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INTERPOLATIVE SCANNER USING SCANNED
ELECTRON DISCHARGE DEVICES HAVING
OVERLAPPING CONDUCTING INTERVALS

David E. Weod, Schenectady, IN.Y., assignor to General
Electric Company, a corporation of New York
Filed May 24, 1962, Ser. No. 197,364
11 Claims. (ClL. 324—77)

The present invention relates to a new and improved
interpolative scanning method and apparatus.

More particularly, the invention relates to a new and
improved method and apparatus for sampling the finite
values of a multiplicity of signals and interpolating be-
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tween the finite values to provide a continuous charac-

teristic output signal which is indicative of the continuous
energy level across the spectrum of the multiplicity of
signals.

There are a wide number of situations where it is desir-
able to analyze a complex signal by first separating the
complex signal into a number of component signals and
subsequently recombining the component signals in such
a manner that the characteristics of the complex signal
can be identified. For example, in the construction of a
language translator or voice vocoder for the bandwidth
compression of voice transmission, it is necessary to break
the speech wave up into its various frequency compo-
nents, and subsequently recombine them in a manner to
identify the characteristics of the speech wave. Hereto-
fore, the manner in which these separated signals have been
sampled or recombined has not been entirely satisfactory
because of inadequacies in the methods employed to ac-
complish the recombination. In order to overcome the
inadequacies, the present invention was devised.

1t is, therefore, a primary object of the present inven-
tion to provide a new and improved interpolative scan-
ning method and apparatus for separating a complex sig-
nal into its various component parts, and scanning the
plurality of resulting component signals in a manner to
provide an interpolated output signal that is representa-
tive of the continuous signal energy level across the spec-
trum of the complex signal.

In practicing the invention, the method of spectrographic
analysis of a complex wave is provided which comprises
serially sampling a plurality of separated signal inputs
in a manner such that the periods during which successive

signal inputs are sampled are overlapping, and subse-

quently summing the several signal inpuis in a manner
such that an interpolated output signal is provided which
is representative of the continuous energy level across the
plurality of signals. In carrying out this method of spec-
trographic analysis, an apparatus is provided which in-
cludes separation means for separating the complex signal
into a plurality of known frequency bands. A plurality
of scanning electron discharge devices have their input
circuits coupled to the separation means, there being at
least one electron discharge device for each one of the
separated frequency bands. The electron discharge de-
vices all have overlapping periods of conduction and have
time variable gain characteristics. A gating signal gen-
erator is operatively coupled to the scanning electron dis-
charge devices for rendering these devices conductive on
a time-sequential basis whereby the scanning electron dis-
charge devices are caused to serially sample the several
outputs from the separation means. The apparatus is
completed by output circuit means operatively coupled
in common to the output of all of the scanning electron
discharge devices for developing an interpolated output
signal which is representative of the continuous signal
energy level across the spectrum of the incoming complex
signal.

Other objects, features, and many of the attendant ad-
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vantages of this invention will be appreciated more readi-
ly as the same becomes better understood by reference
to the following detailed description when considered in
connection with the accompanying drawings wherein like
parts in each of the several figures are identified by the
same reference character, and wherein:

FIGURE 1 is a continuous curve obtained by connect-
ing together a number of finite values with a number of
interpolated values, and illustrates the manner in which
the present invention is intended to operate; FIGURE 2
is a graph illustrating the manner in which the inter-
polated values of the curve shown in FIGURE 1 are
obtained;

FIGURE 3 represents a series of curves whose values
are to be interpolated in a manner in accordance with the
present invention;

FIGURE 4aq is a functional block diagram of a typical
conventional multiplexing apparatus for sampling a plu-
rality of finite values, and deriving an oufput signal rep-
resentative of the composite of these finite values;

FIGURE 4b is time versus amplitude graph of a typical
output signal obtained with the apparatus of FIGURE
4a;

FIGURE § is a detailed functional block diagram of an
interpolative scanner construction in accordance with the
present invention;

FIGURE 6 is a detailed schematic circuit diagram of a
portion of the interpolative scanner shown in FIGURE 35,
and illustrates the construction of a delay line gating cir-
cujt used with a plurality of sampling electron discharge
devices to obtain interpolation of plurality of finite sig-
nals being sampled;

FIGURE 7a is a graph showing the relation of the
gating signal to cut off characteristic of the sampling elec-
tron discharge tubes;

FIGURE 7b is a graph showing the time variable gain
characteristic of the sampling electron discharge devices;

FIGURE 8 is the schematic circuit diagram of an out-
put amplifier and detector used with the sampling elec-
tron discharge devices shown in the circuit diagram of
FIGURE 6; and

FIGURE 9 is a typical series of time vs. amplitude
graphs obtained with the interpolative scanner of the pres-
ent invention.

In the analysis of complex waves, such as speech waves,
where there are a multiplicity of signal frequencies present
in the wave, it has been the practive heretofore to succes-
sively scan across the spectrum of the complex wave with
a suitable filter bank and multiplexer arrangement to de-
rive a composite output signal representative of the various
energy levels of the incoming complex speech wave. Such
an arrangement is illustrated schematically in the block
diagram of FIGURE 4 wherein the incoming speech en-
ergy is applied to a bank of filter elements 11 for separa-
tion into a multiplicity of signal frequencies. The filter
bank 11 is of conventional construction of the type de-
scribed, for example, in the textbook entitled, “Visible
Speech” by Potter, Kopf and Green. Generally speak-
ing, the outputs of the filter elements provide an ap-
proximate representation of the distribution of energy
over the frequency range of the speech wave. It is be-
lieved clear that the larger the number, and the more
closely spaced are the filter elements, then greater is the
detail obtainable with the filter bank. One instrument
available for this purpose known as Sonograph provides
fairly detailed spectral cross sections of speech waves by
sampling the spectrum in some two hundred or more fine
frequency steps. The output of the filter elements rep-
resent a plurality of finite values which may then be sup-
plied to a number of detectors shown at 12 that are
coupled to low pass filters for time integration, and, in
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turn, are connected to a suitable multiplexing device.
The resultant output signal is a series of interrupted pulses
with amplitudes representing the filter outputs such as is
shown in FIGURE 4b. From an examination of FIG-
URE 4b, it can be appreciated that the resultant output
signal is a discontinuous function which really does not
portray the true character of the incoming complex speech
wave supplied to the analyzer.

In contrast to the discontinuous signal obtained with
the conventional filter-multiplexer systems shown in FIG-
URE 4, it is desired to obtain a continuous output signal
such as the one illustrated in FIGURE 1 of the drawings
wherein the small circles on the curve represent finite
values obtained from the output of a filter bank, for
example, and the solid segments represent the continuous
series of values obtained through interpolation. The man-
ner in which these interpolated values are obtained is illus-
trated in FIGURE 2 of the drawings wherein a multiply-
ing function (g) is illustrated as a curve, and there are a
number of finite values available which lie on this curve,
namely, the values y;, yo and ys. If it is desired to know
some point y,, say, half-way between y, and y; on the
multiplying function (g), this point could be obtained
through interpolation by subtracting y; from y, and multi-
plying by one-half. Similarly, points ¥4, 15, and ¥ of
the way along the multiplying function can be determined
in a like manner. Hence, by interpolation, a continuous
curve such as that plotted in FIGURE 1 of the drawings
is obtained.

Another form of interpolated curve obtained by the
present invention is illustrated in FIGURE 3 of the draw-
ings. In FIGURE 3, the various curves 13-17 represent
the signal outputs of a plurality of filters, for example.
It should be noted that the output curves 13-17 all over-
lap, and preferably overlap to an extent in excess of 90
degrees so that at some points along the time axis, the
outputs from at least three filters overlie each other. The
dotted curve is formed by joining the points yx, ¥xy1, Yz,
etc. represents the interpolated values for the points py,
Dxi1> Pxy2 tc. along the time axis. These values can be
confirmed by adding the various output curves 13-17
graphically, and illustrates the mode of operation of the
present interpolative scanner.

The construction of the new and improved interpolative
scanner made available by the invention is illustrated in
the functional block diagram of FIGURE 5 of the draw-
ings. As shown in FIGURE 5 of the drawings, the in-
coming complex wave to be analyzed, such as a speech.
wave, is supplied to the input of an amplifier 15. The
amplifier 15 is a conventional audio amplifier such as
those described in Section 5, paragraph 7 of the Radio
Engineers’ Handbook by Terman, first edition, fourth im-
pression, published by McGraw-Hill Book Company of
New York (1943). Audio amplifier 15 serves to amplify
the incoming speech wave and supply the same to a hetero-
dyning stage provided by a balanced modulator 16 having
the output from a local oscillator 17 connected to it. The
local oscillator 17 may comprise any conventional crystal
controlled oscillator such as those described in the above
identified Radio Engineers’ Handbook, section 5, para-
graph 3. The oscillator 17 is adjusted to provide an out-
put signal frequency of 250 kc. to the balanced modulator
16 in conjunction with the audio frequency speech wave
to be analyzed supplied from the audio amplifier 15. The
balanced modulator 16 is of the type described in an arti-
cle entitled, “Single Sideband Exciter Circuits Using a
New Beam Deflection Tube” by H. C. Vance appearing
in QST, March 1962. The balanced modulator 16 serves
to heterodyne the local oscillator frequency with the in-
coming speech wave, and to supply the mixed output sig-
nals to the input of an oscillator rejection filter 18. The
rejection filter 18 is a conventional band rejection filter
of the type manufactured and sold by the Hill Electronics
Engineering Manufacturing Company of Mechanicsburg,
Pa. Singe the rejection filter 18 is a commercially avajl-
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able item, a further description of its construction is be-
lieved unnecessary. Rejection filter 18 serves to reject
the local oscillator frequency, and to pass only the upper
side band of the mixed output signal supplied thereto
from the balanced modulator 16. The upper side band
signals passing through rejection filter 18 are supplied to
a filter driver circuit 19 which may comprise nothing
more than a conventional cathode follower amplifier in
combination with a pre-driver, linear amplifier such as
described on page 430 of the above referenced Radio
Engineers’ Handbook.

The signal output from the filter drive 19 is supplied
to a filter bank 21 comprised by some eighty crystal filters
which are conventional two-crystal band pass filters manu-
factured and sold by the above-identified Hill Electronics
and Engineering Manufacturing Company. The details
of construction of the filter bank 21 may very dependent
upon the particular application for which the interpola-
tive scanner is being designed. For speech analysis, it has
been determined that for the frequency range from 0 to
4000 cycles per second, a band pass characteristic of about
75 cycles per second is desired, with the centers of the
filter elements being spaced 50 cycles apart. The filters
are overlapped in this manner fo create a nearly equal
response of the filter-scanner at all signal frequencies.

The several output signals derived from the filter bank
21 are supplied to a scanning switch 22 whose construc-
tion and operation will be described more fully herein-
after. For the present purpose, however, it is believed
adequate to point out that the scanning switch 22 is
scanned by a signal supplied from a tapped delay line
23 serially in a manner such that the signal outputs from
adjacent filter elements of the filter bank 21 are sampled
in time sequence. This time sequence sampling of the
scanning switches is achieved by reason of a gating signal
which travels down the tapped delay line 23 to sequen-
tially render the scanning switches 22 conductive thereby
sampling the outputs of the respective filter elements con-
nected thereto. The gating signal traveling down the
tapped delay line 23 is supplied from an nth cycle ampli-
fier 24 that in turn is energized from an outside source of
3600 cycles per second oscillations, and is controlled by
a cycle counter 25. The cycle counter 25 serves to acti-
vate nth cycle amplifier circuit 24 which emphasizes the
nth cycle so that the nth cycle functions as a gating signal
in traveling down tapped delay line 23.

The output signal derived from the outputs of the re-
spective filter elements of filter bank 21 by the scanning
switches 22 are supplied through three cutput channels to
amplifiers 26 and detectors 27 and are applied across
summing resistors 28, 29, and 31 where they are summed
together. The summed output signals appearing across
the resistors 28, 29, and 31 are then applied to a loga-
rithmic compressor 32 where their amplitude range is
compressed, and the compressed signals are supplied to a
conventional cathode ray oscilloscope 33 for presentation.
The screen of oscilloscope 33 may be viewed by a Land
Polaroid Camera 34 for taking pictures of the resulting
spectrograms appearing on the screen of the cathode ray
oscilloscope 33. The cathode ray oscilloscope 33 is, of
course, energized from suitable synchronizing circuits 35
that in turn are gated on by the nth cycle signal coming
from appropriate taps on the delay line 23 in order that
the time base of the sweep circuits of the oscilloscope
will be synchronized with the sweeping of the scanning
switches by the nth cycle traveling down the tapped
delay line 23. As will be explained more fully herein-
after, the resultant output signal obtained across the sum-
ming resistors 28, 29, and 31 is a time base spectrogram
which is in effect an interpolated output signal repre-
sentative of the continuous signal energy level across the
spectrum of the incoming speech wave or other complex
signal applied to the input of the amplifier 15.

The circuit construction of the scanning switches 22
and tapped delay line 23 is shown in FIGURE 6 of the
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drawings. Referring to FIGURE 6, the heterodyned
complex wave supplied from the filter driver 19 is applied
to the input terminal 41, and is coupled through respec-
tive current limiting resistors 42 to the inputs of all of
the crystal filter elements 21, Because it is believed re-
dundant to show all eighty of the crystal filter elements,
only the first four such elements are illustrated, and it is
believed that the construction of the remainder of the cir-
cuit will be obvious from the pattern developed in ex-
plaining the connections of the first four filter elements.
The signals appearing across the output load resistors 43
of each of the filter elements 21 are supplied through
coupling capacitors 44 to the control grid of a respec-
tive, associated triode electron discharge device 45 in the
case of the first filter 21a, 46 in the case of the second
filter 215, 47 in the case of the third filter 21¢, and 48 in
the case of the fourth filter 21d, and so on down the line
throughout the 80 different filter elements comprising the
filter bank. It should be noted that the two triode sec-
tions 45 and 48 comprise a duo-triode tube since fabrica-
tion of the circuit in this manner lends itself to economy.
Further, it should be noted that the scanning switch is
divided into three channels 224, 22b, and 22c. Fach of
the channels is identical in construction and is comprised
of a number of duo-triode tubes such as 45, 48, there
being approximately 13 such tubes in each of the chan-
nels 22a, 22b, or 22¢. The sequence of connections of
the filters 21 to the triode sections with the duo-triode
tubes is that the first three filters are connected to the
first triode section in each of the respective channels
22a, 22b, and 22c, the second set of three filters, namely,
the fourth, fifth, and sixth filter of the bank, are con-
nected to the second triode sections in each of the com-
ponent channels, the third set of three filters, namely, the
seventh, eighth, and ninth filters are connected to the
first triode sections of the second set of duo-triode tubes
in each of the component channels and so on through the
three channels to complete connections to all eighty
triode sections. Each of the triode sections 45, 46, 47,
48, and so on through the list has its anode connected
through variable plate load resistor 51 to the positive
terminal of a 300 volt source of direct current plate po-
tential by way of a dropping resistor 52. The variable
plate load resistors are set to equalize the gains of the
various triode sections with respect to each other. The
cathodes of the triode sections 45, 46, etc. are connected
through cathode biasing resistors 53 and 54 to the mov-
able contact of a selector switch 55 that in turn has its
fixed contacts connected through different valued addi-
tional biasing resistors 56 to ground for a purpose that
will be appreciated more fully hereinafter. The cathode
biasing resistors 53 are bypassed to ground for radio fre-
quencies through bypass capacitors 57, and the biasing
resistors 54 and 56 are bypassed to ground for radio fre-
quencies by a capacitor 58. The triode sections 45 con-
nected in this manner are adapted to operate as self-
biased linear amplifiers wherein the self-bias and hence,
the conductance of the amplifiers, is controlled by_the
bias adjustment switch 55 to provide any desired con-
ductance characteristic for the device as will be explained
more fully hereinafter.

In addition to having their control grids connected to
the output of the filter elements 21, all of the triode
electron discharge devices 45, 46, etc. have their control
grids conmected through suitable current limiting resis-
tors 61 to a respective tap-off point on the tapped delay
line 23. The tapped delay line 23 is excited from a sine
wave oscillator 62 having a frequency of 3600 cycles per
second. The output from the sine wave oscillator 62 is
supplied to the cycle counter 25 which is of conventional
construction, and is also supplied through a coupling
capacitor 63 to the control grid of a triode section 64 of
a duo-triode. The duo-triode section 64 is connected as
a conventional cathode follower amplifier wherein the.
anode electrode of the triode section is connected direct-
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ly to the 300 volt direct current power supply, and its
cathode is connected through suitable load resistor
arrangement 65 to ground. A grid biasing resistor 66 is
interconnected between a mid tap point on the cathode
load resistor 65 and the control grid of the triode section
to provide proper operating bias to the triode section.
The sine wave oscillatory signal applied to the triode
section 64 appears across the cathode load resistor 65,
and is supplied through a coupling capacitor 67, and cur-
rent limiting resistor 68 across a conductor 69 and cou-
pling capacitor 71 to the control grids of a cathode fol-
lower driver amplifier 72. The minimum sine wave volt-
age is set at ground potential by diode 73 which is con-
nected between the juncture of capacitor 67 and resistor
68, and ground. By this arrangement, the sine wave
oscillatory signal generated by the oscillator 62 is coupled
to the cathode follower driver amplifier 72. :

To assure proper scanning of the scanning electron dis-
charge devices 45, 46, etc., the nth cycle enhancement
circuit 24 is provided which serves o enhance the ampli-
tude of every nth cycle of the sine wave oscillatory sig-
nals supplied from the oscillator 62. This nth cycle en-
hancement circuit 24 is comprised by a duo-triode section
75 which is likewise connected as a cathode follower
amplifier. The duoc-triode section 75 has its anode con-
nected directly to the 300 volt D.C. current power supply,
and its cathode connected through a suitable load resistor
76 to ground. The control grid of duo-triode section 75
is comnnected through a current limiting resistor 77, and
coupling capacitor 78 to the output of cycle counter 25.
The current limiting resistor 77 in conjunction with a ca-
pacitor 79, and a resistor 81 comprise a grid biasing cir-
cuit for biasing the duo-triode section 75 to a desired
point on its operating characteristic. Current through
the duo-triode section 75, however, is limited by a clamp-
ing diode 82 which is connected to the juncture of a
voltage dividing resistor 84 and charging capacitor 85
that serve to clamp the potential of the control grid of
the duo-triode 75 to a value determined by the voltage
divider 84. In this fashion the triode section 75 is set
with its current equal to zero until the nth cycle is de-
tected.

In operation, the cycle counter 25 will count up to
every nth cycle of the sine wave oscillatory signal
delivered from the oscillator 62, and upon the occurrence
of the nth cycle will deliver a gating pulse to the duo-
triode section 75. Upon this occurrence, the duo-triode
section is rendered conductive producing a large voltage
across its cathode load resistor 76 which is coupled
through a blocking diode 86, conductor 69 and coupling
capacitor 71, to the cathode follower driver amplifier 72.
As a result, every nth cycle of oscillation will be enhanced
in amplitude by removal of resistor 76 to keep from load-
ing the sine wave in the manner illustrated in FIGURE
7a of the drawings wherein the nth cycle of operation
is shown at 87, and a normal operating cycle of the sine
wave oscillatory signal is illustrated at 88. '

The cathode follower driver amplifier 72 has a self-
biasing circuit comprised by a resistor 89 and capacitor
99 connected to its control grid, and has the tapped delay
line 23 connected as its cathode load resistor. By this
arrangement, the cathode follower driver amplifier serves
to start the oscillatory signal supplied thereto from the
nth peak amplifier 24 at the input end of the tapped de-
lay line 23. The tapped delay line 23 comprises a con-
ventional capacitor-inductor delay line of the constant

- K type whose mid-tap points are connected through the

current limiting resistors 61 to appropriate ones of the
control grids of the scanning electron discharge devices
45, 46, 47, etc. Upon being introduced into the input end
of the tapped delay line 23, an nth peak, such as 87, will
travel down the length of the tapped delay line 23 at a
rate determined by the parameters of the inductors and
capacitors out of which the tapped delay line is fabri-
cated. The length of delay designed into the tapped de-
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lay line is related to which peak is selected as the nth
peak so that all electron discharge devices 45, 46, 47,
etc. are allowed time to operate before starting a new
scanning cycle. This delay period is also related to the
rate at which it is desired to scan or sample the output
of the filter bank by the scanning electron discharge de-
vices 45, 46, 47, etc. As will be pointed out more. fully
hereinafter, this scanning rate will be determined by the
sampling rate required to keep up with changes in the
source signals (filter outputs). Experience has indicated,
however, that it is desirable at times to use every tenth
cycle of a 3600 cycle sine wave for scanning purposes.
This would require that for every tenth cycle to travel
the length of the delay line before the next tenth cycle is
introduced into it, the time delay of the entire line should
be on the order of about 1460 second. It should be noted
that this value is cited as exemplary only, and that the in-
vention is in no way limited to requiring a delay of this
order.

The manner in which every nth cycle is caused to gate
on or control the gain of the sampling electron discharge
tubes 45, 46, 37, etc., is best illustrated in FIGURE 7a
of the drawing. If it is assumed that the portion of the
sine wave shown at 87 constitutes the nth cycle, and the
self-biasing circuits comprised by the resistors 53 and ca-
pacitors 57 together with the adjusting resistors 56 are set
to render the electron discharge devices 45, 46, 47, etc.
conductive at the level indicated by the dotted line 91,
then the electron discharge devices 45, 46, 47, etc. will
have a time variable gain characteristic such as is illus-
trated by the curve 92 in FIGURE 7b. This time variable
gain characteristic can of course be adjusted by switching
in the appropriate adjusting resistor 56 with the selector
switch 55 to thereby control the degree or amount of
overlap of the conduction periods of the scanning electron
discharge tubes 45, 46, 47, etc. connected to adjacent
filter elements 21. The effect of such adjustment is best
appreciated in connection with FIGURE 3 of the draw-
ings.

Referring to FIGURE 3, assume, for example, that the
curve illustrated by the curve 14 represents the output
signal produced by the scanning electron discharge triode
section 45, the curve 15 represents the output signal pro-
duced by the scanning electron discharge triode section 46,
and the curve 16 represents the output signal produced by
the scanning electron discharge triode section 47. .Since
the electron discharge triode sections 45, 46, 47, etc. are
connected to adjacent filter elements, then it can be ap-
preciated that by varying the self-biasing level 91, the
point at which each of these tubes will be rendered conduc-
tive, and hence, the amount or degree of overlap of the
curves 14, 15, and 16 can be appropriately varied. This
will also vary the shape of the characteristic output curve
and in this manner, influence the resultant interpolated
output signal represented by the dotted line values y,,
Yx+1> Yxr2r etc., shown in FIGURE 3. In order to de-
rive this interpolated output signal, the several output sig-
nals from the several scanning electron discharge devices
45, 46, 47, etc. are supplied across respective output con-
ductor 101, 102, or 103. Conductor 101 supplies the
output signals from all of the electron discharge devices
connected in channel 22¢ and is connected to an output
terminal 104, conductor 102 connects together all of the
outputs from the electron discharge devices connected in
channel 23, and supplies these to an output terminal 105,
and the conductor 103 connects together all of the output
signals from the scanning electron discharge devices in
channel 22¢ to an output terminal 106. The manner in
which the output signals from the three channels 22a,
22b, and 22¢ appearing at the output terminals 164, 105,
and 106, respectively, are combined to provide the de-
sired interpolated output signal of FIGURE 3 is best illus-
trated in the circuit diagram of FIGURE 8.

The output signals from the several channels 224, 225,
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and 22¢ of scanning electron discharge devices supplied
to the terminals 1064, 105, and 106, are applied to sepa-
rate amplifiers 26 and detectors 27 for each of the three
channels, and the output of the three amplifier and de-
tector channels are connected across the summing resis-
tors 28, 29, and 31, respectively as illustrated in the func-
tional block diagram of FIGURE 35, and as shown in FIG-
URE 9. The reason for separating the outputs of adja-
cent sampling devices into three channels is to get the sig-
nals separated until the R.F. phase relations have been
eliminated by the envelope detectors. Because the ampli-
fier 36 and detector 27 channels are identical in construc-
tion and operation, only one such channel will be de-
scribed in detail with relation to FIGURE 9.

The incoming signals supplied from the first channel
22a of scanning electron discharge devices are supplied
through the input terminal 104, and through a coupling
capacitor 111 to the control grid of a pentode electron
discharge tube 112. The pentode electron discharge tube
112 comprises a part of a tuned amplifier circuit such as
is described in section 5, paragraph 19 of the above
referenced Radio Engineers’” Handbook. The tuned am-
plifier 112 is conventional in every respect, and includes
the normal biasing voltage connections through proper
biasing resistors and radio frequency bypass capacitors.
The output of amplifier 112 is supplied to a tuned coupling
transformer 113 whose primary is connected to the anode
electrode of the pentode electron discharge tube 112, and
whose secondary winding is connected to the control elec-
trode of a second pentode electron discharge tube 114.
The second pentode electron discharge tube 114 likewise
comprises a part of a tuned amplifier circuit similar in
construction to the tuned amplifier 112, and has its out-
put connected through a second tuned coupling trans-
former 115. The primary winding of the tuned coupling
transformer 115 is connected to the anode electrode of
the pentode electron discharge tube 114, and the secondary
winding of coupling transformer 115 is connected to the
control electrode of a third pentode electron discharge
tube 116. The third pentode electron discharge tube 116
comprises a part of a power amplifier output stage, and
has its anode electrode connected through a plate load
resistor 117 connected in parallel with an inductor 118
to the 300 D.C. power supply. The plate load resistor
117 of power amplifier 116 is connected to the control
grid of a triode electron discharge tube 119, Triode 119
comprises a part of a cathode follower amplifier output
stage having a cathode load resistor 121 connected to the
detector 27. The detector 27 comprises a diode rectifier
122 and smoothing capacitor 123 connected to the sum-
ming resistor 28. A part of the cathode load resistor
21 of cathode follower 119 is bypassed by a bypass re-
sistor 125 connected in parallel with the diode rectifier
122. By reason of this connection, a small circulating
current is caused to flow through the diode rectifier 122
50 as to bias it well up on its conduction characteristic,
keeping it in a ready condition for rectifying the inter-
mediate frequency signals supplied to it from the cathode
load resistor 121 of cathode follower 119.

In operation, the scanning signals appearing across the
outputs of the respective scanning electron discharge de-
vices 45, 48, etc. in channel 22a of the scanning switches
are supplied through the input terminal 104 to the three-
stage tuned amplifier comprised by the pentode tubes 112,
114, and 116, in order to eliminate the scanning signal
frequency in favor of the desired audio frequency signals
frequencies representing the outputs of the filters. The
amplified signals are then applied to the cathode follower
119 and rectified by rectifier 122 in a manner such that
the envelope of the output signal from a particular filter
element being sampled appears across the summing re-
sistor 128. The same process is carried out in each of
the amplifier and detector channels associated with the
switching tube channels 226 and 22c so that their output
signals appear across the summing resistors 29 and 31.
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Referring now to FIGURE 3 of the drawings, it can be
appreciated that the summing together of the output sig-
nals from any three adjacent filter elements of the filter
bank serves in effect to interpolate the values of the signal
energy level at any point in the spectrum of a complex
wave applied to the input of the system. Accordingly,
at the output of the summing resistors 28, 29 and 31, an
interpolated output signal such as that represented by
the dotted line in FIGURE 3 of the drawings, will appear.

The interpolated output signal derived in the above
manner is applied to a logarithmic compressor 32 where
in effect its amplitude range is compressed sufficiently to
enable the signal to be presented on a conventional cath-
ode ray oscilloscope 33. The logarithmic compressor
circuit 32 is a conventional circuit employing a remote
cut-off pentode tube to provide logarithmic compression
of an input signal supplied thereto. Such circuits have
long been used in the circuit art, and are not believed to
require detailed description, In addition to the output
from the logarithmic compressor circuit 32, the cathode
ray oscilloscope 33 has synchronizing signals supplied
thereto from the synchronizing circuit 35 which is, turn,
controlled from the tapped delay line shown in FIGURE
6. In this manner, it is assured that the presentation ap-
pearing on the cathode ray oscilloscope 33 will be syn-
chronized in time with the scanning of the filter bank by
the scanning switches as the enhanced nth cycle travels
down the tapped delay line 23. By taking pictures of suc-
cessive scans appearing across the face of the cathode
ray oscilloscope 33 with the Polaroid-Land camera 34, a
spectrogram may be produced which appears as shown
in FIGURE 9 of the drawings wherein frequency is
plotted as the abscissa, and amplitude as the ordinate, and
time is shown by the progression of scans extending in
the vertical direction. If desired, a number of frequency
markers such as shown at 131 may be recorded on the
spectrogram to facilitate its interpretation. From an
examination of FIGURE 9, it can be appreciated that a
complete and continuous interpolated spectrogram of
the energy level content in the speech wave being analyzed
is obtained.

From the foregoing description, it can be appreciated
that the invention makes available a new and improved
interpolative scanning method and apparatus for sepa-
rating a complex signal into its various component parts,
and scanning the plurality of component signals in a
manner to provide an interpolated output signal which is
representative of the continuous signal energy level across
the spectrum of the incoming complex signal.

Having described one embodiment of a new and im-
proved method and spectrographic apparatus constructed
in accordance with the invention, it is believed obvious
that other modifications and variations of the invention
are possible in the light of the above teachings. It is
therefore to be understood that changes may be made in
a particular embodiment of the invention described which
are within the full intended scope of the invention as de-
fined by the appended claims.

What I claim as new and desire to secure by Letters
Patent of the United States is:

1. The method of spectrographic analysis of a com-
plex wave which comprises separating the complex wave
into a plurality of finite frequency bands, serially sam-
pling the output separating frequency bands in a manner
such that the periods during which successive frequency
bands are sampled are overlapping, and summing the
outputs from the several frequency bands whereby an
interpolated output signal representative of the signal
energy level across the spectrum of of the complex sig-
nal is obtained.

2. An apparatus for the spectrographic analysis of a
plurality of input signals including in combination, a
plurality of scanning electron discharge devices having
their input circuits coupled to said plurality of input sig-
nals, there being at least one electron discharge device
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for each input signal, said electron discharge devices hav-
ing overlapping periods of conduction, and having time
variable gain characteristics, gating signal generator means
operatively coupled to the gating circuits of said scan-
ning electron discharge devices for rendering said dis-
charge devices conductive on a time sequential basis
whereby the scanning electron discharge devices are
caused to serially sample the several input signals, and
output circuit means operatively coupled in common to
the output of all said scanning electron discharge devices
for developing an interpolated output signal representa-
tive of the continuous signal energy level across the
array of incoming signals.

3. The combination set forth in claim 2 further char-
acterized by means for varying the amount of overlap
of the periods of conduction of the electron discharge
devices.

4. An apparatus for the spectrographic analysis of a
complex signal including in combination means for
heterodyning the complex signal, separation means oper-
atively coupled to the output of said heterodyning means
for separating the heterodyned complex signal into a
plurality of known frequency bands, a plurality of scan-
ing electron discharge devices coupled to the output of
said separation means, there being at least one electron
discharge device for each frequency band of the sep-
aration means, said electron discharge devices having
overlapping periods of conduction, and having time vari-
able gain characteristics, gating signal generator means
having a frequency of operation different from the fre-
quency range to which said complex signal is heterodyned
and operatively coupled to the gating circuits of said
scanning electron discharge devices for rendering said
discharge devices conductive on a time sequential basis
whereby the scanning electron discharge devices are
caused to serially sample the output of said separation
means, and output circuit means operatively coupled in
common to the output of all said scanning electron dis-
charge devices for developing an interpolated output sig-
nal representative of the continuous signal energy level
across the spectrum of the complex signal.

5. The method of spectrographic analysis of a com-
plex wave which comprises heterodyning the complex
wave to a new frequency band, separating the complex
wave into a plurality of finite frequency bands, serially
sampling the output separated frequency bands in a man-
ner such that the periods during which successive fre-
quency bands are sampled are overlapping the serial sam-
pling being at a rate not within the frequency band to
which the complex wave was heterodyned, and summing
the outputs from the several frequency bands whereby
an interpolated output signal representative of the sig-
nal content across the spectrum of the complex signal
is obtained.

6. An apparatus for the spectrographic analysis of
complex signal including in combination means for hetero-
dyning the complex signal, separation means operatively
coupled to the output of said heterodyning means for
separating the heterodyned complex signal into a plu-
rality of known frequency bands, a plurality of scanning
electron discharge devices coupled to the output of said
separation means, there being at least one electron dis-
charge device for each frequency band of the separation
means, said electron discharge devices having overlap-
ping periods of conduction, and having time variable
gain characteristics, gating signal generator means hav-
ing a frequency of operation different from the frequency
range to which the complex signal is heterodyned and
operatively coupled to the gating circuits of said scanning
electron discharge devices for rendering said discharge
devices conductive on a time sequential basis, said gat-
ing signal generator comprising a tapped delay line where-
in each tap-off point is connected to a respective scan-
ning electron discharge device, a source of oscillatory
signals coupled to said tapped delay line and circuit means
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for emphasizing every ath cycle of the oscillatory signal
coupled to said source of oscillatory signal and to the
tapped delay line, where n is any number between one
and the frequency of the source of oscillatory signals
and whereby the scanning electron discharge devices are
caused to serially sample the output of said separation
means, and output circuit means operatively coupled in
common to the output of all said scanning electron
discharge devices for developing an interpolated output
signal representative of the continuous signal energy
level across the spectrum of the complex signal.

7. An apparatus for the spectrographic analysis of com-
plex signal including in combination means for hetero-
dyning the complex signal, separation means operatively
coupled to the output of said heterodyning means for
separating the heterodyned complex signal into a plu-
rality of known frequency bands, a plurality of scanning
electron discharge devices coupled to the output of said
separation means, there being at least one electron dis-
charge device for each frequency band of the separation
means, said electron discharge devices having overlapping
periods of conduction and time variable gain characteris-
tics and being arranged in multiple channels each having
separate outputs, gating signal generator means hav-
ing a frequency of operation that lies outside the band
of frequencies to which the complex signal is hetero-
dyned, and operatively coupled to the gating circuits of
said scanning electron discharge devices for rendering said
dicsharge devices conductive on a time sequential basis
whereby the scanning electron discharge devices are
caused to serially sample the output of said separation
means, output circuit means including summing resistors
operatively coupled in common to the outputs of the
multiple channels of scanning electron discharge de-
vices for developing an interpolated output signal rep-
resentative of the continuous signal energy level across
the spectrum of the complex signal, a cathode ray os-
cilloscope having one of its deflection circuits coupled to
the output circuit means, and a synchronizing sweep cir-
cuit coupled to the remaining deflection circuit of the
cathode ray oscilloscope and controlled by said gating
signal generator.

8. An apparatus for the spectrographic analysis of
complex signals including in combination, separation
means comprising a plurality of crystal filters operatively
coupled in common to the source of complex signals,
each of said crystal filters being responsive to a discrete
frequency band within the frequency range of the com-
plex signal, a plurality of self-biased scanning electron
discharge devices operatively coupled to the output of
said crystal filters, there being one electron discharge
device for each crystal filter with the self-biasing cir-
cuits of the electron discharge devices being adjusted to
provide overlapping periods of conduction with respect
to adjacent filters and to provide time variable gain
characteristics for the respective electron discharge de-
vices, gating signal generator means operatively coupled
to the gating circuits of said scanning electron discharge
devices for rendering said discharge devices conductive
on a time sequential basis whereby the scanning elec-
tron discharge devices are caused to serially sample the
outputs from the plurality of crystal filters, and output
circuit means operatively coupled in common to the out-
put of all said scanning electron discharge devices for
developing an interpolated output signal representative
of the continuous signal amplitude level across the spec-
trum of the complex signal.

9. An apparatus for the spectrographic analysis of
complex signals including in combination heterodyning
means for heterodyning the complex signals to a differ-
ent frequency range, separation means comprising a
plurality of crystal filters operatively coupled in com-
mon to the output of said heterodyning means, each of
said crystal filters being responsive to a discrete fre-
quency band within the new frequency range of the
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complex signal, a plurality of self-biased scanning elec-
tron discharge devices operatively coupled to the output
of said crystal filters, there being one electron discharge
device for each crystal filter with the self-biasing cir-
cuits of the electron discharge devices being adjusted to
provide overlapping periods of conduction with respect
to adjust filters and to provide time variable gain char-
acteristics for the respective electron discharge devices,
means coupled to said electron discharge devices for
varying the degree of self-bias and thereby adjust the
extent of overlap between periods of conduction, gating
signal generator means operatively coupled to the gating
circuits of said scanning electron discharge devices for
rendering said discharge devices conductive on a time
sequential basis whereby the scanning electron discharge
devices are caused to serially sample the outputs from
the plurality of crystal filters, and output circuit means
operatively coupled in common to the output of all said
scanning electron discharge devices for developing an
interpolated output signal representative of the contin-
uous signal amplitude level across the spectrum of the
complex signal.

10. An apparatus for the spectrographic analysis of
complex signals including in combination heterodyning
means for heterodyning the complex signals to a differ-
ent frequency range, separation means comprising a plu-
rality of crystal filters operatively coupled in common
to the output of said heterodyning means, each of said
crystal filters being responsive to a discrete frequency
band within the new frequency range of the complex
signal, a plurality of self-biased scanning electron dis-
charge devices operatively coupled to the output of said
crystal filters, there being one electron discharge device
for each crystal filter with the self-biasing circuits of the
electron discharge devices being adjusted to provide
overlapping periods of conduction with respect to adja-
cent filters and to provide time variable gain character-
istics for the respective electron discharge devices, gating
signal generator means operatively coupled to the gating
circuits of said scanning electron discharge devices for
rendering said discharge devices conductive on a time
sequential basis, said gating signal generator comprising
a tapped delay line wherein each tap-off point is con-
nected to a respective electron discharge device, a source
of oscillatory signals coupled to said tapped delay line,
and circuit means for emphasizing every nth cycle of the
oscillatory signal coupled to said source of oscillatory
signals and to the tapped delay line where n is any
number between one and the frequency of the source
of oscillatory signals and whereby the scanning electron
discharge devices are caused to serially sample the out-
puts from the plurality of crystal filters, and output cir-
cuit means operatively coupled in common to the output
of all said scanning electron discharge devices for de-
veloping an interpolated output signal representative of
the continuous signal amplitude level across the spectrum
of the complex signal.

11. An apparatus for the spectrographic analysis of
complex signals including in combination heterodyning
means for heterodyning the complex signals to a differ-
ent frequency range, separation means comprising a
plurality of crystal filters operatively coupled in com-
mon to the output of said heterodyning means, each of
said crystal filters being responsive to a discrete fre-
quency band within the new frequency range of the com-
plex signal, a plurality of self-biased scanning electron
discharge devices operatively coupled to the output of
said crystal filters, there being one electron discharge
device for each crystal filter with the self-biasing cir-
cuits of the electron discharge devices being adjusted to
provide overlapping periods of conduction with respect
to adjacent filters and to provide time variable gain
characteristics for the respective electron discharge
devices, said scanning electron discharge devices being
arranged in multiple channels having separate outputs,
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means coupled to said electron discharge devices for
varying the degree of self-bias and thereby adjust the
extent of overlap between periods of conduction, gating
signal generator means operatively coupled to the gating
circuits of said scanning electron discharge devices for
rendering said discharge devices conductive on a time
sequential basis, said gating signal generator comprising
a tapped delay line wherein each tap-off point is con-
nected to a respective electron discharge device, a source
of oscillatory signals coupled to said tapped delay line,
and circuit means for emphasizing every nth cycle of
the oscillatory signal coupled to said source of oscilla-
tory signals and to the tapped delay line whereby the
scanning electron discharge devices are caused to seri-
ally sample the outputs from the plurality of crystal
filters, output circuit means including summing resis-
tors operatively coupled to the outputs of the multiple
channels of scanning electron discharge devices for de-
veloping an interpolated output signal representative of
the continuous signal amplitude level across the spectrum
of the complex signal, a cathode ray oscilloscope having
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one of its deflection circuits coupled to the output cir-
cuit means, and a synchronizing sweep circuit coupled
to the remaining deflection circuit of the cathode ray
oscilloscope and controlled by said gating signal gen-
erator.
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