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Ths constrnctior! cf a clipped c.xrt.lator using ,L 1) )l,~r.ity ck>i~lcidence ni~lt~iplier is described. 
Subjective mcnsnrcrnents talcen indic:~tc. tha t  tho cquip~uent is well snitecl $ ~ r  signal 
detectmion especially n-hen the  hackgruunci noise l e ~ e l  is rer? high. 

Weak signals in n high noise backgro~uld can be detected by using correlators. In  
the case of hrget detection, the accuracy of bearing determination is increased by multi- 
plication and integration. It can be shown analytically that the directional pattern of 
mu1til)licntive nmay has 11a.lf the beam widtll of an ttclclitiue i1*rraqy of t'he same geometry. 

ilIultiplication ca.u be ~~chicvctl 111 diffrrcnt ways. Amplitncle 1noc111l:ltion is actually 
a proccss of nndtildicntion. Logaritlunic devices en,n hc used for multiplication by mwns 
of the relation leg x -+ log y = log xy. Quarter square multipli~rs for multiplying 
tlie quantities say x and y use squaring circuits and follow the relation (n: + y)2- 
(x-21)' = 4x7~. A correlator using clnarter srlnare ~lmltil~lication was foliild to have the 
following lil-nit a t 1011s: ' 

( i )  limited input voltage range, 

(ii) zero drift, and 

(iii) complex adjustment~s. 

. The limitation in rang,.: may be clue to tllc vzsintion in 8,,,/8,, (~vllere a,,,, is the 
~nut,ual colidu~t~ance of the v;~lve and tl1ie grit1 voltage) ovcr the railpo of oprl.rttio11 
of the valve2 and %he drift owing to tlir: jt~l~crcnt. i~mt ib i l i t~  found hl (lirect cooplr(1 
amplifiers. To obviate most of these limitatlions, it J ~ S  thongl~t ndvisnble to use. n, systclil 
in which digital t'echnique can be adopted. 

In  nlultiplication by the method of coincidences the product of any  umber tr f inputs 
can be computed by making use of a theory of pr~babilit~g. If sevcrt1.1 events occur wit 11 
a random distribution in time, tho probability of sini~dtancons occurrence of a11 OT tlleill is 
the product of their separate probabilities. This will also be trne for 1)criodic: xave forms 
whose periods have no coimlon divisor. If rectangular ~ ~ i l w  hr111s having different 
periods are superimposed, the time during which the polarity of all of tlieln bcing the sainc, 
will be proportional to the product of their duty ratios. This prirlciplo can br: utilized 
by adjusting the D. C. levels of the rectangular wa.ve f ~ r m s  in such a !ray tliat a valve 
wlll be turned on for the period during which a11 the input wave forrns have t,l~c same 
polarity. Then the average current drawn by this valve will be a measure of tllc prodnct 
of the input duty ratios. Tlms it is apparent that digital technique can be advnntugeously 
adopted in this systkm and multiplicatioll becomes indepeudent of the chnractc~ist ic 
of the valve used. Rosenheck has described a polnrit2y coi~lcicirnce rnaltiplicr for low 

% frequency sign s adopting digital technique3. 
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P R I N C I P L E  O F  O P l i : R A T I O N  

The instrument consists of two channels as shown in Pig. I. Each channel has three 
stages- -a clipper, a comparator and an AND stage. The input wave forms are conver- 
ted into rectangular wave forms of the same duration by means of the clipper and zero 
comparator stages taking >are to see that there is no net shift in the D. C. level. Very 
little information will be lost by this transformation of the input signals into rectangular 
wave forms. Clipped signals thus obtained are multiplied by a sign multiplication process 
in an AND circuit. In  this stage, an output is obtained whenever tlhe input signals are 
both positive or both negative at the same time. The AND circuit in one channel detects 
the positive polarity coincidence whereas the one ih the second channel detects the 
negative polarity coin~idence of the input, signals. This is accomplished by applying 
signals having the same polarity as the input signals to one AND circuit and the phase 
inverted replicas of the same to the other simultaneously. The AND stages are followed 
by an OR stage which gives an output whenever one of the AND circuits operates. 
The multiplier output is integrated over the period required and fed to a balancing 
circuit. 

T H E  C I R C U I T  

Fig. 2 shows the complete circuit. The clipper st>age in each channel (Vl and V,) 
consists sr a symmetrical differential amplifier. The zero comparators (V3 and V4 ) 
transform the clipped signals into perfectly sgllsred wave forn~s of sufficient amplitude 
to operate the AND stages. The comparator used is of the dorlhlc triode cathode coupled 
type. In  the quiescent condition, the first halves of the triodes of V3 and V ,  are con- 
ducting and the other halves cut off due to the high negative cathode bias applied. When 
the grid potential of the first half becomes equal to that ~f the second, the circuit flips. 
It returns to the original state when tjhe grid potentials approach the same value again. 
Wave forms of opposite phases can be obtained from the two anodes of the comparator. 
The AND stages comprise two double triodes (T'; and V,) which in the normal state 
are conducting. The valves become cut off when negative gates are applied to the grids 
of both the triodes simrlltaneonsly. The OR stage has two diodes (D, and D2 ) connected 
to the cathodes of the multiplier vdves in such a way that current is drawn by the cathode 
resistors from a battery of 22.5 volts whenever the AND stages are cut off. Only one 
AND stage can operate at  a time. Clamping diodes 7, and V ,  are connected to the grids 
of the sign multiplier for D. C. level restoration. The output of the OR stage is averaged 
for different time settings by means of a three way switch and R,C net-worli. In  order 
not to load the integrating circuit, a balanced cathode follower circuit (V9) is employed 
for meter deflection. 

The minimum voltage input required for a satisfactory functioning of the clipper 
stages was found to beabout 1.5 volts. The grid bias necessary for proper clipping is 
about 50 volts positive and this should be initially adjusted by means of the potentio- 
meters R, and Ra by observing tho output wave form on an oscilloscope. 
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Fig. 1-Block schematic diagram of the correlator 
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R E S U L T S  

d.fzil~iplier as phase meter 

The multiplier can be used as a phase meter when the input signals to the two 
channels have the same frequency. When the two inputs are in phase, polarity coinci- 
dence will be 100% and the output meter deflection maximum. When the signals are 
180" out of phase, coincidence will be zero and the deflection minimum. This povides 
a means cf adopting a simple method for checking the calibration of the equipment. 
The same signal is fed to both thewhannels and the meter deflection corresponds to zero' 
degree phase shift. When the signal is fed to only one channel, the input to the other 
channel earthed to reduce pick up, the AND circuit will not give any output and the meter 
deflection corresponds to 180" phase shift. 

Calibration of the equipment as a phase meter was carried out with an oscilloscope , 
and a delay network to generate the necessary phase shift by the 1,issajous figure tech-? 
nique. The graph obtained (Fig. 3) shows a linear relationship between phase shift and 
the correlator output. 

, 
P E R F O R M A N C E  O F  C O R R E L A T O R  

Subjective experiment was carried out ta check the overall perfornlance of the corrr:- 
lator. The experimental apparatus for this method is shown in Fig. 4. White noise 
filtered around the signal frequency of 1.8 Kc/s by mean. of an octave band pass filter 
( 2 . 2  to 2 . 4  Kc/s) was mixed electrically with the signal. The signal was fed to one 
channel of the correlator through a variable time delay network and the signal plus 
noise to  the other channel through another identical delay. Each delay had 9 steps of 
4 0 , ~  sec. enabling nine possible positions for the signal. Fifteen observers were used and 
the experiment was carried out using the forced choisc method4. Tbe input signal to noise 
ratio was varied from 0 to ab0ut-2~5db in steps. The position of the input signal delay 

I 
Fig 2.-Circuit diagram of the correlator. 
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: - r T  was varied a t  random from 1 to 9 for each S/N 
ratio and the observers were asked to vary the 
delay in the signal plus noise channel and 

H r ,  detect the position of the delay for maximum 
0 - correlator output as measured on a microam- 
Y q  meter. No prior trainingin taking the rea- L 

2- dings in this experiment
a 

was given to the 
It -.  observe^. The analvsis of the data was carried 
Z '  out taking tlhe mean score of all the observers 
o 180 as the prdbabilitv of detection. The result in 
iz *. 
u ,  the graph (Fig. '5) clearly indicates that on 
W 
A * 
Y 

taking 90% probability of detection as 
w threshold, the equipment can detect a signal 

6 .  which has a signal-to-noise ratio of- 16db. 
f The equipment has been functioning well 

and has vezy low drift. I t  requires very few 
10 1 initial adjustments. Reliable operation upto 
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WHITE NOISE VARIABLE 
GENERATOR TIME DELAY 

m. CBlock whematic arrangement of the apparatus and test circuit in the subjectire mebhod. 

15 Kc;s was realised. Even though the grid 
bias voltages for the valves were obtained by 
potentiometer arrangement from the H. T. 
Supplv, the error introduced was found to be 
r egli$ble. However, for precision - measure- 
ments, battery supply for the grid potential 
should be preferred.Laborat c ry measurements 
show that the equipment can be s~;ccessfully 

c 

4 
a 1- ; employed in ditecting weak signals in the 

11s 4 
mitu TO n o t %  rb (ILW presence of high noise backgrcund. 

Fig. 6-Detmtivity u8 signal to noise db. 
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