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12 Claims.

My invention relates to picture transmitting
wpparatus and particularly to a generator of
electrical impulses which may be utilized for
various purposes such as for scanning control
and synchronizing.

In a television transmitter which employes a

cathode-ray transmitter tube, it is necessary to
utilize electric impulses occurring at a com-
paratively high {requency for deflecting the
cathode-ray horizontally and other impulses oc-
curring at a comparatively low framing fre-
quency for deflecting the cathode-ray vertically.
These impulses may be generated by means of a
high speed disc and a photo-electric cell but it
has been found preferable to generate them' by
means of electric discharge devices, such as vac-
uuzi tubes, whereby all moving parts are avoided.

An object of my invention is to.provide an
improved electric discharge tube generator of the
above-mentioned type.

A further object of my invention is to provide
an improved method of and means for operating
a plurality of multivibrators in controlled relation
to each other.

A further object of my invention is to provide
an improved means for determining what unit of
a tube impulse generator has failed to function in
the event that the generator fails to supply im-~
pulses at the proper frequency.

A still further object of my invention is to
provide means for shifting the phase of the im-
pulses supplied by a tube generator with respect
to a standard frequency.

In a preferred embodiment of my invention I
employ a chain of multivibrators which divide
a comparatively high frequency in several steps to
the desired synchronizing and framing frequen-
cies. The multivibrators are so adjusted with
‘respect to each other that each one is positively
controlled or “locked-in” by the preceding multi-

vibrator even though variatiors occur in the high

frequency being divided.
In order to permit adjustment of the multi-
vibrator chain, each multivibrator is provided

5 With an indicater lamp which is lighted so long

as the multivibrator is operating at the proper
frequency. If, for any reason, a particular multi-
viorator “falls out of step” with the controlling
multivibrator, its associated indicator lamp is ex-
tinguished and the operator knows which one
of the several multivibrators to readjust

In accordance with one feature of my iuvention,
I provide means for shifting the phase of the
output of the impulse generator with respect to a
60 cycle power line. This is especially desirable

(Cl. 250—36)

if the impulse generator is being employed in a
system which is transmitting pictures from a film
being run through a motion picture projector. .

Other objects, features, and advantages of my
invention will appear from the following descrip-
tion taken in connection with the accompanying
drawings, in which

Figure 1 is a circuit diagram of one embodi~
ment of my invention,

Fig. 2 is a view of a portion of the control panel
for my improved impulse generator,

Figs. 3 to 17 are curves which are referred to
in explaining the operation of the multivibrator
chain shown in Fig. 1, and

Figs. 18 to 21 are curves which are referred to
in explaining the operation of the phase shifting
circuit shown in Fig, 1.

Referring to Fig. 1, there is illustrated an
electrical impulse generator which is designed to
supply horizontal synchronizing impulses and
vertical synchronizing or framing impulses hav-
ing the proper frequency relation for producing
interlaced scanning as described and claimed in
application Serial No. 726,258, filed May 18, 1934,
in the name of A. V. Bedford and assigned to the
Radio Corporation of America. The impulse
generator comprises a multivibrator adjusted to
oscillate at a frequency of 20,580 cycles per second
and a chain of multivibrators, shown on the
right-hand side of the drawings, which divide
the frequency of 20,580 cycles in three steps of
7 to 60 cycles, which is the frequency desired for
vertical deflection or framing. Therefore, the
multivibrator chain includes a multivibrator
which supplies an output having a frequency of
2,940 cycles, another multivibrator which supplies
an output having a frequency of 420 cycles and
‘the last multivibrator which has the 60 cycle
output.

The 20,580 cycle frequency of the first multi-
vibrator is divided by two by means of another
multivibrator, shown on the left hand side of the
drawings, in order to produce the desired hori-
zontal deflecting frequency of 10,290 cycles.

Except for the circuit constants, the five multi-
vibrators are constructed alike. In the drawings,
each multivibrator is shown as comprising a vac-
uum tube T: and a vacuum tube T2 Actually,
in a preferred embodiment, the circuit of which
is shiown in Pig. 1, the elements of tubes T: and
Tz are in the same glass envelope, the triode
portion of a 6FT tube being used for a T: and
the pentode portion of the same 6F1 tube being
used for the tube To.
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drawings, the suppressor grid of the pentode por-
tion of the 6F7T tube is not illustrated. The sup-
pressor grid serves merely as & shielding elec-
trode to reduce capacity coupling between the
electrodes Pz and Ps.

The control grid and the plate of the tube Ti
are identified by the reference characters Gi and
P1, respectively, while the control grid, the screen
grid and the plate of the tube Tz are identified
by the reference characters Gz, P2 and P3, respec-
tively. The screen grid Pz functions as a plate
or anode rather than as a screen grid in the
multivibrator circuit, while the plate P3 func-
tions as a coupling electrode for coupling the one
multivibrator to a succeeding multivibrator.

In the drawings, the values of the resistors have
been indicated in ohms and the values of the
capacitors have been indicated in microfarads.
It will be understood that these values are given
for only one specific embodiment of the invention
and may be varied within wide limits in other
embodiments;

Referring specifically to the 20,580 cycle multi-
vibrator, the indirectly heated cathodes of the
tubes T: and T2 are connected to ground. The
electrodes P1 and P2 are connected through
10,000 ohm resistors to a 30,000 ohm resistor and
through the 30,000 chm resistor to a suitable
positive voltage supply. The plate end of the
30,000 ohm resistor is connected to ground through
an 8 microfarad by-pass capacitor.

The electrode P; is coupled to the grid Ga
through a .001 microfarad capacitor while the
electrode Pz is connected through another .001
microfarad capacitor to the grid Gi. The grid
G is connected to its cathode through a 12,500
ohm variable resistor, while the grid Gz is con-
nected to its cathode through a 40,000 ochm re-

" sistor and 2,000 ohm resistor connected in series.
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It will be understood that all variable resistors
are set at the values shown on the drawings in
the particular circuit being described. However,
the stability of the circuit is such that they may
be varied considerably without the multivibrators
falling out of step. )

The above described circuit functions in a well
known manner to produce oscillations having a
wave form shown in Fig. 5. This wave shape is
produced by tubes T1 and Tz alternately blocking
and unblocking, the control of the tubes being
effected by the .001 microfarad capacitors be-
coming charged to bias a tube beyond its cut-off
point and then gradually discharging through
the grid and plate resistors.

The electrode P3 is supplied with positive po-
tential through & 10,000 ohm resistor and a 4,000
ohm resistor connected in series. An 8 micro-
farad by-pass capacitor is connected between the
lower end of the 4,000 ohm resistor and ground.

Referring to the 2,940 cycle multivibrator, the
circuit connections are the same as described
above but certain of the circuit constants have
been changed both for making the uncontrolled
or free running frequency of the oscillator lower
and for making the wave shape of the multi-
vibrator output more unsymmetrical. It will be
noted that the coupling capacitors have been in-
creased in capacity to .005 microfarad and that
the resistor coupling the grid Gi to the cathode
has been increased to 122,000 ochms, while the
resistor coupling the grid Gz to its cathode has
been decreased in value to 20,000 ohms. Also,
the plate P1 and the electrode P2 are coupled to
8 common 200,000 ohm resistor through a 100,000
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ohm resistor and a 20,000 ohm resistor, respec-
tively.

Voltage is supplied to the electrodes P1 and P3

of the 2,940 cycle multivibrator through a con-
nection to the electrode Ps of the preceding multi-
vibrator. This connection from the electrode P3
to the electrodes Pi1 and P2 of the succeeding
multivibrator serves both as a voltage supply

connection and as a coupling connection for
causing the multivibrators to operate in a fixed
frequency relation to each other. The unsymmet-

10

rical wave shape produced by the 2,940 cycle unit '

will be seen by referring to the curve in Fig. 4.

It will be noted that the coupling between multi-
vibrators is a result of the electrode™P; being in
the same electron stream as the electrodes Gz
and P, this being referred to as “electron cou-
pling”. .

The 420 cycle multivibrator is the same as the
preceding one except that the coupling capacitors
have been increased in capacity to .05 microfarad,
while the resistor connecting the grid Gi to its
cathode has been given the comparatively low
value of 7,600 ohms and the resistor connecting
the grid Gz to its cathode has been given the com-
paratively high value of 105,000 ohms. The 420
cycle multivibrator is connected to the electrode
P3 of the preceding multivibrator through a con-
ductor If and a 100,000 ohm resistor.

The 60 cycle multivibrator is the same as the
420 cycle multivibrator except that the coupling
capacities have been increased in value to .25
microfarad, while the resistor connecting the grid
Gi toits cathode has been given the comparatively

-high value of 46,500 ohms and the resistor cou-

pling the grid Gz to its cathode has been given
the comparatively low value of 5,000 ohms.

Particular attention is called to the fact that
if, in one multivibrator, the grid resistor for tube
T is higher than the grid resistor for tube Tz in
the succeeding multivibrator the grid resistor for
tube T is lower than the grid resistor for tube Ta.
This circult arrangement is employed for the pur-
pose of reversing the phase in alternate multi-
vibrators as will be described in detail later in
connection with the description of the multi-
vibrator operation.

The 10,290 cycle multivibrator which supplies
the horizontal deflecting impulses is similar to
‘the previously described multivibrators and is
coupled to the electrode Ps of the 20,580 cycle unit
through a 200,000 ohm resistor.

In the past, it was found that a chain of fre-
quency dividers or frequency multipliers was very
difficult to operate for the reason that if one unit
of the system fell out of step, the operator could
bring the output of the system back to the desired
frequency only by adjusting various units in the
system until the system as a whole was again op-
erating properly. As a rule, this was a very te-
dious procedure. In accordance, therefore, with
one feature of my invention I provide the 20,580
cycle oscillator and each frequency divider unit
with a frequency-indicator which includes a neon
lamp that remains lighted so long as the oscillator
or frequency divider is operating at the correct
frequency.

The circuit of the frequency indicator connected
to the 10,290 cycle multivibrator is shown in de-
tail while the frequency indicators connected to
the other units are indicated schematically. Re-
ferring to the 10,290 cycle indicator, it comprises
an electric discharge tube 13 which may be of the
screen grid type having a cathode {5, a control
grid 11, a screen grid 19 and a plate 21. The
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control grid 17 is connnected to the cathode 1§
through a resistor 23 and coupled to the electrode

-P3 of the 10,290 cycle unitathrough a resistor 25

and coupling capacitor 21. The screen grid 9 is

.supplied with a suitable positive potential through

a resistor 29, a bleeder resistor 31 being connected
between the screen grid and cathode. A suitable
by-pass capacitor 33 is connected between the
screen grid 19 and ground.

The plate circuit of the tube 13 includes a par-
allel resonant circuit consisting of an inductance
coil 36 and a capacitor 3T tuned to the frequency
of 10,290 cycles. The plate 21 is supplied with a
positive potential through a plate resistor 39 and
through the inductance coil 35, a by-pass capaci-
tor 41 being connected between the upper end of
the resistor 39 and ground. A gaseous discharge
device such as neon glow tube 43 is connected
across the parallel resonant circuit in series with
a resistor 45 which has a resistance value suf-

- ficiently high to prevent the neon tube from load-
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ing the tuned circuit too much when the glow
tube breaks down,

In operation, if the 10,290 cycle multivibrator
is operating to give an output having the fre-
quency of 10,290 cycles, a voltage of that fre-
quency appears across the parallel resonant cir-
cuit having a magnitude great enough to break
down the neon tube 43 and cause it to glow. If
the frequency of the multi-vibrator output
changes, the voltage across the tuned -circuit
drops to a low value and the glow tube is ex~
tinguished. Thus it will be seen that if the sys-
tem is operating properly, all the neon tubes 43
of the several frequency indicators will be light-
ed, but that if any multivibrator unit falis to
provide an output of the proper frequency, the
neon tube corresponding to that unit will be ex-
tinguished. The operator immediately knows
which multivibrator unit must be readjusted
and it is a simple matter to again put the system
in operation. »

Fig. 2 shows a preferred control panel layout
for the multivibrator controls and frequency in-
dicator lamps 43. The indicator lamp for each
multivibrator is mounted directly above the con-
trol knob 41 for that multivibrator.
vibrator control knobs 47 are for varying the val-
ues of the variable grid resistors indicated in
Fig. 1, the knob positioned below the meter 49
being the control knob for the 20,580 cycle unit,
and the control knob for the 10,290 cycle unit be-
ing at the left of the meter 49. In operation, if
the neon lamp above the control knob 47 of the
10,290 cycle unit is extinguished, for example,

that control knob is turned until the neon lamp

again lights.

The operation of the multivibrator chain will
now be described with special reference to the
2,940 cycle unit. Figs. 3, 6, 7, 10 and 11 are re-
productions of actual curves that were obtained
by means of an oscillograph which was connected
hetween ground and the various electrodes of the
2,940 cycle multivibrator in the multivibrator
chain illustrated in the drawings.

Fig. 3 is a curve of the voltage which was ob-
served on the control grid Gi on the 2,940 cycle
unit. This voltage wave is the sum of the volt-
age wave produced by the 2,940 cycle unit and
the voltage wave produced by the 20,580 cycle
unit. These two components of the voltage ob-
served on the Gi are illustrated in Figs. 4 and 5.

- It will be understood that the solid line curve

shown in Fig. 4 represents the voltage produced
by the 2,940 cycle unit while being controlled by

The multi-.
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the higher frequency unit and is not exactly the
same voltage wave as would be produced if the
unit were running free or uncontrolled. It will
be noted that the positive impulses are much -
narrower than the negative impulses due to the 5
fact that one grid resistor in the multivibrator-

has a much larger value than the other grid re-

sistor.

The curve shown in Fig. 5 represents the volt-
age output of the 20,580 cycle unit, this unit be- 10
ing free running except for the control provided
from a 60 cycle power line through a circuit
which will be described hereinafter.

By referring to the drawings, it will be seen
that the 20,580 cycle impulses are applied to the 15
grid Gu of the 2,940 cycle unit through one of the
coupling capacitors and that the same impulses
are applied to the grid Gz through the other
coupling capacitor. Since the two plate resistors
in the multivibrator unit have different values, 20
the synchronizing impulses are not balanced out
even though they are applied to the grids Gi, and
Gz simultaneously.

The two voltage components appearing upon
the grid .Gi combine to produce the slotted 2,940 25
cycle voltage wave. These slots are indicated by
the dotted line portions in Fig. 4 and are clearly
shown in the actual curve in Fig. 3.

A curve of the voltage observed on the plate
P1 is shown in Fig. 6. As would be expected, in 30
this curve the narrow impulse is in a downward ‘
or negative direction while the wide impulse is in
an upward or positive direction. The phase of
the slot in the narrow impulse is also reversed
but the phase of the slots in the wide impulse 35
has not been reversed, the narrow slots being in
a downward direction just as in Fig. 3. The rea-
son that the phase of the slots is not reversed in
the wide impulse is that during this period the
tube Ti is blocked so that the slots appearing on 49
the wide impulses are due to 20,580 cycle impulses
being impressed directly upon the plate Pi. The
particular slopes at the bottom and top of the
negative and positive impulses, respectively,
might not be expected and it is believed that they 45
are the result of a coupling capacitor being ef-
fectively in shunt to the 100,000 chm plate re-
sistor whereby a certain amount of time is re-
quired for the capacitor to receive a full charge.

. In Fig. 7 there is shown a curve of the voltage
observed on the grid Gz. This is probably the
most important of the voltage curves which were
observed as it is believed that this curve shows
the manner in which one multivibrator is held in
step with a preceding multivibrator. It would be z5
expected that the voltage appearing on G2 would
have the same phase as the voltage appearing on
P since the two electrodes are coupled together
through a coupling capacitor. It will be seen
that this is true of both the 2,940 cycle component g0
and the 20,580 cycle component which is pro-
ducing the slots.

In Figs. 8 and 9 are shown the 2,940 cycle com-
ponent and the 20,580 cycle component of the
voltage wave illustrated in Pig. 7. By referring to g5
Fig. 1, it will be seen that the controlling im-
pulses from the higher frequency multivibrator
are impressed upon the grid G: through two
paths. They are impressed upon Gz directly
through the 100,000 ohm resistor and a .005 %0
microfarad coupling capacitor and they are im-
pressed ,upon the grid Ga through another path
comprising the 20,000 ohm plate resistor, the
other .005 microfarad coupling capacitor, the tube
T: and through the first coupling capacitor to 75
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the grid Gz. Impulses traversing the first path
are not amplified while the impulses traversing
the other path are amplified by the tube T:1 when
it is in an amplifying condition, that is, when it
is not blocked.

What is believed to be the method by which
the multivibrators are locked in step will now be
described with reference to Fig. 7. If the 2,940
cycle multivibrator were free running, the nega-
‘tive impulse would have a width indicated by the
dotted line curve 51. The horizontal dotted line
53 represents the cut-off point of the tube Ti.
As is well known, in a free running multivibrator,
the width of the negative impulse is determined
by the time required for the charge of a cou-
pling capacitor to leak off through a grid re-
sistor to a value such that the control grid po-
tential is brought to a value just above the cut-
off point. At this time the tube starts to amplify
and the positive impulse is started.

When the multivibrator is operated in the con-
trolled condition, the voltage on a control grid is
changed by an Incoming impulse whereby the
positive impulse is started before the coupling
-capacitor has time to discharge sufficiently to
bring the voltage on the control grid above the
cut-off point.

It will be understood that while tube Tz is
blocked to produce the narrow negative impulse,
shown in Fig. 7, the tube T: has plate current
flowing therethrough and is in an amplifying
condition. Therefore, the narrow negative syn-
chronizing impulses from the 20,580 cycle unit
which are impressed through a .005 microfarad
coupling capacitor upon G: cause a reduction in
the plate current of the tube Ti1 whereby they
appear amplified and in reversed phase relation
upon the grid Ga.

In the circuit just illustrated, two of these
synchronizing impulses appear while the negative
impulse is being produced by the 2,940 cycle unit.
As will be seen by referring to Fig. 7, the first
impulse does not reduce the negative voltage
on Gq sufficiently to bring it above the cut-off
point. The second impulse, however, does bring
it beyond the cut-off point and at the beginning
of this second synchronizing impulse the posi-
tive 2,940 cycle impulse begins.

During the flow of plate current in Tz, T: is
blocked whereby it cannot amplify synchroniz-
ing impulses and the only synchronizing impulses
appearing upon G2 are those impressed directly
through the 100,000 ohm resistor and the .005
microfarad coupling capacitor, these, of course,
being in opposite phase to the preceding ones
which were amplified by the tube T:.

In Fig. 10 there is illustrated the wave shape
of the voltage which was observed on the elec-

" trode P2 of the 2,940 cycle multivibrator. It will

60

70

be seen that this curve has the same relation to
the voltage curve for G2 as the curve for voltage
on Pi has to the voltage curve for Gi.

In Fig. 11, there is shown the curve for the
voltage observed on the electrode P3 of the 2,940
cycle multivibrator. It will be evident that this
curve is substantially the same as the curve for
voltage on Gz except that it is 180 degrees out of
phase. Also the peaks of the positive impulses
have been clipped off due to the fact that the
tube operates at plate current saturation.

The 420 cycle multivibrator is so adjusted that
the voltage appearing on its electrode P3: is 180
degrees out of phase with respect to the voltage
output of the preceding multivibrator as will be
seen by comparing Figs. 11 and 12. The voltage

2,132,654

appearing on the grid Gz of the 420 cycle multi-
vibrator is shown in Fig. 13 while the 2,940 cycle
controlling impulses are shown in Fig. 14. As in
all the other figures, the curves of Figs. 13 and14
are drawn on the same time axis so that the
phase relation of the impulses is shown. It will
be seen that the narrow controlling impulses are
in the same direction as the narrow impulses
appearing on the grid Gz of the multivibrator
which is to be controlled. A comparison of Figs.
8 and 9 will show that this is the adjustment for
the 2,940 cycle multivibrator also. This is the
preferred adjustment for the multivibrator chain
in order to obtain the greatest stability of oper-
ation.

It is because this adjustment is desired that
the 420 cycle multivibrator is adjusted to make
its output 180 degrees out of phase with the out-
put of the preceding multivibrator. In a similar
manner the 60 cycle multivibrator is so adjusted
that its voltage output is 180 degrees out of phase
with the voltage output of the 420 cycle multi-
vibrator as will be seen by referring to Fig. 15.

The proper phase relation between the con-
trolling impulses and the impulses to be con-
trolled could be obtained by interposing an
amplifier tube between multivibrators for the
purpose of reversing the phase of controlling
impulses. In my circuit I have obtained the
same effect with a considerable saving in vacuum
tubes by making the grid resistor for the tube T
greater than the grid resistor for the tube Tz in
alternate multivibrator stages and by making the
grid resistor for the tube T2 greater than the grid
resistor for the tube T: in the remaining stages
as indicated in Fig. 1. ’

A comparison of Figs. 16 and 17 will show that
in the 60 cycle multivibrator the narrow con-
trolling impulses are in the same direction as
the narrow impulse on the grid Gz just as in the
preceding multivibrators.

In the 60 cycle multivibrator the narrow im-
pulse has been made sufficiently narrow to pre-
vent a controlling impulse from being superim-
posed thereon. By referring to the curves for
the preceding multivibrator stages it will be seen
that the narrow impulse of the voltage output
of the multivibrators has a slot therein which
was preduced by one of the controlling impulses.
It has been found in practice that there is a
satisfactory lock-in of the multivibrators with
one slot or irregularity on the controlling im-
pulse. However, if the number of slots or irreg-
ularities on an impulse is increased there is a
decided tendency for the multivibrator chain to
be unstable. This lack of stability appears to
be a result of the multivibrator which is being
controlled jumping back and forth from one ir-
regularity to another on the controlling impulse.

It may be desirable to adjust certain stages
of the multivibrator chain for the greatest sta-
bility of lock-in, this being an adjustment such
as illustrated in Figs. 15 to 17 where the narrow
impulse of the multivibrator being controlled has
a width less than the interval between synchro-
nizing impulses. It will be seen that this pre-
vents the formation of an irregularity on the
impulse appearing in the 60 cycle multivibrator
output whereby it would be especially suitable
for synchronizing another multivibrator.

It may be stated that, although the curves for
the 2,940 cycle multivibrator were obtained by
means of an oscillograph, the curves for the other
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been drawn mainly to show the polarity and
width of the voliage impulses.

Attention is called to the fact that my method
of coupling the output circuit of one multivi-
brator to a succeeding multivibrator not only
provides a very positive-lock-in of the multivi-
brators but it also compensates to a considerable
degree for variations in the amplitude of the
voltage supply. The compensation is provided
because of the flow of plate current through the
coupling resistors, any increase in plate voltage
causing the plate current to increase a certain
amount whereby the voltage drop in a coupling
resistor is increased and the increase in voltage
on the electrodes P1 and Pz is caused to be a
minimum. This method of coupling also is de-
sirable since there is no phase shift or change in
amplitude in the transfer of an impulse through
the coupling circuit whereby the 60 cycle regu-
lator circuit, which will now be described, always
exercises the proper control over the multivi-
brator chain.

For some applications of my impulse generator
it may be desired to control the phase of its out-
put with respect to the 60 cycle current of a
power line. Such a phase control may be ob-
tained by means of the regulator circuit illus-
trated in Fig. 1. In the particular embodiment
illustrated, the regulator circuit includes a rec-
tifler tube 60 which may consist of a three ele~
ment vacuum tube having a cathode 61, a grid 62
and a plate 64. The ocutput circuit of the recti-
fier is coupled through a filter 63 to the 20,580
cycle multivibrator while the input circuit is
supplied with both 60 cycle current from a power
line (not shown) and 60 cycle impulses from the
output circuit of the 60 cycle multivibrator.

The circuit through which the 60 cycle im-
pulses are supplied to the rectifier 60 includes an
amplifier tube 65 which may be a vacuum tube
of the three element type having its input cir-
cuit coupled through a coupling capacitor 61 to
the electrode P3 of the 60 cycle multivibrator.
The plate of the amplifier tube 65 is supplied
with positive potential through two resistors 69
and Ti connected in series, the point interme-
diate the two resistors being connected to the
cathode of the tube 65 through a by-pass capaci-
tor 13.

The output circuit of the amplifier tube 65
is coupled to the input circuit of the rectifier
tube 60 through a phase-shifting network which
includes a transformer 1% having a primary
winding 17 and a secondary winding 79. The
secondary winding 19 is connected in series with
a resistor 81 and a capacitor 83. The point in-
termediate the resistor 81 and the capacitor 83
is connected to the plate of the amplifier tube 65
while the mid-point of the secondary winding
19 is connec'ed to the input of the rectifier 60
through a coupling capacitor 85. The primary
winding 71 is connected to a 60 cycle power line
(not shown).

The phase of the 60 cycle current appearing
across the output terminals of the phase-shift-
ing network may be varied with respect to the
60 cycle current supplied to the primary wmdmg
from the line by varying the value of ‘the résistor
81. It may be noted that this phase shift is pro-
duced wi hout changing the amplitude of the 60
cycle current. It is desired that the 60 cycle cur-
rent from the phase shifter and the 60 cycle im-~
pulses appearing in the output circuit of the tube
65 shall add in the input circuit of the rectifier
60.

5

In order that the outputs of the phase shifter
and tube 65 shall add in the positive direction
it is necessary, in effect, to reverse the phase of
the impulse appearing in the output circuit of
tube 65 since this tube has reversed the phase
of the-wositive impulse impressed upon it by the
60 cycle multivibrator. This phase reversal is
accomplished by means of the .25 microfarad
capacitor 80 connected between the plate of tube
65 and ground. The action of the capacitor will

‘be explained later with reference to Figs. 18

to 21.

. Referring now to the manner in which the out-
put circuit of the rectifier 60 is coupled to the
20,580 cycle multivibrator, it will be seen that
the plate circuit of the rectifier tube may be
traced from the cathode 61 to ground, through
ground to the 2,000 ohm resistor in the grid cir-

cuit of the multivibrator tube Te, through the .

2,000 ohm resistor and through filter resistors
87 and 89, the meter 49 and a plate supply bat-
tery 91 to the rectifier plate 64. The purpose of
the filter in the rectifier output circuit is to filter
out any 60 cycle component which may appear
in that circuit whereby only pure direct current
is supplied by the rectifier tube to the 2,000 ohm
multivibrator resistor.

The operation of the phase control circuit
will be understood by referring to Figs. 18 to 21.
The curve in Fig, 18 represents the 60 cycle cur-
rent which is supplied from the power line. In
Fig. 19, the 60 cycle output of the phase-shifting
network is indicated by the sine wave curve 93,
in this instance the phase-shifting network be-
ing set so that its output is in phase with the
line current.

The 60 cycle impulses which the multivibrator
causes to appear in the plate circuit of the tube
65 are indicated by the curve 95. 'The voltage
which appears across the capacitor 80 has sub-
stantially a saw-tooth wave form as shown by the
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curve 96. ‘The positive portion of this saw-tooth

voltage adds to the positive half cycle of the sine
wave voltage in the input circuit of the rectifier
tube 60 to give a voltage of the magnitude indi-
cated by the dotted line 91. The negative half
cycles of the voltages are not passed by the recti-
fier since it is biased to cut-off.

The direct current output of the rectifier tube
60 has a value depending upon the magnitude of
the voltage applied to the rectifier grid circuit,
and the bias voltage applied to the grid G: of the
20,580 cycle multivibrator, in turn, has a magni-
tude depending upon the magnitude of the output
current of the rectifier. It will be understood
that, if the rectifier output causes the grid Gz to
become more negative, the frequency of the multi-

- vibrator will be lowered momentarily while, if the

rectifier output decreases, the frequency of the
multivibrator will tend to increase.

Fig. 19 represents an equilibrium condition
where the multivibrator chain is controlled by a
60 cycle power line, the electrical impulses appear-
ing in the output circuit of the multivibrator
chain having a certain fixed phase relation with
respect to the 60 cycle current of the line.

If the resistor 81 in the phase shifter is changed
to shift the phase of the 60 cycle current appear-
ing across the phase shifter terminals, as indi-
cated by the curve 93 in Fig. 20, the sum of the
60 cycle voltage and the saw-tooth voltage will be
decreased as indicated by the dotted line curve
99 whereby the output of the rectifier 60 will be
decreased and the 20,580 cycle multivibrator will.
be speeded up momentarily until the multivibrator
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impulses assume g different position with respect
to the 60 cycle line current as indicated in Fig. 21.
It will be understood that the multivibrator im-
pulses will shift to such a phase relation with re-
spect to the 60 cycle output of the phase shifting
network that an equilibrium condition is again
reached where the sum of the voltages repre-
sented by the dotted line curve 101 is the same
as for the condition shown in Fig. 19 and the
multivibrator chain is again operating in a fixed
phase relation with respect to the 60 cycle line.
The condition shown ‘in Fig. 20 is greatly exag-
gerated, of course, since the multivibrator im-
pulses follow the change in phase of the 60 cycle
sine wave very closely.

The use of a rectifler tube for controlling the
frequency of a vacuum tube impulse generator
with respect to a power line is described and
claimed in application Serial No. 729,730, filed
June 9, 1934, in the name of A. V. Bedford and
assigned to Radio Corporation of America.

In the claims, expressions such a “a plurality of
tubes” or “a pair of tubes” are to be construed
as including a single envelope having two or more
sets of electrodes therein as in a tube of the 617
type.

From the foregoing description it will be under-
stood that various modifications may be made in
my invention without departing from the spirit

“and scope thereof and I desire, therefore, that

only such limitations should be imposed thereon
as are necessitated by the prior art and set forth
in the appended claims.

I claim as my invention:

1. In combination, a plurality of multivibrators,
each multivibrator being an oscillator of the type
comprising two electric discharge tubes, each of
said tubes having an anode circuit coupled to the
grid circuit of the other tube by resistance cou-
pling, each multivibrator being adjusted to pro-
duce narrow and wide impulses alternately with
respect to an alternating current axis, sald multi-
vibrators being connected in cascade with alter-
nate multivibrators having the narrow impulses
appearing in their output circuits with a polarity
which is the opposite of the polarity of the narrow
impulses appearing in the output circuits of the
other multivibrators, whereby the ratio of the
frequencies of said cascaded multivibrators is
kept substantially constant.

2. A multivibrator chain for obtaining fre-
quency division which comprises a multivibrator,
said multivibrator being an oscillator of the type
comprising two electric discharge tubes, each of
said tubes having an anode circuit coupled to the
grid circuit of the other tube by resistance cou-
pling, said multivibrator being adjusted to pro-
duce narrow and wide impulses alternately with
respect to an alternating current axis and at a
certain frequency when fre-running, an output

circuit for said multivibrator, and means for in- -

troducing synchronizing impulses into the anode
circuit of said multivibrator which occur at a
higher frequency than said certain frequency and
which have a polarity which is the opposite of the
polarity of the said narrow impulses which appear
in said output circuit, whereby comparatively low
frequency impulses are obtained which haves a
fixed time relation to said ‘synchronizing im-
pulses. ‘

3. An electrical impulse generator comprising
a plurality of multivibrators, each multivibrator

being an oscillator of the type comprising two

electric discharge tubes, each of said tubes hav-
ing an anode circuit coupled to the grid circuit of

2,182,654

the other tube by resistance coupling, each multi-
vibrator being so adjusted that it produces narrow
impulses and wide impulses alternately with re-
spect to an alternating current axis, and means
for so connecting said multivibrators in cascade
that the narrow impulses which are impressed
upon a certain multivibrator from a preceding
multivibrator have a polarity which is the oppo-
site of the polarity of the narrow impulses in the
output of said certain multivibrator, whereby the
ratio of the frequencies of said cascaded multi-
vibrators is kept substantially constant.

4. In combination, a multivibrator comprising
an electric discharge tube having an input circuit
Including a control grid and an output circuit in-
cluding an anode and a second electric discharge
tube having an input circuit including a control
grid and an output circuit including an anode,
each of said anodes being connected through an
impedance unit to a source of potential whereby
each tube has a plate or anode current, the grid
of each tube being coupled to the anode of the
other tube, said multivibrator being adjusted to
produce narrow and wide impulses alternately
with respect to an alternating current axis, and
means for introducing synchronizing impulses in-
to said anode circuits in such phase that they have
the same polarity as the said narrow impulses
which appear in said grids.

5. In combination, a multivibrator comprising
two electric discharge tubes, each having a grid
circuit and a plate circuit, the grid circuit of
each tube being so coupled to the plate circuit of
the other tube that oscillations are produced, one
of said tubes including an additional electrode
positioned in the same electron stream as the grid
and plate of said one tube, a second multivibrator
comprising two electric discharge tubes having
grid circuits and plate circuits coupled to produce
oscillations, each of said last mentioned plate
circuits including a plate resistor, said plate re-

. sistors being connected to said additional elec-

trode through a coupling resistor, and an im-
pedance unit connected to said additional elec-
trode through which voltage may be supplied
both to said electrode and to said last mentioned
plate circuits. )

6. In combination, a multivibrator comprising
& pair of electric discharge tubes, each tube hav-
ing an input circuit including a grid and an out-
put circuit including an anode, the grid of each
tube being coupled to the anode of the other tube,
one of said tubes having an additional electrode
in the same electron stream as its grid and anode,
an impedance unit connected to said additional
electrode through which voltage may be supplied,
a second multivibrator comprising a pair of elec-
tric discharge tubes, each having an input circuit
including a grid and an output circuit including
an anode, the grid of each tube in said second
multivibrator being coupled to the anode of the
other tube in said second multivibrator, one of
said last-mentioned anodes being connected to
said additional electrode through a resistor ad-
jacent to sald one anode and a second resistor
in series, and the other of said last-mentioned
anodes being connected to said additional elec-
trode ;through another resistor adjacent to said
other anode and through said second resistor,
the said resistors adjacent to said anodes being
unequal in value.

7. Apparatus according to claim 6 character-
ized in that said second multivibrator is adjusted
to produce narrow and wide impulses alternately
with respect to an alternating current axis and
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is locked in on an odd sub-harmonic of the out-
put of said first multivibrator.

8. Apparatus according to claim 6 character-
ized in that said second multivibrator is so ad-
justed that it produces narrow and wide impulses
alternately with respect to an alternating current
axis with the narrow impulse occurring in the
same direction as the narrow impulses from said
first multivibrator appearing upon said additional
electrode during the wide impulses.

9. In combination, a multivibrator, said multi-
vibrator being an oscillator of the type compris-
ing two electric discharge tubes, each of said
tubes having an anode circuit coupled to the grid
circuit of the other tube by resistance coupling,
said multivibrator being so adjusted that it has
an output of such wave shape that narrow and
wide impulses are produced alternately with re-
spect to an alternating current axis at a certain
frequency, and means for impressing synchroniz-
ing impulses upon said multivibrator which occur
at a frequency which is an odd harmonic of said
certain frequency, said narrow impulses having a
width which is no greater than the width of a
synchronizing impulse plus twice the interval be-
tween successive synchronizing impulses.

10. In combination, a multivibrator, said multi-
vibrator being an oscillator of the type compris-
ing two electric discharge tubes, each of said
tubes having an anode circuit which is coupled
to the grid circuit of the other tube by resistance
coupling, said muitivibrator being so adjusted
that it has an output of such wave shape that
narrow and wide impulses are produced alter-
nately with respect to an alternating current axis

PR 7
at a certain frequency, and means for impressing
synchronizing impulses upon said multivibrator
which occur at a frequency which is an odd har-
monic of said certain frequency, said narrow im-
pulses having a width which is no greater than
the interval between successive synchronizing im-
pulses.

11, In an impulse generator, a plurality of
multivibrators connected in cascade and indicator
means connected with each of said multivibra-
tors for indentifying the multivibrator unit which
has fallen out of step in the event that the multi-
vibrator chain fails to function properly, said
indicator means comprising an amplifier tube
having a plate circuit tuned to said desired fre-
quency, and a glow lamp and impedance unit
connected in series across said tuned circuit..

12. In combination, an oscillator, a source of
current having a control frequency, means for
deriving voltage from said oscillator having a
frequency equal to said control frequency, a recti-
fier, an adjustable phase shifting network, means
for passing said control frequency current
through said network whereby a control Ire-
quency voltage appears at the output terminals
of said network, means for adding said derived
voltage and the voltage appearing at the output
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terminals of said network and impressing them .
upon said rectifier, and means for so controlling -

the frequency of said oscillator in accordance
with the amplitude of said rectifier output that
the phase of said derived voltage may be shifted
with respect to said control frequency current.

JOHN P. SMITH.
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