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ABSTRALT

64,

was used as a radicastlve wracsery to confirm the transfer

v

¢
of anode metal to the cathods in a mon-sparking® d-¢ discharge in high

Gu

vacuum, In one run with 2 34 mm gap and 100 kv {gradient =7 x lO4 V/om)
the ratio of transferrsl copper atons to electrons wés_lzéOO for a total
drain of 5 x'1057 emperes. In a diffsrent run at 3.5 mm and 50 kv
(gredient = 1.4 x 167 V/am) the retio became 1312 for a total drain of
5x 10”8 amperes. ihe rel&tive;y large amount of copper transferred
suggeéts that mest cof ths metal crossas the gap uncharged.

The current hetween slectrodes was found to be composed of a
steady and s rardomly fluctuating component. The fluntuating component
was found to be independent of pressures but dependent on the total gap
voltage and electrode spacing. The fluctuations would, for a set of
fixed conditions. usually decresse with Lime, Tests showed that the
fluctuating component of current foa1¢ unt ba uszed to foretell bresk..

down,
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INTEQDUGT ION

T
One of the mechanisms proposed“?z t¢ explain high-voltage

breakdown between electrodes in high vacuum¥* requires the transfer of

ions from ancde to cathode. The work of Trump and Van de Graaffl and

later of Filoscfo and Rostagni

)

L)

‘has shown that a definite positive ion

current flows from the anode to cathode in the presence of a high volt-

age.

There exists the pessibility that theilr experiments measured the

ionization of the surface film of gas on the anode rather than ths actual

transfer of ancde metal, The work described below, while not eliminating

the above mechanism as a part of the tctal breakdown process, definitely

establishes that the ancde metal appears at the cathode in the non-

sparking discharge,

¥ "High vacuum®™ will be used to signify conditions wherein the electrode

separation is much much less than the mean free path.

lc. Jo Go Trump and R. J, Van de Grasff, Journ, Appl. Phys.. v. 18;

p. 377,

S d

11947)

2. Ho W, Anderson, Trans., A.J.E.E., vo 54, po 1315, (1935),

3. I. Filosofo and A. Rostagni., Phys. Rev., v. 75, p. 1269, (1949)
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A radicactive anode was placed opposite a normal cathode in
a high-vacuun cavity.. Wheh;voltages of the order oquo tc 100 silo=
volts were applied between the electrodes, active anode metal was found
at the cathode, .even though no spark:passéd between the electrodes,
From the counting rates of the cathode and anode one can compute the.
weight of metal transferred. n?he amount off metal transferred indicates
that most-éf the anode metal crosses the gap either uncharged or perhaps
as small aggregates of atoms, a fev-z of which are ionized.:

Both the gap current and the gap voltage ‘were.monitored during
a dischérge to determine if their fluctuations could be associated with

the onset of breakdown.,

DESCRIPTION OF AFPARATUS

Vacuunm System

The all_metal:vacuum syétem'used:in‘ﬁgéée é#péfimeﬁts(was
conﬁinuously evacﬁated with>a.spééiai fwémsfgge ﬁeréufj'ﬁﬁmpo* Inter~
posed betweén the test cavity and the mét;i ﬁéféury aiffusion pump was
a multiple bbUncedtype liquid nitrogen trap having an effective pumping
speed for condensables of approximately 1000 1/sec. The intake of the
mercury pump was covered by a Simple;Q&termcoélédibaffle'designed to
reduce the léad on the liquid ni%régeh’tﬁapo Ah additional cold trap
was plaéed bétﬁeen the mercury pump énd‘thé forevac pump, to prevent

o1l vapors from the mechanical pump from reaching the test cavity,

#* The'aliemetal 85 1/sec mercury pump ‘was designed by Werren Chupp. -
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Cleaning of Vacuum System and Electrodes

Previous to this run the entire‘Qacuum casing and traps were
sand blasted (inside and outéide) and washed in flowing C.P. acetone
and C.P. ethyl alcohol (95 percent).’ All gaskets in the high-vacuum
section of the unit were made of commércial 40-60 solder the ends of

which had been fused together, Insulators were coupled to the system

~with lead-encased gum .rubber gaskets.

Electrodes and holders were carefully washed with Dreft and
water, distilled water, chromic acid made from 37 N C.P, sulfuric acid,
and finally rinsed in distilled water, C.P. acetone and C.P. ethyl
alcohol. Parts were assembled immediately with grease-free tools and
paper towels. None of the parts were touched with bare hands during
assembly.

| A typical Ease pressure for the system was of the order of
1-3 x ZI.O"7 mn Hg on an untrapped Westinghouse 5966 ionization gauge.

The lowest pressure recorded on a trapped gauge was 8 x 10’8 mm Hg.

Spark Mbnitbring Device

Because of the relatively large Emount of metal transferred

to the cathode during breakdown (see Run 3,Table I), the success of

this experimental technique rests largely on the ability to maintain

the electrodes in a non-sparking dischargé. In an earlier experiment
at this laboratory, visual monitoring of the gap was tried. The re-
sults, though similar in nature, were discounted because of the un-.

certainty involved. In this experiment the flow of charge was monitored
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electronically. With the electronic equipment, a 1 volt pulse developed
across a metering capacitor of 1 microfarad triggers the spark alarm,
The alarm is thus sensitive to a 1 microcoulomb charge transfer. That
the electronic alarm gives a rather conservative definition of sparking
is borne out by one test (see Run 2, Table I) wherein no detectable
active material was found on the cathode after a spark of short duration

and sufficient amplitude to trigger the alarm.

X-Ray Gap Current Monitoring

The time dependence of x-ray emission produced during the non-
sparking.discharge was monitored with a stilbene nyétalmphotdmultiplier
combination (1P21) in conjunction with an amplifier, cascade scalers and

an oscilloscope. The instrumentation described abové is shown in Fig. 1.

Electrodes and Bombardment

. Both electrodes were hemispherically-capped cylinders of elec=
trolytic copper of 1 inch radius. The electrode gap was varied external
to the high-vacuum system through a sylphon bellows. Because of thermal
expansion of the anode, the gap spacing was monitored continuously with
a cathotometer. The electrode spacing'is known to =+ 0,05 mm.

The anode was bombarded with 8 Mev deuterons in the 60-inch
cyclotron, -Tantalum absorbers were used to reduce the beam energy
19,5 to 84+ 1 Mev,l Most of the resulting activity is due to the re-

4 64

action Cu63 (d,p) Cu6 « Gu” " was chosen for the radioactive run

because of the relatively high yield, freedom (under optimum bombardment
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conditions) from disturbing long lived secondary products, and avail-

ability. 15 abéve reaction4 has a maxihum cross section o= 0,25 x

10m24 cm2 at approximately & Mev and largely yields the 12.8 hour CuéAo
The total bombardmen§ of tﬁe anode was limited to a 1 cm2 area

on the nose, Reaction yieids predict a 4.5 millicurie source of Cubk

for the 1.5 microzmpere-hour bhombardment obtained.

Current and Charge Metering Circuits

| A General Radio 715-A d-c amplifier was used in cenjunction
with an Esterline-Angus recorder to monitor the electrode drain. The
;mplifier was operated from a voltagé stabilizer (Sola) and allowed
se?eral hours to reach thermal equilibrium prior to measurements. The
relativelv slow response of ﬁhe recorder approximately 5 cps gave a
coﬁtinucus integrated record of thie electrode drain.

A coulombmeter consisting of a d-c¢ amplifier and watt»héur
meter combinstion was used to register the total charge transfer, Drift
was minimized by using & long warm-up period and stabilizing the 60-
cycle supply wvoltage Qith a SofénsenkswlOOO regulator, Previcus expe.
rience with this coulombmeter had shown that it did not meter accu-
rately the rapid fiuctuaticns in ariode current.. To overcome this dif-
ficulty the input to the 715-4 amplifief (whose output the coulombmeter
records) was parslleled with a high quﬁlity (Plasticon) 1 microfarad
condensér° This combination integrated the current so as to make the
coulombmeter error negligible but did not impare the response of the
drain recordsr, A calibration run on d-¢ and square waves showed the

error to be less than 5 percent,

4o B. T. Clark and J. W, Irvine, Phys. Rev., v. 69, p. 680, (1946)
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High Voltage Supply and Mstering

The continuously varzatie high voltage supply used in these
expefiments was composed of two alding 60 kv, 10 ma. supplies. A rather
severe cascade RG- filter system reduced the power supply ripple to 0.3
percent at 110 kv,

In order to reduce the damage to the electrodes during spark
breakdown, a 20 megohm resistor was connected in series with the high-~
voltage lead to the gaps. Power supply voltage was metered directly

with a calibrated 1/2 percent meter and a calibrated 2 percent multiplier.

Pressure Fluctuations

So that the time dependence of electrode drain and system
pressure could be compared, ar Esterline-Angus recorder was connected
to. the Westinghouse 5966 ionization gauge by way of anofher General
Radio 715-A d-¢ amplifier., The writing speed of the chart was synchro-
nized with that of the drain recorder, The emission current of the 5966
was adjusted fo 1.2 and 12 ma which, according to a recent calibration
run by Warren Chupp, corresponds to 1 microampere of ion current at,

10~* and 10~° mm He.,

EXPER IMENTAL TECHNIQUE

In order to meke the great difference in counting rates (13109)
of the cathode and anode amensble to quantitative counting in the same
geometry, an electroplating technique was developed. Preliminary tests

showed thet owing to the evolution of hydrogen, the weight of plated
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metél was sensitive to voltage and éurreﬁt levelé so that reproducible
data could not be obtained. The anode material, dissolved from the
electrode by acid etching, was plated onto 1 inch diameter platinum-
discs. By cohtrol of plating time and current, an approximation to the
weiéhtrof piated copper was obtained. The actual weight of copper was
determined by weighing the platinum electrode before and after plating.
Electrodés were kept in a desiccator and handled with tweezers to pre-
vent the accumulation of moisture from affecting the weight differential,
The main source of error accrue@ from the necessary use of electroplating
tape to localize the plating to the uppéer surface of the electrode. De-
spite these sources of error, the diffeéential weight of * 0.2 mg could
be detected.,

A limitation in this technique is that the amount of plated
material must be_sufficiently larée to makeAerrors in weighing small.
Although it was intended that the anode and cathode were to be counted
by plating onto identical 5 mil platinum discs, the counting rate of
the cathodes turned out to be so low that thé cathodes had to be counted
directly. An uncertainty exists becaﬁse of the geometry and scattering
difference between the counting of the saﬁple of the active anode and

the direct counting of the cathode. This error will be discussed below.

DISCUSSION OF RESULTS

Electroplating and Counting

The amount of anode metal transferred to the cathode during
the.non-sparking discharge was determined from the simple relation

W= W,Do/Dy ‘ (1)
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where the W's refer to the mass of metal and the D's refer to the decay
rates of the active material on the cathode and anode. In this relation,
it is understood_that‘the electrodes are counted at the same time and in
the same geometry. The results of runs with four cathodes for this active
anode are given in Table I.
Referring to Eq. (1) the estimated errors in the three factors
in the right member can be summarized as,
W= 0.62% 0,2 mg ) +30 percent
Ds¢ 5 c/m above a background of 23 ¢/m. Counting
for 10 minuteé givss an uncertainty of 215 percent
Backscattering would be less for material on
copper cathodes than for platinum electrodes.-50 percert
Variation of getivity over the surface of the
cathode, _ | Factor of 2
Dys Uniformity of activity within bombarded
area _ ’ Factor of 2
- Extrapolation of activitieé to time zero.
(Run 4) -50 percent
Electroplating metalAfrom anode not in active
region, " =Factor of 2
Uniformity of activity within depth of anode
active area used for plating. negligible_
trapolation to saxe counting geometry 50 percent
It is concluded that ths estimate of copper transferred could

be large by a factor of 8 or small by a factor of 4.



=1l UCRL-1622

To assure that ithe activities were not caused by material
Crossiﬁg the gap by evaporation in the absence of voltage, an inactive
eleztrode was placed opposite the active anode for approximately 24
hours. Even though the gap spacing was only 1 mm, no active material
was found on this cathode,

The number of atoms transferred during the discharge can be

written as

N, = £ %L, (2)

4

wheres Ny = the number of atoms transferred to the cathode
v&.::ratio of charged to uncharged atoms transferred
£ = fraction of the total charge carried by
positives qf
Q
Q ::coulomss of charge transferred during the discharge
L =6,023 x 10239 Avagadro}s number
F =96,506, Faraday's constant.
Eqﬁation (2) can be solved for B/« which can be determined
from experimental data, assuming« = 1. The variation of @ fromblargs
to small gaps suggests that « is less than 1., This implies that anode

metal crosses the gap uncharged,

Drain and Pressure Variation

During Run 1 the drain exhibited an unekplained voltage con-
ditioning phenomenon. When the gap voltage (for constant spacing) was

raised in increments of approximately 5 kv the drain would stay constant
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for approximately 30 seconds and would then drop about 10 percent. The
drop in drain, which was Immediately followed by a rise of 2 to 5 times
the former value, would execute an osczillatory decay to a stable but
slightly higher value. The period of this oscillation and the time

required to decay %o a relatively stable value were found to be a fuhea

. tion of the gap voltage. This oscillatory drain phehomenon was only

exnibited on the first run although the instrumentation for all runs
was identical,
A typical example of the relation of total pressure tc elec-

trode drain is that obtained in Run 3. The simultaneous recording of

drain and pressure as a function of time showed the following relations

as the voltage was raised in increments of approximately 5 kv:

1. Pressure and drzin rise simuitaneously with the
snerement of voltage, The decay of pressure to an
:equil;brium value takés longer-than the decay to
an equilibrium drain.

2. The maximum drain and pressure attained are a
€

function of the rate of rise of voltage.

3. The absclute level of the equilibrium pressure
does not appear to te a function of the applied’
voltage, however, the pressure does not exhibit
fluztuations about the equilibrium value which

disappear when the electrode voltage is removed.
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Lo With the drain at an squilibrium level, the intro-
duction of a leak of air @ufficient to raise the
pressure to the same value Induced by a positive
ingrement of vcltagé] causes the drain to drop
immediately., If the leak is now shut off, allowing
the pressure to return tc normal, the drain rises to

the original eguilibrium value,

5, With the electrodes at 100 kv and spaced at 12 mm,
the drain was cbservad to decrease aé the electrodes
were moved from 12 mm +o approximétely 4 mm., The
total pressure showed a positive correlation (de-
creased). . These pressurs and drain variations were
reproducible; When the elecﬁrodes were moved closer
than about 4 mm, the drzin and pressure increased

again.

The above observations are in accord with a hypothesis with
postulates the existence of a gas film on the surface and in the volume
of metal of the electrode., The electrodes used in these tests were not

outgassed,

X-Ray Monitored Gap Current

As mentioned above, the gap. curcent was monitored by photo-
counting techniguss. Fron oscillographic and counting data it was

found thai the sverazge d-¢ drain contains small pulses sharply
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separated in time and occurring réndomlyq Comparing pulse shapes with'
those obtained from a source of known béta energy, the bursts of x-ray
pulses were seen to have the usual bﬁilt-up form.

An attempt was made to associate the time dependence of these.
current pulses with the onsetl of éap breakdown. No specific trend was
found except that the number of pulses thét appeared per unit time was
decreased by a gap breakdown.

Comparison of the total gap drain with the number of pulses
per uniﬁ time shpwéd that these puises are only a small part of the
integrated gap drain, The number of pulses appearing per unit time
was found to increase with voitage for a given spading and to increase

with a decrease in spacing for a constant gap voltage.

" CONCLUS IONS

l. The large amount of anode metal trahsferred across
the gap in the nen-sparking discharge and the non-
‘uniform distribution of transferred activity on
‘the surface of the cathode suggests that the anode
material is removed by an.evaporation process. The
variation of 8/d with. the discharge conditions sug-
gests that in smaller gaps most of the anode material

crosses the gap uncharged,

2. The results of positive ion-electron secondary

emission experiments in which only charge transfer
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was measured can no longer be relied upon.

3. Comparison of Runs 1 and 4 indicate that the
spacing and gradient rather than the total gap
voltage are the controlling factor in ﬁhe anount

s, _ : of material transferred. Because the specific

activity of the anode was low and the half-life
short, these results could nqt,be checked for -

>

‘reproducibilityo

4o The relation of gap current fluctuation with time
is not understood. Gap current fluctuation has
not been found to be associated with the approach

«.of breakdown,

RECOMMENDAT TONS

If this technique is used in the future to investigate sparking
and drain phénomena, the counting rate of the cathode could be increased
by electroplating a layer of high specific activity on the nose of the
anode, A ﬁheoretical increase in counting rate by a factor of lO8 with
a fixed total source strength is availab}é by this technique. With higher
counting rates available, the time required for a given run would be

’ greatly reduced and the individual runs could be checked for reproduci-
bility. It might very well turn out that this approach cbuld single
out the determining factor for gap breakdown, Because of the health

hazard involved, the proposed experiment would have to be handled with

great care,
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RUN GAP

SPACING
m

1 1402

2 12.6

3 1.4

4 3.5

NOTES

#* For 0,62 milligram anode sample

GAP
VOLTAGE
KV

100

100

50
50

GAP
GRADIENT
kv/cm

70.4
794

357.0
143.0

TOTAL
CHARGE
TRANSFER
COULOMBS

7 56310

J,.98x10™%

1.60x10™?
1,69x10™%

-

TABLE I

SUMMARY OF COUNTIN. DATA

SPARK
(2)

No

Yes

Yes

No

COUNT ING

D
c/m

1513
10

RATES
D

o/m

350,000

115,000

88,000

METAL#*
TRANSFERRED
gms

8.7x10~7
leés‘than
10-10
8.1x10

6.8x10~8

-6 -

COULOMB
EQUIVALENT
OF METAL
TRANSFER

1.3x10™°

1.2x107°

1.0x10™4

=0
i
OO
+

13580

1:13
187
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