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Miy invention relates to cathode ray signal 
portraying apparatus and particularly to such 
apparatus which is arranged to portray a plu 
rality of signals simultaneously without inter 
ference between the several signal circuits. 
A cathode ray tube may be employed to por 

tray two signals simultaneously by exciting the 
tube alternately with two signals and by arrang 
ing the deflection circuits so that the alternate 
Signals appear on different portions of the sur 
face of the fluorescent screen. Apparent per 
Sistence of the image on the fluorescent screen 
Caused by the persistence of vision makes the 
alternate signals appear as though they were 
being portrayed simultaneously. Various ar 
rangements are provided for producing the 
alternate excitation but regardless of the ar 
rangement it is essential that no interference 
occur between the alternate signals. Circuits 
which employ three-electrode electron discharge 
devices for amplifying the signals and for im 
pressing: them on the deflection plates of the 
Cathode ray tube inherently involve capacities, 
primarily the plate to grid capacity of the am 
plifying tube, through which signals may be 
coupled to the cathode ray deflection plates even 
though the grid of the tube is biased beyond cut 
off and is nonconducting. Accordingly, it is an 
object of my invention to provide a signal por 
traying apparatus including a cathode ray tube 
and circuits for alternately impressing a plu 
rality of signals or deflection waves on the elec 
trodes of the cathode ray tube and including 
an improved arrangement for preventing inter 
ference between the separate signal circuits. 

It is another object of my invention to pro 
Videa cathode ray signal portraying apparatus 
including Signal amplifying circuits having 
three-electrode electron discharge devices and 
an improved arrangement for preventing inter 
ference between the signals of the separate cir 
cuits due to coupling through the plate to grid 
capacities of the three-electrode devices. 
The features of my invention which I believe 

to be novel are set forth with particularity in 
the appended claims. My invention itself, how 
ever, both as to its organization and method of 
Operation together With further objects and ad 
vantages thereof may best be understood by ref 
erence to the following description taken in con 
nection with the accompanying drawing in which 
Fig. 1 diagrammatically represents one form of 
a Signal portraying- apparatus emboding my in 
vention, and Fig. 2 represents the fluorescent 
Screen of the Cathode ray tube employed in the 
apparatus of Fig. 1. 
The signal portraying apparatus illustrated in 

Fig. 1 comprises a cathode ray electron dis 
charge device or tube O provided with an elec 
tron gun including a cathode f, a control elec 
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2 
trode 2, a first anode 3 and - a second anode 4 
for producing an electron beam Within the tube. 
The beam produces an image. On the fluorescent 
screen 5 in a manner Well known in the art. 
In order to utilize the electron beam for por 
traying a signal, pairs of vertical and horizon 
tal deflection electrodes or plates 6 and 7 are 
provided. The electron gun is provided with 
suitable operating potentials from a direct cur 
rent source, such as a battery 20, and a voltage 
dividing resistor 2 connected across the source. 
Woltage dividers 22 and 23 are provided in con 
nections between the resistance 2 and the pairs 
of deflection plates f6 and 1, respectively, so 
that the position of the beam in the absence of 
a signal may be adjusted SO that the beam may 
be centered with respect to the fluorescent 
screen 5. Deflection voltages for determining 
the path of the beam in the absence of a signal 
are supplied from vertical and horizontal deflec 
tion voltage amplifiers 24 and 25, respectively. 
In the signal portraying circuit illustrated the 
amplifiers are supplied with sine waves from 
suitable sine wave generators 26 and 27, the fre 
quency of the generator 21 being higher than 
that of the generator- 26 for a purpose which 
will be explained below. In order to provide a 
circular trace as indicated in Fig. 2, the sine 
waves impressed on the vertical and horizontal 
plates are made 90° out of phase. This is ac 
complished by supplying sine waves from the 
generators 26 and 27 directly to the amplifier 24 
and through 90° phase shift circuits 28 and 29 
to the amplifier 25. A signal from an external 
Source indicated at 30 is coupled through a con 
denser 3 and resistance 32 to a signal point 33 
in the center of the fluorescent screen 5. When. 
a signal-pulse from the source 30 is impressed 
on the point 33 the circular beam is deflected in 
accordance thereWith. ... The vertical deflection 
amplifier 24 comprises two three-electrode elec 
tron discharge devices 35 and 36 having their 
control electrodes coupled to the sine wave gen 
erators 26 and 27, respectively. Negative biasing 
means such as batteries 37 and 38 are provided 
for maintaining a Suitable low negative bias on 
the control electrodes of the devices 35 and 36 
and a battery or other suitable source of greater 
negative bias indicated at 39 may be connected 
selectively to either of the control electrodes of 
the devices 35 and 36 through a suitable switch 
indicated at 49. When the switch 40 is in the 
position indicated, the control electrode of the 
device 36 is biased negatively beyond cutoff so 
that the amplifier tube 36 is inoperative. In this 
position of the switch the deflection wave from 
the generator 26 is amplified by the device 35 
and impressed across the deflection plates 6 
through a coupling condenser 4 and resistance 
42, a suitable source of anode potential such as 
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a battery 3 being provided for the amplifiers 24 
and 25. Amplifier 25 is similar to the amplifier 
24 and comprises three-electrode electron dis 
charge devices 45, 6 normally biasing batteries 
4 and 48, respectively, and cutoff biasing bat 
tery 49 arranged to be selectively connected to 
the control electrodes of the devices 45 and 46 
through a switch 59 interlocked with the switch 
69 so that the switches 49 and 59 always con 
nect the amplifiers 24 and 25 to a selected one 
of the generators 26 and 27. The output volt 
ages from the anodes of the devices 45 and 46 
are coupled to the horizontal deflection plates 

through a coupling capacitor 5 and resist 
ance 52. In the position of the Switch 50 illus 
trated, the generator 26 is connected to the am 
plifier tube 45 through the phase shift circuit 
28, the tube 46 being biased beyond cutoff by 
the battery 49. When the switches 40 and 50 
are noved together to their upper positions the 
tubes 35 and 45 Will be biased beyond cutoff and 
the high frequency deflection Wave from the gen 
erator 2 will be coupled to the tube 36 directly 
and to the tube 46 through the 90° phase shift 
circuit, 29. 

It Will thus be evident that by changing the 
position of the switches 40 and 50 the deflection 
Wave may be changed from the low frequency 
of the generator 26 to the higher frequency of 
the generator 27. 

In the illustration of Fig. 2 the trace made by 
the Cathode ray beam when the generator 26 is 
Coupled to the deflection plates is indicated at 
54 and the trace made by the generator 27 is 
indicated at 55. In order to have both the traces 
54 and 55 appear as though they were occurring 
Simultaneously it is necessary to operate the 
SWitches 4 and 50 so that they connect the gen 
erators alternately at a rate sufficiently high 
that Visually a trace made on the screen by a 
generator remains until the next trace is made, 
thereby giving the effect of continuous excita 
tion. The switches 40 and 50 which have been 
diagrammatically illustrated as pole or knife 
Switches are preferably electronic switches. The 
deflection plates to which the amplifiers 24 and 
25 are coupled through the capacitors 4 - and 51, 
respectively, are connected to the high voltage 
second anode 4 through resistors 56 and 57, 
respectively. - 

The signal traces as indicated in Fig. 2 com 
prise a low frequency trace and a higher fre 
quency trace. In the illustration, for example, 
it is assumed that the trace 54 rotates once 
while the trace 55 rotates once for each indi 
cated division of the scale for the trace 54. 
Trace 55 thus provides a vernier reading for the 
Scale 54 so that when a pulse is impressed on 
the point 33 by the signal source 30 it will ap 
pear, for example, at 58 on the trace 54 and at 
59 on the trace 55, its position on the trace 55 
indicating on a larger scale the distance of 
movement between the two adjacent markers on 
the scale for the trace 54. 

It is evident that, for an accurate portrayal 
of the Signal, interference between the deflec 
tion voltages of the generators 26 and 2 is ob 
jectionable and must be avoided. Such interfer 
eithce may occur due to the anode to control elec 
trode capacities of the amplifier devices 35, 36, 
A5 and 45. For example, when the switch. 4) is 
in the position illustrated, a signal from the gen 
erator 27 may be coupled to the deflection plates 
E6 through the grid to anode capacity of the 
tube 36 even though the tube is biased beyond 

4. 
cutoff by the battery 39. I have found that in 
terference due to coupling through the grid to 
anode capacities may be prevented by provid 
ing neutralizing condensers between the control 
grids of the amplifier devices and the deflection 
plates opposite the plates to which the cutoff 
amplifier tube is coupled. 
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I, therefore, provide 
variable condensers 60, 6 between the control 
electrodes of the devices 35 and 36 and the lower 
vertical plate 6 and variable condensers '62 and 
63 between the control electrodes of the devices 
45 and 46, respectively, and the left-hand hori 
Zontal plate . These variable condensers are 
adjusted so that their capacity is equal to the 
total grid to plate capacity of the respective ann 
plifier tubes to which they are connected, it being 
understood of course that the total grid to plate 
capacity includes capacities of the leads associ 
ated with the anodes and the grids of these tubes. 
In addition to the neutralization of the anode 
to grid capacities of the amplifier tubes, I pro 
Wide circuit components for making equal both 
the resistance and the capacity between ground 
Or any Suitable fixed reference potential and the 
tWO defection plates of each pair of plates. For 
this purpose I provide resistors 65 and 66 by 
passed respectively by variable condensers .67 
and 68 for connecting the lower potential plates 
of each of the pairs of plates 6 and 7, respec 
tively to a point of fixed reference potential, i. e. 
to ground in the circuit illustrated. Bypass con 
densers 69, 1) and bypass the resistors 22, 23 
and 2 so that the resistors 65 and 66 are both 
connected to ground for alternating current at 
the frequencies in the range of frequencies im 
pressed on the plates 6 and 7. In order to 
make the resistance between the lower plate 6 
and ground equal to the resistance between the 
upper plate 6 and ground the resistance 65 is 
made equal to the resistance of the parallel cir 
cuit including the resistances 42 and 56. In order 
to make the capacities to ground of the two 
plates equal, the condenser 67 is adjusted until 
the capacity from the lower plate to ground is 
equal to the capacity from the upper plate to 
ground; the capacity of the upper plate to 
ground includes the plate to ground capacities 
of the tubes 35 and 38, the capacity of the wiring 
from the anodes to the upper plate and the ca 
pacity between the bulk of the coupling con 
denser 4 and ground. A similar adjustment is 
made in the resistance 66 and the capacity of 
the condenser 68 in order to make the capacity 
and resistance to ground from the left-hand 
horizontal plate equal to the capacity and 
resistance to ground from the right-hand 
nate 7. 
When the values of the condensers 60, 6, 62 

and 63 and the adjustment of the parallel cir 
cuits including resistances 65 and 66 and con 
densel's 67 and 68 are all made in the manner 
described, the separate plates of each pair will 
be equally and oppositely energized by leakage 
through the grid to plate capacities of the ampli 
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fier tubes and their respective neutralizing con 
densers so that the cathode ray beam passing be 
tween the deflection plates will not be defected 
and the pull on the two plates of each pair will be 
equal and opposite. - - 
From the foregoing it is readily apparent that 

I have provided a simple and effective circuit 
making it possible to employ three-electrode 
electron discharge devices for energizing the de 
flecting plates of a cathode ray tube alternately 
from different signal sources without inter 

  



5 
ference due to leakage from either source. When 
the deflecting Voltage is taken from the other 
Source. Since the circuits between the deflecting 
plates of each pair and the fixed reference poten 
tial are balanced both for reactance and for re 
sistance, the circuit is effective over a wide range 
of frequency. 
While I have described my invention in con 

nection. With a particular type of deflection cir 
cuit and Signal portraying System, other applica 
tions will readily be apparent to those skilled in 
the art. I do not, therefore, desire my invention 
to be limited to the particular circuit arrange 
ment illustrated and described and I intend by 
the appended claims to cover all modifications in 
the Spirit and Scope of my invention. 
What I claim as new and desire to secure by 

Letters Patent of the United States, is: 
1. A cathode ray signal portraying apparatus 

Comprising a Cathode ray tube having a pair of 
cathode ray beam deflecting plates, two separate 
Continuously operative deflection Wave sources 
connected to energize said plates, means for 
rendering the connections between said plates 
and Said Sources selectively operative alternately 
to effect full energization of said plates from said 
sources alternately whereby leakage current 
tends to pass through the inoperative connection, 
and means for neutralizing the effect of leakage 
from Said Sources through said connections to 
said plates whereby interference with the wave 
from the Selected source due to leakage through 
the inoperative Connection is prevented. 

2. A cathode ray signal portraying apparatus 
comprising a cathode ray tube having a pair of 
Cathode ray beam deflecting plates, means in 
cluding two separate sources of deflection waves 
for energizing said plates, each of said means hav 
ing an electron discharge device including an 
anode and a cathode and a control electrode, 
means coupling both said anodes to one of said 
deflection plates for energizing said plates upon 
operation of either of said devices, means for 
rendering Said devices operative alternately, and 
means for neutralizing the effect of leakage 
through the control electrode to anode capacities 
of said devices to said plates whereby interfer 
ence With the Wave from the operative device due 
to leakage through the inoperative device is pre 
vented. 

3. A cathode ray signal portraying apparatus 
comprising a cathode ray tube having a pair of 
cathode ray beam deflecting plates, one of said 
plates being connected to a point of fixed ref 
erence potential, two separate deflection Wave 
Sources coupled to the other of said plates for im 
pressing deflection Waves acroSS said plates, 
means for rendering said Sources operative alter 
nately, means for neutralizing the effect of 
leakage from said sources to said plates, and 
means for making equal the reactances and the 
capacitances between each of Said plates and said 
point of fixed reference potential whereby inter 
ference with the wave from the Operative Source 
due to leakage through the inoperative source is 
prevented. 

4. A cathode ray Signal portraying apparatus 
comprising a cathode ray tube having an electron 
gun and a pair of cathode ray beam deflecting 
plates, means including an electron discharge de 
Vice having an anode and a cathode and a Con 
trol electrode for impressing a deflecting Voltage 
across said deflecting plates, said anode being 
coupled to one of Said plates and said cathode and 
the other of said plates being connected to a point 
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6 
of fixed reference potential, and means providing 
capacitance connected between said control 
electrode and said other plate for neutralizing 
the control electrode to anode capacity of said 
device. 

5. A cathode ray signal portraying apparatus 
comprising a cathode ray tube having an electron 
gun and a pair of cathode ray beam deflecting 
plates, means including an electron discharge de 
vice having an anode and a Cathode and a con 
trol electrode for impressing a deflecting voltage 
across said deflecting plates, said anode being 
coupled to one of Said plates and said cathode 
being connected to a point of fixed reference po 
tential, means connecting said control electrode 
and the other one of Said plates for neutralizing 
the control electrode to anode capacity of said 
device, and means connecting said other plate to 
said point of fixed reference potential for making 
equal the impedances between each of said plates 
and said point of reference potential. 

6. A cathode ray signal portraying apparatus 
Comprising a cathode ray tube having an electron 
gun and a pair of cathode ray beam deflecting 
plates, means including an electron discharge de 
Vice having an anode and a cathode and a Con 
trol electrode for impressing a deflecting voltage 
acroSS Said deflecting plates, Said anode being 
coupled to one of said plates and said cathode 
being connected to a point of fixed reference po 
tential, means connecting said control electrode 
and the other one of said plates for neutralizing 
the control electrode to anode capacity of said 
device, and means including a resistance for con 
lecting said other plate to said point of fixed ref 
erence potential, said resistance having a value 
Such that the paths between each of said plates 
and Said point of reference potential have the 
same resistance. 

7. A cathode ray signal portraying apparatus 
comprising a Cathode ray tube having an electron 
gun and a pair of beam deflecting plates, means 
including an electron discharge device having an 
anode and a cathode and a control electrode for 
impressing a deflecting voltage across said de 
flecting plates, said anode being coupled to one 
of Said plates and said cathode being connected 
to a point of fixed reference potential, means con 
necting said control electrode and the other one 
of Said plates for neutralizing the control elec 
trode to anode capacity of said device, and means 
for connecting said other plate to said point of 
reference potential and for making equal the 
capacitances between each of said plates and 
said point of reference potential. 

8. A cathode ray signal portraying apparatus 
Comprising a cathode ray tube having an electron 
gun and a pair of Cathode ray beam deflecting 
plates, means including an electron discharge 
device having an anode and a cathode and a con 
trol electrode for impressing a deflecting voltage 
acroSS Said deflecting plates, said anode being 
coupled to one of said plates and said cathode 
being connected to a point of fixed reference 
potential, means connecting said control electrode 
and the other one of Said plates for neutralizing 
the control electrode to anode capacity of Said 
device, and means including a resistance and a 
condenser in parallel for connecting said other 
plate to said point of fixed reference potential 
and for making equal both the resistance and the 
capacitance between each of Said plates and Said 
point of reference potential. 

9. A cathode ray signal portraying apparatus 
comprising a cathode ray tube having an electron 
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gun and a pair of beam deflecting plates, means 
including an electron discharge device having ara 
anode and a cathode and a control electrode for 
impressing a deflecting voltage across said de 
flecting plates, said anode being coupled to one 
of said deflecting plates, means for connecting 
the other of said plates to a point of fixed ref 
erence potential, and means for neutralizing the 
effect of leakage through said device to prevent 
undesired deflection of the cathode ray beam, said 
neutralizing means comprising a first condenser 
connected between said control electrode and said 
other plate and a second condenser connecting 
Said other plate to said point of reference poten 
tial, said first condenser having a capacity equal 
to the control electrode to anode capacity of said 
device and the capacity of said second condenser 
being Selected so that the same value of capacity 
exists from each of said plates to said point of 
reference potential. 

10. A cathode ray signal portraying apparatus 
comprising a cathode ray tube having an electron 
gun and a pair of beam deflecting plates, means 
including an electron discharge device having an 
anode and a cathode and a control electrode for 
impressing a deflecting voltage across said de 
flecting plates, said anode being coupled to one 
of said deflecting plates, means including a re 
sistance for connecting the other of said plates to 
a point of fixed reference potential, said re 
sistance having a value such that the resistance 
is the same between both said plates and said 
point of reference potential, and means for neu 
tralizing the effect of leakage through said de 
vice to prevent undesired deflection of the cathode 
ray beam, said heutralizing means comprising a 
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first condenser connected between said control 
electrode and said other plate and a second con 
denser shunting. Said resistance, said first. Con 
denser having a capacity equal to the control 
electrode to anode capacity of said device and 
the capacity of Said second Condenser being Se 
lected so that the same value of capacity exists 
from each of said plates to said point of reference 
potential. 

li. A cathode ray signal portraying device con 
prising a cathode ray tube having a pair of 
cathode ray beam deflecting plates, two separate 
deflection wave sources, means providing respec 
tive separate electron discharge paths for con 
necting said sources to energize said plates, means 
for rendering said electron discharge paths op 
erative alternately, and means for neutralizing 
the effect of leakage from said sources to said 
plates whereby interference with the wave from 
the Gperative one of Said paths due to leakage 
thirough the inoperative path is prevented. 
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