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4. Claims. 
1. 

This invention relates to excitation circuits and 
deflection systems for cathode ray tubes. 
Apparatus according to the invention comprises 

a cathode ray tube having a pair of deflector 
piates, means to excite the final anode of the gun 
and all other gun electrodes which substantially 
influence the focus with cophased alternating 
voltage relative to cathode, and means to apply 
between said deflector plates a cophased alternat 
ing voltage, whereby the focus is maintained and 
a deflection is produced proportional to the rela 
tive amplitudes of the deflection voltage and the 
final anode voltage. 
According to a preferred form of the invention, 

apparatus for simultaneously displaying, by 
means of the co-ordinates of a spot position. On 
the screen of a cathode ray tube, the amplitude of 
two cophased alternating voltages relative to that 
of a third cophased voltage, comprises means to 
apply said third voltage between the cathode and : 
the final anode of the cathode ray tube gun and 
to apply suitable fractions thereof to all other gun 
electrodes which substantially influence the focus, 
and means to apply said first two voltages be 
tween successive pairs of deflector plates produc 
ing deflection in mutually perpendicular direc 
tions. 
When the potential of the final anode of an 

electron gun is varied relative to cathode, the 
focus is maintained if the potentials relative to 
cathode of the focussing electrode, and of all 
other electrodes which influence the focus, are 
varied in proportion. If, therefore, all the elec 
trodes of the gun are excited with alternating 
voltages relative to cathode in the same phase, 
then beam current will flow during every half 
cycle while the anodes are positive to cathode and 
the focus will be substantially correct through 
out these half cycles. The focus is not, however, 
disturbed by the beam current control electrode 
and it is preferred in practice that this be main 
tained negative to cathode so as to suppress the 
beam for a period at each end of the half cycle. 
Very satisfactory operation is obtained if these 
periods of suppression are both of the Order of 
one-sixth of a cycle, so that beam current will 
flow for the central one-third of the positive half 
cycle. This may be effected by holding the po 
tential of beam current control electrode at an 
appropriate direct voltage' negative to cathode. 
A further refinement which may be employed 

alternatively or additionally, however, is to in 
crease the beam current substantially, during the 
fraction of a cycle while it is permitted to flow, 
beyond the value which it would attain if the 
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2 
beam current control electrode were maintained 
at constant potential negative relative to cathode. 
For this purpose it is preferred to superpose an 
alternating voltage between the beam current 
control electrode and the cathode, this being in 
phase with the voltages between the anodes and 
the cathode. 
The angle of deflection of the electron beam is 

proportional to the potential difference between 
a pair of deflector-plates, but is inversely propor 
tional to the potential difference between the final 
anode of the electron gun and cathode. When, 
therefore, an alternating voltage is applied be 
:tween a pair of deflector plates in phase with the 
alternating voltage between final anode and 
cathode, the spot where the beam impinges on the 
fluorescent screen is theoretically stationary. Its 
position is determined by the amplitude of the 
alternating deflection voltage, assuming that the 
amplitude of the alternating gun voltage remains 
constant. 
The accompanying drawing shows a circuit dia 

gram of a cathode ray oscillograph tube arranged 
for alternating current operation in accordance 
With the invention. 
The cathode ray oscillograph tube has a 

cathode 2, a beam current control electrode 3, a 
first anode 4, a focusing electrode 5 and a final 
anode 6. These electrodes together form the 
electron gun. The electron beam leaving the 
final anode 6 passes between two pairs of electro 
static deflector plates, 7, 8 and 9, 10 which are 
arranged to produce deflections in mutually per 
pendicular directions. The beam finally impinges 
in a Spot on the fluorescent screen. 
The exciting and deflection voltages are all-de 

rived from the common alternating , source , 
which may have a frequency of 50 cycles. 
Transformer 2, which has its primary winding 

3 connected across source , is provided with 
three Separate secondary windings 4, 5, 6. 
The electron gun is excited from winding 4. 

One end of this. Winding is earthed, and connected 
to the final anode 6. A potentiometer is con 
nected across winding 4 and the alternating volt 
ages for the other electrodes of the gun are de 
rived from tappings thereon. Thus the focusing 
electrode 5 and the cathode 2 are connected to 
tappings f and 9 respectively. The first anode 
4 is shown as connected directly to the final anode 
'6; but if the gun is so designed that this first 
anode would ordinarily, with "direct voltage ex 
citation, be "excited at a potential negative with 
.respect to the final" anode, then this first-anode   
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4 should also be connected to a tapping on poten 
tionnetter T. 
The beam current control electrode 3, which in 

normal direct voltage operation is maintained 
negative to cathode, may, in the arrangement 
according to the invention, be excited with alter 
nating voltage or direct voltage, but it is pref 
erably excited with a combination of both. In the 
arrangement shown it is excited relative to cath 
ode with an alternating voltage drop derived 
from potentiometer 7 superposed on a direct 

This voltage established across resistance 2. 
resistance 2 is the load of a diode rectifier 22, 
which is connected through coupling condenser 
23 between tapping 20 and the end of poten 
tioneter T remote from earth. 
The deflection voltages are derived from sec 

ondary winding 6, and their amplitudes are mod 
ulated, in accordance with phenomena to be 
represented, by modulators 24 and 25 respectively. 
These voltages are shown as applied asymmetri 
cally to deflector plates 8 and fo, only shift 
voltages being applied to the opposite plates 7 
and 9. These shift voltages, also taking the form 
of alternating voltages in phase with those ap 
plied to the electron gun, are derived from tap 
pings on potentiometers 26, 27, connected across 
the secondary winding 5, which has an earthed 
centre-tap. The deflection voltages may, how 
ever, be applied. Symmetrically, with or without 
the superposition of shift voltages, if this is 
preferred. 
The arrangement may be regarded as inher 

ently a demodulator; the two co-ordinates of 
the position of the spot on the screen represent 
the amplitudes of the output voltages from mod 
ulators 24 and 25. The position is independent 
of the voltage and frequency of the source l. 
In comparison with results which can be ob 

tained by demodulating an alternating voltage 
which is modulated in amplitudes, and by then 
exhibiting the modulation on a cathode ray tube 
excited with direct voltage in the ordinary way, 
this system provides, in addition to other advan 
tages, a feature of sense indication. So long as 
the output voltage from modulator 24 is in phase 
With the voltage of final anode 6 relative to cath 
ode, the beam will be deflected towards the de 
flector plate 8. If, however, the modulation is 
carried through Zero and beyond, so that the out 
put voltage of modulator 24 is in anti-phase with 
that of the final anode relative to cathode, the 
deflection of the beam is towards deflector plate 7. 

It will be evident that the invention is not 
limited to use in Oscillograph tubes, and the term 
"cathode ray tube' is, therefore, to be understood 
as including beam deflection valves. 
This application is a division of application 

Serial No. 512,402, filed November 30, 1943. 
We claim: 
1. Apparatus comprising a cathode ray tube 

having a pair of deflector plates, means to excite 
the final anode of the gun and all other gun 
electrodes which substantially influence the focus 
with cophased alternating voltage relative to 
cathode, and means to apply between said de 
flector plates a cophased alternating voltage, 
whereby the focus is maintained and a deflection 
is produced proportional to the relative ampli 
tudes of the deflection voltage and the final anode 
Voltage. 

2. Apparatus for simultaneously displaying, by 
means of the co-ordinates of a Spot position on 
the screen of a cathode ray tube, the amplitudes 
of two cophased alternating voltages relative to 
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4 
that of a third cophased voltage, which com 
prises means to apply said third voltage between 
the cathode and the final anode of the cathode 
ray tube gun and to apply suitable fractions 
thereof to all other gun electrodes which sub 
stantially influence the focus, and means to apply 
said first two voltages between successive pairs 
of deflector plates producing deflection in mutu 
ally perpendicular directions. 

3. Apparatus according to claim 1, comprising 
means to suppress the electron beam for periods 
at both ends of each half cycle when the final 
anode is positive to cathode. 

4. Apparatus according to claim 3, wherein 
each of said periods of suppression is of the order 
of one-sixth of a cycle. 

5. Apparatus according to claim 3, wherein said 
Suppression means comprises means to apply a 
direct negative voltage bias to the bean current 
control electrode. 

6. Apparatus according to claim 1, comprising 
means to excite the beam current control elec 
trode with a further cophased alternating voltage 
relative to cathode to increase the bean current 
When flowing. 

7. Apparatus according to claim 2, comprising 
means to suppress the electron beam for periods 
at both ends of each half cycle when the final 
anode is positive to cathode. 

8. Apparatus according to claim 2, comprising 
means to suppress the electron beam for periods 
at both ends of each half cycle when the final 
anode is positive to cathode, each of said periods 
being of the order of one-sixth of a cycle. 

9. Apparatus according to claim 2, comprising 
means to Suppress the electron beam for periods 
at both ends of each half cycle when the final 
anode is positive to cathode, said suppression 
means comprising means to apply a direct neg 
ative voltage bias to the beam current control 
electrode. 

10. Apparatus according to claim 2, comprising 
means to excite the beam current control elec 
trode with a further cophased alternating voltage 
relative to cathode to increase the beam current 
when flowing. 

11. Cathode ray tube apparatus comprising a 
cathode, a beam current control electrode, a 
focussing electrode, and a plurality of anodes 
forming an electron gun for producing an elec 
tron beam, two pairs of electrostatic deflector 
plates for producing deflections of said beam in 
mutually perpendicular directions, a fluorescent 
screen on which said beam impinges, and means 
for impressing cophased alternating current di 
rectly upon all of said electrodes, said current 
being derived directly from a common source of 
alternating current. 

12. Cathode ray tube apparatus as defined in 
claim. 10 having means for exciting the beam 
current control electrode with direct current on 
which is superimposed alternating current de 
rived from the common source. 

13. Cathode ray tube apparatus as defined in 
claim 10 having modulators through which sym 
metrical deflection voltages are applied to said 
deflector plates, said modulators deriving cur 
rent from the common source of alternating cur 
rent. . . . 

14. Cathode ray tube apparatus as defined in 
claim 10 having modulators and potentiometers 
for applying asymmetrical deflection. Voltages to 
said deflector plates, a modulated voltage de 
rived from the source of alternating current 
through a modulator being applied to one de 
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flector plate of each pair and a shift voltage 
derived from the source of alternating current 
through a potentiometer being applied to the 
other deflector plate of each pair. 

LESLIE HERBERT BEDFORD. 5 
JOHN BELL. 
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