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5 .Claims.

This invention relates to electric discharge
tubes, with a thermionic cathode and containing
2 small amount of gas or vapor in which the
cathode is caused to emit electrons.so copiously

8 as to prevent destructive bombardment of the
:athode by positive ions during normal opera-
ion

In starting discharge tubes of this k1nd the
anode potential must not be applied until the

10 emission from the cathode has reached a suffi-
ciently high value, as otherwise, bombardment
of the cathode takes place until the emission
reaches the required value. This bombardment,
which is repeated each time the tube is started,

15 ultimately brings about the failure of the cath-
ode.

An object of the present invention is to pro-
vide an arrangement for delaying the starting
of a discharge tube until the cathcde has reached

20 a temperature high enough to cause electron
emission, sufficient in quantity to preclude sub-
stantial positive ion bombardment of the cath-
ode.

According to the present invention, the tube

25 is provided with a control member or grid, shield-

ing the anode from the cathode, which member.

is connected to the cathode through a capacity

with a resistance shunted” across its terminals.

When it is desired fo put the discharge tube into

80 operation, the heating current is applied to the

cathode, and at the same time the condenser is

charged to give a suitable negafive potential

to the grid. The circuit including the condenser

is then disconnected, and the charge begins to

35 leak away through the high resistance shunt.

The negative potential on the grid at first pre-

vents the passage of -current through the dis-

charge tube; as the charge leaks away, however,

a point is reached at which current commences

40 to flow, and the discharge tube begins to oper-

ate. The value of the capacity and the resist-

ance of the leak are so adjusted that the time

which elapses before current begins to flow is

~ sufficient to allow the cathode to become hot

45 enough to emit sufficient electrons to protect it-
self from bombardment.

The initial negative charge on the gnd con-
veniently may be obtained through a rectifier
temporarily connected to the main current sup-

50 ply in such a manner that current flows to the
grid during that part of the cycle in which the
‘anode of the discharge tube normally would be
negative. In order to accomplish this purpose
the cathode of the rectifier which preferably con-

55 stitutes a two electrode vacuum or gas filled tube,

(CL 250—2%)

is connected to the supply mains, and the anode
of the rectifier is connected to the grid of the
discharge tube.

A circuit arrangement in accordance with the
invention, suitable when the discharge tube is
supplied with alternating current is shown, by

80

way of example, in the accompanying drawing. -

The electric discharge tube is represented as a
rectifier, The rectifier 1, the operation of which
is to be delayed uniil the cathode 2 has time to
heat up, has an anode 3 and a grid 4 shielding
the cathode from the anodé. The alternating
current to be rectified is applied between cathode
2 and anode 3 by means of the transformer 5.
The cathode is heated by another transformer
6. In the drawing, 7 is the load and 8 a smooth-
ing condenser. The condenser 9 and resistance
10 are connected in accordance with the inven-
tion, between the grid.4 and the cathode 2. In
order that the grid 4 may be charged negatively,
it is also connected to the small gas discharge
rectifier 11, the cathode 12 of which is connected
through the switch 13 to the supply circuit of

the main rectifier. Switch 13 may be inter--

locked with switch 14 in the primary of the
transformer 5, so that when the power is applied
by the closing of switch 14, switch 13 is alse
closed for a short period sufficient to allow the
grid 4 to reach a negative potential high enough
to stop the discharge in the rectifier 1. The
switch 13 is then disconnected from the rectifier
11 and moved .to connect the anode of
the discharge tube with the current supply cir-
cuit.  As soon as switch 13 is opened at the recti-
fier 11, ‘the condenser 9 bhegins to discharge
through the resistance 10 shunted across its ter-
minals until finally the grid 4 assumes a poten-
tial which permits current flow. to start in the
main rectifier. The path through the tube, 1. €.
the anode circuit, is thus closed after the cath-
ode circuit, i. e. the series path through the fila-
mentary member, has been energized for an ap-
preciable time. However, this feature of im-
pressing a negative potential upon the grid of an
electric discharge device for an interval of time
sufficient to enable the cathode to reach a proper
- operating temperature broadly forms no part of
my present invention, but is disclosed and claimed .
in the copending application of M. M. Morack,
Serial No. 507,908, filed January 10, 1931, and
assigned to the same assignee as the present
application.
The values of the capacity of the condenser
and of the resistance of the leak shunted across it
are so adjusted that a suﬂiclent time (half a
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minute in some cases, this time being dependent
of the size of the rectifier) elapses between the
switching-on of the cathode heating current,
and the starting of the main rectified current,
to allow the cathode to be raised to an adequate
temperature.

If t is this time Vo the negative potential fo
which the grid is charged initially, V the potential
of the grid when the current begins to flow in
the rectifier, then the requisite capacity C and
resistance R are given approximately by

Y;:E(___

This equation defines only the product CR, and
there is therefore a wide choice permissible in the
individual values. But C should be large com-
pared with the capacities between the electrodes
of the rectifiers and R small compared with the
insulation resistance. For example, if Vo (which
is the peak-voltage of the transformer 5 less
the potential drop in the rectifier 11) is 1500
volts, V is 60 volts, /CR must be 3.2. If {is to be
30 seconds, CR must be 9.4 seconds; if C is 1
microfarad, R must be 9.4 megohms,

_ The arrangement in accordance with the pres-
ent invention may, of course, be applied to lumi-

nous discharge tubes and gas-filled triodes (elec-

trostatically controlled arc discharge devices) as
well as to rectifiers, and may be used in all
cases where it is desired to start a luminous dis-
charge tube or a rectifier -after .a delay. In the
case of a ftriode, it is apparent that the grid
member which normally is provided for are con-
trol purposes may also serve as the initial arc
delay electrode, as described in the specification,
although, if desired, an additional electrode may
be employed for this purpose.

What I claim as new and desire to secure by,

Letters Patent of the United States is:

1. An electric discharge device comprising an
envelope containing an electron emitting. cath-
ode, an anode and a gaseous atmosphere, cir-
cuits for said cathode and said anode, means
for energizing the anode and cathode circuits,
and means for delaying current flow in the anode

" circuit for a predetermined time interval after
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the cdthode circuit has been energized, said de-,

laying mesns comprising a negatively charged
control member interposed between the cathode
and anode.

2. An electric discharge device comprising an
envelope containing an electron emitting cath-
ode, an anode and a gaseous atmosphere, cir-

“cuits for said cathode and said anode, means

for energizing the anode and cathode circuits,
and means for delaying current flow in the
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anodé cirenit, for a predetermined time interval

after the cathode circuit has been energized, said -

delaying means comprising s control member
interposed between the cathode and anode and
a reactive circuit for charging the control mem-
ber negatively with respect to said cathode.

3. An electric discharge device comprising an
envelope -containing an electron emitting cath-
ode, an anode and a gaseous atmosphere, cir-
cuits for said cathode and said ancde, means
for energizing the anode and cathode circuits,
means for delaying current flow in the anode
circuit for a predetermined fime inferval after
the cathode circuit has been energized, said de-
jaying means comprising a control member in-
terposed between the cathode and anode and a
circnit consisting of a condenser and a resistance
in parallel connected between the control mem-
ber and cathode, and means for energizing the
last-mentioned circuit whereby the control mem-
ber is charged negatively with respect to the
cathode.

4. An electric discharge device comprising an
envelope containing an electron emitting cath-
ode, an arnode and a gaseous atmosphere, cir-
cuits for said cathode and said anode, means for
energizing the anode and cathode circuits, means
for delaying current flow in the anode circuif
for a predeiermined time interval after the cath-
ode circuit has been energized, said delaying
means comprising a control member interposed

“between the cathode and anocde and a circuit

consisting of a condenser and a resistance in
parallel connected between the control member
and cathode, and means for energizing the last-
mentioned circuit whereby the control member
is charged negatively with respect to the cathode,
said circuit energizing means consisting of a
rectifler.

5. An electric discharge dev1ce comprising an
envelope containing an electron emitting cath-
ode, an. anode. and a gaseous atmosphere, cir-
cuits for said cathode and said anode, means for
energizing the cathode. and anode circuits, and
means for delaying current flow in the anode
circuit until after the cathode circuit has been
energized, said last mentioned means including
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a means for maintaining a negative charge on -

the control member for a predetermined time
interval whereby substantially no current flows
between the anode and cathode, and means for
dissipating the energy of the negative charge at
g predetermined rate whereby current flows be-
tween the anode and cathode when the energy
of the charge becomes less than a predetermined
amount. _ :
HENRY T. RAMSAY.
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