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[57] ABSTRACT 
Providing an indication of the product of two arbitrary 
signals utilizing an electronic multiplier whose output 1 
signal will include DC drift and offset due to circuit 
imperfections in said multiplier, wherein vprior to mul 
tiplying said signals in said multiplier, multiplying one 
of said signals with a predetermined polarity reversing 
signal to provide ,said one signal repetitively reversed 
in polarity in accordance with the sign of said prede 
termined polarity reversing signal, multiplying said 
one signal repetitively reversed in polarity times the 
other of said signals in said multiplier to provide the 
product of said signals in the form of a predetermined 
product signal repetitivelypolarity reversed in accor 
dance with the sign of said predetermined polarity re 
versing signal, the output signal from said multiplier 
comprised of said predetermined product signal and 
said DC drift and offset and wherein the peak-to-peak 
amplitude of said predetermined product signal is pro 
portional substantially only to the actual product of 
said signals and is substantially independent of said 
DC drift and offset; ?ltering said predetermined prod-v 
uct, signal out of said output signal; and synchronously 
rectifying said product signal in synchronism with said 
predetermined polarity reversing signal to provide a 
DC signal which is said indication of the product of‘ 
said two arbitrarysignals. 

puters, Multipliers and Function Generators, 61 Claims, 14 Drawing Figures 
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SIGNALv CORRELATOR WITH IMPROVED 
DYNAMIC RANGE 

CROSS REFERENCE, TO RELATED 
APPLICATIONS 

This invention is related to the invention of US. Pat. 
No. 3,793,599, issued Feb. 19, 1974 and assigned to 
the same assignee as the presentinvention ' 

BACKGROUND OF THE INVENTION 
The present invention relates generally to the novel 

signal correlators for producing the time average of the 
product of any two arbitrary time varying or stationary 
electric signals A(t) and B(t) (referred to hereinafter 
as A and B), the time average of the product being writ 
ten <A X b>T, the symbol <>1 indicating theexpo 
nentially weighted time average with characteristic 
time T. - 

Prior art signal correlators have limited dynamic 
range due to their use of electronic multipliers whose 
output signal includes, inherently, DC drift and offset 
due to circuit imperfections in the electronic multipli 
ers‘, such DC drift and offset being due to the sensitivity 
of the electronic multiplier components to tempera 
ture, humidity and very large signals. Such DC drift and 
offset. as known to those skilled in the art, severely lim 
its the dynamic range of the signal correlators and 
hence places a floor on the minimum value of <A X 
B>T that can be decerned in prior art signal correla 
tors. ' ' ' 

By “dynamic’range” is meant, with regard to any 
two-part input device whose output reading is a mea 
sure of the correlation of two input signals applied to 
the two input ports, the ratio of: _ 

1. that output reading of the device (even though the 
device may be incapable of producing such output 
reading) which would correspond to input signals 
applied to each input port with each signal having 
an amplitude verging on' overload and wherein in 
fact such signals are fully correlated, 

to 

.2. that output reading of the device which would-cor 
’ respond to input signals applied to each input port 

with each signal having an amplitude verging on 
overload and wherein in fact such signals are com 
pletely uncorrelated. . 

SUMMARY 

The signal correlator of the present‘ invention has im 
proved dynamic rangedue to the utilization of novel 
signal multiplication techniques and novel square wave 
?ltering techniques. . 

DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic of typical prior art electronic 

signal multiplication process and apparatus; 
FIG. 2 is a diagrammatic‘ presentation of the process 

of an apparatus for electronically multiplying arbitrary 
signals in accordance with the present invention; 

FIGS‘. 3 and 4, are diagrammatic presentations of 
process of and apparatus for electronically multiplying 
arbitrary signals in accordance with the present inven 
tion wherein one of the arbitrary signals assumes only 
the logic values of +1 or —1; 
FIGS. 5-8 illustrate various embodiments of rotating 

capacitor square Wave filters; 
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2 
FIG. 9 illustrates a cascade of rotating capacitor 

square wave filters; ' 
FIG. 10 illustrates a manner in which a DC indication 

of amplitude of a ?ltered square wave signal can be 
provided; and 
FIGS. 11 and 12 illustrate various utilizations of the 

rotating capacitor square wave ?lter of the present in 
vention; and - 
FIGS. 13 and 14 are signal correlators according to 

the present invention. 

DESCRIPTION OF THE INVENTION 

Referring to the prior art and to FIG. 1, arbitrary sig 
nals A and B are fed into and electronically multiplied 
by an electronic multiplier M1 to provide the signal 
product, (A X B) in the output signal of the electronic 
multiplier Ml, however, as noted above, due to circuit 
imperfections in the electronicv multiplier M1 the out 
put signal of the electronic multiplier will also include 
DC drift and offset adversely affecting the signal prod 

' uct (A X B). As is known to those skilled in the art, the 
output signal of the electronic multiplier Ml may be 
fed into indicating means for providing an indication of 
the signal product (A X B), or the time average of the 
signal product, e.g. the DC amplifier and low-pass filter 
and DC indicating means shown in FIG. I; alterna 
tively, the output signal of the electronic multiplier Ml 
may be fed ‘into signal product (A 'X B) utilization 
means, e.g. a ‘servo motor. As noted above, the DC drift 
and offset inherently present in the output signal of the 
electronicmultiplier M1 will adversely affect both the 
indication of the signal product (A X B) or the utiliza 
tion of the signal product (A X B). 

Referring now to FIG. 2 and to the process of and ap 
paratus for electronically multiplying arbitrary signals 
in accordance with the present invention, there are 
shown an electronic multiplier Ml, which may be for 
example any one of several four-quadrant linear elec 
tronic multipliers known to the art; an electronic multi 
plier or modulator M2, which may be for example any 
one of several switching. type phase reversing multipli~ 
ers known to the art; a polarity reversing signal genera 
tor 9, which may be for example any one of several 
square ‘wave signal generators known to the art; and 
‘signal product indicating or utilization means .12, which 
may be for example an AC servo motor or an RC high 

‘ pass ?lter and synchronous rectifier. ' ~ 

More particularly, prior to ‘electronically multiplying 
the arbitrary signals A and B in the electronic multi 
plier M1, either one of the arbitrary signals, e.g., arbi 
trary signal B, is fed into the switching type phase re 
versing electronic multiplier M2 where it is multiplied 

. by the predetermined polarity reversing signals S which 4 
signal S, as shown in FIG. 2, is also fed into the elec 
tronic multiplier M2. The effect of feeding arbitrary 

_ signal B, and polarity reversing signal S into the elec 
tronic multiplier ‘M2 is to provide at the output of the 
electronic multiplier M2 arbitrarysignal B repetitively 
reversed in polarity in accordance with the sign of the 
predetermined polarity reversing signal S; signal B re- - 
petitively'reversed in polarity in‘ accordance with the 
sign of polarity reversing signal S being represented by 
the symbolization B><IS. ’ I , 

Signal B repetitively reversed in polarity and signal A 
are fed into electronic multiplier Ml where. they are 
electronically multiplied to provide the product of the 
signals in the form of a predetermined product signal 



3 
repetitively reversed in polarity in accordance with the 
sign of the polarity. reversing signal S; this product sig 
nal is designated by the symbolization (A X B)>§ S. The 
output signal of the electronic multiplier Ml will be 
comprised of the product signal (A X B)>€l S and the 
‘DC drift and offset which will be present in the output 
signal of the electronic multiplier M1 due to circuit im 
perfections in the electronic multiplier M1; the output 
signal of the electronic multiplier including the product 
signal (A X B)>4S and DC drift and offset is shown 
graphically in the upper righthand portion of FIG. 2. In 
accordance with the teaching of the present invention, 
it willbe understood that the peak-to-peak amplitude 
of the product signal (A X B)>§ S will be proportional 
substantially only to the actual product of the signals 
(A X B) and will be substantially independent of the 
DC drift and offset present in the output signal of the 
electronic multiplier Ml. _ 
The output signal of the electronic multiplier Ml 

shown in the upper-right hand portion of FIG. 2 has 
utility directly, for example, such signal may be used to 
directly drive an AC servo motor whose reference 
winding is driven in accordance with the polarity re 
versing signal S whereupon the output torque of the AC 
servo motor will be proportional directly to the signal 
product (A X B) and will be substantially independent 
of the DC drift and offset; alternately, the output signal 
of the electronic multiplier M1 may be passed through 
an RC high pass filter and fed into a synchronous recti 
?er driven in accordance with the polarity reversing 
signal S to provide a DC signal which will be the prod 
uct (A X B) substantially without the DC offset and 
drift. It will be understood by those skilled in the art 
that such AC servo motor and RC high pass ?lter and 
synchronous recti?er are merely two speci?c examples 
of the signal product indicating or utilization means 12 
shown in FIG. 2, and that many other signal product in 
dicating or utilization means may directly utilize the 
output signal of the electronic multiplier M1. 

It will be understood by those skilled in the signal 
multiplication art, that in accordance with the present 
invention, the repetitive polarity reversal of signal B as 
taught with regard to FIG. 2 may be done either period 
ically or aperiodically in accordance with the periodic 
ity characteristic of the polarity reversing signal S. Fur 
ther, it will be understood that the polarity reversing 
signal S may be, for example, a square wave signal 
which may be either symmetrical or non-symmetrical. 

Further, it will be understood that the product signal 
(A X B)>4S will be repetitively polarity reversed peri 
odically or aperiodically in accordance with the period 
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icity characteristic of the polarity reversing signal S,_ 
and, where the polarity reversing signal S is a square 
wave signal, the product signal (A X B)>4S will be ei 

' ther a symmetrical or non-symmetrical signal in accor 
dance with the symmetrical or non-symmetrical char 
acteristic of the square wave polarity reversing signal S. 
A still more specific understanding of the present in 

vention may be provided by a description of a specific 
‘embodiment of the diagrammatic presentation shown 
in FIG. 2 wherein the polarity reversing signal S was a 
symmetrical square wave signal of arbitrary frequency 
fl (arbitrary in the sense that it is not related to the fre 
quency of either arbitrary signal A not necessarily B), 
and wherein the electronic multiplier M1 was a four 
quadrant electronic multiplier, and wherein the elec 
tronic multiplier M2 was a phase-reversing switching 
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4 
type modulator or multiplier. In such speci?c embodi 
ment, arbitrary signal B will have its polarity repeti 
tively reversed at the frequencyfl, i.e. the arbitrary fre 
quency of the polarity reversing signal S, and in this in 
stance the output of the electronic multiplier M2 may 
be represented by the symbolization B><1fi which repre 
sents symbolically arbitrary signal B repetitively polar 
ity reversed at frequency f,~. Consequently, the output 
signal of the four-quadrant linear electronic multiplier 
M1 will also be repetitively polarity reversed at the fre 
quencyf,-, and hence, the output product signal of elec 
tronic multiplier Ml may be represented by the sym 
bolization (A X B)>4 f,- which symbol represents the 
product (A X B) repetitively polarity reversed at fre 
quency f,-. In such instance, a frequency translation has 
been effected with the information of interest, product 
of signal A times B, (A X B), appearing at the fre 
quency?- and odd harmonics thereof. DC drift and off 
set present in the output of electronic multiplier M1 
due to the circuit imperfections therein will still appear, 
of course, in its output signal but such DC drift and off 
set will not have been translated to the new frequen 
cies,?, 3f.-, 5f.-, (2n + l)f,-, . . . . What has in effect been 
accomplished is similar to what happens in superhe 
trodyne circuits, except that in the present case there 
are no image responses and the “intermediate fre 
quency” is not a single frequency but instead is a multi 
plicity of frequencies (2n + l)f,~, wherein n is the se 
quence of non-negative integers. . 

It will be understood by those skilled in the art that 
wherein in the practice of the present invention the po 
larity reversing signal S is a square wave ‘signal of fre 
quency f,-, the signal product indicating or utilization 
means 12, such as for example the above-noted AC 
servo motor and RC high pass filter and synchronous 
rectifier, would be driven or operated at the frequency 
f,-, i.e. the frequency of the polarity reversing signal S. 
A still further understanding of arbitrary signal multi 

pli'cation in accordance with the present invention is 
presented as follows: two arbitrary signals are‘multi 
plied in an electronic multiplier to obtain their product 
independent of DC drift and offset present in the out- ' 
put signal in the electronic multiplier due to circuit im 
perfections in the electronic multiplier by (i) multiply 
ing the signals in an electronic multiplier to obtain a 
?rst product; (ii) reversing the polarity of one of the 
signals and multiplying the signal of reversed polarity 
times the other signal in the electronic multiplier to ob 
taiii a second product; (iii) subtracting the second 
product from the first product to obtain their differ 
ence; and (iv) taking one half of the difference 
whereby the product of the signals is provided indepen 
dentof the DC drift and offset. It will be understood by 
those skilled in the art that such signal multiplication 
may be accomplished in an electronic multiplier such 
as a linear multiplier'as shown in FIG. 2, that the sub 
traction of the second product from the ?rst product 

' may be performed electronically in any one of several 
signal subtracting circuits, or manually, and that one 
half of the difference of the product may be accom 

’ plished electronically in any one of several electronic 
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circuits such as for example any one of several signal 
averaging circuits, or such .one half difference may be 
accomplished manually. Referring now to FIGS. 3 and 
4, there are shown further embodiments of arbitrary 
signal multiplication in accordance with the present in 
vention which further embodiments are particularly 
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useful wherein one of the arbitrary signals is a square 
wave signal at arbitrary frequency f, which assumes 
only values of +1 or -—I , a situation commonly found in 
signal multiplication situations, e.g. signal multiplica 
tion situations as are present in phase sensitive detec 
tors, lock-in amplifiers, vector voltmeters, etc. 

In the embodiments of FIGS. 3 and 4, the linear mul 
tiplier Ml of FIG. 2 is replaced with a switching type 
phase reversing multiplier or modulator M3 (FIG. 3) 
and M6 (FIG. 4), such switching. type phase reversing 
modulators or multipliers being less expensive and hav 
ing inherently greater dynamic range than linear multi— 
pliers. ' 

In the embodiment of FIG. 3, square Wave signal B 
of arbitrary frequency], and the polarity reversing sig— 
nal S are fed into a suitable logic multiplier M4 (e.g. an 
“exclusive-or circuit" known to the logic signal multi 
plication art) to provide signal B repetitively polarity 
reversed in accordance with the sign of the predeter 
mined polarity reversing signal S. Signal B, repetitively 
polarity reversed, and signal A are‘then fed into the 
switching type phase reversing multiplier or modulator 
M3 to provide the product (‘A X B) in the form of the 
product signal (A X B)>€S as shown graphically in the 
upper righthand portion of FIG.'2. As with the output 
signal of the linear multiplier Ml of FIG. 2, the output 
signal of switching type phase reversing modulator M3 
will include both the product signal (A X B)>ZlS and the 
DC drift and offset inherent in the output signal of mul~ 
tiplier M3 due to circuit imperfections therein; the out 
put signal of the switching type phase reversing modu 
lator M3 being the same as shown graphically in the 
upper righthand portion of FIG. 2 for the output signal 
of linear multiplier M1 of FIG. 2. 
Referring now specifically to FIG. 4, in the embodi 

ment of FIG. 4, arbitrary signal A andthe polarity re 
versing signal S are fed into the switching type phase 
reversing modulator M5 to provide signal A repeti 
tively polarity reversed in accordance with the sign of 
the polarity reversing signal S. Signal A, repetitively po 
larity reversed, and signal B,’ the square wave signal of ' 
arbitrary frequency f, assuming only logic values +1 or 
—I, are fed intothe switching type phase reversing 
modulator M6 to provide the product (A X B) in the 
form of the product signal (A X B)><',S repetitively po 
larity reversed in'accordance with the sign of the polar 
ity reversing signal S; similarly, with regard to the em 
bodiments of FIGS. 2 and 3, the output signal of the 
switching type phase reversing modulator M6 will in 

I clude the product signal (A X B)>4S and the DC drift 
and offset and the peak-to-peak amplitude of the prod 
uct signal (A X B)>4 will be proportional substantially 
only to the actual product (A X B) and will be substan 
tially independent of the DC drift and offset. ' 

It will be understood by those skilled in the art that 
other than the specific differences taught with regard 
to the embodiments of FIGS. 3 and 4, the embodiments 
shown in FIGS. 3 and 4 operate the same as the em 
bodiments shown and described in FIG. 2 with regard 
to the multiplication of the signals A and B, and that 
the signal product indication or utilization with regard 
to the embodiments of FIGS. 3 and 4 is the same as that 
taught with regard to the embodiment of FIG. 2. 
Referring generally to FIGS. 5-8, there are shown 

various apparatus for practicing the processes of the 
present invention for filtering a square wave signal out 
of a composite signal including the square wave signal 

.6 
and other unwanted signals such as other AC signals, 
DC, noise, etc. Still further generally, it will be noted 
that each apparatus includes a capacitor C and an elec 
trically associated resistor R which will be treated in 

5 detail below. 
With regard to the apparatus of FIG. 5, such appara 

tus is provided with an input and output as shown and 
includes resistor R connected in series with capacitor 
C which is connected to terminals T1 and T2 through 
.a double pole double throw,(DDT) switch which upon 
being operated alternately reverses the connection of 
the capacitor C to the terminals T1 and T2l such appa 
ratus being disclosed in the prior art by Y. Sun, Net 
work Functions of Quadrature N-Path Filters, IEEE 
'l‘rans. Circuit Theory, Vol. CT-l7, pp. 594-600, Nove 
meber 1970, and such apparatus being disclosed as 
having a small response at zero frequency and a‘ re 
sponse peak at the frequency fs, the frequency at which 
the DPDT switch is operated. However, and inaccor 
dance with the teachings of the present invention, it has 
been discovered that the apparatus of FIG. 5 is unex 
pectedly useful for ?ltering a square wave signal of fre 
quency f, out of acomposite signal including the square 
wave signal and other signals, and it has been further 
discovered that such apparatus has, in fact, ideal char 
acteristics as a matched, narrow band filter for filtering 
a symmetrical, zero median squarewave signal at fre 
quencyf, out of such composite signal. 

Referring now to FIG. 6, the symbolization of the 
DPDT switch is replaced by a symbolization 

20 

25 

30 

35 

that more graphically illustrates the action of the ca 
pacitor C having its connection to the terminals T1 and 
T2 reversed or commutated. Capacitor C may thus be ' 

4O visualized or understood as being commutated, re 
versed or switched at a frequency f, between the termi 
nals T1 and T2 with the switching operation being con 
sidered to be instantaneous. Such capacitor being re 
ferred to hereinafter as a “rotating capacitor“ of fre-v 

45 quency f,-,. the capacitor being carried through a full 
cycle of reversal or rotation in a time = 1/i f,~. However, 
it will be further understoodthat the expression “rotat 
ing capacitor” is also used to include such embodi 
ments as the capacitor C of FIG. 5 and well as any other 
embodiment ofsuch capacitor C for having its connec 
tion to a pair of terminals, such as terminals T1 and T2 
reversed. The reversal of the connection of the rotating 
capacitor C at frequency?- may be accomplished me 
chanically such as by the DPDT switch of FIG. 5, by a 
motor, or electrically such as by solid state switches op 
erated at frequency f,; such reversing means not being 
shown in FIGS. 6 and 7.' ' 
Shown in FIG. 7 is an embodiment wherein the resis 

55 

6O tor C by being connected in parallel with the rotating 
capacitor; the means for reversing or commutating the 
capacitor C not being shown. ' 
The apparatus of FIGS. 5 and 6, wherein resistor R 

is connected in series with rotating capacitor C, are for 
receiving the composite signal in the form of a voltage 
signal; and, the apparatus of FIG. 7 is for receiving the 
composite signal in the form of a current signal. 

65 

tor R is electrically associated with the rotating capaci- " 
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Referring now to FIG. 8 there is shown novel appara 
tus utilizing'the rotating capacitor and which novel ap 
paratus is particularly useful in practicing the filtering 
processes of the present invention. Shown in FIG. 8 is 
an operational ampli?er A, which may be any one of 
several suitable operational ampli?ers known to the 
art, an input resistor R1 and an amplifier feed-back net 
work including resistor R and rotating capacitor C con~ 
nected in parallel as shown in FIG. 8. The operational 
ampli?er A is connected as an inverting summing am 
pli?er and is provided with inputs and outputs as 
shown. Also shown schematically in FIG. 8 are suitable 
means for reversing or commutating rotating capacitor 
C at frequency f,-, such as for example, a suitable solid 
state switch or switches referred to above. 

It will be further understood by those skilled in the 
art that the apparatus included‘in the dash rectangular 
outline shown in FIGS. 5-8, and given general numeri 
cal designation 10, is referred to hereinafter as a “rotat 
ing capacitor square wave signal ?lter.” 
Referring now specifically to the practice of the pro; 

cesses of the present invention as may be practiced by 
each of the rotating capacitor square wave signal ?lters 
of FIGS._ 5-8 for filtering a zero median value square 
wave signal having known transitions, i.e., a zero me 
dian value square wave signal of known phase and fre 
quency and which known frequency will be referred to 
as frequency f,-, out ofa composite signal including such 
square wave signal and other signals, such as other AC 
signals,_other AC signals and DC, noise,.etc., such com 
posite signal is applied to the input of such rotating ca 
pacitor square wave signal filter and the connection of 

Y the rotating capacitor C is repetitively reversed to the 
terminals T1 and T2 in synchronism with the transi 
tions of the square wave signal to be filtered, i.e., the 
rotating capacitor C has its connection to the terminals 
T1 and T2 reversed in phase with and at the frequency 
f,~ of the square wave signal to be ?lteredv out of- the 
composite signal. The rotating capacitor C and its elec 
trically associated resistor R are chosen such that their 
RC time constant is much greater than the period of the 
square wave signal to be ?ltered, hence, substantially 
only the median value square wave signal will appear 
or be provided across theoutput of the rotating capaci 
tor'square wave signal ?lters; the other signals of the 
composite vsignal, in particular‘ DC, being rejected or 
attenuated and substantially not passing through said 
rotating capacitor square wave ?lter. More particu 
larly, in the rotating capacitor square wave ?lters 10 of 
FIGS. 5-7, the ?ltered square wave signal will appear 
across the terminals T1 and T2 to which the output of 
the filters ‘is connected, and in the rotating capacitor 
square wave filter 10 of FIG. 8 the filtered square wave 
signal will appear across the output of the inverting 
summing ampli?er. ' - " v ‘ ~ 

Referring again specifically to FIG. 8, the ?ltered 
square wave signal provided at the output of the invert 
ing summing amplifier will be amplified .by a factor 
equal to the resistor ratio, R/Rl.-The “band-width” of 
the rotating capacitor square wave filter of FIG. 8 is 
proportional to l/RC, and is best described as a syn 
chronous matched ?lter for zero median value-square 
waves, especially, symmetrical square waves of zero 
‘median value. 

It will be understood further with regard to the prac 
tice of the above-described processes of the present in 
vention as practiced by the rotating capacitor square 

8 
wave signal ?lters of FIG. 5-8 that where the zero me 
dian value square wave signal to be ?ltered is a sym 
metrical square wave and where the other signals of 
said composite signal are other AC signals and/or DC 
signals, substantially only the symmetrical square wave 
signal appears or is provided at the output of the ?lter; 
that where the zero median value square wave signal is 

Y a non-symmetrical square wave signal and where the 
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other signals of the composite signal are other AC sig 
nals, substantially only the non-symmetrical square 
wave signal appears or is provided at the output of the 
?lter; and that where the zero median value square 
wave signal is a non-symmetrical square wave and the 
other signals are other AC signals and DC signal, sub 
stantially only said non-symmetrical square wave signal 
and portions of said DC signal appear or are provided 
at the output of the ?lter. 

In accordance with the further teachings of the pres 
ent invention, it has been found that sharper response 
characteristics can be achieved by cascading two or 
more rotating capacitor square wave ?lters l0, oper 
ated in synchronism at frequency f,-, as illustrated in 
FIG. 9. ‘ ‘ 

APPLICATIONS OF ROTATING CAPACITOR 
' SQUARE WAVE FILTERS 

It will be understood by those skilled in the art that 
the above-described rotating capacitor square wave fil 
ters will have numerous applications in instrumentation 
and communication electronic circuitry. . 
For example, the measurement of small amplitud 

square wave signals of known frequency and phase in 
the presence of large amplitude noise can be accom 
plished advantageously by combining the rotating ca 
pacitor square wave ?lter 10, of FIGS. 5-8 with a syn 
chronous recti?er or detector such as a.switching type 
phase reversing multiplier or demodulator MI as 
shown in 'FIG. 10, the rotating capacitor square wave 
filter 10 of FIG. 8 being actually shown in FIG. 9, how 
ever, it will be understood that the rotating capacitor 
squarewave filters 10 of FIGS. 5-7 could also be com 
bined with the multiplier_M1 of FIG._ 10. The multiplier 
M1, or synchronous recti?er or demodulator, is oper— 
ated in synchronism with the transitions of the ?ltered 
square wave signal and'the reversing of the rotating ca 
pacitor C. More specifically, the multiplier M1 may re 
ceive the ?ltered square wave signal and a square wave 
signal in phase with and at the frequency f,- of the fil 
tered square wave signal, which may be provided by a 
suitable square wave generator 14 (which generator 
may also be used to operate the means for reversing or 
commutating the rotatingcapacitor C as shown), and 
the phase-reversing switching type lmultiplier MI will 
multiply or synchronously rectify or demodulate, the 
received squarewave signalsand provide a DC signal 
which will be proportional to the amplitude of the fil 
tered square wave signal. Such DC signal may be indi 
cated by suitable DC indicating means such as the DC 
meter shown. With regard to such DC signal being 
“proportional” to the magnitude of the filtered square 
wave signal, if the gain of the ?lter. e.g. the ratio of‘ 
R/Rl, is one, the DC signal will be equal to, or substan 
tially equal to, one-halfof the peak-to-peak amplitude 
of the ?ltered square wave signal of zero median value. 

It will be further understood by those skilled in the 
art that the apparatus of FIG. 10 will be optimally re 
sponsive to symmetrical square wave synchronous with 
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the frequency f,-. The response to input noise and off 
frequency (not f,-) Coherent signals can be made arbi 
trarily small by reducing the bandwidth (l/RC) of the 
rotating capacitor square wave filter, i.e. by increasing 
the RC time constant. Because the signals of interest at 
point Q in FIG. 9 are zero median square wave signals 
of frequency f,~, and have been bandwidth limited to an 
arbitrary degree by the rotating capacitor square wave 
?lter 10, the utility of the circuit of FIG. 10 may be ad 
vantageously enhanced by the addition of AC'ampli? 
cation means, such as a suitable AC ampli?er A1, and 
lor-suitable high pass filtering means C2-R2 such as 
shown in FIG. 11, wherein such AC ampli?er and/or 
high pass filter are connected intermediate the output 
of the rotating capacitor square wave ?lter 10 and the 
synchronous recti?er or phase reversing switching type 
multiplier MI. The high pass filter, C2-R2, further re 
moves any DC and low frequency signals included in 
the filtered composite signal prior to synchronous recti 
?cation by the multiplier M1, and prevents DC drifts 
and offsets from the operational amplifier A and AC 
ampli?er A1 from being converted into square waves 
at the frequencyfi by the multiplier, modulator, or syn 
chronous recti?er, Ml. . 

It will be further understood by those skilled in th 
art that the apparatus or circuit of FIG. 11 is particu 
larly useful for band limiting, detecting and measuring 
the amplitude of a small square wave signal in the pres 
ence of large noise. Further, because of‘ the noise 
rejecting properties of the rotating capacitor square 
wave filter 10, the dynamic range requirements on the 
additional amplification means, e.g. AC amplifier A1, 
are greatly reduced. 
A further application of the rotating capacitor filter 

10 is in a carrier-type DC and low frequency amplifier 
as shown in FIG. 12. The circuit of FIG. 12 is the same 
as that shown in FIG. 11 except that a phase reversing 
switching type modulator, or multiplier, M2 has been 
added prior to the input of the rotating capacitor 
square wave filter 10. 
The apparatus or circuit of FIG. 12 has been found 

to be particularly useful in amplifying only the, or sub 
stantially only the, DC and low frequency signals found 
in a composite signal including such DC and low fre 
quency signals and high frequency signals. Such com 
posite signal is applied to theinput of the circuit where 
upon the composite signal is modulated by modulator 
M2 by being repetitively reversed in polarity in accor 
dance with the sign of a square wave signal of fre 
quency f,~ wherein the frequency f,- is less than the pe 
riod of the low frequency signals. The composite signal 
is then fed into the rotating capacitor square wave filter 
10 and the balance of the circuit operates and functions 
as taught above with regard to the application circuit 
shown in FIG. 11. 
The RC time constant is made much greater than the 

period ofthe square wave signalf; and is made less than 
the period of the low frequency signals to be amplified. 
The frequency response of the circuit of FIG. 12 is flat 
from DC out to a frequency fC = 1/21rRC where it will 
begin to fall off at approximately 6 db. per octave. 
There are no spurious responses for input frequencies 
at or near frequency f,-, nor for any frequency whatso 
ever. 

10 

SIGNAL CORRELATOR ‘OF IMPROVED 
DYNAMIC RANGE 

The signal correlator of improved dynamic range is 
5 provided by the unique combinations of the signal mul 

tiplication processes and apparatus taught above with 
regard to FIGS. 1-4, and the square wave ?ltering pro 
cesses and apparatus taught above with regard to FIGS. 
5-12, as illustrated by way of specific example in FIG. 
13. 
The signal multiplication section 14, depending upon 

whether the signals A and B are both arbitrary‘. or 
whether one of the signals assumes only the value +1 
or —l otherwise arbitrary, may be any one of the signal 
multiplication circuits of FIGS. 2-4, with the embodi 
ment of FIG. 2 being shown specifically .in FIG. 13'. 
such circuits operating as taught above. Similarly, the 
square wave filtering section 10 may be any one of the 
embodiments l0,of FIGS. 5-9, with such circuits oper 
ating as taught above. Similarly, the balance of the sig 
nal correlator shown in FIG. 13 may be the same as the 
balance of the circuit of FIG. 11 after the initial square 
wave filter portion, and will operate in the same man 
ner to provide. the DC signal indication or output. 
The output of the signal correlator of FIG. 13 will be 

a DC voltage proportional to the exponentially 
weighted time average of the product of the arbitrary 
input‘signals A and B, with the averaging time T equal 
to the time constant RC of the rotating capacitor C and 
its electrically associated resistor R. , 
A hybrid analogue-digital circuit for accomplishing 

the square wave filtering and synchronous detection 
means is shown in FIG. 14. It is similar to that described 
in the literature by Morris and Johnston, E. D. Morris 
and Harold S. Johnston, Digital Phase Sensitive Detec 
tor, RSI 39, p. 620 ( I968). The novel signal multiplica 
tion technique is combined with a voltage to frequency 
converter and an up/down counter, operated at fre 
quency f,-,.to accomplish the detection of the square 
wave from the multiplier M1. 

It will be understood by those skilled in the art that 
many modi?cations may be made in the present inven 
tion without departing from the spirit and scope 
thereof. , - 

What is claimed is: _ v 

l. The signal correlation process with improved dy 
namic range for providing anindication of the time av 
erage of the product of two arbitrary signals, which 

15 

20 

25 

35 

40 

50 signal will include DC drift and offset due to circuit im 
perfections in said multiplier comprising the steps of: 

prior to multiplying said signals in said multiplier, 
multiplyingone of said signals with a predeter 
mined polarity reversing signal to provide said one 
signalv repetitively reversed in polarity in accor 
dance with the sign of said predetermined polarity 
reversing signal; - 

multiplying said one signal repetitively reversed in 
polarity times the other of said signals in said multi 
plier to provide the product of-said signals in the 
form of a predetermined product signal repetitively 
polarity reversed in accordance with the sign of 
said predetermined polarity reversing signal, the 
output signal from said multiplier comprised of said 
predetermined product signal and said DC drift 
and offset and wherein the peak-to-peak amplitude 
of said'predetermined product signal is propor 
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process utilizes an electronic multiplier whose output ' 



ll 
‘ tional substantially only to the actual product of 

said signals and is substantially independent of said 
DC drift and offset; 

synchronously ?ltering said Output signal of said elec 
tronic multiplier in synchronism with said predeter 
mined polarity reversing signal to attenuate said 
DC drift and offset thereby to provide an AC out 
.put signal; and ' 

synchronously rectifying said AC output signal in 
synchronism with said predetermined polarity re 
versing signal to provide a DC signal which is said 
indication of the time average of the product-of 
said two arbitrary signals. 

2._ The process according to claim 1 wherein said re 
petitive polarity reversal of said one signal is done ape 
riodically. - 

3. The process according to claim 1 wherein said re 
petitive polarity reversal of said one signal is done peri 
odically. I v > , v 

4. The process according to claim 3 wherein said pre 
determined polarity reversing signal is a square wave 
signal and whereinv said predetermined product signal 
is a square wave’ signal. _ 

5. The process according to claim 4 wherein said 
square wave signals are symmetrical square wave sig 
nals. ' ' 

6. The process according to claim 1 wherein said syn 
chronous filtering of said output signal of said elec 
tronic multiplier comprises the steps of: ' ' 
applying said output signal 'of said electronic multi 

plier to- the input of a rotating capacitor square 
wave signal filter including a rotating capacitor C 
connected between terminals T1 and T2 and an 
electrically associated resistor R; and 

repetitively reversing the connection of said capaci 
tor C to said terminals T1 and T2 in synchronism 
with the polarity reversal of'said predetermined 
product signal whereby, upon the RC time constant 
of said resistor R and said capacitor C being much 
greater than the period of' said predetermined 

. product signal, substantially only said predeter 
mined product signal being provided at the output 
of said rotating capacitor square wave signal ?lter.’ 

7. The process according to claim 6 wherein said ro 
tating capacitor square wave ?lter includes said resistor 
R’ - connected in series with said capacitor C' and 
wherein said output signal of said electronic multiplier 
is a voltage signal and is applied across the series con 
nection of said resistor R and said capacitor C. 

8. The process according to claim 6 wherein said ro 
tating capacitor square wave ?lter includes said resistor 
R connected in parallel with - said capacitor C and 
wherein said output signal of said electronicmultiplier 
is a current signal and is applied across the parallel con 
nection of said resistor R and said capacitor C. 

9. The process according to claim 6 wherein said ro 
tating capacitor square wave filter includes an opera 
tional amplifier connected as an inverting summing am 
pli?er and wherein said capacitor C and resistor R are 
connected in parallel in the feedback network of said 
inverting summing amplifier and wherein said output 
signal of said electronic multiplier is applied to the 
input of said inverting summing ampli?er and wherein 
said AC output signal appears at the output of said in 
verting summing amplifier. 
’ 10. The process according to claim 1 wherein said 
synchronous recti?cation is accomplished by feeding 
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said 'AC output signal and a predetermined signal in 
phase with and at the same frequency of said predeter 
mined product signal into a switching type phase re 
versing multiplier wherein said signals are multiplied 
and whereby the output signal of said switching type 
phase reversing multiplier is said DC signal. 

11. The process according to claim 1 including the 
additional step of amplifying said AC output signal sub 
sequent to said synchronous-?ltering and prior to said 
synchronous recti?cation. - 

12. The process according to claim 1 including the 
additional step of passing said AC output signal 
through a high pass ?lter to further remove any DC and 
low frequency signals included in said AC output sig 
nal, said additional step being accomplished subse 
quent to said synchronous ?ltering and prior to said 
synchronous recti?cation. 

_ 13. The process according to claim 1 including the 
additional steps of amplifying said AC output signal 
and passing said amplified AC output signal through a 

_ high pass ?lter to further remove any DC and low fre 
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quency signals included in said AC output signal, said 
additional steps being accomplished subsequent to said 
synchronous ?ltering and prior to said synchronous 
rectification. ' > 

14. The process according to claim 1 wherein said 
multiplication of said one signal repetitively reversed in 
polarity times the other is accomplished by phase re 
versal modulation and wherein one of saidarbitrary sig_ 
nals assumes only the values of +1 or —1 and wherein 
‘said one arbitrary signal is the varbitrary signal which is 
multiplied with said predetermined polarity reversing 
signal. ' > 1 ' 

15. The process according to claim 1 wherein said 
multiplication of said one signal repetitively reversed in 
polarity times the other is accomplished by phase re 
versal modulation and wherein one of said arbitrary sig 
nals assumes only the values +1 or —1 and wherein the 
other of said arbitrary signals is the arbitrary signal 
‘which vis multiplied with said polarity reversing'signal. 

16. The signal correlation process with improved dy 
namic range for providing an indication proportional to 
the exponentially weighted time average of characteris 
tic time T of the product of two arbitrary signals A and 
B, i.e. <A X B>T which process utilizes an electronic 
multiplier whose output signal will include DC drift and 
offset due to circuit imperfections in the electronic 
multiplier, comprising the steps of: 
multiplying signal B with a predetermined square 
wave signal of frequencyfi to provide signal B re 
petitively reversed in polarity in accordance with 
the sign of said predetermined square wave signal; 

multiplying signal B repetitively reversed in polarity 
times arbitrary signal A in said electronic multiplier 
to provide the product of said signals in the form 
of a predetermined square wave product signal re 
petitively reversed in polarity in accordance with 
the sign of said predetermined square wave signal 
in phase therewith and at the frequency thereof f,-, 
the output signal of said electronic multiplier com 
prised of said predetermined square wave product 
signal and said DC drift and offset and wherein the 
peak-to-peak amplitude of said predetermined 
square wave product signal is proportional only to 
the actual product of said signals A and B and is 
substantially independent of said DC drift and off 
set; 
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- synchronously ?ltering said output signal of said elec 
tronic multiplier in synehronism with said predeter 
mined polarity reversing signal to attenuate said 
DC drift and offset and provide an AC output sig 
nal by: ' v > , 

i. applying said output signal ofsaid electronic mul 
tiplier to a rotating capacitor square wave filter 
including a capacitor C and an electrically asso 
ciated resistor R, said capacitor C being con 
nected between terminals T1 and T2, and 

ii. repetitively reversing the connection of said ca 
‘ pacitor C to said terminalsTl and T2 in phase 

with and at the frequency f,- of said predeter 
mined square wave signal whereby, upon the RC 
time constant of said resistor R and capacitor C 
being much greater-than the period of said prede 
termined square wave product signal, said AC 
output signal comprising substantially only said 
predetermined square wave product signal is pro 
vided at the output of' said rotating capacitor 
square wave ?lter; and i . 

synchronously rectifying said ?ltered predetermined 
square .wave product signal in phase with and at the 
frequency f,- of said predetermined square wave sig-> 
nal to provide a DC signal which is said indication 
proportional to the exponentially weighted time av 
erage of the product of'arbitrary signals A and B 

'1 with characteristic time T where T equals the RC 
time constant of said rotating capacitor C and said 
electrically associated resistor R. > 

17. The process according to ‘claim 16 wherein said 

15 

25 

30 

repetitive polarity reversal of said signal B is done ape- ' 
riodically. . 

-18..The_ process according to claim 16 wherein said 
repetitive polarity reversal of said signal B is done peri 
odically. . v 

19. The process according to claim 16 wherein said 
predetermined square wave signal and said predeter 
mined-square wave product signal. are symmetrical 
square wave signals. 

20. The process according to claim 16 wherein said 
rotating capacitor square wave ?lter includes said resis 
tor R connected in series with said capacitor C and 
wherein said output signal of said electronic multiplier 
is a voltage signal and is applied across the series con 
nection of said resistor R and said capacitor C. 

21. The process according to claim 16 wherein said 
rotating capacitor square wave ?lter includes said resis 
tor R connected in parallel with said capacitor C and 
wherein said output signal of said electronic multiplier . 

' is a current signal and is applied across the parallel con 
nection of said resistor R 'and saidcapacitor C. 
'22. The process according to claim 16 wherein said ' 

rotating capacitor square wave ?lter includes an opera 
tional amplifier connected as an inverting summing am 
pli?er ‘and wherein said capacitor C and- resistor R are 
connected in parallel in the feedback network of said 
inverting summing amplifier and wherein said output 
signal of said electronic multiplier is applied to the 
input of said inverting summing amplifier and wherein 
substantially only said predetermined square wave 
product signal appears at the output of said inverting 
summing ampli?er. . I 

23, The process according to claim 16 wherein said 
synchronous recti?cation is accomplished by feeding 
said AC output signal and asecond predetermined 
square'wave signal 'in phase with and at the same fre 
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quency f,- of said predetermined square wave product 
signal into a switching type phase reversing multiplier 
wherein said signals'are multiplied. and whereby the 
output signal of said switching type hase reversing is 
said DC signal. ' ' . 

24. The process according to claim 16 including the 
additionalstep of amplifying said AC‘ output signal sub. 
sequent to ‘said synchronous ?ltering and prior to said 
synchronous recti?cation. ' 

25. The process according to claim 16 including the 
additional step of passing said AC output signal 
through a high pass ?lter to further remove any DC and 

. low frequency signals included'in said AC output sig 
nal, said additional step'being accomplished subse 
‘quent to said synchronous ?ltering and prior to said 
synchronous recti?cation. 

26. The process according to claim 1-6 including the 
additional steps of amplifying said AC output signal 
and passing said amplified AC output signal through a 
high pass ?lter to further remove any DC and low fre 
quency signal included in- said AC output signal, said 
additional steps being accomplished subsequent to said 
synchronous ?ltering and prior to said synchronous 
rectification. ‘ ‘ ' ' 

27. The process according to claim 16 wherein said 
multiplication of said signal 3 repetitively reversed in 
polarity times arbitrarysignal A is accomplished by 
phase-reversal modulation and wherein arbitrary signal 
B assumes only the values +1 or —1. . 

28. The process according to claim 16 wherein said 
multiplication of said signal B repetitivelyreversed in 
polarity times arbitrary signal A is accomplished by 
phase-reversal modulationand wherein'arbitrary signal 
A assumes only the values +1 or —l. 

29. Signal correlator apparatus with improved dy 
namic range for providing an indication of the time av 
erage-of the product of two arbitrary signals, which ap 
paratus utilizes an electronic multiplier whose output . 
signal will include DCv drift and offset due to circuit im 
perfections in said multiplier, comprising: 

additional multiplier means for. multiplying one of 
said signals with a predetermined polarity reversing 
signal to provide said one signal repetitively re 
versed ‘in polarity- in accordance with the sign of 
said predetermined polarity reversing signal, 

said electronic multiplier for multiplying said one sig 
nal repetitively reversed in polarity times the other 
of said signals to provide the product of said signals 
in the form of a predetermined product signal re 

_ petitively polarity reversed in accordance with the 
sign of said predetermined polarity reversing sig 
nal, the output signal from said electronic multi 
plier comprised of said predetermined product sig 

' nal and said-DC drift and offset and wherein the 
peak-to-peak' amplitude of said ‘predetermined 
product signal is proportional substantially only to 
'the actual ‘product of said signals and is substan 
tially independent of said- DC drift‘ and offset; 

synchronous ?lter means for ?ltering said output sig 
nal of said electronic multiplier in synchronism 
with said predetermined polarity reversing signal to ‘ 
attenuate said DC drift and offset thereby to pro 
vide an AC output signal; and ' 

means for synchronously rectifying said AC output 
signal in synchronism with said predetermined po 
larity reversing signal to provide a DC signal which 
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is said indication of the time average of the product 
of said two arbitrary signals. . v - 

30. Apparatus according to claim 29 wherein said ad 
ditional multiplier meansare multiplier means for pro 
viding said one signal repetitively reversed in polarity 
aperiodically. 

3]. Apparatus according to claim 29 wherein said ad 
ditional multiplier means includes anelectronic multi 
plier. v 

32. Apparatus according to claim 31 wherein said 
electronic multiplier is a switching type phase reversing 
modulator. ' _ , . 

33. Apparatus according to’ claim 31 wherein said 
electronic multiplier is a logic multiplier. 
34. Apparatus according to claim 33 wherein said 

logic multiplier is an exclusive-or circuit. 
35. Apparatus according to claim 31 wherein said ad 

ditional multiplier means further includes means for 
generating a square wave signal which square wave' sig 
nal is said predetermined polarity reversing signal. 
36. Apparatus according to claim 35 wherein said 

means for generating said square wave signal are means 
for generating a symmetrical square wave signal. _ 

37. Apparatus according to claim 29 wherein said 
synchronous filter means for ?ltering said output signal 
of said electronic multiplier comprises: 

a rotating capacitor square wave ?lter including a ro 
tating capacitor C, connected between terminals 
T1 and T2, and an electrically associated resistor. 

15 
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41. Apparatus according to claim 29 wherein said 

synchronous rectifying means includes a signal genera 
tor for providing a predetermined square wave signal in 
phase with and at‘the same frequency of said predeter 
mined product signal and a switching type phase re 
vcrsing multiplier for receiving said AC output signal 
and said predetermined square wave signal and for 
multiplying said signals and for providing said DC sig 
nal. ‘ . 

42. Apparatus according to claim 29 further includ 
ing amplifying means connected intermediate said syn~ 
chronous ?ltering means and said synchronous rectify 
ing means and for amplifying said AC output signal. 
43. Apparatus according to claim 29 further includ 

ing a high pass filter connected intermediate said syn 
chronous ?ltering means and said synchronous rectify 

1 ing means and for further ?ltering said AC output sig 
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R. said rotating capacitor square wave ?lter having - 
an input for receiving said output signal of said 
electronic multiplier; and 

means for repetitively reversing the connection of 
said capacitor C tosa'id terminals T1 and T2 in sny 
chronism with the polarity reversal of said prede 
termined product signal whereby, upon said output 
signal of said electronic multiplier being applied to 
said input and upon the RC time constant of said 
resistor R and said capacitor C being much greater 
than the period of said predetermined product sig 
nal, substantially only said’predetermined product 
signal is provided at the output of ‘said rotating ca 
pacitor square wavefilter. 

38. Apparatus according to claim 37 wherein said ro 
tating capacitor square wave'?lter includes said resistor 
R connected in series with said capacitor C and 
wherein said output signal of said electronic multiplier 
is a voltage signal and is applied across the series con 
nection of said resistor R and said capacitor C. 
39. Apparatus according to claim 37 wherein'said ro 

tating capacitor square wave ?lter includes said resistor 
R‘ connected in parallel with said capacitor C and 
wherein said output-signal of said electronic multiplier 
is a current signal and‘is applied across the parallel con 
nection of said resistor R and said capacitor C. 
40. Apparatus according to claim 37 wherein said ro 

tating capacitor square wave filter includes an opera 
tional amplifier connected as an inverting summing am 
pli?er and wherein said capacitor C and resistor R are 
connected in parallel in the feedback network of said 
inverting summing amplifier and wherein said output 
signal of said electronic multiplier is applied to the 
input of said inverting summing amplifier and wherein 
substantially only said predetermined product signal 
appears at the output of said inverting summing ampli 
?er. 
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nal by further removing any DC and low frequency sig 
nals included in said AC output signal. 
44. Apparatus according to claim 29 further includ 

ing amplifying means and a high pass filter connected 
intermediate said synchronous ?ltering means and said 
synchronous rectifying means and for amplifying and 
further ?ltering said AC output signal to further re 
move any DC and low frequency signals included in 
said AC output signal. ' > . 

45. Signal correlator apparatus with improved dy 
namic range for providing an indication proportional to 
the exponentially weighted time average ofcharacteris 
tic time T of the product of two arbitrary signals A and 
B, i.e. <A X B>T which apparatus utilizes an electronic 
multiplier whose output signal will include DC drift and 
offset due to circuit imperfections in the electronic 
multiplier, comprising: 

additional multiplier means-for multiplying signal B 
with a predetermined square wave signal of fre 
quency f. to provide signal B repetitively reversed 
in polarity in accordance with the sign of said pre 
determined square wave signal; 

said electronic multiplier for multiplying signal B re 
petitively reversed in polarity times arbitrary signal 
A to provide the product of said signals in the form 
of a predetermined square wave product signal re 
petitively reversed in polarity in accordance with 
the sign of said predetermined square wave signal 

_ in phase therewith and at the frequency thereof f,-, 
the output signal of said electronic multiplier com 
prised of said predetermined square-wave product 
signal and said DC drift and offset and wherein the 
peak-to-peak amplitude 'of said predetermined 
square wave product signal is proportional only to ' 
the actual product of said signals A and B and is 
substantially independent of said DC drift and off 
set; a 

synchronous ?lter means for ?ltering ‘said output sig 
nal of said electronic multiplier in synchronism 
with said predetermined polarity reversing signal to 
‘attenuate said DC drift and offset, thereby to pro 
vide an AC output signal, said synchronous ?lter 
means including: ' ' 

i. a rotating capacitor square wave filter including 
a capacitor C and an electrically associated resis 

. tor R, said capacitor C being connected between 
terminals T1 and T2, and 

ii. means for repetitively reversing the connection 
of said capacitor C to‘ said terminals T1 and T2 
in phase with and at the frequency f,-'of said pre 
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' determined square wave signal whereby, upon 
the RC time constant of said resistor Rand ca 
pacitor C being much ‘greater than the period of 
said predetermined square wave product signal, 
said AC output signal comprising substantially 
only said predetermined square wave product 
signal is provided at the output of said rotating 
capacitor square wave ?lter; and 

means for synchronously rectifying said AC output 
signal in phase with andat the frequency ft of said 
predetermined square wave signal to provide a DC 
signal which is said indication proportional to the 
exponentially weighted time average ofthe product 
of arbitrary signals A and B with characteristic time 
T, where T equals the RC time constant of said ro 
tating capacitor C and said electrically associated 
resistor R. 

46. Apparatus according to claim 45 wherein said ad 
ditional multiplier means are multiplier means for pro 
viding said signal B repetitively reversed in polarity 
aperiodically. ' 

47. Apparatus according to claim 45 wherein said ad 
ditional multiplier‘ means include an electronic multi 
plier. ' ' 

48. Apparatus according to claim 47 wherein said 
electronic multiplier is a switching type phase reversing ‘ 
modulator. 
49. Apparatus according to claim 47 wherein said 

electronic multiplier is a logic multiplier. 
50. Apparatus according to claim 49 wherein said 

logic multiplier is an exclusive-or circuit. 
51. Apparatus according to claim 47 wherein said ad 

ditional multiplier means further include a square- wave 
generator for generating said predetermined square 
wave signal of frequency f,-. ' 

52. Apparatus according to claim 51 wherein said 
' square wave generator is for generating a symmetrical 
square wave signal. ' 

53. Apparatus according to claim 45 wherein said ro 
tating capacitor square wave ?lter includes said resistor 
R connected in series with said capacitor C and. 
wherein said output signal of said electronic multiplier 
is a voltage signal and is applied across the series con 
nection of said resistor R and said capacitor C. 
‘ 54. Apparatus according to claim 45 wherein said ro 
tating capacitor square wave ?lter includes said resistor 
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wherein said output signal of said electronic multiplier 
is a current signal and is applied across the parallel con 
nection of said resistor R and said capacitor C. 

55. Apparatus according to claim 45 wherein said ro 
tating capacitor square wave ?lter includes an opera 
tional ampli?er connected as an inverting summing am 
pli?er and wherein said capacitor C and resistor R are 
connected in parallel in the feedback network of said 
inverting summing ampli?er and wherein said output 
signal of said electronic multiplier is applied to the' 
input of said inverting summing ampli?er and wherein 
substantially only said predetermined square wave 
product signal appears at the output of said inverting 
summing ampli?er. 

56. Apparatus according to claim 45 wherein said 
synchronous rectifying means include a square wave 
signal generator for providing a second predetermined 
square wave signal in phase with and at the same fre 
quency f,- of said predetermined square wave product 
signal and a switching type phase reversing multiplier 
for receiving said AC output signal and said second 
predetermined square wave signal and for multiplying 
said signals and for providing said DC signal. 

57. Apparatus according to claim 45 further includ 
ing amplifying means connected intermediate said syn 
chronous ?ltering means and said synchronous rectify- _ 

' ing means and for amplifying said AC output signal. 
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‘58. Apparatus according'to claim 45 further includ 
ing a high pass filter connected intermediate said syn- A 
chronous ?ltering means and said synchronous rectify 
ing means and for further ?ltering said AC output sig 
nal by further removing any DC and low frequency sigé 
nals included in said AC output signal. 

59. Apparatus according to claim 45 further includ 
ing amplifying means and a high pass filter connected 
intermediate said synchronous ?ltering means and-said 
synchronous rectifying means and for amplifying and 
further ?ltering said AC output signal to further re 
move any DC and low frequency signals included in 
said AC output signal. 
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' R connected in parallel with said capacitor C and ' 
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60. Apparatus according to claim 45 wherein said 
electronic multiplier is a linear multiplier. 

61. Apparatus according to claim 45 wherein said 
electronic multiplier is a switching type phase reversing 


