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Patented Dec. 12, 1950 2,533,713 

UNITED STATES PATENT OFFICE 
2,533,713 

WACUUM CONDENSER 

Richard H. Chamberlin, San Bruno, and Harold 
E. Sorg, Redwood City, Calif., assignors to 
Eitel-McCullough, Inc., San Bruno, Calif., a 
corporation of California 

Application May 27, 1947, Serial No. 750,828 & 
(C. 175-41) 1 Claim. 

1. 
Our invention relates to condensers for use in 

electrical circuits, and more particularly to a 
condense in which the electrodes are enclosed 
in an evacuated envelope. 
Wacuum condensers as made in the past present 

a number of problems both from the standpoint 
of the manufacture and of electrical design. 
Since the capacitance is determined by spacing 
between the electrodes, which spacing is neces 
Sarily quite close, there is a real problem of get 
ting the electrodes sealed into an envelope while 
maintaining the proper spacing between the elec 
trodes. Consequently, precision vacuum conden 
Sei's have seldom been available except at large 
cost. The usual practice has been to employ 
electrodes in the shape of parallel plates or con 
centric cylinders, the latter being commonly used. 
These electrode structures are difficult to fabri 
cate and aSSemble, and require envelopes of rela 
tively large size for condensers in the higher 
capacitance ranges. Wacuum condensers hereto 
fore made are also quite limited in their current 
ratings because of heat problems involved, and 
leave much to be desired mechanically. 
The broad object of our invention is to provide 

an improved vacuum condenser structure and 
fabrication method which largely overcomes the 
disadvantages above noted. 
The invention possesses other objects and fea 

tures of advantage, some of which, with the fore-. 
going, will be set forth in the following descrip 
tion of our invention. It is to be understood that 
we do not limit ourselves to this disclosure of 
Species of our invention as We may adopt variant 
embodiments thereof within the scope of the 
claim. 

Referring to the drawings: 
Figure 1 is a longitudinal sectional view of a 

vacuum condenser embodying the improvements 
of our invention. 

Figure 2 is a transverse sectional view taken in 
a plane indicated by line 2-2 of Figure 1; and 

Figures 3 and 4 are like views illustrating modi 
fied electrodes. w 

Figure 5 is a view similar to Figure 1 showing 
a condenser embodying means for establishing 
the final capacitance; and 

Figure 6 is another similar view illustrating the 
method of assembly. 

Figure 7 is a detail view showing an alternate 
closure structure. 

In terms of broad inclusion, our preferred con 
denser structure comprises an evacuated enve 
lope containing sets of electrodes, one electrode 
Set having a plurality of parallel bores and the 
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2 
other set having pins projecting into the bores. 
The electrode sets are preferably Supported at 
opposite ends of the envelope and the set having 
the bores is preferably formed by a group of tubes 
arranged side-by-side. The above structure is 
simple to fabricate and assemble, and permits 
building up a large capacitance in a compact 
space. An important feature of our invention is 
the provision of adjusting means accessible ex 
ternally of the envelope for varying the Spacing 
between electrodes to establish the final capac 
itance after the electrodes have been Sealed in 
the envelope, means being also provided for Seal 
ing the adjusting means to provide a vacuum 
tight closure after the adjustment has been made. 
While this feature may be incorporated in Vacu 
um condensers having other types of electrodes, 
our preferred electrode structure is particularly 
well Suited because one of the electrode pins may 
easily be made adjustable to function as a trim 
mer electrode. Our method of making the con 
denser comprises positioning the electrode sets 
to approximate the final capacitance, Sealing the 
sets so positioned in the envelope, varying the 
spacing by adjusting the trimmer electrode, fix 
ing the spacing, and then evacuating the en 
velope. The method also preferably includes the 
step of placing a dissolvable material between the 
electrodes to temporarily hold the electrode sets 
as a unit While being sealed into the envelope, 
which material is subsequently dissolved out prior 
to final adjustment and evacuation. 

In greater detail, and referring first to Figures 
1 and 2 of the drawing, one version of Our Vacu 
um condenser structure comprises a tubular or 
cylindrical envelope having a side wall 2 of a 
vitreous insulating material Such as glass or 
ceramic. End Walls 3 of the envelope are pref 
erably of metal selected for making suitable joints 
to the vitreous wall 2. For example, if the side 
wall is of glass, the end walls are in the nature 
of sealing flanges and are made of a metal having 
an expansion characteristic matching that of the 
glass so that the parts may be sealed together at 
Seals 4. 

Internally our condenser comprises a pair of 
cooperating sets of electrodes positioned axially 
of the envelope and generally indicated by the 
reference numerals 3 and . Electrode set 6 
simply comprises a Solid body 5 of metal Such 
as copper having parallel bores 8 disposed about 
the envelope axis and opening out on the inner 
end of body 5. These bores provide a plurality 
of individual hollow electrodes and are prefer 
ably arranged in concentric circles about the 
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envelope axis. An integral shank portion 9 ex 
tends through the end of the envelope to pro 
vide a terminal 3 for the condenser. The outer 
terminal portion of the shank is preferably held 
in a cap which is in turn secured to the end 
wall flange 3 at braze 2. 
The other electrode set comprises a plural 

ity of pins 3 projecting into bores 8. These free 
ended pin-shaped electrodes are Secured at their 
base ends to a shank & which extends through 
the other end of the envelope to provide a second 
terminal 5 for the condenser. The shank at 
this end of the condenser has a cap secured 
to wall flange 3 in a manner similar to the con 
struction at the opposite end. Pins 3 and 
mounting shank 3 of electrode set are of a 
suitable metal such as copper. A metal exhaust 
tubulation AS is preferably brazed to terminal 
to and ported into the envelope through chan 
nel , the tubulation eing pinched off at tip 8 
after evatulation of the envelope. 
The capacitance of or cordeinser is deter 

mined by the number and dimensions of bores 3 
and engaged pins 3. Be3ause the multiplicity 
of interengaged electrodes present a large total 
area, ii) a compact structure, it is possible to 
build condansel's of large capacitance in enve 
lopes of Small physical size. Another feature 
of or construction is that the relatively large 
mass of metal connecting the effective electrode 
areas with the terminals provides excellent heat 
conduction so that the improved condense:, even 
though of Small size, is capable of handling large 
currents without undue heating. 

Othel advantages of our conidense 
above described include the folioviing: here are 
but few parts and those that are resent are 
readily fabricated and assembled, tie electio3es 
are easily jigged for alignInet, when Sealing into 
the envelope as have arple rigidity to maintain 
accurate alignizeint, even though Sinall inter 
electrode spacings are involved: the rigidity 
above maintioned holds the capacitance Constant 
under electrical stresses; the condenser is ideally 
adapted for large scale prod}{ction on an eco 
knomical basis; and the Single stricitire does not 
introduce problems in outgassing of parts and 
evacuation of the envelope during exhaust of 
the coindense'. 

Ernstead of naking the electrode Set 6 of a Solid 
block of ninetal, it can ie of cellular structure 
inade up of a group of netai tibes 3 ai'iranged 
Side-by-side as shov:7 in in Figure 3, Winich tibes 
aire preferably of copper orazad together and to 
a You Inting shank. The tubes ray he circulai 
as in Figure S or flat sided as in figure 4. Eex 
agonal tubes hasted together build up a very 
large capagitance in a, Sinali Space, particularly 
if the pins 3 are also he:3 golhal. Since the cal 
lular structure has advaita.g3S from the fabrica 
tion standpoint as well as providing further corn 
pactness, we prefer to use it. 
Another feature of Our investion illustrated 

in Figure 5 is tha provision of adjusting ; gains 
accessible externally of the anvelope for varying 
the spacing hetween electrodes to establish the 
final capacitance after the electiodes have heer. 
Sealed in the envelope. As embodied in our pin 
type electrode structure this adjusting feature 
utilizing the canter pin 2 of electrode set as a 
trimmer electrode. Ali of the othesi electrodes, 
which are fixed at the tinae of seating then into 
the envelope, will be referred to herein as the 
main electrodes to distinguish then frol the 
trimmer electrode. Trimmer electrode 2 i has 

structure : 
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4. 
an outer screw portion threaded into a paSSage 
22 extending through shank A. and exposed at 
the end of the condenser, so that the outer Screw 
portion provides means for adjusting the elec 
trode. A screwdriver inserted in the paSSage is 
the only tool required to make the final adjust 
ment. After adjustment and prior to evacuation 
the outer end of passage. 22 is sealed with a fused 
metallic plug 23 of solder or the like. This plug 
provides a vacuum tight closure and also simul 
taneously locks the trimmer electrode to fix the 
Spacing. 
While we have shown the above feature in con 

nection with our preferred pin type electrode 
structure, it is understood that it may be incor 
porated in any type of vacuum condenser where 
it is desired to make an adjustment for trim 
ming the capacitance to a precise value prior to 
evacuating the envelope, 
Summarizing the method of making the con 

denser, and referring to Figure 6, we first fabri 
cate the electrode sets. 6 and and then engage 
the main electrodes and trimmer electrode to 
approximate the final capa£itance. This posi 
tioning may be done with suitable jigs or fix 
tures. The electrode sets so positioned are then 
sealed in the envelope by fusing the vitreous 
side wall 2: to metal end walls 3 at Seals 4. This 
sealing operation serves to fix the main electrodes 
in permanent position as will be readily under 
stood. Since the final capacitance is not set 
during the sealing-in operation enough toler 
ances are allow gable to permit the glass work to 
be done without Urdue restrictions. Seals 4 are 
inade in an ordinary glass lathe. 
The next step is to trim the capacitance by 

moving electrode 2 in or out. This is prefer 
ably done with the condenser in a capacitance 
measuring circuit. After adjustment a quantity 
of solder is poured into passage 22 to form the 
plug 23 (Figure 5), thereby locking the trimmer 
electrode and providing a vacuum tight closure 
for the adjusting means. The condenser is then 
ready for evacuation which is done in the conven 
tional manner by connecting tubulation f6 to a 
Suitable vacuum pump. 

If desired an additional step may be employed 
to simplify holding the electrode sets 6 and 7 as 
a unit during the Sealing-in operation. This 
comprises filling several of the bores with a dis 
Solvable material 26 Such as Salt or chalk to em 
bed the engaged pins f3. After the envelope has 
been completed the material 26 is dissolved out 
by introducing a suitable liquid solvent through 
the open tubulation f6. The steps of trimming 
adjustment and evacuation may then be followed 
as previously described. Using a dissolvable ma 
terial to hold the electrodes has a special ad 
vantage in making the simpler form of structure 
shown in Figure 1, although the combination of 
this step with a subsequent trimming adjustment 
is an ideal method of making precision conden 
sers. Our pin type electrode structure is par 
ticularly Well adapted for use of the dissolvable 
Spacing material 25 because the only cavities are 
the bores 8 which all face in One direction, there 
by making it easy to wash out the Spacing ma 
terial. 
A modified structure for locking the trimmer 

electrode and simultaneously providing a vacuum 
tight closure is shown in Figure 7, wherein an ex 
tension rod 27 on electrode 2 projects through 
a metal tubulation 28, both of which are pinched 
off at tip 29. By this arrangement the extension 
2, which is originally made long enough to pro 

  

  



2,588,718 

ject out the open end of tubulation, provides a 
handle for adjusting the trimmer electrode. The 
subsequent step of pinching through the parts 
serves to lock them together as well as to Seal off 
this end of the condenser. This tubulated struc 
ture on an envelope, with a rod extending through 
the tubulation for adjusting the position of an 
element within the envelope, is useful in any kind 
of evacuated device where it is desirable to make 
a final adjustment prior to sealing the envelope. 
We claim: 
A vacuum condenser comprising an envelope 

having an end structure with a passage therein, 
an electrode set supported at the opposite end 
of the envelope and having parallel bores, an 
other electrode set supported at the first men 
tioned end of the envelope and having pins pro 
jecting into said bores, adjusting means threaded 
into said passage for varying the degree of en 
gagement of one of Said pins, and a vacuum tight 
closure for the outer end of the passage. 

RCHARD H. CHAMBERLIN, 
HARODE. SORG 
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