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This invention relates to an improvement in 
cathode ray beam defecting circuits, and more 
particularly, in circuits used for electromag 
netically deflecting a cathode ray beam in such 
a manner that a high degree of linearity of de 
flection and stability of amplitude of deflection 
may be maintained. 
Where a cathode ray tube is used to produce 

luminous indications, it is frequently desirable to 
deflect the cathode ray beam in the tube at a 
predetermined constant rate of speed across the 
screen of the tube. This is particularly true in 
the case of television receivers where the lin 
earity of deflection should be maintained at the 
highest possible degree in order that no dis 
tortion will be present in the produced television 
picture. It is also desirable that the degree of 
deflection or the deflection amplitude be main 
tained constant in order that distortion will not 
occur and in Order that the dimensions of the 
produced image will not be altered. 

It is well known that a cathode ray beam may 
be defected by electrostatic or electromagnetic 
fields, and the latter form of deflection is the type 
with which the present invention is concerned. 
Warious circuit arrangements have been provided 
for improving the linearity of beam deflection 
in electromagnetic deflection circuits, but in most 
instances true linearity is not completely ob 
tained, with the result that the rate of defection 
of the cathode ray beam across the screen is not 
absolutely uniform throughout the entire deflec 
tion interval. 
By means of the present invention, a circuit 

arrangement has been provided whereby a high 
degree of linearity may be accomplished in a 
Cathode ray beam deflection circuit. It is also 
possible by means of the present invention to 
maintain the amplitude of deflection substan 
tially constant irrespective of changes in operat 
ing conditions and variations in the voltages ap 
plied to the tubes as may occur in normal opera 
tion of the System. 
The purposes of the present invention are in 

general accomplished by utilizing degenerative 
feedback in the deflection System, the System hav 
ing inherently relatively Small wave form dis 
tortion, with the result that a very high degree of 
linearity of deflection will result. By the same 
arrangement it is also possible to maintain the 
amplitude of deflection Substantially constant 
in spite of operational "drifts' that may occur 
during the normal operation of the system, 
Through the use of the present invention, it is 
also possible to maintain a high degree of lin 
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earity of deflection over a considerable range of 
frequencies, and accordingly the present inven 
tion may be used in a wide variety of apparatus 
wherein cathode ray tubes are employed. 
The present invention may also be applied to 

defection circuits wherein the defection tubes 
are operated in either class A or class B. 

It is, therefore, one purpose of the present in 
vention to provide a circuit for electromagnet 
ically deflecting a cathode ray beam in which a 
high degree of linearity of deflection may be 
maintained. . 
Another purpose of the present invention re 

sides in the provision of a circuit for electro 
magnetically deflecting a cathode ray beam in 
which the amplitude of deflection may be main 
tained substantially constant irrespective of nor 
mal Operational changes in the System. 

Still another purpose of the present invention 
resides in the provision of a circuit for electro 
magnetically deflecting a cathode ray beam in 
which a high degree of linearity is produced 
even though low percentages of harmonic dism 
tortion may occur in the various tubes used in 
the deflection circuit. 

Still another purpose of the present invention 
resides in the use of degenerative feedback in a 
circuit for electromagnetically deflecting a cath 
ode ray beam thereby to improve the linearity of 
deflection and to maintain the amplitude of de 
flection stable, 
A still further purpose of the present invention 

resides in the application of degenerative feed 
back in a cathode ray beam deflecting circuit 
where the defection tubes are caused to function 
in either class A or class B operation. 

Still another purpose of the present invention 
resides in the provision of means in a circuit for 
electromagnetically deflecting a cathode ra: 
beam wherein a potential drop is produced as a 
result of the flow of the beam deflection current, 
the produced potential drop being utilized in a 
degenerative manner to improve linearity of de 
flection and to maintain the amplitude of deflec 
tion uniforn. 
Warious other purposes and advantages of the 

present invention will become more apparent 
to those skilled in the art from the following de 
tailed description, particularly when considered 
in connection with the drawings wherein: 

Figure represents one form of the present 
invention; and 

Figure 2 represents a modification of the circuit 
of Figure 1. 

Referring now to the drawings, and partic 
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ularly to Figure 1 thereof, there is shown an 
electron discharge tube ?o which includes a cath 
ode, a control electrode and an anode. The cath 
ode of tube ?o is connected directly to ground 
or a point of fixed potential, whereas the con 
trol electrode is connected to one of the input 
terminals 2 in order that a voltage variation of 
the desired wave form may be applied thereto. 
The anode of tube 0 is connected, by Way of 
load resistor 16, to positive terminal 4 (to which 
a source of positive potential is applied). The 
anode of tube to is also connected to ground by 
way of a resistance-capacitance circuit including 
resistance 8, coupling condenser 20 and a fur 
ther condenser 22. The tWO condensers 20 and 
22, as well as the resistance 8, are connected in 
series to form the resistance-capacitance circuit. 
The control electrode of tube 0 is supplied 
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with a series of negative impulses, as represented 
by the curve 24 in the drawing. These impulses 
occur at a frequency corresponding to the de 
sired deflection frequency. Tube 0 is normally 
conducting, but is intermittently rendered Sub 
stantially non-conducting by the succession of 
negative impulses applied to the control elec 
trode thereof. During these non-conducting in 
tervals, the series condensers 20 and 22 are 
charged through resistances 6 and 8, and are 
subsequently discharged by the tube 0 during 
its conducting intervals. As a result, a voltage 
variation is produced at the junction of the series 
condensers 20 and 22 similar to that represented 
by the curve 26. 
The resistance-capacitance circuit forms an 

integrating circuit responsive to the potential 
variations at the anode of tube 0, these potential 
variations corresponding to the applied pulse se 
ries 24 except that their polarity is reversed. The 
capacitance. 20 should preferably be chosen to 
have a value equal to about twice the capac 
itance of the condenser 22. With such an ar 
rangement the linearity of the Sawtooth shaped 
voltage variations 26 present at the junction of 
the condensers 20 and 22 can be made very good 
if only a relatively Small percentage of the full 
anode voltage is used. 
The voltage variation represented by the curve 

26 is applied to the control electrode of tube 30, 
which includes at least a Cathode, a control elec 
trode and an anode, but which is preferably of 
the screen grid type. The cathode 32 of the tube 
3C is connected to ground by Way of cathode re 
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sistance 34, and the anode of tube 30 is connected 
to the positive terminal 4 by Way of anode load 
resistance 36. When the potential of the con 
trol electrode of tube 30 is varied by the volt 
age variation appearing at the junction of con 
densers 20 and 22, a corresponding voltage vari 
ation of Sawtooth Wave form will be produced at 
the anode of tube 30, as indicated by the curve 
39. These voltage variations are then applied to 
the control electrode of a power deflection tube 
40 by Way of coupling condenser 38. The con 
trol electrode of tube 49 is connected to ground 
by way of grid resistor 42. The cathode of tube 
40 is connected to ground by way of cathode re 
sistance 44, in order that the potential drop there 
across will produce the desired relative potential 
between the cathode and control electrode of the 
tube. It is preferable that some degeneration be 
present in the tube and, as a result, no by-pass 
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Condenser is connected in parallel with the cath 
ode resistance 44. 
The power deflection tube 40 is preferably of the 

beam power type, and includes a cathode, control 75 

4. 
electrode, Screen electrode and anode. The screen 
electrode may be connected directly to the pos 
itive terminal 4, whereas the anode of tube 40 
is connected to the positive terminal by way of 
the primary winding 46 of transformer 48. A 
damping resistance 50 and condenser 52 are con 
nected in series across the primary winding 46 of 
the transformer. The transformer 48 is also pro 
Vided with a secondary winding 54, one terminal 
of which is connected to ground, and the other 
terminal of which is connected to a contact point 
56. The anode of tube 40 is connected to an 
other contact point 58, and switch arm 60 is pro 
vided for cooperating selectively with one or the 
other of contact points 56 or 58. 
The deflecting coil or coils 62 for electromag 

netically deflecting the cathode ray beam are 
then connected between the movable switch arm 
60 and the cathode of tube 30, with condenser 
64 interposed in the cathode connection. By 
means of the switch arm 60, the deflecting coil 
62 may then be energized directly from the anode 
of tube 40, or it may be energized through the 
transformer 48 from the voltage induced in the 
secondary winding 54. 
When voltage variations of sawtooth wave form, 

Such as represented by the curve 39, are applied 
to the control electrode of tube 49, the desired 
current variation in the anode circuit of tube 40 
is produced Such that substantially linear defec 
tion of the cathode ray beam results. 
By reason of the fact that the deflection coil 

current flows through the resistance 34 in the 
cathode circuit of tube 30, a negative feedback 
Voltage is produced by a corresponding potential 
drop across resistance 34. Accordingly, the cur 
rent in the plate circuit of tube 30 is affected 
both by the voltage variations applied to the con 
trol electrode of tube 30 and by variations in the 
potential drop acroSS the Cathode resistance 34. 
These two Voltages add in phase but with op 
posing polarity, i. e., in a degenerative sense. 
When degenerative feedback is provided in this 
manner, the circuit shown in Figure 1 will oper 
ate to deflect the cathode ray beam at substan 
tially any scanning frequency, and a high degree 
of linearity of deflection will result. Further 
more, the amplitude of deflection Will be main. 
tained substantially constant. 
For most efficient operation, it is desirable that 

the system inherently have good linearity since 
departure from strict linearity, when corrected 
by degeneration, can only be improved by the 
same percentage as the gain or degree of amplifi 
cation is reduced. In order, therefore, to not 
excessively reduce the gain of the deflection sys 
ten, it is preferable that the System have inher 
ently fairly good linearity so that a minimum 
amount of degenerative reaction is necessary in 
order that the desired high degree of linearity 
of deflection may be accomplished. 

Before feedback can be effective to reduce or 
compensate for distortion, it is necessary that the 
tube into which the feedback voltage is injected, 
as well as all tubes following that tube, be in an 
operating condition during the time that the 
feedback is to be effective. Accordingly, if the 
degenerative feedback shown in Figure 1 is to be 
effective over the entire deflection stroke, then 
it is necessary that tubes 30 and 40 be operated 
in class A operation. When class AB or class B 
operation is employed, i. e., when the tube is 
inoperative during a portion of the cycle, na 
turally the tube is inoperative during the cut-off 
period and hence cannot reduce distortion during 
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this period. The circuit shown in Figure 1, 
therefore, employs tubes with class A Operation, 
and when degenerative feedback is employed Such 
as shown in the figure, a high degree of linearity 
of deflection may be maintained and the degree 
or amplitude of deflection may be held substan 
tially constant. 
A modification of the present invention is 

shown in Figure 2 in which a modified form of 
degenerative feedback is employed. In this 
circuit, a tube 70 is provided having at least a 
cathode, a control electrode and an anode, the 
tube being preferably of the beam power type. 
A condenser 72 is provided, one plate of which 
is connected to input terminal 78, the other plate 
being connected to ground by Way of an adjust 
able resistance 76. The condenser 2 is the dis 
charge condenser on which a rising Sawtooth 
voltage is generated from a preceding tube (not 
shown), so that a voltage variation of substan 
tially sawtooth wave form, as represented by 
curve 75, is present at the input terminal 74, and 
this voltage variation is applied to the control 
electrode of tube 70 by way of coupling condenser 
78. The control electrode of tube 0 is connected 
to ground by grid resistor 80, and the cathode of 
tube 0 is also connected to ground by Cathode 
resistance 82, this resistance being by-passed by 
condenser 88. 
The anode of tube 0 is connected to a positive 

terminal 86 (to which a source of positive poten 
tial is applied) by Way of Series connected induc 
tance 88 and resistance 90. The resistance 90 
has a value generally several times the resistance 
of the deflecting coils, and may be eliminated if 
the resistance of the choke coil 88 is sufficiently 
high. The deflecting coils 92 for electromag 
netically deflecting the cathode ray beam are 
connected between the anode of tube 70 and the 
junction of condenser 72 and resistance 76 by way 
of a condenser 94. This condenser 94 is prefer 
ably of relatively large capacity and may be of 
the electrolytic type. 
A controlled damping tube or inverted tube 96 

is also employed, and this tube includes at least 
a cathode, a control electrode and an anode. The 
cathode of tube 96 is connected directly to the 
anode of tube 70, while the anode of tube 96 is 
connected to the positive terminal 86 by way of 
adjustable resistance or potentiometer 98. The 
anode of tube 96 is also connected to a single-pole 
double-throw switch foo in order that the anode 
may be connected selectively (1) to the junction 
of condenser 94 and deflecting coils 92, and thence 
to resistance 76 by way of low alternating current 
impedance or condenser 94, or (2) to ground by 
way of condenser f02. 
The tube 96 is preferably of the beam power 

type, in which case it also includes a screen elec 
trode to which an adjustable potential may be 
applied by means of the potentiometer 04. The 
resistance element of this potentiometer is con 
nected between the positive terminal 86 and 
ground, and the movable contact of the potenti 
Ometer is connected to the screen electrode by 
resistance 06. A decoupling condenser 08 is 
connected between the screen electrode and 
ground. 
The control electrode of tube 96 is connected 

to its cathode by means of two series connected 
parallel resistor-condenser combinations, the first 
of which includes resistance O and condenser 

2, and the second of which includes resistance 
4 and condenser 6. 
With the circuit arrangement as described, 
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6 
when a voltage variation of Sawtooth wave form 
is applied to the control electrode of the tube 70, 
a current variation is produced in the deflecting 
coils to electromagnetically deflect the cathode 
ray beam in a substantially linear fashion. Inas 
much as a portion of the current in the deflecting 
coils, depending on the position of Switch 00, 
must flow through the resistance 76, a potential 
drop is produced thereacross which is also effec 
tive to modulate the potential of the control elec 
trode of tube 70. This provides degenerative 
feedback which is fully effective and caused by 
the currents of tube 70 and tube 96 when the 
switch arm 00 is connected to the condenser 02. 
The resistance of serves then as an isolation 
resistor, providing a direct current path for the 
beam centering current. The resistor O may 
be replaced by an appropriately chosen choke. 
Partial feedback results when the switch arm OO 
is moved into contact with the junction of the 
deflecting coils 92 and the condenser 94 (as shown 
in the drawing) as then the current component 
of only the deflection power tube 70 causes a 
degenerative voltage on resistor 76. 
The inverted controlled tube 96 or damping 

tube is effective to improve efficiency and line 
arity, and is normally conducting over at least 
the initial portion of each deflection stroke. 
The amount of current passed by tube 96 is de 
termined in accordance with the values of the 
parallel resistance and condenser combinations 
f0, 2 and 4, 16. The use of such combina 
tions is shown and described, for example, in 
Schade U. S. Patent No. 2,382,822, issued on 
August 14, 1945. Linearity of the deflection can 
in part be controlled by the potentiometer 04, 
since an adjustment of this potentiometer de 
termines the amount of current permitted to pass 
through tube 96. The adjustable resistance 98 
is effective for centering the cathode ray beam 
On the Screen. 
The degree of degeneration or inverse feed 

back can be regulated by an adjustment of re 
sistance 76 since an increase in the size or value 
of resistance 6 naturally increases the degree 
of degeneration. If the degree of degeneration 
is increased, the amplitude of deflection is de 
creased, with the result that a variation in size 
of the scanned raster may be controlled by vary 
ing the value of the resistance 76. Conversely, 
if the value of resistance 76 is decreased, the 
degree of degeneration is decreased and the size 
or amplitude of deflection is correspondingly in 
Creased. 

Accordingly, by reason of the particular cir 
cuit arrangements and the degenerative feedback 
provided therein, it is possible to maintain ex 
cellent linearity for very large deflection size or 
amplitude variations. This is a result which 
has heretofore been difficult, if not impossible, to 
achieve. When the potentiometer O4 is prop 
erly adjusted to produce good linearity without 
feedback, a very high degree of linearity, and 
stability may then result by reason of the de 
generative feedback, and the degree of degen 
erative feedback may then be utilized to control 
the size or amplitude of deflection. 

Since a damping or controlled inverted tube 
96 is included in the circuit shown in Figure 2, it 
is possible that tube to may be operated as class 
AB if desired, although the circuit arrangement 
Shown and described is most effective for class 
A Operation of the tube. 
Although the circuits shown in Figures 1 and 2 

have been described somewhat in detail, it is 
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obvious that various modifications of these cir 
cuits will become apparent to those skilled in 
the art. Even very simple deflection circuits 
and those of the intermittent or pulse type may 
be conveniently provided with the degenerative 
feedback shown in the two figures, and it is to 
be understood that any and all modifications of 
the circuits shown in Figures 1 and 2 should be 
considered within the purview of the present 
invention. O 
Having now described my invention, what I 

claim as new and desire to have protected by 
Letters Patent is: 

1. A cathode ray beam deflecting circuit com 
prising means for generating a voltage variation 
of substantially saw tooth waveform, an elec 
tron discharge tube having at least a cathode, a 
control electrode and an anode, means including 
an impedance for maintaining the anode positive 
with respect to the cathode, a grid resistance for 
connecting the control electrode to a point of 
fixed potential, a condenser and an adjustable 
resistance connected in series between the Con 
trol electrode and the point of fixed potential, 
means to apply the generated voltage variation 
of saw tooth waveform to the control electrode 
of said tube to produce corresponding potential 
variations at the anode thereof, a cathode ray 
beam deflecting coil, means to couple the cath 
ode ray beam deflecting coil to the anode of said 
tube so that current variations will be produced 
therein in response to the potential variations 
present at the anode of said tube, an inverted 
discharge tube effectively connected in parallel 
with the deflecting coil, and means including a 
condenser to direct at least a portion of the de 
flecting coil current variations through the ad 
justable resistance associated with the control 
electrode of said tube whereby a potential varia 
tion will be produced across said adjustable re 
sistance, the potential variations being in phase 
with the generated voltage variations of Saw 
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tooth waveform and having a polarity opposite 
to that of the generated voltage variations. 

2. A cathode ray bean deflecting circuit com 
prising means for generating a voltage variation 
of substantially saw tooth Waveform, a deflec 
tion power tube having at least a cathode, a 
control electrode and an anode, means including 
an impedance to maintain the anode positive 
With respect to the cathode, means including 
a resistance to connect the control electrode of 
said tube to a point of fixed potential, a con 
denser and an adjustable resistance connected in 
series between the control electrode and the 
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point of fixed potential, means to apply the gen 
erated voltage variations to the control elec 
trode of said tube to produce corresponding volt 
age variations at the anode thereof, a cathode 
ray beam deflecting coil, neans including said 
adjustable resistance to connect the deflecting 
coil between the anode of said tube and the 
point of fixed potential so that current variations 
are produced in said deflecting coil and in said 
adjustable resistance in response to the voltage 
variations at the anode of said tube, an electron 
discharge path effectively connected in parallel 
with said deflecting coil, and means to alter the 
impedance of the electron discharge path in ac 
cordance with the waveform of the potential 
variation at the anode of the deflection tube, 
the potential variations caused by the current 
variations in Said adjustable resistance being ef 
fective to modulate the potential of the control 
electrode of said deflection tube, the potential 
variations being in phase with and degenerative 
With respect to the degenerated voltage variations 
of substantially saw tooth waveform. 

OTTO H. SCHADE. 

REFERENCEs CITED 
The following references are of record in the 

file of this patent: 
UNITED STATES PATENTS 

Nurnber Name Date 
1,519,211 Martin ------------ Dec. 16, 1924 
1,925,160 Whitelock ---------- Sept. 5, 1933 
2,085,409 Bedford ----------- June 29, 1937 
2,147,114 Stocker ------------ Feb. 14, 1939 
2,167,368 Meyers ------------ July 25, 1939 
2,168,403 Geiger ------------- Aug. 8, 1939 
2,241,762 Blumlein ---------- May 13, 1941 
2,251,851 Moore -------------- Aug. 5, 1941 
2,254,031 Faudell ------------ Aug. 26, 1941 
2,280,733 Tolson ------------ Apr. 21, 1942 

FOREIGN PATENTS 
Number Country Date 

424,221 Great Britain ------- Feb. 18, 1935 
515,158 Great Britain -...----- Nov. 28, 1939 

OTHER REFERENCES 
"Radio Engineering,' by F. E. Terman, 2nd ed., 

3rd impression, 1937, published by McGraw-Hill 
Book Co., Inc., pages 253, 254 and 255. 
"Radio Engineers' Handbook,' by F. E. Terman, 

1st ed., 3rd impression, 1943, published by 
McGraw-Hill Book Co., Inc., pp. 398, 399 and 400, 


