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9 Claims.

This invention relates primarily to color tele-
vision, particularly to color television apparatus
employing a moving filter element. In its broader
aspects, however, it can be used in other flelds.
While especially designed and adapted for use
in color television recelvers, it can also be applied
to transmitters.

The color television system preferred at the
present time is of the sequential type, in which
video signals corresponding to different primary
colors of an ohject fleld are successively gener-
ated, transmitted and reproduced. Commonly,
successive field scansions correspond to different
primary colors, and interlaced scansion is pre-
ferred. Such a system has been described in my
application Serial No. 355,840, filed September
7, 1940, and has been found satisfactory in prac-
tice.

In apparatus at present employed, a moving
filter element, such as a rotating disk, drum or
other form, is utilized at the transmitter so that
successive portions of the video signal corre-
spond to successive color-separation values of
the object field. At the receiver a similar filter
element is employed, usually in cooperation with
a cathode-ray receiver tube, to exhibit succes-
sive color-separation images in their respective
colors. By analogy to the color photographic
art, the term “color-separation image” refers to
a monochrome image, usually black and white,
representing a primary color. Such an image
may be. that of the complete ohject field to be
reproduced, or only a portion thereof.

For proper operation it is necessary that the
rotating filter element move in synchronism and
correct phase with the transmitting or receiving
scanning device employed. Referring to the re-
ceiver for convenience, it is necessary the filter
element rotate in synchrenism with the reproduc-
tion of successive color-separation images, so that
successive images will be exhibited through suc-
cessive filters of corresponding color. It is also
necessary that the rioving filter be phased with
respect to the images so that, say, the red color-
separation image will be displayed through the
red filter, the green color-separation image
through the green filter, ete. This may be termed
“color phasing.” An additional requirement is
that the filter segments be properly phased with
respect to the line-by-line reproduction of corre-
sponding images, so that as successive lines are
reproduced they will be exhibited through the
proper color filter. If there is any afterglow or
storage effect in the image reproduction, the filter
segments must be sufficiently wide and properly
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2
phased so that proper color rendition is obtained.
This may be termed “color field phasing” of the
filter element,

In my Patents Nos. 2,329,194 and 2,323,905,
I have disclosed various methods and apparatus
for synchronizing and phasing 3 rotating color
filter with respect to a scanning device. Patent
No. 2,319,789 to Chambers discloses a similar
system in which the color phasing is performed
automatically,

In Patent No. 2,323,905 the color filter is driven
by an asynchronous motor. A local control wave
is generated by the rotation of the filter and its
phase compared with that ¢f an incoming syn-
chronizing signal in a phase-comparing circuit.
The output of the phase-comparing cireuit is
supplied to a brake to alter the speed of rota-
tion of the filter so as to maintain it in proper
synchronism. Other patents have disclosed
different means for utilizing a difference in phase
between a locally generated wave and an incom-
ing synchronizing wave to effect synchronization.
In these systems fleld phasing of the rotating
fllter has been accomplished by mechanically
adjusting the position of the filter on its shaft,
or by adjusting the position of the stator of the
local generator, or by other mechanical means.

The initial mechanical adjustment may be
somewhat troublesome unless provision is made
to effect the adjustment while the receiver is in
operation, in which case the necessary mechan-
ical means add to the expense and complication
of the receiver, and are likely to get out of ad-
justment due to vibration, etc. Furthermore, it
will be appreciated that if the power line voltage
where a receiver Is installed differs from that used
for the initial adjustment, or changes from time
to time, the proper field phase relationship will
be disturbed. This results from the fact that a
greater or smaller difference in phase between
the Jocally generated wave and the incoming syn-
chronizing wave is then required to maintain
proper synchronism, Thus, if the locally gener-
ated wave normally lags the incoming synchron-
izing wave, an increase in the power supply
voltage to the asynchronous motor requires g
smaller lag in order to maintain synchronism. A
similar effect results from an increase in the frie-
tional losses of the rotating parts. Therefore, it
is highly advantageous to provide as simple means
as possible for adjusting the field phasing of the
filter, both for the initial factory adjustment of
the receiver and for servicing the equipment at
the point of installation.

It is a primary object of the present invention
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to provide an electrical means for adjusting the
fleld phasing in a simple manner, while the ap-
paratus is in operation, so as to avoid the expense
and complication of mechanical adjustments and
permit quick change. Thus an initial adjustment
can be readily made at the factory for nominal
operating conditions and readjustment made by
a service man during the installation of the
equipment. It also allows quick change of ad-
justment to take care of temporary abnormal
conditions of operation of the set. )

In accordance with the invention, an adjust-
able electrical phase-shifting circuit is inserted
in the circuit of either the synchronizing or lo-
cally generated control signals before it is fed to
the phase-comparing circuit, The output of the
phase-comparing circult is used to control the
speed of rotation of the filter element in any de-
sired manner. Then, if in operation the fleld
phasing is incorrect, it can be readily adjusted
by changing the amount of phase shift introduced
by the phase-shifting circuit. The circuit can be
made extremely simple and the adjustment may
be a simple screw driver or knob adjustment as
desired. i

The invention will be more fully understood
by reference to the specific embodiment illustrat-
ed in the drawings and the following description
thereof. In the drawings:

Pig. 1 is a drawing illustrating proper and im-
proper color field phasing;

Pig. 2 is a circult diagram of an embodiment of
the invention;

Pig. 3 is a diagram illustrating the input and
output of the phase-comparing circuit under dif-
férent conditions of operation;

Fig. 4 1s a vector diagram illustrating the man-
ner in which an improper fleld phase angle may
be corrected; and

PFig. 5 is an example of an alternative phase-
shifting circutt.

Referring now to Fig. 1, the rectangle i8 rep-
resents the reproducing area of a receiver tube
such as a cathode-ray tube, Arrow {f indicates
the line being scanned at the instant illustrated.
A scanning disk 12 with filters R, G, B rotates in
front of the scanning ares so as to exhibit suc-
cessive images reproduced on the scanning area
in successively different colors. The segments of
filter disk {2 have the configuration described in
my Patent No. 2.304.081, but any other type of
disk may be employed as desired.. The scanning
is assumed to proceed from top to bottom, and
the disk to rotate counter-clockwise. It will be
understood that s filter drum or other form of
filter may be employed instead of a disk.

In the position shown in full lines, it will be
observed that the red filter is phased slightly in
advance of line {1 being scanned, and line i will
be understood to correspond to the red aspect of
the image to be reproduced. As scanning pro-
ceeds towards the bottom, the red filter will main-
tain its position slightly in advance so that the
lines will be exhibited in the proper color as they
are scanned, over the entire image area 10. The
width of seement R is sufficlent to allow some
afterglow of the scanning lines and still exhibit
them through the red filter as long as they remain
Iuminous.. When the green color-separation
image is beginnineg to be reproduced by scanning
line {{,"the green filter segment will be in proper
. position to exhibit the line therethrough. Thus
proper phasing is attained.

While considerable latitude in phasing is avail-
able by the design of disk 12, the dotted position
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ghows the disk in an improper phase relationship.
If scanning line |1 is again assumed to represent -
a red aspect of the image, it will be observed that
the line is being exhibited through the blue filter,
since the red filter is lagging slightly behind the
scanning line. Hence a mixture of blue and red
colors will be obtained from line i{, assuming
that some afterglow is present. This situation
may be corrected by rotating filter disk §2 on its
axis through the necessary angle, but this is
an inconvenient adjustment to make and requires
stopping the apparatus and perhaps making sev-
eral adjustments before the proper one is ob-
tained. . :

Referring now to Fig. 2, means are shown
whereby the necessary correction in the field
phase angle may be obtained very simply. The
color video and accompanying synchronizing sig-
nals are received through antenna {5 and sup-
plled to the receiver and synchronizing genera-
tor 16. -In {6, the video is amplified and detected
and supplied to the control grid of cathode-ray
receiving tube i7. The synchronizing signals will
ordinarily include line and field synchronizing
puises and are used fo control the generation of
suitable horizontal and vertical sawtooth deflect~
ing waves which are applied to the deflecting coils
or plates of tube £7.

For the system illustrated successive field scan-
sions correspond to different primary colors. If
desired, the field synchronizing signal can be used
to control the synchronization of the filter disk.
Or, distinctive pilses transmitted with each field
of the same color may be used as the filter syn-
chronizing signal to simplify color phasing. The
latter signal will be substantially fixed in time
with the field scansions, even though not of the
same frequency, ' _

A sawtooth wave derived from whatever syn-
chronizing signal is chosen is supplied through
coupling capacitor {8 and resistor {9 to the grid
of a suitable tube, here shown as a triode 2.
Cathode bias for the triode is provided by cathode
resistance 22 shunted by the capacitor 23. The
glate is energized by a suitable source designated

+.

In the plate circuit of tube 21 is the primary of
transformer 24. The secondary has its midpoint
grounded and is shunted by a capacitor 25 which .
is chosen so as to tune the transformer to the
frequency of the sawtooth, thereby converting it
into aporoximately & sine wave. Since the ini-
tial sawtooth voltage applied to the grid of tube
21 is fixed in time with respect to the incoming
synchronizing signal, the derived sine wave will
also be fixed in time with respect to the syn-

chronizing signal.
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‘The sine wave so derived 1is applied to a phase-
shifting circuit composed of capacitor 26 and the
adjustable resistor 27. This is a conventional
phase-shifting circuit whose functioning will be
well understood in the art. The output of the
phase-shifting circuit is supplied through cou-
pling condenser 28 to the grid of a suitable tube,
here shown as a t{riode 29. :

The color filter element, here shown as a disk
{2, is driven by a nonsynchronous motor 31 en-
ergized from a suitable source designated
“mains.” On the shaft is an A.-C. generator 32
energized from the B4 source and designed to
provide an output substantially sinusoidal control
wave whose frequency varies directly with the
speed of rotation of the disk 12 and is the same
frequency as that of the incoming synchronizing

signal when the filter is rotating at synchronous .
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speed. The output of the generator iIs supplied
through coupling capacitor 33 to the grid of tube
28. Thus both the incoming synchronizing signal,
after passing through the phase-shifting network,
and the locally generated control signal from
generator 32 are supplied to the grid of tube 29.
If desired the two signals could be coupled to
separate grids of a multigrid tube, thus allowing
more gain or separate adjustment of the signal
amplitudes.

Resistor 34 is a coupling resistance and is con-
nected to the variable tap of potentiometer 35
so as to supply a suitable bias for the grid of
tube 29. This bias may be varied to regulate the
characteristics of tube 29. In the cathode circuit
of tube 29 is a variable resistance 36 which pro-
vides any desired amount of degeneration, and
is also & means of regulating the characteristics
of the tube. The plate is connected through the
actuating coil 37 of the D.-C. brake 38 to B+

The operation of a circuit similar to that of
Tig. 2, except for the phase-shifting, has been ex-
plained in Patent No. 2,323,905 so that only a
summary is required here.

Referring to Fig. 3, curve 40 represents the
grid voltage-plate current characteristic of tube
29. Wave 39 is assumed to be the output of the
phase-shifting circuit 26—21 and wave &1 is as-
sumed to be the output of the local generator 32.
They are preferably of similar wave form and
magnitude, aithough this is not necessary. In
Fig. 3 they are shown of slightly different ampli-
tudes for convenience of identification.

At A the two waves are shown 180° out of phase
and only a slight plate current from tube 29 re-
sults. Thus only a slight braking action from
brake 38 is obtained. Motor 3{ will ordinarily be
selected so that with this minimum brake current
the disk {2 may be brought up to synchronous
speed at the lowest mains voltage for which the
receiver is designed to operate. For a greater
mains voltage the disk {2 will tend to be driven
over synchronous speed, thus causing wave 41 to
lag wave 39 by less than 180°, as shown at B.
This will result in a somewhat greater current
through tube 23 and hence will increase the brake
action. A still greater mains voltage will tend to
drive the disk still faster and the waves 39 and 4!
may eventually be in phase as shown at C. This
results in maximum plate current through tube 29
and maximum braking action.

It will be apparent that a change in current to
the brake can be obtained only by a change in
the relative phase of the synchronizing wave 39
and locally generated wave 4. In the absence of
the phase-shifting circuit 26—27, this would also
cause a change in the phase of disk 12 with re-
spect to the scanning of the face of cathode-ray
tube {71,

Referring now to Fig. 4, vector Es represents
the phase of the synchronizing signal in synchro-
nizing generator {6. Vector Epn represents the
phase of the output of the phase-shifting cir-
cuit 26-—217 for a given setting, and is shown as
lagging Es by an arbitrary amount which takes
into account all shifts in phase between the syn-
chronizing generator and the output of the
phase-shifting circuit. Vector Eph corresponds to
wave 39 in Fig. 3. Vector Ei represents the phase
of the local control signal from generator 32
(wave 41 in Fig. 3) and lags Epn by an angle 42
which is necessary to cause the filter disk to ro-
tate synchronously. It is assumed that the posi-
tion of disk {2 on its shaft, of generator 32 on its
shaft, and the adjustment of the phase shifting
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network 26—27 is such that disk §2 iIs in proper
phase relationship with the vertical scanning,

Therefore, since the phase of the vertical scan-
ning is fixed in time with respect to Es, and the
phase of disk 12 is fixed in time with respect to
E), angle 43 should remain approximately con-
stant for correct field phasing. .

Now assume that due to a decrease in the volt-
age of the power mains, or to some other change
in the system, the disk tends to rotate slower,
so that less brake current is required to main-
tain synchronization. To produce less brake
current, the lag angle of Ei to Epn must increase,
and this is shown by the angle 44 between origi-
nal vector Epn and new vector 45. However, the
angle between Es and vector 45 is greater than
angle 43, so that if Ei is allowed to lag to the po-
sition of vector 45 the field phasing will be al-
tered. Hence, resistance 27 in the phase-shift-
ing circuit may be adjusted to decrease the lag
angle of Epn with Es, as indicated by vector Epn’.
The shift in phase is so chosen as to bring vector
45 back to the position of vector E: as indicated
by vector Ei’. (The slight difference in phase
shown Is to enable identification.) Phase angle
46 between Ei’ and Epn’ is equal to angle 44, so
that the brake current remains at the decreased
value sufficient to maintain synchronization.
Yet the angle between Er’ and Es remains at its
previous value indicated by angle 43 so that the
field phasing of the disk with the vertical scan-
ning is unchanged.

If the power line voltage should increase, thus
decreasing the lag of Ei to Es, resistor 27 can be
varied to return Ei to its proper lag angle. It
will thus be apparent that any change in power
line voltage or other conditions which would af-
fect the fleld phasing can be readily corrected by
adjustment of the phase-shifting circuit 26—27.

Phase-shifting circuit 26—27 is extremely sim-
ple and provides considerable variation in phase
angle. A switch can be used in the primary or
secondary to extend the range of phase shift if
required. It has the disadvantage that not all
the voltage of the secondary of transformer 24
is available at the output of the phase-shifting
network, and the output voltage varies somewhat
with change of adjustment. If these disadvan-
tages are undesirable in any application, other
types of phase-shifting networks may be em-
ployed, as will be apparent to those skilled in the
art. For example, the type shown in Fig, 5 may be
employed and has the advantage that the out-
put voltage is equal to the input and 180° elec-
trical phase shifting is possible, This circuit is,
of course, somewhat more complicated than the
one shown in Fig. 2 but is still comparatively
simple.

The phase-comparing circuit including tube
29 is supplied with sinusoidal synchronizing and
local control waves to control the operation of
the brake. This is not essential and other wave
shapes may be employed as desired. Preferably

_ the wave shapes of the two.signals are similar,

70
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but even this may be deparied from if desired.
Furthermore, the sinuscidal synchronizing sig-
nal is shown as derived from a sawtooth scanning
wave, which in turn is derived from the synchro-
nizing signal in generator {6. Any other method
of obtaining the synchronizing wave 39 from the
incoming synchronizing signal may be used as
desired. . :

As mentioned before, Fig. 2 may be considered
as showing the use of the fleld synchronizing
signal for synchronizing the rotation of the filter
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disk, In such case means may be provlded for
interrupting the brake current momentarily for
color phasing, as described in Patent No. 2,323,-
905. The circuit of Fig. 2 may also be consid-
ered as employing distinctive color synchroniz-
ing pulses transmitted at the frequency of a

given color. For example, in a three-color sys- :

tem with a 120-cycle per second field scansion,
the color synchronizing pulses would be trans-
mitted at 40 cycles per second. They may be
used to generate & sawtooth for the input to tube

t

8
be synchronized with sald scanning device and
the relative phase therebetween varied.
3. In a color television system utiiizing s se-
quential color video signal with a synchronizing
signal in fixed time relationship therewith,

. apparatus comprising means for reproducing

10

2t or may be converted into a sine wave, or

other wave form, in any other desired manner.
It will be understood that such color synchro-.
" nizing pulses will be substantially synchronized
with the field scansions even though they do not
recur af the same frequency. _

Instead of inserting the phase~shifting circuit
in the path of the incoming synchronizing sig-
nal, it may be inserted in the path of the local

control signal between generator 32 and tube 29..

The functioning of such g modiﬁcation will be
clear to those in the art.

The preceding paragraphs have mentioned &
number of variations in the specific embodiment
described. The phase-shifting circuit may also
‘be employed at the transmitter, as mentioned
hereinbefore, to maintain the transmitter color
filter in proper synchronism and phase with re-
spect to the scanning af the transmitter tube,
Many other variations will occur to those in the
art within the scope of the invention as defined
in the claims.

I claim:

i. In a color television system of the sequential
type having a synchronizing signal in fixed time
relationship with the video signal, apparatus

comprising a scanning device substantially in .

synchronism with said synchronizing signal, a
movable color filter element cooperating with
said scanning device, a nonsynchronous motor
coupled to drive said color filter element, a gen-
erator coupled to said color filter element and
adapted to produce a control signal, control
means responsive to a change in phase of two
signals supplied thereto to change the speed of
movement of sald color filter element, an adjust-
able phase-shifting circuit, and means for sup-
plying one of said synchronizing and control
signals to said control means and the other
through  said adjustable phase-shifting circuit
to said control means, whereby the color filter
element may be synchronized with said scanning
device and the relative phase therebetween elec-
trically adjusted.

2. In a color television system of the sequential
type having a synchronizing signal in fixed time
relationship with the video signal, apparatus
comprising a scanning device in synchronism
with said synchronizing signal, a rotatable color
filter element cooperating with said scanning
device, a nonsynchronous motor coupled to drive
said color filter element, a generator coupled to
said color filter element and adapted to generate
a control signal whose frequency varies with the
speed of rotation thereof, control means respon-
sive to a change in phase of two signals supplied
thereto to change the speed of rotation of said
color filter element, a variable electrical phase-
shifting circuit, and means for supplying one of
said synchronizing and control signals to sald
control means and the other through said vari-
able electrical phase-shifting circuit to the con-
trol means, whereby the color filter element may
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successive colcr-separation images from said color
video signal, a movable color filter element. for
presenting successive color-separation images in
their respective colors, a nonsynchronous motor
coupled to drive said-color filter element, s local
generator coupled to said movable color Alter
element and adapted to produce a local control
signal, control means responsive to a change in
phasé of two signals supplied thereto to change
the speed of movement of said color filier ele-
ment, an adjustable phase-shifting eircuit, and
means for supplying one of said synchronizing
and local control signals to sald control means
and the other through said adjustable phase-_
shifting circuit to said control means, whereby
the color filter element may be synchronized with
the reproduction of successive color-separation
images and the relative phase therebetween
electrically adjusted.

4. In a color television system utilizing a se-~
quential color video signal with a synchronizing
signal in fixed time relationship therewith, ap-
paraius comprising means for reproducing suc-
cessive color-separation images from said color
video signal substantially in synchronism with
sald synchronizing signal, a rotatable color Alter
element for presenting successive color-separa-
tion images in their respective colors, a non-
synchronous motor coupled to drive said color
filter element, a local generator coupled to said
rotatable color filter element and adapted fo
produce a local control signal whose frequency
varies with the speed of rotation thereof, control
means responsive to a charge in phase of ¢{wo
signals supplied thereto to change the sperd of
rotation of said color filter element, a va:iable
electrical phase-shifting circuit, and means for
supplying one of said synchronizing and control
signals to said control means and the other
through said adjustable phase-shifting eircuit to
said confrol means, whereby the color filter ele-
ment may be synchronized with the reproduction
of successive color-separation images and the
relative phase therebetween electrically adjusted.

5. In a color television system for receiving g
sequential color video signal with a synchroniz-
ing signal associated therewith, apparatus com-
prising means for reproducing successive color-
separation images from said color video signal
substantially in synchronism with said synchro-
nizing signal, a rotatable color filter element for
presenting successive color-separation images in
their respective colors, a nonsynchronous motor
coupled to drive said color filter element, & local
generator coupled to said rotatable color filter
element and adapted to produce a local control
signal whose frequency varies with the speed of
rotation thereof, means for converting said syn-
chronizing signal into a wave form substantially
similar to that of said local econtrol signal, con-
trol means responsive to a change in phase of
two signals supplied thereto to change the speed
of rotation’of said color filter element, a variable
electrical ‘phase-shifting circuit, and means for
supplying one of said converted synchronizing
and local control signals to said control means
and the other through said adjustable phase-
shifting circuit to said control means, whereby
the color filter element may be synchronized
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with the reproduction of successive color-sep-
aration images and the relative phase there-
between electrically adjusted.

6. In a color television system for receiving
a sequential color video signal with a synchro-
nizing signal associated therewith, apparatus
comprising receiver circuits and associated cath-
ode-ray tube for reproducing successive color-
separation images from sald color video signal
substantially in synchronism with said syn-
chronizing signal, a rotatable color filter element
assoclated with said cathode-ray tube for pre-
senting successive color-separation images in
their respective colors, a non-synchronous motor
coupled to drive said color filter element, a local
generator coupled to said color filter element and
adapted to generate a local control signal of the
frequency of said synchronizing signal when the
filter element rotates 'at synchronous speed,
means for converting said synchronizing signal
into a wave form substantially similar to that
of said local control signal, control means for
producing an output which changes in response
to a change in phase difference of two signals
applied thereto, a variable electrical phase-shift-
ing circuit, means for supplying one of said con-
verted synchronizing and local control signals to
said control means and the other through said
variable phase-shifting eircuit to said control
means, and means for controlling the speed of
rotation of the color filter element in accordance
with the output of the control means, whereby
the color filter element may be synchronized with
the reproduction of successive color-separation
images and the relative phase therebetween elec-
trically adjusted.

7. In a color television system for receiving a
sequential color video signal with a synchroniz-
ing signal associated therewith, apparatus com-
prising receiver eircuits and associated cathode-~
ray tube for reproducing successive color-sep-
aration images from said color video signal sub-
stantially in synchronism with said synchroniz-
ing signal, a rotatable color filter element associ-
ated with said cathode-ray tube for presenting
successive color-separation images in their re-
spective colors, a nonsynchronous motor coupled
to said color filter element and tending to drive
the element over synchronous speed, a local gen-
erator coupled to said color filter element and
adapted to generate a local control signal of the
frequency of said synchronizing signal when the
filter element rotates at synchronous speed, means
for converting said synchronizing signal into a
wave form -substantially similar to that of salid
local control signal, control means for producing
an output which changes in response to a change
in phase difference of two signals applied there-
to, & variable electrical phase-shifting circuit,

10
means for supplying one of sald converted syn-
chronizing and local control signals to said con-
trol means and the other through said variahle
phase-shifting circult to said control means, a
brake mechanism adapted to brake the rotation
of the color filter element, and means for con-
trolling the operation of the brake mechanism in

- accordance with the output of the control means,
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whereby the color filter element may be synchro-
nized with the reproduction of successive color-
separation images and the relative phase there-
between electrically adjusted.

8. Apparatus for synchronizing s movable ele~
ment with a synchronizing signal and adjusting
the phase therebetween which comprises a non-
synchronous motor coupled to drive said movable
element, a local generator coupled to said movable
element and adapted to produce a local control
signal, an adjustable phase-shifting circuit sup-
plied with one of said synchronizing and local
control signals, control means responsive to s
change in phase of two signals supplied thereto
to change the speed of movement of said mov-
able element, and means for supplying said one
signal from the adjustable phase-shifting circuit
and the other of sald synchronizing and local
control signals to said control means, whereby
the movable element may be synchronized with
said synchronizing signal and the relative phase
therebetween adjusted.

9. Apparatus for synchronizing a rotatable ele-
ment with a synchronizing signal and adjusting
the phase therebetween which comprises a non-
synchronous motor coupled to drive sald rotat-
able element, a local generator coupled to said
rotatable element and adapted to produce a local
control signal whose frequency varies with the
speed of rotation of the element, a variable elec-
trical phase-shifting circuit supplied with one of
said synchronizing and local control signals, con-
trol means for producing an output which changes
in value in response to a change in the relative
prhase of two signals supplied thereto, means for
supplying said one signal from the variable elec~
trical phase-shifting circult and the other of said
synchronizing and local control signals to said
control means, and means for controlling the
speed of rotation of the rotatable element in ac-
cordance with the output of said control means.

PETER C. GOLDMAREK, .
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