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A TIME BASE CIRCUIT FOR A HIGH PRECISION
IONOSPHERIC SOUNDING APPARATUS

By B. M. BANERJEE anp R ROY
(Recerved for publication, Aug s, 1930)

Plates XVI A and B.

ABSTRACT. The paper describes a high precision timebase ciremt designed speei-
ficallv for an ionospheric sounding apparalus This time-base circuit produces a ten-ling
1aster time-base on the face of the ostilloscope tube IFach line of the 1aster fakes 3,3
micro-seconds which corresponds to 5o kms of 1onospheric height ‘This gives a rendi;l.g
accuracy of abont 1/4 km. Thc time Dbase also provides for 15 ke/s positive and negative
arker pips which mark off 5 km intervals Tt also provides for an intensifying pul:se on
the grid of the cathode ray tube over the 333 microseconds interval cortesponding to any
one of the ten lnes selected out by an ingenious line-selector arrangement

INTRODUCTION

The usual method of investigating he ionosphere consists of sending a
series of short pulses from a pulse {ransmilter, receiving the “reflected””
echoes from the ionospheric layers in a receiver, and displaying them on an
oscilloscope. The time base of the oscilloscope produces a sweep of the
cathode rtay beam from left to right. The trausmitted pulse and the
jonosphere-echo produce momentary vertical displacements of the oscilloscope
spot as the output of the receiver is connected to the vertical deflecling plates
of the oscilloscope. The sweep length between the tramsmitted pulse and
the ionosphere echo represents the delay hetween the transmitted
and the reflected pulse which again represents the height of the ionised
layers. ‘This delay or equivalent height may be calculated from the
sweep length between the pulses aud the sweep velocity of the time base
"'he sweep circuit is highly important imas much as the accuracy of these
height mecasurements depends wholly on it. This paper describes a time base
which gives an accuracy much higher than hitherto obtainable

REQUIRKMENTS OL A RIGN PRECISTON IONOSPIERE
SOUNDING TIME BASH

The joniscd rcgions from which reflections are obtained extend upto a
height of 400 kilometers and the sounding apparatus should be designed such
that it is capable of measuring a maximum height of sou kilometers. A
hieight of 500 kms cortesponds to a total time delay of 3.33 milliseconds. A
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single-line time Dbase cannot usually measure times with an accuracy better
than half per cent of 3.33 milliseconds, i. ¢., 16 microseconds. This time
corresponds to a height of 2.5 kms.

Increased accuracy may be obtained by a rasler time base—one that gives
a succession of lines up and down over the tube face. The cathode ray beam
in such a time base will move from left to right at a high speed, and after
it goes 1o the extreme right hand position, jumps back to the left within a short
tiie and again moves from left to right. At the sume tume, as it moves
from left to right, it also moves upwards at a slower rate so that when it jumps
back after the completion of the first line, the spot does not comc over the
first position, but is shifted slightly upwards. The second line 1s therefore
separated from the first, and the third line from the sccond anfl so on. If
there arc n lines 1n the raster, we get the length of the sweep virtually
increased n times, which means that the resolution is increased n Yimes.

The object of this paper is to describe a time basd, designed
specifically to suit the requirements of ionospheric sounding. Y{ produces
a raster of ten lines, cach of 333 microseconds duration. FEach line therefore
corresponds to a height of 50 kilometers, ‘I'hus u total height of 500
kilometers is scanned, After scauning 500 kilometers, the light spot moves
out and remains steady outside the pattern until the repetition period is over.
The 1epetition frequency chosen for the present is 150 ¢.p.s., SO the
repetition time is 6.66 milliseconds The second reflection from the F, layer
will come at a time delay between 3 3 and 6.6 milliseconds and will therefore
appear at the steady position of the spot. It may be inspected at that
position, if necessary The third and fourth reflection will come with a
delay between 6.6 and 9.9 milliseconds and may cause conlusion, superposing
itself on the mext rasler. But it is presumed that its amplitude will by that
time become sufficiently small to make it indistinguishable. If necessary,
the repetition frequency may be reduced to 100 c.p.s. or 50 C. p. S. when
the confusion with the higher order reflections will be avoided altogether.
The high repetition frequency 1s chosen chiefly to compensate for the loss of
brilliance of the oscillograph trace due to the fast sweeps.

The ten line raster, on a double beam _jube occupies practically the
whole space on the face of the tube. The spacing between the lines is
thercfore quite small  As a resull, if the pulse echoes arv big enough, they
may cut thiough the lines making it difficult to recoguize as to which line
they actually belong. ‘I'o obviale this difficulty, a device has been provided
by which any one of the desired lines may be selected and intensified. In
this condition of operation, other lines are blanked out and the desired line is
mtensified by a positive pulse on the grid of the oscilloscope tube over the
333 microseconds interval coveied by that line.
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(f) Action of line selector and mtensifier.  Tap—Sawtooth wave-lotm of the horzontal time base

Bottom—Line selector selects and intensifier gives the positive pulse at the fifth lne of the Jonzontl
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DETAILS OF THE CIRCULT
The scheme for the time base wmay be understood from the block
diagram given in TFig. t with a sine wave oscillalor (Fig. 2)
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to a high p triode (6SL7) cathode follower. This allows only the positive
spiker? to pass through. ‘1he negative spikes cannot produce a voltage
ch:lng‘e:greate'r than four or five volts

The posilive spikes of about 5o microscconds duration and 40 50 volts
amplitude are applicd to the trigger grid of a one-kick cathode-coupled
multivibrator (Fig.3) which generates a 100 volt positive rectangular output
pulse of 3.3 miliiseconds duraticn. A 6SN7 amplificr inverts this wave
into a megative 1eclangular pulse of 180,200 volts pecak amphitude and 3 3
miiliseconds duration. ‘This cuts off th: cuirent in the 6SN7 time base
generator (Fig 4). The current coming from the oo volt stabilised supply,
through the onc megohm charging resistance charges the .oos mid. time
base condenser. Tlie condenser vollage goss on increasing flincarly with
vime. The cathod2 voltage of cathod: followar 65N7 also g23 a increasing
with time. This voltage is reapplied to the other cnd of the que megohm
charging resistance through the 2z mfd coupling condenser. ‘T'hel 6116 diode
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presents a very high impzdance a- 1ts cathode voltage increases above the

H. T. supply voltage, duz to the applicalion of the cathode follower ou
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to its cathode during the (larping stroke. Asa result of this connection,
in spite of the increase in vollage of the time base condenser, the vollage
across the one-mecgohm charging resistance remains practically undiminished,
and so also the chargmg current. Thus we get an almost linear rise of
voltage with time. The cathoic follower 6V6 tube delivers the current
newcssery  for the  vertical deflecion cos]  The vertical sweep of 3 3
milliseconds 1s thercfore established.

The 18u-voit, 3.3 milliscconds mnegative rectangular pulse from the
amphifier also excites the 3000 ¢.p s shocked oscillator (Fig.5).  “Ihe
abrupt stopping of curreut in the 65N7 excites an oscillation of 150 volts
peak awplitude 1n the cathole I.C cicenit  I'his jov0 c. p. s oscillation
is the frequency or time standard of the whole time Lase. “The small natural
damping 'Q =70) cf this circuit is conpensaled exactly by the right hund
sectiun of the 65N7 giving positive fecd buck controlled by the 10 kilo-ohm
potentiomweter. The natural damping of this shocked oscillation is exactly
compensated by adjustment of this potentiometer, while viewing the shocked
oscilllation om the oscilloscope. Teu complele periods of 3000 c. p.s.
oscillation take place in 3 33 milliseconds '

The 150-voit peak 3000 c. p.s. cscillation 1s again appiied througha
02 megohm scries resistince to the 65II7 Jimiter giid Tig. 7). At iss
anode we get a 3000 c. p. s. rectangular wave of about 150 volts amplitude.
The spike generator circuit apphes positive and negative spikes of 4o-50
volts to the grid ol the 6SJ7 sp.ke amplifier (Fig. 6}, normally biased to cut "ff
The positive spikes get through this amplifier as neaative pulses| of 56 8o
vo'ts amphtude nnd 7 microseconds duration  ‘This gets on to the grid of th‘é
3000 ¢, p. s. horizontal time base. e
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The first negative pulse discharges the ooz mfd. time base condenser
from the voltage set by the clampmg diode to a swall value. When the
discharge is comnplete, the condenser charges through the onc-megohm
charging res'stance—{1om the 500 volts positive line.  The condenser voltage
rises exponcntially until the second negalive pulse ugain discharges it.  The
ten pulses produce the ten discharges and following the discharge ten
charging strokes. “Thc expopential rise 1s amplified Dby the 6V6 amplifia
The mnatuial curvature of the 6V6 characleristic compeusates for the
exponential curvature so thal we get practically a linear sweep. After the
tenth pulse and tenth dischaige the condenser voltage rises and is clampud
by conduction in the 6HG6 diode, 1o ils calthode vollage set to betwewn
50-100 Volts

The positive and negative spikes from the zo00 ¢. p. s. spike genciatol
cxcite the 15 ke/s harmonic generator tuned by a 15 ke/s LC circuit whose
Q value is 3o ([fig 7). ‘This is further amplified by the 15 ke/s tuned
amplifier feeding about 6o volts to the r5 kc/s limiter through a 100, 000
ohm series resistance. ‘The 15 ke/s rectangular wave at the anode of the
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The difficult task of selecling out the desired line for intensification is
allotted to the line sclector (Fig 8). Itis a Schimdl type tiigger circunt
which tiiggers at about 95 volts. To the mput grid of this trigger circuit
is applicd—f{a) the 3 3 millisccond saw-tooth from the vertical time base ; (b)
a swall adjustible fraction of the positive pulsz obtained at the discharge
of the 3oov ¢. p. s. horizontal time base ; (¢) a d ¢. bas ohtained from the
line selector potentiometer  When this d ¢ bias voltage is greater than
95 volts, the trigger circuit remains triggered all the time—right fiom the
bLeginning of the tunc base stroke As the d. ¢ bias voltage is iowered,
the circuit tiiggers at the start of the sweep—the first line when this bias
voltage is just a little lower than o35 volts If the d.c. bias is reduced
further, the circuit tiiggers later —when the voltage obtained from the 3.3
millisecond saw tooth makes the sum of the d. c. bins and saw-tooth voltage
approach 95 volts. Thus it triggers at the szcond line, third line and so
forth as the d. c. bias is progessively reduced. The tenth line is obtained
close to the zero setting ot the d c¢. potentiometer. The positive pulses
that are obtained at the discharge ol the horizontal t.me base strongly favour
triggermg at this time. This takes place just betore the starting of each
horizontal stroke. By a suituble adjustment of the amplitude of t:is positive
pulse, triggering may be made to take place only at the start of the horizontal
strokes and never in the middle or any other position.

When the trigger circuit ‘switches over, the voltage at the output
electrode jumps to the II.°1. line voltage from a lower value. This jump
of voltage—about 4u volts, impresses a positive spike to the input grid of the
intensifier multivibratur  (Fig. ¢), which delivers a oo-vulis positive
intensifying rectangular wave to the cathode ray tube grid. ‘The duration
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of this positive unblanking rectangular pulse may be adjl*sled lo 333
microseconds by the 1/ megohm variable grid resistance.

CONCLUDING REMARKS

The merits and drawbacks of the time base described in this paper
may be judged best if this time base is compared with typical and represen-
tative tuming circuits that have been developed for radar 1anging in the
last war. This arrangement allows for a precision which outmutches all
radars exceptiog those meant for precision long-range gunfife control,
The possible rcading error in this arrangement is of the oider of one in two
thousand at maximumn range. 7This compares favourably with tle best of
gunfire control radars—such as the SCR-583. “Ihe wetk spot of the cireuit
described in this paper is the determination of the timing by un LC circuit
in comparison with the highly stable crystal control timing of the SCR-534.
The crystal control timing of the SCR-58; gives betler accuracy in absolute
measurements. As regards compatision of ranges, this circuit is as good as
{he SCR-584 circuit. When measurem. nts are made in terms of potcntiometer
settings of delay multivibrators, the accuracy obtained cannot be superior
to that obtained in the circuil described in this paper.

It is mot convemient or even practical to c.py the SCR-5% scheme in
developing a time base for a high precision jonosphere sounding apparatus.
Besides requiring two type J oscilloscopes, it will need a greater number of
frequency dividing multivibrators to obtain the very low repetition fiequen-
cies needed for the jonosphere apparatus.. The arrangement we have wade
satisfies the requirements of jonosg hiere sounding more casily thana copy of
any of the timing system developed for radar work. '

This paper is the first publication of the rescarch activities in a scheme
for developing improved ionospheric sounding apparatus entstled “A New

¢ Technique of Investigating the Ionosphere’’.
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