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A 40-CBANNEL 1-BIT DIGITAT, AUTOCORRETATOR
- FOR RT SPECTRAL TINE RECEIVER

S e h. Alurkar, A.D. Bobra and R.V. Bhonsle

Physical Research Laboratory
Ahmedabad-380009
- India

Abstracf'

In this reporf we shall first present an outline
of the theoxry of ‘the method of autooorrelatlon of measur—
ing power spectra of random Signals with gaussian statis—
~tics, with particular reference to the 1-bit method of
-computing autocorrelatlon funetions. This is then followed
by{detailed desoriptions of the subsystems of a 40-channel
1—bit,autocofrelator developed'in'the Infrared Astronomy
Area of the Physical Reseazrch Laﬁoratory, Ahmedabﬂd.

U31ng noige 1nput Lhe correlator Was tegted in conjunc—
tior with the 70 Miz TP ampllfler, Wthﬂ forms a part of
.an RF gpectral 11ne receiver developed for the purpose of
detecting'OH emissions at 18 cm wave length from inter-—
stellar hydroxyl molecules. Twovsets, one of 7 and the}
other of 50 minufes of integration fime, of test obser-
vations were aﬁalyééd:to.oompﬁte autocorrelation functions
and power spectra.’ It'is}concluded that the highést
accuracy of Spéctral measuremén%s would be achieved
prov1ded the latter are made 1n the flat region of the

' response of the bandpass fllter.



I. Introduction:

The 21 channel 1—b1t dlgltal autocorrelator
developed by . Welnreb (1963) at MI, T‘ U.3:.A. egtablisheq
the potential of this method as a powerful tool for making
nigh resolution observatlone of narrow band emissions,
e.g. RF emigssions from 1nterstellar hydroxyl (OH) radlcal
at 18 cm , water molecule (HQO) at 1.35 cm, carbon mono-
t”dee (CO) at. 2.6 mm Wavelength etc Since then many radio
;aetronomy oboervatorles all over the world are using thls
dev1ce as -an- ‘on—llne“ correlator for detectlon of" radlo
frequency line emissions (Dav1es et al. 1969 Pell and
' thtle .4975°'Ables et al. 1975; P01nton, 1977) A
f correlatlon re ceiver prov1des radlo astronomers Wlth
effectlvely, a varlable fllter bank who se overall fre~.
quency range Gan be controlled by si mply varying the
‘clock~rate of the autocorrelator Thls makes g corre-
'lator versatile in the sense that dlfferent astronomlcal
problems 'brequlrlng dlfferent overall bandW1dths, can be

studled u31ng the same correlator._

_IIQ_,The method of Autocorrelatiohn HUnctlon for '
: - Imeasurement of PowelASRectra

The power spectrum P(f) of-a;time.Serieeix(t).is
defined as | | &
L

P(Ff) =2 fR(”l‘"')"eXp(—jZA'lfF‘f"‘I“‘)d’T ,.‘,“.(1)

— XD



-thth is the. Fourler irahu¢01m (FT) of tne Autocorrelatlon

Function (ACF), R(T'), glven by

o
=.%%g”?° v%ﬁ ’[ x(t)ux(tf’r)dﬁ' ceo (2)

T being the time lags.

In practice, however, both these eXpre551ons need

modlfloatlons as- followq

(a) Since x(%) is available only for a finite duration,
T and t should have finite limits. In other words,

both:R(fT) and x(t) must be truncated.

(b)  Due to the truncatlng of x(%), there Wwill be a
flnlte number of multlplloatlons and- 1ntergrat10ns as |
seen from egn. (2), and R('T ) will be estimated for
dlSCIPte values of T (=n DT )? where n is an integer
varying from O to N-1, N being the total‘number of time

.lags.

(c) If the data are digitized, tWo-mOre modifications
are required: (i) x(t) will be sampled periodicélly
giving sampigg x(kfd;ﬁ)? where k ié anﬁintegei between

1 and X, the fotal numbver of Saﬁpiés; (ii) Each of

the se samplés-ﬁust-be'clippedvor quantized. -For example,



BREe N

inthe 1-bit digitization: odly two amplitude ranges
x(kA t) > 0 and x(k.%)- < 0 areused with little.

effect on the spectrql measuremendt.
" Introdiicing the modifitations of sampling and

truncation only into egn. (1) and (2), we obtain

P’ (£)=2n7 ZR'(n AT) wn AT) exp(-j270 fnAT) .. (3)

_ K ) .t, . .
Rl(nﬁs‘?)z% S ox(kaT)h x (k AT+ (nf AT ) .. (4)
k=1 : o

| EQﬂ-(é& and (4):dd‘n0f inéiudé_modificaﬂions due to
quantization. . (n AT) ig the weighting function
introdueed tof take care of the’ smoothing Which &

_necessary. after truncating the“ACFQ Thus, R(n AT )

-need not be known for (nl;} N;
‘Taking the statistical average of eqn.(3) yields

[ore]

P (£)=P (£)=247 ) R (nAT) wln a7) exp(-327F fn AT )
:.n’:"'-"";"j : R R KU

e (5)

N S . % X ’
This meagg,Aﬁhe‘mean_Pu(f) Qf~17bit;speotral estimate

is given by the F.T. of the trurcated and sampled 'ACF.

N6w, the relationship betéesn P (f) and P(f),

the true power spectrum, is given by substituting the
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folloWing'inverséfF,To of R(n AT ) and win AT ) in

eqn.(5)
. R
Rln &7 ) = % / B(£) exp(j27T faAT)AE .. (6)

~ ()
8

win A7) :’A/ w(s') exp( 32 I ' namar .. (7)

- O
VWie get,
o om
- ’ . / -
P(f) = > ' [P(f) WiE -£-1if ) af .. (8)

i= —co e

where the sampling frequency T = (liq“)—1,4and iis an
integer. The operations described by eqn. (8) are
depicted in Tigure 1. Two operations are performed on

_ 'P(f)

(i) P(f) is convolved with W(f£), a narrow band function
of bandwidth, zﬁrf = fs/N. Smoothing results due to
convolution so that spectral featﬁrés’nafféﬁér than

A f are wiped out.

(ii) Thus smoothed 'spectrum is repeated periodically

at integral multiples of fs'
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P (f) = / P(£) W( £ —f)‘ df,l 'tf)f’ o
- | |

‘.".’x

in praotloe Ty = 2 BZO where B20 is the speotrum
width at whlch it is 20 db below 1ts mid-band Value With
thls sampling frequency, less than 17 error: oooure in the'
measurement of power spectrum near the mld—band due to

b sampling .

IIT. Choice of the Weighting:Evnction, w(in AT )

.‘hFofnﬁoetgapplioations three weighting functions
Vafe common. ‘Figure 2 shows the unlform, cosine ( or
Hannlng ) and. Blackman Welgntlng functlone The flrst
gives a narrow maln lobe but high secondary reoponses,
While‘the Blaokman function ylelds a broad maln lobe and
low (- 29 db) secondary lobes; The Hannlng funotlon is

L very. commonly used 1n radlo astronomy applloatlons

The shape of the sbeotfal soanning,funotion,
WL, dependo on its ACT W(Ellﬁﬁﬁﬁ§WhiCh«muSt satisfy

the follow1ng restrlctlonsn-hﬁf
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. oo
w (O) = 1.= '_W(f.)df
w(nAT)= w(mmAT) ... (10)

wn AT) =0, for |n| > X

IV. ZThe 1~b1t method of computlng Autocorrelwtlon
Punctlons

Most of the RF line emissions frem;injerstellaf
molecules are very'weakvin intensity and, tﬂerefofev
highly sensitive spectral 11ne recelvers are needed
for spectral analysis work in radlo astronomy Due to
higher accuracy of measurement dlgltal technlmuee are
preferred to analog technlques. Many—blt or. flnely
quantlzed dlgltal techniques are very cumberoome and
expensive. A 1—b1t per sample correlator, which 1s .
simple in construction and inexpensive, ‘wWhile retalnlng
the phase information of a signal, 1ooses its a@plitude
- information. ”But,‘byfappkyihg"ﬁhe‘Vén Vleck}%1§66)
correction, a good estimate of the ACT can be made.
Figufe 3 deseribes.the operatioﬁﬂpf‘a 1—bit*§utocorref

lator which is based on the Van Vleck's theorem.

Aceording to this theorem, if x(t) is a sample

of a time data series with gaussian statistics and zero



mean, then y(t), its hefr'cl‘-'clilppe:d version, is defined
as
y(b=i, tox K> 0
- e (17)
=0, for x(t) < 0 3

Novv, if / (fr ) and [o( T ) are the true normali——

zed AGI"S of X(t) and y(t) respectlvelyg then
/j((T ) —Sin "\zr/z /;( T )jl_ e (12)
were  AT) = 2L, Far) - ﬁm

BEgns (12) is-the Van Vleck correction which _converts the
normalized .ACF of the clipped signhal, - F(T ,‘ irito; the
normalized. ACF of ‘the’ ’Orig.’iﬁ‘ai signal, /O (T The

:QS‘tima-tevs Of' F and /J are dellnﬂd as

/9<'T> = sin [W/z < T J .‘-_,_, )

whezer /O<T }’ e At) Fe Ave T ) .. (14)

et
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¢ Ean4(14) descrlbes the'bperatlon performed by 1=bit
_autocorrelator° It should be noted here that An addltlon-
to the 51gna1 belng of gau551an statlstlcs, it must be
lbe band- 11m1ted to a flnlte bandW1dth beyond Whlch the
“power speotrum 1s made negllglble. The sampllﬂg should
:then be madp at a rate Whloh is at 1east equal to the

; Nyqulst CrlﬁerlOﬂu‘

V.  Experimental Set-up:

_ _‘A block diagram of the T—bit'digitalzautocorre~‘
“lator alongwith a single Side-band (8sB) receiver is
‘shown in Figure 4. A wide band n01se generator was

sed as the source- of 81gna1 for testlng the perfor—
'mance of thd autocorrelator system.‘ The recelver was
‘used to y;eld an outpudb n01se‘1e*el of aboui 2 V p/p

" nécessary for the bandpass filter. .

IACE Butfor Amplifiéf; Pilter and: Clipper,::;;

In. Figure 5 are éhoWn the clféﬁlts of a buffer
;ampllfler, ‘an actlve fllter and a 51ngle SUage clipper.
A unlty gain buffer ampllfler 1s bullt u51ng IC 741 1
Aln an 1nve1t1ng -mode . The non- 1nvert1ng 1nput s
" connécted to a re81stance network (R1, R2 andeR~) and
g potentlometer (R ) .o oyercome any DC;§oltage appear—
ing ‘at ‘the: output of  a single- 51de band recelver. This

H
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ig followed by an actlve fllter, built: u81ng IC749=2
Au:to 7 As it 1s alreadJ p01nted out,-one;olﬁthefbaeio
“ffrequlrements of a - 1 blt dlgltallauﬁocorrelator is that

- the signal fiuet be band llmlted,J,The fi1terIie'designed
using a. oomblnatron of low—pass.and high—pass”filtere,
5Ite response is shown 1n Flgure 6. A roll—off of 20 db
per octave on high and 1ow frequenqy s1des was aohleved
The response is flat from 4 kHz to 40 kHz W1th rms

fluctuations of: the order of 0.5. db

The output of the fllter is fed to an ampllfler

rmade u31ng an_op-amp (741=8): This is also used in an
1nvert1ng mode and the. non—lnvortlng 1ﬂput 1s oonneoted
to a voltage d1v1der network formed by th reslsters S
'R5 through R8 and a trlm—potentlometer R9 through a 1K
’ re51stor.' Thls amplifier ig- requlred o ralse the
voltage level sufflclentTy high +to overoome the effect
due to non—zero clipping“ The output ..... is then. fed to a”?
cllpper made usihg an op—amp (710) By deflnltlon, an
1dea1 ollpper 1s one hav1ng characterlstlcs such that
its output y(t) = 1oglca1 1 When the 1nput X(t):> 0
Aand output y(t) = 1oglo 0, When the 1nput,x(t <<fO
‘But in praotloe thls cannot be reallsed becauoe of
various reasons suoh as. stablllty,kn01se problems, etc,l.

In praotloe 'some llmlt on - amplltude is flxed so that

y(t) = 1og10a1 1, when the input; x( ;>6' and

'Ei,
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'y(t) = loglo Oy When tho 1nput x(t)\‘ . TheiValﬁé
of e. depende upon the olrcult components In. our’n
case, the input. applled to the clipper was around .

8 volte p/p and the ollpplng level £ = 150 my . Thus,
the ratlo of the 1nput to the cllpplng 1eve1 was 34 5 db_‘

reduc ng the non~zero cllpolng effect to a great extent

V.(b) Sampler;.SVnohronons Detector and Correlator:

| The outpuﬁ ofﬁthe-qlipper, y(t);'is fhen_appliedgf

to the samplen‘shown in Figure 7.  The samplefloufput

¥(x AX%)‘ 1s the 1nstantaneous value of y ' t) at t~kzﬁt
The datw are sampled at regular 1ntervals at the clock
rate, equal to that of sampling iTequency, fs’ u51ng B
747 D type edge~tr1gge1ed Flip Flop (F/F). Aocordlng
to the Nyqulst or}tenlon_f = 2 By = 200 Kz 320 ,
means ‘the 26 dB bandwidtha.«The y(t@ 1nformatlonipresent e
at the input D 1s transferred to the output Q on the
posltlve-g01n edge of the clock pulse.' The advantage
© of this IC (7474) is that the olock~tr1gger1ng oceurs
at a voltage level of the olock pulse and is not related‘
to transltlon time of the p031t1ve—g01ng pulse. Irres—
pective of whether the olock 1nput 13 at hlgh 1eve1 or
at low level, the® lnput 31gnal at D hns no effect on the
output Q. One can set/fesot the E/F (7474) randomly

between two sampllng pulses S0 that the error is random
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. 1if F/P.refers to its previous state. This will reduce
-the possibility of unwanted high correlation between
osuooessive.ﬁamples_whioh;may=oadse serious errors in

the  spectrum. L

The duratlon t, of the sampllng pulse was 0. S~
seconds, whlch 1s 1/20th of the perlod of the highe st
frequeno& components of the signal. The output:of the

“sampler is then passed over to a synchrohous deteotor,
‘vhere 1t is compared Wlth a control 81gnal C. C=1 when
the reoelver is comnected to the n01se source and C=0
“when“it ig COnnéctedfto a reference, intcase the receiver
i's used i£ a.sWitchéd'modé}"As'We vie re notAoperating
'Cin'fhe{éwiﬁoﬁedfmoae the 11ne 0 is permanently connected
t0 logical 1. T+ 8180 has & oontrol 31gna1 B and the
“'oorféléfof ig tON onLy When B~1 Thus, when B*1 and

‘C=1; P-Ao and Q- 755 when B~J;'and C=0, P=H0 and Q=Ao;

o and When B~O P—Q 0. Thus, the outputs are P and Q
“where B (AoC + AoC) and o_B (AOC + AoC) which are then

‘fed to the 1-b1t oorrelqtor.

.+ . The correlator consists of a‘'séries of 1-bit

4~sh1ft reglsters (7473) and comparators (7402). A shift-
rreg%ster s@lfts-thg,1nformatibn:byr1fbi¢"at_the clock

‘o;atg.anq thus delays the@ihformatiohfby,aqkelement'of

time .”4&T';:%r . The outputﬁof=each'stage‘of the

\
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Shift—régister is»éomparéd*with the signal obtained from

the synchronous detector. If they are’ same, then the

“ Y output of the correlator is logical.1. A-read pulse,

‘P, 4g applied to theireédfCiréuit (7402) which gives

RY
out a pulse to the counter.  The rate of Tp is the same
as that of £ <0 as to have synchronism in the output

pulses. The logic equations for the outputs are:

il

,-*.J

T \ﬂ?,(AOC + AOC), A1+B”(A C+ 4 ¢) A,

(15)

I

L_:

TR » B {—A A1C + A A1C + A A

- Thus, when C=1 and B=1, a pulse is,given to the counter
at_the=ocoufrence of the TR_pulse Whén both the inputs

- of the comparator are. same.. The outputs are then
conneqtad to Data Counter register circuiﬁsc In all there
- are 40 channels of the correlator, comprisihg 39 ghift-—
registors (giving;39 time lags) and comparators together
~with 1 channel;oorresponding_tovzero'ﬁime lag. Ideally,
the.true;autocorrelétion.Wbuid ﬁeén that a pulse should

- be subtracted from the counte£8'when the chparator
output is zero, but this néeds;vgry{egpensive up/

-down: counters. and an appropriate. controller. -Since
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the operation of the counterrcan'change_at the maximum
rate of f , it is nd%fadfieable to use the up/down
Hcounter system Thls 1s aohleved by 81mple oalculatlons
as will be dosorlbed 1ater. To have the zero: lag Obser-
 Vat;ops; the number of samples 1s dlrectly counted in

Tthe firgt ehannelg o

: V»(O)J_Daﬁa Counter Registers:

L In Flgﬁre 8 1slshown one channel of the data
coaﬁter reglster olrcult. The output of each channel
of the correlator is fed to a series of nine deoade
counter ohlps (7490). The maximum oapaolty of each
Countef isa109“60unts.¢JOn;a_elngle card;440hannel
data-are accumulated aﬁd stored. All the 4-bit outputs
of each of the decade counter chlps (7490) are connected
:to the four 1nputs of a parallel-in parallel out,
serlal—ln scrlal—out and rlght and 1eft shlft -register:

- chip’ (7495) Except the left .shift all the,avallable
operationvmodes quthis70hip_§7495).are.used._wThus, the
. 36-bit output of the daﬁaecounter.ofbeaoh-ehapnel is
conneotediip:the.inputs,of“7495f0hipsq A11 Qq out-
~puts of the data¥register8;(7495) are .connected to the
seﬁ;al inputsﬁ(DS);bf,the next chip. Since there are
inylfour channels on.any single card the serial input

(Dy) of the 4th.channel ie'permanently.COnnected to
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»_,éfeuna} Ite QD output of the most significant digit
data—regleter ig. connected to the ser1al input (D ) of

" the %rd ohannei_data~reglster " The most significant.
‘dlglt QD outﬂut of the 3rd chanrel data-register is then
connected to the serlal input (D ). of the 2nd channel '
data—reglster and finally the QD output of its most
significant digit data-register is comnected to the

. serial inputn(DS) of the 1s%t chennel data~register. The
Qp output of the moet‘eignificant digit data—registernof
the 1st chanhel 1s connected to data multlple é£’¢i£cuitg,
Thus, there are 10 outputs fromAthe datafCOunter register B
circuits to.the dat, multlplexer Varicus pulses 11ke,
"trdnsfer of 1nformatlon9 rest pulse, right shift, mode
‘controls, etc g are generated by the control c1rcu1ts
and are explalned in det lvlater.; At the end of the
'”integration time T, the ewitcn 5, (Figure 11) of the -
fcontrol programmer is pressed to, glve a "GO" pulse. Tnls,
in turn, flret transfers the data from output of the
decade counter to the output of 7495 reglsters :The
counters are “then reset and new set of observatlon is
started. | o A

v.(a) Daté'Multipleieré

As descrlbed earller,'each data counter—reglster
card has 4 channels each hav1ng a maximum length of..

109 counts. - There are basically two ways of-connectlng
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the data-countef?reﬁisteﬁ c.rds The. firéf @a§ is %o
connect the serlal output of the 1ast card to the serlal
1nbut of 1ts prev1ous crrd and 1ts serlal output is
connect :d to the serlal 1nput of its prev1ous ccrd and

so on. The serlgl dat output of the first card is
connected to the: sernal 1nput of the data dlaplay 01r011t.
In such a method of congectlon the data from the 1ast .

| card have to tLavel all along the remalnlng nine oards

before it can f14a11y ‘be djqpl yed.‘

The se cond method is that Wwithin the ccrd the
informatlon is shiftsd serlalLy and: the outwut of each
card is multiplexead 1n'a 16~1aput multlplexer _ ngure 9_
shows the olroult dlagram of the datv—mu]tlplexer., This .
circuit makes use of the reset CP,——36 CPP.qrd 4 Hz
pulse:x derived from control ojrcults “T'he reseQAleso
reséts all the B/F's.and counterg.. Thefé“éré'ten D-F/T0
(7474) used as Shift-regiwférs. -The~bldbkg:65 all D-F/F
(7474) are connected together. The ”lel&e by 36" input
is given to a pair of JK- P/P (7473) conneoted in cascade.
Thln further div 1des the ”dlvlde by 36" pulse by 4.

Thus, after every 144 4 Hz pulses a monoshot (74121 1)

is triggercd and a pulse i ﬂenerated Whlch 1J.oontectodf~%
38 one of the input to 4-input HaND atb (7440) the
other in-ut belﬂg'from CPP"‘ he output of thlu N,ND

gate (7440) is conneoted to a comuon c!ock 11ne oF
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| D-F/D (7474) . he. output of the ‘monoskot (74121 1) is
“also conne cted o a palr of JK—P/P (7473) chlpcf Thls is
.connected in cascede to chk as an. address - counter.

~Thls ig 1ncremented once When a clcck pulse 1s applled
to D~F/F (7474). FEach.of the Q Qutputs of the D-F/F
“nf(7474) ig connected separafely es‘one inputlto 2—-input
_NAND.gsfe (7400), the other input being 4 Hz pulse,

the rate at which rlght shlft 1s des1red.: The outputs
of these gates (7400)_are comnected to individual
‘tran81stcl drlvers via the 1nventeL drlvers (7440).

This is essential because each of the se has to drive
about 36 unit loads of (4 chqnnels) the data-reglsters
(7495) - The. serial output of each card contalnlng _

4 channels is connected to a 16— 1nput multlplexer

chip (74150) Once the_01rcu1tlls reset (by SW1tch

S, of the control programmer) the CPP pulse transfers
the Dwinput of T/F (7474-1), whlch is connected to

Q of JK-F/F. (7473~ 1) to its output (7474-1). Thus, the
_4 Hz pulse are now pqssed on to channels 1 to 4,:
oaus1ng the rlght shlft of the datao_ These data via
the multlplexer are then fed to a dlsplay unlt When
all the 4 channel data are transferred to the dlsplay
iunlt the' monoshot (7412 1) generetes a pulse._y%h;s
n'pulse,-ln turn, is 3pp11ed to all the D-T/F (7474)}_
" Since the Q output of the D- P/F (7474-1) . is connected
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v‘to D~1nput of next EVP (7474 2) and 1ts Q output 1sv”
connected’ to next DnF/F (7474—3) 1nput the Q output of
LR (7474—2) goes to” hlgh level. At the same tlme,l:
the input of E/F (7474 1) was zero, qnd therefore,"
its output (7474 1) goes loW.‘ Thls prevents the 4 Hz

pulses from pa851ng on to Channels 1 to 4, and ensures

*the’ applloatlon of 4 Hz pulses to the channels 5= -8,

Since the monoshot” (74121 1) output is also oonnected
to the address counter (7473 ~5 to 8) the multlplexer

now’ glves data from channels 5 to 8° and S0, on

At the- end When all the data are multlplexed
and the Q- output of B/F. (7474 10) goes from hlgh to
low . the 4 Hz Pulses-are stopped using the *JK- F/F ”
- (74713=2). Q output. '

Vgie)vData Dieplay;élreuit:

“gf The entlre data of the 40 channels are dlsplayed
'on a elngle nine dlglt 7~segment TED display (HP 7730
nserles) The data dlsplay system, - shown in Flgure 10
oon81sts of tWo Tows eaeh of: 9 chlp reglsters (7495)
The flrst row is connected 1n a serlal mode i, e..the'
QD output of'one 1S eonnected to the D 1nput~of-”a"”ﬂ

the ne Xt and: 6 on. Tts mode control 1B-pérménenfly
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,fconnected for rlghﬁ shlf mode.‘ﬂTheloufanté of the
1st row’ of the data dlsplay reglstﬁr (7495 1—9) ‘are’
'connected to the 1nput of the 2nd TOW of the data
dlsplay regluter (7495 10 18) - The 2nd row is perman-
ently connected for parallel 1n/parallel out mode. The
outputs of the 2nd row nf the display regilsters (7495~
10~-18) are:cnnnéCtédbtoithéf7ééegnénf de coder driver

_ (7446~1—§) énd ité;éufpgts,:in tufn, are connected

to the 7-segment IED‘_"‘diéplay (HP 7730-1-9) through

proper current-limitting resistances.

| The data output termlnal of the data multlplexer
o 1s oonnected to the serla] 1nput ‘of the flrst row of
the data reglster (7495—1—9) When the 1st channel
into theAdlsplay Clrcultijs When 36 shljts are over,

- the 1st channel data is nnmiiefely trénsferrea’tn_tne
display oircuit;“ A display or transfer pulse generated
by the control 01rou1try 1s applled to “the 2nd rowvh
(7495) and the data of the flrst row are dlsplayed A% |
the same time the A4th channel data are now shlfted

to ohannel B—reglstcrs The 3rd channel dat% are.'V
shlfted to 2nd and the 2nd chdnnel data are now o
available on the 1st channel When the next 36 blt

- right shlf%s are oompleted the 2nd channel data are

'dlsplayed,
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- When the 4 ~channel data are dlsplayed the
multiplexer, _Supplies the rlght shlft pulse to: the next
set. of” founchannelsu The output 1s taken from this
‘new cnrd as the multlplexer address has also now

changed..

. Thls contlnues tlll all the channels are displayed
via the multlplexer The counts are thus dlsplayed

channel by channel and are recorded manually,

CV.(f) Conbrol Circuits:

As shown in Fignre'11, nne'controi:circuits sfe

‘ diviaedﬁintc'four5sub-ciTCuits,Vnamely'(i) chamel dis-

play~and 4:Hz pulse generator, (ii) fhe‘control“progfa—

mmer,=(iii) the sampling, shift and read3pu1se generator
and' (iv) -the mode-contidller. . MThe details o f varlous

controls and their functions ar¢ as follows:

Co(1) -Channel digplay and 4-Hz pulse generators

The circuit genefates the basic 4 Hz ‘pulses
?requlred for rlght shlftlng the data avallable at the
registers (7495) of the counter reglster c1rcu1ts as’
soon as parallel transfer pulse (C )'1s applled toA5
the reglsters ThlS}’ PP pulse Wthh transfers the
data from the counters (7490) to the reglsters (7495)

T T T S N T P St g
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1s generdted by the contLol programmer. : A free- runnlmg '
'multlvlbrator ws bullt u81ng 3 palr of 2 1nput NAND
;gates (7400) A trlm pot R1 adgusts thp frequency of
the multlv1brator._ This " output 1s th@n 1nverted tW1ce
:;agaam using o= 1nput NAND gates’ (7400) These 1nverters
.vserve aSLbuffer 80 that the 1olloW1ng 01rcu1ts do not

: affeot the frequency of “the mult1v1brator.'

The mmmmscﬁ'melmﬂ%fédﬁ'ﬁwhcbmmomd
to the Control prOgrammer.w'Once the "GO" oomm;nd is
1ssued by the control pﬂogrammer, “the 4 Hz pulses’ are‘
dVallable to a d1v1de— by—)6 counter.. Now, each
counter/reglster has a capacity of 9 digits; vtherefore,
to shlft tho 1nformatlon from one chanhel to the dlsplay
01rou1t necds 36-blt right=- snift.  This o1v1de~by—36
counter is made u81ng a.decade counter (7490~ 1y chlp
“as d1v1de-by~n1ne and a JK TR (7473 1) as d1v1de~by—j
four. The output of this d1v1de—by—36 counter is
available at theooutputoof theiﬁ/F;Q7473—1) whlch,

turn, is fed’toﬂﬁhe following two cirouitéé;

1;" a chanool counter made by cqsoadlng two:,,o
docade counters (7490) followed by BCD to 7~segment
‘decoder drlver (7446) Thc output OI the deooder
-drlvcr is thon oonneotod to o’ 7 segment EED dls— :;‘_
vplays (HP 7730 serles) via curront llmltlng r651stors 'T,

:.3'--

to dlsplay the ohannol numbex



25;' ‘a monoshot through two 0= 1nput NAND gates
Thls eerves as a buffer as Well as prov1des o delay,
S0 that the 1ast blt 1aform1tloﬂ 1s flrst rlght-

'ishlfted 1nto ‘the dlsplay 01rcu1try from the counter—f

. regleter 01reu1te and them a parallel~1n/parallel—out

transfex pulse is applled to the dlsplay 01rcu1ts
(ii) 'Goﬁ%rei;pfogremmefé

- Tﬁieféenerates the initial reset pulse to |
-reset all 01rou1try except the counter/regleter oards,.
When the 1ntegratlon tine 1s over, a 'GO' pulse is. |
) ”glven by the SW1tch S1 ‘jAf@ebounolng olroult formed' 
f:'by tWo 4-1nput NAND gates (7440) is used to overoome
vthe noise. pulses genernted due. to make andbreak of |
the sw1tch oontacts . This pulse 1s given to all the
ireset p01nts of. the varlous control c1rcu1ts . The
1ﬂverted pulse 1s then used 1o trlgger a monoehot
- (14121-1) a_t_,hlgh—t_o—low transition. . The Q output
toflthe'monoshot is then fed to one input of a 2—1nput
NAND gate Whose other 1nput is the lﬁﬁé‘elock pulse,_V
The output 1s oonnected as the cloek input to a JK
?/F (7473—1)  Dhe J—lnpu£ is connected to 1oglca1 1
| permanently. Normally the clock 1nput is at 1og10a1 1
but as soon as both the 4 HZ elock and the Q output of"

thevmonoshot~(74121—1) beeomeeloglcal 1, the clock
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inpdf“éoes ioW and=£he'JK-F/F ie.fniggefed; The out-
put of this JK F/F is again conneoted‘as.one of fhe
'inputs of‘a 2—input}NAND,ga¢e, fhe other input being

the 4 Hz clock. The output of the NAND gate is inverted
lend ueed as a clock %o'thebthree JK ®/T (7473—2,}3;l4);
The . J-input of the first F/F (747%-2) ig connected to
1ogicel 1. Thue, at each high—to~iow transition of |
this clock the logical 1 Will right-shift to the owt-
put of the F/F's. This arrangement is made so that
aonce‘thedinformation is transferred,'the correct right-
shift shouid start after a time delay. Once the loglcal
1 output is avallable at Q of the JX P/P (7473-4), this
:1s connected. to a 2-input NAND gate along with the 4 Hz
pulses, This pulse is then used to drlve ‘the channel

counter and other controls.

The output of the JK F/F (7473~3)’is also
connected to a monoshot (74121—2) connected in low-to-
high tran81tlon trlggerlng mode. When the logical 1 of
the J-input of the JK E/F (7473-2) appears at the
input of the monoshot (74121-2), it is triggered to
generate g pulse Whlch is then fed to the mode contro-
ller. This ensures thnt the rlght—shlft of data will
take blaoe only after the mode oontroller has operated
and the data are available for righﬁ;shdffing tobthev

déta'mui%iplexer.



s 24

(dii) §gggling; shifting;and read pulse generators

Thls clrcult generates the varlous.pulees requlred
for. samplﬁng, ehlftlng and readlng the autocorrelator
| ~data. The samplln 1nterva1 should be accurate and,
'therefore, a quartz cnystal 030111ator is built uslng
two palrs of 8 2~ 1nput NAND gate (7400) The output
of thls 030111dt0r is. fed to a decade counter (7490)
connected in: d1v1de—by flve mode to glve a baelc 200 kHz
eampllng frequency The output is then connected to
.a monoshot (74121 1) connected in hlgh—to —low transition
trnggexlng mode , Tne output § of thls monoshot ig
{;‘connected to an 1nverter drlver (7440) Whose output is
then used as a sampllng pulee (f e Thls output is
aleo connected to another monoshot (74121 ~-2) Whose
output isg used as ‘2 shift pulse (T ) after inverter
~drivers (7440) The output of the monoshot (74121 ~2)
i also connected to ‘another monoshot (74121-3) whose
ﬂoutput is used- as a read pulse (T ) after driver

1nverters

' (1V) Mode Generator°‘

ThlS 01rcu1t ﬂenerates .a sequence of operatlon
for controlllng the operatlon of ‘the correlator and
counter revlster cards " The eequence of operatlon is

L as follows Plrst 1t sete the mode for the parallel
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o transfer of the- data from the data counter of each

channel o the.data:feglster Then it generates a pulse
for ébfualﬁtrahsfer'after which it-generates reset
81gnﬂl° for the dwta counters and correlator shift~ -
reﬂlstero. After tn;s, it generates the mode for
right—shift_d£ the data. Wbén a 'GO' pulse is given

by the switch 3 s .

1

of the conﬁrol_programmer, it resets
all the F/FP (7474 & 7473). Wnhen a pulse appears at

SD of 7474 from the éontrol programmer,,ifs Q butput
goes high which, in turn, triggers a monoshot (74121—1).
‘ Thls, in turn, sets the para11e1~1n/para11e1—out mode
vfor thc data shlft reglsteln The 9 output pulse~(CPP)
of thls monoshot through a driVer is used to transfer
the'parallel information available at the output of“
the daté oéﬁntef.(7490) to the oﬁtput:éf thé’daté'
registefsA<7495)} The Q oﬁtpuﬁ of the monoéhot~(74121—1)-
is connected to monoshot (74121-2) to triggef in low-to-—
hlgh tran81tlon mode. The complementary outputs Q& Q
of the monoshot (74121—2) are connected to $wo monoshots
(74121—3 and 4)-and the Q output is uqed as a resget
pulse for the correlator Shlft reglster The monoshét
(74121"4) is oonnected in hlgh—to ~low tran51t10n trig-
gering mode and used to reset all the.data counters;-

The Q output of the monoshot (74121-3) is cohnccted
as clock to JK F/F (7473). Initially at reset the O
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output of thls F/F is at loglcal Te Thls is conhected
to mode control and therefore, when this /P (7473)
is olocked the output falls to O and thus the data
shlft reglsters are now ready for rlght shlftlng the

data.

Flgure 12 shows the various Waveforms 1n a
sequence used for the operatlon and control of the

entlre correlator system.

V.(g) meputatiqn.of ACT and Power Spectrum:

The oounts recorded are processed in a computer
for obtalnlng autoeorrelqtlon functlon and. power
spectrum. - Following Welnreb (1963) it 1s scen that
the autocorrelatlon fﬁnctlon of the noise slgnal is

given in terms of the contents of the counters as

20 - C

R(T) -—-«-—C—'Jl-el-,.nsmtozLo_; el (16)

The autocorrelation functiohsrebfained'from
these formulse are then COrreoted_using:the Van Vleek ’

correction of eqn.(12).



27

r - The corregted autoLorrelatlon functlons are then
| used to derive the power spectrum A 0051nc Welghtlng

function was chosen. Thus,

| | (17)
Whe:.re . ln‘? < N - .
The power density . - , ,
P(f) =27 YR( 1) w(1) +"Z R(n) w(n AT). "
| ) | 2 - / T e n’:2-- 3 o
X Gos (2T neSTa 1) ... (18)

'A"noise“SOuroe wag used. as the ﬁoise inpuf-ﬁo the
receiver, Observatlons were taken with dlfferent 1nte—
gration times. Figures 13(a) and 13(b) show plots of
normalized ACF for observation sets for 7 and 50 m;nutes
.of integration times respectively. The corresponding
normalized power spectra are shown in Pigure f4(a) and
14(b). It can be secn that the variations of noise
power in the band 4-40 kHz (over which the filter
resﬁonse ig flat) are within + 0.8 dB in the case of

the 7 minutes sample and within + 0,3 dB in thé case
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. Qf”theTSO minuteg;ééﬁp1e; VRFvspectral,Line obser-
;VatiOné Will be most accurate if confined to the flat

response of the system.
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