‘Sept. 30, 1952 J. E. SHEPHERD ET AL 2,612,621
CONTROL CIRCUITS FOR CATHODE-RAY TUBES
Filed June 18, 1942 2 SHEETS—SHEET 1

~
o 0 &
® © |
: =
1
o |
0
o
h i
L'
©
~ o
8(01.
~ — } 5
N ~ \ e o)
a
@ iy
[ ]
1
a R
DN
NG o <
© Y} © ©
<
& )
© _ -
3 I %lv K
) i
K 3
[ IT) <
© o )
" R R o™ !
8 "°
$ [}
11
oh i
$8 ¥ - ¢
$£°l— g r e ) o))
O > ™~ D O
I ©
Q
L
°
©
1

INVENTORS,
JAMES E. SHEPHERD, and
CHARLES H GUILES;

VS H B

THEIR ATTORNEY.




Sept. 30, 1952 J. E. SHEPHERD ET AL 2,612,621

CONTROL CIRCUITS FOR CATHODE-RAY TUBES
Filed June 18, 1942 2 SHEETS-—SHEET 2

T 39 39

08 ]l

3 ‘ 14 95
44

109

2

S ——r v INVENTORS,
— e T

JAMES E.SHEPHERD, and
CHARLES H GUILES;

V2N it

THEIR ATTORNEY




Patented Sept. 30, 1952

2,612,621

UNITED STATES PATENT OFFICE

CONTROL CIRCUITS FOR CATHODE-RAY
TUBES :

James E. Shepherd, Hempstead, and Charles H.
Guiles, East Hempstead, N. Y., assignors to The
Sperry Corporation, a corporation of Dela,wg.re

. Application June 18, 1942, Serial No. 44‘7,534

1

The present invention relates to the art includ-
ing cathode ray tube control circuits. :

For producing bright indications on a cathode
ray screen, high -accelerating voltages are re-
quired, resulting in-low deflection sensifivity.
Under these conditions; large deflecting voltages
are required to completely move the trace from
one side of the cathode ray tube screen to the
other. These voltages may be of the order.cf 700
volts. - Systems atre known in which a single am-
plifier provides this deflecting: voltage. However,
a large voltage requirement of this sort generally
exceeds the voltage rating of the power supply
and of the tube itself for tubes.ordinarily used in
such devices. A further disadvantage of prior art
devices resides in the fact that, with high accel-
erating voltages, serious de-focusing of the spot
trace may result unless the. average voliage of
each pair of deflecting plates is kept approxi-
mately constant. - A SR

These disadvantages may be overcome by the
use of push-pull amplifiers for supplying the de-
flecting potentials, whereby the maximum voltage
of each deflecting plate is reduced to substantially
half that required: from a single amplifier, per-
mitting the use of commercially available tubes
and power supplies, and whereby, further, the
average potential of each pair of plates is kept
substantially fixed. - ) :

Where it is desired to control a cathode ray
tube by two distinet inputs to alternately produce
corresponding traces on the sereen of the cathode
ray tube at a rate sufficiently high to render these
traces simulfaneously visible, as inthe presentin-
vention, further problems are encountered. - In
many prior systems, alternating current ampli-
fiers for the input control voltages are used, upon
whose output is superposed a uni-directional volt-
age for defermining the average spot position.
Where it is desired o superpose two or more in-
dications, such g system suffers the disadvantage
that the average or central. positions of all the
cathode ray patterns are controlled simultane-
ously and cannot be independently controlled.

In order to avoid this difficulty, the present in-
vention uses a direct current amplifier for sup-
plying the complete deflecting potentials required.
This amplifier is of the push-pull type for the rea-
sons discussed above and is controlled by an elec-
tronic switch having separate switching tubes
which alternately provide respective control volt-
ages to be applied to the deflecting plates of the
"cathode ray tube by this amplifier. 'Separate uni-
directional pattern positioning voltages may. be

then supplied to each of the switching tubes 0. 5
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that the respective eathode ray patierns produced
on the screen of the tube may be independently
positioned by simple low voltage positioning con-
trols, without being affected by the positioning
control for any other pattern.

The present invention thus provides an efficient
and desirable device whereby two or more rapidly -
varying voltages, which, for example, may com-
prise a high frequency test voltage and a sweep
voltage, or & test voltage and a timing wave, may
be simultaneously viewed on a cathode ray screen,
and each pattern may be positioned independently
on the screen. ‘ :

In addition, it may he desirable in some cases
to change the position of any or all patterns at

.some slow rate. This may be easily accomplished

by the system of the invention by superimposing
3 low frequency alternating voltage on the pat-
tern-positioning voltages already fed through the
switching tube. . Such a system is inherently ca-
pable of extremely fast switching action, and ren-

- ders. itself readily applicable to the simultaneous
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viewing of rapid recurrent transient phenomenon

and other phenomens on the same screen without
loss in brilliance of the transient pattern,

Thus, in previous slower acting systems, the
transient pattern, for example, would be placed
on the screen for half the total time and the other
pattern for the remaining time. In the present
system, however, the switching period may be
made equal to the recurrence period of the tran-
sient phenomenon and synchronized with if.
Thereby the transient phenomenon pattern may
be switched on at each occurrence thereof, and,
if it persists for an interval less than half the
switching period, will be projected completely
on the screen during each of its occurrences,

‘without affecting the usefulness of the screen for
:showing the other phenomenon during the por-

tions of the switching period when the fransient
phenomenon does' not occur. In this manner,
the brilliance of the transient pattern is the same
as though the entire cathode ray tube were de-
voted solely to its presentation, as distinguished
from prior systems in which the transient period

-‘can be only a fraction as bright because of its ap-

pearance on the screen for only a fraction of time.

‘ Accordingly, it is an object of the present in-
vention to provide improved control circuits for
cathode ray tubes. . :

It is another object of the present invention to
provide improved control circuits for cathode ray
tubes controlled by a plurality of input voltages.

It is a further object of the present invention
to provide improved control circuits for the -de-
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flecting plates of the cathode ray tubes controlled
by a plurality of input voltages and providing in-
dependently positionable traces upon the screen
of the cathode ray tube.

It is still another object of the present inven-
tion to provide improved control circuits for the

deflecting plates of cathode ray tubes employing

push-pull direct~coupled amplifiers.

It is a still further object of the present in-
vention to provide improved control circuits
for the deflecting plates of cathode ray tubes

employing push-pull - direct-coupled amplifiers .

having a pair of inputs independently and alter-
nately controlled from an electronic switch com-
prising a pair of switching tubes. .

It is still another object of the present inven-
tion to provide an improved eléectronic commu-
tating circuit adapted to sequentially and peri-
odically transmit several input voltages to the
output thereof.

It is still another object of the present inven-
tion to provide an ‘improved electronic com-
mutating system for alternately  transmitting
~ plural input voltages, wherein the average out-
put potential of said ‘commutating system for
each of said input voltages may be independently
adjusted.

It is yet another object of the present invention
to provide an improved electronic switching cir-
cuit under- the control of 'a switching voltage,
in which the circuit is rendered substantially in-
dependent of fluctuations in magnitude of the
switching voltage. :

It is still a further object of the present in-

vention to provide improved apparatus for ren- 3

dering an electronic discharge tube alternately
conductive and non-conductive while maintain-
ing substantially constant the average output
voltage thereof.

It is ‘still another object of the present inven-
tion ‘to provide improved apparatus for render-
_ing a pair of electron discharge tubes alternately
and oppositely conductive and non-conductive
while maintaining substantially constant the av-
erage output potential of each of the tubes.

Other objects and advantagées will become ap-
parent from the specification; taken in connec-
tion with the accompanying drawings wherein
the invention is embodied in concrete form.

In the drawings,

Fig. 1 shows a circuit diagram of one embodi-
ment of the present invention.

Fig. 2 shows a modification of the 1nvent1on
of Fig. 1.

Fig. 3 shows a modlﬁcatlon of the invention
of Fig. 2.

Referring to Fig. 1, there is shown one type
of electronic switch embodying the. features of
the present invention. There is provided a
switching tube 11, preferably of the mixer type
having two independent input electrodes, viz.,
. control grid 12 and control grid 13.: The usual
-suppressor ‘grid 14 is-connected to cathode (6
and a:screen grid 17 is provided connected to a
suitable source of positive potential indicated
schematically at 18, and by-passed to ground for
alternating currents by the usual by-pass con-
denser 19. Cathode 16 is: connected to ground
through a suitable cathode biasing resistor 21,
which produces a desired bias voltage for the
two control grids 13 and 2.

Control grid 12 is energized: through a suit-
able coupling condenser 23 from one of the
input voltages to be commutated, indicated as
voltage A connected to terminals 22. Control
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4

grid 12 is also connected to a suitable source of
positive biasing potential 24 through a grid input
resistor 26. The potential of source 24 is pref-
erably adjustable, and is suitably adjusted so
as to maintain the average potential or bias
on grid 12 at a value slightly negative with re-~
spect-to cathode (6, and of such a value that
tube 1l may act as a class A amplifier for volt-
age A connected to input ferminals 22. As
will appear later, the voltage of source 2§ is

made adjustable to adjust the position of the '

cathode ray pattern corresponding to voltage A.

Control grid 13 is connected to ground through

series~connected - grid-current-limiting - resistor
21, which is preferably of a high value compared
to the internal grid-to-cathode impedance of

tube 11, -and resistor 28, which serves as an 1nput

* or coupling resistor for grid 3.
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A source 29 of switching voltage is prov1ded
which energizes a suitable transformer 31 having
a center tapped secondary winding 32, 33, the
center tap 34 being grounded, as shown. Any
other phase inverting device for producing two
oppositely phased voltages may be used in place
of transformer 3f. The switching voltage con-
trolling the conductivity  of tube If is derived
from one section 33 of the secondary winding of
thansformer 31, and:is' connected by way of

a coupling and blocking condenser 36 to:the

junction point 37 of resistors 27 and 28.

The anode 38 of switching tube 1{ is con-
nected to. a suitable source of positive anode
potential 39 through an output resistor 41. The
output voltage of tube 1I is fed directly to the
input grid 42 of an amplifying tube 43 by means
of a direct connection 44 between anode 38 of
tube 11 and control sgrid 42. Amplifying tube
43 is shown as comprising a conventional pen-
tode amplifier having the usual cathode 48,
screen grid 47, suppressor grid 48 and anode 49,
but may be any conventional type of amplifying
tube. Cathode 46 is connected to ground through
suitable cathode biasing. resistor 51 which pro-
vides the proper bias for control grid 42. Pref-
erably, this resistor 51 is so chosen that the
average potential of cathode 4§, with respect
to ground, is slightly higher than that of anode
38 and grid 42, whereby the proper bias is de-
rived for grid 42 to permit undistorted amplifica-
tion by tube 43. 'This is feasible, since source
5T supplying the anode of tube 43 may have a
substantially higher positive potential with re-
spect to ground than does. source 39 supplymg
ancde 38 of tube I1.

Sereen grid 47 is ¢onnected to a sultable source
of positive potential 52 through a voltage-drop-
ping resistor 53 and is brovided with a by-pass
condenser §4. Suppressor grid 48 is connected
to cathode 48 in the usual manner. Anode 49

is connected through an output resistor 56 to a’
.suitable source of high positive potential 51.

Anode 49 is also directly connected. as by lead
58 to one of the deflecting plates 59 of the cathode
ray tube 61.

For the energization of the other deﬁectmg

_plate 62, a second amplifying tube 63 is pro-

vided whose cathode €4 is connected directly to
cathode 46 of tube 43. - In this manner, cathode

- biasing resistor 81 is common to both amplifier
~tubes 43 and 63.

Control grid 66 of tube 63 is
provided with grid bias in a manner which will

+be later described, this bias being substantially

the same as the average or zero signal potential
of anode 38 of tube |1, whereby the bias on
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control grid 66 of tube 63 is the same as that on
control grid 42-of tube 43 and is held constant
while voltage A is operative to deﬂect the cath-
ode ray beam.

Screen grid 61 of tube 63 is connected to'a
positive potential source, which may be the same
as source 52, through resistor 68. Suppressor
grid 69 of tube 63 is connected d1rectly to' its
cathode 64 in the usual manner. Anode Ti “of
grid 63 is connected to a high posmve potentlal
source, which may be the same as source 57,
through its output resistor 72. Anode’ 11 is-also
connected directly as by lead 73 to the second
deflecting plate 62 of cathode ray tube €1. -

Thus, any voltage 1mpressed upon control gud

42 of amplifier 43 will be amplified and a cor-
responding potential will be 1mpressed on deflect-
ing plate 59. At the same time, the potential
of cathode 46 will also vary in accordance with
this input signal, since biasing resistor 5i"is not
by-passed. This variation of voltage across te-
sistor 51 produces a varying voltage between
cathode 64 and control grid 66 of amplifier ‘63,
which will thereby amplify this varying voltage.
Accordingly, it will be clear that the potential
of lead 13 will vary similarly to that of lead 58.
However, the variation in potential of these two
leads 58, 13, and hence of deflecting plates' 59,
62, will be exactly in opposite senses by virtue
of the phase reversal produced by means of the
common cathode biasing resistor 51. Therefore,
push-pull ~ potentials, - substantially - balanced
with respect to ground, are impressed- upon the
deflecting plates 59 and 62 of the cathode ray
tube 61, resulting in bilateral deflections of the
cathode ray beam.

It is to be noted that by this method a larger
variation of deflecting voltage can be produced
than in the ordinary situation where one of the
deflecting plates is grounded. ‘In thelatter situa-
tion the voltage applied to the ungrounded de-
flecting plate must be.-able to swing positive and
negative by the full amount of the desued de-
flecting potential. In the present case, however,

(74

6
nected through output ‘resistor 85 to positive
source 89, and by lead 95 to grid 66.

The second control grid 86 of tube 14 is pro-
vided with bias from an adjustable voltage source
87 (which ‘may be the same as source 24 except
when independent positioning of the cathode ray
patterns is desired for the two input signals A
and B) through input resistor 88, again of such

- value as'to maintain tube 14 in a class A amplify-
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the equivalent -deflecting potential can ‘be:pro- . .

duced by a change in the instantaneous potential
output of one or the other of tubes- 43,63, of
an amount approximately only half the:required
deflecting potential and hence only half the
required deflecting potential and hence only half
the amount ‘of control voltage.is needed. In
addition, the necessity for producing megative
as well as positive voltages is completexy obv1ated
by the present system.

It is to be noted that the control s1gna1 may
be impressed upon either of the two control grids
42 and 66, and that in this respect the: circuit
. is completely symmetrical. . In effect, the circuit

comprising tubes 43-and 63 forms an extremely
efficient and useful phase inverter :capable..of
producing ‘a  substantially ‘balanced . push~pull
output from any type of single voltage input.
This phase inverter, of course,’is'capable of wide
use outside th'ecircuit of the present system.
Control grid 66 of amplifier 63 is connected
to the output of a second switching: tube 14
" similar in all respects to tube 11 already de-
scribed. Thus; the cathode 76 of tube T4 is con-
nected to ground through its biasing resistor 771.
Control grid 18 is connected to -ground through
its current-limiting resistor 79 and 1nput resistor
81. Screen grid 82 is connected to the source of
positive potential 18 and is provided w1th a’ by-
pass condenser 83. Suppressor grid 84 is con-
nected directly to cathode 716. Anode 80 is ‘con-

60

60

70

5

ing ¢ondition. The 'second input signal, in-
dicated as voltage B, is connected to terminals 89
and is led to control grid 86 through a suitable
coupling condenser 1.

The junction 92 of resistors 18 and 8i is led
through a coupling and blocking condenser 93 to
the second section 32 of the secondary winding
of transformer 31, whereby a switching voltage
equal to and opposite in phase ‘to the voltage
impressed at point 3T of the circuit of tube {1 -is
impressed at point 92.

In operation, the switching voltages derived
from secondaries: 32 and 33 act to alternately
block and unblock switching tubes { and 74,
thus causing first voltage A and then voltage B
to be impressed on deflecting plates 59, 62 of
cathode ray tuibe 6. Thus, during half cycles of
the switching voltage of such a polarify that a
positive potential is applied at point 31, it will
be seen that grid 13 is rendered positive with
respect to ground.. The amplitude of switching
voltage is preferably so chosen that grid I3 is
also thereby rendered positive with respect to
cathode 16, whereby grid current flows between
grid 43 anhd cathode (6. This grid current also

5 flows through the grid-current-limiting resistor

217, and the volt-drop therein produced reduces
the potential of control grid 13 to a value only
slightly above that of cathode (6.

‘When this is done, tube I1{ is conditioned to
act as a class A amplifier, and will then amplify
its input voltage A, which is thereby impressed
upon control grid 42 and serves to control the
potentials -applied to- deflecting plates 59 and 62
of cathode ray tube 61 in the manner already
indicated.

It is to be noted that the present system is
rendered substantially independent of fuctua-
tions in -the amplitude  of the switching wave
above its average value so long as this amplitude
is sufficient to draw definite grid current through
grid 13, and ‘at the same time to cut-off tube 74,
as will later appear, since, no matier what the
amplitude of the switching voltage may he, the
potential of grid 13 iscaused to remain substan-
tially unchanged with respect to cathode 16.

During these same half cyeles of this switching
voltage in which tube |1 is'conductive, a negative
voltage will be applied to-grid 78 of tube 14.: The
amplitude of the switching voltage is also selected
or adjusted so that this negative voltage applied
to grid 18 will be sufficient to bias tube 74 beyond
cut off, whereby noelectrons are permitted to
flow from cathode 76 to anode 80 and hence the
plate current of tube 74 is completely cut off.

During the half cycles of the switching voltage
of reverse polarity, it will be clear that tubes 1
and T4 will mterchange their cond1tlons, that is,
tube {1 will become blocked, .and tube T4 will
transmit its input voltage B fo the ‘deflecting

‘plates 59, 62 inthe manner described.

Considering tube {1:for the moment, it will be
clear that since during ifs conductive pemods it
operates as a class A ampliﬁer, in which a stand-
by or zero signal current contmuously flows, the
average or zero-signal potential of anode 38 will
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be less.than that of source 39 by the amount of
the -stand-by volt-drop . in: output resistor.4l.
Accordingly, the average potential of control grid
42 will be less than the potential of cathode 46
which may be adjusted to be substan’ually equal
to that of source 39, whereby. tube 43 can-act as
a class A amplifier.

During the same half cycles of sw1tch1ng volt-
age, tube 74 is blocked and the bias potential of
grid 66 will rise to equal ‘that of source 39 and

hence will have lower or even pos1tive bias with.

respect to cathodes 46 and 4. . This is undesir-
able since it creates an unbalanced condition be-
tween amplifiers 43 and 63 and may. introduce

.. distortion. . It.will be clear that an opposite un- ]

~ balance occurs.during the other half cycles of the

switching voltage. These conditions produce un-
desired unbalance and distortion in the. cathode
ray tube deflecting voltages.

To overcome this difficulty it is neces.:ary to
maintain the average potential ‘of grids.42 and
. 66 substantially constant during both halves.of
the switching cycle. Referring to tube | for the
moment, an auxiliary tube 94 is associated there-
with for this purpose.. The anode 96 of tube 84
is connected to anode 38 and control grid 42
through a resistor 97. Tube 84 is shown as being

a triode but may be of -any grid-controlled type..

The cathode 98 of tube 94 is connected to ground
through a suitable biasing resistor 99. The con-
trol grid 101 of tube 94 is connected to ground
through series-connected resistors 102 and 103,
resistor 102 serving as a grid-current-limiting
resistor and resistor 103 as an input res1stor for
a switching. voltage.
sistors 102 and 103 is connected through a suit-
able coupling and blocking condenser 106 to sec-
ondary winding 32 of switching voltage. trans-
former 31, whereby grid 101 is supplied with
switching voltage of phase opposite to that sup-
plied to control grid (3.

Thus, during the periods when tube 11 is con~
ductive, the bias on tube 94:is so selected or
adjusted that the negative switching voltage ap-
plied thereto will be sufficient to bias this tube
‘beyond cut off, whereby no current is drawn from
source 39 through tube 94. During the half
cycles of opposite polarity, in which tube I is
blocked, the now positive switching voltage ap-
plied to grid 10{ is selected of sufficient ampli-
tude to raise the potential of grid {01 above that
of cathode 98, whereby grid current flows and
resistor 102 drops the potential of grid 10f to
a-value only slightly above that- of -cathode-98.

With this:situation, resistor 87 is so chosen as
to cause g current flow from source 39 through
resistors 41 and. 97 and tube 94 of a value sub-
stantially equal to the stand-by or quiescent cur-
rent during periods when tube {1{ is conductive.
In this manner, the average potential or bias of
grid 42 is maintained constant during both the
conducting and blocked periods of tube 1.

A similar grid-potential-controlling tube 107 is
supplied for tubes 14, and acts in a similar man-
ner to maintain the average. potential of grid 66
at a substantially constant value during the en-
tire switching cycle, if desired. Here again it will
* be seen that the action of grid-potential-control-
ling tubes 94 and (07 is rendered substantially
independent of the peak.value.of the switching
voltage, thereby providing deflection controlling
voltages for the deflecting plates.5% and 62 of
cathode ray tube 61 which are substantlally inde~
pendent of the magnitude of the sw1tch1ng volt-
-age. . ) - .

The junction 104 of re- :

It is to be noted that tubes 84 and (0T may be'

controlled to producé a different average poten-
tial for grids 42 and.66 during the blocked con~
dition of switching tubes {1 -and 74 from that
during  the unblocked cond1t1on of these tubes,
if desired.

.. It is to be noted also tha.t the use ofa balanced

~ _circuit as in the present device also causes the
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deflecting voltages to be substantially independ-
ent of variations in the potential of sources 39
or 81, since such variations will produce equal
variations in the same sense in the potentials of
plates §3 .and 62, whereby the potential difference
applied between plates 59 and 62 is not changed.

_.Since. the adjustable voltage. sources 24 and .

81 are relatively low in voltage compared with
the potential difference to be applied to the cath-
ode ray deflection plates 58 and 62, the arrange-
ment described provides for independently posi-
tioning the respective cathode .ray- patterns by
simple low voltage positioning: controls. The
application of such separate unidirectional pat-
tern-positioning voltages to the switching tubes
eliminates the necessity for handling the high
voltages in the cathode ray deflection plate cir-
cuits. The adjustment of the potential of the
adjustable voltage source 24, for example, by
varying the bias on the grid 12 of the switching
tube -11, provides for varying the average poten-
tial of bias of the-grid 42 of the amplifier 43 and

serves for positioning the.cathode ray pattern-

of the cathode ray tube.

Fig. 2 shows a modification of the grid-bias-

maintaining apparatus of Fig. 1. Thus in Fig. 2

40,
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‘tubes: 94. and 10T have been eliminated and in-
stead the current characteristics of the screen
grids of tubes 11 and 74 have been employed to
provide the constant bias potential for grids 42

and 66. Thus, in Fig. 2 output resistor 41 of tube

Al has been split into two portions 108 and 109.
In a similar fashion, output resistor 85 of tube
T4 has been split into two portions {11 and ii2.

The potential of screen grid 82 of tube 14 is

now derived: from the junction (13 of. resistors
108 and 109 to which it is directly connected. In
& similar fashion, the: potential of screen grid i1,
tube i1, is derived from the junction 114 of re-

‘sistors 111 and 112 to whlch it. is: dlrectly con-

nected.

Mixer tubes, such as i and 14, have been found
to have a characteristic such. that their screen
grid currents are of higher value than theiranode
currents.” Furthermore, the screen grid currents
have been found to vary oppositely to the anode
currents; thatis, a change in input voltage such
as to produce an increase in anode current will
simultaneously produce a decrease in screen grid
current. = These characteristics are taken advan-
tage of in.the present circuit. Thus, during the
peripds when tube i1 is conductive .and tube 14

is blocked, the potential of anode 38 of ‘tube 1/ -

is suppled from source 89- through resistors 108
and 109.  Since tube 74 is. blocked by means of
the now negative switching voltage applied to its
control grid 18, its screen grid 82 takes no cur-
rent and hence the volt drop produced -in re-
sistors 108 and 109 is due entirely to the anode
current of tube {1, If the average potential of
cathode 48 is. made the same as source 39, the

-average value of this volt-drep across {08, loa
- supplies the grid bias for grid 42.

At the same time, the potential for screen grld
1T of tube (1 is provided from source 3% through
resistor 11l. Since the screen grid current is
larger than the anode current, a value for re-
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sistor | 11 may be chosen so that the screen grid
current of screen grid 171 flowing through resistor
{11 will produce a volt-drop equal to that of the
average anode current of tube 74 flowing through
resistors {11 and 112 in series during the other
half of the switching cycle. In this manner, dur-
ing periods when tube 14 is blo¢ked, the potential
of point 114 may be made equal to the potentlal
of anode 80 during the periods when tube 14 is
conductive, whereby the average potential of lead
983 and grid 66 of amplifier 63 remains unchanged
during the whole switching cycle. In the same
way, the bias of grid 42 is also kept constant.

In the usual type of operation, screen grids {1
and 82 would be by-passed completely to ground
with respect to allernating currents, ‘whereby
their potentials would remain substantially tun-
changed. However, if these screén grids are not
completely by-passed to ground, then, by virtue
of the tube characteristic just described, in which
anode and screen grid currents vary equany and
oppositely, it will be seeni that, for example, dur-
ing the periods when tube 1 is conduetive and
tube 14 non-conductive, & variation in andde-cut-
rent in one sense producing & variation in the
input potential of control grid 42 in the same
sense will be accompanied by a proportmnal
wvariation in secreen current of opposite sense,
which will produce a corresponding variation in
the potential applied to grid 66 of tube 63 in this
obposite sense, and, accordingly, the push-pull
action of the commion bissing resistor §f may be
assisted by the action of the screen.grid currents
when not by-passed to ground. In this manner,
in the arrangement of Fig. 2 as In the arrange~
ment of Fig. 1, the same control voltage from the
switching source 29 causes one €lectronic switch
ito be loaded when it is reéndered non-conductmg,
and causes the other electronic switch to be un-
loaded when it is rendered conducting, and vice
wversa, in order to maintdin the average output
potentials of the switching tubes substantially
constant.

In Fig. 2, the switching volta'ge'jnput' resistor
28 for grid {3 of tube i1 is corinected directly to
cathode 16, and corresponding resistor 81 of tube
14 is connected to a source 60 of negative bias-
ing potential.  In this manner, when switch 30
is opened, so that the switching voltgge from
source 29 ig no longer impressed on tubes Il and
14, tube {{ is rendered conductive and tube 14
non—conductlve so that switching action is inter-
rupted and only voltage A is continuously applied
to the cathode ray tube. If desired, of course,
this same arrangement could be used in Fig. 1.

If it is desired to superpose both voltdages A and
B upon the deflecting plates 59, 62, this may be
done by rendering both switching tubes I1 and
14 conductive simultaneously, as by removing the
switching voltage and by proper adjustment of
bias sources 24, 81. .In this case, ilteraction
hetween the two input voltages A and B'would be
substantially absent.

Referring once more to Fig. 1, it will be’ clear
that if desired tubes. 74 and. {i may have their
anodes connected directly together utilizing. a
common output resistor. If this is done, the
necessity for the use of tubes 94 and 107 would
be removed, since the average or. stand-by. cur-
rent will be drawn through the common output
resistor by one or the other of these two tubes,
depending upon which is condueting at the
moment in question. In this case, input poten-
tials would be applied to only ong or the other
of grids 42 and 66, the other of ‘these grids: being
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energized by means of the common cathode resis-
tor 51 and provided with bias by connection to' a
suitable fixed bias voltage source or to two other
similar switching tubes, already described.

If it is desired to imipress two potentials simul-
tareously upon deflecting plates 56 and 62 with-
out mutual reaction of these potentials one upon
the other, this may be done by connecting each
to g respective control grid 42 or 66 whereby the
two potentials will be superposed in their effect
upon deflecting plates 56 and 62 but will riot react
updn one another since they are coupled only by
the very high grid-to-cathode impedance of these
class A amplifiérs.

It is also possible to superpose two input volt-
ages by impressing one upon the. control grid,
such' as control grid 42, and g second upon the
seréen grid, such as screen grid 41, of one of the
amplifier tubes, either tube 43 or 63. In this
case, of course, no commutation or switching of
these input voltages will be produced but they will
be superposed directly and continuously upon the
deflecting plates 59.and 62 substantlally without
interaction.

Alsop, if desu'ed four separate input voltages
could  be switched in pairs and alternately
jmpressed if pairs upon. deflecting plates 56 and
62 by the use of two pairs of switching tubes of
the type of tube LI or 14, one pair having anodes
connected together and -to control grid 42, for
example, and the second pair having anodes also
connected together and to .control grid 66, the
two tubes -of each pair being alternately sw1tched
in the manner described with respect to tubes i
arid 14. In this case, as-deseribed above, tubes
94 and (07 and their associated circuits Would
no longer be required.

Alternatively, four or any other number. of
waves may be switched in turn-by appropriate
switching waves applied to reéspective switching
tubes whereby.only one such tubeis rendered con-
ductive at-a time.

Asidescribed above'the circuit of Fig, 2 is:useful
where the :sereen grid currents of the vacuum
tubes 11 and 74 used as switching tubes exceed
their anode currents. However, under certain
conditions and. for certain tubes, it is possible for
the anode current to exceed: the screen gnd cur-
rent. For such tubes it is clear that the C1rcu1t
of Fig. 2 could not operate to: mamtam the bias
on grids 42 -and 65 at the same levél during both
halves of the switching cycle

Under these conditions recourse may be had to
the circuit of Fig. 3, wherein are shown the anode
and- sereen. grid . circuits of the tubes 1! and 14
under the. assumed condition that-the screen gmd
current is less than the anode current: The cir-
cuits- of the remaining: elements of tubes {1 anad
14 are not shown in Fig. 3, but may be the same
as-in. Fig: 2-or in Fig. 1.

In this figure, the screen. grid {7 is. connected
to the anode: 84 of tube 14 through a: reSIStor I22
and the screen grid-82 ofttube 74-is egnnected-to
the anode. 38 of tube {{ through a. -resistor (24,
Screen grids 17 and 82 are also connected dlrectly
to the amplifier tube grids 86-and 42 by -means-of
the: leads-85 and 44, respectively.

Considering now the half cycle-of the. sw1tch1ncr
period in which.tube {1 is conductlve and tube
14 is-non-conductive, it will be clear- that the van-
ations in potential of the anode 38 of tube- | l 111
be conducted directly.to grid 42 of amphﬁer 43
and that resmtor 124 w111 have no effect s1nce no

grid 42 or by screen grld 82 of tube 18, the latter
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tube bemg now in a blocked condition. The cur-
rent for screen grid 17 of tube I is drawn from
source 39 through the output resistor 85 of tube
14 and resistor 122.. By proper choice of resistor
122, the volt drop thus produced across resistors
85 and 122 by the current of screen grid {7 may
be made equal to the quiescent voit drop across
resistor 85 when tube 14 is conductwe By so
doing, the average potential of 1éad 95 and hence
of grid 66 will be the same during the non-con-
ductive periods of tube T4 as during the conduc-
tive periods thereof, as is to be desired.

. Similarly, the average potential of lead 44 and
hence the bias-on control grid 42 will be the same
during beth the conductive and non-conductive
periods of switching tube 11{, and accordingly the

same result is produced as in Fig. 2 even though .

the tubes {1 and 74 be of the type in which the
screen grid current is less than the anode current.

Also, in the same -manner as in Fig. 2, the in-
stantaneous variations .of the. screen grid cur-

‘rent flowing through resistors 85 and 122.in the
illustration used will produce corresponding vari-
ations in the potential of grid 68 and will thereby
agssist in the push-pull action of amplifiers 43
and 63 so that the effects of the screen grids in
Fig. 3 are the same as in Fig. 2 with regard both
to maintaining bias and to assisting push-pull ac-
tion. Accordingly, all remarks directed to Fig.
2 apply also to Fig. 3.

It will be apparent that by the above descrip-
tion there has been shown an electronic com-
mutating cable system capable of wide use apart
from the system. of the present invention, and
embodying the many advantageous features pre-
viously discussed.

As many changes could be made in the above
construction and. many apparently widely dif-
ferent embodiments of this invention could be
made without departing from the scope thereof,
it is intended that all matter contained in the
above description or shown in the accompanying
drawings shall be 1nterpreted as illustrative and
ot in a limiting sense.

‘What is claimed is:.

1. A control circuit for a cathode ray tube hav-
ing a pair of deflecting plates, comprising two
amplifiers direct-coupled to respective-ones  of
said deflecting plates and having a common un-
bypassed cathode resistor, a pair of switching
tubes having outputs including respective load
resistors respectively connected to the inputs of
said two amplifiers, means for applying respective
control voltages to the respective inputs of said
two switching tubes, medns for alternately ren-
dering said switching tubes blocked and conduc-
tive, means for maintaining the average poten-
tial'of each of said switching tube outputs con-
stant for both its blocked and conductive periods,
and means for individually-adjusting the bias
on each of said switching tubes, whereby the av-
erage potentials applied to said deflecting plates
during said alternate periods may be 1nd1v1dua11y
adjusted.

2. A'control c1rcu1t for a cathode ray tube hav-
ing a pair of deflecting plates, comprising two
amplifiers direct-coupled to respective ones of
said deflecting plates and having a common un-
bypassed cathode resistor, a pair of switching
tubes having outputs respectively connected to
the inputs of said two amplifiers, means for ap-
plying respective control voltages to the re-

spective inputs of said switching tubes, mesans

for alternately and oppositely rendering said
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switching tubes blocked and conductive whereby
said deﬁechng plates are alternately controlled in
push-pull fashion by said control voltagés, and
means for. md1v1dua11y adJustmg the average
values of the respective potentials applied to said

deﬁectmg plates under the control of said 1e-_

spective switching tubes.

3. A control circuit for a cathode ray tube hav—
ing a pair of deflecting plates, comprising two
amplifiers direct-coupled to respective. ones of
said defiecting plates and having a common un-
bypassed cathode resistor, means for periodically
impressing a control voltage on the input of one
of said amplifiers, means for impressing a second
control voltage alternately with respect to said
first voltage on the input of the other of said am-
plifiers, whereby each of said voltages controls the
potential of both of:'said.plates in push-pull
fashion during its respective impressed period,
and means for individually -adjusting the average
values of the respective potentials applied to said
deflecting plates under the control of said re-
spective control voltages.

4. A control circuit for a cathode ray tube hav-
ing a pair of deflecting plates, comprising two
amplifiers direct-coupled to respective ones of

said deflecting plates and having a common un-

bypassed .cathode resistor, a pair of screen-grid
control tubes having outputs including respective

» load resistors respectively connected to the in-

puts of ‘said two amplifiers, means for applying
respective control voltages to said two control
tubes, means for alternately and oppositely block-
ing and unblocking said control tubes, and means
for maintaining the average potential of each
of said control tube outputs constant for both its
blocked and unblocked periods, comprising means
for passing the screen-grid current of each of said
control tubes through at least a portion of the
load resistor of the other of said control tubes
to maintain the average output potential of said
other tube at substantially the same value during
both said blocked and unblocked periods.

5." A control circuit for a cathode ray tube hav-

ing a pair of deflecting plates, comprising two .

amplifiers direct-coupled to respective ones of
said.deflecting plates and having a common by-
passed cathode resistor, a pair of switching tubes
having outputs including respective load resistors
respectively connected to the inputs of said two
amplifiers, means for applying respective control
voltages to the inputs of said two switching
tubes, means for periodically rendering said

switching tubes blocked and conductive, a control

tube connected in parallel with each of said
switching tubes means for periodically rendering
each of said control tubes blocked and conductive
in synchronism with but oppositely to its re-
spective switching tube, and means for adjusting
the current drawn through said load resistors by

. said control tubes to maintain. the average po-

tential of each of said switching tube outputs
constant for both its blocked -and conductive
periods.

6. A control cireuit for a cathode ray tube hav-
ing a pair of deflecting plates, comprising two
amplifiers direct-coupled to respective ones of
said deflecting plates and having a common un-
bypassed cathode resistor, & pair of switching
tubes having outputs including respective load
1esistors respectively connected to the inputs of
said two amplifiers, means for applying respective
control voltages "to said two switching tubes,
means for alternately blocking and unblocking
said switching tubes, and means for maintaining
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the average potential of said switching tube out-
puts constant for both blocked and unblocked
periods. S .

7. A control ‘circuit for a cathode.ray:tube
having a pair of deflecting plates, comprising
two amplifiers direct-coupled to respective ones
of said deflecting plates and having g common
unbypassed cathode resistor, means. for periodi-
cally impressing a control voltage on the input
of one of said -amplifiers, means for impressing
a second ¢ontrol voltage: alternately with respect
to said first voltage on the input of the other
of said amplifiers, whereby each of said voltages

(=3
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controls the potential of both of said plates in -

push-pull fashion during its respective impressed
period, and means for maintaining the average
potential -of -each of said inputs. substantially
constant during ‘both impressed and. non-im-
pressed periods of said control voltages.

8. A-control ecircuit for g cathode: ray  tube
having a pair of deflecting plates,; comprising
two amplifiers direct-coupled to respective: ones
of said deflecting plates and having a.common
unbypassed cathode resistor, ‘a pair of switching
tubes having outputs respectively connected to
the inputs -of said two amplifiers, means for
applying respective control voltages fo the re-
spective inputs of said switching tubes, and
means for alternately blocking and unblocking
said switching tubes, whereby said deflecting
plates are alternately controlled in push-pull
fashion by said control voltages.

9. A control circuit for a cathode ray tube
having a pair of deflecting plates, comprising
two amplifiers direct-coupled ‘to respective ones
of said deflecting plates and having a common
unbypassed cathode resistor, means for ‘periodi-
cally impressing a control voltage on the input
of one of said amplifiers, and means for period-
ically impressing a second control voltage on
the input of the other of said amplifiers,: and
means for alternately rendering. said voltage-
impressing means effective, whereby each of said
voltages controls the potential of both of said
plates in push-pull fashion during its respective
impressed period.

10. A control circuit for a cathode ray tube
having a pair of deflecting plates for controlling
the deflection of the cathode ray beam thereof,
comprising an amplifier, means direct-coupling
the output of said amplifier to one of said plates,
means for energizing the input of said amplifier
by a control voltage, a second amplifier, means
direct-coupling the output of said second ampli-
fier to the other of said plates, a common un-
bypassed cathode resistor for said two amplifiers,
whereby said second amplifier is energized in
opposite phase from said first amplifier f6 pro-
duce push-pull deflection of said cathode ray
beam, means for energizing the input of said
second amplifier by a second control voltage,
whereby both said control voltages control said
peam deflection, and means for individually ad-
justing the average bias on said inputs, where-
by the average potential of said deflecting plates
due to each of said control voltages may be
individually adjusted.

11. A control circuit for a cathode ray tube
having a pair of deflecting plates for controlling
the deflection of the cathode ray beam thereof,
comprising an amplifier, means connecting the
output of said amplifier to one of said plates,
means for energizing the input of said amplifier
by a control voltage, a second amplifier, means
for connecting the output of said second amplifier
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to said other plate, a common unbypassed cath-
ode resistor for said two amplifiers, whereby said
second . amplifier: is: energized ‘in' opposite -phase
from . first :amplifier to produce push-pull de-
flection of said cathode: ray beam, means for
energizing the input of said second amplifier
by o second:control voltage, and means for
blocking: one or the other. of  said energized
means. ’

12. A.control circuit for.a cathode ray.tube
having a pair of deflecting plates, comprising
a pair of substantially identical amplifying tubes,
each comprising a cathode, 2 control grid and
an anode, means for connecting said anodes
through respective output resistors to a source
of positive potential, means for connecting said
anodes directly to said plates; means for biasing
said grids. to substantially the same potential,
means for:-applying a contrel potential to one
of said grids; means connecting said cathodes
together .and to a common. grounded and- un-
bypassed . cathode - resistor, - whereby push-pull
potentials are applied to said deflecting plates
and. the voltage across said plates is rendered

5 substantially independent of ﬁuctuatidns in the

voltage -of said source, and means for applying
a second control potential to-the. other.of said
grids. -
13. A control cireuit for-a cathode ray tube
having a pair of deflecting: plates for deflecting
the. cathode ray beam thereaf, comprising, an
amplifier, means connecting the -output of said
amplifier to one. of said plates, means for €n-
ergizing .the input of said amplifier by a control

= - voltage, a second amplifier, means for connecting

the output of said second amplifier to said other
plate, a common unbypassed cathode resistor for
said two amplifiers, whereby said second ampli-
fier is energized in opposite phase from said
first amplifier.to produce push-pull deflection of
said cathode ray beam, and means for balancing
the amplifiers. ) . .

14. In-an electronic swifch, 4. pair of electron
discharge tubes each having an anode and a
screen grid, an output resistor connected to each
of said anodes, means for alternately and oppo-
sitely rendering said tubes conductive and non-
conductive, and means for maintaining the aver-
age potential of each of said anodes at sub-

stantially the same value during both said con-

ducting and non-conducting periods, said last
means comprising a connection between the
screen grid of each of said tubes to a tap of the
output resistor of the other of said tubes.

15, In an electronic switch, an electron dis-
charge tube having a load resistor, means for
periodically and alternately rendering said tube
conductive and non-conductive, a control tube
connected in parallel with said discharge tube
and adapted when conductive to draw a current
equal to the average current of said discharge
tube through said load resistor during conduc-
tivity of said discharge tube, and means for
periodically and alternately rendering said con-
trol tube conductive and non-conductive oppo-
sitely to the conduction and non-conduction of
said discharge tube, whereby the average output
potential of said discharge tube is maintained
at substantially the same value during both said
conducting and non-conducting periods of said
discharge tube.

16. In an electronic switch, an electron dis-

charge tube, means for periodically and alter-

nately rendering said tube conductive and non-
conductive, and means, including a control tube
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connected in parallel: with said discharge: tube
and means for ‘periodically and alternately. ren-
dering ‘said control tube conductive and non-con-
ductive oppositely to the conduction and non-
conduction of said discharge tube, for maintain-
ing the average oufput potential of said discharge
tube at-substantially the same value during both
said conducting and non-conducting periods of
said discharge tube.

17. In an electronic switch, an electron dis-
charge tube, means for periodically. and alter-
nately rendering said tube conductive and non-
- conductive, and means for loading said tube when
it is rendered nonconductive and unloading. it
when it is rendered conductive, so as:to main-
tain the average output potential of said tube at
substantially - the same value during both said
conducting and non-conducting periods. : .

18. An electronic switch for :controlling  the
transmission of a signal voltage comprising an
electron: discharge tube having two input grids,
means for applying said-signal to one of said
grids to be'amplified during conductive periods of
" said tube, a source of alternating switching volt-
age having amplitude at least one-half the cut-
off bias of said second grid, méans for applying
said switching voltage to sald second grid, means
for biasing said cathode to a value whereby said
tube is driven beyond cut off during negative half
cycles of said switching voltage and during posi-
tive half cycles sald second grid is positive with
respect to said cathode, and a current limiting
resistor in series with said second grid,- whereby
said tube is rendered substantially independent
of fluctuations in said switching voltage:

19. An electronic switeh comprising an electron
discharge tube having a control grid, a source of
alternating switching voltage connected to said
grid having amplitude at least half the cut off
voltage of said tube, means for biasing said tube
to a value such that during positive -half cycles
of said switching voltage said grid is positive with
respect to said cathode and during negative half
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cyeles. said -tube:is biased beyond cut off, and a
grid-voltage dropping resistor connected in series
with said grid, whereby the operation of said tube
is rendered: substantially independent of varia-
tions in the magnitude of said switching voltage.

20.: An electronic switch comprising an electron
discharge tube, a. source of periodically varying
switching voltage; :means for blocking said tube
during half.cycles of said voltage of predeter-
mined polarity and. for conditioning said tube to
be: conductive -during: opposite half cycles, and
means for rendering said conditioning independ-

ent.of the amplitude of.said switching voltage. . .. -

. .21, In an electronic switch, a pair of electron
discharge tubes each :having an -anode and a
screen grid, an output resistor connected to each
of ‘'said-anodes, means for alternately and oppo-
sitely. rendering said tubes conductive and non-
conductive, and means for maintaining the aver-
age potential of each of said anodes at substan-
tially the same value during both said conducting
and non-conducting periods, said last means com-
prising a resistive connection between the screen
grid-of.-each of said tubes to the anode of the
other of said tubes.
. JAMES E. SHEPHERD.
CHARLES H. GUILES.
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