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The invention is concerned with circuit organi-
zations wherein, with'a view to producing alinear
rise-of current in a choke-coil, a:source of poten-
tial supply is- applied to the choke-coil-and is

5 disconnected . again therefrom after completion
or termination of the rise of the current. Circuit
arrangements which operate.in accordance with
this principle are known-in . the art of causing
magnetic deflection by magnetic forces acting on
the cathode-ray pencil in television tubes. HHow-
ever, circuit-schemes of this kind as heretofore
known have the disadvantage that the rise of the
current proceeds in-accordance with a straight-
line:law only initially, that is, in the early phase
of the rise, and even then only under the condi-
tion that the potential is: constant and: stable,
and, further, that the inner resistance -of the
voltage -source is. negligibly low, and that the
resistance of the switch break is also constant.
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in practice with sufficient accuracy, and as, more-

over, the linear initial portion of the current.rise
curve is-not always adequate, means and ways
are suggested in the present invention which
will 'so change the voltage acting.at the coil.as a
function-of the coil current that the voltage at
the coil will decrease in the presence of a rapid
rise of the coil current, and will 1ncrease for.a
low rise of the said current.

My invention will best be understood by refer-
ence tothe figures in which

Fig: 1 shows one embodiment thereof,

* Fig. 2 shows a second embodiment thereof,

Fig. 3 shows a modification of the arrangement
of Fig. 2, and

Figs. 4 and-5 show still further embodnnents
of my invention.

The exemplified embodiment: shown in Fig. 1
comprises a screen-grid tube 10, the deflector
coil {1 of a cathode-ray tube, a rectifier 12, a
registance 13 and a source of plate potential
supply 14. If the resistance 13 is assumed to be
replaced by a source of D. .C, voltage supply
whose negative pole is united with fhe anode
of the rectifier 12; then the circuit arrangement
comprising the elements designated by. {0—14 is
known in theart. An-auxiliary coil 15; a further
tube 16 con-jointly with the resistance 13 accord-
ing to the invention are arranged in the known
circuit organization to the end of causing a
steady change of the voltage acting at the coil

‘in such a way that the rise of the current will
be caused to obey & straight-line law.

In this figure there is shown a vacuum tube 19
having anode, cathode, control and screen elec-
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Since these assumptions are not. always. fulfilled

(CL 250—36)

trodes.. Connected serially in the anodo-cathode
circuit is an inductance coil i | and shunted across

the coil is the combination of a diode t2-and a -

serially connected resistor 13. The common ter-
minal of the inductance il and resistance 13 is
connected to the positive side of a plate supply

battery 14, the negative terminal of which is

grounded. Positicned immediately adjacent to
coil i1 and. coupled therewith is a second coil {5
which is serially connected with the control grid
of a thermionic tube i6 having anode, cathode
and:"grid electrodes.. One. terminal of .the in-
ductance coil

10: .

i5 is energized through a lead

which is: connected: with plate supply battery 4. -

The anode of the tube 16°is connected directly to
the anode of the tube 12 and the cathode of
tube 18 is grounded.

In order to explain.more fully the operatlon
of the .circuit organization. shown in Fig. 1, the
circuit elements 15, 16, as well as the resistance
13.shall first be: disregarded, and the supposition
shall be made that in lieu of. the resistance 13 a
source of D. C. voltage supply is connected in a

. way as above stated in-series with the rectifier 12,
This circuit organization, a§ already pointed out,
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is known  in- the art and the same will then. =

operate. in such:a way that for the production of
the lihear current rise the rectifier 12 is-rendered
conductive for current. This is effected for a
period of time for which the current flowing in
the coil. 11 has a direction which conventionally
flows from the positive.terminal of the battery
{4:to the anode of the tube {0 as a result of the
fact that at the control grid of tube 19 is im-
pressed a potential which will allow a flow of
current through this tube. The plate current
flows through the rectifier 12 and at the coil thus
acts’ the voltage furnished from the source of
D. C. voltage supply supposed to take the place
of the resistance (3.
voltage at the control grid of tube 13 the flow
of current across this tube and- the rectifier 12
is cut off, the coil will experience a half oscilla-
tion in-such a-way that the voltage acting thereon
is' inversed-so that it thus-resumes: the polarify
which it had during the linear rise of .current,
while incidentally surpassing the value of the
voltage of the source of D. C., potential supply.
Hence, the voltage acting at the coil is able to
overcome the voltage which is to be assumed in-
stead of. the resistance 13 and to thus re-open or
unblock the rectifier 2. Without the opening of

If by suitable blocking
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tube 10’ being required, the source of D. C. poten- .

tial supply will thereafter be connected again
through the rectifier 12 with the coil-so that; in
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spite of the reversal of the sense of the current
flow in the coil, the differential quotient of the
coil current will again possess the same size and
conventionally in such a direction as to flow from
the positive terminal of the battery 14 to the
anode of tube 18. However, before the coil cur-
rent passes through the zero value a current must
be initiated through the rectifier 12 by the open-
ing of tube 10 since zero coil current could other-
wise not be exceeded. Now, the circuit elements
13, 15 and 16 operate in such a way that during
the linear rise of the current, at the auxiliary
coil 18, there will arise a veltage of such polarity
as to render the terminal thereof connected to
tube {8 negative, and the terminal thereof joined
to battery #4 positive, and this voltage acts as
the regulator voltage for tube 16. In the grid
circuit of the said tube 16 there thus acts a posi-
tive grid potential (namely, the voltage between
the left-hand end of the plate potential source
of supply {4 and its tap) in series with a negative
grid biasing voltage, the latter being furnished
from the auxiliary coil 15 in a manner as here-
inbefore described. The size of the positive grid
voltage must exceed that of the negative voltage
so that, for a constant size of the negative grid
voltage, a finite plate current is able to flow across
the tube 16 by way of the resistance 13. This
plate current results in a fall of potential across
resistance 13 whereby the terminal thereof con-
nected to the anode of tube 12 is rendered nega-
tive and the terminal connected to battery 14
is positive and which at the same time represents
the voltage acting at coil i1 being constant in the
known instance. If, then, the current in the
coil 1 starts to rise more rapidly, the negative
grid voltage experiences an increase, and the
drop of potential across the resistance 13 as a
result diminishes. However, this does not mean
anything else but that the voltage decreases
across the coil {1 and this, in turn, implies that
also the slope or steepness of the current rise in
this coil must diminish. If, on the contrary, the
steepness of the current rise in the coil {1 de-
creases, this implies a reduction of the negative
grid potential; hence, the positive grid potential
predominates, and this results in an increase of
the plate current of tube (6 and thus also of
the drop of voltage across resistance (3. As a
result there occurs thus a growth of potential
at the coil #1, and this will also speed or ac-
celerate the rate of current rise. It will thus be
seen that no matter whether there is a tendency
on the part of the coil current to either rise faster
or less fast, there will instantaneously be caused
3, compensation of such tendency because of the
fact that the voltage drop across resistance 13 is
a function of the current rise through the coil.

The exemplified embodiment shown in Fig, 2
differs from that in Fig. 1 in as far as the
auxiliary coil 15 is included in the control-grid
circuit of a tube 17 provided in lieu of the recti-
fier 12; if desired, the said control-grid circuit
in addition may be supplied with a negative bias-
ing potential furnished from the RC mesh. In
lieu of the resistance 13, Fig. 1 there is provided
another RC mesh {9 as known in a circuit ar-
rangement Fig. 2, though without the coil 18,
the RC mesh {8 and with a rectifier instead of
tube IT.

In this figure the screen grid tube {0 has an
inductance |1 connected serially with the anode
thereof and a plate supply battery 14 has the
positive terminal thereof connected to one ter-
minal of the inductance {1, and the negative ter-
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minal thereof connected to the cathode, the latter
being grounded. There is provided a second
thermionic tube {71 having anode, cathode and
control electrodes, the cathode of the tube being
connected to the common terminal of the anode
of tube 10 and the inductance {1 through a time
constant circuit 18. A common terminal of the
time constant circuit 18 is connected to the con-
trol grid of tube {71 through an inductance {5
which is positioned immediately adjacent the in-
ductance {1 and is coupled therewith. The
anode of tube {7 is connected to the common
terminal of inductance 11 and plate supply bat-
tery 14 through a time constant circuit 19.

The circuit scheme Fig. 2 operates in this man-
ner that, in the presence of a steep rise of the
current in the coil {1 the grid potential of tube
{7 is reduced, which, in turn, means an increase
in internal resistance, so that a greater portion
of the practically constant potential existent at
the RC mesh {9 drops at the tube 1. But if the
rise of the current in the coil 12 is too flat or
slow, this results in a decrease of the voltage
furnished from the auxiliary coil 15; hence, the
grid potential of the tube {7 rises, its internal
resistance diminishes, and at the coil |1 occurs
an increase in the potential which, in turn, will
cause the current in this coil to rise again with
the desired slope.

Instead of the two distinct RC meshes 18 and
19, it would also be possible to use a joint RC
mesh 20 as shown in Fig. 3 from which, by pro-
viding a suitable tap for the resistance such
negative grid biasing voltage for tube as may be
desired can be tapped.

The showing of Fig. 3 is essentially the same
as that of PFig. 2 with the exception that the
time constant circuit {9 of Fig. 2 which is con-
nected to the anode of tube {71 and the common
terminal of inductance 1i and plate supply bat-
tery i4 has been omitted,

In the embodiment shown in Fig, 4 there is
also provided a tube 17T in the sense of Figs. 2
and 3, and an RC mesh 19 in the sense of Fig. 2.
In lieu of the auxiliary coil 15 there is here used
a tetrode as well as a resistance 22, the series
arrangement of these two element being con-
nected in parallel relation to the coil (1.

In this figure a screen grid tube {0 has an-in-
ductance I} connected directly to the anode of
tube 10 and serially with plate supply battery 14,
the negative terminal of which is connected to
the cathode of tube {0, the latter being grounded.
A screen grid tube 21 has the space discharge
path thereof connected serially with a resistor
22 and this series circuit is connected substan-
tially in parallel with inductance {1, the anhode
of the tube being connected to the common ter-
minal of inductance 1 and plate supply battery
14, and the terminal of resistor 22 remote from
the cathode of tube 21 is connected to the com-
mon terminal of the anode of tube 10 and in-
ductance i1. The control electrode of tube 21
is variably biased by plate supply battery 14,
as is the screen electrode of the same tube. A
thermionic tube (1 having anode, cathode and
one control electrode has the space discharge
path thereof connected serially with a time con-
stant circuit {9, the latter being connected

directly to the anode of tube 21 and the cathode 7

thereof being connected directly to the common
terminal of inductance ii and resistor 22. The
control electrode of tube 71 is connected to the
common terminal of tube 21 and resistor 22.
The circuit organization shown in Fig. 4
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‘works in' this. manner:that by suitable choice of
the:potential: impressed :upon ‘the..control :arid
‘screen . grids -of :tube::21
‘the:plate- currem-pla.te woltage characteristic is
‘placed «in ! the :neighborhood. ;of : plate- current
saturation..: If, . then, : the: voltage .at: the . coil
should ‘happen :to-rise, in. other: words, :if ;the
‘current: through: this' coil: increases: its islope: or
steepness, this will e attended:with:an: inerease
in: the-internal resistance:of the tube:21,
‘the consequence that. the ‘grid potential: of tube

,-the operating point:of

“with

1T diminishes. ~The voltage arising -across:the

RC mesh 1§ will:drop:across the inner resistance
-of tube T to a:greater extent than before, and
the voltage at:thecoil 4 1+isidiminished. as:a re-
sult:so.that.also:the steepness: of the current rise
ds:lesseried. -Butify on: the’contrary; the:voltage
-ab coil bl:decreases, so that the steepness of cur-
rent 'rise:decreases, then tube 19 will:be further
‘opened with: the:result. that:through:a rise.of

- voltage: across ithe coil : H the rate of current rise
. is"boosted-again. :
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In the exemplified embod1ment shown in’ Flg
5,.a tube’ 23 and.a resistance 24 being connected
in series with each other, are provided in parallel
relation to the coil {1. Tube 16 corresponds to
the tube Fig, 1 bearing the identical reference
numeral, and resistance {8 corresponds to the
resistance -with the identical reference numeral
therein provided. The grid circuit of tube i6

-includes further a blocking condenser 25 and a

resistance 26 which is united with a sultable bias-~
ing voltage. .
The circuit arrangement of F1g 5 is as follows:
A screen grid tube 10 has the anode thereof’
serially connected with an inductance {f and a
plate supply battery 14, the negative terminal

~of the latter being connected to the cathode of
the tube and the cathode being grounded. A -

series circuit comprising the space discharge
path of a thermionic tube 23, this tubée having
anode, cathode and one control electrode, and a
resistor 24 is connected in parallel with the in-
ductance 11, the cathode of the tube being con-

"nected to the common terminal of the_anode

of tube 10 and the inductance 11, and the ter-
minal of resistor 24 remote from the anode of
tube 28 being connected to the common terminal
of inductance 11 and plate supply battery (4.
Also. connected  in parallel with theinductance
i1 is a diode 12 and a resistor 13, the cathode
of the diode 12 being connected to the cathode
of tube 23. ' The bias for the.control grid of tube
23 is supplied from the variable tap on the bat-
tery 14 connected to the control electrode thereof.
A fourth tube 18 having ‘anode, cathode - and
one control electrode, has the anode thereof
conniected to the common terminal of the anode

“of diode 12 and the resistor I3 and.has the

cathode thereof grounded. The control elec-
trode of tube 16 is connected through s condenser
25 to the common terminal of the anode of tube
23 and the resistor 24. Connected directly to
the control electrode of tube 16 is & resistor: 26,

the latter being grounded through an appropnate'

biasing means.

If in a circuit arrangement as shown in F1g 5,
the voltage acting at the coil undetrgoes growth,
this occasions a rise in the inner resistance of
the tube 23 and thus also & rise of the grid
potential of ‘tube 1§. The result is that a de-
crease of Voltage across- resistance 13 happens,
and this means that also the rise of current at
the coil 11 becomes less. If, inversely, the voltage
at coil I diminishes, this means an increase of

“The invention is’ 6f pracmcal value not only

for the production of saw-tooth-shaped. currents
:of :the kind requiréd for the magnetic ‘defléction
—of rcathode-ray: .pencils . for television . work;, : but
also for:so-called .image converter tubes.

These
tubes comprige -a.photo=cathode -and.a Iumines-

-cent’or mosaic 'screen; ‘and the photo-cathode
‘may be:projected or:imaged by electron. optic
‘ways-and meansupon the said luminescent screen
or mosaic screen, and.they may:be operasted in -
'such a - ‘manner, as. previously suggested .in.the
art, that.of an object moved at:.a uniform rate
iof 'speed ..a migrating or shifting photo-optic
image is produced upon the:photo-cathode, while
by suitable deflection: of the pencil of:electron
rays.a.static luminescent: or charge pattern or
image is produced upon the mosaic:screen.

~Moreover,: the cinvention “may ‘be ‘utilized in

-practice " .also: mdependently -0f 'whether after

completion of ‘the linear rise of.current the coil

-1 undergoes a free half-cycle alone ‘or in con-

junction with a capacity connected in parallel
with it or whether, say, by means of a counter-
acting voltage applied-to the coil a still faster
change of the current is obtained than that
which would correspond to the natural period of
the ceil or to the resonant circuit.-formed by the
coil and the paralleled condenser.

What I claim is: o

1. Saw-tooth ~wave. generator
means for storing electromagnetic energy, means
for storing energy in said storage means, and
means for applying a: compensatmg voltage to
said storage means, said compensating means
being adapted to generate a compensating volt-
age.in accordance with the rate of change of
current in the electromagnetic storage means,

2. An electric generator comprising means. for
storing electromagnetic energy, means for storing
energy in said storage means, and means for
applying a compensating Voltage to said storage

theinner resistance of tube:23; hencs, the control
‘grid potential of tube 16;rises, the:drop of poten-
‘tial:across resistance. 13 .and: thus the rise:of coil .
-current ‘are -raised. :
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means, said compensating means being adapted. -

to generate & compensating voltage in accordance
with the rate of change of currenf, in the electro-
magnetic storage means.

3. A saw-tooth wave: generator comprising
means for storing electromagnetic energy, means
for storing energy in said storage means, a uni-
lateral - conductor connected substant1ally in
parallel with said energy. storage means, means
for deriving a corrective potential from a portion

of the energy in said storage means, and means,

for impressing said: corrective potent1a1 on to a

current carrying electrode of said unilateral

conductor. .

4. A saw-tooth wave. generator comprising
means for storing electromagnetic energy, means
for storing energy in said storage means, a diode,
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a resistor connected in the anode-cathade circuit ‘

- of said diode, said diode and said resistor forming

8 circuit: which. is connected in parallel with
said energy storage means, a thermionie vacuum

tube having anode, cathode, and at least.one con-'
trol electrode, means for connecting ‘the anode,

of said thermionic tube to said resistive means,
and means for impressing 4 portion of the energy
in -sald electromagnetic- storage means onto a
control electrode of said thermionie tube.

5. A saw-tooth ~wave generator comprising
electromagnetic energy storage means, means for
storing energy in said storage means a therm-
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ionic tube having anode, cathode and at least
one control electrode, at least one time constant
circuit connected in the anode-cathode circuit
of said thermionic tube, said anode-cathode cir-
cuit and said time constant circuit comprising a
series circuit which is connected substantially in
parallel with said energy storage means, and
means for impressing a portion of the energy
of said electromagnetic storage means onto a
control electrode of said thermionic tube.

6. Apparatus in accordance with claim 5
wherein a second time constant circuit is con-
nected in the control electrode-cathode circuit
of said thermionic tube.

7. A saw-tooth wave generator comprising
electromagnetic energy  storage means, a first
thermionic vacuum tube having anode and
cathode electrodes, a resistor connected in the
anode-cathode circuit of said tube, said anode-
cathode circuit and said resistor comprising a
series circuit which is connected substantially
in parallel with said electromagnetic energy
storage means, a diode, a second resistive mem-
ber connected in the anode-cathode circuit of

2,225,300

said diode, said anode-cathode circuit of said
diode and said second resistance forming a series
circuit - which is connected . substantially in
parallel with said electromagnetic energy storage
means, a second thermionic vacuum tube having
anode, cathode and at least one control electrode,
means for impressing the anode current of said
second thermionic vacuum tube onto at least a
portion of said second resistance, and means for
impressing variations in the anode-current of
said first vacuum tube onto the control electrode
of said second thermionic vacuum tube.

8. The method of linearly storing and dis-
charging electromagnetic energy which com-
prises the steps of storing electromagnetic energy
and simultaneously developing a potential bear-
ing a definite relationship to the rate of change

of storing of said energy and correcting for ir-

regularities in the linearity of the storing and

discharging of energy in accordance with the 2

value of the potential bearing the definite re-
lationship to the rate of change of storing.said
electromagnetic energy. :
) ~MAX GEIGER.
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