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6 Claims. 

The present invention relates to a power rec 
tifier tube of the mercury vapor type. 
One of the objects of the present invention is 

to provide a power rectifier tube of the type re 
ferred to in which the anode may be located sub 
stantially closer to the Cathode than in previous 
known types of mercury vapor rectifiers, there 
by reducing the voltage drop through the tube. 

It is also an object of the invention to provide 
a mercury vapor power rectifier in which a wide 
range of number of anodes may be utilized with 
out the danger of reverse firing or shorting be 
tWeen the anodes. 
Another object of the present invention is to 

provide a method of and a device for starting 
a power rectifier tube of the type mentioned in 
which the starting element may at all times be 
spaced from the cathode, and which will provide 
positive starting with a relatively low voltage im 
pressed on the starter. 

Still another object of the invention is to pro 
vide a power rectifier tube in which the anodes 
are shielded from one another to prevent short 
circuiting thereof. 
A further object of the invention is to provide 

a novel form of shield for insulating the anodes 
of a power rectifier tube. 
Other objects and advantages of the invention 

will be apparent from the following description 
of preferred forms of embodiments of the in 
vention, reference being made to the accompany 
ing drawings wherein; 

Fig. 1 is a view in section taken on line - 
of Fig. 2, of a multiple anode power rectifier 
tube embodying my invention, which tube is 
shown connected in a power circuit by wiring 
diagram; 

Fig. 2 is a view in Section taken on line 2-2 of 
Fig. 1; and 

Fig. 3 is a fragmentary view of a power recti 
fier tube showing one anode for disclosing an 
other for in of the invention, 
In the usual mercury vapor rectifier tubes, the 

cathode consists of a pool of mercury, and in 
order to ionize the mercury sufficiently to start 
a flow of current between the anode and cath 
ode, a starter element is dipped into the mercury 
and then withdrawn while a potential is main 
tained between the element and cathode. This 
draws an arc causing the ionization desired. ; 
This type of tube has limitations in its use due 
to the liquid character of the cathode and also 
the tube is not as efficient as it could be in that 
the starter mechanism is more or less compli 
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from the cathode to prevent splashing of mer 
cury thereon. 

In my co-pending application Serial No. 
683,808, filed July 16, 1946, I have shown and 
claimed a mercury vapor rectifier having a po 
rous cathode member in which the mercury of 
the rectifier is contained so that the mercury 
will not slop or surge when the rectifier is tilted. 
In the present application I have shown an 
other form of Cathode which retains the ner 
cury to prevent splashing or slopping, and which 
also presents a rough or irregular surface where 
by ionization of the mercury to start the recti 
fier can be accomplished by a starter element 
having a sharp point located remote from the 
cathode. The structure of the rectifier elimi 
nates the smooth surface of the mercury where 
by points are provided for the concentration of 
the starting potential. Thus, starting can be 
accomplished by a relatively low voltage and 
without relative movement between the starter 
element and Cathode. 

Referring to the drawings, I have shown a 
rectifier tube indicated generally at 5 which em 
bodies my invention. The tube includes a stain 
less steel cylindrical member 6 closed at the top 
by a wall 7 and at the bottom by a wall 8. These 
walls may be welded or silver soldered to the 
cylinder 6 for forming a gastight seal. In the 
form of invention shown, three graphite anodes 
0, and 2 are suspended into the tube 6 from 

the wall , although more or less anodes could 
be employed if desired. These anodes are con 
nected to conductor rods 3, 4 and 5, respec 
tively, which rods are each embedded in an in 
sulated member 6, which may be formed of 
glass, and the insulator members are each bond 
ed with the top wall 7 by a gastight joint. In 
the form of the invention shown in Fig. 1, each 
of the anodes is provided with a shield 8, which 
shields are preferably formed of steatite, or a 
similar ceramic material, which are open at the 
bottom and have a partially closed upper Wall 9. 
A circular porous metal cathode 20 is disposed 

on the bottom wall 8, and this cathode is pref 
erably formed by compressing metal wool and 
then sintering this mass so that the body of the 
cathode will be firm and porous, and will be 
capable of holding liquid mercury therein by 
molecular attraction. For example, a typical 
cathode having a diameter of 5 inches and a 
thickness of 3% inches is formed by taking 10 
ounces of steel wool and compressing it to the 
dimensions mentioned and while in the com 
pressed condition passing an electric charge of 
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40 volts, 10,000 amps condenser discharge 
through the cathode from a condenser and 
transformer for sintering the metal fibres to 
gether. Other metals in wool form can be used, 
for example, stainless steel, copper and phosphor 
bronze. It will be understood that other types of 
porous cathodes could be employed, for example, 
such as that described and claimed in my co 
pending application mentioned hereinbefore. 
A central opening is provided through the 

cathode for the reception of a rod 2 which ex 
tends upwardly through an opening in the wall 
8 and through the cathode 36. The rod 2 is 
provided with a flange 22 which is sealingly at 
tached to the bottom of wall 8, as by welding or 
silver soldering, and a nut 23 is threaded on the 
upper end of the rod to hold the cathode 20 in 
place. The lower end of rod 2 is extended 
through a suitable supporting bracket or termi 
nal bar 24 and the rod is attached to the bracket 
by clamp nuts 25. The rod 2 forms an electri 
cal conductor for the cathode 20 and it also 
serves to support the tube 5. 
When a single phase current is rectified, it is 

desirable to provide an auxiliary anode to form 
a keep-alive circuit through the rectifier. Such 
an auxiliary anode is not necessary where the 
irectifier is a polyphase type, such as that shown, 
but to illustrate the construction for a single 
phase rectifier, I have shown an auxiliary graph 
ite anode 87 Supported on the bottom Wall 8 of 
the tube 5 and this anode is supported by a con 
ductor Wire 2S which is embedded in a glass in 
sulator 29 which extends upwardly through the 
wall 8 and cathode 2C. The insulator 27 is 
scaled in an opening 30 in the wall 8 to form a 
gasight connection with the Wall. 
A starter device 32 is also supported by the 

botton Wall and the starter 32 comprises wire 
33 embedded in a glass insulator 3, which in 
sulator extends upwardly through the Wall 8 and 
cathode 28 and is Sealed in an opening 35 in 
wall 8 by a gastight joint. The wire 33 may be 
formed of tungsten, and it has a downwardly pro 
jecting end portion 36 and the end portion has 
a sharp point 37 formed thereon. Preferably, 
the point is as sharp as that of the usual Sewing 
needie. The spacing of the auxiliary anode 27 
and the starter element 32 does not necessarily 
have to be in the relation shown in the drawings, 
but any convenient spacing may be used. For 
example, the starter wire could be in a recess 
above and at one side of the cathode and pointing 
parallel to the Surface of the cathode. 
A tube 38 extends upwardly through an open 

ing 39 in the bottom Wall 8 and the tube 38 is 
sealed in the opening 39 by a gastight joint. 
The tube 38 is utilized for evacuating the tube 6 
and for introducing suitable gas into the tube 
since normally the tube 38 is closed by a plug 40. 
When the tube 5 is assembled as described, the 

air is withdrawn through the tube 38 and the 
assembly is baked at 400 for two hours. After 
the tube has cooled, distilled nercury is then ad 
mitted thereto through the inlet, 38 in sufficient 
quantity to saturate the porous cathode 20, but 
leaving no excess loose mercury in the tube. 
Also, a limited amount of Xenon gas is admitted 
into the tube to assist in the starting of the tube. 
Preferably, the pressure within the tube will be 
approximately .030 mm. at 60° C. It will be ap 
parent that the cathode will hold the mercury 
by molecular attraction to prevent splashing or 
running of the mercury when the tube is tipped 
or jarred, and yet mercury is readily available 
for vaporization. The surface of the cathode will 
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4. 
be rough and irregular, relative to the surface 
of a free body of mercury. 

It is to be understood that any suitable cooling 
System may be used with the tube, none being 
disclosed in the present drawings. For example, 
the tube may be cooled by passing either air or 
Water in heat transfer release with the walls of 
the cylinder 6. 
The tube 5 is shown connected with a three 

phase transformer T to supply three-phase half 
Wave power to a load L. The anode 0 is con 
nected with one winding of the secondary of the 
transformer T by a wire 48, anode is connected 
to another of the transformer secondary wind 
ings by a Wire 49, and anode 2 is connected to 
the third secondary windings of the transformer 
T by a wire 50. One side of the load L is con 
nected to the secondary of the transformer T by 
a line 5 and the other side of the load is con 
nected to cathode 20 through line 52, bracket 24 
and rod 2. 
The starter circuit includes a step-up trans 

former 53 having a primary connected with a 
battery 54 by a circuit including a switch 55. 
One side of the secondary of transformer 53 is 
connected to the wire 33 of the starter by a Wire 
56, and the opposite side of the secondary is 
connected to the cathode through wires 57, 52, 
bracket 24 and rod 2 f. The transformer 53 and 
the battery 54 are of such design and voltage that 
When switch 55 is closed a peak voltage of be 
tWeen 2000 and 3000 volts is impressed between 
the pointed end of wire 33 and the cathode 29 
through 50,000 ohms resistance, the polarity at 
the point of the wire being positive. This causes 
a cathode spot to be developed and the tube 
started. This cathode spot will be induced by 
a cold emission of electrons from minute points 
on the cathode surface. I have found that the 
tube will also start successfully with the polarity 
of the cathode and starter reversed from that just 
stated, but at a higher potential. In a poly 
phase circuit, such as that disclosed, the arc 
between the anodes and the cathode will be main 
tained after the tube has once started, until the 
power supply is interrupted. 

In the event that a single phase power current 
is rectified, the starter may be connected to a 
transformer similar to 54 and the primary of the 
transformer connected with a circuit that is in 
phase with the power circuit. A phase shifting 
network may be provided to delay the phase on 
the transformer so that the starter will fire at 
some time during each positive half cycle. In 
this event, the auxiliary anode 2 may be dis 
pensed with. 

If it is desirable to use the auxiliary anode, 
when there is a single phase power supply, to 
maintain ionization within the tube, the anode 
27 is connected. With the positive pole of a battery 
6 through wires 23 and 6, and the negative pole 
of the battery is connected with the anode by 
Wire 5. A switch 62 is provided in line 6 for 
controlling energization of the anode 2. AS long 
as the SWitch 62 is maintained closed a voltage 
Will be maintained on anode 27, keeping the cath 
ode spot alive during the non-conducting half 
Wave of the single phase cycle. It is to be under 
stood that When the auxiliary anode 2 is used, 
it will not be necessary to provide for the off cycle 
starting by the starter 32. 
By utilizing the ceramic sleeves 8, the electri 

cal paths between the anodes are increased so as 
to prevent flashbacks or shorting between the 
anodes. By using the cathode described, or a 
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cathode falling within the purview of my co 
pending application mentioned hereinbefore, the 
mercury is contained entirely within the pores 
thereof and jarring or tilting of the rectifier tube 
cannot cause the mercury to Splash and hence 
the anodes can be placed relatively close to the 
cathode so that the efficiency of the rectifier tube 
is greatly increased due to the short path between 
the anodes and Cathode. 

Referring to Fig. 3, I have shown another form 
of sleeve for the anodes, which sleeve is shown 
on an anode fl2, which is similar to the anode 
f2. The sleeve comprises a tubular member 70 
formed of cloth woven of glass fibers. The lower 
end of this sleeve is open and the Open end may 
be tied about the conductor rod for the anode 

2. This type of sleeve is quite inexpensive and 
will not break and at the same time it provides 
a high degree of insulation for the purpose de 
sired. 

It is essential that there be a sharp point at 
which the starting potential can be concentrated. 
I have found that by substituting a starter ele 
ment having an end dull to the touch for the 
element having the needle point end, starting 
Will not be accomplished at the Voltages given for 
the pointed starter, and the Voltage may be in 
creased many fold Without successful ignition. 
To practice my invention, therefore, using a 
pointed starter element, attention must be given 
to providing sufficient sharpness to the starter 
element so that the practical starting potentials 
will achieve the desired results. 
I have also placed the starting element at War 

ious points remote from the cathode Without 
affecting the efficiency thereof. For example, I 
have mounted the starter adjacent the top, at 
the sides and adjacent the bottom. With Successful 
results. 

It is apparent that by my invention I have pro 
vided a power rectifier tube which is much more 
efficient than those heretofore used and which 
can be used in environments where there is likely 
to be considerable jarring and tilting of the tube 
without adversely affecting its operation. Also, 
a plurality of anodes may be used Since the con 
ditions generally causing shorting between the 
anodes is reduced. The starting tube device for 
the rectifier tube is extremely simple and Will not 
easily be gotten out of order. 

It will be understood that although I have de 
scribed but two embodiments of the invention, it 
is to be understood that other forms of the in 
vention might be adopted, all falling Within the 
scope of the claims which follow. 
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6 
I claim: 
1. In a mercury vapor power rectifier compris 

ing an enclosure, an anode; a porous cathode 
member saturated with mercury; and a starter 
element in said enclosure comprising a conductor 
member having a sharp pointed end. 

2. In a mercury vapor power rectifier compris 
ing an enclosure, an anode; a porous cathode 
member saturated with mercury; and a starter 
element in said enclosure comprising a conductor 
member having a pointed end comparable to the 
point of a sewing needle. 

3. In a mercury vapor power rectifier compris 
ing an enclosure, an anode; a cathode having a 
rough surface; and a starter element in the en 
closure having a pointed end. 

4. A mercury vapor power rectifier comprising 
an enclosure, an anode; a porous metallic cath 
ode member Saturated with mercury; and a 
starter element in said enclosure comprising a 
conductor member having a pointed end. 

5. A mercury vapor power rectifier comprising 
an enclosure, an anode; a cathode comprising a 
mass of metal Wool compressed and sintered into 
a relatively rigid form and holding mercury 
therein by molecular attraction; and a starter 
element in said enclosure comprising a conductor 
member having a pointed end. 

6. A power rectifier tube including a cathode 
and a plurality of anodes suspended above the 
cathode; an enclosure for the cathode and anodes; 
and a sleeve consisting of glass cloth Surround 
ing at least one of the electrodes, said sleeve ex 
tending toward the cathode and below the lower 
Surfaces of the anodes and being closed over the 
top of Said one anode. 

DUDLEY B. CLARK. 
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