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.consistency, however, since this hypothetical incipient property of a spark——that
" the ultimate nature of the spark, By way of illustration one might imagine two

- . vaporization and another in which the ultimate source of instability was anode .’
~ vaporization. The former would clearly depend only on local conditions at the

E - classes of sparks should, however, be suppressed by the actlon of a highly
- resistive cathode. :
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In the electromagnetm particle separators, whmh have been used o

now for some time, one finds remarkably small electric fields, A field strength B

of 60 kv/cm with plate separation of a few inches is typical. ' In terms of the

angle through which it deflects a very relativistic particle such a field is equ1va1ent |
.. to a magnetic field of only 200 gauss. Thus even at modest beam momenta, at.

which the relative deflection of different mass components of a bearm may be 10
or 20% of the total deflection, the effective separating field is only of the order of .
tens of gauss., On the other hand, the electric fields that can be sustained in

good dielectrics and in vacuum with very small gap lengths are of the order of
several million volts per cm, and in the absence of any obvious fundamental
limitations one might hope ultlmately to attain similar field strengths in particle -
separators,

A small step toward the attainment of higher electric fields has been '
made recently through the use of glass cathodes in vacuumn-insulated high-voltage
systems, with the glass heated so as to lower its resistivity and cause it to '
behave like a conductor in the static realm. But first, before a description of
results, a bit a.bout the. mot1vat1on for using glass cathodes at all, \

The motivating idea was that a limiting class oﬂvacuumfs;)arks might

" involve in their incipient stage the emission of electrons from very small areas

of the surface of the cathode at the eventual spark site, and that if the bulk
resistivity of the cathode were high enough the degenerative effect of the local
voltage drop at the emitting site would stave off or prevent an instability, '
whatE""'\Té“i"’ its nature might be, which would otherwise cause a spark, Sucha
notion might appear to be inconsistent with the well-known fact that the maximum °
electric field that can be sustained in all-metal systems is nearly proportlonal '
to the inverse square root of gap length, There is not necessarily any in-

it involve emission of electrons from the cathode--does not unlquely determine

subclasses of sparks, one in which the final eruption resulted from cathode

emitting site, whereas the latter would depend on gap length as well. Both

[

|
Now in order for a highly resistive cathode to behave as 1mag1ned here,

“certain physical conditions must be fulfilled, and these limit the selection of . .

suitable materials, One consideration is the time constant for approach to - A
equilibrium charge distribution on the cathode surface. For an isolated smooth

. surface this time constant, 7T, is given by the product of bulk resistivity; p,

and capacitivity, €, when inductive effects and more complex. relaxation phenornena
are ignored. In order to realize conductor-like beha.v;or in a static sense an ’
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| upper 11m1t for T of the order of a m1ll1second would a.ppear to be reasona.ble
“in separator apphcatmns. _ Thus the first condition is : :

L E

';‘"where AT T, -

.. cathode surface, r is the '"radius" of the site, and k is thermal conduct1v1ty. Do
© .- Cis a numerical factor of order unity which depends on the georgetr:,cal details " .
...~ of the site. Setting C equal to unity and using condition (2), E < 10 ! :

lin ohm-cm, for r in cm and kAT in watt cm™",
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(1) TR pe £ 10 3 sec. T

If there is to be any effectlve quenchmg of cold em1sslon. the backwa.rd
field, E, induced on the vacuum side of the cathode surface at the emitting site

must be comparable to the field strength regulred to cause appreciable cold - , .

emisgsion, or in order of magnitude, say 10 v/cm. A second condition, then,

is o ' _ ;
(2) Exeleg ip 2 10' v/em, ... . o

where i ig the e"rmels

i
(8.85)(10"14 sec Q™' cm

'I Finally, one must requlre as a third condition, .

N

(3) stab111ty of the Iollowmg types-

~.i . [
(g [

(a) thermal--no cathode vapo r1zat10n,

(b) dielectric--no Erie_a;kgwn with mtesrnal electnc f1e1ds of the order |

(c) mechanical--no rupture for stresses of the order E /81r.‘ and o >

{d) dynamlc,

where "dynamic stability' implies stab111ty in temporal sense, as determined -

by the dynamical relationship among the various parameters of the system in the ..

absence of more or less.violent and discontinuous instabilities of the former
types. The system involved here is so complex that one can do little more
analytically than recognize the need for dynamic stability, and condition (3d)
therefore cannot very well influence the choice of material, Furthermore,
although its fulfillment is important, condition (3c) would not be expected to '

- impose severe restrictions on the choice of material, since the stress associated

with a field of 107 v/cm is only about 600 psi. Condition (3b), however, suggests .

- the choice of a material with high dielectric strength and high capacitivity, In"

addition, condition (3a) together with cond1t1on (2) can be'used to estimate.

. ‘roughly a lower limit for p as follows.

Given a critical temperature, T_ (certainly less than the melting

. temperature of the cathode material), a.n& assuming that ohmic losses are '

-, digsipated solely by thermal conductivity, one can easily demonstrate with the -
" aid of simplifyi ng models or dimensional analys1s that the relationship between '
.. 'E and the other parameters of the system is dominated by the term o

2 2

~C kATP (e/eo)

T . is the temperature rise at the emlttmg 51te. on the
ambient '

v/cm, -

[

one gets an order-of-magnitude estlmate of a lower 11m1t for Pr

p2 10M:2/kAT e/ e )

-1

%

‘‘‘‘‘

on clurrent density and €9 1s ‘the capa01t1v1ty of vacuum = .
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Theie 15; experlmentai evid‘eneel suggestmg that the effectlve r for -

“tungsten is of the order 10"5 to 10=% cm, and for present purposes this will be .
lting? - ]

. ‘assumed to be generall ‘true. - For metals and semiconductors with TC T,
&7 kAT varies between 10< and 103 watts/cm, so'that using 10 as a representative
e avalue for e/eo one finds the condition for metals and sem1conductors

P z 1073 to/10 @ cm, - )

an unatta.mable range of resistivity for metals and possible but marginal for o

semiconductors; that is, these materials would likely melt before an a.pprec1able o

back field, E, developed.

P 3

For glas ses, on the other hand, with T T the value of
kAT is about 2 watts/cm. so that with e/eo again set equaﬂ.‘% 10 one finds

p ‘>"1t01020hm cm,

ST a lower limit of resistivity always exceeded by a wgd argin in %laeses but at
R ih “that same time much less than the upper limit, =3/e = 1010 ohm-cm e
' set by condition (1), thus leaving a wide acceptable range of values of p which ™

. as a function of temperature for soda-lime glass, pyrex, and fused quartz are.
~ .- dindicated. Condition (3b) is also satisfied by these glasses even though their ' '

.. capacitivities are not especially high, ranging from 3.5 for fused qua,rtzi to @

.. 10 for soda-lime glass, since the intrinsic dielectric strength for each is so

-very high, about 5)(106 v/cm. These considerations, together with practical -’
factors having to do with availability ani fabrication, motivated the choice of hot -

glass for testing as a cathode material, o

e The resistivity and dielectric constant of glass actually tested was
" deduced from measurements of the complex [impedance of the test system
*° (described later) as a function of frequency and temperature, An electrical . H
... network with a configuration selected to represent known or suspected propertles ,
+ . of the system was adjusted experimentally to best simulate the impedance function -
of the system. The simplest network found to give a sa.t1§factory representation
of the glass itself in the frequency range 10 cps to 50X 10~ cps, for soda-lime
glass (Corning type 0080), is shown in Fig. 2, where the lumped circuit elements
are labeled with the corresponding specific parameters associated with the glass, -~
Measured values of the four parameters at temperatures of 140°, 160°, and 200°C
are also shown in Fig, 2. »

As expected, the values found for p, and €, were essent1a.11y in :

..+~ agreement with handbook values if €, is taken to be the optical or high- frequency
o e capacitivity and p g | the dc conductivity. These elements represent qualitatively -

/.7 the dominant low ?requency properties of the glass, The additional series elements
' represent a lossy polarizability which amounts to nearly half the total effective N
polarizability of the glass at freclluegcxes that are low comf:red with the relatwely
. -~ long relaxation time, p, €16 sec at T = 200°C) clusion of this

* element as the 81mp1es reasonable refinement of the basic p o approxlmatlon g
° .was necessary in order to simulate the data within experimen dtal accuracy, It
7% . should be interpreted, however, only as a phenomenological approximation to
" iy "probably much more complicated processes actually present. Pdc and@ .
*" . . the other hand, should be interpretable in a true physical sense, — >
=" pde correspondlng to a. dc conductivity due to slightly mobile cations (mainly
Na ions in soda-lime glass), and €, correspondmg to the polar1zab111ty of
the lattice. ~ L . \

. . . . . ' . i ‘ o K
For proper evaluation of the experimental results of the gla.'ss cathode
! tests, some reference to the normal behavior of all-metal systems is needed,
. In this connectmn it is helpful to refer to the results of Trump and Van de Graaff.

"/ . ‘:‘, P

2'* _can be attained in glass by heating. In Fig. 1 nominal values of volume resistivity . .
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apparatus was used--rubber gasketed, and continuously pumped by a mercury -
- .diffusion pump and a liquid nitrogen trap,. . After about a day with no heat or ...
.~ high voltage applied the system would reach a base pressure of about

" no evidence that the results obtained with glass cathodes depend at all on the . "
.. stored energy available with this range of storage capacity, Most of the results
" . to be described were a.ctually obtained at the minimum capac1ty. ‘

, - .. of the glass cross as sketched in Fig, 5. In Fig. 6 is another sketch showing -
. a cross section of the oven and the electrode assembly inside. Replaceable .
+:" flat or hemispherical stainless steel anodes were screwed onto a hollow stainless ..
, " “tube connected rigidly to a flat disc-shaped zircon insulator which was clamped .

" to provide a eem1f1ex1b1e vacuumtight connectmn to the hv lead-in bushmg.

UCRL -9506
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Usmg a aystem w1th stamless steel electrodes, they covered a w1der range

. of gap lengths than has been covered.in any other single experiment. *By and

large their results represent about the best that can be expected under any

- conditions in metal systems, © The line labeled. "Trump and Van de Graaff"

in Fig. 3, in which field strength is plotted vs gap length, conforms closely 5

' to points representing their actual results.: Note the near inverse-square-root
. relationship between field strength and gap length., Another useful reference, = 7.7.0

©. also drawn on Fig. 3, is the '"no spark' limit of Kilpatrick, v3 an empirical fit .
_ to many experimental results, which represents a good estimate of operating "

conditions under which little if any sparking should occur.

Neither of these limits is really very well defined and in practice may 7 -
“not be easily recognized. They may be related conveniently to the actual ; '

performance of high-voltage systems by means of the following type of measure-~
ment. Repeatedly.raise the potential until the system discharges, noting each
time the potential at which the discharge occurs.  The result obtained in this
way can be represented as a distribution of spark potentials, and will be well

 defined if the system is allowed to operate long enough so that an equilibrium is

reached at which successive measurements of the spark potential distribution -
give the same result. The shape of the distribution will be affected by the detalls

, " .of the system, especially by the amount of stored energy available to the spark,.
" . In the experience of the writer the maximum potential in the spark potential
distribution usually lies near the Trump and Van de Graaff line. It is a condition = .\~ -

attainable only in a statistical sense and is therefore not a practical operating

... condition., Kilpatrick's limit, on the other hand, falls well out on the low-:

voltage tail of the distribution, and at small gap lengths practical spark rates
can usually be realized well above the "no spark!' limit,

Figure 4 shows equilibrium spark potential distributions obtained in B
the foregomg manner for stainless steel electrodes of two different geometries ' .
and in the sphere-sphere case for two values of stored energy. 'The high- voltage

+ . and vacuum apparatus employed in these tests was the same as that used in the.
. glass cathode tests described hereafter, Electrode surfaces were polished w1th " .
. 600- grade M washed with detergent, and flushed with acetone.

Small-Gap Low—VcSltage Experiments .

T~

The first exper1ments with glass cathodes were performed at small
gap lengths with a maximum supply voltage of 100 kv, Conventional vacuum

3%10-7 mm Hg. The 100 kv was obtained from a small Cockcroft-Walton type
supply with 300 megohms series resistance, a minimum capacity of 300 pf on .
the load side, and provision for increasing the capacityto 3000 pf. There is -

For convenience the test apparatus was mounted in a large glass cross.

" An oven with anode and cathode inside and mechanically integral with it was . - "

mounted on a pedestal connected to a cover plate which fitted over one opening

in the top of the oven. The anode supporting tube projected through the insulator
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. Thermocouple leads connected d1rect1y to the a.node were brought out through :
“.the hollow anode supporting tube, through the hollow lead-in bushing and coa.x1a1 ,
transmission line to a meter at the hv supply. .. Oven temperature was limited
to about 300°C because of chronic failure of the zircon insulator a.t temperatures ,
above 300°C, at wh1ch zircon becomes fa1r1y conductwe. o : : oA

The cathode assembly was at ground potent1a.1 A platform to which . . 0 7
the glass samples were fastened was mounted on a threaded post which passed ., . .. =
through and was keyed to a bearing mounted in the center of a circular semi- '
flexible inconel diaphragm. The diaphragm was connected around its per1phery
to the oven and thus almost directly to the anode support, thereby minimizing
the chance for spurious gap-length fluctuations, A nut bearing against the
diaphragm and engaging the threaded post could be manipulated by a shaft ex-
tending outside the vacuum through a gland in a bellows mounted on the cover i
plate, and allowed adjustment of the position of the cathode platform with respect o
" to the diaphragm. Thus the gap between the cathode and anode could be changed R
under vacuum,. At the same time motion of the cathode assembly in proportion
to the electric force acting on the cathode surface was allowed by the semiflexible "
' diaphragm and bellows, and could be accurately sensed externally as an axial
motion of the nut shaft. The typical maximum motion of the cathode encountered
was 3 to 4><107‘_3 in., and measurements of the motion were accurate to about == . ',

N

Actual cathodes conslsted of discs of plate glass 3 in. in diameter with-
various thicknesses up to 1/2 in. The minimum practical thickness is that wh1ch L
will permit the glass to successfully withstand the entire supply voltage, which ..
will very likely be impressed across it tranmently whenever a spark occurs, fE
For a supply potential of 100 kv the minimum thickness seemed to be about 1/8 in,
- Plate glass samples with stock surface finish were selected for testing accordlng o
. to the criterion that they should have no surface blemishes obvious by inspection .. "

-with the unaided eye. They were prepared simply by wiping with lens paper and ..

acetone. A clamping ring bearing on the periphery of a disc held it to the
cathode platform. Large-area electrical contact was made by coating the back
sides of the glass discs with evaporated aluminum or brushed-on or baked-on )
silver paint, It was never established experimentally, however, that such large-
area contact is preferable or needed in addition to normal una1ded contact at
clamping pomts. . . : o~

. An opening in the side of the oven permitted visual observation of the L
‘cathode-anode gap and allowed precise optical measurements of gap length to be - -
- ‘'made with a telescopic cathetorneter. :

A thermocouple connected to the cathode platform was assumed to mdlcate‘ S
glass temperature if at the same time the anode was at essentially the same o
temperature, Several hours was usually required for the oven and its contents
to outgas thoroughly and to reach thermal equ111br1um.

' In view of the considerable conductivity of the glass it would not be »
expected that any static charge would accumulate on its surface, so that in the -,
absence of current flow and after a time lapse much greater than pe the entire;.
. dc potential of the system should appear across the vacuum gap. Nevertheless

an effort was made to establish directly that the electric field on the surface

of the glass expected on the basis of the’ voltage ~gap-length relatlonshlptls ]
~actually attained, This was done by comparing gap length measured optically
- with effective gap length deduced from measurements of apphed potent1a1 and .-
the correspondmg force acting on the cathode.

i
[
|



'’ but at more or less definite rates. This potential, which will be referredto . . .3
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. A hemispherical anode was used to facilitate optical gap-length measure-
ments, ~With the system evacuated and at operating temperature the apparent
 gap length between the anode and its image in the flat glass cathode surface was
measured to an accuracy of less than 1077 in, ‘with a telescopic cathetometer
set up with its optical axis at a grazing angle with respect to the cathode surface. -

In this geometry the force, potential, and gap length are not very simply -
related, For a sphere of radius .a with its center a distance d from a plane
at a potential difference V, the electric force is given by - .
o0

F=2w¢ V2 }: - fecsch ﬁa(cothu - ncoth na)J s
n=1 | |

where cosh a = d/a. The series is not very rapidly convergent for small values : -
. of a as encountered in this case., Comparison with machine summations carried

"out to 200 terms shows that for a < 0.3 the Teries is approximated to better S
than 1% by the simple expression (1.08 a“)~*, which, together with a first-order .
small angle approximation for cosha, gives the approximate expression for gap = -
lengthg=d - a ' » :

2
g/a = _TE%SV—F ~ (mks rationalized units),
~ accurate to better than 1% for g/al< 0,05, The force F was inferred from o
measurements of the deflection of the calibrated spring mount of the cathode 2
assembly already described, and V was measured in a straightforward manner
to an accuracy of about 1%. . " : - ' : S

In Fig. 7 are results showing the ration of the optical and electro-

mechanical gap-length measurements as a function of voltage obtained for a .
"1/4-in,/-thick soda-lime glass cathode operating at about 150°C with a 2-in, - -
diameter type 303 stainless steel anode and a nominal no-field gap length of

0.025 in. The uncertainty becomes large at low voltage mainly because of un-
certainty in the measurement of cathode deflection, Since no appreciable currents’
were involved (see also Fig. 7), the agreement between the optical and electro-
mechanical gap-length measurements within stated errors, especially at high. -
voltages, leads to the conclusion that within an uncertainty of 2 or 3% the expected - _

~

electric field was attained on the surface of the glass cathode. - :

Several samples of each of two types of glass were tested to determine
the field-holding capabilities of glass cathodes. One type was soda-lime or soft
glass similar to Corning type 0080, The other was a borosilicate similar to R
Corning Pyrex brand type 7740. Presumably in the application here as a cathode "
material, the most significant difference between these glasses is that at the
same temperature soft glass has a resistivity about two orders of magnitude
lower than that of Pyrex, a rzlationship to be expected because of the higher

" godium content of soft glass, * Above 50°C and 100°C respectively no diiferences . .
in perforrance of soft glass and Pyrex were noted, and no temper._at_ure dependence
in the performance of either was observed up to the maximum available .
temperature, about 300°C. | S .

Immediately after a fresh sample of glass was installed its surfacg would
" invariably be dusty., Upon first application of voltage, sparks would usually start
- at a very low voltage (whatever the gap length might be), and as the voltage was
raised, accompanied by repeated sparking, all visible delzris in the gap woulc}
disappear, Eventually a potential would be reached at which without any foreign
“matter visible in'the gap, sparks would start to ocgur at unpredictable times

as the spark threshold, was usually definite within about * 5% anc.l‘ dic.i not tend - ¢
‘to increase appreciably, if at:all with time, On subsequent application of voltage, e

ST
)

i.“,; ) . E ,
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’sparks ‘would’ not occur unt11 the: potent1a1 agamv reached the spark threshold _ IS
Above:the spark: threshold the spark rate would mcrease, although not. 'k I k
precipitously, until at a- max1mu1nontent1a1 ushally not exceedmg the 3park ok

. threshold by more than 10 to 50% the sample  would be ruined in a single event ' '
‘.. asa result of one of the follow1ng observed forms of cathode damage.v .

(a) A puncture penetratmg the ent1re thickness of the glass, often not 1nvolv1ng» '
any large-scale fracture. A myriad of short microfractures radiating in all
directions from the puncture line would give 1t the appearance of a miniature " ; o

" piece of Chrlstmas tree tinsel, : PR

(b) A chipped or p1tted spot on the surface of the glass,

(c) No mechanical damage, but a patch of evaporated metal, presumably e
~ from the anode, typically covering an area of several square millimeters,. . -~

.* . .In addition, any of these forms of cathode damage might be accompanied by _
‘.. numerous feathery, multiply branching faint white tracks radiating deep into the
.. volume of the glass from tiny scratches or other imperfections on the surface

» » " which beforehand were invisible to the naked eye. Samples examined after A
-,  operation with appreciable sparking at potentials above the spark threshold, but » o,
SR ..v_fwh1ch had not been tested to destructmn, were often undamaged in any way. . 00 L

Spark threshold potentials and maximurn potent1als observed durlng
" ~-these tests are plotted in Fig.. 3 ,as open circles and x's respectwely in the part
*.- .~ of the figure corresponding to gap lengths less than 0,035 in, Some of the points = %
. were obtained with soft glass , others with Pyrex cathodes, some with hem1spher1ca1. 4
. others with flat anodes. Temperatures ranged from 90° to 215°C. No systematic
‘effects associated with any of these qualifications were noted, and for this reason ..
the individual qualifications of the data points were suppressed.’ Also shown in -
“Fig. 3 is an indication of the salient features of the spark potential distributions
‘obtained with stainless steel cathodes at small gap length. - The solid points
-+ represent the most probable spark potential and the upper and lower extremities
. of the line through the point represent respectively the maximum potential :
- attained and a low-spark-rate condition comparable roughly to the spark threshold
for a glass cathode. e

‘In a quiescent state of the system either above or below the 3pa.rk St
threshold a small gap current was always observed which increased monotorucally
~and smoothly with voltage, starting at very low voltages (perhaps at zero), In -
the vicinity of spark threshold the current flow tended to decrease with time .
e at a fixed voltage. ‘On the other hand, as the maximum potential was approached
. - . a precursor was often noted in the form of a relatively slow but unstable rise
. (over seconds) in gap current. Typical relationships of gap current to voltage -
- are shown in Fig, 8.. L ) ' , ~ '

E Observations were made with a Nal counter of the bremsstrahlung from - s
. glass and all-metal systems, identical in all respects except for cathode matenal. VS

- which indicated equal yields at- equal currents. From this result it is concluded

. *...that the carriers of gap current in the low-voltage glaas cathode systems under s
- " consideration here must be primarily electrons, not ions, results to be described . i;

* ..."later notwithstanding which indicate that at higher voltages a domma.nt process )
'+ occurs mvolvmg mainly ion currents.
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Large scale tests at voltages up to 500 kv were performed on actual

. . particle separators, A drawing and photographs of a typical assembly are shown .
. “r. . in Figs. 9, 10, and 11,.'These assemblies were completely enclosed in a thin
o aluminum shell which served as a heat baffle and were mounted in the usual
stainless and mild steel vacuum envelope which was provided with coils and - -

suitable magnetic circuits to set up a uniform magnetic field transverse to tl})e o

B (" electric field. The systems were evacuated to pressures of a few times 10~
. ‘ Hg by oil diffusion pumps and liquid nitrogen traps. Radiant heaters allowed the

' entire apparatus within the heat baffle--cathode, anode, and supporting 1n5ulators-_

to be raised to temperatures somewhat in excess of 100°C, Cathodes were madé€”
- of 27-in. -long slabs of soft glass, 1 in, thick and 10 in, wide, with edges smoothed

" and radiused to about 1/8 in. ; there were dovetail cuts on the back sides for = - _;-:,w

holding and silver paint baked on the back sides to effect large-area electrical
... . contact. Anodes were stainless steel of conventional shape, and both cathodes
* - and anode were supported in the usual manner on zircon standoff insulators with
"~ deeply recessed stainless steel '"flower pots" on both ends of the insulators. The
cathode was made of several separate pieces in order to simplify fabrlcatlon
7. and to minimize the effects of thermal expansion.,

At voltages between 300 and 400 kv a new phenomenon occurred, one not

3 observed at lower voltages, namely an ion-exchange process. With a sudden
-7 onset, identically shaped luminous patches appeared on the cathode and anode, .
"~ . stable at threshold but rapidly becoming intense and developing into unstable
~discharges as the potential was raised only a few percent above threshold. The i '
threshold voltage for onset of the ion exchange increased at first when the system ::
- was forced to discharge repeatedly, but was observed to stabilize eventually at - -
about 400 kv almost independent of gap length, for gap lengths between 1.5 and

7 cm (the complete range of gap lengths used in the tests described).' '

: Identification of the dlscharge as an ion- exchange process is based on
the followmg observations:’

: (a) The luminous patches. sometimes covenng an area of 1 cm2 or more,
" were most intense and, in spite of a certain amount of danc1ng about, tended to
occur mainly at depressed areas of the anode (not a particularly flat surface,
. but with relative deviations from flatness of as much as 2 m This is a natural.
consequence in an ion exchange if the secondary ions are emitted with essentlally
Zero veloc1ty, viz., the hypothet1ca1 exchange trajectories in the vicinity of a
depression in the anode sketched in Fig. 12a. A striking demonstration of the :
- same effect occurs when the electrodes are not parallel. In this case a single
o ~. luminous spot may appear on each electrode at the onset of a discharge, but as
..~ the voltage is raised a number of regularly spaced patches develop, spreadmg ,
. /T out along a line dlre[cted toward the widest part of the gap, as depicted in Fig. 12b

..+~ {(b) The luminous patches are unaffected by magnetic fields of several hundred
vy gauss transverse to the electric field, which would be expected to cause notlceable
i*. distortion or motion of the patches if electrons were involved as slgmﬁcant agents
;. in effecting the exchange (electrons are evidently 1nvolved at least in a passive -
... role, as evidenced by high x-ray yields), -

-

After prolonged operation (hours) with a stable ion exchange in progress, :

in the vicinity of the luminous patches, sometimes without any other damage at -
‘all.  Occasionally currents in excess of 1. ma can flow before an ion-exchange .

| Large-Gap H1gh Voltage Experlments o e

" inspection has revealed appreciable erosion of the cathode (thousands of angstroms)
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"d1scharge becomes unstable. At currents greater than about 200 pa, however, -

- cathode damage in addition to erosion usually occurs, apparently as a result’ BRI I
of local heatmg wh1ch causes the surface of the glass to chip, o : T- RN

e

Such an ion-lexc }xge process occurring at an essentially fixed threshold Sy

L voltage would, if allowed to persist, nullify any practical advantage from the use * - - ‘
of glass.cathodes at large gap lengths, Shortly after the phenomenon was first = -z !
observed, however, it was found that it could be suppressed effectively by the - . RS

introduction of any one of several different gases into the system at pressures R
from a few tenths of a micron to a few p of Hg., Air, H,, He, N,, and A at R '
‘similar pressures all produced essentially the same ef ect--the %mcharge-. R

- would simply disappear and the voltage applied to the system could be raised =~ , 7 °
immediately and permanently to a higher value at which some factor other than - '

o gap discharge became a limitation. As yet "other factors'' have prevented

. ..is yet available to shed any light on the matter.

relationship for a given dynamical effect is realized within an uncertamty of

measurement of the true limit of the gap in the large systems., At relatively '~ . “o ¢
small gap length (approx 1 cm) mechanical instability occurred due to the large = "= . -
electric forces. At larger gap lengths maximum power-supply voltage and break- .. "
down of auxiliary insulating devices were limitations, Typical operating points - "~
actually attained at large gap lengths (but which do not necessarily indicate limits), =

are shown as open squares in Fig. 3. Also shown in Fig. 3 as open triangles 2L
are operating points attained in the three most recent applications of all-metal = = .~

separator systems. In each case the all-metal systems were spark-rate- -limited. -

‘It seems unlikely that the suppression of the ion-exchange process at _
elevated pressures is the result of collisions, since the effective mean free path .’
of an ion crossing the gap for any kind of collision at pressures of a few tenths_ B
of a micron is considerably longer than the gap lengths involved here, Some sort . -
of surface effect could conceivably be responsible, but no experimental ev1dence

\

It should be noted that at short gap lengths (<1 mm) the: 1ntroduct10n of
an inert gas at pressures up to several p of Hg had no effect except to cause
a substantial increase in the normal quiescent gap current. Essentially the _
'same maximum field could be reached with or without gas pressure. '

Two 10- ft-long parallel-plate separators equipped w1th soft glass ‘,'Lf' STt g
_ cathodes have been in successful operation now for more than 3 months in an-
.'800-Mev/c K~ beam at the Bevatron operating at 450'kv (tested to 500 kv) Wlth
a gap length of 5 ¢m, an argon pressure of about 1, and a ‘temperature of -
‘about 100°C. Under normal conditions the.conhbined. spark rate of the two :
. separators varies between a few per day and a few per hour, much of wh1ch ca.n i
.. be attr1buted to sparks on the supportmg insulators, : ' s

o After the first two months of operation there was oécasion to open one -
- of the separators, thus affording the only opportunity up to that time for 1nspectxon' EVRE
-of the glass cathodes. No damage or change in appearance had occurred

N 0'peration of the separators in a h1gh-energ.y particle beam of knowu :
- momentum has provided reaffirmation that the expected electric field actually
© -appears in the gap; that is, the correct high-voltage—magnetic-field current

" a few percent in voltage.

e . . . . o E . . . . .
e e oL [ L T ! ] R
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Footnotes and Refe rences

1, W S. Boyle, P, Kisliuk, andL H. Germer, J. Appl Phys. 26 720 (1955),

.2, J. G, Trump and R. J. Van de Graaff, J. Appl Phys. 18, 327 (1947)

3.' W. D, Kilpatrick, A Criterion for Vacuum Sparkmg De51gned to Include
Both rf and dc, UCRL-2321 (rev) (unpublished).

v4. It has been kmdly brought to the author's attention by A. Stuart Denholm of

L High jVoltage Engineering Corporation that a glass type EX857Gl supplied
by Corning Glass Co. has a resistivity of 10° Q cm at room temperature,
No tests of this glass have as yet been made here.
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5. Over all schematm of the low-voltage test apparatus.

6. Schemat1c cross section of the oven and electrode assembly in the
) low-voltage test apparatus.

-!1 Separator assembly, cross sectlon.

12, Schematic of hypothetlcal ion- exchange tfaJectories, ‘(a)b inthe
. vicinity of a depressmn in the anode surface, and (b) for nonparallel -

el2e f.7. . UGRL-9506

4

- ¢ ST e -

T e F1gure Legends :: Sl

1. Volume re51st1v1ty as a functmn -of temperature for various glasses. |
2,. Equ1va1e§1t c1rcu1t for soda-hme glass for frequenc1es between 10 cps :
and 50 X 10 cps, together with values of the specific parameters of the
glass deduced from impedance measurements at temperatures of 140,

160, and 200°C. _ A

3. Gap length versus electric field in vacuum-~insulated h1gh-voltage_ :

systems--comparison of performance of all-metal and glass- cathode- / '

equ1pped systems.,

4, Equilibrium spark potential distributions obtained with stainless steel’
electrodes of size and shape indicated in the accompanying sketches where

capac1ty across the gap is also g1ven. (All hemispheres l in, in diameter,) .. ;

7. Ratio of electromechamcal to opt1ca1 gap-length measurements as'a .

function of voltage, obtained by using a soda-lime glass cathode (1/4 in. s

thick) and a hemlspherxcal stainless steel anode (type. 303, 2 in. dlam)
No-field gap length 0.025 in,; temperature 150° C. :

8. Typical gap-current-voltage relatxonshlps observed w1th glass cathodes
~at small gap lengths., (Cathodes: soda-lime, glass,’ 1/4-1n. thick; anode'

circular type 303 stainless steel, 10 cm” area; gap length 0.031 in,;
temperature 60°C for@ 160° C for[] . ‘

9. Separator assembly, withdrawn from vacuum tank and with heat baffle R C

partially removed,

w

10, Separator assembly, showmg h1gh-voltage connectlon to cathode.

electrodes, where in both cases the secondary 1ons are supposed to be _
emltted w1th near zero initial velocity... ** : :

:
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, '"person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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