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INTRODUCTION: The program ofstudy that was formulated some

time ago Was planned in order to investigatethebehaviour

&gt;telectric arce maintained in mercury vapor hetween 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 a short period of operation on alternating

current and then it was operated on direct current in order to

obtain data that represented the performance of &amp; standard CH-5

lamp. After a short period of operation with the glass envelope

attached to the lamp adie normally the case, the glass cover was

removed and the lamp was again operated with the ambient temperature

ag a controllable Srrtmed or the experiment. These studies

wore made on the standard Westinghouse lampy bn=srder—tn serve

as a revresentative sample of standardperformance so thatwe wes:

have quantitative electrical characteristics topoupsserith the
special lampsdescfibed later sF—SopF—=. | |

Altogether three experimental tubes have been constructed

and studied for the operational chargcteristics including a

determinationef the o erational voltage @§&amp;function of the

current and the temperature. It is to be noted that the

temperature of the coolest par&amp; of thebulb determines the vapor

Runt, of the mercury and therefore the gas pressure in the

arc under tnvestigstion.

Approximately 80 experimental runs have been carried out

and it is one of the purposes 8f this report to-present a complete
Cw.

. chronological record of the The various $ariff sheets

preseaded in this reportlifa INT Bem ST
of which Tha flotlowmh . anny Eda . OTT rng TanTo

categories, These are: .{(1.) Time curves. (£) Arc characteristic
ove

zurves. (3) characteristic curves. (a) Pressure curves.
A



C
» curves present the observed variations in such

quantities as the following} (a) Overall arc voltage,
"Arc vol tego represent this observation, (B) Probe voltazey
for the floating potential, vhich is defined by the Gejsnpttedton
of the probe voltage relative either to the anode or cathode

that results in zero currént *~ the probe from the wre) Sarewiied
¢) Tiaktosiven temperatures rr plotted since the true

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

the measured bulb tempebature and never less than the oven temperature;

‘d) The mercury pressure is computed from the temperature on the

assumption that the mercury vapor is in equilibrium with liquid

rercury and therefore determined by the vapor pressure data
available in table form insske Hand book of Chemistry and Physics.

Since the amount of mercury used in the experimental tubes was

limited, the true vapor pressure of the mercury at the highest

temperatures at which emperiments 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

khe description of each of the experimental tubes. The above

described time curves are presented whenever it seems desirable

to show the chronological performance ofagiven tube during a:time

&gt;tfgeineg or falling temperature or during the time that the
arc performance is influenced by variationsinthecathode surface
conditionsAd ne of operation.

It will become evident from the data to be shown that a

Large’ gachion 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 many characteristic
curves were taken’ in which the opebating characteristics of the arc

were maintained as nearly constant as possible and the current thavom~cy

arc varied from 0.5 amp. to 2.0 amp. The characteristic curves
Ah MM Wey COUuo

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

orébe voltage as a function of the arckurrent.
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Jorn The_thesrios-~+ Irving Lsngnurr and others have developed puis
the,background by which much valuable information can be obtzined© Llows err aril A
by observing the current that &amp;=-s to an auxiliary electrode

as a function of the voltage applied to this electrode relative

to either the cathode or the anode. This auxiliary electrode

is generally known as &amp; "Probe". In the tubes that were con-

structed; a tungsten wire was stretched across the bulb in the
Lh ,nanner shown in both the - and the diagrams so that

the arc strain would flow around the wire with approximately

nelf of the sifain on one side and half on the other. Since

the arc streaf is circular in cross section, the pr&amp;be wire

ould be sald to ¥= lie diametrically across the arc strfame/,

end The probe wire was located along the arc strep at &amp; point

approximately half way between the cathode and the anode. A

jetailed and literal examinationoftheprobe current characteristic

as a function of the probe voltage according to the elementary
gt Addr

theories of  ~™ can be made ca=bxe subject to certain reserva-

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

jetails as it appliestohighpressure arcs. There can be no

doubt, kowever, that in the broader aspects, the characteristic

probe curves can be interpreted for high pressure arcs in a manner

similar to that used for low pressure arcs.



The main points to be considered are the following:

1. If the probe is maintained at &amp; potenti istinctly

negative with respect to the space potential of the arc in

16s immediate neighborhood then no electrons are able to

penetrate against thie negative retarding potentizl and there-

fore the current to the probe must remain practically inde-

pendent of a potential applied, enibans current vill be largely
dominated by the arrival and nutralization of positive ions

from the arc str@dyfly 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

electrons have Bg jectories that intersect the probe surface
end therefore enter the measured current in—thedirestien—to

decreases bas vaguitude. ie-sare potenticl thobei sosey—ton
Laden Farag observed the net te $e probe is 0GuAs
Bios. **=) is known as thel asa p&amp;tential and represents

the voltage that must te applied to the probe so that et—esek.

lett F—+dme, the number of positive ions arriving at the

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

the wel known fact that the average velocity of the electrons

is much higher than the averege velocity of the ions, the

floating potential mast be slightly negative with respect to the

true space potential in the arc. The amount that the floating

cotential is negative with respect to the true spdace potential,
is dependent on the energy distribution of the electrons and the

ions and on thtMrelative densities. The latter fzctor is of

small conseguencg because of the fact that in the region of the

arc ssa brobe is located, the average density of

positive ions murs* he very close to the average density of

eotrons. Sonne Sah investigation, the flocting
potential of the probe is probably between 3 and 4 volts negative

with respect to the true arc space potential at that region of the

are Another factor that must be conssidered in the discussion of



the measured value of the space potential, is the phenomenon

tnown as "Contact Potential Difference”. The point to be borne

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

ised to measure voltages give information concerning the potentials
ingide of the metals to which they are connected, and therefore if

wo different metals or surface conditions are involved, such that

:he so-called "work-functions" are different, then the potential

.n the space outside of the metals will be different from the

oot@ntials on the inside by the amount of the work function, Thus,

LE the probe is a pure tungsten electrode with an averzsge work—

function of approximately 4.5 volts, and the electrode to which it

Ls connected by means of external batteries and controls is an

activated anode, having an average work function of perhaps 2 volts

nw less, then there will be a contact difference in potential of

spproximately 2.5 volts. 27 Tre true dropping potential between
-he external surface of the anode and the region in which the

srobe is located will differ from the apparent value in the
jirection that it will be 2=¥£2 volts less than the value measured

shen consideration ie not given to the difference in the work

“unctions of the materials. All of this boils down to the state-~

aent that a correction for the contact yf difference in potential’
ls comparable and therefore almost equal to the differencein

sotential between the flozting potential and the actual space

sotential, Thus, when floating potentials sre quoted relative

0 an activated anode, these potentials in reality are probably

rery close to the space potential difference between the Exxremt point

and the arc nd, the anode surface. If the anode used for reference
rappens to be te tungsten filament in a completely clean condition,

then there should be no contact difference in potential between that

snode and the clean tungsten probe. Under these circumstances then

for perfectly anologd? operating conditions the measured potential

retween the epode and the floating point will be higher than the
space potentiald/ w=iwe by the amount already mentioned which is thought

to be of the order of 3 volts,



The next characteristic curves thet are of interest have

to do with plots in which the abscissa is the computed vapor

pressure of mercury and ine Ess, the overall arc crop or

in some cases the floating potential. These curves show the

influence of increased pressure ong the arc dropE=i and ion the

Jietribution in potential along the arc. They= also serve to

give a reasonable order of magnitude of the pressure required for

the arc drop to increase by a factor ot BW Fron an inspection of

such curves, it is reasonable to redefine the range in pressutfe
that is considered to be in the class of high DETTE SYCE 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

a millimeter allifall 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 ranese for

Jian the arc drop doubles, with He inoresse in pressure.
s#acomplete history of the arc is available, it (will be assumed that
the establishment of the 200 mm pressure is sufficient to werrant=the

2lassification of the arc as a truly high pressure arc.
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In addition to the curves elready described, there are a 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 &amp; high intensity of ionization of the kind

sesociated 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 a single figure will represent more than one®run' In other

cases, a single "run" with respect to time may involve a subsidiary

run in which the current is changed. Complete consistency with the

regard to the identification of these "runs" has not been followed



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&amp;ets book there are many remarks recorded that represent

physical observations made in the progress of the "run%. The

description thet goes with each of the figures and will be given

ET ue rrmgEporbion of these descriptive remarks,

but does not necessarily record them all. "An attempt will be

nade to minimize the attention given the "runs" that prove to

be offlittle significance snd to give more extended detail and

discussion concerning the runs that are of firs 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

eraphically presented numerical data.

STANDARD WESTINGHOUSE LAMP CH-5

- General Remor&lt;- The standard Westinghouse CH-5 Lamp was put
in a eirors mi allowed or control of the current to range
from a few tenths of an ampere to 3 amperes. A AC 11nelfEz0
volts Witlovailabie, and also tie DC source of the same voltage.

The arc was first operated on alternating current with a

value of 1.3 amps. In the course of about fift} minutes of

speration’ the imtel voltage druyppxdt d»ewsed rose from its
initial value. of 20 volts to 27 volts. This operation was

in the nature of a 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, 4 inclusive. The outside envelope of the tube was then re-

moved and additional runs up through 20 shown by Figs. through

and including 195rwere made with the standard Westinghouse tube

in an oven which permitted the external control of the temperature

surrounding the a]ey



Fi- ° Runs 1, 2 and 3. Lower Electrode Cathode. std, cH-5

Run 1 started at a current of 1.3 amps. DC and 2 voltage drop of

52.5. The current was reduced to 1: 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 voltage is

undoubtedly due to an 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 tun 1 shows the expected

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

value at the lowest current of 0.3 st==h amp, The drop in potential

© an ampere is normal for an arc operated with a mercury frei to

» 300 to 500 mm. Runs 2 and 3 thet fdllow show "

\

var: ons in arc charactefistic to be associated largely with

changes in pressure.

Fig. 2. Runs 4, 5 and 6. Lower Electrode Cathode. Ssandard CH-5.

&lt;—Arc Characteristics.

FN
i

PN

Fig, .

™ 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 proh-+- “2 change in the overall

re ec 4L07- orecharacteristic that resulted from the gx £2 Khe cathode i=."

Run 7. Standard CH-5 Lamps Slpper: Electrode Cathode.

Time variation in arc drop current 1/2 amp;.

Note 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 ares. Very suddenly the arc drop decreased and

agsociated AS that decrease was a shift in the location of the cathdde
spore a lltmvnton Silent of having the cathode spot seated
on &amp; region that is in a 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



in a gradual lowering of the temperature and therefore a lowering of

the arc drop. All this can be noted from Fig. 3.

Fig. 4. Run 8. Westinghouse CH-5 Lamp. Arc Characteristic. (hedvod C4

The arc characteristic is normal and a comparison between

runs 8 and runs 6 show that the &amp;rc characteristic is independent of

whether or not the upper or lower electrode is used as cathode, so l1l6ng

5s the cathode is in a suitable state of activation,

Fig. 5.

Fig, 6.

Run 9. Standard CH-5 Lamp. Outside Envelope Removed

T Ene run} current 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 fime of the arc, the voltage stabilized

at 40 volts, and remained there. This ie typically moderately low
pressure arc operation.

Lowe
Run 10. Cold Oven)kew Electrode Cathodey Arc Characteristic.

The arc characteristics shown in Fig. 6 was made with

a current being maintained at 1 amp. between readings. It is evident

from the experiment that it is necessary to make arc characteristics

using a 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.
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Fie. 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 aripoy the voltage drop observed, am Lt is evident from
the figure that the overall drop changes in six minutes time to

correspond to an arc running at a lower vapor pressure,

drt ar
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Fig. 8

Fig. 9

LoweV
Run 12. %gn 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 voint for arc
characteristic 0.5 amp.

Thisifigure~shows the comparison between the arc

characteristic run with the upper electrode as cathode compared with

the lower electrode as cathode. The differences between these two

curves can be accounted for either by Pt difference in the temperature

of the coolest part of the probe or by a difference in the sctivation
of the cathode.

Fig. 10 Run 14. Oven temperature increased) Primed Constant 0.8 amps “1 vw NAAM,

The oven temperature was allowed to increase in ter

ninutes' time from room temperature to approximately 180°€, The

corresponding increase in voltage drop is evident.

Fig. 11 Run 15, Oven at 176° ¢. Upper Electrode Cathode.

A comparison of runs 15 and 13 shows the increase in arc drop

with an increase in temperature. The pressure at the high temperature

is probably in the intermediate range between 50 and 100 mm. The indica-

tions seem to be that the standard Westinghouse tube requires slightly

higher voltages than the tubes produced in this laboratory as will be

shown later. The possible explanation for thes is that high cathode

sfficiency is more likely to obtain when extra careis taken concerning
the ya nih une used in the processing.

4, Lower Electrode Cathode. Oven 185° C. Tube wall 350 to 45 oC.Fie. 12 Run

After operation with the upper electréde as the cathode, the p@larity

was reversed and the arc drop observed as a 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

bart that determined the vapor pressure. Now with the lower end as



cathode, the vapor pressure increases and the reaction on the arc drop

is evident. The vapor pressure for this run is probably high enough

sExkkakxkhm to be well into the high pressure range, that is well

bows °™) mm,

Run rer Electrode Cathode. Oven 200° C. Arc Characteristic

at high pressure

Fig. 13

Comparison between run 4 and 15 shows the upward displacement of

the arc characteristic almost parallel to itself and largely determined
in its shift by thepblst that the vapor pressure is undoubtedly

higher for run.¥s”}
Tad oleae

Fig. 14 Run } Upper Electrod-

After operation at the very high pressure,tls polarity was reversed

and an attempt was made to start the arc, As a result of the high

pressure, it Was very difficult to start and it was only after the arc

had a chance to cool off that the pressure was suitable for staorlur,
I'he time run shows the new change in arc voltage with a change in /

oressure, The influence of the short period of operation at a higher

Shan the standard 1/2 amp. Cunt su ted in additi®nal changes in

sressure.
3

Run 24. Lower Electrode Cathode. Current 1/2 ampere.

Time run immedfately after reversal.

The time run covering 36° minutes of operation shows the increase

in voltage that accompanies operation at 1/2 amp. and associated with

this is a measured increase in wall temperature.

Fig. 15

CONCLUSIONS FROM STUDY OF STANDARD CH-5 LAMP;

The study of the standard CH-5 lamp yielded quantitative informe-

tion concerning the important factors of mercury vapor pressure) ®mk 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 that 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

animportant. Such differences in operation that do exist can well be
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explained by accidental differences in the cathode activation and the

definite differences in the temperature distribution that exist under

Fpe=i£in® operating conditions.

EXPERIMENTS WITH SPECIAL ARC LAMP NO:

Description of the Tube



‘To be continued on Page 10)

“Descriptkion of fhe Tube)

The Maat =

T+ ie evident from the photograph that the standard Westinghouse

m/
slectrode is mounted 44 the two lead press at the top of the tube. Halfway

10
jown is a t@n mild tungst@n wire stretched diametricelly across the tubees

on the left hand SP%nis wire as one views the picture of Photo 1, the wire

passes through a sm=ll opening in the glass wall and is connected to a

ol pden }
Holl ticun serait which is supported on a single lead pressgand shielded

 GF eid,from the electric disbharge by the ‘press with—the—holethroughwhich—the

tungsten wire passes each-point—smed?. Fat the lower end of the tube _ 7wel A
is a threefllead press of which two leads support a coil of tungsten HF

axis of—which—te concentric with the axis of the tube. This tungsten coil

CD —rmo
is made with twelye mil pure tungsten wire by winding ten kim terse on to

a Tiftv mil 2 with a separation between firms kmrmeixwx turns »

-—=mile, The scale drawing of Tube 1 is so near like that of
G4

Mube 2 that the reader is referred X=x to Fepes sak for a cross sectional

diagram of the tube.
fthette, fg

ka additiongHthe above mentioned tungsten coil the lower end of th e
14 7 0 WW .
A Atube contains a piece Ul¥ive mils in thickness and ~~ ati

b 6.0 mw ~heuuam |
Groinmilimeterge in area. This fe»m is mounted by welding to a very small

kstimm piece of, ¥olium which in turned is welded to a tungsten rod. The

. wid | Lhgom
entire Resenbiy srrengad in such a manner that the feilium strip could be

inserted along the =a~i=~ 7 +%»- “‘1ament and caused to take up a position

there p whichlal: os +*upesten coil iA was not

in physical cont~ct wi*h the or &lt;udition to this possi lle position

he axis of rotation of the tan~
TB

n- -— +» &gt;in wag so planned that by rotating

¥

rhe striv it was possi 1e/3 mike -* «rood contact with the tungsten coil.
4

Phe reason for this elaborate structure was that it wgs the original sbtent ds’





to operate the arc to the tungsten co11/28%etermine whether or not an

ippreciable amount of arc stream ~current would flowxzxX® to the thorium

In preference to t he tungsten. ProvisionCe ade for the estsblishment

of physical contact between the thorium and the tungsten in order to

sermit the tungsten to be activated by thorium which

nigrate over a tungsten surface rather than evaporate from the surface
© )

if the temperature is below 2000 XK.

After the tube was constructed so that its volume apuld be computed,

oreparations were made for the introduction of a specific quaktity of merry

lhe volume of Tube 1 was computed to be 72 cubickentimeters. Worlere made

to put in at least enough mercury to bring the pressure up to 145 milkimeters

at a temperature of 550 &amp; (277°c), Later experience showed that this

operating temperature and pressure was not as high as would be desirable

for the arc to be operated wnder tres high prove solitons. The

data reported concerning our epperiments with Tube 1 however indicate many

»f the fundamental properties of the high-pressure arc LAETe fact What

in all probablitife the pressure did not exceed 200 millimeters by any
&gt;.

very large margin . — TTT "J \
‘ - Le, ~

if # + 3a a, AN
[1]The formula given as .

{

&gt; has been derived and used to compute the wel.ht of mercury expressed in

zrams required to give the pressure P in millimeters of mercury in a volume
rT — -

of f1v cubic centimeters when the last it of liquid mercury has been evagporatée

into the vapor phase at the absolute temperature &amp; expressed in degrees
; (AR

{elvin. The method of using this formula i880 compute the volumebhen du

$s determine the maximum operating temperature snd find from the published

tables of mercury vapor pressure the equilibrium pressure found at the

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

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

cnown_to-therequired acouneery; The computed value of weight for Tube 1



was 68 HAV rns. A capillary tube was prepared and a determination made

of the extent to which this capillary needed to be filled in order that

it contain 68 milligmams . In the actual preparation of thelapsule it turned

&gt;ut that slightly more mercury wasbut ¥% in than the 68 milligrams and

therefore the maximim temperaturs ta¥ 150 tube could be operated and still
- 0

have liquid mercury present was slightly higher than the 550 K used in the

formula.
ir

The mercury was prepared by attaching to a high vacuum system
€ n

8 Plante
capable of pumping dowm to 10 millimeters, A emall amount of clean

agd
mercury was put in and attached mercury still Sen after the system was

- tv ~

baked thoroughly including the liquid air eefina all the pumping ways

back to the pump, the mercury was distilled into the capillary to slightly

higher than the theoretically required depth. Thefreason for this deviation

was eimply that it was not easy to obtain exactly the required amount

of mercury and after two or three tries the a capsule was sealed off under

very high vacuum with a little more thanx®® 68 milligrams.

Tube No. 1 was séaled on to the vacuum system described above along

with the/ 381% %ary filled with mercury. The mounting zrrangement was one in

which the tube prover could be baked at a higher temperature than the mercury

capsule and after a sufficient amouht of bakeing Argon at a pressure of

10 millimeters was introduced into the system. Over a period of approximately

of 35 minuted, the arc was started and stopped a number of times. owinm {be

standard"ed- '- cathode part of the time and ustnse=S¥asanodethe rest of

Ure
vine standard simzy»=*» el ~trode, used as anode, the tungsten coil

o a contd” ' &gt;.
wy57 Ladin of one ampere ea nT x

the electrodes appeared very hot although the detrilewad measurement ec
wad ween To XO

temperature weme not fo’lowed very closely. The, tungsten coil BS cathode was

»

spouestitomablyverymachhotterthsnthe standardflectrode and under this



condition of operation the surface was freed of all activating material Gwe

beth __. 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 bdhardment all activating material

was removed and an appreciable amount of pure tungsten was -Festtered off on to

the glass wall of the ToreNovaa RS

Afterfhis period of operation the argon was pumped out and a new supply

of argon introduced after a vacuum close to a 1078 mm. was attained for the

second time, Following the final introduction of argon mf to a pressure of

10 mn the mraz arc was again 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 unbrokB

zepsule of mercury was still connected to Tube No. 1 .

Subsequent to the sealing off from the vacuum system, a magnetically

controlled hammer was used to break the mercury capsule and tha¥ part of the

assembly containing the mercury was inserted in an ovem while the tube proper

was maintained cold. After a sufficient period of time all the mercury passed

okfrom the hot portion of the assembly into the cold tube, ews saeiee Lhe glass Conn

was sealed off so as to confine the mercury to the tube proper. The precav Flons

ae *OMs with regard to vacuum and sealing off eirsumst-&lt;p~-~-—=rwerecontrolled

|in such a manner as to give the’ desimoplangble wacuum and to minimize the

effect of impurities that might arise and interfere with the operation of the

ER 7 the tube was finished nickel leads were attached and the tube

~~ in Hp etnwas mounted as is shown for the case of Fuve 2 J(Photo, 4, Following his an

| . l ns la tron
oven was put into place as is shown in Photo. 5 and : applied as shown

in Photos.6 and 7. Thermocovplef used to determine the temperature at varios

h couple
points on the bulb of Tube 1 and also a ? erme ¢ Fe used to determine the

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

experimental data as indicated:



fig. 16. Run 20. PFirst Run on Tube 1, Standard Electrod,Cathode; Low Pressure Arc

4 This run represents the first overation of Tube No. 1. The oven temp«

.

erature was low and therefore the vapor pressure was probably.~

not more than about 6 x 107° wa. Initially the cathode was naC

in a good state of activation and the voltage drop over the tulpe

was abnormally high considering the low pressure condition. TH ie

high voltage drop resulted in heating of the cathode krsxkxExaz®d

enough to improve the sontyntton apt lis she cathode spot found

better and more activated region for operation the voltage

dropped from 66 volts to 40 and then finally experienced a

sharp fluctuation and a final voltage 28 low as 33 volts as

observed. Associated with this change in voltage the temperatw?®

of the glass in the immediate neighborhood of the czthode

showed % ory measurable RS a Also the appearance of the

cathode showed the effect of decreasing temperature, associated
with the increase in operation efficiencey because of the

more favorable an the cathode. This run showed

the importance of the cathode activation even thongh the

pressure in the are is so low that this arc operation can ww
Lt

hardly be classified as, high grande are alin
Run 22 amrdxX¥. Low Pressure, Standard Electrode, Arc Characteristic.

The arc characteristic curve shown here cen be compared with Run

12, Figure 8, Results indicate thzt under low pressure conditions

tbe 1 is very similar to theStanderd Westinghouse haze cH-5 Tue
Fig. 18, Run 23. Special Cathode: First Operation’ Low Pressure Arct Time Run.

After reversing the potent ial on the tube it WH possible +o start

‘ant fairly easily with the tungsten coil as the cathode, fr about

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

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

».-

Hoot



the ‘thorium had taken place during the time after the tube wascom-

pleted that a check was made to find out whether or not the

movable thorium electroddyas operating satisfactorily. The

sperating conditions at the time of the first striking of the

arc to the tungsten electrode was with the thorium completely

removed from the coil and not connected “Fo the conducting circuit.

After about four minutes of operation the arc suddenly shifted

and the current went down and the xzm voltage up with the result

that 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

Fig, 18,.

the temperature to increase very considerably and the overall drop

in potential prose as is indicated. After a total of 12 minutes of

operation the arc was turned off because the tungsten watpyrttering

over onto the glass wall severely and it was desired to find out

vhéther or not #he cperation in the reverse direction had changed

from normal. (see Run 24.)
Run 24, Standard Electric Cathode! 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 sms

gh sarnd out J eration of the arc lin normal.

i, A, © Cat ated, Low Pre i :Figk # Run 23 2pecial Cathode Deactiv ted, Low Pressure Conditions

Only a few points on the arc characteristics were obtained on this

A 1run¥gn conmp=rison Lh the single point before the deactivation

descr’ her took place, gshows the big change in the overall

volt,

Fig. 20. Run 24A8 Siandard Flectrode

Ader Power run 23A, 24A was undertcken bud showjthat the arc characteristic

asinethe standard electrode had not changed apprecisbhlyv.



Fig. 2+. Run 25, Speciul Electrode Cathode! Low Pressure Conditions.
sre Characteristics.

An arc characteristic taken at this time shows that the activation

of the tungsten did not come from the standard wetragde electrode,

“The

but must have come from the $3 contact with the xx~* ——P ar rw YUM }

movable thorium electrode. Cathode operating temperatures are

shoyn and the indications are that the cothodeirery hot .

bar - Dreeslonmpralons «wed o
“ptsinthe neighborhoodpf 2000 C or higher

Fig. 22. Run 30. Special Electrode Cathode.) Variable heating current used y
to determine influence.

At verious arc current values from 0.5 amps to 1.5 amps. the heating

current through the tungsten coil was varied. Thefindications are that

vith the higher heati ng current the overall drop in voltage big Jess.

Bince the operation ky still at low pressure, this is relatively

animportant, a1thoush atthet—t—SHoTS-ao—t—tmy—time Lr

invegtig=ted—

Fig, 23. Run 31. xS=nd Special Electrode. Low Pressure? Arc Characteristics
Four amp. heating current.

The arc characteristic taken with a 4 amp. heating current shows that

the voltage drop is definitely less; but the actual observed

srathode temperature is still higher. The maximum value recorded

was brightness temperaturexwas 2270 6G. The actual temperature
© ‘

was probably at least 2400 C showing the very high temperature

necessary to give the current when the tungsten is not activated

in any way.

Run 32. Studies On Influence of Heating Curr@nts #e+r Arc Drop.

Note (Xxx¥okeq the data book of =a development of a hot spot which

Fig. 24.

finally resulted in the brezk of thé filament. .
tramag mn

CY maiFig. 25. Run 33. Special Electrode CAthode. Pressure Low.
Probe Charactistic.

Li—pfyyer

The probe wire was connected into the circuita insuch a manner we as



to record =zmrrxezkiy directly the voltage of the probe wire relative

to the cathode and the observed current was resorded. The Jcharacteristi o

AT could be considered tdbe normzl with a relativley congant current

ofthe probe when bhe—prebé was gefinit¥ey definitely negstive with

respect to the spzce. Ra TN ah probe current —tlat
indicat xZxx the preskence of electrons. During the time of

Wns ino . z
the operation yore cathode Zr sputtered away and the Essa}

El  . circuit g opened up leaving just a small amount

f tungsten fE8Aoae at the topy, and about seven or eight .

turnsbelow.  Agfx A detailed ant els of ShonsaieLIT

characteristic was hardly warranted, gop yet it is fairly

evident itn an overall arc drop of a proximately 63 volts,

51 vobts of the arc drop, between the cathode and the probe

Me approximately 11 volts. pi the are drop between the

probe and the anade. Sols iadiaonses that something thxzk

amakhing of the order of ten or eleven volts is the probable

arc stream drop in potentialy for half the gh of the-arc.

A rough computation of the electron tempergture gave it ds
: ©

15,000 XK.

Fige+26, Run 33. Special Electrode. Probe Characteristic analyzed for
Electron Temperature. =

The analysis of the probe characteristic was quite unsatisfactory

because of the changing conditions near the cathode. It \va

amit 0 estimate however from thet the data that the electron

gata) probably of the order or |
Be

2

temperature

» TTTPIFUROE~8 T-U0QIUT IS 94... PIEPER.RBFRY.Yd».“or —

seineWeeTe -



cl
The faet that the arc Wretatively 4, low pressure £F¢ makes the

importance of tn€ ata small,

}

Me. 27. Run 34. gpecial, Freeh ods ALOR Nog Ech dkatTR te To of Cotll
The time run over whichkhe oven temperature rose $5°%0n temperature

ap to approximately 300° shows that the voltage drépped instead of

increastig 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 showsby

somputation that the drop of potential between probe and the

anode increased with "pressure, while the potential drop between

;he cathode and the probe decrezsed with pressure. This decrease

vith pressure resulted from the increased efficiency of operation

and the arc became more concentrated. Thisys the first example of

the anonymous behavior of imzreasing decreasing overall voltage

28 a result of increasing pressure. The explanation of this

phenomena is to be associated with the operation of a deEETivstmt

 3 nonactivated tungsten filament as the cathode.

Fig, 28. Run 25. Pressure Approximately 250 mm. Arc Characteristic.

A short xmmx range in the arc characteristic was studied

tn this tube at the highest pressure at which it was operated.

The results show the normal sort of characteristic with additional

detail concerning the characteristic of the probe to anode and probe to

£reathode potentials. -—"

Fig. 24, Run 36. Standsrd Electrode as Cathode:
Leneutl Probe Characteristics.

Lsorgan estPrevious experience indicated that it vas) i ensure probe characteristics

relative to the anode rather than to the cathode because thef conditions

hetween the probe and the anode remained fairly constant while those

between the probe and the cathode zre very dependent onthe emission

soporte of the cathode itself. Therefore for all probe measurements

mless otherwise noted in the future the zXeY actual applied voltase



| pvbe Connerd
#ill be relative to the anode rather{then the cathode. The -eeunt-

is observed #hen asa function of that voltage

Fig. 29. Run 26A. Conditions Same as 298A ZExstanatior

This figure iskn expanded portion of Fr ;

—FrIISws.

¥

. . . } : LQ AqmULr

Fig. 30. Run Z6As fopditionsyGiven Abgyes Logarithmic baneur Plot to

#4 The logarithmic plot to determine the electron temperature ABC

decidely more satisfactory for the conditions found in the tube

for run Z%64. Pressure 0etinttely higher j# neare=™ 60mm. ses

of 700° War ° The
he electron tempe Riure ds defingtdy lowerd om ”

drop between the tunesten probe and tungsten anode seems—to—r=  &gt;

-pproximately 8 volts. The arc drorv

~athode and the probe a be about 23 volts. On this basis

the cathode fall might be estimated st 15 to 18 volts. A

reasonable order of magnitude for the cathode sheath might be

taken to be about Lfzuxxi® 4 x 1074 cm. Under these circumstances,

seme the average electric tobensity in the neighborhood of the

sathode would be 40,000 volts per centimeter. In the presence of such

a strong zccelerating field for electrons, there is a great intensificatior

nf £%}ed field zs the individual Jah avproach the wr 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

ceric ners, As elec.occentimeter. This question 4f ¥Fe intensity @Xthe cathode will be
A errleosLs

important in all of our thinking and will be important in the application

of \thesmatien constants usually published er —mtizddwy for zero field,

Fig. 31. Run 76. &amp;Sxax4¥ Standard Electrode. Time Run for Are Drop and Probe
Potential. TT

Figure 31 is a comnosite ofpany curves showing obeservations taken as

a function of the time. The vrincipal curves of interest are the oversl)

“acomputed vapor pressure, and the probe potentisl. The

Ma La

fe chown at;

‘nterest might be said to be the sudden transition which
£7  mi48 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.

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

Arc Characteristic.
-

Fig. 33.

ANC —
Some mEPEed characteristic curves are shown XXEXEXBEENT

those seem to be of little bmportance.
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 insides
fime Run.

At this stage of the measurement the tungsten co L

£4+he has become separated leaving a small piece 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. Thea =
observations shown indicate that the arc drop is very low and

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 coil which is more nearly clean tungsten,

the arc drop is very noticeably higher. These points are
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11lustrated 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
pressure arc having double the initial drop. Mariation
in the floating potential is also shown. ko

ry

Fig. 37.

Fig. 38.

Plot of milligrams of mercury in capillary used for the

production of -tube number=two.Neo 2, No wwpelamc

Plot of thermocouple emf readings using the new thermocouple

Nire.

The thermocouple readings obtained as a function
of the temperature using the new thermocouple wire estten 0 Goon

from Prof. Keyed shows variations of five or six percent

that are largely random and are centered reasonably well
around the standard values expected foom this L&amp;§ssf 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
resulted from convexion turns and other disturbing influences.
REHX3 ZX CONCLUSIONS DRAWN FROM EXPERIMENTS ON TUBE NO: 1.

Inspite of the difficulties encountered in the use
of tube Micg ersbne , a number of conclusions were supported by

these experiments. Some of the points established were

as followsgliIt 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 sapending on whether or not

the tungsten coil is activated le—deeidedty—dtfroTomt—tEats 4s
redirection that dativation brings about a great reduction



in power input g a given current and temperature operating
condition. 3.7n e tube as constructed it W#) possible to
activate and deactivete the coil at will depending on the cycle

of operation used.gf 4. The usefulness of the Langnuir probe
electrode has been established for the determination of approximate

values of edeetre-energy distribution and space potential. Ws,
Operation of this tube was so satisfactory £hat the relatively

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 Ne 1.

Fig. 39.

EXPERIMENTS WITH TUBE NO: 2

Description of Tube No. 2
For practical purposes, the constructional features

for tube Ho. 2 were the same as those of tube Ho. 1. The

movable thorium electrode was designed to be inserted into

the tungsten coil and all essential features gtd the same.

in these two tubes. The amount of mercury planned for use

in tube no. 2 was raised to 330 mm. Wh1s amount of mercury

and a net volume of approximately 100 cu. cm. the pressure
that should=be obtained at the temperature of 347°C @#/636 mm
of mercury. This pressure maximum WHat least three times as

high as that provided for in tube Ho. 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
of the are to the deactivated tungsten coil at low pressure
resulted in theZaptttering of a good deal of gungsten over onto

the glass wall. Care was exercised not to get any more of the

tungsten deposit on the glass wall than was absglutely necessary
consistentwlith suitable vacuum treatment needed For Lhe tube
tobe stable in its operation. Photographs of tube Ho. 2 are

evident inPhoto 1, 4 and 5. The following descriptions ef
the figures available cover the studies on tube,2. Fig. 64 is
a scale drawing of this tube.

Run 39. Tube No. 2 Standard Blestrogs, Celnods. Time run.
The first time run of tube 2 is shown in this figure.

The arc drop 1s normal for a reasonably well activated cathode



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. thereWHamarkedchangeintheoverall
potential which was observed to be definitely associated with
a shift in the location of the cathode spot, and since this

change wd in the direction t6 lower the voltage it is evident
that the new cathode spot Wi in a more favorable state of

activation. *

Fig. 40. Run 39 A and 39 B. Standard Electrode as cathode! Arc and
Base giM Loe ia

probe charcateristic curves. Pressure 180 mm.

Ah The characteristic curves of the arc operation in tube Me

2 using standard electrode wWéd normal.
Fig. 41 Run 40. Tungsten coil as cathode. Eingkun.

This figure shows the first run made with the tungsten

coil of tube!'2 as cathode. It started out at a relatively low
pressure, probably near 100 mm which putg the arc in the class

of intermediate pressure. The arc drop vit? low and therefore:
indicated that the tungsten coil is startdgl out in an activated

condition. The source of this activationvf¥ the thorium which
in the course of the testing of the tube made cold, contact
with the tungsten. Such cobd contact with the tungsten velensods

snough thorium from the samplel to cause the tungsten to become

 ated. THThySpe EeTheo corm, renee rackactivated. ob = - shyi-euaty—sph ard—t 3

Aent._fore easily removed. The arc :zshowed that it Ba, concentrated

and in those parts of the tungsten coil that were most easily
activated by the pXEWEXEXKXAXXEHX cobd, contact. Jin the course
of time of operation, the activation of the tungsten diminished
because of the migration of the thorium and the spiittering of

the thorium and °° the arc moved around from coil to coil,

The history oF Trim emt Tr The databook. 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 wanld suddenly decrease
in overall value. The range of pressure studied went up to

something over 400 mm. The plotted variation in floating

potential indicated that all of the variations that were



,
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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 twe points on the arc characteristic were

determined that show the normal behaviour of this arc as a

high pressure moderately activated cathode.
Run 41. Thermionic emission from tungsten coil to thorium

alectrode.

Fig. 42.

Fig. 43.

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 between, the coil
: tha TLorice vi Woe

and the thorium electrode, whieh=was [or these measurements outs
side of the coil and servirh 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 presenteof the

gas one can expect gas discharges to alter the true thermionic

amlssionn observations,ssd this, Was Foun 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

increased. T hepmvsie Canmndov
Fig. 44. Runs 42 and 43. Therme,. shown for two different heating currents.
Fig. 45 Run L2. The testror 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 corset a IAD eePhiract 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 he attached to this experimental

Fig. 46.

Fact.
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Fig. 47.

Fig. 48.

Fig. 49.

Fig. 50.

Runs 42, Ll ang 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

reduction in the thermionic emission taat a given temperature.
Runs 39, 40 and 48. Time runs convered to show pressure effect.

In the runs taken prior to this one, the time has

been plotted across the abscissa and the overall voltage
or probe voltage was plotted along the ordinate. It is

evident that if instead cf 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

vardal)eeeli the time and expresshresults with respect
to the important variable, the pressure. Of the three sets

of data shown here, two are taken with the tungsten coll

slectrode and one is taken with the standard cathode.
It is evident that the floating potential curves are quite

reproducable.
Run 46. Svecial 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 cyTor of fithe

tungsten.
Run 4F. Time run after cold contact activation.

Following run 46 the experimental data shown on
. (book 23

pages 20, RX to 23 inclusive p show some scattered arc
studies and an investigation of the thermionic emlssion from

the filament. The evidence there simply points tO che fact
thatl'the filament was in a deactivated state and =ftmr mak&amp;he

A with v9 thorium  t nits } }

cold contact was=sa—an 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 cold contact

and that shifts in the location of the arc cspot 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.



Fig. 51

Fig. SA.

Fig. 53.

Fig. 5k.

Fig. 55.

ancAref
Run 48. Time run. &amp;kezt with high pressure operation.

Operation of the arc sti3d showg) definite signs
of the previous activation. ®Inttial voltageylaboutwhat

could be expected using a partially activated cathode.

As the temperature increased. and therefore the vapor pressure

increased, the voltage drop increased defimitely.
Runs 50 A, 51 and 52. Thermionic emission as a function

of heating current.

2 ; PE measurements were made using a constant
exhilarating Xoltage to the thorium electrode as an electron

collector pvoltage sel 45 volts. Subsequent exveriments, ]
shongthat this voltage \{#) too high to have Bloc Tramionce
emission, However, The emission observed did depend very
definitely on the heating current and the results are shown.

The indications are that once the filament is activatedby
cold contact it holds its activation over considerable periods

of time, in case it 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
3 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 mrxkhkzx from the

temperature ever fore temperature increases above the limit
for which mercury would be expected to be in the liquid state.
In all probability, the pressure did not reach crme=thonsead 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. (Sex Fg ss)
Run 54%. "Twvae cua PIRORY 8 AMAL Urs, pent

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 probe floating potential at the same time. Note



the fact that at 200 mm pressure, the probe floating

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

is true for the overall arc voltage. The fact that runs 5h

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 C»and 57 1B. Voltages as a function of pressure.

The curves on this figure represent four Puns made first

vith increasing pressure, then decreasing pressure then increasing

gain and finally decreasing. The interesting point concerning

shis operation is that the curves with Increasing pressure lie
below the curves observed with decreasing pressurer. “here are

AF possible er Pant ee “AEEEL pn
feasible tr

FE hen
that the thermocouples used to determine the temperature ci

the coolest part# of the bulb were not located at the point
that as afl est bul wero located at a point semewhet—warmer

N

than—the-canlest-part-of-the-bulb. If-suchwer8the-—sasev—then
Itspossible—that—the-differenceintemperaturebetween—tire
thermoecouple—and—the—eoolestpartofthebulbmight-beJdiffopend
Jepending—en—the Tate—of—chenge—of temperature. Ar other
explanation may be that the cathode actually undergoes a

zradual 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 -as—the—arc beecmes moreconaantrateds

Pn ts Co tides woutd—resulit—dm a steeper increase in voltage wm would

&gt;’ ‘ze take place. During the decrease in temperature, the
seat of the are spreads out rind itself on areas that are

less active amgx until

ie

mt
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»
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The sdditional fact that the probe measurement shows a systematic displacement

ig further evidence to indicate that the pressures computed from ‘thermocopple
readings were not exactly right. Therefore it is not like that bet  2sse

1anations may play some part in the determinstion of the results that were

observed. In the data book there is a reasonably complete record of g parti-
Serv ov Cann « 7 angele coil arreol -

culari tern-o2-t67RS, that seeme g4be accepting the arc as=being the most ’
favorable parte of the tungsten coil for gemission. Ag the pressure changed
the most favorsble coil changed. from place to place and associated with many

of those chanzes ase definite changes in the overall arc drop. |

Fig. 57. Run 57A. Arc Characteristic at pressure of epproximately 680 mm.
The characteristic curve for the arc at this high pressure Walouite normalo

The probe characteristic is also shown

Fig. 58, Run 61 and 63. Filament Activation Studies.

AIfhe activation studies shown in oe figure are rather random and not as
well organized as would be desireable, m+pindicate the very definite increase

in thermonic emmision observed following &amp; systematic activation with the fila-

ment in contact. with the thorium and the filament hot enough to perm thorium

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-

crease to high pressure, and then the foollowi decrease, the fenission TO-perties neta enconatny oat Th pie gp lec ten
Cite a Foner ron iaFiano to hes) ook ing elects

Te TR A eS ral ns neaoFastrane Gan Gischares
Fig. 59. Runs 63 to 69 inclusive. Addition Electron emmisions.

It \is found by observation that at voltages above 15 volts, definite

ionization effects Witd) apparent. This explanation of increased emmision in the
presence of the tons} consistent with ‘the ionization of argon, which SBEUTS~pa

_#¥ an ionization potentialof15.68volts ,
Fig. 60. Run 67,EKXKX 68, and 69. Electron emmision &amp;s s function of ‘heating current

The runs shown in this Figure were taken at 12.2 volts, 13.8 volis and a

6 volts. Both runs 67 and 68 show the effect of gz=s in the tube, when the cura

rent exceeds 10 microampheres. The generation of a very weak gas discharge

is very evident and results in a very large incrcase in current, with a very

small increase in temperature.

2 4hAe



Fig. 61. Run 8 70. Activitated Tungsten Coil Run. Increasing and decreasing

temperature, corr pib dh
The data shown are again plotted as a function of the mercury pressure.

It is evident that the observed points are not strictly reproducible, as the
current is increased and decreased. Again this lack of reproducibility can

be sasoalated with some nacouracyfin the exact determinztion eof the 4empden
atureof the coolest part—efthe—bulb. A comparison may be made 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. XEXEAFEXBZ
Fig. 62, Run 70A, Arc to top cern electrode, pressure 665 mm, Run Tl ; exvntie

The are characteristic is shown for the high pressure operating conditions

snd 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

oneshalf ampere value to the higher ¥alues of current. Also on Fig. 62 are

the emmigion data taken with the tube cold and the thorium electrode at 10.7

rolts. 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 a very much slower rate of increase in temperature

snd therefore is apt to be a more accurate representation of the performance

of tube’, as a function of the pressure of the mercury. It is very evident
that the drop &amp;¥ Lover et the higher pressures of gas, then previously ob-

served. In most cases as the pressure increased, the arc concentrate on
such a small portion of the tungsten filament that the thorium which haf been

caused to migrate to that point becqme so severly bombarded that it {@¥ rather
easily lost. In spite of this loss in thorium, the performance of the filament

ander conditions shown in this Fieure, W8 that of a reasonablywellactivated

tungsten cathode. BERFFAXXYREEFKEXFBHEXBITEhEYFEFBSFMEREBXEXXEXEXEHREYYEEARX
EBX XY ESRE HAE XEREY KEKEXY RAEFRR KXXE EE TFRXTEX (notes elsewhere Y Lean.Avs

Fig.b4. Scale Drawing of Tube No. 2

The sczle drawing of tvbe No, 2, is shown in this firure along with most

Of the specification:details
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Additional notes to be incorporated with Fig. 63,

The dates represented in this figure were taken on the afternoon of

October 3rd when the following observers werdvisiting the laboratory.
These were Dr, Laub, Dr, Danzieger, Dr. Anderson, Br. Huber, Mr. Johnson,

and Professor Kefes. After the data were taken as shown in the figure

ant attempt was made +n cause the arc to transfer and operatedireciigro
| Ferzints arthe smz11 piece of hX that was left on the thorium subport e e—tubes

On the morning of October 3rd, the main body of the thérium electrode broke

off leaving a tip of thorium plenty large for the operation of the arc, but

too small to insert well up into the cpil of tungsten. Experience now shows
that even had the thorium been ix thetungstes, but not in contact with it,
the arc would not have run to the thob1um, ALES 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 naking piece of thorium 45 volts negative with respect to the cathode

itself, and, the arc would not transfed from the cat ode over to the thorium,
The first attempt to make the arc transfer over to the thorium was done while

the temperature was quite high, and therefore the vapor prescure was quite

high. Since those attempts were unsuccessful, the temperature was lowered by

opening up the heat shield on the oven, and very vigorous efforts, including

the use of strong high voltage spark all failed to cause, the arc to transfer

to the thorium ., Finally the arc was turned off, and sthe thorium connected to

the cathode part of the circuit, while the tupgsten coily which had been pre-
: OC ax goat

viously available as cathode was connected « Emad 1,000 ohm resistance, andthta Aedesat+230voila,thiocomruwdtioncoeoTowin2aTua
later to a 100 ohm resistance, With The idea of mebme it as a starting electrade.

In every case,tin spite of strenuous efforts it was impossible to generate more

than a low pressure glow, around the thorium electrode. The experimentsjith

tube No. 2 were finally discontinued without a successful transfer of the arc

to the thorium electrode.
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CONCLUSIONS DRAWN BASED ON THE EXPERIMENTS OF TUBE NO: 2

The experiments with tube No. 2 contributed much in the way of addition-

al infomation to support observations previously made in connection with tube

No. 1. The results of experiments up to this point might be summarized as
follows ,Operat ton of the arc to the activated tungsten electrode is far more

efficient and very much more closer to the performance of the standard electrode

than fe~the case when pure tungsten is used Nz. Wsthought thet the actTreted

ee glectPede alyays operateg/a: &gt; higher pure i vod
Westir~v-~use elect} ~*~ makes *- vey Cr Te ees "the question™ $s t2

wheter o™ not the si~ “2fivation on™ Me en i ag Ft de
a stangarcel sheriag

also thorfum oxide o-

2. |

-

Co

(ME ts the result

of highér heat conductivity to thé main bulk of the electrode. whereas when

the arc is running to the isolated coil of activated tungsten, the heat

absorbed under the teha bombardment raises the temperature of the coil to a

higher value 8n order to dissipate the heat.

3 Fov caelco dilios ele »
(see page 214A)

9 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 sosttion shows that the conditions

sare the same within the accuracy with which one can measure. Therefore the

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

slectrode in the lower position and the standard electrode in the upper
~o0aition 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 process at the cathode, the lower the

overall arc voltage. Thus it is generaly true that at a given pressure the arc

voltage XUKKIKEZ 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 believing that the standard

electrode does not operate as a simple activated tungsten. electrode F hur Ets

pesstitE=to—put “Gp—tie- argument -that—bhe—appare ntly yeex Tow temperature—is the;
wT
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 &gt; 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.Pube No.

3 which involved radical changes in the design of the test electrode hzs=besa

planned.
{Ae HN

TEST INVESTIGATION OF THE PROPERTIES OF TUBE NO: 3 MADE WITH A

SOLID THORIUM ELECTRODE ATTACHEDTOTUNGSTEN:
Description of tube. Tube Wo. 3 will be described with the help of the

phot ographs shown as Rhoto Ze ‘and Photo pipes. It is very clear from i
these photographs that the upper electrode is a standard Westinghouse cathode aud cuted

there is these a etarting electrode. Nedfoegg, ode Hh Hye of tha Tee
filament wire probe used for the determination of the floating potential

and the space potential in the neighborhood of the middle of the arc.

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 foil is in two parts, of which only one side

shows in the photograph, ince it is somewsmt in the form of a sandwich

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

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

victure as a piece of metal just above the tungsten ——— This piece of

thorium wxs-5 mf in thickness and 4 mm wide, @xtends about 3 mm up above
the tungsten support. The tungsten foil uid welded to a tungsten rod and this

in tum 1g 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 possibk

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

support in order to plas in the vacuum processing. During fhe ov Jog" of hs
processing of this tube, the thorium was maintained 7000 V positive with Cy

respect to the filamentegs and a bombarding current of as much as 25 AHS peu

1 used for short periods of time in order to heat up The Haat slectrode.
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.



It was anticipated that after the tube was put in service it might be

recessarytoagainbombard 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

a8 to leave out the 10 mm of argon conventionally put into these tubes

to assist in SEAT ne thought was that in case it was necessary to

rive the electrode severe bombardnentyMoerhaps even try to melt the thorium

lown Cert the tube could be immersed in dry ice, end high voltage appliede
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 a te
this plan and it would have been desirable to hive creon in order to make the

starting somewhat easier than turned out to be the case.

The structure thus as Plannéd SETtreg the use of the tungsten coil filament
a8 a, means of operating the arc with thet—of the cathode, The arc was also

operated while on the vaccumm system, with the standard electrode as cathode.

After sealing off,however, without the presence of the argon, it was difficult

although perhaps not impossible to run the arc with the stundard electrode as

cathode. In the experimonts carried out in this tube, we did not persevere suffi-

cently to bring about that kind of operation. —t 2
Plans were made in advance to hive a movie camera available to show movies

oencerning the actusl behavior of the cathode spot TEXFKEXRKEXZKEZFEE as it plags

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 shots showed the operation of the standard electrode in a beautiful yclea
nanner, and especially when viewed in A ee Yor the experience with tet
tube it was evidently desirable to use the Koskacdsid For photographing tube No. 3.

Some photographs were taken with black-and-white simply in ordeyto be sure that

sictures would be available, althought it iP anticipated that theSstsashamts ee

will be far easier to understand and interpret .X32BEx2F 1S vares were taken without

the tungsten filament being heated, while others were taken 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 circuit, but was essentially

floating, and none of the arc current flowed to the tungsten filament. It was

used simply as a means of illuminating the electrode so that it would be very

2lear as to just where the arc stream was originating.

(Additionalreport information elsewhere)

after that, continue next page.



CONCLUSIONS DRAWN FROM EXPERIMENTS ON TUBE 3

The experiments on tube 3 yielded extremely valuable and interesting 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 entirelyatthejunction line between the thorium and the tungsten in

spite of the fact that thorium in bulk was available for the arc stream to operate

to, and would have given an are stream path that was shorter than the one that

vas actually taken. These observations serve @F a convincing menney to show) that
the junction between the thorium and the tungsten is the seat of maximum thermionic

)¥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 than that of the standard electrode ,

apd-yetoin operatine-the—eleskrsdw, Lt seemed as though the conditions here ¥fé2
far more similar to those of the standard electrode than was the case for the simple

nono-moleculdr activation of the tungsten.

Electron emmision in the presence of a very strong field is known to increase

snormously following the activation of a clean metal surface by an electro- positive

raterialorisits 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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