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1. Claims. 

The present invention relates to electrical cir 
cuits for the deflection of cathode ray beams. 
In certain forms of cathode ray tube, the cath 

Ode ray is required to scan a rectangular area, 
On a Screen disposed at an acute angle to the 
mean direction of the cathode ray which will 
be referred to as the axis of the ray. An exam 
ple of this is a cathode ray tube used for tele 
Vision transmission in which the Screen is of 
the mosaic type and in which the image to be 
transmitted is formed upon the same side of the 
Screen as that upon which the ray impinges. 
If the deflection is effected in the normal man 
ner using electrical OScillations of rectilinear saw 
tooth Wave form and constant amplitude for the 
deflection in both coordinates, the area, scanned 
upon the screen will be of keystone shape and 
the Strips Scanned will be more widely spaced in 
the neighbourhood of the edge of the Screen fur 
ther from the source of the cathode ray, or elec 
tron gun, than in the neighbourhood of the op 
posite edge. 

It is an object of the present invention to pro 
vide means for overconing this difficulty. 

According to the present invention, there is 
provided a circuit arrangement comprising a 
cathode ray tube having an electron gun, a screen 
inclined at an acute angle to the ray axis and 
a deflecting circuit provided With means for gen 
erating electrical OScillations of Saw-tooth Wave 
form of two different frequencies, the first of said 
OScillations serving to defect the ray in a di 
rection parallel to a plane containing Said axis 
and the normal to the Screen at the point of 
interSection of Said axis with the Screen and the 
Second of said oscillations Serving to deflect the 
ray in a direction perpendicular to said plane, 
wherein the generating means are such that, in 
the first of said oscillations, the rate of change of 
Voltage or current in Said deflecting circuit is 
greater When the ray is on the part of the Screen 
nearer the electron gun than when the ray is 
On a part of the Screen further from the elec 
tron gun and Such that the Second of Said oscil 
lations has a Wave form which is a function of 
the first OScillation and of a Substantially recti 
linear saw-tooth Wave. 

It is usually arranged that the first oscillation 
is that of lower frequency, namely the framing 
frequency oscillation, the second oscillation being 
the Strip frequency OScillation. In this case the 
Strip frequency oscillation has a rectilinear saw 
tooth wave form and its amplitude changes as a 
function of the frame frequency wave form. 
The invention Will be described with reference 

(C. 1787.) 
to the accompanying drawings, in which Fig. 1 
is an explanatory circuit diagram, Figs. 2 to 7 
are diagrams illustrating the invention, Fig. 8 
Shows a circuit diagram of one embodiment of 
the present invention, Fig. 9 shows a modification 
of a part of the circuit diagram of Fig. 8, and 
Fig. 10 shows one circuit arrangement whereby 
the output of the circuit of Fig. 8 is employed 
for deflecting the beam in a cathode ray tube. 

Referring to Fig. , there is shown a well known 
arrangement for generating a saw-tooth poten 
tial Wave, the frequency of the OScillation gen 
erated being controlled by unidirectional pulses 
from a Source indicated by f, the duration of each 
of these pulses being very short compared with 
the intervals between successive pulses. The 
anode-cathode path of the Walve 2 is arranged to 
be normally insulating and a condenser 3 is 
charged at a substantially uniform rate through 
a resistance A, the end of the resistance remote 
from the anode being maintained at a fixed 
positive potential E relatively to the cathode of 
the valve. When a pulse arrives at the grid of 
the valve it makes the grid more positive and the 
anode-cathode path of the valve 2 conducts and 
discharges the condenser 3, thus completing the 
cycle. The time constant of the resistance Á 
and the condenser 3 is usually made large com 
pared with the time period of the oscillations to 
be generated. The Oscillations generated in this 
way will be of substantially rectilinear saw-tooth 
Wave form and constant amplitude and One gen 
erator of this kind may be used for the strip fre 
quency and another for the frame frequency. 

It Will be aSSumed for convenience that the 
Cathode ray tube has its mosaic screen disposed 
so that the plane containing the ray axis and 
the normal to the screen (at the point of inter 
Section of the ray axis with the screen) is vertical. 
Thus the diagram of Fig. 2 may be taken as a 
view in elevation, the Screen being represented 
by reference 5, the Source of cathode rays by 
reference 6 and the ray axis by O. If normal 
means (electromagnetic or electroStatic) be used 
to deflect the ray in Such a way that the strips 
Scanned are substantially horizontal, the Spac 
ing between adjacent Strips will not be uniforn. 
This is illustrated diagrammatically in Fig. 2 
where for simplicity the Screen is shown as if 
it were Scanned in only four traverses of the 
ray, the strips being nearly perpendicular to the 
plane of the paper. It will be seen that the 
Strips are closer together in the neighbourhood 
of the edge of the screen nearer the source 6 
than towards the opposite edge 8. 
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2 
Furthermore the ray instead of sweeping out 

a rectangular patch such as that shown in dotted 
lines in Fig. 3 will Sweep out the keystone 
shaped area, shown in full lines. It is of course 
desired that the ray should sweep out a rectan 
gular area, and that the Strips should be uni 
formly spaced as shown in Fig. 4. The time of 
Scanning each strip is of course the same and 
hence so far as the framing deflection (that in 
the direction from 7 to 8) is concerned, the an 
gular deflection of the ray near edge T is re 
quired to be greater than that produced by the 
normal deflecting means and the angular de 
flection near edge 8 is required to be less than 
that produced by the normal deflecting means. 
In the case of the strip frequency deflection 
it Will be seen that the amplitude is required to 
decrease as the ray moves from the neighbour 
hood of edge T towards edge 8. 
The desired deflection in the framing dimen 

Sion can be obtained with a tube having normal 
deflecting means by giving the framing oscillation 
a wave form of the kind shown in Fig. 5. Here 
the deflecting voltage EF (or current if electro 
magnetic means are used) increases more rapidly 
for Small values of time t, where the ray is in the 
neighbourhood of the edge , than for larger 
Values of t. The curvature of the Wave form is 
arranged to be such as to give uniform spacing 
of the strips as indicated in Fig. 4. 

Similarly the ray can be caused to Sweep out 
a rectangular area, on the Screen by applying to 
Strip deflecting means of normal type a voltage 
(or current) Wave of the form indicated by the 
dotted line 9 in Fig. 6. Here the deflecting volt 
age Es is plotted against time t. It will be seen 
that the frequency of the oscillation in Fig. 6 
is constant and that the amplitude decreases 
proceeding from near edge 7 towards edge 8. 
The envelope of this saw-tooth wave 9 is con 
stituted by curves 3 which are functions of the 
curve of Fig. 5. The effect of using deflecting 
oscillations of the form shown in Figs. 5 and 6 
is to Scan in a plane normal to the axis (such as 
plane in Fig. 2) along a track Somewhat as 
indicated in Fig. 7, but a rectangular area, with 
uniform strip Spacing on the screen 5. 
A generator of the kind shown in Fig. 1 can 

be caused to generate a wave form such as is 
shown in Fig. 5 by a Suitable choice of the values 
of resistance 4 and condenser 3, the product of 
the resistance and capacity being made smaller 
than Where a substantially straight line wave 
form is desired. 
The Wave form 9 of Fig. 6 can be obtained as 

follows: If the potential E in Fig. 1 be caused to 
change as a function of EF, and if it is arranged 
that the condenser 3 is substantially fully dis 
charged each time the valve 2 becomes con 
ducting, the potential of the condenser 3 at the 
instant of discharge, represented by curve of 
Fig. 6, Will be proportional to E and may be rep 
resented by K-REF, where K and k are constants, 
Thus the wave generated Will be of the form . 
ShoWn in full lines at 2 in Fig. 6. By subtract 
ing from curve 2 the curve f3, which is a func 
tion of curve f, the curve 9 can be obtained. 
One circuit arrangement in which these re 

Sults can be obtained is shown in Fig. 8. A source 
4 of frame frequency impulses is associated with 

a valve 5, condenser 6 and resistance it in 
the Same way as the elements , 2, 3 and 4 are 
associated in Fig. 1, a source 58 being provided 
to Supply the potential E. The time constant of 
the condenser 6 and resistance T is chosen so 
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that the Wave formi of the Oscillation generated 
is of the kind shown in Fig. 5. This oscillation is 
amplified by a valve 8 and fed to terminals 9 
which are connected to input terminals f9' of 
Fig. 10. In the circuit of Fig. 10, Oscillations fed 
to terminals 9' are amplified by valve 54 and 
fed to deflecting coils 46 of a cathode ray tube 59. 
The tube 59 has an electron gun 60 and a mosaic 
Screen 6, the screen 6 being inclined at an acute 
angle to the mean direction of the electron beam 
from the gun 60. The axis of coils 46 is hori 
Zontal and current passed therethrough serves to 
deflect the beam in a vertical direction. A suit 
able circuit. 62 may be provided between ter 
minals f 9' and valve 54 whereby the potentials at 
terminals 9 are distorted so that a current of 
the Wave form shown in Fig. 5 can be passed 
through the deflecting coils 46. 

Referring again to Fig. 8, a source 20 of strip 
frequency pulses is associated with a saw-tooth 
generator, also of the kind shown in Fig. 1, com 
prising valve 2, anode resistances 22, 23, con 
denser 24 and a source of potential 63. This 
valve 2 is coupled to a valve 25 having a resist 
ance 26 connected between its cathode and earth. 
The cathode of valve 25 is connected through a 
resistance 2T and a condenser 28 to the control 
grid of a pentode 29 the anode 64 of which is 
connected through the primary winding 65 of 
transformer 43 of Fig. 10 to a source of potential 
66, terminals 30 of Fig. 8 being connected to 
terminals 39 of Fig. 10. The secondary wind 
ings 44 of transformer 43 are connected to de 
flecting coils 67 of cathode ray tube 59. Deflect 
ing coils 6 serve to deflect the beam in a hori 
Zontal direction. The control grid of the pentode 
29 is also connected through condenser 28 and 
a resistance 3 to a tapping point, which may be 
Variable, upon a resistance 32 arranged between 
the cathode of valve 8 and earth. In parallel 
with the resistance 32 are arranged a condenser 
33 and a resistance 34 in series and a tapping 
point on resistance 34, which may also be variable, 
is connected to the control grid of a valve 35, 
the anode of which is connected to the junction 
point of resistances 22 and 23. Further sources 
of potential 68, 69, O are provided to supply posi 
tive potentials to the anodes of valves 8, 25 and 
35. The negative poles of sources 56, 63, 66, 68, 
69 and 70 are earthed. 
The potential E at the upper end of resistance 

22 Will thus have a constant component due to 
the voltage source 63 and a varying component 
proportional to the frame frequency wave form. 
The output of the valve 2 will be of the form 
ShoWn at 2 in Fig. 6. The inclination of the 
curve can be altered by adjusting the tapping 
point on resistance 34. The Subtraction from this 
Wave form 2 of a quantity proportional to that 
defined by curve is obtained by mixing in 
resistances 27 and 3 the potential drop across 
resistance 26 With the potential drop across a, 
part of resistance 32 and feeding the resultant, 
which may be adjusted to be of the form shown 
at 9 in Fig. 6, to the pentode 29. The resistances 
27 and 3 are of large value compared with resist 
ances 26 and 32. 
The wave form shown in Fig. 5 may be adjusted 

Without substantial alteration in the amplitude 
With the aid of a condenser of large value shown 
in dotted lines connected between a variable tap 
ping point on resistance T and earth. If the 
condenser 36 is of sufficiently large value, the ter 
minal thereof remote from earth remains at a 
Substantially constant potential and the effective 
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Value of the resistance is that portion thereof 
between the anode of valve 5 and the tapping 
point. 
The amplitudes of the frame and strip fre 

quency oscillations can be Varied by varying the 
potentials applied to the upper ends of resist 
ances 7 and 23 respectively. 
In the circuit of Fig. 8 it may be difficult or 

inpoSSible to avoid appreciable loSS, in the cou 
pling between valves 2 and 25, of low frequency 
Components of the Signals Which are fed from 
Valve 2 to Valve 25. This loss causes distortion 
Of the frame frequency component of the signals, 
that is, of the envelope of the saw-tooth Wave 
2. In order to eliminate or reduce this distor 

tion the modification of Fig. 8 showin in Fig. 9 
may be employed. 

Referring to Fig. 9 a condenser 3 is connected 
in Series With condenser 24 on the earth side 
thereof. The common point of condensers 24 
and 37 is connected to the control grid of waive 
25 and through a grid leak 38 to earth. Resist 
ance 26 in the Cathode circuit of valve 25 is 
shunted by a decoupling condenser 39 and the 
end of resistance 2 remote from resistance 3 
is now connected to the anode of valve 25. The 
tapping point on resistance 32 is connected 
through a coupling condenser 4 to the grid of 
a triode valve 4, a grid leak 42 being provided 
between the grid and earth. The anode of valve 
A is connected to the end of resistance 3 re 
note from resistance 2. 

It is preferably arranged that condenser 3 
has a capacity of about five times that of con 

, denser 2 and that grid leak 38 has a suitable 
Very high value. The loss of low frequency con 
ponents of the Signals in the coupling betWeen 
Valves 2 and 25 is then governed by the time 
constant of condenser 37 and grid leak 38. 
In the input circuit of Valve if it is arranged 

that the time constant of condenser 4 and grid 
leak 42 is Substantially equal to that of Condenser 
3 and grid leak 38 in the input circuit of valve 
25. The percentage loss of low frequency con 
ponents is therefore substantially equal in these 
two circuits. Curve 3 (Fig. 6) and the envelope 
f of curve 2 therefore Suffer substantially equal 
distortion and When these curves are subtracted 
by combining the outputs of valves 25 and 4 
in resistances 2 and 3 a Substantially undis 
torted resultant of the form of curve 9 is ob 
tained. 
In a preferred arrangement the saw-tooth 

generators Operate at low amplitude and addi 
tional stages of amplification may then be pro 
vided between terminals 9 and 9 and between 
terminals 3 and 3. Distortion may be avoided 
and the wave form may be improved in these 
amplifiers by the use of anti-regenerative feed 
back. 
In cathode ray tubes of the type described 

above it is often desirable to provide means 
Whereby the rectangular area Scanned upon the 
SCreen. Inay be noved as a Whole in directions 
parallel to its pairs of parallel sides. Where 
electromagnetic deflecting means are employed 
this result may be obtained by Superimposing an 
adjustable D. C. component on the deflecting coil 
currents. 
Where the output stage of a synchronising sig 

nal generator is provided with an Output trans 
former the circuit of the upper part of Fig. 10 
may be employed. The output transformer 43 
has a Secondary winding comprising two similar 
Coils 44, the outer ends of which are connected 

3 
through a trainSmission line 45 to the deflecting 
coils 6 of cathode ray tube 59. This tube 59 
may be arranged at a point distant from the 
generators. A potentiometer A is supplied with 
Current from a Source 38 through resistances 49, 
5. The centre point 5 and a variable tapping 
point 52 on potentiometer 4 are connected be 
tWeen the inner ends of the deflecting coils 53 of 
a local Inonitor tube 72 having a fluorescent 
Screen 3 to enable the area, traced out by the 
ray from the electron gun to be observed. 
The outer ends of coils 53 are connected to the 
inner ends of coils 44. It will be seen that, with 
this arrangement, the potentiometer AA and the 
deflecting cois 53 of the local monitor 2 are 
Symmetrically connected at the centre of the 
Secondary winding of transformer 43. By ad 
justing the position of tapping point 52 on po 
tentionetter the magnitude of the direct cur 
rent through the deflecting coils 46 may be varied 
to adjust the position of the rectangular area 
Scanned upon the screen. 
The nonitor tube 2 is provided with a second 

pair of defecting coils 5 which Serve to defect 
the bearia in a vertical direction. These coils is 
are connected in Series with the deflecting coils 
46 of tube S9. The deflecting coils 46 and 53 are 
Connected at One end to the anode of the out 
put Valve 54 and at the other end to a variable 
tapping point 55 on a potentiometer 56. One 
end of potentiometer 56 is earthed, the other end 
being connected to a suitable point in an anode 
Current source 6, the negative terminal of which 
is earthed. A condenser 5 is connected between 
tapping point 55 and earth. Wariation of tap 
ping point 55 on potentiometer 56 changes the 
magnitude of the direct current through the 
deflecting coils 46 and hence moves the area. 
Scanned upon Screens 6 and 3. 

I Cain: 
1. The circuit arrangement for varying key 

Stone and “crowding' distortions comprising 
in eans to develop non-triangular Wave energy, 
means to develop triangular wave energy, means 
to Subtract a portion of the developed non-tri 
angular energy from the developed triangular 
energy, and means to Supply the difference of 
the two energies to magnetic coils. 

2. A circuit arrangement for varying keystone 
and “crowding' distortions comprising means to 
develop non-triangular wave energy of predeter 
mined frequency, means to develop triangular 
wave energy of a predetermined higher frequency 
bearing a multiple relation to the frequency of 
the non-triangular energy, means to subtract a 
portion of the developed non-triangular energy 
from the developed triangular energy, and mag 
netic means to control a stream of electrons in 
accordance With the difference of the two de 
Veloped energies. 

3. A circuit arrangement for varying keystone 
and "crowding’ distortions comprising a cathode 
ray tube having an electron gun for projecting 
a bean of electrons, magnetic coils for deflecting 
the beam of electrons, means to develop non 
triangular Wave energy of predetermined fre 
quency, means to develop triangular wave energy 
of predetermined multiple frequency of the non 
triangular frequency, means to subtract a por 
tion of the developed non-triangular energy from 
the developed triangular energy, and means to 
Supply energy representative of the difference of 
the tWO energies to the magnetic coils. 

4. A circuit arrangement for varying key 
Stone and “crowding' distortions comprising a 
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4. 
cathode ray tube having an electron gun for 
projecting a beam of electrons, a screen inclined 
at an acute angle to the mean direction of said 
beam for receiving said electrons, a first deflect 
ing means for deflecting said beam, from said 
mean direction, in a direction parallel to a plane 
containing said mean direction and normal to 
Said Screen, a Second deflecting means for de 
flecting said beam in a direction perpendicular 
to said plane, a first oscillation generator for gen 
erating a first Scanning oscillation of non-tri 
angular wave form, a second oscillation genera 
tor for generating a second Scanning Oscillation 
of triangular wave form, the frequency of said 
first oscillation being less than the frequency of 
Said second oScillation, Said second Oscillation 
generator comprising a condenser, a resistance, 
a Source of potential difference for charging said 
condenser through said resistance, means for pe 
riodically discharging said condenser and a coul 
pling between said source and Said first Oscilla 
tion generator for controlling the effective charg 
ing potential of said Source in accordance. With 
said first scanning oscillation, means for feeding 
to said first deflecting means an oscillation from 
said first generator, means for feeding to said 
second deflecting means an Oscillation from said 
second generator. 

5. A circuit arrangement for varying keystone 
and “crowding’ distortions comprising a cath 
ode ray tube having an electron gun for pro 
jecting a beam of electrons, a Screen inclined at 
an acute angle to the mean direction of Said 
beam for receiving said electrons, a first deflect 
ing means for deflecting said beam, from Said 
mean direction, in a direction parallel to a plane 
containing said mean direction and normal to 
said screen, a second deflecting means for de 
flecting said beam in a direction perpendicular 
to said plane, a first Oscillation generator for 
generating a first Scanning oscillation of non 
triangular wave form, a second oscillation gen 
erator for generating a Second Scanning Oscilla 
tion of triangular Wave form, the frequency of 
said first oscillation being less than the frequency 
of said second oscillation, said second Oscillation 
generator comprising a condenser, a resistance, a 
Source of potential difference for charging Said 
condenser through said resistance and nearls for 
periodically discharging said condenser and a 
coupling between said source and Said first Oscil 
lation generator for controlling the effective 
charging potential of said source in accordance 
with said first Scanning Oscillation, means for 
feeding to said first deflecting means an oscil 
lation from said first generator, combining means 
for combining an oscillation from Said Second 
generator with said first scanning oscillation and 
means for feeding the combined oscillation to 
said second deflecting means. 

6. A circuit arrangement for varying keystone 
and “crowding' distortions according to claim 
5, wherein said combining means comprise two 
impedances, and comprising in addition means 
for feeding to said impedances OScillations from 
both said generators and means for deriving from 
said impedances a combined oscillation, depend 
ent upon the difference betWeen these tWO oscil 
lations. 
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7. A circuit arrangement for varying keystone 

and “crowding' distortions according to claim 
5, comprising in addition a first coupling cir 
cuit coupling said first generator to said com 
bining means, a second coupling circuit cou 
pling Said second generator to said combining 
means, said first coupling circuit being asso 
ciated with a first frequency selective circuit for 
attenuating low frequencies with respect to high 
frequencies, said second coupling circuit being 
a SSociated with a second frequency selective cir 
cuit for attenuating low frequencies with re 
Spect to high frequencies wherein the attenua 
tion of low frequencies with respect to high fre 
quencies in Said first coupling circuit is substan 
tially equal to the attenuation of low frequencies 
With respect to high frequencies in said second 
coupling circuit. - - - - 

8. A circuit arrangement for varying keystone 
and 'Crowding' distortions as claimed in claim 
5 and comprising in addition an output trans 
former associated with said combining means 
and having two secondary Windings, a monitor 
ing cathode ray tube having an electron gun 
for projecting a beam of electrons, a fluorescent 
Screen for receiving said last mentioned elec 
trons and a pair of deflecting coils, and a po 
tentiometer connected at its ends to a source of 
direct current and having two tapping points 
intermediate its ends at least one of said tapping 
points being Variable, Wherein Said pairs of de 
flecting coils and said secondary windings are 
connected in series between said two tapping 
pointS. 

9. A circuit arrangement for varying keystone 
and “crowding' distortions as claimed in claim 
5 and comprising in addition an impedance ele 
ment, a potentiometer having a variable tapping 
point and a source of direct current wherein said 
combining means and said impedance element 

2 

2 

are connected in series across said source of di 
rect current, said potentiometer is connected 
across said source of direct current, and said 
deflecting coils are connected between said tap 
ping point and the junction of said source of 
Scanning oscillations and said impedance ele 
ment. 

10. The method of correcting for keystone 
“crowding' distortion in a cathode ray tube, 
Wherein an electron beam is used for Scanning, 
which comprises the steps of developing one de 
flecting field, Varying the defecting field linear 
ly With respect to time, simultaneously reducing 
said linearly increasing field exponentially with 
respect to the elapsed time, simultaneously pro 
ducing a deflecting field at right angles to said 
first deflecting field, linearly increasing said Sec 
Ond deflecting field, and Simultaneously modi 
fying said Second deflecting field in accordance 
With the first of Said deflecting fields, and Sub 
jecting the electron beam to the simultaneous 
action of said deflecting fields. 

11. The method of correcting 'crowding' dis 
tortion in a cathode ray, tube, comprising the 
Steps of developing a bean of electrons, develop 
ing a deflecting field, and simultaneously vary 
ing Said deflecting field increasing linearly with 
time and decreasing exponentially With time. 
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