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fy invention relateg to electrical circuits in 
which non-gusoida currents or voltsges are 
produced, and particularly to deflecting circuits 
for cathode ray tales of the like. 

in cathode ray tuce defecting circuits en 
ploying deflecting cols, it is the usual practice 
to impress across the defecting cois 8, Voltage 
which builds up a flow of current therethrough, 
this current being supplied through an output 
tube, and then to Swing the output tube to cut 
off. When the tube is swing to cut-off, the en 
ergy stored in the defecting coils is dissipated 
either in the Output tube or in 8, resistor shunt 
ing the coils if such 8, resistor is provided. 

the energy in the coils could be aede to flow 
into some storage device and then foW back 
saggin, the only power that would have to be 
Sapplied would be that required to supply the 
Bosses of the deflecting coils and the storage dea 
vice. A tuned sine Wave defecting circuit has 
these castracteristics and, as is Well known, is very 
efficient, 

The proble of obtaining increased efficiency 
in deflecting coils hay be considered from an 
other viewpoint, he impedance of the defecta 
ing coils is much lower at the fundamental fre 
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quency and lower harmonics of the saw-tooth 
current than at the higher harmonics. By effec 
tively increasing the impedance of the defecting 
coils at the lower frequency Components of the 
saw-tooth current, whereby the voltage across 
the coils is maintained at a high Waite, an in 
crease in efficiency may be obtained if, at the 
same time, the inductance of the cols is not 
increased. 

In deflecting circuits employing deflecting 
pates instead of defecting coils, it is usually 
desirable to employ a step-up transformer for 
obtaining the required high voltage across the 
deflecting plates. If the transformer secondary 
is Wound with a large number of turns to make 
its impedance high, it has considerable distributed 
capacity thereacross, with the result that the 
inpedance of the defecting circuit is lowered and 
the deflecting efficiency is reduced. 

In practicing one exabodiment of my invention, 
I provide a plurality of resonant circuits asso 
ciated with the deflecting coils (or with the step 
up transformer in the case of deflecting plates), 
these resonant circuits being so adjusted that the 
circuit as a whole is resonant at a plurality of 
preselected frequency components. Preferably, 
the defecting coils Or transformer and the asso 
ciated resonant circuits are resonant at the fun 
damental of the saw-tooth Wave and at the lower 

(C. 25-2) 
frequency harmonics such as the second and 
third harmonics. In the case of deflecting plates, 
the transformer is Wound with a sufficiently small 
number of turns to keep the distributed capacity 
at e, low value, and then the impedance of the 
transformer is increased at the lower frequencies 
by resonating a plurality of resonant circuits, 
as previously entioned. 

it is, accordingly, an object of my invention to 
provide an improved method of and means for 
defecting a cathode ray. 
A further object of my invention is to provide 

an improved method of and means for passing 
a non-sinusoidal current of desired Wave shape 
through a reactive load such as an inductance 
Co. 

5 

A further object of ray invention is to provide 
an improved circuit for passing a saw-tooth. Cur 
rent through a deflecting coil. 
A still further object of my invention is to pro 

vide an improved method of and means for 
producing a non-sinusoidal Woltage across a re 
active oad. 
A still further object of my invention is to pro 

wide an improved method of and means for in 
pressing a voltage of non-sinusoidal wave form 
across a pair of deflecting plates. 
Other objects, features and advantages of my 

invention will appear from the following de 
Scription, taken in connection with the accom 
panying drawings, in which 

Figure 1 is a circuit diagram of one embodi 
ment of my invention, and 

Figures 2 to 6 are circuit diagrams of other 
embodiments of my invention. 

Referring to Fig. 1, my invention is shown ap 
plied to a deflecting circuit for a cathode ray 
tube (not shown). The circuit comprises suit 
able means for producing voltage impulses peri 
Odically, this means in the particular circuit illus 
trated including an electric discharge tube 
having its plate circuit coupled to its grid circuit 
through a transformer 2. The grid circuit of 
the tube includes one winding of the trans 
former 2, a variable grid resistor 3, and a grid 
Condenser . 
The coupling of the plate and grid circuits 

through the transformer 2 is in such direction 
that the grid 6 of the tube is made more positive 
as the flow of plate current increases. It will be 
noted that the plate and grid circuits are untuned. 
This type of Oscillator is described and claimed 
in my co-pending application Serial No. 718,353, 
filed March 31, 1934, and assigned to the Radio 
Corporation of America. As explained in the 
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2 
above identified application, such an oscillator 
produces voltage impulses periodically, the volt 
age impulse on the grid 6 being of negative 
polarity. 
The inductance coil through which it is de 

sired to produce a flow of saw-tooth current is 
indicated at Lo. In the circuit illustrated, this 
is a cathode ray tube deflecting coil. 

It is well known that to produce a flow of SaW 
tooth current through a purely inductive coll 
a rectangular voltage impulse should be in 
pressed across the coll. This may be done by 
impressing a voltage impulse across the induct 
ance coil through a low impedance output tube, 
providing the impedance of the deflecting coil 
is high compared with the tube impedance. 
Otherwise the saw-tooth current flowing 
through the tube and coil causes a substantial 
voltage drop in the tube, this voltage being saw 
tooth in shape, and necessitating a like voltage 
being impressed upon the tube grid. 
Both a saw-tooth wave and an impulse Or 

rectangular wave contain a large number of 
harmonics, the greater part of the energy being 
contained in a few of the lower frequency har 
monics. Obviously, an inductance coil may have 
the required high impedance with respect to the 
tube impedance for the high frequency compo 
nents of a saw-tooth wave, but not for the low 
frequency components. Therefore, if the in 
pedance of a deflecting coil is effectively in 
creased for the low frequency components of the 
current to be forced therethrough, the necessity 
for adding a saw-tooth voltage component to 
the voltage impulse applied to the grid of the 
output may be avoided. From one aspect of my 
invention, this is what I accomplish by the cir 
cuit shown in Fig, 1. 

Referring again to Fig. 1, the negative voltage 
impulses from the oscillator tube are in 
pressed through a coupling condenser T upon 
the grid 8 of a low impedance tube 9 which may 
be of the 2A3 type. The grid 8 may be connected 
to the cathode of the tube 9 through a grid 
resistor 2 for operation at zero bias, if desired. 
Preferably, the negative voltage impulses Sup 
plied from tube are of sufficient amplitude to 
drive the tube 9 to cut-off or beyond, whereby 
what may be referred to as Class C operation 
is obtained. 
The plate 3 of the tube 9 nay be supplied 

with a positive voltage through a choke coil 4, 
while the deflecting coil Lo is coupled to the out 
put circuit of the tube through a coupling con 
denser 6. If there is no objection to having a 
flow of direct current through the coil Lo, the 
choke coil f4 and coupling condenser 6 may be 
omitted and the voltage applied to the plate 3. 
through the deflecting coil Lo. 
In accordance with my invention, a plurality 

of series resonant circuits ac, gy and 2 are con 
nected across the defecting coil L. The circuit 
ac includes the condenser C1 and the inductance 
coil L1, the circuit y includes the condenser Ce 
and the inductance coil a, and the circuit 2 in 
cludes the condenser C3 and the inductance coil 3. 

It is desired that between the points A and B 
the circuit exhibit parallel resonance at the 
fundamental frequency of the saw-tooth wave to 
be passed through coil Lo and at the second and 
third harmonics of this wave. This result may 
be obtained by making circuit a resonate at a 
frequency lying between the fundamental and the 
Second harmonic, by making circuit y resonate 
at a frequency between the second and third har 

3,149,077 
monics, and by making circuit 2 resonate at a 
frequency between the third and fourth har 
monics. Then by proper adjustment of Lo, Iu, a 
and Le, the circuit will have the desired charac 
teristic. 
The mathematical solution for the ratio of the 

inductance and capacity values in my deflecting 
circuit is simple, but may become somewhat te 
dious when extended to a large number of har 
monics. For three harmonics, as in Fig. 1, it in 
volves the solution of six simultaneous equations, 
three of which are the arbitrarily chosen series 
resonant conditions for the branches ac, y and 2. 
The other three equations are obtained by set 
ting the admittance of the whole circuit to zero 
for Wo, 2Wo and 3We, where Wo is 2arf, if being 
the fundarinental frequency of the saw-tooth 
wave. Below are listed the ratios between the in 
ductance values and the condenservalues for the 
particular solution where the circuit resonates at 
the fundamental frequency and two harmonics: 

Parallel resonance at Wo, 2Wo and 3Wo. 
Series resonance at 3/2 Wo, 5/2 We and 7/2 Wo. 

Li=1.27 lo C. 474 C. 
Las .76 L1 C=. 455 C. 

1. is .403. Li 3/2 Woss-- La 1. ? o VLC, . 

At frequencies below 3/2 fundamental branches 
ac, y and 2 are capacitive, since the reactances of 
the condensers are greater than those of the cols. 
At fundamental frequency the inductive reactance 
of the defecting coil Lo exactly equals the ca 
pacitive reactances of branches ac, y and 2 in par 
allel, and the circuit resonates at fundamental 
frequency. Above 3/2 and less than 5/2 ftinda 
mental frequency, branch lac is inductive and . 
branches if and 2 capacitive. At second harmonic 
frequency the inductive reactance of Lo, and 
branch ac in parallel exactly equals the capacitive 
reactance of branches y and 2 in parallel, and the 
circuit becomes resonant at Second harmonic fre 
quency. Above 5/2 fundamental frequency and 
below 7/2 fundamental frequency, branches at and 
2y are inductive and branch 2 capacitive. At 
third harmonic frequency the inductive react 
ance of branches at and y and Lo in parallel 
exactly equals the capacity reactance of branch 2, 
and the circuit becomes resonant at third har 
monic frequency. Above 7/2 fundamental fre 
quency, all branches become inductive and the 
whole circuit presents inductive reactance. The 
Series resonant frequencies of the branches may 
fail anywhere in between their respective har 
monics, and by proper adjustment of the ratios 
between the inductances, the circuit may be made 
to resonate at the fundamental frequency and 
the harmonics. 

It will be understood that if the deflecting coil 
Lo and its associated resonant circuits were made 
to resonate at harmonics containing substantially 
all of the saw-tooth current energy, and if these 
harmonics were then combined in the proper 

5 

5. 

phase relation and with the proper relative ampli 
tude, a good saw-tooth current wave would flow 
through the deflecting coil. As a practical mat 
ter, it is almost impossible to produce a good 
saw-tooth Wave by relying upon such a circuit ad 
justment. 

In the circuit shown in Fig. 1, the gradually 
sloping or useful deflecting portion of the saw 
tooth Current wave flowing through the coil 0 is 
made a substantially straight line by connecting 

6 

a damping circuit in shunt to the coil 0. . 
While this darnping circuit may be a resistor of 
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9,149,077 
proper resistance value, prefer to employ a cir 
cult consisting of a rectifier tube such as an 
RCA 1-W in series with a resistor 9, the two 
elements 3 and 9 in series being connected 
across the deflecting circuit. The resistor is 
shunted by a condenser 3 f having a large enough 
capacity to cause the damping circuit to be effec 
tive for at least the major portion of the duration 
of a savy-tooth Wave. The amount of daringping 
in the circuit may be controlled by moving a 
variable tap 22 and thereby shunting out a por 
tion of the resistor 9. 
The particular danping circuit illustrated pro 

vides danping in the deflecting circuit only for 
the duaration of the useful defecting portion of 
the saw-tooth wave, there being no damping or 
loading on the circuit during the return line pore 
tion of the saw-tooth, whereby, when the grid 
of the output tube 3 is driven negative, an ex 
ceedingly high voltage is built up across the coll 

to to give the desired fast return line, he rea 
son that the damping circuit provides damping 
only during the useful deflecting or charging 
portion of the saw-tooth is that during this period 
the coli Lo is being energized by a flow of cur 
rent from the point 8 in the circuit through the 
colla and through the Ottput tube S. Therefore, 
at this time the plate of the rectifer tube 8 is 
positive and the rectifier tube is conducting. Dur 
ing the return line pariod, however, the polarity 
of the voltage across the rectifier tube 3 is re 
versed and the tube is non-conducting. 
The damping circuit illustrated in Fig. is 

described and claimed in application Serial No. 
6,499, fied January 30, 1936, in the name of 
Robert Andrier, and assigned to the Radio Cors 
poration of Americs. In the aforesaid applica 
tion, the damping circuit is shown connected 
across a deflecting coll which does not have gay 
resonant circuits corresponding to the circuits ac, 
2 and 2 associated with it. As described in the 
Andrien application, the action of the damping 
circuit is to straighten the saw-tooth by damp 
ing out resonant effects which cause distortion of 
the saw-tooth. The operation of the damping 
circuit when employed with my defecting circuit 
shown in Fig.1 may be explained in the same way. 
When the circuit shown in Fig. 1 is first set up, 

the adjustment is as follows: The damping cir 
cuit is temporarily disconnected from the de 
flecting circuit and the oscillator is adjusted to 
operate at the correct frequency. The variable 
condensers C1, C2 and C3 are then adjusted until 
the nearest approximation to a saw-tooth wave 
is obtained. It will be understood that the ca 
pacity values for the condensers C1, Ca and C3 
have been calculated as previously described, and 
that the adjustinents just referred to are for the 
purpose of making minor corrections or for ob 
taining a more desirable phase relation between 
the fundamental frequency and the harmonics. 
Next the damping circuit is connected across the 
defecting circuit and the variable tap on the re 
sistor is adjusted until the deflecting portion or 
charge line portion of the saw-tooth is substants 
tially a straight line. 
By employing a large amount of damping in 

the circuit, as is done in the circuit illustrated in 
Fig. 1, the production of a good saw-tooth wave 
is dependent to only a comparatively small ex 
tent on the phase relation between the several 
harmonics, the circuits a, y and 2 acting to hold 
up the impedance of the circuit at the lower fre 
quency harmonics, whereby the desired impulse 
voltage can be forced across the coil Lo. 

3 
The choice of the series resonant point depends 

on several factors. For instance, for a given /R. 
ratio for the coils in the circuits ac, y and a, as the 
series resonant points are placed closer to the next 
lowest parallel resonant point (that is, as the 
Series resonant point of 1 and C1 nears the funda 
mental and that of a sand Ca nears the second 
harmonic, etc.), the tendency is for the resonant 
impedance at the harmonics to become higher 
than the fugadamental. As the series. resonant 
point is shifted the other Way, the fundamental 
tends to reach a higher resonant impedanca than 
the harmonics. If the /R ratio is about .00 and 
the fundamental frequency 10 kc., for nearly 
equisixtapedance at all harmonics, the series reso 
nant point of 1 and C should be set about 34 of 
the Way lap from the preceding parallel resonant 
point; that is, if the fundamental is 10 kc., the 
series resonant point of and C should be 13,400 
Cycles; Ia and Ca, 23,400 cycles; 3 and C3, 33,400 
cycles, etc. However, it is not always desirable to 
have the resonant impedance at each frequency 
the Sane, but to have the maximum impedance 
possible at each frequency, since the circuit is to 
be highly danped anyway. 

It is to be noted that this type of circuit be 
comes inductive at all frequencies above the series 
resonant point of the last branch. Thus, it is pos 
sible to drive higher harmonics across the circuit, 
although it is only resonant to a few of the lower 
ones. In case this is done, it is best to set the 
series resonant points quite close (within 10%) to 
the next lowest harmonic frequency. This in 
Sures the highest possible effective inductance 
above the frequency of the last series resonant 
branch. 
The method of driving the deflecting coil and 

associated resonant circuits consists in simply 
forcing an inpulse wave across the network, which 
insures a saw-tooth current through the defect 
ias coil. Since the deflection of the cathode ray 
is proportional to the voltage across the deflecting 
coil divided by the square root of the inductance 
of the deflecting coil, as will be shown below, the 
advantage in employing tuned circuits lies in the 
use of a deflecting coil having less inductance than 
could be used without-tuning. Another advan 
tage is that, as previously mentioned, no saw 
tooth component need be supplied to the grid of 
the output tube, and consequently the tube may 
be operated saturated and more output obtained 
therefron. 
Considering now the reason for the increase in 

deflection efficiency caused by increasing the im 
pedance of the circuit, the deflection is propor 
tional to the defecting coil flux, the flux in turn 
being proportional to IN where I is the current 
flowing through the deflecting coil and N is the 
number of turns in the coil. Also L=AN2 where 
L is the inductance of the defecting coil and K is 
a constant. Then, 

Substituting for N, the deflection is proportional 
to ... 

Also E=2rfL where E is the voltage across the 
defecting coil and f is the frequency of the sine 
wave or saw-tooth wave harmonic being consid 
ered. Then 

E 
Er 2ff, 

Substituting for I, the deflection is proportional to 

(E)(K'VD-k; 
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4. 
By resonating the deflecting coil with associ 

ated resonant circuits, the quantity can be made 
small while the voltage E is prevented from drop 
ping to a low value, whereby the amplitude of 
defection is increased. 

In Fig. 2, have shown another embodiment of 
my invention, in which the deflecting circuit is 
caused to resonate at the fundamental frequency 
of the saw-tooth wave and at its second, third, 
fourth and fifth harmonics. Like parts in Figs. 1. 

acters. Except for the circuit adjustments, it will 
be noted that the only difference between the two 
circuits is that in Fig. 2 two additional series reso 
nance circuits have been added to the deflecting 
circuit. 

Below are listed the ratios between the induct 
ance values and the condenser values for the cir 
cuit shown in Fig. 2, where Wo equals 2rf, f being 
the fundamental frequency of the saw-tooth 
WaWe 

Parallel resonance at Wo, 2wo, 3wo, 4wo, 5wo 
56 

L1 C r i 
18 

LC= W. 

LCs .09 These relations determine the series 'TW resonant frequencies. 
0.53 

L4 C 3. E. 

LsCs s E. 
L1s 1.6207 Lo C1-3.2260 C. 
La=17428 Lo Case.A7538 C. 
L3=1.8380 Lo C-3023 C. 
L4=1.6975 Lo Ciss.2788 C. 
L5s.1.2146 Lo 

In Fig. 3, my invention is shown applied to a 
deflecting circuit employing electrostatic deflect 
ing plates indicated at 3. Suitable means, in 
dicated at 32, is provided for producing a saw 

5 tooth voltage wave which is impressed upon the 
input circuit of a non-distorting or Class A 
amplifying tube 33 which, in the circuit illus 
trated, is of the low impedance type. 
The output circuit of the tube 33 is coupled 

through a blocking condenser 34 and a step-up 
transformer 36 to the deflecting plates 2. The 
step-up transformer 36 is desirable in order to 
obtain sufficient voltage across the deflecting 
plates for satisfactory deflection. In order to 
obtain efficient action of the step-up transform 
er, the impedance of its windings should be high. 
However, if enough turns are put on the sec 
ondary winding to permit the use of a high im 
pedance primary winding, there will be a large 
amount of distributed capacity across the sec 
Ondary winding, with a resulting decrease in the 
efficiency of deflection. 

In accordance with my invention, I wind the 
transformer 36 with the desired step-up ratio 
and with a sufficiently small number of turns in 
the secondary Winding to keep the distributed 
capacity to a comparatively low value. The in 
pedance of such a transformer will be high 
enough at the higher harmonics of a saw-tooth 
wave, but not at the fundamental frequency and 
the lower frequency harmonics. Accordingly, I 
shunt three resonant circuits, ac, gy and 2, cor 
responding to the circuits ac, y and 2 in Fig. 1, 
across the primary winding of the transformer. 
The three branch circuits ac, y and 2 and the pri 

2,149,077 
mary winding of the transformer B are adjusted 
in the manner described in connection with Fig. 
1, to make the circuit resonant at the funda 
mental frequency of the saw-tooth Wave and at 
its second and third harmonics. It will be noted 
that in this circuit the transformer primary cor 
responds to the coll I in Fig. 1 
In Fig. 4 I have shown my invention applied 

to a circuit for passing a non-sinusoidal current 
through an inductance coil 40. Three series 
resonant circuits, 4 f,42 and 43, are connected in 
parallel with each other and in series with the 
coil 40. The circuit is preferably so designed 
that the coil 40 and the circuits 4, 42 and 43 are 
series resonant at the fundamental frequency 
and at the Second and third harmonics of the 
current passed through coll 40. To make the 
circuit operate in this way, the series resonant 
circuit 4 is made resonant between the funda 
mental frequency and the second harmonic, the 
circuit 42 is made resonant between the second 
and third harmonics, and the circuit 43 is made 
resonant between the third and fourth har 
monics. The correct condenser and inductance 
values are obtained by means of six simultaneous 
equations, as in the case of the circuit shown 
in Fig. 1. 

If it is desired to pass saw-tooth current 
through the inductance coll 40, the circuits 4t, 
42 and 43 may be supplied with current from a 
low impedance output tube, operated Class A, 
which has a saw-tooth voltage wave applied to 
its grid, as in the circuit shown in Fig. 3. It 
will be understood that, in order to obtain a . 
current through the coil 40 having a reasonably 
good saw-tooth wave form, it is necessary to so 
adjust the resonant circuits that the harmonics 
are of the proper relative amplitude and are in 
the proper phase. The proper amplitude and 
phase of the harmonics may be obtained by ad 
justing the values of the condensers and resistors 
in the series resonant circuits. 

In some cases it may be desired to produce a 
flow of current through the coll 40 having strong 
second and third harmonics without regard to 
the wave form. Such a flow of current may be 
produced by applying to the grid of the low 
impedance output tube supplying the coll 40 and 

3. 

4. 

45 

its associated resonant circuits, an impulse volt-. 
age such as that supplied to the grid of the out 
put tube shown in Fig.1. 

Referring to Fig. 5, I have shown my inven 
tion applied to a circuit for producing a non 

50 

sinusoidal voltage across a capacitive load such 
as a condenser 50. Since the reactance of such 
a load decreases with increasing frequency, it 
may be desirable to cause the condenser 50 to 
exhibit parallel resonance at a plurality of the 
higher harmonic frequencies. Tis result may 
be obtained by connecting the series resonant 
circuits 5, 52 and 53 in parallel with the con 
denser 50 and in parallel with each other. 
Assuming that the circuit is to exhibit paral 

lel resonance at the fourth, fifth and sixth har 
monics of a saw-tooth Wave to be impressed 
across the condenser 50, the circuit 5 may be 
made series resonant below the fourth harmonic, 
the circuit 52 may be made Series resonant be 
tween the fourth and fifth harmonics, and the 
circuit 53 may be made Series resonant between 
the fifth and sixth harmonics. To produce the 
desired saw-tooth voltage across the condenser 
50, a saw-tooth voltage may be impressed upon 
the grid of a low impedance output tube supply 
ing the circuit 50, 5, 52 and 53. 75 



2,149,07? s 
Referring to Fig. 6, a capacitive load, such as circuit, a plurality of series resonant circuits con 

a condenser 60, Emay be made to series resonate. 
at the fundamental frequency and at a plurality 
of harmonic frequencies of a non-sinusoidal cur 
rent to be passed through the capacitive load 
This may be accomplished by connecting the se 
ries resonant circuits 6, 62 and 63 in parallel 
With each other and in series with the condenser 
S. he circuit S may be made series resonant 

0 below the fundamental frequency, the circuit. 62 
Series resonant between the fundamental fre 
quency and the Second harmonic, and the circuit 
83 Series resonant between the second and third 
harmonics. 

5 

5 the current through the condenser 69 is to 
have a saw-tooth Wave form, it may be supplied 
from a low impedance output tube which has a 
saw-tooth voltage applied to its grid. As in Figs. 
4 and 5, where no dataping is provided the reso 

0 nant circuits must be so adjusted that the har 
monics have the correct relative amplitude and 
phase relations if a good saw-tooth wave is to 
be produced. As previously mentioned, however, 
in soma cases the Wave shape of the current or 

5 voltage is inmaterial, it being required only that 
strong harmonics be present. 

In the circuits shown in Sigs. 4, 5 and 6, if it 
is desired to produce a saw-tooth current or saw 
tooth voltage, the Output tube is operated as a 

0 non-distorting or Class A amplifier and, as previl 
Ously stated, a Saw-tooth voltage is applied to 
its grid. If it is desired merely to obtain a cur 
rent or voltage containing strong harmonics, the 
output tube may be operated Class C, with an 

5 inpulse voltage applied to the grid. s 
From the foregoing description, it will be ap 

parent that various other modifications may be 
made in my invention without departing from 
the spirit and scope thereof, and desire, there 

6 fore, that only such limitations shall be imposed 
thereon as are necessitated by the prior art as 
set forth in the appended claims. 

I claim as my invention: 
1. A cathode ray tube deflecting circuit com 

5 prising an electric discharge tube having an in 
put circuit and an output circuit, a defecting 
coil through which it is desired to pass a saw 
tooth current, said coil being coupled to said out 
plat circuit, means for making said deflecting coil 
exhibit parallel resonance at the fundamental 
frequency of said saw-tooth current and at at 
east one harmonic thereof, and means for in 
pressing upon said input circuit a voltage recur 
ring at said fundamental frequency and having 

5 the correct wave shape to produce said saw 
tooth current, 

2. The invention according to claim 1 char 
acterized in that a damping circuit is connected 
in shunt to said deflecting coil. 

3. In combination, an inductance coll through 
which it is desired to pass a current of non 
sinusoidal wave form, means for impressing a 
voltage recurring at a certain frequency across 
said inductance coil, and a plurality of series res 

5 ona at circuits connected in shunt to said coil, 
said Series resonant circuits being so tunedi with 
respect to said coil that they and said coil exhibit 
parallel resonance at said certain frequency and 
at at least one harmonic thereof. 

4. The invention according to claim S charact. 
terized in that a damping circuit is connected in 
shunt to said deflecting coil. 

5. A cathode ray tube defecting circuit com 
prising an output tube having input and output 

S. circuits, a deflecting coil coupled to said output 

nected in shunt to said deflecting cott, and means 
for impressing voltage inpuses periodically upon 
said input circuit to produce a low of saw-tooth 
Current through Said deflecting co, said series 5 
resonant circuits being so tuned that the circuit 
comprising said deflecting coil and said series res 
onant circuits is, parallel resonant at a plurality 
of harmonics of said Ssaw-toota current. 

6. In combination, a low impedance electric 10 
discharge tube having an input circuit and an 

' Output circuit, means for impressing voltage in 
pulses periodically upon said input circuit, a deas 
flecting coil through which it is desired to pass 
saw-tooth current, means for coupling said der 15 
flecting coil to said output circuit, and a plurality 
of series resonant circuits connected in shunt to 
said deflecting coils, one of said shunt circuits 
being tuned to a frequency lying between the 
fundamental frequency of said saw-tooth wave 20 
and the second harmonic of said wave, and an 
other of said shunt circuits being tuned to a 
frequency lying between said second harmonic 
and the third harmonic of said Wave, said shunt 
circuits also being so tuned with respect to said 25 
defecting coil that the shunt circuits and the de 
flecting coil exhibit parallel resonance at said 
fundamental frequency and at said second 
harmonic. 

... the method of producing a flow of saw- 30 
tooth current through a deflecting coil which 
comprises impressing voltage inpuses across said 
coil periodically and parallel resonating said coil 
at the fundamental frequency of said impulses 
and at at least one of their harmonics. 35 

8. The method of producing a flow of saw 
tooth current through a deflecting coil having 
an associated resonant circuit which comprises 
impressing voltage impulses across said coll 
periodically, parallel resonating said coll at a plu 
rality of frequencies having a harmonic rela 
tion to the fundamental frequency of said in 
pulses, and damping said coil and associated 
resonant circuit. 

9. A cathode ray tube deflecting circuit come is 
prising a low impedance electric discharge tube 
having an input circuit and an output circuit, 
a defecting coil through which it is desired to 
pass a saw-tooth current, said coil being coupled 
to said output circuit, means for maring said 50 
coil exhibit parallel resonance at the fundar 
mental frequency of said saw-tooth current and 
at a plurality of harmonics thereof, and means 
for driving said tube from a condition of plate 
current saturation to plate current cut-off at 55 
regularly recurring intervals, said intervals re 
curring at the rate of said fundamental fre 
gency. 

10. In combination, a reactive loads, means for 
impressing upon said load a voltage recurring at 60 
a certain fundamental frequency, and a plurality 
of series resonant circuits connected in parallel 
with each other, one of said resonant circuits be 
ing series resonant at a frequency between said 
fundamental frequency and the first harmonic 65 
thereof and another of said resonant circuits be 
ing series resonant at a frequency between Said 
first harmonic and the second harmonic of said 
fundamental frequency, said series resonant cira 
cuits being so coupled to said reactive load and 70 
being so tuned that said ioad and said series 
resonant circuits resonate as a whole at said 
fundamental frequency and at said first and sece 
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ond harmonics thereof. 


