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. RELAY AND DISCHA
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The present invention relates to a cireuit
employing a space discharge device to oper-
ate an electromagnetic relay or other indue-
tive load.

An object of the invention is to secure
high speed of operation together with ampli-
fication.

In accordance with the specific embodi-
ment of the invention to be described herein-
after, a relay forms part or all of the series
inductance of a low-pass filter which is ter-
minated at one end in a positive resistance
and at the other end in a negative resistance.

The negative resistance termination is ob-
tained by use of a space discharge device
having its electrodes suitably related to the
filter elements of which the relay forms a
part. . The signals or other waves that are
controlled by the actuation of the relay are
applied to the input terminals of the space
discharge device. The best results are ob-
tained when the filter is terminated at each
end in its image impedance, in one end in the
positive impedance referred to and in the
other end in the negative impedance referred
to.

The invention will be more fully under-
stood from the following detailed descrip-
tion in connection with the drawings in
which Fig. 1 is a circuit diagram illustrat-
ing one of the principles of design in ac-
cordance with the invention, Figs. 2,8 and 4
are circuit diagrams of a system according
to the invention, and Fig. 5 shows response
curves,

The quick action secured by the circuit of
the invention results in part from the use of
the negative resistance termination referred
to above. In the circuits to be described,

the negative resistance is obtained by use of

secondary electron emission in a vacuum
tube, resulting in sudden and rapid rise of
plate current in response to applied signal
waves. This effect cooperates with the low-
pass filter characteristic in securing quick
response. The low-pass filter includes series
induc’ance of which the relay winding forms
a part and shunt capacity which assists in
overcoming the inertia of the relay due to
its inductance.
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The general form of circuit employed is

of the type shown in Fig. 1 comprising a
low-pass filter terminated in its image 1m-
pedance at both ends. The low-pass filter
comprises the series inductance 1 and shunt
capacity 2 and the terminating resistances
are shown at 8 and 4 respectively. The re-
sistance 3 is a positive resistance which may
be an ordinary ohmic resistance, while re-
sistance 4 is a negative resistance, the nature
of which will be described later. The in.
ductance 1 consists partly or wholly of the
relay winding.

Fig. 2 is of the general type of circuit of
Fig. 1 but shows the individual circuit ele-
ments. The low-pass filter comprises as a
whole a winding of relay 10 and a shunt
capacity 11. The positive termination is
shown at 12 and the negative termination

is obtained by the use of the vacuum tube '3

13 and associated circuits.
This vacuum tube 13 may be of the ordi-

nary 3-electrode type including cathode,
anode and grid or control element. It 18

provided with a plate potential source 14 and x;

an additional grid voltage source 15, both
of which are preferably adjustable. The sig-
nal voltages or other control voltages for
the relay 10 are supplied at terminals 16

which lead to the primary of input trans-

former 17. With the filament lighted (fila-
ment energizing source not shown) and with
the other constants of the cirenits and applied
voltages properly adjusted, secondary elec-
tron
self well known in the art, and a negative
resistance effect is produced between the plate
and grid of tube 18 The constants of the
circuit are adjusted to make this negative re-
sistance equal to the image impedance of the
filter comprising elements 10 and 11.

In operation. signal waves applied at 16
control the grid potential and in turn the
space current, resulting in a very rapid rise of
current in the winding of relay 10, the rapid-

ity of the current rise being assisted by the

capacity 11. Preferably the relay winding
and the condenser form a resonant circuit
which is tuned to the irequency of the ap-
plied waves.

emission is developed in a manner of it-
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the constants of the circuit
that (referring to Fig. 1)

In practice,
should be such

l—R|-=.+R=(1-.t0.2)‘/%

1f the inductance of the relay is negligible
the coupling condenser may be omitted, in
which case the system reduces to the form
shown in Fig. 8 which 1s otherwise similar
to Fig. 2 already described.

In some cases it may be desirabie to use
more than a single section of low-pass filter
and Fig. 4 discloses the use of 214 sections of
filter. In this system the series inductance is

_not so completely neutralized by shunt capac-

ity as is the case in Fig. 2 and therefore a cer-

tain amount of delay is inherent in the sys-

tem.
An idea of the response characteristic of
the relay of the invention can be obtained

from Fig. 5 in which curve C shows the re-
_sponse characteristic of a known prior art

type of high speed relay, curve A shows the
relay operate time of the circuit of Fig. 2,
and curve B shows the response time of the
circuit of Fig. 4. :

Tt has been found in practice that a tele-
graph transmitting speed up to 290 dots per
second may be obtained with the circuit of
the invention using a carrier frequency of
1800 cycles per second. This speed was ob-
tained with a relay of several henries induc-
tance: :

It will be understood that the invention is
not limited to the operation of electromag-
netic relays and also that it may be employed
either with low frequency or with high fre-
quency control waves or with modulated car-
rier waves. The invention is also not lim-
ited to the particular type of tube disclosed
nor to this method of obtaining a negative

" resistance effect.
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What is claimed is:

1. In combination,an electric discharge de-

vice having an anode, a cathode and a grid
or the equivalent, circuit connections develop-
ing a negative resistance across two of the
electrodes of said device by the use of second-
ary electron emission, a low-pass filter com-
prising an inductive load element as a series
filter inductance, a resistance terminating said
filter at one end, equal to the image imped-
ance of said filter, said filter being terminated

at the opposite end by said negative resistance. '

across said electrodes of said discharge device,

_ which is equal to the image impedance of said

" filter,

and connections for applying a control

~ wave between said grid and cathode for con-

80

trolling said load element.
" 9. The combination defined in claim 1 in

" which the inductive load comprises the wind-

ing of an electromagnetic relay having an
armature, said combination operating to pro-
duce quick action of said relay.

3. The combination defined in'claim 1 in

1,830,238

which said filter comprises a plurality of
filter sections.

4. The combination defined in claim 1 in
which the image impedances (—R and +R)
are approximately equal to each other and to

the quantity
(1¢0.2)\/%—»V -

where L and C are the series inductance and
shunt capacity of said filter, respectively.
Tn witness whereof, we hereunto subscribe
our names this 10th day of July, 1930.
HEIICHI NUKIYAMA.
KENZO NAGAL
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