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25,809
PHASING SYSTEM YOR MULTIPLE TRACK
RECORDING
Los Amngeles, Calif., assignor Sto
t.

Wayne R. Johmson,
Minpesota Mining and Manufacturing Company,
Paul, Minn., a corporation of Delaware

Original No. 2,828,478, dated:Mar. 25, 1958, Ser. No.
610,436, Sept. 4, 1956, which is a continuation of Ser.
No. 507,005, May 9, 1955, Application for reissue
Dec. 15, 1958, Ser, No. 780,649 .

18 Claims. (ClL 340—174.1)

Matter enclosed in heavy brackets [ T appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This invention relates to means and methods for se-
curing accurate phase relationships between signals which
have been recorded as a number of parallel tracks on a
single reproducing medium, this application being a con-
tinuation of copending application Serial No. 507,003,
filed May 9, 1955, now abandoned. The invention is
applicable to any type of recording system where accil-
rate phase relationships are required between the signals
reproduced from the various tracks, as, for example, in
telemetering systems and the like, but its greatest utility
at the present is in phasing recorded television signals in
systems where the signals have been subdivided in fre-
quency, by any of the various means that have been been
proposed for this purpose, so that they may be repro-
duced from a medium traveling at moderate speeds.

Several such systems have been proposed. In order to
transmit a television image which takes full advantage
of the band width permitted under present standards of
transmission in the United States, the frequency to be
reproduced must, in theory at least, occupy a band be-
tween zero and 4 mc. per second. With any system now
known of recording and reproducing electric impulses
there is an upper limit to the frequencies which can be
reproduced, which is set by the size of the sensing ele-
ment of the reproducing head and the speed of transla-
tion of the recording medium. What the limit may be
depends upon the type of recording used; at present the
system which will reproduce the maximum amount of
information per inch of track is magnetic recording; with
some of the latest types of tape frequencies recorded at
as high a rate as 9,000 cycles per inch can be reproduced.
Even at this high rate of information (which most tapes
will not carry reproducibly) about 37 feet of tape per
second is required to carry the full channel. it is there-
fore clearly desirable to crowd as much information per
inch on the tape as is possible.

As stated above, several methods have been devised
for dividing the information required among several
tracks and recombining it after pick-up to re-form the
complete signal. To produce a good picture it is essen-
tial that the information recorded on the various tracks
be phased with great accuracy. Taking 9,000 cycles per
inch as the limiting frequency recorded, it will be seen
that a misalinement of 14s,000 of an inch as between the
recording and reproducing heads will result in a phase
displacement of 180 degrees, or a complete reversal of
sign of the frequency that it is desired to reproduce.

Permanent misalinements of heads as between different
recording and reproducing. apparatus may be compen-
sated for by fixed adjustments and are therefore not too
serious. What are very serious, however, are transient
misalinements due to flutter and skew of the tape, the
first being due to vibration of the tape as it passes from
the guide roller to either the recording or the reproducing
bead. Skew may be due to the sides of the tape not
being cut so that they are absolutely parallel, or to tem-
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effects result in the heads producing the individual tracks
engaging the various tracks in echelon instead of strictly
in line, normal fo the tape, with a consequent relative
phase displacement in the reproduced signals.

Varjous methods, both mechanical and electrical, have
been proposed for correcting this type of .relative phase-
displacement. The mechanical methods have not proved
to be quick acting enough to correct flutter effects satis-
factorily. The frequency of flutter:is low in comparison
with the frequencies which must be reproduced from a
television signal, although it is normally within the audio
range. Skew effects, although they may change from
portion to portion of the tape, when they do change are
likely to do so at very much slower rates. The electronic
methods which bave been devised, where they have
proved to be successful, have required relatively large
amounts of equipment and numerous . tubes and have
therefore proved expensive.

Tape drives have been improved so that as far. as the
speed of the tape itself is concerned, it can be held suffi-
ciently constant for television purposes, as can cyclic
variations in the speed of the tape as a whole, which
produces frequency modulation of the type known as
“wow.® It can therefore be assumed that these causes
of difficulty are adequately taken care of. The objects
of this invention, therefore, are to provide a means and
method of compensating for phase variation  between
signals which are recorded as parallel tracks on a moying
medium, which phase variations are due to either flatter
or skew of the medium; to provide means for correcting
phase variations of the type described which will also
correct those due to misalinement or differences in aline-
ment between recording and reproducing heads; to pro-
vide apparatus for accomplishing the above results which
is relatively simple and which can be made of very high
accuracy; to provide a means and method which can be
utilized with signals of almost any character; to provide
apparatus for correcting phase displacements between
signals recorded on parallel tracks which will not “lock”
in an undesired phase relationship; and' to provide
methods and apparatus of the character described which
are particularly adapted to phasing television signals.

In accordance with the broad copncept of the present
invention, a cyclically repeating reference signal, of dif-
ferent character from the message signals between which
phasing is desired, is recorded simultaneously on each
track, so that it will be reproduced in each channel of
the pick-up mechanism. The reproduced signals in each
channel are fed into individual delay-lines wherein -the
delay is adjustable by varying an electrical bias applied
thereto. Since, in such delay-lines, the characteristic
impedance varies with the amount of delay introduced,
each line is terminated in an impedance which also may
be varied by applying an electrical bias. The lines in
each . channel are fed from amplifiers, the output- im-
pedances whereof are very Jow in comparison with the
characteristic impedance of the lines, so that the system
is of the “constant voltage” type. The output circuits for
each channel are taken off between the output terminals
of the delay-lines and their terminating impedances, the
lines preferably feeding into amplifiers whose impedance
is high in comparison to that of the lines; so that. the
impedance into which the delay-lines feed is determined
primarily by the bias-varied impedance. One: of the
channels, which may be referred to as the “master chan-
pel,” supplies a feed-back loop which includes a .phase-
discriminator to develop an error: signal, the magnitude
and sign whereof depend upen the. phase. relationship
between the reference signal supplied from the delay-line.
and a comparison signal. The error signal - developed
by the phase discriminator is applied to control the fre-
quency -of an oscillator whose nominal or average fre-
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quency is integrally related to that of the reference signal,
being either that of the signal itself or an integral multi-
ple thereof, and whose instantaneous frequency can be
varied by a bias applied from the integrated error signal,
the time constant of the integrating circuit being rela-
tively long as compared to the flutter frequencies. A
signal of reference frequency, derived from this oscil-
lator, is also supplied to the phase discriminator as the
comparison frequency; for certain types of reference
signal this may be a sine wave, but preferably it is a
short pulse recurring at the reference frequency, in order
to maintain greatest accuracy of discrimination.

The output of the delay-line in each channel, including

the master channel, includes a second type of feedback
loop. Each of these loops includes a phase discriminator
which may be of the same type as that already mentioned
in connection with the master channel, and each of the
latter phase discriminators is fed with the same com-
parison frequency signal or pulse developed from the
oscillator controlled by the ‘master channel. The error
signals from each of the individual channel discriminators
are integrated in a circuit of short time constant in com-
parison with the highest expected flutter frequency, to de-
velop a bias which is applied to both the individual delay-
line involved and its associated terminating impedance in
such sense or polarity as to increase the delay of the
line and so retard the phase of the reference signal if the
latter leads the comparison signal and to decrease the
delay of the line if the reference signal in the controlled
channel lags the comparison signal. Simultaneously the
impedance of the termination to the delay-line is varied
to match that of the delay-line and prevent reflections of
any material magnitiide therein. Ag employed for telem-
etering or like service the reference frequency signal
may be merely a sine wave which differs clearly in fre-
quency from the message signals which are to be phased.
In connection with television signals, where the frequen-
cies to be reproduced may be any within the total range
which the individual channels can handle, the reference
signal is preferably introduced into the blanking interval,
which follows each line of the signal transmitted, and is
in the form of a step function; ie., a signal which rises,
as steeply as possible, from the black level to the white
level. Combined with a sharp pulse comparison devel-
oped from the frequency of the controlled oscillator in
the maser feedback loop this leads to the most accurate
type of discrimination.
" All of the above will be more readily understood from
the detailed description of certain preferred embodiments
bf the invention which follows, taken in connection with
the accompanying drawings wherein:

FIG. 11isa block diagram illustrating the broad elements
of the apparatus as used with any general type of refer-
ence signal;

FIG. 2 is a schematic diagram of a delay-line which is
variable by means of an electromagnetically applied bias,
together with a terminal impedance which is variable by
the same bias; .

FIG. 3 is a schematic diagram of a delay line which is
variable through the application of a voltage bias;

FIG. 4 is a block diagram of the invention as applied
specifically to the phasing of television signals; and

FIG. 5 is a diagram showing the waveforms of the refer
ence and comparison signals as introduced into the blank-
ing interval of a television signal for use in conmection
with the equipment illustrated in FIG. 4,

In the diagram of FIG. 1 the reference character 1 in-
dicates in cross-section, a magnetic tape or other form
of recording medium. Assuming that a magnetic tape is
used, it is driven by conventional means, not shown, past
a plurality of reproducing heads of which two are shown,
head 3, which is connected to the master channel, and 3,
symbolic of a plurality of slave heads. Any number of
additional heads may be used, such additional heads being
indicated symbolically by that shown in dotted outline and
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indicated as 3,. Since all channels except the master
channel are identical, only the channel supplied by the
head 3 and one “slave” channel head 3, are shown.
Much of the equipment in the two types of channels is the
same and parts in the slave channel which are duplicates
of those in the master channel are identified by the same
reference characters as those used to identify the master
channel equipment, the parts used in the slave channel
being distinguished, however, by the subscript 1 through-
out.

All of the pick-up heads 3 may be of identical char-
acter and may be of any known type, the nature of the
invention not heing dependent upon the type of pick-up
or reproducer head used,

The signals from the pick-up heads 3 are supplied,
usually, through one or more preamplifier stages, to pre-
amplifier 5, the output stages of which are stages of high
gain with 100% feedback, so that the effective gain in
these stages is substantially unity while the effective out-
put impedance of the amplifier approaches zero. With
such an arrangement, up to the overload limits of the out-
put tube, the output voltage is substantially independent
of the impedance into which the amplifier is working.
This impedance comprises a delay line 9, both the delay
and the impedance of which are variable by the applica-
tion of an electrical bias, and the delay line is terminated
by a terminal impedance 11, the value of which can also
be varied by an applied bias so as to match the impedance
of the line and minimize any reflections from the output
back toward the input of the line. The output signal from
the line is taken off between the delay line and its ter-
minal impedance and in this case comprises an amplifier
13, the input impedance of which is high in comparison
with the maximum value of the impedance 11, so that
it has substantially no effect upon the load into which the
delay line is working,

The output of the amplifier
which leads to the utilization circuit of the apparatus,
whatever this may be. Taking off from the line 15 are
two branch circuits, designated as 15" and 15", Branch
circuit 15" connects to apparatus which is peculiar to the
master channel, whereas the equipment supplied by
branch circuit 15" is duplicated in all channels, and will
be described hereinafter.

As shown in the figure, the
the line 15’ is a gate 17.

13 connects to a line 15

first element supplied by
This particular equipment may
Cr may mnot be required; if the reference signal is con-
tinuous and differentiated from the other signals by fre-
quency the gate would not be necessary, In case the ref-
erence signal is distinguished on a time basis from the
other signals in the channe! the gate is used to complete
the circuit at the proper epoch so as to prevent the ap-
paratus from locking in on some adventitious signal which
may have the wrong epoch of the recorded signal. The
tse of the gating circuit will be described more particu-
larly in connection with the specific form of the invention
used in connection with television. If a gating signal is
used it is supplied from an external source through
lead 19.

The signals from the line 15, supplied cither directly
or through the gate 17 if the latter is used, form one
source of supply to a phase discriminator 21. This dis-
criminator may take any of several forms. Sometimes
termed “phase sensitive detector” the purpose of this de-
vice is to develop a signal which depends in polarity and
magnitude on the relative phase of the signal supplied
from the lead 15’ and a comparison signal. In effect
it is a switch which is closed by the comparison signal;
if the switch is closed as the reference signal passes
through zero no output signal is developed, whereas if
the switch closes either before or after the epoch when
the reference signal is passing through zero an output
signal is developed, the magnitude of which depends upon
the amount by which the reference signal is out of phase
with the comparison signal. Double-balanced modula-
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tors, biased diodes, or multi-electrode tubes may be used
as such discriminator gates, many forms being well known.

The error signal from the discriminator 21 is integrated
by what is essentially a low-pass filter circpit 23, com-
prising a series resistor 25 with shunt capacitors 27 con-
nected to its input and output ends. This circuit is given
a relatively long time constant in comparison with the
minimum frequency of flutter so that the error signal, as
developed at the output of the infegrating circuit, is
averaged over many cycles of the reference signal, and
recurrent changes of phase such as are due to flutter
are cancelled out.

The error signal thus developed is applied to a bias-
controlled oscillator 29. Any of the known oscillators
whose frequency can be so controlled may be used, the
most usual of such circuits being either reactance-tube-
controlled sine-wave oscillators, or multivibrators whose
frequency of operation depends upon their bias or supply
voltages. Oscillator 29 develops normally either the fre-
quency of the reference signal or an integral multiple
thereof, from which a signal of reference freguency is
derived. This latter signal is the comparison signal which
is fed to a. comparison bus 31, cne branch lead from
which supplies the comparison signal to the discriminator
21. As a result of this arrangement the bias-controlled
oscillator 29 supplies to the control bus 31 a freguency
which may vary as the average frequency of the reference
signal varies, but which disregards short term variations
in frequency such as are due to flutter.

The second feedback loop is supplied through the lead
15", and as has been stated, this loop is duplicated in the
other channels as well as in the master channel. The
loop includes a phase discriminator 33 which may be
identical in construction with the phase discriminator 21,
and which receives its comparison signal from the bus 31.
Like discriminator 21 the output of discriminator 33 is
an error signal. This latter error signal is fed to an
integrating network 35 which may be of the same general
character as in the integrating circuit 23 but which has
a very much shorter time constant; ie., a time constant
which is short in comparison with the period of the
maximum flutter frequency which is to be expected. The
integrated error signal is applied to a control tube
37, to vary the delay of the line 9 and is also applied direct-
1y to the terminal impedance 11 to maintain its value sub-
tantially equal to that of the characteristic impedance
of the delay-line 9 as that impedance varies with varying
delay. As will be shown, the control tube may also
function as the terminating impedance, but as this is
not necessarily the case the two devices are indicated sepa-
rately.

FIGS. 2 and 3 show two different forms of bias-varied
delay lines and terminal impedances which will accom-
plish this result. In the form illustrated in FIG. 2 the
delay line comprises a network of series inductive ele-
ments 41 and shunt capacitive elements 43. Each induc-
tive element comprises a toriodal core 45, preferably
of ferrite or other high-resistance, low-loss material hav-
ing ferromagnetic properties. Being ferromagnetic, the
effective permeability of these cores varies with their
degree of magnetic saturation. In one line that has been
constructed toroids 3 inch O.D. by ¥ inch LD. are
used, each toroid having a 20 turn, center tapped wind-
ing. This line has a maximum characteristic impedance
of approximately 1000 chms and a 20 section line has
a maximum delay of about 2.5 imicroseconds.

The delay line is terminated by a resistor 47, which
matches the maximum impedance of the line, ie., about
1060 chms. This resistor connects to ground through a
blocking condenser 48. The control tube or tubes 37
are connected with their plate circuits in perallel with
the resistor. In this case the control tubes operate both
to vary the saturation of the cores 45 and to form the
variable portion of the terminating impedance of the
line. In the line illustrated two 6L6, beam-power tubes,
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triode connected, are used in parallel for this dual
purpose. Their plates and cathodes are both connected
together, the cathodes being grounded through a variable
resistor 49.

The control bias or error signal developed by. the. dis-
criminator §3 is applied to the grids of the tubes 37 in
such semse that if the referemce signal lags the. coms
parison signal from oscillator 29 the grids swing positive,
increasing the plate current of the two tubes. The plate
current is supplied from a regulated source at B+~ through
a relatively small resistor 5&; and increase. in the. plate
current therefore tends to saturate the cores: 45, decreas-
ing their apparent inductance and hence the delay of the
line, so that the lagging reference signal is effectively
speeded up and brought into coincidence with the com-
parison signal. At the same time the video input
is connected between the resistor- 58 and the input of
the delay line.

The effective plate resistance of the tubes 37 varies
inversely with their plate current, as indicated by the
decrease in the slope of the plate characteristic curves of
these tubes with increasing negative bias. The effective
impedance of these tubes.in parallel with the resistor 47
therefore varies in the same sense as the effective im-
pedance of the line with the decreasing inductance due
to increased saturation. The amount of impedance varia-
tion with a given variation in control bias can be adjusted
by means of the variable resistor 49, which provides a
current feedback of variable amount. Variation- of this
resistor therefore provides an easy method of obtaining
a substantially exact match between the characteristic
impedance of the line and its terminating impedance. -

FIG. 3 shows a different form of bias-varied delay line,
In this case the elements of the line comprise fixed,
center-taped series inductors 51:and small ceramic con-
densers 52, bridged across the line, as the shunt elements.
These condensers are of the “ferrc-electric” type, their
effective capacity varying as an inverse function of the
voltage applied across them. An increase in this voltage
therefore serves to decrease the delay of the line and to
increase its effective impedance.

The control bias is adjusted by the control tube 37,
which, in this case too, acts as a portion of the terminat-
ing impedance. The video signal is applied to the line
through a blocking condenser 53. The fixed portion of
the terminating impedance is a rtesistor 54 which acts
as the anode resistor through which space current.is sup-
plied to the control tube 37’, the latter being connected
in the same manner as.was described for the tube 37 in
the delay line illustrated in FIG. 2. The error voltage
from the discriminator-33 is supplied to the grid of the tube
37 in such sense that if the reference signal lags the
grid tends to swing positive, thus being the reverse
polarity from that used with the form of line shown in
FIG. 2.

The bias potential applied acress condensers.52 varies
with the drop across the plate resistor 54. If the error
voltage applied to the grid of tube 37 were to swing
so strongly negative as to cause the tube to cut off,
the full voltage of the plate supply would be applied
across the shunt condensers, reducing their capacity to its
minimum value and therefore giving the line its minimum
delay and maximum impsdance, while a swing of the
grid toward the positive drops the bias on the condensers,
increases their capacity and hence the delay. The plate
impedance of tube 37 varies in the same sense as the
impedance of the line, as in the case of the type of line
shown in FIG. 2. Adjustment of tube impedance to match
line impedance is accomplished by warying the cathode
resistor 49° as in the case of the line and its terminal
impedance first described.

The line of FIG. 3 has the theoretical advantage over
that illustrated in FIG. 2 in that it is more efficient in its
use of input power, since its input circuit is not shunted
by the resistor §0. It is therefore quite probable that
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eventually the type of line using nonlinear condensers
may supersede that using nonlinear inductors. At the
present time, however, the nonlinear condensers are not
as uniform as are the ferrite inductor cores and therefore
to construct the type of lines shown in FIG. 3 requires
the selection of the condensers which are to be used from
50 many samples that the use of the variable inductor
type is now more economical and therefore to be pre-
ferred.

The operation of the overall system should now be ap-
parent. Considering first the feedback loop fed by the
ead 15, the reference signal, either continuous or dis-
sontinuous pulses passed by the gate 17, is supplied to the
liscriminator 21 which develops a bias o0 control the
scillator 29. Owing to the long time constant of the
ntegrating circnit 23 the control bias supplied to the
sscillator can change only very slowly, and the frequency
leveloped by it will therefore remain substantially con-
itant at the average frequency of the reference signal.
[here are known methods of controlling the speed of the
ape drive to make this average value that which is de-
ired, and accordingly the frequency supplied to the con-
rol bus 31 can be made as exact as necessary.

The same reference signal is fed to the discriminator 33
ogether with the mean-frequency comparison signal
rom the controlled oscillator 29. As a result of flutter,
he reference signal may instantaneously either lead or
ag the comparison signal, and the discriminator 33 de-
relops an error signal which depends in polarity and mag-
ritude on the discrepancy between the two signals.
dwing to the short time constant of the integrating cir-
it 35, the bias voitage imposed upon the conirol tube
V7 and terminal impedance 11 can vary at the rate of any
tutter. If, due to flutter, the reference signal is instan-
aneously leading—i.e., if its frequency is greater than
he average—the bias is applied to the delay line in such
ense as to increase the delay, whereas if the frequency is
nstantaneously less than average the bias of the delay
ine is so applied as to decrease the delay. As in the case
f any feedback loop the result is to decrease the varia-
ion in inverse proportion to the effective amplification
round the loop, and the control can be made as rigid as
esired.

It will be noted that the control exercised upon the
elay line is such that the frequency fed to the discrimina-
or 21 from the output line is maintained almost exactly
t the average frequency and the duty upon this discrimi-
ator is relatively low. It therefore supplies a substan-
ally constant bias to the oscillator 29 and the variations
‘hich have to be smoothed out by the circuit 23 are
slatively small. It is the discriminator 33 which there-
ore exercises the greater portion of control, and this cir-
uit can be made as “stiff” as may be desired, reducing
hase variations of relatively large magnitude to negligi-
le value,

The slave circuits of the other channels typified by the
hannel controlled by the discriminator 33;, operate in
1e same fashion with regard to flutter as those in the
raster channel, but they also serve to correct for skew,
nposing a constant bias on the fluctuating bias due to
utter. The delay of the line 9, is therefore controlied
> that any lead or lag which may result from skew and
utter acting together are compensated and the signals
ipplied to the amplifiers 13 and 13; are in phase to be
ombined or compared without uncertainty as to their
slative values.

FIG. 4 shows the modifications of the apparatus dis-
losed in FIG. 1 as specifically applied in television record-
1g. Except for certain details in the feedback loops the
juipment is substantially identical with that shown in
IG. 1 and corresponding parts are designated by the same
ference characters and will not again be described.
or this particular application of the invention a refer-
1ce signal having a waveform such as is illustrated in
IG. 5 is injected into the recorded signal during the
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blanking interval. In the waveform shown, the picture
signal itself is indicated by the portions of the curves
designated by the reference character 65. At the instant
of blanking this signal drops to the “black level,” as illus-
trated by a portion of the curve identified by the refer-
ence character 67. In the waveform actually used in
practice this portion of the curve occupies approximately
one-third of the blanking interval. For the next third
of the blanking interval the signal rises, as rapidly as can
be reproduced from the tape, to the white level at 69, the
white level intensity being chosen so that the difference
between the intensities recorded at 67 and 69 are equal to
the dynamic range of the recording medium. For the
final third cf the blanking interval the signal level drops
to the mean level or “A.C. axis” of the picture signal, as
shown at 71, although this is unimportant for the purpose
of the present invention.

In accordance with present standards of television
transmission the interiine blanking interval is a little less
than 9 microseconds, and the space occupied by the por-
tion of the waveform which includes the black and white
levels is approximately 5 microseconds. A gating pulse
of approximately 3 microseconds is applied to the gate 17
through the lead 19. This gating pulse can be derived,
for example, from the circuits already mentioned which
are used to maintain the tape drive at constant average
value so as to give the proper frequency output. Such
circuits are described elsewhere and the manner of gen-
eration of the gating pulses does not concern this inven-
tion, it being sufficient to note that the circuit to the dis-
criminator is completed only during the epochs of about
3 microseconds during which the reference pulses occur.

The steep rise 73 of the reference wave therefore oc-
curs sometime within this 3 microsecond interval, but the
position of the rise within the gate can vary, forward or
back within the gate, as indicated by the double-headed
arrow crossing the curve.

it is therefore the portion of the wave which includes
more or less of the portions 67, 73 and 69 which are sup-
plied to the discriminator 21. This discriminator can be
any of the forms that have been mentioned in connection
with FIG. 1. The preferred form is a simple electronic
switch, which closes, to complete the circuit, when a con-
trol pulse is applied. As far as the operation of the ap-
paratus is concerned, this switch can be itself a gate simi-
lar to the gate 17, or it can be a double-balanced ring
modulator. It is controlled by a very short, unidirec-
tional pulse, developed as will be described below. Such
a pulse is illustrated at the reference character 75, im-
mediately below the reference wave form. It will be ap-
parent that the waveform developed by the discriminator
will also be a pulse, of equal length to the pulse 75, but
that its polarity and magnitude will depend upon the
position of the control pulse with reference to the rise of
the reference pulse. If it occurs at the interval when
the wave 73 has risen to exactly half of the white level
no net voltage will be passed by the gate, the voltage of
the reference waves being negative during one half of
the time when the circuit is completed and positive the
other half of the time. It will be seen as the rise varies
between the positions indicated by the arrow on the wave-
form, the voltage passed by the gate will vary very rapidly
between extreme negative and extreme positive values,
This particular type of reference wave therefore gives
maximum sensitivity of control.

The pulses of error-voltage are integrated by the cir-
cuit 23 as has already been described in connection with
FIG. 1 and this error-voltage, converted to a constant
D.C. value, is applied to a reactance tube 77 bridged across
the oscillating circuit of an oscillator 29’ in accordance
with well known practice.

Oscillator 29’ is preferably designated to operate at a
nominal frequency of 31,500 cycles, or twice the line fre-
quency of a standard television signal. The exact fre-
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quency at -which it operates is, of course, controlled by
the reactance tube.

The oscillator 29" drives-a standard sync generator 79,
the oscillator 29’ being either that normally included with-
in such a generator or an external oscillator substituted
“therefor. -Such- generators-are normally supplied with an
oscillator which operates at double the line frequency, this
‘being the frequency of the so-called equalizing pulses of
‘the stanidard television waveform and the-least common
multiple of the line and frame frequencies in a two-io-one
interlaced television raster. -From'this frequency there
are derived the various signals required for synchronizing
a television picture, its various outputs being symbolized
by the lines designated -as “Sync,” “Rlank,” and “Hor
‘Drive.” The pulses developed and supplied to these out-
-put lines -are applied -to supply the waveforms for the
~television signal to- be' transmitted. ‘The horizontal drive
signal occurs at the line frequency of 15,750 ke., and this
.is fed to-a pulse-former 81, which derives therefrom a Yg
microsecorid pulse. This is the pulse illustrated at 75 of
‘FIG. 5. It is fed to the control bus 31 to operate all of
‘the phase discriminators, and it may be derived by a
simple differentiating circuit from the standard horizontal
drive pulse, or from ‘a monostable multivibrator.

:Discriminators 33 and 33; may be of any type suitable
‘for the discriminator ‘21, as has previously been stated
in connection with FIG. 1. The reference signal in each
channel is of the form fllustrated in FIG. 5, so that the
control is equally accurate in all' channels. ‘The error
signals from the discriminators-are integrated in the cir-
-cuits 35 and’ 35, and are applied to control the delay line
and its- terminating impedance as has already been de-
scribed.

In theory there is no difference whatsoever between the
‘apparatus illustrated in FIG. 1 and that show in FIG. 4.
The -advantage of that shown in the latter figure is that it
employs, for developing its control signal, equipment that
‘would be required in any event to synchronize the trans-
“mitter and, particularly, in that the waveforms used for
the reference signal lend themselves particularly to great
accuracy of control. Signals developed in the various
channels can readily be held to within less than % of a
microsecond of exact,phase. This is sufficient to give
sharp outlines -and -good definition of the reproduced
-picture.

One advantage of the apparatus is that with the excep-
“tion of the bias-varied delay lines the components are
all those which are available in numerocus forms for use
-in television and radar equipment and are familiar to
all of those skilled in the art. It should be noted that the
choice of the channel from which the master reference
signal is derived is entirely arbitrary, and that while it is
generally desirable in the reproduction of television signals
that the master channel be one carrying picture informa-
tion, even this is not mecessary was long as comparison
signal of constant frequency can be developed from
which the phasing information can be derived. For ex-
ample, in the production of color television pictures it
is necessary to transmit phasing information for the color
sub-carrier, which is transmitted as “bursts” during the
inter-lie blanking intervals. Accompanying sound must
also wsually be transmitted together with the picture. The
‘vecurrent bursts have a repetition frequency which is the
same as the line frequency of the picture and they can bs
recorded, amplitude modulated on a frequency-modulated
sound-track without interfering with the sound. The re-
current bursts can therefore be used as the reference sig-
nal for controlling the oscillator which generates the
master signal, instead of taking the reference signal for
this purpose from one of the picture tracks. Alternatively,
the bursts can be employed to generate the signal which
actuates the gate -17, since if they are imposed on a
sound track they are of entirely different character from
the sound signal and there is no danger of confusion and
an accidental locking of the phasing on the wrong signal.
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It-will fherefore be appreciated that there are numerous
modifications of the invention which are available to the
designer of apparatus of the character here contemplated,
and the paticular embodiments - here described are in-
tended to be illustrative of the invention rather than limit-
ing its scope, all intended limitations being -specifically
set forth in the following claims.

-I claim:

1. In apparatus for reproducing in a number of chan-
nels signals recorded as a plurality of “paralle] - tracks
on a single recording medium, each of said -signals in-
cluding a common cyclically recurring reference signal

-simultaneously recorded on all of said-tracks: means

for phasing and synchronizing the reproduced signals to
climinate the effects of flutter of the recording medium
and misalinement of reproducing heads with respect to
said tracks comprising: a master oscillator tuned to op-
erate at a mean frequency integrally related to the fre-
quency of said reference frequency and variabie from
said mean frequency -in respense to a conirol voltage,
means for- developing frem said oscillator 'frequency a
train of signals recurring at substantially said. reference
frequency, -a delay-line- in each of -said channels which is
variable in delay in response to an electrical bias applied
thereto, a terminafing impedance for said delay line also
variabie in respomse to an electrical bias, a feedback
loop connected to the output of the delay-line in cne only

-of said channels and comprising a discriminator responsive

to said reference signal'and connected to compare the time
relation of said reference signal to said train of -signals

‘to develop an-error signal:dependent in sign and mag-

nitude on the relative timing of the compared signals, and
an integrating circuit of relatively long time-constant con-

‘nected to apply the average value of -said error signal as

-2 control voltage to said oscillator; a plurality of additional
feedback loops connected respectively to the cutputs of

‘the delay lines in each of said channels including said one

channel and each including a discriminator connected to
compare the time relation of said reference signal and
said train of signals to develop an error signal dependent
in sign and magnitude on the relative timing of the sig-
nals compared thereby, and a circuit of rélatively short
time-constant for integrating said last-mentioned error sig-
nal and connected to provide said -electrical bias to said
delay-line and said terminating impedance in such sense
as to vary the delay in the connected delay-line to cor-
rect errors in time relationship.

‘2. The combination defined in claim 1 wherein said
terminating impedances each comprise a vacuum tube
having a cathode, an-anode and a control electrode, said
cathode and anode being connected across said delay-
line, and a souzrce of space current connected between said
cathode and anode, said short time-constant integrating
circuit being connected to said integrating circuit to vary
the effective impedance of said vacuum tube by varying
the space current thereof.

3. The- combination as defined in claim 2 including
connections from said source of space current to said
vacuum tube through said delay-line whereby variations in
space current vary the bias applied-to said delay line.

4. The combinations as defined in claim 1 wherein each
of said delay line has inductance provided by a plurality
of turns of wire on a core of ferro-magnetic mateiial, and
including means for applying an electro-magnetic bias
to vary said inductance comprising a vacuum tube having
a cathode, an anode and a control electrode, a sotirce of
space current for said tube, and a circuit connecting said
anode and cathode and electro-magneticaily linked with
said core to vary the saturation thereof, said short time-
constant integrating circuit being connected to the control
circuit of said tube to cause variations in said space
cuirent.

3. The combination defined in claim 1 wherein said
delay line has shunt capacity effective across 2 medium
the dielectric constant whereof varies with variation of
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voltage thereacross, and including means for varying said
shunt capacity comprising a vacuum tube having a cath-
ode, an anode and a control electrode, a source of space
current for said tube, a resistor connected in circuit with
said source, said cathode and said anode, and connections
for applying voltage from said source through said re-
sistor across said capacity, said short time-constant in-
tegrating circuit being connected to said control electrode
to vary the space current through said tube and thereby
vary the voltage across said shunt capacity.

6. In apparatus for reproducing in a number of chan-
neys signals recorded as a plurality of parallel tracks
on a single recording medium, each of said signals in-
cluding common cyclically recurring reference pulses
simultaneously recorded on all of said tracks: means for
phasing and synchronizing the reproduced signals to elim-
inate the effects of flutter of the recording medium and
misalinement of reproducing heads with respect to said
tracks comprising: a master oscillator tuned to operate
at a mean frequency integrally related to the frequency
of said reference frequency and variable from said mean
frequency in response to a control voltage, means for
developing from said oscillator frequency a train of pulses
recurring at substantially said reference frequency, a
delay line in each of said channels variable in delay in
response to an electrical bias applied thereto, a terminat-
ing impedance for said delay line also variable in re-
sponse to said electrical bias, a feedback loop connected
to the output of the delay line in one only of said chan-
nels comprising a discriminator responsive to said ref-
erence signal and connected to compare the time rela-
tion of said reference pulses to said train of pulses to
develop an error signal dependent in sign and magnitude
on the relative timing of the compared signals, and an
integrating circuit of relatively long time constant con-
nected to apply the average value of said error signal
as a control voltage to said oscillator; a plurality of addi-
tional feedback loops connected respectively to the ont-
puts of the delay lines in each of said channels including
said one chanmel and each including a discriminator
connected to compare the time relation of said reference
pulses and said train of pulses to develop an error signal
dependent in sign and magnitude on the relative timing
of the signals compared thereby, a circuit of relatively
short time-constant for integrating said last-mentioned
error signal connected to provide said electrical bias to
said delay line and said terminating impedance, and a
gating circuit in said first~mentioned feedback loop op-
erative in response to a separately generated train of
pulses recurring at the desired frequency of said reference
pulses to complete said last-mentioned feedback loop
only at the epochs of recurrence of said reference pulses,
thereby to ensure stabilizing said apparatus on said ref-
erence pulses to the exclusion of other possible signals
of like character which might be included in the repro-
duced signals.

7. In apparatus for reproducing in a number of chan-
nels signals recorded as a plurality of parallel tracks on
a single recording medium, each of said signals including
a common cyclically recurring reference signal simul-
taneously recorded on all of said tracks, means for ac-
curately phasing and synchronizing the reproduced sig-
nals to eliminate the effects of flutter of the recording
medium and misalinement of reproducing heads with
respect to said tracks comprising: a plurality of variable
delay-lines connected respectively in each of said chan-
nels, means for developing from the reference signal
from the output of the delay-line in one of said channels
a constant comparison frequency equal to the average
repetition frequency of said reference signal, means in
each of said channels for comparing the phase of the ref-
erence frequency therein wtih that of said comparison
frequency and developing therefrom an error signal
corresponding to the difference in phase therebetween
and means connected in each channel and responsive to
the error signal developed therein for varying the delay
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of the corresponding delay-line to bring the phases of
the reference signals from the output circuits of the re-
spective delay-lines into coincidence with the phase of
said reference signal in the output of the delay-line in
said one channel,

£8. In apparatus for reproducing in at least two chan-
nels signals recorded as paralle] tracks on a single re-
cording medinm, each of said recorded signals including
simultaneously recorded cyclically recurring reference
signals of constant repetition frequency, means for main-
taining the reproduced reference signals simultaneous
to eliminate the effects of flutter of the reproducing
medium and relative misalinement of reproducer heads
comprising a delay-line connected ‘in each of said chan-
nels, at least one of said delay-lines being adapted to
introduce a delay in signals transmitted therethrough
which is variable in response to a control signal, means
connected to receive signals from at least one of said
delay-lines for selecting the reference signal therefrom,
a discriminator connected to both of said delay-lines for
comparing the time sequence of said reference signals
therein and develop an error signal dependent in sign and
magnitude uwpon the direction and magnitude of de-
partures from simultaneity therein, and connections for
applying said error signal as a control voltage to the
variable delay-line in such sense as to bring said reference
signals into coincidence.}

I9. In apparatus for reproducing recorded signals in-
cluding a cyclically recurring reference signal recorded
at constant frequency, means for maintaining a constant
time relationship between the reproduced reference sig-
nal and a comparison signal of like frequence to eliminate
effects of flutter of the reproducing medium, comprising
a delay-line connected to receive the reproduced signals
and variable in delay characteristic in response to a
control signal, a discriminator connected to receive said
comparison signal and signals from said delay-line and
to develop an error signal corresponding in sign and
magnitude to the difference in time between said ref-
erence signal and said comparison signal, and means for
applying said error signal as a control signal to vary
the delay of said delay-line in such sense as to reduce
said time difference.]

18. In apparatus for reproducing recorded signals in-
cluding a cyclically recurring reference signal recorded
a constant repetition frequency means for maintaining a
constant time relationship between the reproduced ref-
erence signal and a comparison signal of like frequence
to eliminate effects of flutter of the reproducing medium,
comprising a delay-line connected to receive the repro-
duced signals and variable in delay and impedance
characteristics in response to a control signal, impedance
means terminating said delay-line and variable in value
in response to a control signal, a discriminator connected
to receive said comparison signal and signals from said
delay-line to develop an error signal corresponding in
sign and magnitude to the difference in time between said
reference signal and said comparison signal, and means
for applying said error signal to said delay-line and to
said variable impedance means as control signals to vary
the delay introduced by said delay-line in such sense
as to reduce said time difference and to match said im-
pedance means to the characteristic impedance of said
delay-line.

11, In combination for wuse in apparatus including
transducing means for reproducing signals recorded in a
plurality of tracks on a medium continuously movable in
a direction parallel to the tracks, means for phasing and
synchronizing the reproduced signals by a variable delay
in the passage of such signals o eliminate the effects of
flutter in the movement of the medium and the effects
of misalignment of the transducing means with respect
to the track, including, means for providing a control
signal having variable characteristics, means including a
current-control member coupled to the control signal
means and responsive to the control signal for providing
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a first impedance variable with variations in the char-
acteristics' of the control signal,” means including a line
having first and second ends and coupled electrically at
one end to the current-control member and operatively
coupled at the other end to the transducing means to pro-
vide a second impedarice variable with the variations in
the first impedance from the current-control member to
provide a match between the first and second impedances
and to delay the passage of the reproduced signals by an
amount variable with the variations in the second imped-
ance; and means including control stages operatively con-
nected to the line and to the control signal means and
responsive to the rate of passage of signals through the
line for-varying the characteristics of the control-signal
with the variations in such rate of passage and for intro-
ducing such control signal to' the current control meniber,

12. In combination for use in apparatus including
transducing means for reproducing signals recorded in a
plurality of tracks on a medium continuously movable in
a direction parallel to the tracks, means for phasing and
syrichronizing the reproduced signals by a variable delay
in the passage of such signals to eliminate the effects of
flutter in the movement of the medium and the effects of
misalignment of the transducing means with respect to the
tracks, including, means for providing control signals hav-
ing variable charatteristics, first electrical circuitry means
operatively conneited to the control signal mearis and
‘responsive to the control signals for providing a first im-
pedance variable with the rate of occurrence of the re-
“produced signals, means including a delay line operatively
coupled to the first electrical circuitry means and to the
transducing means and responsive to the’ reproduced
signals to provide a delay of the reproduced signals vari-
able with variations in the rate of repetition of the re-
produced- signals and to provide a second variable imped-
ance having characteristics corresponding to the first vari-
able impedance provided by the first electrical circuitry
means, and second electrical circuitry means responsive

to the rate of passage of the signals through the delay .
line and operatively connected to the control signal means

and to the first variable circuitry means for obtaining
‘variations in the characteristics of the control signals to
regulate the rate of passage of the reproduced signals
through the delay line.

13. In combination for use in apparatus for reproduc-
ing signals recorded in first and second tracks on a me-
dium continuously movable in a direction parallel to the
tracks, first means including transducer means disposed
relative to the first. and second tracks and. constructed to
sense the information recorded in the different tracks and
to produce from the first and second tracks first and
second signals having characteristics dependent respec-
tively upon the information sensed from the tracls,
second means including electrical circuitry operatively
coupled to the first means and responsive to the rate
of presentation of the first signals to the transducer
means from the first track to produce a control signal
having characteristics variable with varigtions in such
rate of presentation, and third means including elec-
trical circuitry operatively coupled to the first signal
means and the control signal means and responsive to
the control signal and to the rate of presentation of the
second signals to the transducer means from the second
track to regulate the rate of passage of the second signals
through the first means from the second track.

14. In combination for use in apparatus for reproduc-
ing signals recorded in a plurality of tracks on a medium
continuously movable in a direction parallel to the tracks,
first means including transducer means disposed relative
to the different tracks in the plurality to produce signals
having characteristics corresponding to the characteristics
of the signals previously recorded in the tracks, second
means including first electrical circuitry operatively
coupled to the transducer means and provided with rela-
tively slow response characteristics and responsive to the
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ignals- reproduced by the transducer means’ from a first
one of the tracks in the plurality to produce a control
signial having characteristics variable. at a relatively slow

rate corresponding to changes in-such rate of reproduc-

tion of the signals by the transducer means, and third
means including second electrical circuitry responsive to
the control signals-and-to the rate of reproduction of the
signals ‘by the transducer-means from the first track in
the plurality and provided with relatively fast’ response
characteristics: and- operatively coupled to-the first- and
second -means to vary the rate of the signals produced by
the first means from the different tracks in the plurality
with variations in the characteristics of the control signal.

15. In combination for use in apparatus for reproduc-
ing signals recorded ina plurality of tracks on a medium
continuously movable in a direction parallel to the tracks,
transducer means ‘disposed ‘relative to the tracks in the
plurality to' produce signals having characteristics corre-
sponding to-the characteristics-of the signals previously
recorded in the tracks, a plurality of first means each
coupled to the transducer means to pass the signals pro-
‘duced by the transducer means from a different one of
the tracks in the plurality, control means coupled to
first particular one of the first means in the plurality for
producing control signals” having characteristics variable
with variations in the rate of passage of signals through
the first particular one of the first- means, second means
responsive to the control signals produced by the firsi
coritrol means and coupled to the first particular one 0;
the first means to produce signals having characteristic:
variable ‘with variations in the characteristics of the con-
trol signal for regulating the rate of passage of signal:
through the: first means  for a compensation for fluttei
in the movements of the continuous medium, and thirc
means responsive to the control signals produced by the

‘first “control- means and to - the signals passing througl

a second particular one of the first means and operatively
coupled to the control means and to the second particula
one of the first means to produce signals for regulating
the rate of passage of signals through the second particu
lar one of the first means for a compensation for skev
in the movements of the continuous medium.

16. In combination for use in apparatus for reproduc
ing signals recorded in a: plurality of tracks on a mediun
continuously movable in ‘a direction parallel to the
tracks, transducer means disposed relative to the differen
tracks in the plurality to produce first signals having char
acteristics corresponding to the information provided a
successive positions in-each track, first electrical circuitry
means including variable impedance means coupled. tc
the transducer means for varying the phase of the firs
signals prodicced by the transducer means with variation:
in the impedance of the variable impedance means, seconc
electrical circuitry means including control means couplec
to the variable impedance means for providing a contro
signal having characteristics variable with variations ir
the impedance of the variable impedance means, anc
third electrical circuitry means responsive to the contro
signal and coupled to the variable impedance means anc
the second electrical circuitry means for varying the im
pedance of the variable impedance means with variation.
in the characteristics of the control signal to obtain the
passage of the first signals by the first electrical circuitr)
in a particular phase relationship.

17. In combination for use in apparatus for reproduc
ing signals recorded in a plurality of tracks on a mediuw
continuously movable in a direction parallel to the tracks
means disposed relative to one of the tracks to produc
first signals having characteristics corresponding to the
characteristics of the signals previously recorded in th
channel, a delay line having characteristics variable wit}
variations in the characteristics of a signal introduced tc
the delay line, means including the delay line coupled i
the signal producing means for providing a delay in the
first signals produced by the signal means, control means
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oupled to the delay line for producing a control signal
aving characteristics variable with variations in the delay
nparted to the signals by the delay line, and means
oupled to the delay line and the control means for vary-
1g the characteristics of the delay line with variations in
1e characteristics of the conirol signal produced by the
ontrol means to obtain the presentation by the delay line
t a particular rate of the first signals produced by the
gnal means.

18. In combination for use in apparatus for reproduc-
g signals recorded in a plurality of tracks on a continu-
usly movable medium, transducer means disposed rela-
ve to the different tracks in the plurality and constructed
» sense the information recorded in the different tracks
nd to produced signals having characteristics. dependent
pon the sensed information, first electrical circuitry means
supled to the transducer means and having a variable
npedance for providing a controlled variation in the rate
f presentation of the signals sensed by the transducing
1eans from a first particular track in the plurality and for
roviding such controlled variation with variations in the
1lue of the variable impedance, second electrical cir-
itry means coupled to the first electrical circuitry means
nd including a first integrator having a relatively long
me constant and responsive to the rate of presentation
f the signals by the first electrical circuitry means for
roducing a control signal having characteristics variable
ith variations in the rate of presentation of the signals
y the first electrical circuitry means, and third electrical
‘reuitry means coupled to the first and second electrical
ircuitry means and including a second integrator having
relatively short time constant and responsive to the con-
ol signal for varying the impedance of the first electrical
reuitry means with variations in the characteristics of
e control signal.

19. In combination for use in apparatus for reproduc-
1g signals recorded in a plurality of tracks on a continu-
usly movable medium, transducer means disposed rela-
ve to the tracks and constructed to produce signais hav-
1g characteristics corresponding to the signals previously
corded in the tracks, first electrical circuitry means
»upled to the transducer means for delaying the signals
‘oduced in the transducer means from a first particular
ack in the plurality, second electrical circuitry means for
doviding reference signals, third electrical circuitry means
aving relatively slow response characteristics and
wipled to the first and second electrical circuitry means
wr comparing the characteristics of the delayed signals
1d the reference signals to produce a control signal hav-
1g characteristics dependent upon the results of such
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comparison, fourth- electrical circuitry means responsive
to the conirol signal and coupled to the second and third
electrical circuitry means for varying the characteristics
of the reference signals with variations in the characteris-
tics of the control signal, and fifth electrical circuitry means
responsive to the delayed signals and the reference signals
and coupled to the first and second electrical circuitry
means and having relatively fast response characteristics
for varying the delay characteristics of the first electrical
circuitry means with variations in the characteristics of
the reference signals to regulate the rate of passage of
the signals through the first electrical circuitry means.

20. In combination for use in apparatus for reproduc-
ing signals recorded on a moving medium, a delay line in-
cluding a plurality of members having first impedances
variable with the voltages applied to the members and
providing delays in the passage of signals with variations
in the values of the impedances, a source of voltage con-
nected to the delay line to energize the delay line, a sec-
ond variable impedance connected in a circuit with the
delay line and the voltage source to vary the potential
applied by the source to the delay line with variations in

-the value of the second variable impedance for obtaining

a match between the value of the second variable im-
pedance and the impedance of the line, transducing means
disposed relative to the medium and coupled electrically
to the delay line for a passage of the signals recorded on
the medium through the delay line with a variable delay,
and means coupled to the delay line and response to the
signals through the delay line for varying the value of the
second variable impedance with variations in particular
characteristics of the signals.

References Cited by the Examiner

The following references, cited by the Examiner, are
of record in the patented file of this patent or the original
patent.

UNITED STATES PATENTS

2,758,284 8/56 Peoples .o _____
2,781,495 2/57 Frederick
2,892,022 6/59 Houghton
3,019,291  1/62 Houghion

OTHER REFERENCES

Pages 299-309, Feb. 15, 1954, Proceedings of the Na—
tional Electronics Conference, vol. IX.

JRVING L. SRAGOW, Primary Examiner.

EVERETT R. REYNOLDS, STEPHEN W. CAPELLI
JOHN F. BURNS, Examiners.




