at E and F respectively are there=-
fore the sams.

The resultant iinc voltsge after the discharge may be
obtained by adding to tne sieedy state solution (dotted curve Fig.
631(p)) the sppropriate transient (Fig. 631(132). (This corresponds
tothe addition 'of the complementary function (transient solution) to
the particular integral (steudy state solution) in the solution of
the linear differential equation of the system;.

To obtain this appropriate transient, first draw the
characteristic curve of the response of the series ringing circuit,
formed by Rz, L and méC, to a-sudden change in infut voltoge. This
is illustrated in Fig. 632(a). This curve is one of an infinite
sequence of curves, some of which are shown in Fig. 632(b). From
such & set of curves choose the one which satisfies the conditions,

i.,e. having the right magnitude and slope.

In the case illustrated in Fig. 631 the initial magnitude
is equal to EF, its value is negative, and the initial slope is
zero. It is this curve, starting from the point H, where it meets
PQ (Figs. 632(b) and 631(b)) which is the correct transient for the
case considered., When this is sadded to the steady ctate solution
(Fig. 631(a)) the resultant amplitude (zeroc) and gradient (shown at
E and F) are in accordance with the intial conditions,

The resultant curve is thus obtained (full curve, Fige
631(a))
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(b)

Pig. 631 - Transient effect of short-
circuiting the transformer Ty.

32. Normal Transient Conditions

In practice
the circuit is not
allowed to return to
the steady state., The
line discharge valve
is triggered each time
the line wvoltage
reaches a maximum and
the voltage v, varies
as shown in Pig. 633.
Since the voltage is

LA A
5 g \/
(@
Voltage

(b)

Pige 632 - Determination of the
correct transient.

a maximum the current
i = m%0 dvg is mero,
at
both immediately
before and immediately
after the discharge.
The transient curve
which must be added
to the steady state
curve to give v, musi
thereiore satiasfy the
following conditions;~

STEADY STATE VOLTAGE

Pig, 633 -

TRANSIENT VOLTAGE  RESULTANT VOLTAGE

Line charging curve.
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(i) It must have the same magnitude as the steady state volt-
age at the moment of striking (t = o) and be of opposite
polarity.

(ii) It must bave a gradient equal and opposite to that of the
steady state curve at t = o.

(iii) When it is added to the steady state voltage the re.ult-
ant wust have a maximun value at t = 1 , where fi is the
fa
alternator frequency.

After t = 1 the line discharges again and the cycle
fa
repeats (Fig. 633).

The form of the line voltage depends chielly on the ratio
fo/ fa, where f; is the natural frequency of the series resonant
circuit formed by Rg, L and m%C. The optimum velue for this ratio
is dealt with in Jec. 34 The value fn = 0¢7 is usually chosen,

1%
and this is the value used for the charging curve of Fig, 633.

33. Effect of Overswing

If for
any reason an
overswing occurs
(see Sec. 35) the
"initial" voltage
Ve immediately
follewing eamch
discharge of fthe
line ie ngt ZEro,
but is -kvg,where
vp is the value
of v, immediately
before the dis=-
charge and k is
the overswing
ratio, This

causes tue form
Fig. 634 - Effect of overswing, showing good
T to b »
gha';cg ed" rr;n regulation (fy/f, = 0+7).
that of Pig.

633,as indicated in ¥ig. 634. The instant at which the line discharges,
relative to the alternator voltage (or to the steady state voltage at
the line transformer) changes so that the new conditions are maintained
for each dischurge of the line. The phase angle at which the line
discharges relative to the alternator, is called the Angle of Fire.

A change in the overswing ratio k thus causes a change in the angle of
fire, as shown in Fig, 634 A small overswing is advantageous in

the case of most transmitters, as this holds the transmitter valve
supply voltage at the opposite polarity to that required for oscilla-
tion, and facilitates & rapid dying avay of the output pulse. It is
possible, however, for oversuing to cause the line wvoltage to ecquire
dangerocusly large values.

34, Choice of the Ratio i‘%,a

The effect of the ratio fnfy upon the cuarging curves is
complicated and may be divided into three parts;-

603



(1)
(21)

(iii)

into five
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() 0 -
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(d) 13 =
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Chap.il, Sects3k

It detérmines the angle of fire and the shape of the
charging curve, i.e. the form of the line voltage.

It determines the ratio of the line voltage to the alter-
nator EMP, since.this depends on the frequency of operation
fg in comparison with the resonant frequency 1l , and

this is very nearly the same as fn. In general,operation
near resonance means that only a small alternator EMF is
required.

It affects the reaction of the circuit to overswings. These
may occur through the normal operation, in which case they
are expected and can be allowed for, or they may arise
through abnom.al loading conditions, such as a flash-over,
or an open-circuit due to faulty connection. Tne effect on
the line voltage of an overswing determines tne Regulation
of the circuit. If the line voltage increases considerably
waen an overswing occurs the regulsation is said to be poor.

The various values fbr fo/r, between O and 2 are divided
sections as under:-

Remarks
05 Reguires large alternator EMP
08 Optimum conditions
13 " Poor regulation
16 Good regulation but charging curve less
favourable than that of (b)(see F'ig.635(a}).
2-6 Ill-shaped charging curve, poor regulation,

large alternator EMF.
Fig. 635 illustrates some of these points.

k=0 2

1 ;
i
1
|
|
]

S p——. ]

@ Wamre g (N, T8 635 - Line
charging curves.

k= STIVE LOAD
(b) #/ta= 0 44 ke© 2 (MACNETRON LO]AD]
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35. Causes of Qverswing

Wnen the output from a line-modulstor iz used to pulse a
magnetron it is unlikely that the whole of the energy of the modul-
ating pulse is absorbed by the transmitter. This is particularly
so if the pulse shape departs markedly from the ideal rectangular
form, causing the magnetron impedance at the beginning and end of
the pulse to change so that the line is mismatched. This may
cause the line to reverse its polarity (see Chap, 4, Sec. 12),
zubsequent reversals being prevented by the cessation of ionisation
in the discharge valve(assumed soft).

If the load becames short-circuited, the tendency to over—
swing depends on whether spark gaps (unpolarised discharger valves)
or gas=-filled triodes (polarised discharger vilves) are used. In
the former case the line energy would probably be rapidly absorbed
by the spark gap and other circuit elements durins the oscillatory
discharge, and dissipated as heat, In the litter case the valve
would probubly open-circuit following a complete oversing (k = 1)
so that the charging curve would be considerably modified.

If the line is open-circuited so that the discharger valve
does not operate the transient state never develops (k = 1). If,
however, a pulse transformer is used between the line and the trans-
mitter an open~circuit at the transmitter means that the cable dis-
chacges through the magnetising inductance of' the pulse transformer,
with considerable dissipation of energy in the transformer core,

36. Method of Triggering Discharge Valve

Fig. 636 shows a method of triggering the discharge valve
at each instant when the line woltage is & maximum. The current
i through the primary winding of the transformer T), represented by
m?C in Fig. 630(b), is given by the relation

i = m%

dt

Hence when v, is & maximum i is zero. This curvent is caused to
flow through the primary winding of a peaking transformer Tp

(Fig. 636(a))., This is & transfommer with & small iron core which
saturates for small values of primary current. The wwriation of
flux corresponding to the primary curremt (Fig. 636 Fb)) is shown

at (c) and the secondary EMF is indicated at (d). BF o rate
of change of primary flux)., The output voltage vy developed across
the sacondary winding of this transformer is thus of a form suitable
for triggering the discharge valve at the instant the line voltage

reaches a maximum,

605



c‘h@fui-, Sect. 57,5&

Rg

C)]

(d)
° A t

Pig. 636 ~ Derivation of triggering pulses for
discharge valve,

VULtaGH MULTIPLYING CIRCUITS

37. General

It is often necessary to avoid the use of high voltage
supply circuits by employing voltage multiplying devices, One such
device, the pulse tramsformer, has already been described. Other
methods, involving the use of more than one pulse-forming network,
are described below. They operate on the principle of being charged
in parellel from the same supply and, by means of syncaronous switches,
discharged in series with the load. The Maxxcircuit is described in
schematic form only. The Blunlein circuit, which is & derivative
of' the Marx, is dealt with more fully because its application in radar
transmitting circuits is already established.

38. The Marx Circuit
The Marx Circuit is illustrsted in Pig. 637.

C1» G2 «ess Cp represent the chnrging capacitances of n
sepamto networks. When the switches 84, 8o, 83 «.... S, &re open,
C1, C cross are charged in paraliel fr'om the supp. Ty (assumed,
for aimplzoity, e & steady voltage source) through the charging
choke I, and the isolating chokes L3, Lz, L3 etc. The inductances
L1, L2, Ly ete. are all small compared with L and to a first
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approximation their effect on the charging preocess may be neglected.

If all the switches 5, 53, S, etc. are closed simultaneously,
with the networks thus charged,
the latter are ins.antaneously
connected in series and
commence to discharge through
the load, Ry. Frovided each o N
inductance 1s > Cp Ry?,
where Cp is the total effect~
ive capacitance of C1, C25eese

7 4 Lo n
etc., in series, it has little Py W“'Fﬂ-
effect on the discharge, which Sn ul
takes the path of short time- < . c, Cnat Cn
congtant C‘I‘ ﬁl in preference . ™ -

to that of the long time- b t Lan.,
constant Ly, (Lp is the total Fig. 637 - Marx o t.

L L L Lz

By
effective inductance of Lj,
Lo etc. when the switches are
closed. Thus the lines are charged in parallel and discharge in
series with the load, The discharge is similar to that of a
single line of characteristic impedance equal to the sum of the
characteristic impedance of the individual lines i.e. n Ry, and
charged to & voltage n x (the voltage on & single line). The
inductances Lj, L2 etc. are usually made equal and intermediate in
value between the total series inductance of each line and the
inductance L of the choke.

The switches 8, 33, etc. may .ake the form of triggered
spark gaps or ges=-filled triodes. The principal disadvantage of
this method arises from the difficulty of synclironising the switch=-

ing,
39, Blumlein Modulator

. The derivative of the Marx circuit most commonly employed
in Service radar is the Blumlein medulator which employs two delay
lines.

To avoid the difficulty of triggering simultanecusly the
two switches necessitated by the Marx circuit, this variant was
designed to operate with a single spark gap.

The basic Blumlein circuit is illustrated in Fig. 638.
The lines are charged in parallel with the swiich S open. During
the discharge the generator is isolated from the network by the
choke I, and will be ignored in the subseguent snalysis.

MAGNETRON
(-p) (=¥} 2p{-v)
- C —-—— E
vomss'[ fo Ru :'»
— ISOL ATING STEP § ‘-‘oq:I(Fp)(‘VJ
v CHOKE —av <
A O Ny o 4 5
LINE HCHARGING oo By
CHOKE DELAY Ru+2Ro
_ LINE
CHARGING
), GENERATOR Pig. 639 - Equivalent circuit showing
L voltage developed across the load
by a wave (-V) arriving at the

Fig, 638 - Rlumlein circuit. termination CC'.
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Suppose thet the two lines arc of identical constructicn,
lossless and with characteristic impedance Rg, wnd transit ti e T,
The wegnetron lowd M has resistance Ry to a pulse of the right volt-
ape and polurity to ensure Lthat it oscillates correctly. Let the
lines be cheorged fo @« voltage V when the switch 3 is closed at

t = 0. This closure short=circuits the line CD so that a wave of
ma:nitude =V trevels towards C. This divides at C into three
parto: -

(i) & fraction @ is reflected towards D.
(11)

(i11)

a fraction 2 @ is developed across the load.

& fraction l=@is developed across the input to
the line BA.

Thus immediately after the arrival of the wave at ¢, the
voltages developed across the respective terminals due to the wave
are as shown in Fig. 639. This result may be derived hy the method
indicated in Chap, &, Sec., 9. The value of e is given by

= R .

P: m"’RO-RD
Rga-ZRo

RM + Ry *+ Ry
The sequence of waves and load voltages is illustrated in

Fig, 640, It is assumed that the switch remains short-circuited
taroughout the action.

For a wave travelling from A to B, the division at BB' is
as follows;=

(iv) & fraction @ is reflectea towards A.
(v) a fraction ~2Q is delivered to the load.
(vi)
Eh.e reversal of sign of the voltage delivered to the load,
compared with the former case of the wave travelling from D to C, is
due to the fact that

it is necessary to
have a uniform sign

a fraction l—F is developed across CC'.

DISTANCE ALONC BA DISTANCE ALONG CD
_— —

convention for the
voltage across the
load, If this is
positive when
approached from D

it is negative when
approuched from A. /
Thus & pulse of
magnitude 2pV is
developed across the
magnetron at the
instant t = T. This
pulse must be main-
tained at this
magnitude until

t = 37, by which
time the waves
travelling along the
lines CD and BA will
have undergone
reflections and the

(OPEN-CIRCUTT) A

ge

SHORT CIRCUIT)

PA= 1
=

(-2 Y

p=D¥ v

.gﬁﬁﬁv»'j;”w
.ig,".,"l
1-2p)¥

(1) (-2¢)¥ el-2pV

2¢ -2}V

o - -1

4~ 1{:-&): v

a

5T

[Lom VOLTAGE t

6T

Fig. 640 = Action of Blumlein modulator.
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wave fronts will have returned to the load.

The figure shows the passage of various wave fronts along
the lines, suffering simultaneous reflections at the ends 4 and D,
and returning to B and C, Where fresh pulscs are developed across
the load, The load voltages arc indicuated by the vertical lines,
The amplitude and polarity of the various waves are indiczted by the
symbols written on the appropriate lines. &

Reflections at the short-circuit D involve & sign-reversal;
at the open-circiit A there is no change of polarity of the reflected

wave,

Further, the

values shown in the T
diagram are increment-

T 2T 3T 4T 5T el 7T t
al values. Thus at 9

t = T a pulse -2(-’?
is developed a&cross the  zefae-i-v)|— =
transmitter, The

increment +2pV at

t = 3T raises the load
voltage to =2PV + 2pV
= 0 at which value it

remains for a further %9

interval 27, and so on,

The load voltage is

illustrated in Fig. Pig. 641 - Ioad voltage: (the second
641, This ideal pulse is positive if o <0%5H; i.e, if

form is not likely to <2R..

be achieved in Ru 2R°

practice because of

changes of the magnetron impedance due to the non-rectangularity of
the applied pulse, unwanted reflections, etc.

In the Blumlein circuit the magnetron is matched to the
network when Ry = 2ZRps In this cese, provided the pulse were
perfectly rectangular and the magnetron impedance when oscillating
were constant and cqual to Ry the lines would be completely dis-
charged after time t = 3 from the instant S is closed.
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