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This invention relates to corona voltage regu 
lator tubes formaintaining a predetermined con 
stant voltage between two conductors. In greater 
detailit relatesto electron discharge tubes which 
function as voltage regulators while passing cur-, 5 
rent during the condition known as corona dis 
charge. While the invention is subject to a Wide 
range of application and circuits, it is especially 
suited for use in high voltage supply circuits which 
range in potential from 2,000 to 20,000 volts. The 10 
regulator tubes pass currents Which range from 
001 to.1 microamperes and hence consume small 
amounts of power. 
As used throughout the specification and 

claims, the term “corona discharge' refers to an 15 
electrical discharge between two conductors in a 
gas in which the ionizationis confined to a small 
area on the Smaller electrode. 
Voltage regulator tubes utilizing the glow dis 

charge condition in gas filled diodes are well 20 
known and have been used formany years. In 
the glow discharge type of regulator the voltage 
regulation is accomplished by a constanti drop of 
potential which is approximately independent of 
the current Over a Wide range of Values. 
type of glow discharge is only possible at low gas 
preSSures. 
Corona regulator tubes usually operate at 

higher voltages and at higher gas pressures. The 
voltage applied across a corona type tube causes 30 
ionization onlyin the neighborhood of the Smaller 
electrode, which in all the present examples Will 
be made the anode. Because of the high field 
intensity at the anode surface, electronsare given 
sufficient energy to cause ionization and liberate 3 
positive ions. The ions may cause additional 
ionization in the vicinity of the anode, but When 
out of the high intensity field, they drift to the 
cathode to maintain the current floW. When the 
current through a corona regulator tube in- 40 
creases, the intensity and diameter of the ionized 
space increases and the voltage across the tube 
remains approximately constanti. 
One of the objects of this invention is to pro 

vide an improved voltage regulator having differ- 45 
ent discharge characteristics as compared to 
prior art regulators. 
Another object of the invention is to reduce 

the Current consumedi in voltage regulator tubes. 
Another object of the invention is to improve 50 

the operating characteristics of corona regulator 
tubes So that regulation is effected overa greater 
range of current values. 
Another object of the invention is to provide 

a regulator tube Which may have its Voltage ad- 55 
justed by varying the electrode spacing. 
The invention includes an envelope Which en 

closes two electrodes and a filling of hydrogen 
gas. One electrode is formed in the shape of a 
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within the cup and has an effective area which 
is much smaller than the first electrode. A fea 
ture of an alternate design of the regulator tube 
includes an electrode mounted on a screw thread 
with an eccentric weight for keeping the elec 
trode in a non-rotating position When the regu 
lator tube is mounted in a horizontal alignment. 
By turning the tube the electrode spacing is 
Varied. 

For a better understanding of the presentin 
vention, together with other and further objects 
thereof, reference is made to the following de 
scription taken in connection With the accom 
panying drawings. 

Fig. 1 is a sectional view of a corona voltage 
regulator tube in Which the electrodesare a fiXed 
distance apart. 

Fig. 2 is a cross Sectional view of the tube 
shown in Fig. 1, taken along line 2-2 of that 
figure. . 

Fig. 3 is a sectional view of an adjustable 
corona voltage regulator tube in which one elec 
trode ismade adjustable. 

Fig. 4 is a cross sectional view of the tube 
shown in Fig. 3, taken along line 4-4 of that 
figure. 

Referring now to Figs. 1 and 2, a glass envelope 
o encloses two electrodes l' and 2. The first 

electrode il is a cup shaped cathode Which is 
welded to a lead-in conductor 3 sealed into the 
envelope f 0. The second electrode 2 is a rodi 
shape anode, rounded on the end, Which is also 
welded or otherwise joined to a lead-in conduc 
tor A Sealed into the envelope. The regulator 
tubes Which have a predetermined voltage con 
stant of from 2,000 volts to 6,000 volts are filled 
with hydrogen gas at pressure lower than atmos 
pheric and hence an ordinary glass tubulation i 
is used which may convenienty be sealed off by 
a gas flame. Voltage regulators using a gas fll 
ing which has a pressure higher than atmosa 
pheric employ a pinch type Seal Which Will be 
described later. 
One type of corona tube Which regulates to a 

value of 6,000 volts uses an axia electrode spac 
ing of 10 mm. and hydrogen gas at a pressure of 
65 cm. of mercury. M 
The corona regulator tube shown in Figs. 3 

and 4 employs an envelope i6, a cone shaped 
cathode , and a rod shaped anode 8. The 
cathode di is Welded to a hollow lead-in conduc 
tor 20 Which communicates With the inside of the 
envelope 16 by means of a hole 2. This tube is 
sealed to the exhausting and filling system while 
the tube is being cleaned, filled, and aged, and 
When ready for sealing, a copper sleeve 22 is 
moved into place Over the lead-in conductor and 
the two tubes collapsed by a strong clamp. The 
tube is cut off from the exhausting system and 

cupor cone, The Second electrode ispositionedi 60 the end immediately dipped in molten solder, 
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This provides a gastight seal and is used fortubes 
which are filled with a pressure greater than at 
mospheric pressure, 
The anode 8 of Fig. 3 is rotatablymounted on 

a screw 23 which is cut on the inner end of lead 
ina conductor 24. A weight 25, usuallymade of 
iron, is secured to one side of the anode so that. 
when the tube is neld in a horizontal position and 
turned on its longitudinal axis, the weight 2 Will 
retain the anode in a non-rotating position, 
thereby shifting its position with respect to the 
cathode T. This is one convenient way of ad 
justing the regulated voltage to a desired value. 
A pin 26 and a stop 27 cooperate to prevent stick 
ing at the end of the thread. 

Ifit is desired to operate the voltage regulator 
tubé in avertical position, a magnet 2, shown in 
dotted lines, may be used to retain the weight 2 
in non-rotatable position. 
One type of high pressure adjustable corona 

regulator tube which regulates to a voltage of 
17600 volts +-10% is filled with pure hydrogen at 
a pressure of 228 cm. of mercury. 
Ithas been found that corona tubes of thiskind 

are sensitive to impurities in the hydrogen gas. 
Oxygen is particular causes instability in the 
corona discharge at currents below.1 microam 
peres and care must be exercised to have al traces. 
of oxygen removedi. To this end a getter of mag 
nesium and alluminum is employed to absorball 
traces of oxygen after the tube has been sealed. 
Corona regulatortubes as described above may 

be used in the same general type of circuit that 
is used with glow discharge regulatortubes. 
While there have been described and illustrated 

specific embodiments of the invention, it will be 
obvious that various changes and modifications 
may be made therein without departing from the 
field of the invention which shouldbe limited 
onlyby the scope of the appended claims. 
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1. A corona voltage regulatortube for regulat 

ing voltage during a corona discharge comprising, 
an envelope filled with hydrogen gas, a cathode 
and am anode mounted within the envelope, said 
anode comprising a conductor having a radius of 
curvature less than one-third the diameter of the 
envelope, said cathode comprising a cup shapedi 
conductor surrounding the end of the anode and 
having an area at least three times the area of 
the anode, a getter within saidi envelope for forn 
ing a stable solid compound with oxygen, and 
Screw adjusting means Within the envelope in 
cluding an eccentric Weight for varying the spac 
ing between said anode and cathode. 

2. A corona voltage regulator tube for regulat 
ing voltage during a corona discharge comprising, 
an envelope filled with hydrogen gas, a cathode 
and an anode mounted within the envelope, said 
anode comprising a conductor having a radius 
of curvature less than one-third of the diameter 
of the envelope, said cathode comprising a cup 
shaped conductor surrounding the end of the 
anode and having an area atleast three times thie 
area of the anode, and screw adjusting means 
Within the envelope for varying the spacing be 
tween the anode and cathode including an eccen 
tric magnetic rod positioned for actuation by 
magnet on the outside of the envelope. A 
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