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My invention relates to deflecting circuits for 
cathode ray apparatus, and more particularly 
to a circuit for producing a flow of current of 
desired wave shape through a deflecting element 
such as the deflecting coil, or coils, of a cathode 
ray discharge device. 
In the operation of cathode ray discharge de 

vices of various types, such as are Widely en 
ployed in television equipment, Wave analyzing 
apparatus and the like, it is often desirable to 
produce a current flow through a magnetic ray 
deflecting element which is of substantially pure 
sawtooth wave form. The Wave form desired is 
usually that which will cause deflection of the 
cathode ray in one direction at a substantially 
constant time rate during the useful portion of 
a cycle, or interval of trace, and the return of 
the ray to its initial position at a very much 
higher time rate during the non-useful portion 
of a cycle, or interval of retrace. Practical at 
tainment of these conditions is usually difficult. 
In particular, distortion of the wave form dur 
ing the retrace interval is often encountered due 
to the inductance of the deflecting coil, or coils, 
and the damping effect of the associated circuits : 
thereon. The net result is an increase in the 
time interval required for retrace with conse 
quent reduction in the portion of a cycle which 
may be employed usefully. 

It is accordingly an object of my invention 
to provide an improved deflecting circuit for pro 
ducing a flow of current of desired wave shape 
in a magnetic deflecting means. 
A further object of my invention is to provide 

means for reducing the time interval required : 
for the non-useful retrace portion of a sawtoath 
current wave flowing in a ray deflecting ele 
ment. 

In accordance with my invention I provide 
means for deriving a potential depending in mag 
nitude and polarity on the rate of change of a 
current wave in a ray deflecting inductive ele 
ment and for controlling the damping of the 
deflecting circuit thereby in such a manner as 
to improve the operating characteristics thereof. 
More specifically my invention contemplates 

a ray deflecting circuit which includes a, ther 
mionic amplifying device for supplying Sawtooth 
current waves to a magnetic deflecting element 
and means for varying the anode to Cathode 
impedance of said device in accordance with a 
function of the shape of said waves so as to ef 
fect an improvement in the current wave shape. 
The features of my invention which I believe 

to be novel are set forth with particularity in 5 

5 

O 

) 

: ) 

5 

50 

5 

the appended claims. My invention itself, how 
ever, both as to its organization and method of 
operation, together with further objects and ad 
Wantages thereof, may best be understood by 
reference to the following description taken in 
Connection with the accompanying drawing, in 
which Fig. 1 is a circuit diagram of one embodi 
ment of my invention, and Figs. 2 and 3 are 
curves helpful in analyzing the electrical char 
acteristics of the circuit of Fig. 1. 

Referring now to Fig. 1 of the drawing, con 
trol potentials of the desired wave shape are im 
pressed upon the input terminals O and f of 
an electron discharge amplifier 2. Coupled to 
the output circuit of the amplifier f2 is the cur 
rent responsive deflecting element of... a conven 
itonal cathode ray discharge device 3, illustrat 
ed as a pair of inductance coils 4. The device 
3 may be any type of cathode ray known to the 

art for developing and projecting a cathode ray, 
the deflection of which along one coordinate axis 
is controlled by the deflecting coils f4. The 
structural details of this device, which are en 
tirely conventional, form no part of my inven 
tion and are therefore not illustrated. It will 
of course be understood that the device 3 may 
be provided with other coordinate deflecting cir 
cuits which may be substantially duplicates of 
that illustrated or of any cither suitable types 
known to the art. 
The device 2 has been illustrated as a pen 

tode of conventional type having an indirectly 
heated cathode 5, control grid 6, screen grid 
7, suppressor grid 8 and anode 9. Potentials 

impressed on the terminals O and f from any 
suitable source, not shown, are coupled to the 
control grid f6 in any suitable manner, as by 
the capacity-resistance network 20, 2. 
The anode circuit for the device 9 includes 

the primary winding 22 of a transformer 23 and 
a suitable source of anode potential, such as the 
battery 24. The transformer 23 is of any suit 
able design for coupling sawtooth Waves to the 
deflecting coils 4. If the sweep frequency is 
relatively low, as for example 60 cycles, it may 
be of the iron core type as illustrated. 

Positive potential is applied to the screen grid 
T through an impedance 25 and a Scurce of 

potential, illustrated as the battery 25, in the 
usual manner. 
The secondary winding 27 of the output trans 

former 23 is connected in an output circuit with 
the coils 4 through the conductors 28. The 
coils 4 are illustrated as being connected in 
series in a conventional manner. Of course it 
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wili be understood that they may be connected 
in parallel, or that the deflecting element may 
comprise only a single coil. 
In accordance with my invention. Incans are 

provided for applying alternating potentials de 
veloped across the secondary winding 2 and de 
flecting coils 4 upon the screen grid f. This 
is illustrated as a conductive connection includ 
ing the conductor 29 between the lower terminal 
of the winding 27 and the cathode 5, and a 
connection between the upper terminal of the 
winding 27 and screen grid T through conduc 
tor 30 and capacitor 3f. 

In the operation of the illustrated embodi 
ment of my invention, assume that potential 
waves of the desired shape are impressed upon 
the input terminals 0 and it. Under ideal con 
ditions corresponding sawtooth current waves 
will be produced in the deflecting coils f4, as for 
example, of the shape indicated by the Solid 
line curve of Fig. 2. The straight line portion 
40, 4f indicates the variation in current through 
the deflecting coils 4 during the useful portion 
of a cycle, that is, the interval of trace. The 
straight line portion 4, 42, which is of much 
steeper reversed slope, indicates the non-useful 
portion of the cycle during which the current 
changes rapidly back to the original value which 
it had at the beginning of the cycle, that is, the 
interval of Tetrace. 

In practice, this ideal wave form may be dis 
torted, due to the inductance of the coils 4, the 
characteristics of the transformer 23, and par 
ticularly the damping effect of the anode to 
cathode resistance of device 2, which is con 
nected in circuit with the primary winding 22. 
Distortion is particularly noticeable during the 
retrace interval when the rate of change of cur 
rent in the deflecting coils is relatively great. 
The general effect is to round off the peaks of 
the ideal curve of Fig. 2 as indicated by the 
dotted portions, for example. It will be ob 
served that the average siope of the curve dur 
ing the retrace interval is now decreased and 
that the linear portion of the curve which may 
be utilized during trace is also reduced as, for 
example, to the interval 40', 4i. The non-use 
ful interval of retrace is correspondingly in 
creased, as between the points d' and 42. 
The sawtooth current through the inductive 

deflecting coils 4 produces across the Secondary 
winding 27 a voltage which is substantially the 
first derivative of the current wave shape. AS 
is indicated graphically in Fig. 3, this produces 
a high peak of voltage 50 in one direction during 
the time interval of retrace and a correspond 
ingly lower voltage peak 5f during the time in 
terval of trace. The aforesaid distortion of the 
current wave necessarily also distorts the shape 
of this idealized Solid line voltage Wave, as indi 
cated by the dotted portions for example. A 
point on the output circuit 27, 28, f4, preferably 
the upper terminal of the secondary winding 27, 
is connected to the conductor 30 so that the high 
peak of voltage 50 polarizes the screen grid T in 
a negative direction with respect to the direct 
current potential applied to the screen grid 7 
from the battery 26. 
As a result of the feedback circuit between the 

cathode 5 and screen grid through the con 
ductor 29, winding 27 and coils 4 in parallel, 
conductor 30 and capacitor 3f, the Screen grid 
is rendered more negative with respect to the 
cathode 5 during the retrace interval. The 
capacitor 3 also prevents the application of a 
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2,284,378 
direct potential from source 26 upon the coils 
4. If the sweep frequency is 60 cycles, for ex 
ample, a suitable value for the capacitor 3 may 
be 0.1 nfd. 
The resistor 25 Serves to couple the feedback 

Woltages derived from the Secondary winding 2 
between the screen grid 7 and cathode 5. It 
also Serves as a conduction means for the aver 
age screen grid current and prevents short cir 
Cuiting the winding 2 for the alternating po 
tentials thereacross. 

It is a Well known characteristic of a pentode 
amplifier that the anode to cathode resistance, 
or plate resistance, is a function of the screen 
grid potential. This resistance increases as the 
Screen grid potential decreases and approaches 
infinity at Zero voltages. Expressed another 
Way, the mutual conductance of the amplifier 
varies in the same sense as the screen grid po 
tential. Thus, during the interval of trace the 
anode to Cathode resistance of the pentode 2 
decreases by a relatively small amount in ac 
cordance with the peaks 5f. Since the slope of 
the Sawtooth waves is relatively gradual during 
this interval, this effect is of minor importance. 
However, during the retrace interval the rela 
tively high negative potential peak 50 is im 
pressed on the screen grid through capacitor 3. 
The anode to cathode resistance of the pentode 
arises to a high value. This means that the 
current in the primary winding 22 of the trans 
former 23 drops to a low value. This value is 
theoretically zero, though in reality, due to the 
capacity of the transformer windings, the cur 
rent drops back quickly to the value it had at 
the beginning of the trace period. Consequent 
ly, the rate of change of current in transformer 
23 is accelerated appreciably and the anode to 
Cathode resistance of the device O exerts a re 
duced damping effect upon the deflecting coils 
4. The retrace time is reduced and a closer 
approach to the ideal current wave shape of 
Fig. 2 is obtained. 
While I have illustrated the device 2 in the 

preferred embodiment of my invention as a pen 
tode having the mutual conductance thereof 
varied in accordance with the control of the 
Screen grid potential, of course other Suitable 
types of thermionic devices will readily suggest 
themselves to those skilled in the art. Thus, a 
Screen grid tube rather than a pentode may be 
employed. The control potential impressed 
through capacitor 3 may also be applied to some 
control element other than the screen grid, al 
though I have found that control of the screen 
grid potential is most satisfactory for the pur 
poses to which my invention is best adapted. 
Thus, while I have illustrated a preferred em 
bodiment of my invention, it will be understood 
that I do not wish to be limited thereto and that 
I intend to cover by the appended claims any 
modifications that fall within the true spirit and 
Scope thereof. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. In a ray deflecting circuit for a cathode ray 

discharge device, the combination of a current 
responsive ray deflecting means, a thermionic 
discharge device having input and output cir 
cuits, a transformer having a primaly winding 
in said output circuit and a secondary winding 
in circuit with said current responsive means, 
means to impress sawtooth voltage waves on said 
input circuit having a relatively gradual rate of 
change in one direction during intervals of 
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trace and a relatively high rate of change in the 
opposite direction during intervals of retrace, 
whereby current waves are caused to flow in said 
ray deflecting means which produce a relatively 
low positive potential across said secondary wind 
ing during intervals of trace and a relatively high 
negative potential thereaCrOSS during intervals 
of retrace, and feedback means for supplying said 
potentials to said discharge device in proper 
phase to increase the plate resistance of said de 
vice substantially during intervals of retrace. 

2. In combination, a thermionic device having 
an anode, a cathode and a plurality of grids, 
Rin input circuit between said cathode and one 
of said grids, a circuit between said anode and 
Said cathode including the primary winding of 
an output transformer, an output circuit includ 
ing the Secondary winding of said transformer 
and a deflecting coil, and means for feeding back 
Voltages to Said device which are proportional 
to the voltages developed across said coil, said 
Ineans Comprising a conductive Connection be 
tween a point on said output circuit and said 
cathode and an alternating current connection 
between another point on said output circuit 
and another of said grids, 

3. A ray deflecting circuit for a cathode ray 
discharge device comprising, in combination, a 
magnetic deflecting coil, a thermionic amplifier 
having a cathode, a control grid, a screen grid 
and an anode, - transformer having primary and 
Secondary windings, an anode to cathode cir 
cuit including said primary winding, an output 
circuit including said secondary winding and 
said deflecting coil, a source of sawtooth sweep 
frequency voltage waves having a relatively 
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gradual time rate of change in one sense during 
intervals of trace and a relatively high time 
rate of change in the opposite sense during in 
tervals of retrace, means connecting said source 
between said control grid and cathode, a con 
nection between one end of said secondary wind 
ing and said cathode, whereby current waves 
are caused to flow in said output circuit which 
polarize said Secondary winding with respect to 
said cathode with a relatively low positive po 
tential during intervals of trace and a relative 
ly high negative potential during intervals of 
retrace, and means responsive to said potentials 
for increasing said plate resistance substantially 
during intervals of retrace, said means compris 
ing a capacitor of low impedance at the sweep 
frequency connected between a point on said 
Secondary winding and said screen grid. 

4. In combination with a cathode ray device 
having magnetic deflecting coils, a high imped 
ance amplifier having a cathode, a control grid, 
a Screen grid and an anode, a transformer hav 
ing a primary winding connected in circuit be 
tween said anode and cathode and a secondary 
winding connected in circuit with said coils, a 
Source of Sawtooth voltage waves connected be 
tween said control grid and cathode, whereby 
current waves are caused to flow in said circuits, 
and circuit connections between said screen grid 
and cathode including Said Secondary winding, 
said Secondary winding being poled to impress a 
voltage between said Screen grid and Cathode 
which biases said screen grid negatively when the 
current flowing in said anode to cathode circuit 
is decreasing. 

ROBERT B. DOME, 


