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AN ANALOG SYSTEM FOR FAST LIGHT CURVE REGISTRATION

I. C. BHATTACHARYYA AND A. SUNDARESWARAN

ABSTRACT

An slactronlo systam for recording fast light curvea Ia desoribed. The system employs a two traok mag-
netio tepe recorder for Intarmediate storage of photometar and time slgnals and reproducas these on oathods ray
oscilloscope scraen as an analog record: a quartz clook Incorporeted In the squipment provides time resoluilon
of better than a milllsacond In {ight qurve profile analysis. The ecourasy and limhation of the aqulpment In
photoelestiic records of oocultstions have been discussed,
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1. Introductlion

Photometric studles of certain astronomical
events necessitate systems where fast varying light
ourves need be racorded with Iitle diatortion, The
scale and degree of preclelon needed vary with the
type of experiment and la ultimately [imited by the
photon statistics with the avallable abserving equip-
ment. For experiments with lunar occultation ob-
servation In optlcal wavelengths, high precislon in the
determination of timing and large bandwidth of the
reccrding system becomes imperatlve, and speolal
arrangements are needed to store and falthfully
reproduce the translent Information, Use of on-line
computers for such purposes has been succeasfully
employed (Nather, 1870), 8o also of multitrack mag-
netic tape recorders {Poss, 1970). Wa are deecribing
a compact system employing only a two track tepe
recorder, whereln precise measuraments of timing of
events and shapes of fast light ourves have baen made
possible, by recording several simultanscus bits of
informatlon in different frequency bande in the two
traoka,

The theory of applicatlon of lunar ocoultatlon
observations [n measurement of structure and dimen-
slons of extended systems has been dlscussed In
detall In literature (Hazard, 1970; Nether and MoCants
1870). For optlcal systems, the task for the ohserver
conslats of aocurately recording light veriatlons over
a period of a few milliseconds at the Instants of
immersion and emarsion, As the actual Instants of

Immerslon or emersion may vary from the predicted
time owling to several factors, It becomes necessary
to extend the period of vigllance to a minute or so
around the predioted Instants, The eystem de-
slgned should be capable of storing this length of
high speed informatlon and later reproduce the
relevant portlon In a form which can be processed
for further analysls.

The timing precision almed In the presant equip-
ment I8 one milllsecond which I8 coneldered ample
for the flght collecting set up presently n use for
lunar occultation observations, The handwidth
employed [n the amplifler-modulater systems 8 much
wider, thereby enabling Interpolation at closer sampl-
Ing polnta, where the elgnal to nolse ratlo permlts
such an operation e.g. In the cese of bright star
occultation. Subsequent experlence with actual
recording of the light curves of ocoultation events by
thia aystem has amply proved the versatility and
capabllity of the ayatem.

2. The 8ystem Design

The recording and reproduction system |Is
schematically shown In Flgures 1 and 2. A etandard
photometer attached to telesocpe generates the basic
Information which fraquency modulates a § KHz carrler
and'this I8 recorded on one track of a two track tape
recorder, A crystal olook followed by a divider chaln
generates a traln of pulses of p.f, 10* per sec., as
well as bunches of 1 KHz signal at 1 sec [ntervels,
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which are mixed by e digltal loglc gste combination
and recorded on the second track of the tape recorder.
To tle the timing pulses with standard time signal
broadcasata,“a throw over switch enables the stendard
time slgnals to be racorded Just before and after the
occultation event In the first track. This arrangement
also permits voice recording of some detalls of the
avant, a.¢g. atar number, date and approximate time
etc on the seme tape Immediately prior to the event.
The tape recorder used for this setup is a modifled
Grundig TK 30 tepe recorder later replaced by a BEL
studlo recordsr, with a tape speed of 38cm 8!, As
a standard spool contalns 640 metres of taps, ample
capacity for information storage s avallable.
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Flg. 1. Reaording system

After racording the light curve, the reproduction
In analysable form Is done by a specially designed
raplay system, The record i3 obtalned In the analog
form on the CRT scresn of an oscllloscope (Tektronix
type 633A or ECIL 0S 768) together with timing
puises. The oscllloscope Is used with the 4 channel
plug-In moduls In the chopped mode and set for
triggered aingle trace operatlon.
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Prooeesing of tha photometer and timing signals
are done by the demodulation and filtering by clrcuits
mesting the linearity and fideilty of responae needed.
The photometer slgnal is ultimately fed Into one
channel {usuaily channel No,3) whereas the timing
pulses are fed into the two adlacent channele
(Channel Nos.2 and 4). The flrst channel Is reserved
for display of same characteristio information pertaln-
ing to the eventa. Thls channel shows several
relevant details of the occultation event In eeven
gegment number display.
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Fig. 2. Roplaylng aystem

For gcaling the display with the necessary timing
preclsion requires & reasonably fast trace on the
acreen. The standard rate of trace sdopted In our
systern |a 1 cm par 10 ms on the acraen, which rasults
in the millisecond pulses appearing at 1 mm spacings.
The full trace requires slightly more then 100 ms; ft
la, therefore, Imperative thatan arrangement for con-
trolling the atart of the single trace be avallable so that
the relevant portion of the light curve remains well
within the frame. This is achieved by Incorporeating
an arrangement of logic gates, by which a suitable
dslay batween start of the trace and any arbltrary
fixed reference Instant can be eet.

The arrangemant for thia selectlve delay gensrator
Is shown In Figure 3. As scon as the start button Is
pregaed, the countlng starts from the next full second;
the counter continues counting millisecond pulses
untll the total oount coincldes with the figurse set by
the thumbwhee! switch. At that instant the counting
stops and a trigger pulse I8 generated which starts

the CRO sweaep,
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Flg. 3. Selactive dolay lagleo

A few additional features are Included for
convenlence of opsration. A monltor oscilloscope
continuously monttors the photometer output level
and enables the observer to actually see the light
level changes during Immerslon or emersion. Inthe
replay arrangement, the recorded seconds pulses
operate a LED visual Indlicator, as well as produce
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audio plps, to fenable the ] operator to audio-visually
count the seconds from a sultaeble refersnce Instant
and actlvate the start button of the selectlve dsilay
clroult. Also, in the millisecond pulse display arrange-
ment, to facllitate counting, every tenth pulss [s
blankod out by an eppropriate output pulse in the
counter chaln.

3. The Electronic design

The Individual blocks of the system have been
mads up mostly by 1. C. chips, supplemented by
trangistois whare the powar or bufforlng requliement
necessitatad uss of these. The [.C.s most used are
74-aerles Slignetics dlgltal chilps and some linear
op-ampa from the same manufacturers. The tran-
sistors and crystals used are from BEL and remain-
ing components are elso of Indigenous orlgin.
The printad oards are produced In our own labora-
torlea.

3.7 Slgnal Channsl

The arrangement for amplificatlon and frequency
modulation of the photometer signal ls shown In
Figure 4. A Signetica 741 linear op-amp Is uged as a
pro-amplifler, In somewhat unconventiocnal meanner.
The input Impedance has been kept low (1K), thereby
anabling the use of a long cable straight from the
photomultiplier on the telescope. This Is poeslble only
hecause the [Ight lavels encounterad are quite high, the
limitatlon In falntness of measurement being dictated
by the sky background lliuminatlon, whlsh la often
high In the violnlty of the moon. No separate pre-
amplifler has been found necessary adlacent to the
photometer In thls arrangement. The pra-amplifier
has varlable gain In discrate ateps of 2, 5, 10 and 60,
the amplification being sslected depending on the
conditions of any particular event, This Is followed by
a drlvar amplifier stage with a high gain; variatlon In
gain ls possible in this stage also by aelecting differ-
ent feed back reslstors by means of a aelector swltch.,
Thie stage has some potentiometrlo control for adjust-
Ing the output voltage level referanced 1o ground, by
means of which optimum frequenacy modulation per-
formance of the succeeding VCO stage and tape
recorder can be set for any particular event. It la
important to polnt out that the leveis of lllumination of
both the object and background may vary over wide
limits In different ocoultation avents.

The voltage controlled osclliator employs a Sig-
netles 666 I.C. chip, This is aversatile phase-looked

loop (Signetice, 1872), which has been used.as'a .

free running VCO In our circult. The fres running
frequancy s controlied by the combinetion of Input
signal and lavel setting and has been set for cpsration
with the range 6 KHz-10KHz, The output of the VCO
Is fed to the tape recorder through a tranalstor buffer
emitter follower,

Flg. 4. Photomultiplier amplifisr and voltaga oontrolled
oscillator

The arrangement of signal demodulation in the
raplay syatem ls shown in Figure 6, Replayed slgnal
from the tape recorder is pulse-shaped and demodu-
lated by a pulse counting discriminator arrangement.
To make the replaysd signal compatible to the TTL
logle in the Signetlca 74121 Monostable Multlvibrator
chlp, transistor level changing cirouit has been
employed, The dlscriminator employs & dlode-
condenger combination followed by a ttanslstor In
common bage conflguration, and ylelds an output
voltage proportional to the rate of arrival of pulse
(Frost, 1986), A 4-section Cauer low pass filter
employing ferrite-pot core Induotors, with a paes band
below 4.6 KHz removes the carrier, but allows the
fast varlatlons to pass through to output.
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Fig. 8. Demodulator
3.2 Timing Channsl

The basic osclllator employs a mounted quartz
orystal and gensratea 100 KHz with good stabillty.
As standard time pips are recorded within a few
minutes of any recorded event, extreme high precl-
slon and stabllity are not essentlal. The generated
frequency has been measured by standard laboratory
equipment and has besn found to be within & 20 Hz

. under extreme conditlons likely to be encounterad.
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The osclilator consists of a Signetics A 709 with the
crystal in its feed back loop and feeds & cheln of
7490 decade counters through a transistor Interfaca.
Tapplngs at appropriate polnts bring out pulse tralns
with repstition frequencles of 10%, 10% and 1 which
are mixed by a mixer ampllfier and fed to the tape-
recorder. As1ppsels too low a frequency for
tape recorder registration, 1 KHz signal 18 pulse
modulated by the 1 second pips by means of 7408
AND-gate before sending It to the mixer, The clrcuit
arrangement |8 shown In Figure 8.

I art

Fig. 8. Crystal csaillator and Il ahannel recording amplifier

Signal Is fed In parallel to two selective ampli-
flers, employing uA 741 linear I.C, chipa with twin T
networka In thelr feed back loops, The first channel
passas 1 KHz; bursts of 1 second repetftlon frequency
of this signal pass onto pulse shaper olroults In the
salective delay clrcult. The second channel passes
the 10 KHz slgnal on to anothar 7490 decade counter,
which In ita turn produces 1 mlllisecond plps. The
clreult le lllustrated In Figure 7,
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Fig. 7. Tapa chennel-ll replay amplifler

3.3 Selsctive delay ganerator

Detaljed circult of this unit Is given [n Figurs 8,
The monostable multivibrators used are Signetics
74121 chips, 7408 Quaed 2-Input AND gates and
7490 decade countare provide the hardware for the
counting logle, Three 7486 Exclusive OR gates
compose a thres digit coincldence clrcult. Two
thumbwheel switches together with 7404 inverter
generate the programms of delay.

3.4 Auxiliary sub-systams

Bursts of 1 KHz slgnal at prf of 1 per sec recelved
from timing channel empl!lfier |8 fed to a mono-
stable muitivibrator (74121) through a transistor
Interface, which generates pulses of 260 ma duration
at 1 pps. An LED Indlcator lamp connected to the
Q terminal of the chlps glves visual flashes. The
bursts are aleo ampiified by a 2N1481 transistor
amplifiar and a small speaker provides the seconds
plpe for audiomonitoring. The LED part is shown in
Flgure 8, while the audlo amplifier and epesaker Ia
ghown In Figura 7.

To provide each photographic record with an
identiflable index, visusl display of some charsoters
are made by the top trace of the 4 trace oscilloscope.
The princlple employs televislon type raster genara-
tlon and synchronlsed Intensity control of the scan-
ning spot by a set of fast olock pulses, Detalled
account of this system Is described in Appendix 1 of
thls paper.

The power aupply for all digltal 1.C. chips are by
a regulated circult providing + 6 volts at 600 mA.
Full wave bridge rectifler employlng BEL BY 127
diodes and Signetics uA 723 regulators driving a
power transl/stor compose thls circuit, For the linear
1.C."a a separate supply of -6 volts (reguiated) Is
similarly provided.

4. Observationsal Procedure

The system can be used In conjunctlon with a
photometer or a scanner In place of the standard
amplifier psn recorder arrangement. The aequipment
is completsly self contsined; only additional equip-
ment needed belng the photometer andits H.T. power
supply; also, for time-signal registration a good quallty
communication receiver set |s desirabla,

The procedure for recording an event conalsts of
measuring the atar and sky deflections on the monltor



PLATE 4

Fig. 8. Light Curve obtained by the systom during a immersion avent,

Fig. 10. C. R. display of linearity of the system The lowar trace
is the reproduction of the upper trace,

Bhattachstyya and Sundareswaran {facing page 72)
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oscllioscope and adjusting the output level for opti-
mum contrast. The slze of the diaphragm Is selected
consistant with the stability of telescope drive and
seelng conditions; the smaller diaphragms providing
better slgnal to nolse ratio. About two minutes be-
fore the predicted instent the tape recarder is started
and the throwover switch changed to microphona
position. The dstalls of the event are 1ead out on the
microphone, end standard time signal pips, together
with thelr volce Identification recoided. The switch
fs changed over to the photometer signal, and the
recorded output monitored on the oscilloscope. The
event can be visually detected on the scope. As soon
es the event Is over, the switch is thrown over to the
microphone position, the event announced and
enother set of time pips recorded. The recoiding le
then stopped.

The procedure of play back ia as follows. The
tape s re-run and the event [dentifiad on the osclllos-
cope. The approximate positlon on the tape, whea
the relevant portion of the light curve 1s locatsd Is
also determined. A reference merk is Introduced on
the record In such a way that the numbsr of full seconds
betwean ths reference mark and the event ls known,
The tape Is wound back once more and played, The
timing channel seconds pips are audlo-visually display-
ed and can bs counted. Count is started ofter the
refersnce mark Is passed; If n is the number of full
seconds betwesen the referenca mark and the event,
then after (n-1) counta the operater presses the start
button of the selactive delay gensrator, The unit opens
up wlith the next seconds.pip (l.e. at the n* second),
and after lapse of the set delay of a known fraction of
a seoond, the relevant part of the light curve appears
on the soreen, together with the milllsecond pulses.
A camera Is employed to photogreph this singla trace
on the oscilloscope screen., One such record of an
immerslon event Is reproduced in Figure 9, The exaoct
delay needed to get the event at the screen oentre, can
easlly be determined after a few triala bsfore photo-
graphing the trace,

6. Reliabllity of record

As reliable measurement of the fine detalls of the
light curve fe essentlal for the purpose of the experi-
ments, the performeances of the Instrument have been
subjected to rigorous labaratory tests. Although the
amplifiers used before modulation have ample band-
width, the process of modulation and recording
introduce considerable limitation. We have recorded

fast ramp with 1 millisecond rise time and compared
the reproduced waveform with the orlginal Input.
The departura from linearity In thls process has bsen
found to be less than 19 which Is Inslgniflcant
compared to the nolse inherently present In thls type
of expariment. Figura 10 shows the original and
reproduced traces of a standard waveform at the input
and output tarminale of our equipment.
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Flg. 4. Selootive duley loglo and blanking olrautt

Preclslon of timing an evant In our experiments
Is usually done by modsl flitihng methods almllar to
those described by Nather and McCants (Nather and
McCante, 1970). In such a method the seelng nolse
usually limits the acouracy of determination of
Immerelon and emerslon timings. [nan ldesl cese,
in the absenca of seslng fluctuations, the acouracy of
timing Ia limited by the stability of the osclllator. In
the present oase the varlation is found to be rather
high, although the effect is small compared to other
uncertainties of the occultation measurements.
Elaborate laboratory measurements have shown that
& random varlation of + 2 Hz Is presentin our baslc
oscillator clock. The presence of standard time plps
at the two ends of a record, permits correction due
to mean deviatlon of the clock frequenoy, but the
random varlations Introduce &n unocertainty, which
may be as high as 2.6 milllseconds, when tha nearest
comparlson standard tlme pips are 1 minute away.
In a future modsl, we propose to improve on this
limitation,

This {sok of high stabillty, however, has negll-
glble effect on the shepe of an occultatfon {ight curve.
The relevant portlon of any light curve, aven under
extreme olroumstances rarely exceeds 100 ma; the

' cumulative srrars over thia duration do not exceeda

small fraotion of & mililsecond,
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Appendix 1
Plats Indeax Generator

A system for digltal display of some of the
parameters of the occultation event has been Inco-
rporated In the equipment described In this paper.
The Input device is a set of 11 buttons by which
numbers O through 8 and space can be entared. The
saquentlal Informetion in the coded form ie stored In
a 84 blt acratch pad msmory  The stored Information
Is relegsed and modulates the intsnsity of & CRO
beam covering a narrow strip on the scresn to
produce the informatlon in digital form. As the 1ead
pulses are synchronized with the sweep, the pattern
Ia stationary and cen be photographed. The arrenge-
ment of the digital loglc elements is shown in Figure
A. Anpairof 7420 NAND gates used ae enooders
generates 4 line BCD algnal which geta recorded [n
a 82526 scratch pad memory, the addressing pulse
being generated by a aimple counter 7483. An
arrangement of logic gates enables a sequence of
numbers to be registered in successlve locatlona in
the memory pad.
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Flg. A. Flate Index Generator

The *'read’’ pulae ls gensratad parlodically from
the baslo clock osollistor. The stored informatlon In
different memory locatlons is sequentially read and
transferrad to the character generator. Thia ls done

by & separate read counter 7493, which advances the
address to the next looatlon after Information In any
mernory locatlon Is read,

The display of the stored Information ls done by
the character generator subsystem. This conslsts of
UJT osclllator generating 80 KHz clock rate followed
by a cheln of counters. A saw tooth waveform at 10
KHz rate Is generated which swaeps tha CRO spot in
Y direction. A slower horlzontal sweep s generat-
ad by a parallel chaln of counters, determining the
phyalcal sizes of the letters formed.

The counter outputs are decoded by three Input-
NAND pates {7400) end two decoder chips (7445).
The outputs of this decoder comblnation produce
brightening pulses which are applied to the CRO y4
input. The arrangement is schematically shown in

Figurs B,
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Fig. B, Charaoter Generator
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