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INTRODUCTION

Pulses can be defined as succession of currentsvarying ia
a very shors time. It is to be pointed out that an extensive use
of pulses has been made in the pioneer work in radio communications.
~ The subsequent development of electronic tubes led to the discard
of the pulses. New properties and uses have been found for thea
and a nev field of radio engineering, radio location, is dased on
the production of sharp pulses by electron tubes. They also have
been applied to many other electroniec devices.

In the present work, & blocking oscillator is made use
of in order to produce a succession of sharp pulses regularly
spaced in time to control the action of a thyratron. This thyratron
itself controls the discharge of a capacitor through the primary
of a spark coil. Such a system is to be used in the laboratory ina
connection with a free fall apparatus. The 0ld apparatus using a
taning fork gave irregular sparks. It is hoped that the electronic
apparatus will give more regularly spaced sparks.



DESCRIPTION AND OPERATION OF THE APPARATUS

The different components of ths apparatus are a) the
spark coil; b) the thyratron circuit; o) the blocking oscillator;
d) the power supply, as indicated in Figure 1,

The spark coil has the following characteristics. Its
primary has an inductance of 2.56 millihenries with a Q of 9
for a frequsncy of 1,000 cycles. Its secondary has an inductance
of 26 henries with a Q of 16.5 for a frequency of 1,000 cycles.

The spark coil is energised by the discharging action of the capacitor
through its primary and the thyratron, this capacitor being charged
during the non-conducting time of the thyratron.

A General Electric FG 57 thyratron was used, It stands
& peak plate potential of 1,000 volts with a peak plate current of
15 smperes. The filament of the tube required 4.5 amperes at 5 volts
and the control grid was kept at =l5 volts by means of a battery.

' This high negative bias is constantly applied to the grid
of the thyratren. It constitutes the fixed component of a total
bias the variations of which will control the firing of the tube,

The fixed bias 1s chosen so that the tube cannot conduct when no
other potential is applied to the grid, A voltage pulse is also
supplied to the grid in series with the fixed bias. This pulse is

from the output of a blosking oscillator which is an important part
of the eircuis.
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4,
Yhen the resultant bias is above the critical firing
dias voltage which is determined by the value of the plate voltage,
the thyratron conducts until the plate potential falls below the

value necessary for conduction,

THE ELOCKING OSCILLATOR

Since there is no gtid bias, the tube begins to conduct
as soon as the circult is closed. The plate current begins to
increase. At the same time, an E.M.F. will be induced in the grid
coil, which coil is so arrapged as to make the grid end positive.
The result is that the plate current increases; lhthon increases
un$il the saturation is reached for the plate current. Capacitor
C has becoms charged during this time by the grid current (Figure 3
and 4,

At this moment, since there is no more voltage induced
in the grid coll, the capacitor C Dbegins to discharge through
R, The grid tends to become less and less pouitin.. Then the
plate current will begin to decrease and in the grid eircuit a
voltage will be impressed in the oppodte direction. This means
that the grid emd of C tends to becoms more and more fonitin
(Mgure  , 5,6 ).

!ho_cut off point is soon reached as C 1is diocharm
B will rise above B, and a slight oscillation may occur which
depends chiefly on the industance of the plate coil. One surge of
xp is attained which induces the output pulse in the third winding.
A new cycle of operation is repeated as soon as the voltage across

R is above cut off.
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6.

It is then understood that the thyratron fires wherever
there is a variation of magnetic field through L;. The negative
parts of the pulse ocour each time the thyratron is conducting.

The interval T Ddetween successive pulses depends es-
sentially on: 1) the cut off of the triode; 2) the voltage to
which the capicator C 4s charged; 3) the produst T = RC

called the time constant of the blocking oscillator.

CALCULATION OF ?,

It wvould be very instructive to derive a formla
€iving the interval T Detween pulses according to the char-
acteristics of the blocking oscillator. No rigorous treatmens
of this problem has been made. The principal difficulty lies in
the fact that it is quite impossidle to draw an adequate equivalent
eircuit for the dlocking oscillator on account of the mmlsiple re-
fledtive inductions taking place by the special three winding srans-
formers used in the circuit.

An elementary approach to the question consists in
supposing negligible the &ifferent coefficients of mutual induction
and to neglect alsc in the series circuit mede of C, R, I, the
value of Io1 since it is found very small in comparisorn with the
value of B which is of the order of 107 chms C = .02 mfd. Let
®co be the cut off valus of the tube for the operating conditions,
Vo ths voltage acroes C when completely charged.

Then 1 g V, "’t/nc: T s -RCLegy S¢¢

€



T.
The characteristics of the 6J5 show that

%o = 25" for By, = Wuo¥

Ve prodbably depends upon R and is epproximately equal to =60 volts.

MEASUREMENT OF T
It has not been possible to measure Vo on account of the
fast successive charging and discharging of the capacitor., But a
direct measurement of T has been obtained by comparison by the
means of the cathode ray oscillogresph of the frequency of the pulse

vith the frequency preduced by an audio oscillator.

RESULTS OF THE MEASUREMENTS

R T sec

2 Meg 1/23
1 Meg 1/61
750 X 1/124
500 K 1/176

THE POWER SUPPLY
The power supply presents ne special features, however,
& special traunsformer is necessary to supply the heating power to
the filament of the thyratrom which requires approximately a current of

5 amps, at a potential difference of 5 volts.



STABILITY OF THE APPARATUS
The principal advantage expected from this apparatus is
that it will keep as constant es possible the intervel between pulses

during a whole laboratory period (a maximum of 2 houre).

PROBAELE CAUSES OF INSTABILITY

a) The variations of the power source

If the high voltage source of the power supply undergoes
some fluctyations, a displacement of the operating conditions of
the appearatus is inevitable. This can be prevented by adding a
regulator to the power supply (VR = 150 for example). Ooccassional
checks of the fixed bias of the thyratron will alse be necessary.

b) Variations which may ocour from the aging of the tubes.

Taking at first the case of the triode, it has been seen
that the period T &epends on the cut off value of the 6J5 for the
operating conditions. This on the other hand, depends on the inter-
nal resistance of the tube. It 1s to be expectsd that as time goes
on, this value will change and the apparatus will need appropriate
adjustment. Nothing particular can be said as fer as the thyratron
is concerned. It can be pointed out only that as for any mercury
filled tube, its operation is subject to changes depending on the
temperature of the mercury. This has not a very great importanoce on
the stability of the apparatus since the firing time has to be con=

trolled entirely by the blocking oscillator and mot by the thyratronm.
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