pLoase mmAL AND
5 APTLY TO

Ur, R, n
BUFFALO TUBE WORKS

~

~

We are enclosing a copy of Data Folder #77884 by Miss

C E Kousnetz on breakdown potentials of gasses under various‘

X . 1 «
conditions.,. i s

The Data Folder on speotrographic analy31s 1s

and we will send you a copy ‘as soon as completada

¢

A1

ENGINEERING
TUBE DIVISION

HC Steliner tim
Tel, 3710




311,67
311,30

4.

s e eSS

.

GENERAL ¢@ ELECTRIC Miaked
cx)igz%?rry 59 /ngg—

SCHENECTADY, N. Y., U.S. A. wH ;7/;/7

DATA FOLDER No...17884

__....Electronic Tube Engineering  Dijy.

Information prepared for ... Blectronic Tube Engg, Div,

Testsmade by C. Kousnetz .

Information prepared by....._._._._. C. Kousnetz

Countersigned by ... K, Co.DeWalt .
Date. . ... Dec, 2. 'U5

This folder is the property of the General Electric Company, and must not
be retained except by special permission, or be used directly or indirectly
in any way detrimental to the interest of the Company.

=

FN-460-E (11-43)



Variation in Breakdown Voltae /Jilth Pressure in the
FG~238B and FG-259B and a lore Complete Intérpretation of the
Standard "Hl-pot™ Test

Purposge:

, These data were taken to investigate the possibility of
using pressure vs. breekdown-voltage data for the qualltative
and quantitative determination of gases present in vacuum tubes
failing the standurd "hi-pot" test.

Sumary :

The determination of degree of vacuum present in a tube in
terms of dlelectric strength can be obtalned by "hi-.pot" testing
of the tube if a pressure vs. breckdown voltage curve has been
plotted for that tube .type. This method will give the gas
pressure as lying within a <iven range. The qualitative determina-
tion of gases present, however, proves difficult if not impossibvle,
since the curves for all the common gases differ only slicshtly.

(A possible exception would be the presence of COg alons as it can

be liguified at -78.5°C and the tube re-tested for gas).

Theory:

assuming that the spark for breakdovn is determined by
secondary emlsslon at the cuthode, 1t can be shown mathematically
that the followins expression may be found for the sparking
potential "Vg® of a uniform fleld: -

V3 = Bﬂ
CApd
1nEEBTT7ElJ
e
Since A, B and k are constants deternined by the nature of

the gas, the sparking potential is a functlon of the product of
the pressure and the gap length alone.

werm

This principle 1s applied in the "hi-potting™ of vacuum tubes
where a hi voltage is impressed across the tube.  If the tube
will withstand a.specified high voltage with no lndication of -
breakdovm in the inter-electrode gap, a sufficlently good vacuum
exlats and the tube passes the test, ‘ _

However, thus far this principle has not been extended further
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to the possible quentitative and qualitative determination of
gases present in tubes falling the standard "hi.pot" test., In
nany oases it would prove most valuable in terms of desisn,
production and exhaust to know the origin of the gas or gases
present in the tube, .

Procedure:

Using the cirecuit shown in figure (1), data were taken on
three tubes having the same gap length "a", (i.e, 3/8" 3 1/16")
the values of breakdown voltage vs. pressure being taken for Np,
C0s, O and air in that order. The guses were all dry and the
purest obtainable. The air used was the molist air present 1in the
‘yoom aut the time of the experiment. Some mercury contanlnation
was present throughout the experinment, Data were taken on an
FG~-238B (see K-5344704) without bakeout, an FG-238 which had
been buked-out and an FG-259B (see K-5965388) from which most of
the meroury had been removed. .Jhen the second set of data were
taken on the FG=-238B (is. with bekeout) R was increased from
10,000 ohms to 100,000 ohms. The latter value was also used for
the data taken on the 259,

Regultas -

Assuming a uniform ficld, the dutu in Tigures 2 - 5 should
correspond ruther closely, as "d"™ 1s approximately the sane for
all three tubes,

Although ut first glance some wide dlscrepuncles appear to
exist between the three tubes on whieh data were taken (see Figs.
2 - 5), most of these were attributeble to the charucteristics
of the "hi-pot" set. Thus, below approximately 10 mlcrons the
data taken using R g 100,000 ohms were not reliuble due to
capacitance effects and in this range Figs. 2 and 3 glve the
closest values, sAbove this value, R = 10,000 ohms gave too little
sensitivity to lowered voltage breakdown so in this range (1e. 10
miorons and higher) the data taken in I'lg. 3 using R « 10,000 ohms
probably presents the truer plcture. Allowing for these factors
1t is geen thut in accordance with the theory the curves for_ the
three tubes are approximately the same and follow the g,eneral
form of Paschen's curve, showing the expected minimum 1n the 40 -
80 micron range.

The followlnz conclusions cen be drawlt from these data:

1) If the pressure.is known to.be less than 100 microns,
presséres frorm 0 - 100 microns can be recad in terms of dlelectrilo

strength to within approximately 20% of the true value.

(2) Pressures from 100 nierons to 1 rm, of mercury can be
read as lying within that rengé.
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{(3) If the pressure is known to exceed 100 nicrons of mercury
pressures above 10 mm of mercury can be reud to within approxe-
inately 20% of their true value,

(4) The qualitative determination from such deta of the -
gas or gases present would be extrenely difficult, if not impossibdble,
as the curves for the different gases pn whlch duta wero taken are
so sinilur,

One general f:ct brought out by these data which 1s often
overlooked is that the breakdovn voltare lncreases with increasing
gas pressure in the high gressuro range, le. above approximately
10 mm, Thus, the assumption which is generally mude thut an ine
crease in breakdown voltage indicutes a better vacuum, is not
always true. ' '
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