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My invention relates to frequency responsive
apparatus and to receivers for telemetric systems
of the impulse frequency type.

It is the principal object of my invention to
produce frequency responsive apparatus which is
unaffected by variations in voltage of the source
of current, the frequency of which is to be meas-
ured. It is also an object of my invention to
produce apparatus responsive to the occurrence
of current or voltage impulses but unaffected by
variations in the amplitfudes thereof. - Another
object is the precise measurement of high fre
quencies.

Still another object of my invention is the pro~
duction of voltage peaks of substantially constant
amplitudes in response to predetermined events.
Still another object of my invention is the pro-
‘duction of voltage impulses of substantially con-
stant amplitudes in response to relatively minute
20 variations of a received current from a predeter-
mined value.

Still another object of my invention is to pro-
vide a grid control arrangement for discharge
tubes of the grid control type in which the oper-
ation of the tube and the amplitude of the dis-
charge are substantially independent of the mag-
nitude of the control voltage.

A further object of my invention is to provide
an arrangement for successively charging a con-
denser to equal voltages after successive dis-
charges in response to impulses, irrespective of
variations in strength of said impulses. Other
and further objects and advantages of my inven-
tion will become apparent as the description pro-
ceeds.

In accordance with my invention in its pre-
ferred form, current impulses to be received are
supplied to the primary winding of a saturable
core or peaking transformer which has secondary
windings connected in the grid circuits of gria
controlled discharge tubes arranged alternately te
charge a condenser from a constant voltage source
through a current responsive device and to dis-
_ charge the condenser in response to the impulses.
The arrangement is such that the control or ig-
niting voltages of the discharge tubes are of
very short duration with respect to the charging
and discharging periods so that variations in the
strength of the impulses or the igniting voltages
are without effect on the magnitudes of the
charges stored in the condenser.

The features of my invention, which I believe
to be novel and patentable. will be pointed out
in the claims appended hereto. A better under-
standing of my invention, itself, however, may be
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obtained by referring to the following description
taken in connection with the accompanying draw-
ing in which Fig. 1 is a circuit diagram represent-
ing schematically the arrangement of apparatus
constituting one embodiment of my invention;
Fig. 2 is a curve representing the relationship be-
tween arc current and anode voltage of a gaseous
or vapor discharge tube; and Fig, 3 is a graph
illustrating the time and amplitude relationships
between various currents and voltages acting in 10
the apparatus represented in Fig. 1.

In Fig. 1, of the drawing, I have shown ap-
paratus constructed in accordance with one form
of my invention, which may be utilized either as
the receiver in a telemetric system of the im- 15
pulse frequency type or simply as a frequency
indicator.

In general, the apparatus consists of terminals
31 and 32 through which the apparatus is con-
nected to a transmitting circuit of an impulse 20
frequency telemetering system, discharge tubes 34
and 42 amplifying the received impulses, a satura..
ble core transformer 45 for converting the re-
ceived impulses into high peak voltage impulses of .
short duration, a condenser |1, charged and dis- 25
charged in response to said impulses, a current
responsive device 12 carrying the condenser
charging current and giving the desired meter in-
dications, a glow tube 21 with intermediate elec-
trodes for supplying various voltages to charge 30
condenser I{ and to operate the tubes, and grid
controlled discharge tubes (3 and 14 which con-
trol the charging and discharging of the con-
denser I and are triggered by the high peak
voltage impulses produced by the transformer 45. 35

Considering the apparatus, now more in detail,
it will be seen that I have represented the appli-
cation of my invention to an arrangement in
which a condenser Il is charged and discharged
in response to each of the successive cycles or in 40
response to each of the received impulses of a
given polarity, the frequency of which is to be
determined and the frequency measurement is
made or the response to frequency is obtained
by means of a current responsive device 2 45
through which the currents flow which succes-
sively charge the condenser f1.

The charging and discharging of the condenser
Il are controlled by means of a pair of grid’
controlled discharge tubes 13 and 14, consisting 50
respectively of suitable envelopes 13’ and 14’
containing anodes 15 and 16, control electrodes
or grids {7 and I8, and cathodes 19 and 20, which
may if desired be of the indirectly heated type.
The envelopes 13’ and {4’ also contain suitable 556
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gaseous or vaporous material serving to impart
to the tubes §3 and (4 the property of conducting
current after a discharge has been initiated, with-
out the continued application of voltage to the
control grids 17 and 8. Any suitable gas or
vapor may be employed but, where the apparatus
is to be used in connection with the measure-
ment of high frequencies, care should be taken
to employ tubes having relatively short deioniza-
tion times. I have found that tubes containing
a light gas, such as hydrogen may satisfactorily
be employed for high frequency work.

The requisite auxiliary potentials for the op-
eration of the apparatus may, if desired, be ob-
tained from a high resistance element, such as,
for example, a glow discharge tube 2f, having
electrodes 22 and 23 connected to the positive
terminal 24 and the negative terminal 25, re-
spectively, of a source of current preferably cne
substantially free from variations in voltage, al-
though my arrangement tends to overcome the
effect of voltage variations. The discharge tube
21 also contains the auxiliary electrodes 26, 27,
and 28 spaced between the electrodes 22 and 23
and serving to provide points of intermediate
potential. -

The discharge tube 13 controlling the charg-
ing of the condenser {l has its anode {5 con-
nected in series with the current responsive de-
vice 12 and a resistor 29 to the positive terminal
24 of the direct current source, and has its cath-
ode 19 connected to one plate of the condenser
i1, the other plate of the condenser [l being
connected to the electrode 27 of the glow dis-
charge tube 21. The discharge tube {4, con-
trolling the discharge of the condenser (i, has
its anode {6 connected fo the cathode I8 of dis-
charge tube §3 and to one plate of the condenser
f{, and has its cathode 20 connected in series
with a resistor 30 to the electrode 28 of the glow
discharge tube 21.

Discharges are initiated in the discharge tubes
{3 and (4 by positive potential impulses im-
pressed upon the grids {71 and {8 in response to
impulses received by the apparatus in a manner
which will be described more in detail in con-
nection with the specific apparatus shown by
way of example.

The voltage impulses or cycles of alternating
voltage received by the apparatus, the frequency
of which is to be determined, are applied to ter-
mingls 3f and 32 which are conhnected, respec-
tively, to the grid 33 of a discharge tube 34
through a current limiting resistor 35 and to the
negative terminal 25 of the auxiliary source of
current through resistors 36 and 31.

The presence of the resistor 35 reduces the in-
ternal power of the apparatus in cases where
high voltages may at times be applied to the
terminals 31 and 32, thereby making the appa-
ratus applicable to the frequency measurement
of either high or low voltage impulses, and pre-
venting the withdrawal of appreciable power from
a transmission circuit.

The discharge tube 34 has an anode 38, and a
cathode 39, connected in series with a resistor
40 between the electrode 26 of the glow discharge
tube 21 and the common terminal 41 of resistors
36 and 37. A second discharge tube 42 has its
anode 43 connected to the electrode 28 of the
glow discharge tube 21 in series with the primary
winding 44 of a saturable core transformer &5
and a resistor 46, and has its cathode 47 con-
nected to the electrode 28 of the glow discharge
tube 21. The control grid 48 of the discharge
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tube 42 is connected to the anode 38 of the dis-
charge tube 34. The discharge tubes 34 and 42
may be of any desired type but are preferably
of a type providing high amplification.

In order to compensate for the magnetomotive
force or the ampere turns of the winding 44 of
the saturable core transformer 45 produced by
the normal anode or plate current of the dis-
charge tube 42, a compensating winding 49 is
also wound on the core of the iransformer 45
and is so connected between fhe elecirodes 2§
and 27 of the glow discharge tube 2f that it pro-
duces a flux opposing that of the winding #44. A

(3]

resistor 50 is connected in series with the wind-

ing 49 and has a resistance of such a value that
the windings 44 and 49 are balanced in a desired
portion of the characteristic curve of the ‘dis-
charge tube 42. The windings 44 and 49 are pref-
erably wound upon the same portion of the core
of the transformer 45.

The saturable core transformer 45 is also pro-
vided with secondary windings 51 and 52 for con-
trolling the discharge tubes 13 and {4 respective-
ly. The windings 51 and 52 are preferably wound
upon a different portion of the core of the trans-
former 45 from the windings 44 and 49 in order
to magnify the effect of saturation by allowing
leakage flux to cross the air space between the
two wound portions of the core of the transform-

er 45. The grid 17 of the discharge tube i3 is con- J

nected in series with a current limiting resistor
53, the secondary winding 51 of transformer 45,
and the resistor 30 to the electrode 28 of glow
tube 2!. Similarly, the control grid {8 of the
discharge tube 14 is connected in series with a
current limiting resistor 34, and the secondary
winding 52 of transformer 45 to the electrode 23
of the glow discharge tube 21.

In the operation of the apparatus, the receivad
voltage impulses applied to the ferminais 31 and
32 are amplified by the discharge tubes 34 and
42 to produce current impulses in the primary
winding 44 of the saturable core {ransformer
45. Owing to the characteristics ef the trans-
former 45, current reversals in the winding 44
produce voltage peaks of high amplitudes and
short duration in the secondary windings 5! and
52 which are impressed urpon the grids 17T and {8
of the discharge tubes {3 and {4. 'The connec-

tions are such that positive voliage peaks are 5

impressed alternately upon the grids §71 and {8
so that, in the case of receiving alternating volt-
ages, in response to one received half cycle, the
discharge tube {3 becomes conducting and per-
mits condenser {i to be charged while tube {4 is
held non-conducting and, in response {o the next
received half cycle, the discharge tube {4 be-
comes conducting while the discharge tube 13 re-
mains non-cconducting and the condenser {f is
discharged. The frequency of the received eycles
or impulses, obviously, determines the number
of charges applied to the condenser 1{, and con-
sequently the average value of the current trav-
ersing the windings of the current responsive de-
vice {2 which, therefore, is responsive {o the fre-
quency of the received impulses. The apparatus
cobviously may be used to determine the frequency
of fluctuation of pulsating direct current or the
frequency of intermittent impulses as well as the
frequency of alternation of alternating current.
Although the polarity of a direct-current circuit
remains unchanged, each impulse in such a cir-
cuit corresponds to a cycle of an alternating-
current circuit since, in each case, the alternate
rise and fall of current or voltage result in the
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successive voltage peaks produced by the trans-
former 45 and in the charge and discharge of the
condenser 11. If desired, a frequency determina-
tion may also be made by means of a current re-
sponsive device 12’ connected so as to carry the
successive discharging currents of the condenser
i. ' :

Since the grid 17 of the discharge tube (3 is
connected to the electrode 28 of the glow tube 21,
it is normally at a negative potential with respect
to the cathode 19 of the discharge tube 3 which
is connected to one plate of condenser (1, the op-
posite plate of which is connected to the elec-
trode 27 of the glow tube 21. Consequently, the
potential of grid {7, being negative, normally has
no effect upon the magnitude of the discharge
current in the tube 13. The magnitude of the
positive peak potential impulse impressed by the
winding §{, is such as to overcome this negative
bias and to permit the discharge tube 13 to be-
come conducting in response to alternately re-
ceived impulses.

The extinguishing of the discharge in the tube
13, however, is controlled by the potential differ-
ence between the electrodes 5 and {9. As the
charge on the condenser Il increases, the poten-
tial of the cathode 19 rises until the potential dif-
ference between electrodes 16 and 19 falls to the
critical value at which a discharge can no longer
be maintained. Expressing the operation in an-
other way, as the charge on the condenser I in-
creases, the charging current gradually decreases
in accordance with the well known nature of con-
denser charges until the current in the discharge
tube 13 falls to the minimum value at which it
can be maintained. The critical values of cur-
rent and voltage are shown in the curve of Fig. 2
in which arc voltage, or the voltage between
electrodes 16 and 19, is plotted against discharge
or arc current. It is seen, therefore, that after
the arc current falls to the critical value repre~
sented by the intersection. of the dashed line with
the curve, an increase in arc voltage would be
necessary to maintain the discharge. The voltage,
however, is determined by the charge upon the
condenser |1 and consequently, when this critical

point is reached, the discharge is extinguished, -

the condenser being charged during each charg-

‘ing period to a voltage determined by this critical

voltage so that equal charges are stored in the
condenser during successive periods and the re-
sponse of the current responsive device 12 is de-
pendent wholly upon the number of impulses re-
ceived and not upon the voltage of the received
impulses.

In like manner, since the control grid 18 is con-
nected to the electrode 23 whereas the cathode 20
of discharge tube 14 is connected to the electrode
28 of the glow tube 21, the control grid 18 is nor-
mally definitely negative with respect to the
cathode 20 and its potential is then without effect
upon the discharge in the tube 4. However,
when the positive peak potential occurs in the
winding 52, the control grid 18 momentarily be-
comes positive in order to initiate a discharge.
As will be explained hereinafter, the positive im-
pulses are of such short duration as to be with-
out effect upon the magnitude of the discharges
in tubes 13 and 14.

The constants of the transformer 45 are so
chosen that the core becomes saturated at a pre-
determined value of resultant primary ampere
turns or magnetomotive force so that further in-
creases in the primary current cause substan-
tially no further increase in flux. The material of

which the core is composed is one having a high’
permeabiiity at low magnetization, the permeabil-
ity of which decreases rapidly at the saturation
point so that the flux of the transformer tends to
increase rapidly as the primary current increases
up to the point of saturation and also tends to de-
crease rapidly as the primary current decreases
below the peoint of saturation. Consequently,
sharp voltage peaks of short duration are pro-
duced in the secondary windings 51 and 52 as il-
lustrated by the curves 85 in Fig. 3. |,

Owing to the fact that the core of the trans-
formar 45 may be premagnetized by the windings
44 and 49, i. e., may be normally magnetized to
a value bearing any desired relationship to the
critical value at which the core of transformer
45 becomes saturated, the tube 42 may be oper-
ated at the steepest portion of its characteristic
curve so that very slight variations in the anode
current of the tube 42 produce appreciable varia-
tions above or below the primary current at which
the core of the transformer 45 saturates. Con-
sequently, specially high sharp voltage peaks are
obtained from secondary windings 51 and 52 giv-
ing greater sensitivity and independence of the
apparatus from the magnitude of the voltages
received at the terminals 31 and 32. ‘

The grid voltage of the tube 42 is determined
by the anode current of the tube 34, and, prefer-

ably, this grid voltage is so selected that the work- 3

ing range of the tube 42 lies within the straight
line portion of the tube characteristic. Owing
to the presence of the resistor 40 in the anode
circuit of the discharge tube 34, the potential
variations of the contrel grid 48 produced by va-
riations in anode current of the discharge tube
34 are further amplified. The magnitude of the
resistor 36 may be so selected that the discharge
tube 34 is also operated in the steepest part of its

characteristic so as to.obtain a further amplify- -

ing effect. If desired, additional amplifying tubes
may be cascaded in this manner in order to make
the apparatus responsive to frequencies of very
minute alternating voltages or to minute voltage
impulses applied to the terminals 31 and 32.
The time relationship between the events oc-
curring in the apparatus of Fig. 1 is illustrated
graphically in Fig. 3, where curves 55 represent
the high peak secondary voltages induced in
windings 51 and 52 of transformer 45 plotted
against time. At the instant {3, the voltage 55
produced by the secondary winding 51 exceeds
the negative bias of the control grid 1T of dis-
charge tube 13 produced by the negative voltage

from electrode 27 to electrode 28 of the glow ftube ¢

21. At this instance, anodz current 56 starts to
flow in the discharge tube 13, charging the con-
denser 11 and gradually falling off as the poten-
tial difference between the plates of the condenser
11 increases. The constants of the circuit are
so chosen that the duration of the time period
t3 in which the peak voltage 55 falls to zero and
the control grid {7 regains its full negative bias
is less than the time period {2 during which the
charging of the condensar 11 continues so that ths
momentary positive potential of the control grid
{71 is wholly without effect upon the magnitude
of the current 56 charging the condenser 1. The
last part of the charging of the condenser {1

takes place during the time period #: when the 7
- grid bias is wholly negative.

ts represents the
deionization time of the discharge tube 13 and
2T represents the minimum interval between
successive impulses to be received. ' It will be un-
derstood that the constants of the discharge tube
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13 must be so chosen that the time period %z plus
ts is less than the period 27T in order that the
ionization of the tube I3, that is its tendency to
conduct, will have completely disappeared before
the reception of the succeeding impulses. Like-
wise, the constants of the charging circuit of the
condenser If will be so chosen that the time pe-
riod £z is less than the half cycle T of the received
impulses in order that the charging of the con-
denser i1 will have been completed within the
half eycle during which discharge tube 13 is per-
mitted to conduct and before the discharge tube
{4 becomes conducting in order to discharge the
condenser 1.

In accordance with the provisions of the patent
statutes, I have described the principle of opera-
tion of my invention together with the apparatus
which I now consider to represent the best em-
bodiment thereof, but I desire to have it under-
stood that the apparatus shown is only illustrative
and that the invention may be carried out by
other means.

What I claim as new and desire to secure by
Letters Patent of the United States, is:

1. An impulse responsive device comprising in
combination a source of direct current, a dis-
charge tube having a plurality of electrodes in-
cluding two clectrodes connected to said source
of current and an intermediate electrode provid-
ing a point cf intermediate potential, a condenser
having a pair of plates one of which is connected
to said intermediate electrode, means for alter-
nately connecting the second plate of said con-
denser to electrodes at higher and lower poten-
tials than said intermediate electrode, and cur-
rent responsive means connected in series with
one of said latter electrode connections.

2. An impulse responsive apparatus compris-
ing in combination a source of direct current, a
discharge tube having a plurality of electrodes
including two electrodes connected to sald source
of current and at least one intermediate electrode
providing a point of intermediate potential, a
condenser having a pair of plates one of which is
connected to said intermediate electrode, a grid
controlled discharge tube having an anode con-
nected to one of the electrodes of said first men-
tioned discharge tube at a higher potential than
said intermediate electrode, a cathode connected
to the second plate of said condenser and a con-
trol grid, a second grid controlled discharge tube
having an anode connected to the second plate
of said condenser, a cathode connected to one
of the electrodes of said first mentioned discharge
tube at lower potential than said intermediate
electrode and a control grid, a current respon-
sive device connected in series with one of said
grid controlled discharge tubes, and means for
impressing positive potentials on each of said
control grids successively in response to- each
successive impulse of a given polarity, thereby
rendering said tubes alternately conducting, al-
ternately charging said condenser in reverse di-
rections, but causing a unidirectional current to
flow in said current responsive device.

3. In an impulse responsive device the com-
bination of a saturable core transformer hav-
ing primary and secondary windings, a source of
direct current, a grid controlled discharge tube

' having a plate circuit connected to said current

source in series with the primary winding of said
transformer, and having a control grid energized
by impulses to be received, said tube being so ad-
justed that the normal plate current of said tube
premagnetizes said transformer, whereby weak
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impulses applied to said control grid result in large
changes in plate current producing abrupt satura-
tion of said transformer and inducing high sharp
voltage peaks in the secondary winding of sald
transformer. : 5

4. An impulse responsive device comprising in
combination a condenser, a source of direet cur-
rent, a grid controlled discharge tube having a
control grid and having a pair of electrodes con-
necting said condenser to said source of current, 10
a second source of current having a polarity oo-
posite to that of the first mentioned source, &
second discharge tube having a contrel grid and
having a pair of electrodes connecting said con-
denser to said second mentioned source of cur- 15
rent, a current responsive device connected in
series with one of said discharge tubes, and means
for impressing positive voltage impulses upon
each of said control grids successively in response
to each successive impulse of a given polarity, 20
{hereby rendering said tubes alternately conduct-
ing, alternately charging and discharging said
condenser and causing said current responsive
device to carry an average current dependent
upon the frequency of said impulses. 25

5. An impulse responsive device comprising in
coembination a source of current, a grid con-
trolled discharge tube having an anode connected
to one terminal of said source, 2 cathode and a
control grid, a2 condenser connected between szid 30
cathode and the remaining terminal of said cur-
rent source, a cecond discharge tube having an
snode connected to one side of said condenser,

a cathode and a conftrol grid, a current source
connecied to the remaining side of said con- 33
denser and to the cathode of said second dis-
charge tube, a current responsive device con-
nected in series with one of said discharge tubes,
and means for impressing positive potentials
upon each of said control grids successively ‘n 40
response to each successive impulse of a given
polarity, thereby rendering said tubes alternate-

1y conducting, alternately charging said con-
denser in reverse directions and causing said cur-
rent responsive device to carry an average cur- i;
rent dependent upon the frequency of said im-
pulses.

6. An impulse responsive device comprising in
combination a saturable core transformer hav-
ing primary and secondary windings, a current 5
responsive device in circuit with said secondary
winding, a discharge tube having a plate circuit
in series with said primary winding, and having
a, control grid energized by impulses to be re-
ceived, said plate circuit being so adjusted that 5
the normal plate current of said tube magnetizes
said transformer to a value approaching that
producing saturation, whereby weak impulses
applied to said grid result in large changes in
plate current producing abrupt saturation of 60
said transformer and inducing high sharp volt-
age peaks in the secondary winding of said trans-
former.

7. An impulse responsive device comprising in
combination a saturable core transformer hav- 63
ing g main primary winding, a primary compen-
sating winding and a secondary winding, a cur-
rent responsive device in circuit with said sec-
ondary winding, a source of current and a dis-
charge tube in series with said main primary
winding, a source of current energizing said
compensating winding, said discharge tube hav-
ing a control grid energized by impulses to be
received, said primary windings being so pro-
portioned that their net effect causes said trans- 76
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former to become saturated with a value of cur-
rent in said tube coming within the steep por-
tion of its characteristic curve.

8. In combination, a saturable core trans-
former having a main primary winding, a pri-
mary compensating winding and a secondary
winding, a source of current, and a variable
impedance discharge tube in series with said
current source and said main primary winding
and serving to contrel the current in said wind-
ing, said discharge tube having a normal im-
pedance at which normal plate current flows,
said compensating winding being so connected
as to oppose said main primary winding and
serving to neutralize the ampere turns produced
by the normal plate current of said tube flowing
through said main primary winding.

9. A telemetering system of the impulse fre-
quency type having a receiver comprising in com-
bination a condenser, a source of direct current.
a grid controlled discharge tube having a control
grid and having a pair of electrodes connecting
said condenser to said source of current, a sec-
ond source of current having a polarity opposite

to that of the first mentioned source, a second

discharge tube having a control grid and hav-

5

ing a pair of electrodes connecting said con-
denser to said second mentioned source of cur-
rent, a current responsive device connected in
series with one of said discharge tubes, and
means for impressing positive voltage impulses
upon each of said control grids successively in
response to each successive impulse of a given
polarity transmitted through the said system,
thereby rendering said tubes alternately con-
ducting, alternately charging said condenser in
reverse directions and causing said current re-
sponsive device to carry an average current de-
pendent upon the frequency of said impulse.

10. In an impulse responsive device, the comn-
bination of a condenser, a scurce of current, an
arc-discharge tube connected in series with said
condenser and said source and having a control
grid, a second arc-discharge tube connected in a
circuit across said condenser for discharging it
and having a control grid, and a saturable core
peaking transformer having secondary windings
energizing said control grids with opposite po-
iarities and having a primary winding adapted
to receive electric impulses.

THEO FECKER.
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