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INTRODUCTION: The program ofstudy that was formulated some

time ago ¥Was planned in order to investigate the behaviour
otjelectric arce maintained in mercury vapor between various
electrodes. As a preliminary, some data were taken on a

standard CH-5 lamp produced by the Westinghouse Company. This
lamp was preheated by & short period of operation on alternating
current and then it was operated on dérect current in order to
obtain data that represented the performance of & standard CH-5
lamp. After a short period of operation with the glass envelope
attached to the lamp a+s normally the case, the glass cover was
removed and the lamp was again operated with the ambient temperature
as a controllable Wof the experiment. These studies

were made on the standard Westinghouse lampg im=srder—tn serve

as a revresentative sample of standardperformance so thatwe wesd:
have quantitative electrical charascteristics t+ompa.ﬂe}~rith the
special lampsdescfibed later &—2ubs—.

Altogether three experimentel tubes have been constructed
and studied for theoperational charpcteristics including a
determinationef the o erational voltare @€ s function of the
current snd the temperature. It is to be noted that the
temperature of the coolest par® of thebuldb determines the vapor
% of the mercury and therefore the gas pressure in the

arc under #tnvestigstion.

Approximately 80 experimental runs have been carried out
and it ie one of the purposes 8f this ‘report topresent a complete

Ctn
chronological record of t e experiments. The various $axiff sheets
conlavras
pane-aa-n-bed in nto @mw

tEis repor
categoriesA 'I.'heae are'IJl me curves. Zai:.hrc characteristic
gurves. ( } &ib characteristic cu;rves Pressure curves.
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'l‘he-cm::urves present the observed variations in such
quentities as the following) (a) Overall Eic voltage,

"Are voltaggfu;epresent this observatio%j (8) Probé'voltagé‘

for the floating potentizl, which is defined by the determination
of the probe voltage relative either to the anode or cathode

ﬁhat results in zero currént to the probe from the arc] sesewibed
(e)wmven temperaturesm’wplotted since the trﬁe-

temperature of the coolest part of the bulb is never greatér than

the measured bulb tempeBature and never less than the pveﬁ'%emperature;
(d) The mercury preséure is computed from the temperature on the
assumption that the mercury vapor is in equilibrium with liguid
mercury and therefore determined by the vapof pfasauré data
avAT1A618 " {n Yhv1a" Fatn’ intake’ RiRa b3bE B¥ Chemistry and Physicsm.
Since the amount of mercury used in the experimental tubes was
limited, the true vapor pressure of the mercury at the highest
tanperafuies at wﬁich'eﬁperiments were carried out is probably
“not as high as the computed value. The limiting temperature
~at which the computationss are likely to fail will be stated in .
' the description of each of the expertmental tubes, The above
‘descrihed time curves are presented whenever it seems desirable
to show the chronological performance of a given tube during a:time
cﬂﬁising or falling temperature or during the time that the
arc performance is inflluenced by variations in the cathode surface
conditions time of operation.

It will become evident from the data to be shown that a
1arggF§S£22£Z§ of all the experimental observations were made with
a direct current of 1/2 ampere flowing in the arc. In order to
assist in the evaluation of performance that would have been
obtained had the arc current been higher, a great manxnpharacteristic
curves were taken' in which the opebating characteristics of the arc
were maintained as nearly constant as possible and the current t
arc varied fpom 0.5 amp. to 2.0 amp. The charactebistic curves

4M4mu~hq

present #2 arc drop as a function of the arc current andAt

préobe voltage as a function of the arﬁkurrent.
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: by observing the current that’\ to en auxiliary electrode

_th\ehbs:a.ck_grpund_by wk‘lich‘:mu_ch_ valuabli information cah be obtained
as a function of the voltage applied to this electrode relative
to either the cathode or the anode. This auriliary electrode
_is generally known as ¥ "Probe". In the tubes that were con-
structed; a tungsten wire w sdgj_retched across the bulb in the
manner shown in both the W' the diegrams so that
the arc stzain would flow around the wire with approximately
half of the st#zin on one side and half on the other. Since
the arc. .strad,is circular in cross section, the pr&be wire
could be said to dm lie diametrically across the arc strfeeme/
_ﬂd’ﬁe probe wire was located along the arc strddey at & point
approximately half way between the cathode and the ax:wde. A

detailed and literal examination of the probe current characteristic

as a functiop of the Erobe voltage according to the elementary
. theories ofwe made Gm=bis® subject to certain reserva-

tions, because the theory has not been developed in all of its

details as it applies to high pressure arcs, There can be no
doubt, bowever, that in the broader aspects, the characteristic
probe. curves can be interpreted for high pressure arcs in a manner
similar to ®hat used for. low pressure arcs. -




The main points to be considered are the following:
1. If the probe is maintained at & potential, @ distinctly
negative with respect—i'.tq) the space potential of the arc in
its immediate neighborhood then nb electrons are able to
penetrate sgainst this negative retarding potentizl and there-
fore the current to the probe must remain pra.c}iéally inde-
pendent of a potential applied.&:ﬁtﬁa currentAwill be largely
dominated by the arrival &nd nutralization of positive ions
from the arc strgdwg(y As the potential of the probe becomes
more positive and yet while it is negative with respect to
the space potential of the arc, some of the high velocity

2
electrons have pa:rjectories that intersect the probe surface

and therefore enter the measured current in-the-dirzestien—to
A Thae

decrecseyi&ts magnitude., This—ss=8 potentizl thatic esey—tor

identify s observed,ﬁthe net .cgre?;. to the probe is LT

Cois—potontdal is known as the pdtential and represents

the voltage that must bte applied to the probe so that sb—esek-
dogimmi=—ef=tfime, the number of positive ions arriving at the

" probe is exactly equal to the number of electrons. Owing to

the we&l known fact that the averagre velocity of the electrons

is much higher than the aversge velocity of the ions, the
floatiug potentisal must be slightly negative with respect to the
true space potential in the arc. The amount that the floating
potential is negative with respect to the true ap@ce potential,
is dependent on the energy distribution of the electrons and the
iongs and on th&’;'ela,tive densities. The latter fzctor is of
small conseguenc® because of the fact that in the region of the
arc discharge 4 the brobe is located, the average density of
positive ions must lg{zery close to the average density of
electrons. under investigation, the flozting
potential of the probe 1.3 probably ﬁetween 3 and 4 volts negetive
with reepect to the true arc space potential at that region of the
arcﬁnother factor that must be conssidered in the discussion of




the measured value of the space potential, is the phenomenon

known as "Contact Potential Difference". The point to be borne

in mind in this respect is that in every case the voltmeters

used to measure voltages give information concerning the potentiale
inside of the metals to which they are connected, and therefore if
two different metals or surface conditions are involved, such that
the so-called "work-functions" are different, then the potential
in the space outgide of the metals will be different from the
poténtials on the inside by the amount of the work function, Thés,
if the probe is a pure tungsten electrode with an aversge work—
function of approximately 4.5 volts, and the electrode to which it
ie connected by means of external batteries and controls is an
activated ancde, having an average work function of perhaps 2 volis
or lese, then there will be a contact difference in potential of
approximately 2.5 volts. Aﬁflie true dropping potential between
the external surfsce of the anode and the region in which the

probe is located will differ from the apparent value in the

direction that it will be : volts less than the value measured
when consideration ie not given to the difference in the work
functions of the materials. All of this boils down to the state-
ment that a correction for the contact ji?aifference in poﬁiﬁ&ﬁgﬁl_,
is compﬁrable and therefore almost equal to the difference in
potential between the flosting potential and the actual space
potential, Thus, when floating potentials zre guoted relative

to an activated anode, these potentials in reality are probably
very close to the space potential difference between the Emxremt point
and the arc an%the anode surface. If the anode used for reference
happens to be $ie tungsten filament in a completely clean condition,
then there shoﬁld be no contact difference in potential hbetween that
anbde and the clean tungsten probe, Under these circumstances then
for perfectly anolog&% operating conditions the measured potential

between the anode and the floating point will be higher than the
Eﬁﬁn:&ah

space potenti by the amount already mentioned which is thought

A
to be of the order of 3 volts.




The next characteristic curves thst are of interest have
to do with plots in which the abscissa is the computed vapor
ovelna e
pressure of mercury and the =rdnent is the overall arc crop or

in some cases the floating potential. These curves show the

on/
influence of increased pressure asa the arc dropg=d and ton the

distribution in potential along the arc. Theye also serve to

give a reasonable order of magnitade of the pressure reqguired for

the erc drop to increase by a factor ofﬁﬁa}6§rom an inspection of
-such curves, it is reasonable to reéefin? the range in pressufe

that is considered to be in the class of high presaur;‘arcs compared
with intermediate pressure and low pressure. Evidently the high
pressure arc conditions are satisfied for vapor pressures of 200

mm. and up. Pressures of the order of 5 or 10 mm and lower, to

even including such small fractions of a millimeter as a thousandth of
a2 millimeter aklifall in the class of low and moderately low pressure
arcs. The range between 1C mm and 200 mm is in the transition region
and such aPcs are probably more similar to the high pressure arcs than
they are to the low pressure arcs and yet fall below that range for

T SOOI
which the arc drop doubles with the increase in pressure. Fop—an
oA i A P St ) :
Gmcomplete history”of the arqﬁignavailable, it‘will be assumed that

the establishment of the 200 mm pressure is sufficient to warrantethe

classification of the arc as a truly high pressure arec.

In addition to the curves already described, there are & few
that show something of the time history and emission properties of
activated electrodes purely from the point of view of the electron
emission in the absence of & high intensity of ionization of the kind
associated with the arc discharge,

In the treatment of the data to be presented immediately,
the figures will be identified by their figure number. In some
cases & single figure will represent more than one"run” In other
cases, & single "run" with respect to time may involve a subsidiary
run in which the current is changed. Complete conaiﬁtancy with the
regard to the identification of these "rune" has not been followed
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but in many cases the introduction of the l®tters A, B, C and the
like serve to identify the subsidiary "runs" For all of these
data, the data book serves as the master source of information and
in this é=%s book there are meny remarks recorded that represent
physical observations made in the progress of the "run®. The
descriptioﬁ that goes with each of the figures and will be given
below, reserds & &emps—wprsportion of these descriptive remerks,
but does not necessarily record them all. An attempt will be
made to minimize the attention given the "runs" that prove to

be ofhittle significancé and to give more extended detail and
discussion concerning the runs that are of first order importance.
An attempt will be made to formulate a system of identification
titles so that this report will serve as a useful guide to the

graphically pfegented numerical data.
STANDARD WESTINGHOUSE LAMP CH-5

General Remarks. The stan%sfd Weet inghouse CH-5 Lamp was put

in a circuit #2d allowed ¥=e control of the current to ra;if

from a few tenths of an ampere to 3 amperes. % AC linef 230
=

volte Hﬂwavai.lablei and also tie DC source of the same voltage.

The arc was first operated on alternating current with a

value of aégtz?gzh491n the course of about fift¥ minutes of
operation theﬁ?nttttl voltage drepped d»ewwsd rose from its
initial value:of 20 volts to 27 volts. This operation was

in the nature of & preliminary run to put the arc lamp in a
¥normal" operating condition, Following the AC operstion, eight
runs were carried through, the details of which are shSwn in Figs.
1,'#9 4 inclusive. The outside envelope of the tube was then re-
moved and additional runs up through 20 shown by Fige. through
and including 1Srwere made with the standard Westinghouse tube

in an oven which permitted the external control of the temperature

surrounding the Wﬁa:u%ﬁsﬁw.

. e S g et e i e
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Fig. 1. Runs 1, 2 and 3. Lower Electrode Cathode. 5§td- CH-5

Run 1 started at a current of 1.3 amps, DC and 2 voltage drop of
52.5. The current was reduced m@/ to 3:} amps and held
there for two minutes. During that time the arc drop increased very
noticeably from 66 to 77 volts. A part of this change in vobtage is
undoubtedly due to &n increase in pressure with arc operation and
part of it may have been due to the relocation of the arc stream

on the cathode. The curve-that represents ryn 1 shows the expected

incresse in voltage as the current decreases to come to its highest

value at the lowest current of 0.3 of=ah amp, The drop in potential
b L

at a half an ampere is normal for an arc operated with a mercury Gytgcd;uLxg

-

cesher of 23 300 to 500 mm. Runs 2 and 3 that fdllow show the

variations in arc charactefistic to be associated largely with

changes in pressure.

Runs 4, 5 and 6. Lower Electrode Cathode. S;andard CH-5.
< Are Characteristics,

Runs 4, 5 and 6 show additional characteristic curves that are

typical of operation at different vapor pressures. Superimposed on

the variations in these curves.is probably some change in the overa i
. Qe < o

characteristic that resulted from the : he cathode =&

e L SR

Run 7. Standard CH-5 Lemps Slipper: Electrode Cathode.
Time variation in arc drop current 1/2 amp:.

N&te that for 3-1/2 minutes after the starting of the arc
the arc drop increased in a reasonably normal manner consistent with
the power input to the are;. Very suddenly the arc drop decreased and
associated w%th that decrease was a shift in the location of the cathdde
spoi:j" Mmca of having the cathode spot seated
on & region that is in & suitably high state of activation. The lower
arc drop is associated with the lower power input requirements needed
to get the necessary electron admission. The lower power input resulted
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in a gradual lowering of the temperature and therefore a lowering of
the arc drop. All this can be noted from Fig. 3

w
Run 8. Westinghouse CH-5 Lamp. Arc Characteristic. eJeZRrooU Cdfdwu 2

The arc characteristic is normal and é comparison between
runs 8 and runs 6 show that the a&rc characteristic is independent of
whether or not the upper or lower electrode is used as cathode, so 1l8ng

as the cathode is in & suitable state of asctivation.

Run 9. ©Standard CH-5 Lamp. Qutside Envelope Removed.
THme ruégcurrent 1 Amp.

The outside envelope of the standard CH-5 Lamp was removed,

the tube inserted in the oven, but the oven temperature continued low.

Within two minutes of the starting 6ime of the arc, the voltage stabilized
o/ 7

at 40 volts, and remained there, This isrfypically moderately low

pressure arc operation.

Lowsed

Run 10. Cold Ovenihaﬁ Electrode Oathodei Arc Characteristic.

The arc characteristics shown in Fig. 6 was mede with
a current being maintained &t 1 amp, between readings. It is evident
from the experiment that it is necessary to make arc characteristics
using & specified return point and adjusting the current to the desired
value as rapidly as possible before the conditions of the arc have a
chance to change. Otherwise the points of arc characteristics have
relatively little significance.

Run 11. Oven cold. Time run at 0.5 amps.

After operation for some time at 1 amp. the current was
reduced to 1/2 amp.y the voltage drop observed;sa&f!k is evident from
the figure that the overall drof changes in six minutes’time to

correspond to an arc running at a lower vapor pressure,
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Liowey _
Run 12. Eegv Electrode Cathode§ Oven coldy Return point for arc

characteristic 0.5 amp.

A comparison bdween run 10 and run 12 shows the
influence of the change in the stabilization current of the return
point.

Run 13. Upper Electrode Cathode. Oven cold. Return point for arc

characteristic 0.5 amp.

Thisifigurenshows the comparison between the arc
characteristic run with the upper electrode ae cathode compared with
the lower electrode as cathode, The differences between these two

- curves can be accounted for either by ;23 difference in the temperature
of the cooé%hst part of the probe or by a difference in the activation
of the cathode. '

Run 14. Oven temperature increased} Pimei Constant 0.5 amps; ’TWM
Time_run.

The oven temperature was allowed to increase in ten
minutes' time from room temperature to approximately 180°€, The
corresponding increase in voltage drop is evident./ﬁf

Run 15, Oven at 176° 0. Upper Blectrode Cathode.

A comparison of runs 15 and 13 shows the increase in arc drop
with an increase in temperature. The pressure at the high temper=ture
- is probably in the intermediate range between 50 and 100 mm. The indica-
tions seem to be that the standard Westinghouse tube recuires slightly
higher voltages than the tubes produced in this laboratory as will be
shown later. The possible explanation for th#s is that high cathode
efficiency is more likely to obtain when eéxtra eareis taken concerning
the womonditions used in the processing.

b :
Run t Lower Electrode Cathode. Oven 185° C. Tube wall 350 to 450 ©.

After operation with the upper electrtde as the cathode, the p@®larity
was reversed and the arc dropf# observed as s function of the time.
Although the oven was kept constant, the increased power put in at the
cathode caused the wall of the tube at that point to increase in
temperature. from 3500 to 450°. For the previous run it is likely
that the lower end of the tube was the coolest part and therefore the
part that determined the vapor pressure. Now with the lower end as
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cathode, the vapor pressure increases and the reaciion on the arc drop
is evident. The vapor pressure for this run is probably high enough
EExkakxkns to be well into the high pressure range, that is well
gbove 200 mm,

\
Run 1‘{ qiower Electrode Cathode. Oven 200° C. Are Characteristic

at high pressure.

|
Comparison between run‘;; and 15 shows the upward displacement of
the arc characteristic alqut parallel to itself and largely determined
in ite shift by the theugh: that the vapor pressure is undoubtedly

higher for run &)
1% CaThorle

Run )#. Upper Electrode Besitdve. Oven Temperature 180°.

After operation at the very high pressure,thk® polarity was reversed
and an attempt was made to start the arc., As a result of the high
pressure, it was very difficult to stert and it was only after the arc
had a chance to cool off that the pressure was suitable for st y
The time run shows the new change in arc voltage with a change in
pressure. The influence of the short period of operation at a higher
than the standard 1/2 amp. resulted in additi®nal changes in

pressure.

Run ; Lower Electrode Cathode. OCurrent 1/2 ampere.
Time run immedfately after reversal.

The time run covering 36 minutes of operstion shows the increase
in voltage that accompanies operation at 1/2 amp. and associated with

this is a measured increase in wall temperature.

CONCLUSIONS FROM STUDY OF STANDARD CH-5 LAMP;

The study of the standard CH-5 lamp yielded quantitative informa-
tion concerning the important factors of mercury vapor prassurejsnt'cathode
activity and the influence of these on the arc characteristic. It is
evident that the performance of the CH -5 lamp is not dependent on the
presence of the external bulb if provision is made for supplying an
ambient temperature thet is sufficiently high so that the lowest
temperature at any part of the bulb is equal to 300° C or higher.

Operation with the cathode at the top or bottom of the tube is in itself

unimportant. Such differences in operation that do exist can well be
~=




explained by accidental differences in the cathode activation and the

definite differences in the temperature dis@_riﬁution that exist* under
speesfin® operating conditions.

EXPERIMENTS WITH SPECIAL ARC LAMP NO: 1

Description of the Tube




(To be continued on Page 10)
[Descriptsion of Xie Tube )
It is evident from the photograph that tfe standard Westinghouse

A
electrode is mounted 34 the two lead press at the top of the tube. Halfway

10
down is a t®m mili tungst@n wire stretched diametricelly across the tubee
On the left hand/gildthis wire as one views the picture of Photo 1, the wire

pasges throu.gh a sm=1l opening in the glass wall and is connected to a

Iy bden -
ggl‘éticu;xm Sp" which is supported on a single lead press(and shielded

from the electric disbharge by the pre=s withthe—hole through which the
tungsten wire passes each point—smetd. %1; the lower end of the tube 5

is a threeﬁlead. press of which two leads support a coil of tungsten 4he

axis of—whieh—+® concentric with the axis of the tube. This tungsten coil

o

e
is made with twelwe mil pure tungsten wire by winding ten kim Leaes on to

a fifty mil with a separation between kXimes Emrmesxws turns £ approxt

A
Zo
mately sewesmils. The scale drawing of Tube 1 is so near like that of

64

Tube 2 that the reader is referred I=x to ggp—n 3zmikc for a cross secticnal

diagram of the tu'be./h/

xin additionn the above mentioned tungsten coil the lower end of th e
1.0 WL

tube contains & piece of ﬂ%&w’-"}ive mils in thickness anéd m‘&m

6.0 aw e~
Eg_g;_nmm in area. This ferm is mounted by welding to a very small

Pau tanfym
fztimm piece of. w which in turned is welded to & tungsten rod. The

entire aesemblyrafrranged in such a menner that the Mstrip could be

inserted along the axis of the filament and caused to take up a position

Ju i

there rwhich although th(m was inside/gge tungsten coil )& was not

in physical contact with the co;&'—ln addition to this possi tlle position

the axie of rotation of the strig was so planned that by rotating

the strip it was possd le/igrmg.&e ecclesiesd contact with the tungeten coil,

The resson for this elaborate structure was that it wqs the original Abtentd’
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to operate the arc\t? the tungsten coil/%%ddetermine whether or not an

dppreciable amount of arc stream fcufrent would flowxaxiwm torthe thorium
in preference to the tungsten. Provisionlzzu:ade for the estsblishment
of phieical contact between the thorium and the tungsten) in order to
permit the tungsten to be activated by thorium which ibesfw—iemewn will
migrate over a tungsten surface rather than evaporate from the surdace
if the temperature is below BOOO‘K.

After the tube was constructed so that its volume apuld be computed,
preparations were made for the introduction of a specific quaktity of mermmy
The volume of Tube 1 was computed to be 72 cubicﬁentimeters.'?&ﬁﬂ%%re made
to put in at least enough mercury to bring thé pressure up to 145 milkmeters
at a temperature of 550qg’c377°0l,La¢er experienbe showed that this
operating temperature and pressure was not as high as would be desirable
for the arc to be operzted wnder trul;‘high pressur;’conditions. The

. data reported concerning our emperiments with Tube 1 however indicate many

of the fundamental properties of the high-pressure arc ég§3ggg:%he fact +hat

in all probahlit%aﬁ the pressure did not exceed 200 millimeters by any
L3

very large margin .

A TSR SRS
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The formula given as Eg. 1 ,

i

¢ e
hae been derived and used to compute the weightlof mercury expressed in

grams required to give the pressure P in millimeters of mercury in a volume
“+vVac 2

of ## v cubic centimeters when the last dit- of liquid mercury has been evagporate

)
into the vapor phase at the absolute temperaturel expressed in degrees

; . (X
Kelvin. The method of using this formula iéﬁ@o compute the volumqhhen 48

43 determine the maximum operating temperature and find from the published
tables of mercury vapor pressure the equilibrium pressure found at the

.

specified temperature . When these gualities, all of which are easily

determined are used in the formula the weight of mercury required is

: e
known.te-thc_:%gyizad—aﬂﬂ¥¥BQE The computed value of weight for Tube 1

e e T B AN R g STy
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was 68 milligrams-. A capillary tube was prepared and a determination mede
of the extent to which this capillary needed to be filled in order that
it contain 68 milligmems . In the actual preparation of th#apsule it turned
out that slightly more mercury wa%:ut it in than the 68 milligrams and
therefore the maximim temparatur%tn!h%ﬁg tube could be operated ;and still
have iiquid mercury present was slightly higher than the 550°K used in the %
formula. 1

it

The mercury was prep’ared by attachingnto a high vecuum system
capable of pumping dow® to 10-8 millimem;mll amount of clean
mercury was put in and attached mercury atlll%ﬂg after the system was
baked thoroughly/ in:clud.ing the liguid air:t; and ;11 the pumping ways
back to the pump, the mercury was distilled into the capillary to slightly
higher than the theoreticaliy required depth. The]reaaon for this deviation
was simply that it was not easy to obtain exactly the required amount
of mercury and after two or three tries the & capsule was sealed off under
very high vacuum with 2 little more thanxf® 68 milligrams.

Tube No. 1 was sdaled on‘:to the vacuum ays.tem described above along
with the/ Puggiﬁfary filled with mercury., The mounting arrangement was one in
which the tube prover could be baked at 2 higher temperature than the mercury
capsule and after a sufficient amouht of baknng’irgon at a pressure of
10 millimeters was introduced into the system. Over a pel;iod of approximately
# 75 minuted, the arc was started and stopped a number of times. == ‘he
i l wWer . ao

standard 'Mthode part of the time and m as anode the rest of
the time. wwe standard siEzkriz electrode used as anode, the tungsten coil

was used zc the cathode. h—aﬂw[&%‘;& of one ampere %-‘"’“‘]-‘W“EL a"-Q

the electrodes appeared very hot although the deteide—esd measurement eeaoo!}-iq

v g
temperature wese not fo'lowed very closely. -’!hehtungsten coil cathodelwas

uhguesttonebly very much hotter than the standa.rd]électrode and under this




condition of operation the surface was freed of all activating material Gwe
both . Under these operating conditions the arc drop was high and
therefore the tungsten coil was operating very hot and was under very

severe bombardment. As a result of this bcﬁaardment all activating material
waes removed and an appreciable amount of pure tungsten was sesttered off on:to
the glass wall of the TENE=NerALIAL .

A:fter\this period of operation the argon was pumped out and a new supply
of argon introduced after a vacuum close to a ]J.'I)-8 mm. was attained for the
second time., Following the final introduction of argon mf to a pressure of
10 mm the =xa= a:rc was sgain operated for a very short period of time and the
tube was sealed off mk of the vacuum system in such a menner that the unbrokm@
capsule of mercury was still connected to Tube Fo. 1 .

Subsequent to the sealing off from the vacuum system, a magneticmally
controlled hammer was used to break ’_the mercury capsule and thaf¥ part of the
assembly containing the mercury was inserted in an ovem while the tube proper
was maintasined cold. After a sufficient period of time all the mercury passed

from the hot portion of the assembly into the cold tuhe.ads agg&n-lhe glass 5

7w&s sealed off so as to confine the mercury to the tube proper. The ﬂ‘wnf”‘i

pEEFEUITE with regard to vacuum and sealing off eircumstanceemdiwr were controlled
in such a manner as to give the(_éﬁgrfgg%ﬁﬁglag macuum and to minimize the
effect of impurities t;hat might arise and interfere with the. operation of the
céthode Al After the tube was finiehed nickel leads were attached and the tube
was mounted as is shown for the case of’glbe 2 A’%’goto.ég, Following zhisﬁan
oven was put into place as is shown in Photo.5 and mnapplied as shown
in Photos,6 and 7. ﬂm"""""c"w‘m‘""\gcarere used to determine the temperature at varios
DOLRUR 6% LHE BRIV of vbe 1 Ab Al e vlte s ik hetaineain the

oven tempersture. The report on the runs that follow is based on the recorded

experimental data as indicated:




Fig. 16. Run 20. First Run on Tube 1} Standard Electrod{(}at'hode)‘ Low Pressure Arc.

?This run represents the first operation of Tube No. 1. The oven temp=

erature was low and therefore the vapor pressure was probably =

¥ob more then showt 6 % 107" mi, Imitially the cathode wen ndic

in a good ;tate of activation and the voltage drop over the tube

waeg abnormally high considering the low pressure condition. TH is

high voltage drop resulted in heating of the cathode kxoxkxmmmiy

enough to improve the activation;&ndﬂs the ca’_chode spot found

better and more activated region for operation the voltage

dropped from 66 volts to 40 and then finally experienced a

sharp fluctuatior and a final voltage és low as 33 volts as

observed, Associated with this change in voltage the temperatwe

of the glass in the immedizte neighborhood of the cathode

showed a v-ery meaeﬁrable decrease. Also the appearance of : the

cathode showed the effect of,\d.ecreasing temperature‘? associated

with the increase in_ operation efficiencEy because of the

more favorable m the cathode. This run showe®

the importance of the cathode activation e;zn though the

pressure in the a.rc 1;- so low that this arc operation can ywj"
.

_m be classified a.s;high pressure"arc et

Run 22 amdxx&. Low ?ressure}Standard Electrode)'.&rc Characteris<tic.

The arc characte‘ristic curve shown here csn be compared with Run

12, Figure 8, Results indicate th=t under lbw pressure conditions

—toe
=roup 1 1is very similar to theﬂta.ndard_WestinghouseX% CH-5“CI»\M .

Fig. 18, Run 23. Special Cathode? TFirst Operation: Low Pressure ArchTime Run.

After reversing the potential on the tube it Wpcossible to start

-d,._:. anc. F
or about

-ant fairly easily with the tungsten coil ae the cathode,

four minutes of operation’ the drop in potential over the arc was

low, the temperature of the cathode very moderate and the are stream
concentrated on a region near the coils gir where cold contact with

e i




the ‘thorium had taken place during the time after the tube wae‘com-

pleted that a check was made to find out whether or notr the

movable thorium electrod%as operating satisfactorily. The
operating conditions at the time of the first étriking of the

arc to the tungsten electrode was with the thorium completely
removed from the coil and not connected ¥o the conducting circuit.
After about four minutes of operation the arc suddenly shifted

and the current went down and the xmm voltage up with the result
t!:zat all of the activating thorium was sputtered off of the
filament and operation became that fharacterized by a pure tungsten
surface being the cathode. It was obviously necessary for

the temperature to increase very considerably and the overall drop
in potential ’rose as is indicated. After a total of 12 minutes of
operation the arc was turned off beczuse the tungsten waa\spu;:tering
over onto the glass wall severely and it was desired to find out
whéther or not ¢he operation in the reverse direction had changed
from normal. (See Run 24.)

Run 24. Standard Blectric Cethode! Time Run at 0.5 amps |
Immediately after the operation described as Run 23 the polarity was
reversed the arc started to the standard electrode as cathode o

ft turndlout / %Ea operation of the arec M still normal.

S
Run 23A, Aggc&ﬁ%.rgg hode t?eactivated. Low Pressure Conditions.

Only a few points on the arc characteristics were obtsined on this
rumi% compsrison gvg'b the single point before the deactivation
describegérabove took place, gshows the big change in the overall

voltage. Tirsheattddeisr
Run 2448 Standard Blectrode. Arc Characteristic, EpwmrxRun 23k

Power run 23A, 24A was undertcken bud show‘that the arc characteristic

using“.he standard electrode ha&not changed appreciably.




Fig. 2#. Run 25. Special Electrode Cathode! Low Pressure Conditions.
' Are Characteristics.

An are characteristic taken at this time shows that the activation
of the tungsten did not come from the standard Hekradm eRectrode,
Cnl\g !
but must have come from the contact with the s¥rimxsfxtkmrium.
movable thorium electrode., Cathode operating temveratures are
shown and the indicaztions are that the cathodew very hot.
T Toinpradone wed 4
Ain the neigh‘oorhoodﬁaf 2000 C or higher.
Fig. 22. Run 30. Special Electrode Cathode. Variable heating current usedy
to determine influence. .
At various are current values from 0.5 amps to 1.5 amps. the heating
current through the tungsten coil was varied. Thsﬁndications are that
with the higher heati ng current the overall drop in voltage “ﬁk}ees,

$ince the operation # still at low pressure, this ic relatively

unimportant a;thaugh-a;—%hat—tt—shnwru@—a%-any—eémef¥55*§
“$avestigoted—

Fig 23. Run 31. x®k=nd Spacial Electrode. ILow Pressure? Arc Characteristics
Four amp. heating current.

The arc characteristic taken with a 4 amp. heating current shows thsat
the voltage drop is definitely less; but the actual observed
cathode temperature is still higher. The maximum value recorded
was brightness temperaturexwas 2270°C.> The actual temperature
was probably at least 2400 G showing the very high temperature
necessary to give the current when the tungsten is not activated
in any way.
. Sl

Fig. 24. Run 32, Studies On Influence of Heating Currénts fer Arc Drop.

Note 1§x§§53’ih the data book of & development of é hot spot which

finally resulted in the bresk of thé filament.

Fig. 25. Run 33. Special Electrode CAthode. Pressure Low.
Probe Charzctistie.

The probe wire was connected into the circuit*.inkucp a manner B 8§




to record zemrreekily directly the voltage of the probe wire gelativé

to the cathode and the observed current was resorded. The,Acha.rac’-c‘eristi c

could be considered tc{be normal with a relativley consant current

tojthe orobe when the—probe was dmfimitiEy definitely negative with
YMUIAJ‘qukgkfENFILAZL$JTt21AAJANLG
respect to the spzce. m’\a rapid\%in probe current—bt.d—

indicat.hd wxEx the presﬁence of electrons. During the time c;f

= 4
the operation )the '\cathode #x sputtered awsy and the;’fz?x{ﬂ

cothode hosting circuit g opened up leaving just a small amount
of tungstenA:a%ode at the top, and about seven or eight
turnsbelow. Ad#x A detailed analysis of theln&xm;;;%e
characteristic was hardly werranted, g;;‘é yet it les fairly
evidentt:v\u-ith an overall arc drop of a proximately 63 volta)
51 vobts of the armw’e(e—n the cathode and the probe
Wapproximately 11 volts, Jiﬁ the érc drop between the
probe and the anade. Thisl\indicates that something thxzk
some¥hing of the order of ten or eleven volts is the probable
arc stream drop in potential.é for half the ‘f‘eﬁt of the-are.
A rough computation of the electron ten@erqture gave it ds

15, 000 K.

Fig.+26., Run 33. Special Electrode. Probe Charscteristic a.nalyzed for
Electron Temperature. -

The analysis of the probe characteristic was quite unsatisfactory
because of the changing conditions near the cathode. It sa~

T 4 . .
@-G'WAL-Q? ‘p=#isSto estimate however from sast the data that the electron

! 22
temperature aataWfl provably of the order of 15,000 485,
] %




7 L 3 Lo |
The fact that the--arcr-Wroiatively 4 low pressure £f¢ nekes the

importance of thwﬁata small,

Ran 34. fpecipl Fleckrodoms 0pgnclizeniliedn.drg,to Top of Coill
The time run over which}he oven temperature rose go%oom temperature
up to approximately 300° shows thais,t. the voltage drépped instead of
increas% as might have been expected. The maximum pressure was
probably near 200 mm. of mercury. The floating potential of the
probe is also plotted as a function of the time and showeﬁby
computation that the drop of potential betweeri’:grobe and the
anode increase& with “pressure, while the potential drop bgtween
the cathode and the probe decreased with pressure. This decrease
with pressure resulted from the increased efficiency of operation
and the arc became more concentrated. This\s the first example of
the anonymous behavior of imerxezsimg decreasing overall voltage
as a result of increasing pressure. The explanation of this
phenomena is to be associated with the operation of a deEdFisssst
o™ nonactivated tungsten filament as the cathode.

Fig. 28. Bun 35. Pressure Approximately 250 mm, Arc Characteristic.
A short xmmx range 1in the arc characteristic was studied
in this tube at the highest pressure at which it was operated.
The results show the normal sort of. charécter__istic) with additional
detail concerning the characteristic of the probe to anode and probe 'to

bcathode potentials. W

Fig. EYA.Rtm 36, Standard Electrode as Cathode: Pressure 60 mm; &umt 0.5 amps.
DLemewil Frobe Characteristics. 2

Previous ekperience indicated that it was/ggsgeasure probe' characteristics

relative to the anode rather than to the cathode because theacenditione

between the probe and the anode remained fairly constant while those
between the probe and the cathode are very dependent onlthe emission

propertf” of the cathode itself. Therefore for all probe measurements

unless otherwise noted in the future the zxEX¥ actual applied voltage




MW

will be relative to the anode rather\than the cathode. The couni_.

is observed #ben aéa function of that voltage.

Run 36A. Conditions Seme as 2PA EBExplenstion—o=FollonR.

& This figure isF.n expanded portion of %( %A
Run 36A:  BopdihigasstiteRontaeGerbegREl thntc andi Frot 1o

W  The logarithmic plot to determine the electron temperature A0
decidely more satisfactory for the conditions found in the tube
for run 3%6A. Pressure W’d/e’finitely higher i# neare® 60mm. a‘
Teoo® War °
‘/E;e electron tempe atureﬁh: defingtdy lower{,#n..—.ﬂ.uﬁﬁﬁbz-. ﬂ\'l.
drop between the tungeten probe and tungsten anode seems—to—he ‘ieo-o
spproximately 8 volts., The arc drop Sveregas=mbemt between the
cathode and the probe seemdLo be about 23 volts. On this basis
the cathode fall might be estimated at 15 to 18 wvolts. A
reasonable order of magnitude for the cathode sheath might be
taken to be about faurxif® 4 x 10’4 cm. Under these circumstancesl
t#=w the average electric intensity in the neighborhood of the
cathode would be 40,000 volts per centimeter. In the presence of such
a strong azccelerating field for electrons, there is a great intensification
of fix¥ed field as the individual t‘-&nusu approach the erctr;de and

therefore it is not at all unlikely that the electric field near the

surface of the cathode could be estimated at near 1,000,000 volts per

MM s elecli e :
centimeter. This question # #® intensity Gxthe cathode will be o
WM

important in all of our thinking and will be important in/{:he application
cc 3 N
of @aww&%. onstantmusually published essentiz¥®y for zero field,

Fig. 31. BRun 76. kSxam4¥ Standard Electrode. Time Run for Arc Drop and Probe
Potential,

K Figure 31 is a composite of}sany curves showing observations taken as

a function of the time. The principal curves of interest are the overzll

: arc drop , the computed vapor pressure, and the probe potentisl. The
main poin interest might be said to be the sudden transition which

is shown at#%%%/ 7:46 p.m. at which time the arc shifted in position




~.on the cathode and at the same time a very noticeable change
took place in the overall drop and in the drop in potential
between the cathode and the probe.

Fip. 32 Run 36 b. Standard Electrode Cathode. Pressure 20 mm.

Arec Characteristic. ‘AJJﬂ{i;wli

Some é:;;;é characteristic curves are shown XKEXEXEEXNE
$howe seem to be of little tmportance. .
®¢ TFig. 33. Run 36 c¢. Standard Electrode. Presure 310 mm. Arc
Charateristic.
The expected increase in the characteristic
voltages as a result of the increased pressure are evident.
One indication from the data shown seems to be that over the
range of pressure from 20 to 300 mm. the cathode fall seems
to remain relatively constant while the change in arc drop
in a case studied involves a change in the arc stream itself.
rather than a change at the cathode.
Fig. 34. Run 37. Pressure 225 mm. Standard electrode. Arc
Characteristic. :
Indications here again show the influence of
changing pressure.  Nothing unexpected.

Fig. 35. Run 37. Special electrode cathode: Thorium inside?
‘ fime Run. §
' At this stage of the measurement the tungsten Cu}txét
f4be has become separated leaving a small pilece of tungsten
at the top and the main body of the tungsten at the bottom.
The thorium was inserted into this tungsten coil and even
though it was not possible to heat the coil by passing current
- through it, the contact between the thorium and the tungsten
permitted activation of the lower tungsten coil. The axper
observations shown indicate that the arc drop is very low avaL
af the order of 27 volts when operated to the activated coil,
whereas when the arc operates to the small tip of tungsten
out in front of the coll which is more nearly clean tungsten,
the arc drop is very noticeabiy higher. These points are




illustrated in this figure.

Fig. 36. Run 38. Activated Tungsten. Time run during increase in
pressure.

‘ After the oven was turned on, the temperature was
allowed to rise until the maximum pressure was probably near
200 mm. The arc was running to the activated part of the
tungsten coil, and the arc drop shows an increase in voltage
from 26 volts to 56 volts in the range from a relatively
low pressure up to 200 mm, indicating that the 200 mm
point is generally consistent with the definition of high s
pressure arc having double the initial drop. ariation f 
in the floating potential is also shown. A :

Fig. 37. Plot of milligrams of mercury in capillary used for the
production of tube number—twe.No 2, No wwpeTamcr .

Fig. 38. Plot of thermocouple emf readings using the new thermocouple

wire.
The thermocouple readings obtained as a function
of the temperature using the new thermocouple wire ggttenc(LC{L;u‘ﬁ
from Prof. Keyes shows variations of five or six percent
that are largely random and are centered reasonably well
around the standard values expected fpom this material.
The indication is that the standard values will be suitable
for use since these fluctuation values as shown on this chart
really represent deviations from the intended temperature that
£§7ckh(*__ resulted from convexion Emerns and other disturbing influences.
FiEF=37 RRIUGRX CONCLUSIONS DRAWN FROM EXPERIMENTS ON TUBE NO: 1.

o) Inspite of the difficulties encountered in the use

E%;ﬁ;/if+ of tube htmbeékhne, a number of conclusions were supported by
these experiments. Some of the points established were

as followigl)It is possible for us to build an arc discharge
tube using a tungsten coil capable of activation by thorium
and using a standard Westinghouse electrode. The operation
of this tube in the direction using the standard electrode
as cathode is very similar to the standard Westinghouse tube.
2. The performance of the arc dependé%g on whether or not
the tungsten coil is activated de—deeidediy—difrorent e 4n

the—é&rec%ien~thﬁt14;ttvation brings about a great reduction

b




in power input f;{ a given current and témperature operating
condition. p3.7nlhe tube as constructed it W#) possible to

activate and deactivete the coll at will depending on the cycle

of operation used,jfhn The usefulness of the Lamgnuir vrobe
electrode has been established for the determ?nation of approximate
values of efeetee-energy distribution and space potential.ikﬁ;
Operation of this tube was so satisfactory 4hat the relativéiy
high oven temperatures used, that the design of tube Ho. 2 will

be made to conform to the requirement of having a range of still
higher pressure than the 200 mm provided for in tube No 1.

EXPERIMENTS WITH TUBE NO: 2

Degcription of Tube No. 2

For practical purposes, the eonstructional features
for tube Ho. 2 were the same as those of tube ﬂo. 1. The
movable thorium electrode was designed to be inserted into
the tungsten coil and all essential features Wtid the same.
in these two tubes. The amount of mercury planned for use
in tube no. 2 was raised to 330 mm.“@ﬂthis amount of mercury

and a net volume of approximately 100 cu. cm. the pressure
that shonid=be obtained at the temperature of 347°C wél 636 mm
of mercury. This pressure maximum\ﬂ!ﬂat least three times as
high as that provided for in tube ﬂo. 1. The processing of
tube No. 2 was similar to that used in the processing of tube
Ho. 1. It was evident during this processing that the operation
) bf the are to the deactivated tungsten coil at low pressure
resulted in the spHttering of a good deal of gungsten over onto
the glass wall. Care wasexercised not to get any more of the
tungsten deposit on the glass wall than was absolutelz necessary
consistentwith suitable vacuum treatment needed &fhe tube
tcsbe stable in its operation. Photographs of tube Ho. 2 are
evident in Photo 1, 4 and 5. The following descriptions efe
the figures available cover the studies on tubﬁhi. Fip. 64 is
a scale drawing of this tube. :

Run 39. Tube No. 2 Standard Electrode Cathode. Time run.
The first time run of tubexﬁ is shown in this figure.
The arc drop is normal for a reasonably well activated cathode




COansl

Fig. 40.

Fig. 41

13&4Ltfore‘easily removed. The arc zshowed that it Hig,c

1k,

when the pressure is low and as the mercury pressure increases
with the temperature of the oven the arc drop increases along
a curve which is more or less typical of all such operations.
At about 8:03 p.m. there WM a marked change in the overall
potential which was observed to be definitely associated with
a shift in the location of the cathode spot, and since this
change wid in the direction t6 lower the voltage it is evident
that the new cathode spotﬁﬂﬂimla more favorable state of
activation. )

Run 39 A and 39 B. sStandard Electrode as cathode!
probe charcateristic curves. Pressure 180 mm.

A The characteristic curves of the arc operation in tube Mo,

2 using standard electrode WO normal. '

Run 40. Tungsten coil as cathode. Rim¢run.

This figure shows the first run made with the tungsten
coil of tubgf% as cathode. It startqlout at a relativelgvlow
pressure, probably near 100 mm which putﬁ the arc in the class
of intermediate pressure. The arc drop vitd low and therefore
indicateduthat the tungsten coil is-startdubrout in an activated
condition. The source of this activation WM the thorium which
in the course of the testing of the tube made co&dacontact
with the tungsben. -Such cold contact with the tunesten Felesud:
enough thorium from the samplel to cause the tungsten to become

e < -

Arc and

ac:tivated.ﬂr :
oncentrated

and in those parts of the tungsten coil that were most easily

activated by the pRENEXANHEAXRXEAX cohﬂ,contact.jﬁin the course
of time of opération, the activation of the tungsten diminished
because of the migration of the thorium and the splttering of

the thorium and therefore the arc moved around from colil to coilg
L] - : 2
’/fﬂé history of Qﬁ%gﬁﬁiaanote& in %he data book. Some changes

in arc position resulted in such a rapid evaporation of the
thorium, that the arc voltage rose abnormally rapidly, but when
the arc moved to a new position where the thorium present was

in higher concentration, the arc voltage waenld suddenly decrease
The range of pressure studied went up to

The plotted variation in floating

in overall value.
something over 400 mm.
potential indicated that all of the variations that were




Fig. 43.

Fig. L.
Fig. 45

Fig. Lé6.

15.

observed in overall voltage took place between the tungsten
probe and the tungsten cathode.

Run 40 ,4 Tungsten partially activated. Arc characteristic.
Pressure approximately 470 mm.

The tws points on the arc characteristic were
determined that show the normal behavioup of this arc as a
high pressure moderately activated cathode.

Run 41. Thermionic emission from tungsten coil to thorium
electrode.

A number of measurements were made concerning the
thermionic emission from the tungsten coil as a function of
the temperature and of the voltage difference betwe%EL}h. coil
and the thorium electrode,whieh=was fOr these measurements’putl
side of the coil and servtié simply as a collector of the
emitted electrons. The intention was to see whether or not

“the history of activation could be investigated and the

state of activation determined_by the electron emission.
In any such measurement of this kind in the presenéeof the
gas one can expect gas discharges to alter the true thermi#onic

emissionn observations,end his“was found to be true in the

~course of the investigation. The other figures in runs

that have to do with these studies will be described only
in the briefest possible way. Indications in this figure are
that gas discharge phenomena become strong as the voltage is
inecreased. "T_k4¢L;va;4rVLLc. LI A
Runs 42 and L43. ¥ﬁ§¥me}\sh0wn for two different heating currents.
Run 42, The tesdfor space charge effects.

In order to determine whether or not the rapid rise
in current was simply due to the space charge, the current
to the two thirds power was plotted as a function of voltage,
since the chrremt wWas convex downward,.maw:me direct indication
that a gas discharge was taking place.
Runs 42 and 43. Plot of current to the one-third power.

A plot of the current to the one-third power shows
very nearly straight lines, indicating that the current
in this example is going up with the cube of the voltage.
Nothing of any importance can be attached to this experiméntal
fact.
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Flgo Wolr Riufis 42, hh‘and 45. Evidence for deactivation.

The three curves in this figure show the state of
filament after various heat treatments which progeessively
deactivated the filament and therefore caused a very large

(S4kwi)reduction in the thermionic emission “‘pt a given temperature.
Fig. 48. Runs 39, 40 and 48. Time runs convered to show pressure effect.

In the runs taken prior to this one, the time has
been blotted across the abscissa and the overall voltage
or probe voltage was plotted along the ordinate. *It is
evident that if instead of plotting the observed data as a
function of the time it wére plotted as a function of the
computed pressure, we would eliminate the irrelevant
variabley the time}and expresé?;esults with respecf
to the important variable, the pressure. Of the three sets
of data shown here, two are taken with the tungsten coil
electrode and one is taken with the standard cathode.

It is evident that the floating potential curves are quite
reproducable. _
Fig. 49. Run 46. Special cathode. Low pressure operation. Time run.

The time run shown here was for the arc in a low
pressure condition. It started out with a low _arc drop but
increased very rapidly as the thorium wa§h£§§§a§§333ff ofﬂhhe
tungsten.

Fig. 50. Run 4Y¥. Time run after cold contact activation.

Fbllowing run 46 the experimental data shown on
pages 20, 2% to 23 incluslvg;fék?éw some scattered arc
stﬁdies and an investigation of the thermionic emission from
the : ilament. The evidence there simply points to the fact
that;theuﬁi&gﬁgnﬁhgﬁﬁbaf;%;deacﬁfyated state and sf£tsr mak&hg
cold contactn?aSsia—aa improved’state of activation.

Run 47 covers a time period during which the vapor pressure

was still quite low. It is evident however from the data shown
that the filament became activated as a result of cod contact
and that shifts in the location of the arc skspot show expected
variations in the overall potential as the arc moves from

one spot to another, depending on the activation at the spot

on which the arc is operating.
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anc :
Run 48. Time run. &kort with high pressure operation.
‘ Operation of the arc st13 showqidefinite signs

of the previous activation.4k&nitial voltage &/ about what
"could be expected using a partially activated cathode.

As the temperature inereased_and therefore the vapor pressure

increase&, the voltage drop increase&.desiﬁitéty.

Runs 50 A, 51 and 52. Thermionic emission as a function
* of heating current.

A W, éd@e measurements were made using a constant :
exhilarating Xoltage to the thorium electrode as an electron
collecfggjyaltage L5 volts. Subsequent experipments. :
showgthat this voltage W too high to have W
gmission‘-h§W§#§£,'E%e emission observed did depend very
definitely on the heating current and the results are shown.
The ihdications are that once the filament is activated by
cold contact it holds its activation over considerable periods

of time, in case 1t is not mistreated in terms of excess
temperature and ion bombardment.

Run 53. Time run with increasing vapor pressure.
The time run shown here gives the voltage drop as
a function of the time and also records the pressure. The

performance of the arc is normal for a moderately activated
filament. The presspre data are computed mmrxkhex from the
temperature eveﬂTFEﬁEie temperature increases above the 1limit
for which mercury would be expected to be in the liquid state.
In all probability, the pressure did not reach Gnszéﬁgéégad mm
as is indicated, but did not rise above approx. 700 mm as would
be consistent with the amount of mercury inserted in the tube
at the time that it was produced. (iﬁk r:"'a £5)

The time run shows a normal increase in overall
voltage as the pressure increases.
Run 53.and run 54. Plotted voltage against pressure.

This voltage pressure curve shows a normal rise in
voltage as the pressure of mercury increases and also shows
a rise in prdbe floating potentiél at the same time. Note
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the fact that at 200 mm pressure, the probe floating

potential has risen by approx. a factor of two and the same

is true for the overall arc voltage. The flactthat runs 54

and 53 are so near alike is an indication that the data are

reproducable when the condition of the cathode remains rea#

sonably constant.

Runs 57, 57 B, 57 €>and 5'7@. Voltages as a function of pressure.
The curves on this figure represent four funs made first

with increasing pressure, then decreasing pressure then increasing

again and finally decreasing. The interesting point concerning

this operation is that the curves with increasin resgure lie

below the curves observed with decreasing prgﬁgﬁigg;zﬁggre are

Az possible explanations fa' this effect, znd it’was_npt £ /¢o£ii;;'

~
feasible to detern : . ot - Es—the—Fe

One explan#&tion 4whie : mpler bu Xﬂ - b, is
that the thermocouples used to determine the temperature of

the coolest pErtﬁ'of the bulb were not located at the point

that wasﬁpgolest. but wepd located at a point semewhet—warmer
thap—+the-coolest part—of the bulb. JIf such wer8 theeasey—then

thrermocouplte—and—the—eoolest part of the bulb might be Jiffonensd

e. ﬁﬂ, other

explanation may be that the cathode actually undergoes a
gradual change, as the arc becomes more and more concentrated
and as a result of that change, it could‘become less active
at the seat of the arce

%mm wertd—resudii—dm a steeper increase in voltage ™ would
esmemwize take place. During the decrease in temperature, the
seat of the are spreads out Qinds itself on areas that are

less active am@x until A IAﬁf‘J“b7 . o \({n.¢‘(_

O WY

ac
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js further evidence to indicate that the pressures computed from thermocouple
4 o ‘m 62.[*0-(,.-{

readipgs were not exactly right. Therefore it is not like that
o~

|

. I

The additional fect that the probe measurement shows a systematic displacement !
|

\

s may play some part in the determinztion of the results that were

observed. In the data book there is a reasonably complete record of g parti- 7

iy ov Cnnad o F - e - SAhdeoe
culanéite;mheaute¥mﬁkthat seem be accepting the arc ss—being the most 25 |
—ove
favorable parte of the tungsten coil for gemissicn. As the pressure changea(w

the most favorsble coil changwﬁ.from place to place and associated with many
of those change;{::SLEefinite changes in the overall arc drop.
Fig. 57. Run B7A. Arc Characteristic at pressure of approximately 680 mm.
The characteristic curve for the arc at this high pressurE\Miaquite normel. .
The probe characteristic is also shown
Fig. 58, Run 61 and 63, Filament Activation Studies.
}T e sctivation studies shown in this figure are rather random &and not as

well organized as would be desirable, indicate the very definite increase

:
in thermonic emmision observed following & systematic activation with the fila- '
ment in contact with the thorium and the filament hot enough to permit thorium ;

E

migration over it. A test was made that showed that the electron emission under
high pressure conditions could not be measured, but that in spite of the in-

erease to high pressure, and then the fo.:llowiﬁ decrease, the femissiop TO- '
j e » P i

perties remain’reasonably constznt and the pr e

Zdo v oClle cleeon T P R e -~ 'c‘.lo-r,-;m Muq-p({ )
ey T electrons could pas: rqa?jiy*frumfﬁﬁg;ftIEﬁEﬁf*f3;tE%;?:é%geﬁ?n&_elachznieTMF§L”LJ |
- R - ool CO—e—~ L LD Lswr e~V - |
: A s namelﬁhe ~theri-mmihmﬁ141mﬁe_hdmmmw' i

Fig. 59. Runs 63 to 69 inclusive, Addition Electron emmisions. !
It 8 found by observietion that at voltages above 15 volts, definite
jonization effects ldt{apparent. This explenation of increzsed emmision in the
presence of the ionsis consistent with the ionizetion of argon, whichﬁ%@@ﬂ:t—»4‘€bﬁ=
,gﬁ?an jonization potential of 15.68 volts .
Fig. 60. Run 67,¥¥X 68, and 69, Electron emmision as a function of heating current
The runs shown in this Figure were taken at 12.2 volte, 13.8 volis and
! 6 volts. Both runs 67 and 68 show the effect of gzs in the tube, when the cura
rent exceeds 10 microampheres. The generation of & very weak gas discharge
is very evident and results in a very large incr-ase in current, with & very

small increase in temperature.
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Fig. 61. Run @70. Activitated Tungsten Coil Run. Increasing and decreasing
temperature,
The data shown are agsin plotted as a function of theﬁpercury pressure,
It is evident that the observed pointe are not strictly reproducible, as the
eurrent is 1ncreaséﬁ and decreaead. Again this lack of reproducibility can

be associated with some inaccuracyPn the exact determinztion ef the #;Q;:E?Gﬂja e

atureof the coolest partof the—buld. A comparison may be mede with run 72,
which shows the quality of the reproducibility on the rising characteristic.
A comparison may also be made with Figures 48, 55, and 56, XEXEFHFEXEZ i
Fig. 62, Run 70A, Arc to top turn;jzungsten electrode, pressure 665 mm, fuh?]}euu;bdﬂ“dAing
The arc characteristic is shown for the high pressure operating conditions
 znd also the variation of the floating potential with the arc current is shown.
The characteristics are normal, and allow for extension of data fram the
one=half ampere value to the higher ¥alues of current. Also on Fig. 62 are
the emmision data tzken with the tube cold and the thorium electrode at 10.7
volts. The comparison with run 60 shows that some activitation has remained
on the filament.
Fig. 63, Run 72, Activated Tungsten Cathode.

Run 72 was made at 2 very much slower rate of increase in temperature

and therefore is apt to be a more accurate representation of the perfoVfmance

&
of tubeAEl as a functioh of the pressure of the mercury. It is very evident ‘§§?
that the drqpqﬂwlswer et the higher pressures of gas, than previously ob-
served. In most cases as the pressurevﬁ increased, the arc concent.rate.( on : %
such a small portion of the tungsten filament that the thorium which ha‘-been
caused to migrate to that point becgme so severly bombarded that it Wrather
e=sily lost. In spite of this loss in thorium, the perforﬁance of the filament
under conditione shown in this Figure,\ﬂipthat of a reasonably well activated ;S
tungsten cathode., EERAFFEXXYREEFHERABHEXBEVYhEYFEFBEFREREBXBIXENENEHREY YEEARYX |
BEEYEBY EBREXHAEY EEXEXEREX PHRAERER Y XXX EBEFEXTEHXIEY (notes elsewhere (aﬂ-‘b
Fig.b4. Scale Drawing of Tube No. 2
The scale drawing of tube No. 2, is shown in this fisure along with most

of the specification: details

(more figures)
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Additiongl notes to be incorporated with Fig. 63,

The datea represented in this figure were taken on the afternoon of
October 3rd when the following observers wer%visiting the laboratory.
These were Dr, Leub, Dr, Dsnzieger, Dr. Anderson, Br. Huber, Mr. Johnson,
and Professor K@fes, After the datz were taken as shown in the figure
andt attempt was made *o cause the arc to transfer and operate direcﬁléto E%;
the smz=11 plece of’#?ﬂﬁiﬁﬁx that was left on the thorium subpport 5
On the morning of October 3rd, the main body of the thorium electrode broke
off leaving a tip of thorium plenty large for the operation of the arec, but
too small to insert well up into the ¢ l,of'tungsten. Experience now shows

Anai st KL Ao Tk

that even had the thorium been tz.th tungsten, but not in contact with it,
the arc would not have run to the tho 1um.&“hpﬁéé given every opportunity
possible to run to the remaining piece of thorium which was near the bottom
part of the coil in its position. The circuit was even changed to the extent
of makingJéJbiece of thorium 45 volts negative with respect to the cathode
itaelf,J:angﬁgigrc would not transfed from theigg?gggimover to the thorium,
The first attempt to mske the arc transfer over to the thorium was done while
the temperature was quite high, and therefore the vépor prescure was quite
high. Since those attempts were unsuccessful, the temperature was lowered by
opening up the heat shiﬂhi_on the oven, and very vigorous efforts. including
the use of strong high voltage spark all failed to cigiakﬁhe arc to transfer
to the thorium . Finally the arc was turned off, andﬁphe thorium connected to
the cathode part of the circuit, wikide the tungsten coiL* which had been prgubd;

viously available as cathode was connected fira% OOO ohm resistance, and of
e tha Avede +ZA30 ‘d\_“ aveo T uwa .tj..l."ﬁ-mw’a:r
later to a 100 ohm resistanceh m‘fhe idea of weime u as a starting electra&ie, |

In every case,tin spite of strenuous efforte it was impossible to generate more
than a low pressure glow, around the thorium electrode. The axperimentsFith
tube No. 2 were finally discontinued without a successful transfer of the arc

to the thorium electrode.

N
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CONCLUSIONS DRAWN BASED ON THE EXPERIMENTS OF TUBE NO: 2
The experiments with tube Mo. 2 contributed much in the way of addition-
al infomation to support observations previously made in éonnection with tube
No. 1. The results of experiments up to this point might be summarized as
folloyé?i.ﬁperatton of the arc to the activated tungsten electrode is far more

eéfficient and very much more closer to the peformance of the standard electrode

; onl tungst::ennisthoriu::\%.g:/
also thorium oxide and fungsten
2. ZL earioments adocodetle ¥
4 “’4é35"<'*‘*fjf:f —;:Zfi;/bfb —_Zfi;n_n ::Z:ZZé;>71//

: —"1>’7'zf{3f7>1445#— Lo z’fﬁ;zfyp—c«“i—’
LA g /7/ I

/Q@QW@.“\*@L%M

U< u/4f;3'<—L}b Zf:L4/1/;Z/ﬁzaewt_éld:jzfi:;’n,/t_a is -the result
ma

of higher heat conductivity to t in bulk of the electrode. whereas when
the arc is running to the isolated coil of activated tungsten, the heat

<57
- absorbed under the iroa bombardment raises the temperature of the coil to a

higher value &n order to dissipate the heat.

3 F%V‘CTAMLL{:&1M‘$jIJﬁU4 et »

(see page 21A)

0 Auxiliary experiments in which the tube was operated with the
standard electrode in the upper position and compared with its operation
with the standard electrode in the lower position shows that the conditions
are the same within the acecuracy with which one can measure. Therefore the

fact that most of the experiments described have been with the special

electrode in the lower position and the standard electrode in the upper
position is of no consequence.
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(insert for page 21)

3. For equal conditions concerning mercury pressure and tube geometry, the

higher the efficiency of the emmision procees at the cathode, the lower the
overall arc voltage. Thus it is generaly true that at a given pressure the arc
voltage ¥HHNIHE when the standard electrode is cathode, is likely to be slightly
less than that found when the activitated tungsten is used as a cathode.

The difference is small and the main evidence for bélieving that the stendard
electrode does not operate as a simple activated tungsten electrode,

S ——
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.E In order to establish rather more clearly the wuestion as to whether
or not the interface between tu gsten and thorium and thorium oxide plays
the dominating part as seems to be indicated from these experiments.Fube ﬂo.
3 which involve& radical changes in the design of the test electrode has=kesa (,{M%ﬂ(
planned. '

INVESTIGATION OF THE PROPERTIES OF TUBE NO: 3 MADE WITH A
SOLID THORIUM ELECTRODE ATTACHED TO TUNGSTEN:
Description of tube. Tube I*o. 3 will be described with the help of the
phot ographs shown as ghoto aﬁn and Bhoto ee. It is very clear fonm
these photographs that the upper electrode is a standard Wesfinghouse cathode auvd aate
o 5{:.»50. e

ik f  there is tiewe a etarting electrode.\ 4fde there Ye the tungsten
—

filament wire probe used for the determination of the floating potential

and the space potiential in the neighborhood of the middle of the are.

At the lower end of the tube a coiled filament shows and in this case the

filament is at right angles to the axis of the tube instead of being parallel ®

it. Just over the top of this filament as is very clear in photo 3, is a

strip of tungsten €foil. This foll ies in two parte, of which only one side

shows in the phot-::graph, $Bince it is somewhmt in the form of a“sandwich“

with a pilece of thorium welded between the two pieces of tungsten. The

thorium piece is not guite as wide as the tungsten and shows in the

picture as a piece of metal just above the tungsten support. This plece of

thorium wae-5 mi]Zs in thickness and 4 mm wide‘?axtends about 3 up above

the tungsten support. The tungsten foiluhd welded to a tungsten rod and this

in turn .‘zf .supported on the metal conductor that comes through the glass press

at the base of the tube. The spacing at the press was made as large as possidbk

go that the filament could be used to bombard the thorium electrode and its

support in order to it in the vacuum processing. During &he-ove aﬁﬂr‘* "{ ‘d\n
processing of this tube, the thorium was maintained 7000 V positive with :
respect to the filament.ﬁ and a bombarding current of as much as 25

/‘?8 used for short periods of time in order to heat up the —tfst electrode.

he glass surface also received a considerable bombardment and therefore

it was not safe to attempt to bombard the thorium for long periods of time.

The bombardment given, however, was sufficient to drive off all the gas that
was likely to come off in the final operation of the electrode as a cathode

in the arc.
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It was anticipated that after the tube was put in service it might be
necessary to again bombard this electrode very severely in order to get it
in a state of surface condit ion that would allow the arc to play to it.
In view of this possibility, the tube was finally bumped in such a manner
as to leave out the 10 mm of argon conventionally put into these tubes
to assist 1n'%222é22€?<'The thought was that in case it was necessary to
#ive the electrodeﬁogevere bombardment ¢f verhaps even try to melt the thorium
dow§)th!t the tube could be immersed in dry 1cq€i§nd high voltage appliediz__#
along with a high bombarding current in order to deliver sufficient heat to the
electrode to melt it. Later experience showed that it was unnecessary to mazke
this plan and it would have been desirable to havaﬁ?rgon in order to make the
starting somewhat easier than turned out to be the case.
The structure thus as planned omitted the use of the tungsten coil filamedt
as a means of operating the arc withpig#hzéguthe cathode, The arc was _slso
operated while on the vaccumm system, with ﬁhe standard electrode as czthode.
After sealing off,hoﬁever. without the presence of the argon, it was difficult
although perhaps not impossible to run the arc with the sténdard electrode as
cathode. In the experiments carried out in this tube, we did not persevere sﬁffi-
cently to bring about that kind of operation. ""1ﬁ§;é,&‘ !
Plans were made in advance to héve a movie camera available to show movies o/
ocorcernimg the actuzl behavior of the cathode spot IHXEKEXKEXZHEBFEE as it plap Go
over the surface of the thorium-tungsten electrode., In anticipation of these ex
periments some movie shots were taken of the operation of tube No. 2. Some of
these shote showed the operation of the Btandar? electrode in a beautifullyclea
manner, and especially when viewed in c:&fﬂﬁi;lufﬁwkéggr the experience E?th tat
tube it was evidently desirable to use the "Knnknclzﬁgﬂ?ér photographing tube Wo, 3,
Some photographs were taken with“black-and—white? gimply in ordeyto be sure that
pictures would be available, althought it Wk anticipated that the 5%81%3&eae pictures
will be far easier to understand and interpret.xggﬂixﬁg ngtures were taken without
the tungsten filament being heated, while others were takem with the tungsten fila-
ment turned on in order to illuminate the electrode as a whole, When this was
done the tungsten filament was not connected to the circult, but was essentially
floating, &nd none of the arc current flowed to the tungsten filament. It was
used simply as a means of illuminating the electrode so that it wouldé be very
clear as to just where the arc stream was originating.

(Additionalreport information elsewhere)

after that, continue next page.
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CONCLUSIONS DRAWN FROM EXPERIMENTS ON TUBE 3

The experiments on tube 3 yielded extremely valuable andlinteresting informa-
tion. It was possible to cause the arc to transfer from the tungsten electrode
over to the thorium electrode, but it was very evident that the arc chose to oper-
ate almost entirely at the junction line between the thorium =nd the tungsten in
spite of the fact that thorium in bulk was avallable for the arc stream to operate
to, and would have given an arc stream path that was shorter than the one that

was actuslly taken. These observations serve Qﬁié convihcingiEEéEEEYEE—EKSEXthat

the junction between the thorium and the tungsten is the seat of maximum thermionic

oY field emmision activity. In the actual operation of this electrode the tem-
perature of the electrode was very low. In fact, it was so low that the electrode
showed no visible color of its own. Thus it was actually operating at a temper-
ature which in all probability was lower ihau that of the standard electrode ,
WMW':E' seemed as though the conditions here W/LQ_,
far more similar to those of the standard electrode than was the case for the simple
mono-moleculdr activation of the tungsten.

Electron emmision in the presence of a very strong field is known to increase
enormously following the activation of a clean metal surface by an electro- positive
material or is ite oxide. Experiments with high pressure arc in air :nd other gases

show  that un-oxidized electrodes are very poor cathodes for the high pressure arcs,
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