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PART TWO
HIGH -INTENSITY LIGHT SOURCES:%
A. A STABLE ARC SOURCE OF INTENSE CN A3883 RADIATION
B. A METHOD FOR THE DETERMINATION OF BRIGHTNESS TEMPERATURES
OF LIGHT SOURCES
Earl Fremont Worden, Jr. .

Radiation Laboratory and Department of Chemistry
University of California, Berkeley, California

October 9, 1958

ABSTRACT

A. A stable carbon arc operated in controlled atmosphere is
described. The arc was designed to serve as a light source during
lifetime studies of the B2Z state of the CN molecule. The CN
radiation from the plasma of thé arc was investigated and found to
have a brightness temperature af 5500°K ét A3883 A. This ls con-
siderab;y higher than an estimate of the'valﬁe required for lifetime
measurements.

The stability of the carbon arc under various conditions is
discussed.

B. For successful lifetime measurements, the light source
employed mus£ have a high brightness temperature (intensity). A
ﬁethod for the determination of the brightness temperature_of a
light source at a specific wave length is described. The method
has been used for determining the brightness temperatures of some
available light sources. Sodium, thﬁllium, and mercury discharge
lamps,»é medium-pressure mercury arc lamp, and the carbon arc were

studied.

*Part Two of thesis submitted for the degree of Doctor of Philosophy
in Chemistry. Part One is "Spectra of Some Aliphatic Aldehydes and
Their Monodeutero Derivatives," UCRL-8508, Oct., 1958.
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A. A STABLE ARC SOURCE OF INTENSE CN A3883 RADIATION

INTRODUCTION

A stable, high-intensity source of CN B22 - XEZ 13883 emission

is needed in order to determine the lifetime of the BQZ upper state
of the CN molecule. The intense source is to serve as a light source
in the lifetime apparatus.* }The light source for the lifetime
apparatus must fulfill certain requirements. The source must. have

a minimum area, about 60 mm?, and length, 10 mm. It should have a
high brightness temperature (intensity) at, and, if possible, only _
at the wavellength or wave-length range of interest. The light‘SOurée_
must operate without rapid intensity fluctuations and be capable of
uninterrupted operation for several hours.

A logical source for CN emission with high intensity is the
carbon arc plasma or arc stream. The major part of the light emitted
from the ﬁlasma of an arc between pure carbon electrodes results frdm
the CN violet system, the emission desired here. For our purposes,
the 0-0 band or the Av=0 sequence starting at 3883 A is of primary A
concern, since it is the only emission from the light source that will
be used for excitation of the CN molecules in the optical path of the.
lifetime apparatus. Light of other wave lengths must be filtered out,
and, in order to minimize filtering problems, 1ight emitted at wave
lengths other than those of the Av=0 sequence should be minimized.
Thus,'the carbon arc between pure cafbon electrodes, with a stable

plasma and burning in air or nitrogen, seemed ideal.

*
The lifetime apparatus and reasons for determining the lifetime of
the B2 state of CN are reported by Brewer.l
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The carbon arc between solid carbop or graphite glectrodes, however,
is notqribusly unstable, especially.the arc stream or plasmé. .In a
search_gf the literature (there is an excel;gnt bibliography up to
l9h2),? it was found that ﬁost of thé”work on stabilization was

directed toward stabilizing the anode hot spo’r,?”)+

and increasing the
_eqission of white light from thg anode surface and from the vapor jet5
issuing from the surfa.ce.6 In general, the arc is stabilizéd By use

of electrodes cored with oxides or halides of metals—eusually %he rare
earth metals—which enhance the aﬁouﬁt of white light emitted by the
arc.? In a few attempts to stabilize the emission frbm the plasma

of a pure carbon arc, the plasma was to servé for spectroscopic studies
and a long-lived, very stable arc was not necessary.

Therefofe the investigation of the carbon arc, first in air and
later in controlled atmosphere, was initiated. The investigatioq was
directed toward the productivn of a stable plaéma between puré carbon
electrodes, sincé cored carbons, although they yield a more stable arc,
are known to lower the plasma temperature8 and undoubtedly would lower
the brightness temperature of the CN emission. Burning the arc in an
atmosphere of nitrogen appeared promising because of the possibility
of increasihg the optical thickness of the CN in the excited state
(CN*) in the arc plasma.

% .
If CN concentration is controlled by any or all of the reactions

Cler) + 1/2M,(g) = N (g,B%2) 293 ) = 160%6 kcal’
og) +1/ayg) =N ", OB, 51086 keal
Cplg) + 1/2N,(g) = CON -~ ", M3 o= 63t keal
03(g) + 1/2N,(g) = o . 1y = 9246 keal

*
the concentration of CN will change with the square root of the
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nitrogen préssuré. Thus,lihcreasiﬁg‘£ﬁe'hitrégen'pféssure at constant
temperature increases the CN* éoncentratioﬁ. At éonétént nitrogen
pressure the concentration of CN* inéreasés wiﬁh temperatﬁre until the
majOr gaseous carborn épecieé'becomQQIC(g) (~5500°K). The CN*.concen_
tration is little affected by temperature until ﬁhe éoncentration of

)_lO Above

molecular nitrégen is depleted by disséciation (~8000°K
‘this temperature, the concentration of Cﬁf decreases with increasing
temperature.‘A

The arc was inﬁestigated first in air in order to determine

whether or not such an arc was practical and, if not, to determine

vhat factors contribute to the stdbility or instability of the arc.
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EXPERIMENTAL PROCEDURE

The Carbon Arc in Air

Apparatus

The arc was operated in free air between vertical electrodes held
by simple clamp electrode holderé with provision for independent
ﬁertical adjustment. The electrical circuit and arrangement of the
electrodes.and the %ﬁter-cooled copper constrictéré (when they were
employed) are represented in Fig. 1. |

The electrodes are drawn as they appeared after the arc had been
operéted for a few minutes (all the“électrodes employed assumed this
general appearance). The cathéde Qaé symmetrical about iﬁé’axié?
while the anode was unsymmetrical, with a flat ellipsoidél face at
an angle of about 60 degrees to its axis. The.types of electrodes
employed are listed in Table T.

The water-cdoled copper-constrictors, s0 called because they
reducé the diameter of the arc plasma at their position, are some-

11,12

times referred to as diaphragms; the name '"comstrictor" is pre-

ferred here. The use of constrictors waé suggested by Ma,ecker.l3

They were constructed by simply drilling a small hole in a piece of
copper plate (about 35x35x1 mm) and soft-soldering a loop of 3/16-inch
copper tubing (about 20 mm?in diameter) to the plate togethér with a
rod for‘clamping the constrictor in position. Water pasging through
the tubing provides sufficient cooling to prgyent melting or gross |
deterioration of a 2 mm-diaméter orifﬁce even at arc currents up to

30 amperes. In most of the work with constrictors, two were placed

between the arc electrodes as in Fig. 1. The dismeter of the orifice

in each of these constrictors was 2.1%0.1 mm. Several other constric-
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ANODE

+ O/
»)
a..a- @
COPPER -
' 220dc
CONSTRI(?TORS =—6: )

CATHODE

MU~ 16219

. Fig. 1. Electrical circuit and arrangement of electrodes and
water -cooled copper constrictors employed for the studies
of the carbon arc in air.

V1 and VZ' 0-to 300-v dc voltmeter.
V3. 0-to 150-v dc voltmeter. .

A, 0-to 30-amp dc ammeter.
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Table I

Types of arc electrodes employed

Type of carbon Diameter Diameter . Use
of carbon of core

National Carbon Co.? Special (1/4 in) Anode and
Graphite Spectroscopic 6.3 mm none cathode
National Carbon Co. ,
Microprpjector Cored 5.8 mm 1.4 mm Cathode

- National Carbon Co.
Microprojector Cored 8.0 mm 1.4 mm Anode
National Carbon Co.
H. I. White Light 11.0 mm 5 mm - Anode
Grephite (origin . :
unknown ) 9.3 mm none Anode
United Carbon Products Co. (1/8 in) Cathode and
Spectroscopic Graphite 3:2 mm _hone anode

8'Th‘e_core materials are rare earth okides,'probably Ce.

bThe National Carbon Co.
30 East 42nd St.
New York 17, N.Y.

“United Carbon Products Co., Inc.

1300 No. Madison Ave.
Bay City, Mich.
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tors of varying orifice diameter, 1.5 to 4.l mm, were constructed
and used individually,- -
The ba;last resistance, Rl,wservgd to vary the power dissipated
in the arc. With arcs operated without constrictors, a coiled iron
wire fegistor éf 30-ampefe cap;city‘and O-toiéo—ohﬁ resistanéé was
employed as a ballast. Two of these resistors were used in parallél
when ﬁhe arc was operéted Qith constfictorsf This was necessary
because of the higher intrinsic resistance of fhe arc when operated
with constrictors.
Py and V3 and ammeter A were Weéton Eiectrical
Ingtrument Corp. mndel 489 dc meters.

The voltmeters f\rl, v

The power supply was the output of a 220-v dc generator.

The arc, wﬁen operated without coanstrictors, was struck by bring-
ing the electrodes into contact (with the power aiready on) and draw-
ing out the arc to the desired length. In operation with constrictors,
the explodiﬁg—wire techniqu was employed: a iength of 32—gauge.copper
wire was threaded through the consﬁrictor or constrictors and aligned
in conlact with the clectrodes, and then the power was furned on at
fairly low ballast resistance to ensure striking. The wire must not
be in contact with the conétrictors if misfirings are to be avoided.

An image of the arc, magnified X3, was projected‘on é ruled screen

and the arc length and electrode positions were controlled manually:

Megsurements and Their Accuracy

The arc length was determined by measuring the distance between
the cathode and anode hot spots on the screen and then dividing by the
known magnification factor. The length was also measured with a vernier
caliper rule after the arc was extinguished. The actual arc length was

dependent on the nature of the electrodes, which determined the amount



II-13

of hot-spét wandering. The arc lengths detefmined in this manner are
: prpbably accurate to *1 mm, the accuracy improving with improved hot-
spot stability. | |

The distance between.the facing surfaces of the constrictors
wéS‘detefmined with a vernier caliper rule read to 0.1 mm. The
'constrictor orifice diameters were obtained by measuring the diameter
oan'drill just fitting.the orifice. /

‘ The}eleétrqde'dimEnsions_were determined with the vernier caliper

rulé, |

The current through the ammeter A could be read to 0.1 amp with

"8 precision better than 0.1 amp, but because of the fluctuant nature

qf'the carbon arc in air (except when operated under stringently‘con-
trolled chditions3’h) the accuracy of the current readings was some -
what less. The uncertainty in the current readings'is in general less
then 0.5 amp.

The‘voltmeters employed to measure the potential drop over various
regions of the arc could be read fo the nearest volt with a prec{sion
better than *1 v. The accuracy of the actual readings, howe&ér, like
the accuracy of the current readings, was dependent on the arc stability.
The uncertainty in the voltagé readings is about *2 v.

PD_, the potential drop across the arc, was read from voltmeter VJ;

l)

PD_,, the potential drop between the anode and the first constrictor was

2}

determined by voltmeter V2; and PD_, the potential drop in the region

3’
between the two constrictors, was given by voltmeter V3.
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.Méthod , ' ' . A '

In order to determine %hat conditions produced the most stable
arc in air af atmospheric pressure, measurements ofAthe arc charac-
teristics were made oﬁ arcs operating at differgnt values of various
pargmeters. The following parameters were varied:

a. 4Thé power input.

b. The arc- length.

c{. The electrédes, both their composition 5nd their diameter.

d. The arc plasma dimensions, by use of constrictors.. |

The rélative stability of the arc as the various parameters were
changed was determined by visual observation as well as by the current-
voltage readings. ‘Attempts to use a reéording spectrophotometer to
‘determine changes in the intensity of the plasma radiation as the
pafametefs were changed wére uﬁsuécessful in most cases because of

the instability of the arec.

7
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The Arc in Controlled Atmosphere

Apparatus
The arc chamber

The confroliéd étmbsphefe'arc is shown schematically in Fig. 2.
‘A partial view of a plane through the center is given in the figure.

The main body J of the chamber consistsAof a T-in. length of
-S-ini od brass pipe with four 2—1/%-in. od brass pipes 2 in. in length
"joined to the large pipe, each at riéht angles to it§ neighbor and the
axis of the large pipe. The ends of the pipes have collars with pro-
viéion for rubber O rings in ofder to permit vacuum sedis fo be made
between the main body of the chamber -and the accessories.

The arc ChaMbe¥g¥é§;ééolgdxinﬁﬁrdethQ'reﬁove the heat radiated
by the arc.l'The cooli;;’;as éffected by paséing water th;ough copper
tubing SOldéred to fhe ﬁain body and the -end plates of the chamber.
The cooling was necessarj to prevent overheating and deferioration
of the‘O rings. and the glands of the Wilson.seals.lu

.The electrode-holding assémbly is made u@ of a water-cooled
electrode holder A, attached through an electrical insulator B, to
a stainless steel tube F, Wﬁich allows electrode position adjustment
by sliding through the Wilson seal E. The Wiiéon seal is attached to
the end plate of the arc chagber, with the O ring providing a vacuum
seal. The eléctrode—position adjustment is effected by turning the
ring C, which rotates the oﬁter member of two threaded coaxial pipes
(8 threads per inch). The inher member is held rigidly against the
end plate of thé arc chamber by a set of studs and wing nuts. The .

electrode holder and steel tube are held against the outer member by

virtue of the reduced atmosphere in the arc chamber. In order to
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. MU-16073

Figure 2
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Fig. 2. - The controlléd-atmosphere arc chamber.

A. Water-cooled elecfrode holder.

B. Bakelite insulation for e;éctrical shielding of thé elec-
trode holder from the body of the arc chamber.

C. Bakelite ring for fotating the outer meﬁber of the
belectrode-adjustmeﬁt assembly.

D. Electrode position-adjustment assembly. Dashed line
indicates threaded area.’

E. Wilson seal. Gland (no detaiis“given) outlined by dashed
lines.

F. Stainless steel cylinder which slides through the Wilson
seal gland. |

G. Cathode.

ﬁ. Ancde.

I. End pléte.

J. Main body of the arc chamber.

K. Gas vent.

L. Compreésion ring to hold window or adaptors.

M. Window.
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operaye'at’atmospheric pressure or above, the position—contrdl
‘mechanism andAthe Wilson seal would require modification.

The electrode-holder assemblies can be accommodated by the end
plates, as shbwn in the diagram, or by ény one of the four window
ports. Thus it is possiﬁle to operate an arc between»electrodes which
are vertical and opposing, horizontal and opposing, or at right angles
inlany of three possible érientations.‘ In any one of these possible
orientations, the arc can be viewed through a.windqw perpendicular
to the plane containing‘the electrodes, or, whenAthe electrodes are
at right angles, parallel to the axis of either elect;ode.A

+In the view shown in Fig. 2, the orientation generally employed,

thg cathode and its holder assembly are in the plane of the paper,

and the anode and its holder assembly are perpendicular to this plane.

Auxiliary equipment

The electrical gircuit was as shown in Fig. 1, with R, a single

1
O—tq 30-ohm resistor of coiled iron wire. The voltmeter Vl and
ammeter A served to determine the terminal characteristics of the érc.
The power supply was the output from a 220-v dec generator, and the
maximum line capacity, limited by cifcuit breakers, was about 30 amp.
In order to maintain a reduced atmosphere in the arc chamber
under flow conditions, a 33 liters pe£ minute (free air) vacﬁum punp
was connected to the chamber through an adaptér adpommodated by one
of the window ports. The pumping‘rate was éontrolied by a large glass
stopcock. The exhaust gases from the pump were vented from the room.
Tank dry nitrogen was led through a reducing valve and fubber

hose to the window vent where the anode electrode-holder assembly was

housed. The flow of nitrogen was controlled by a small needle valve.
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Air from the room, when used, was bled into the chémber through
a window vent opposite the window used for spectral ohservation of
the arc. The flow rate was controlled by~é small needle valve.

The pressufe in the arc chamber was meaéured with a conven-
tional‘U-tube mercury @anometer. The manometer was connected to'the
. chamber through an adapter, usually housed at thg top end plate'of

the chamber, and was protected from soot by a trap filled with glass

wool.

Operation

The arc wés started by bringing the electrodes into contgct(with
the pdwer already on) and drawing out the arc until the electrodes
were at predetermingd positioné._ The elgctrode positions'ﬁere.con;
trolled by maintaining the images of the electrode hot spots on a
ruled screen at appropriate positions.

The pressure'ih the arc chamber and the'fldw rate of the ambient
gas were adjusted before the arc was struck. Further adjustménts
were reéuired after the arc was struck if a specific pressure was
desired. For operation in pure‘nitrogen, the arc chamber was flushed
with nitrogen beforekthe arc was struck: The tétgl‘flow rate Qf the
-gas -through the chamber was usual;y around 1/2 liter per minﬁte.

With nitrogen-air mixtures, most of the ambient gas was nitrogen,
since the air flow was about 10% of £he total flow. The air flow
was generally reduced to the lowest rate sufficienﬁ to remove the
carbon vapor from the arc and prevent soot deposition.

The windows of the chamber had to be cleaned quite frequently
when the arc was operated in bure nitrogen because of "fogging" (i.e.

deposition of soot or duét),'especially at high currents. With
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nitrogen-and-air mixture, little or no fogging of,the windows
occurred. Fogéing resultéd if the flow rate was too rapid, espec-
ially when the gas flow was thfough the vent at the window in
queStion, or>through the vent on the opposite side of the chamber.
(Although the winQOW'vents were intended to prevent fogging of the
'windowz it was found in opefation that the effect was jus£ the
bpposite.) The.séot.or dust was blown or drawn by convection
currents against the window, where it formed a film. For this
reason, ﬁo gas was admitted through the vent of the window employed
for spectral intensity investlgations.
Slow flow rates were necessary fér satisfaétory operation of

the arc. At high flow ratés, the émbient gas became turbulent,

which caused instabilities in the arc operation. :

Measurements

The current through the arc wég determined to the neareét 0.1 amp.
The uncertainty in reading thé”ammétef was $0.1 amp with stable arc
operation and 0.5 amp when thé arc was uﬁsteady.

The potential drop across the arc was read to the nearest volt.
The uncertainty in the reaaings was less .than *1 v during stable
operation and *2 v during unstable operation of the arc.

The pressure in the arc chamber was determined while the arc .
was in operation. The pressure-was-read to the nearest 1 mm with.
an uncertainty less than *1 mm under stationary flow conditions.

The intensity of the A3883 CN emission from the arc plasma was
meﬁsured with.a_spéctrophotometer described in Part IIB of this thesis.
The intensity determinations were ﬁade on a portion of the aré plasma

viewed perpendicular to the plane containing the electrodes.
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The arc stabilityJwas gtudied with different ambient‘gas
compoéitions and pressﬁres, diffe;eﬁt e;ectrode types, and vérious
power inphts. The intensity of the A3883 CN emission‘wés also studied
és a function éf the same variables.

The brightness temperature of the A3883 CN emission was determiﬁed
under various conditions of arc operation and at various positions

in the arc stream (the method is described in Part IIB of this thesis).
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RESULTS AND DISCUSSION

The_Cﬁrbon Arc in Air

Sfﬁbility

| The stability’of the carbon arc burnihg in air Was'found unsat-
isfactory for a light source with the requirements set forth in the
Intfoduction. The results of the studies afe reporfed hére in fﬁll,
however, since they describe the various'phenomena characteristic |
of the carbon arc. Also, these studies blayed an important role in
the determination of the conditions that would most likely produce
the stable arc plasma desired. (L'he generul stability of the carbon
arc and details of the étudies are more fully dealt with below.)

The carbon arc operated in air at atmbspheric pressure beltween
6.3-mm diameter graﬁhite electrodes and without constrictors was
" quite unstable. Arc stream or arc plasma oscillations, caused by
the constant wandering of the cathéde hot spot and occasional jump-
ing about of the anoae hot spot, coupled with intermittent eruptions
of both electrodes (these eruptions changed the comﬁosition of the
arc plasma and consequently its emission characteristics), rendered
this type of arc useless for our purposes.

The stability of this arc was improved by using 5.8-mm cored
carbons as cathodes. The oscillations produced by cathode spot
wandering were removed, since the cafhode spot was confined to the
central, cored region of the cathode face. The arc plasma was still 4
éubject to intensity fluctuations from electrode eruptions and position
instability caused by anode spot jumps. The use of 8-mm cored elect-

rodes as anode material produced no marked improvement in the arc
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stability. The use of larger-diameter electrodes gave lgsé satis-
factory operation.

The arc stability improved with deéreasing arc length (from
20 mm down to'a few mm), and as the power settings yielded conditions
approaching those set forth by MacPherson.33

H. Maecker suggested the use of constrictors as a method of
incregéing the temperature of the pla;ma (if needed to enhance the
" intensity of "liﬁes" requiring high excitation pofentiéls).l3 More
"important, these-constrictors serve to control thé physical position
of the arc plasma.

" A single consfrictbr, placed a few mm from a graphite cathode,
served to préduce a fairly steady arc plasma between its orifice and a '
steady anode spot. The fixed constrictor orifice damped the oscill-
ations produced by the wandéring cathode spot. Two constrictors in
serieé were, 6f.course, more effective and‘the plasma betweep the
consﬁrictors was aisoAquite stable. The intensity of the emission
from these spatially stable fegions of the arc stream was subject
to fluctuations because of electrode eruptions as well as cathodé spot
wandering. The cathode spot wandering produces intensity fluctuationsb
by ghanging the total arc length, and, consequently the energ& dissi-
pated per unit length of the arc streanﬁ the cathode spot wandering-
was eliminated when cored carbons were used, but the intensity
fluctuations from electrode eruptions remained.

The most stable arc obtained in open air was that between a
5.8-mm cored carbon cathode and an 8-mm cored anode, §r between the
same cathode and a 6.3-mm graphite anode with two constrictors in

. series—that is, an arc arranged as in Fig. 1, operating near Mac-

3

Pherson conditions.
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A;l thé carbon arcs operated in.air displayed some undesirable
featu&esh Because of the rapid consumption of electrode material,
the electrodes required almost constant adjustment. . In addition,
the tdtal‘continuous burning time of ﬁhe arc was short, less than
1 hour. These failings could have been remedied by employing com-
.plicated electrode-feed mechanisms, such as designed by Finkelnberg
and Iatel§ Anotber undesiégble characteristic, associated with the
arc operatéd with constrictors, wés the irksome Jjob of aligning a
copper wire between the electrodes in order to strike an arc through
The constrictor orifice. The possibility of éliminating these un-
desirable features and the over-all appeal of working'With a con-
trolled atmosphere prompted the design and use of the controlled-.

atmosphere chamber.

Details of the Investigation of Arcs in Air

Characteristic curves

The characteristic curve for an arc is a plot of pdtential drop
against the arc current. Figures 3 to 6 represent typical character-
istic curves obtained for thehcarbon arc in air, operated as arranged
in Fig. 3. Figure 7Ais a characteristic curve for a pure graphite
arc iﬁ air without constrictors. Curves a and c in Figs. 3 and 4
and the curve in Fig. 7 represent the terminal chéracteristics of
carbon arcs operated uﬁder the conditions stated in the legend. The

curves b and d in Figs. 3 and 7 represent the characteristic curve

for the anode and the arc plasma between it and the first constrictor.

The curves in Figs. 5 and 6 are the characteristic curves for the
plasma between the two constrictors, and represent the -general plasma

characteristics.
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Fig. 3. Potential drop vs current for a carbon arc between
' graphite electrodes inm air at atmospheric pressure (see Fig.
1 for arc arrangement). Electrode separation, 25 mm;
constrictor separation, 7 mm. o

a. PD; vs I} for an arc with 6.3 -mm graphite anode and

cathode. :
b. PD‘2 vs I

c. PDy vs 1} for an arc with 9.3-mm graphite anode and
d. PDZ vs I 6.3-mm graphite cathode.
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Fig. 4. Potential drop vs current for an arc in air at atmospheric

: pressure between cored carbon electrodes (see Fig. 1 for
arc arrangement)., Electrode separation, 25 mm; constrictor

-.separation, 7 mm, '

a. PD; vs I} for an arc with 5,8-mm cathode and 8-mm
b. PD, vs I anode.

Ce PDI vs I for an arc with 5.8-mm cathode and 11 -mm

anode,

do PDZ vs I
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Fig. 5. Potential drop between the constrictors vs current
. for an arc between 6.3-mm graphite electrodes (see
Fig. 1 for arc arrangement). Electrode separation,
25 mm; constrictor separation: curve a, 7 mm; curve b,
3 mm.
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Fig. .6. Potential'drop between the constrictors vs current for an
‘ arc between a 5.8-mm cored carbon cathode and an 8-mm
cored carbon anode (see Fig. 1 for arc arrangement).
Electrode separation, 25 mm; constrictor separation, 7 mm.
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Fig. 7. Potential drop vs current for an arc burning free in air
"~ (no constrictors) between 6.3-mm graphite electrodes.
- Electrode separation, 13 mm.
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The slopes of these characteristic curves are defined as the
"resiétancé characteristic of the arc.l'5 For the low-current carbon
arc, the slope is negativg?Aand the arc is said to have a falling or
‘&eélining'cha}ééteristic,.sometimes called a negatiﬁe resistancé. I
prefer the term "neéétive-resistance characteristic” to describe this
préperty.
| All the curveé have negative slopes in the low-current region
except the curve in Fig. 6, which has & poéitive slope’ below 10 amp.

. Thus, the plasma betwéeh the ‘constrictors of this arc has a positive-
3lresistauue ch&rgcteriétic;v This Eeh&vior was observed Only when cored
'carbons were employed as anode material. When the anode was still
fresh and unshaped* the curve retained the negative slope below 10 amp
characteristic of the pure carbon anode arc curve. With an anode that
Was.shaped'after'some use,vthe positive slope always resulted. The
core material must in some way affect the plasma between the constric-
tors or the potential of.the constrictors. Although the resistancé
characteristic of this region of the arc was positive, the terminal
resistance characteristic of the arc remained negative. Since the
phenoﬁenon seemed unimportant in the investigatlon for a method to
produce a stable arc,hno extensive studies were carried out and the
phehomenon remains unegplained. |

~ A well-known occurrence in cafbon arcs in air is the discontin-

3,4,16,17

uity or "break" in the characteristic curve; see Figs. 3, 4

’ 18
and 7. Similar curves are reported by Schluge and Finkelnberg  and

in Darrow.l7 The break in the characteristic curve is associated with

* .
he unshaped electrode would release & higher fraction of carbon into
the arc stream than the shaped electrode..

-~

Al
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a sharpAchange in ﬁhe arc operation.

' When an arc is being operated with proper electrode dimensions
and af proper current the arc burns quietly with the anode face
completely covefed by a uniformly incandescent anodé spot. On
ihcreasé of the‘current, the anode suddenl& stérté hissing, and a
sharp increase in current and decrease in potehtial drop occur with
the outbreak of hissing. MacPherson has'labeled the quiet—burning
arc a normal arc and the hissing arc an overloaded arc.

From én examination of the characteristic curves in Figs. 3 and
4, it is readily seen that the transition is to be attributed to a
change in the anode mechanism.: Curves c¢ and d show no break, because
of the large anode diameters of these arcs, and reprgsent the plasma
characteristic over the break region of Curves a and b. By comparison
of the curves, fhe anode potential drop (the anode drop) is estimated

: *
to be 9 to 10 v less in the overloaded arc than in the normal arc.

The break in the characteristic curve, or the arc transition,
occurs at a critical value of the current density at the anode sur-
face. The value of the critical current density for the transition,
and further details about the nature of the transition are included
iﬁ‘the section entitled "The Anode."

The overloaded arc is also characterized by a rapid rate of

electrode erosion at the anode surface, and, because of the nature

of the anode méchanism, it is less stable at low power input than

* ' :
For a carbon arc with an anode ‘which contains a large amount of core

material, the opposite anode-drop change has been reported; see Refs.

15 and 18. The observation of about the .same value for both the graphite
and cored electrodes employed here indicates that the properties of the
cored anode employed are determined by carbon. The 8—mm diameter cored
electrodes employed here are largely carbon (see Table I).
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the normal arc. The overloaded arc is therefbre An'ﬁﬁdesirable form

of the carbon arc as a source of steady plasma emission.

The contracted arc column .

The contracted aré.column in the carbon arc stream has been
) . . . s 5,11,13
-reported in the literature and discussed by several investigators.
The contracted arc column does not form in a free-burning arc in air
s . .11
until. arc currents above 80 amp are reached. According to Klng} the

appearance of the contracted column is dependent on the ambient gas.

Finkelpberg states that thé contracted column cdnducts the major

. portion oi the arc current at high current densities of 10 to 30 amp

.per mme. ?

The contracted arc column can be formed at lower arc currents by
_empl@ying constrictoré.l¥’l3 The author, by employing éonstrictors
of. sufficiently small dig@eter,lhas produced contracted columns of
appreciabhle léngth with a carbon arc¢ in air at currents as low as
15 amp. To permit determination of the critical value of the current
.density for the formation of the contracted column, the arc was oper-
ated theough constrictore with orifice diameters varying from k.kh to
1.5 mm, and observations were made of the current ﬁhen the contracted
column first appeared in the center of the constrictor. From the known
area of the orifice an average current density could be calculated in
each case. A plot of log log current density vérsus area, when extra-
polated to zero area—the area of the contracted column on formatiom—
yielded a value of 12 +2 amp per mm2 as the current density required

for formation of a contracted column in a carbon arc in air at atmos-

pheric pressure.
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The contracted column has a very high temperature, ~10,000°K,
5,11

and emits largely atomic.lines and continuum. The contracted
column with its high temperéture is a poor source of CN emission
becguée most»of the CN in the arc stream would be decompcosed at the
temperature of the column. - Indeéd,‘when the plasma betweén two con-
strictors of a carbon arc was.imaged on the slit of a recording
spectrophotometer the.intensity of the CN x3883 emission was obse;ved

to decrease markedly when a contracted column was formed by suddenly

increasing the arc current.
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The Arc in Controlled Atmosphere

Stability

A pure graphite arc in nitrogen was found unsatisfactory as a
stable source of.CN emission. The cgthode spot was unsteady, under-
going intermittent jumps from pit to pit. With a 5.8-mm cored
carbon as cathode, the arc operated. very steadily in nitrogen at
reduced preésure (about 140 mm) for lSvto 30 min, but, after this
time, sboting of both electrodes and deep pittiné of the cathode
caused migrations of both the anodg and cathode spots, and the arc
became gnstable (further discussion of this iqstability is given in
“The Anode" and "The Cathode"). The arc could be rejuvehated by
burning it in air for somé time, then returning to pure nitrogen, or
by removing the pitted and sooted electrode ends. The tendency
toward instability increased with increasing pressure of nitrogen.'
Somers and Smit, in their studies of the carbon arc in nitrogen,
report that the arc between pure carbon electrodes at one atmosphere
pressure of nitrogen becomes‘unstable after about 15 min of operation.19
They also observed an increase in tendency toward instability with
increase in pressure.

When the arc is being operated at increasing currents in nitrogén,
and with a fresh 6.3-mm graphite anode, no.sharp break or transition
was obéerved. This is to be explained by thé'anode surface a&ailable

: *
in nitrogen, where little or no spindle of the electrode occurs.

The greater part of electrode splndle (taperlng) is caused by oxidation
rather than by evaporation.
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From a measurement of the active anode cratef'area, the current
necessar% to produce a transition to the overloaded'arc was esti-
mated tb be about 40 amp based on observations in air. (See section
entitled "The Anoae." .The.results-of experiments to determine the
current density at the anode when the transition occurs are contain-
ed in that section.) | |

In an atmosphere of nitrogen and a small amount of air at steady
gas flow, the arc between 6.3-mm graphite electrodcs wasg unstable
because of the cathode wandering characteristic of the carbon arc in
air. The avefage intensity of the plasma emission remained constant
in time, 5ut the wandering cathode spot—by causing plasma;position
oscillations as well as aré-length chanéeé—fproduced rapid intensity .
fluctuations, émognting to at least *10% of the totel intensity.

The arc with 5.8;mm cored’ carbon cathode an& 6.3-mm graphite
anode, burning in a nitrogen-air mixtufe,'was the most stable arc
producéd. An arc of this type could be operated‘at least 4 hours,
and up to 8 hours, withouf interruption,hand withAveryAlittle‘insta—
bility or change in the intensity of the plasma emission. T&pical
operating conditions for this stable arc are as followé: total gas
flow, 0.5 liter per min; ratio‘of nitrogen to air flow, about 10 to 1;
current, 9.5 amp; pbtential drop, 65 v; orientation of electroaes and
plasma dimensions (see Fig. 8 and Table II).

The CN A3883 emission from this arc was free from any rapid
intensity fluctuations, but a slow drift in intensity, not entirely ‘
compensated for by electrode-position adjustment, was present. The
drift toward lower intensity during a l/? hour pefiod would amount

to about 3 to 6% of the total intensity. Since only rapid fluctuations
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Fig, 8. Electrode orientation for the carbon arc in controlled
" atmosphere. The distances a and b determine the arc trim,
S3gg3 values are given at various pocitions in the plasma
(see Row 2 in Table II for the arc operating conditions).

A. Anode, 6.3-mm graphite,
B. Violet core of the arc plasma.

C. Cathode, 5.8-mm cored carbon with the cored and
pitted regions outlined by the dashed lines.




Table II

Values of S3883 obtained with conditions of arc operation

Electrodes  Potential drop Current Atmosphere Pressure 83883 .af b*
Cathode Anode (volts) (amp ) (mm Hg) k)t (1 ) nm
5.8-mm cored 6.3-mm graphite 73 9.& N, 140 4780 12.6 5.2
carbon R ,.
5.8-mm cored 6.3-mm graﬁhite 70 9.4 N, + air 138 _5350 12.6 5.2
carbon . '
3.2-mm graphite 6l3-mm graphite 63+2 12.740.3 N2 + air 14k 545090 14.3 7.4
3.2-mm graphite 6.3-mm graphite 7o£é : 10.5io.3 © air 136 ' 5480+60 14.3 7.4

*
* Arc dimensions, Fig. 8.

tBrightness temperatures determined for a position in <he plasma Jjust above

-

the cathode, see Fig.'8.'

LE-TT
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in the intensity have adverse effects on the measurements to be
made with this light source,.thé slow intensi£y drift is tolera.ble.l
The drift .is usually coupled with a slight decrease in current and
inqreéSe in»pqtentiél.drop. Thesé chénges result from an increase
‘ihithe'arc';engthicaused by pitting Qf the Eore_in the center of the
cathode. ‘Thejpifﬁing produces an‘uncompensated change in the arc
léngth,‘éincevthe length is controlled by keeping the image of the
cathode, ?iewed:from the side, at a fixed position. This pitting
can be eliminated'at the expénse of uniﬁferrupted operation timé
by using a larger partial pressure of oxygen. Also, the use of
cored electréaés w;th thinner carbon walls would prevent pitting.
The intepsity drift can also be associated with slight fogging
of the window Witﬁ time. A carbon depqsit on the window can be
detécted after a few hours of operatiop.
The spectral output of the plasma of this arc is confined largely
to CN emission. No core-material lines were observed with intensities
‘greater thén that of a tungsten strip lamp at 2800°K in the spectral
region 3800 to 6500 A. The abseﬁée of these lines results from the
low concentfation of core material in the arc plasma. The slow’ |
evaporation of cathode material and slow deterioration of the elec-
trodes (limited oxidation by the small smount of oxygen) limit the
concentration of core material entering the arc stream. This is in
agreement with the findings of Somers and Smitl9 for electrodes
cored with KCLl burning in nitrogen.
Another condition favoring a léw concentration of core-material

atoms in the plasma ié the direction of the potential field in the arc.



II-39

The rare earths (the materials usually present as oxide-carbon
" mixtures in. the core) have low ionization potentials, and as ions

in the plasma would tend to drift back to the cathode.

~

The Intensity of the CN A3883 Emission

The intensity of the CN A3883 emission from the arc plasma is

. : *
discussed, in general, in terms of brightness temperature. The

" brightness temperature of the CN A3883 emission will henceforth
be designated 33883'

A plot of S3é83 in °K‘versus power input in watts is givgn in
Fig. 9. The brightness temperature was found to increase linearly
in the region of power input investigated, with a two-fold increase
in power input producipg a 300°K riSe'in S3883' The increasé‘in S3883
results from an increase in the plasma temperature, which, in turn,
depends on the increase in the current density. Since the plasma
dimensions inérease with increasing current, the increasé in plasma
témperature——and alsd the increase in S—is expected to be slight. Haa ’
the plasmé dimensions been held constant, the increase in 53883 would
have been more rapid.

The increase ig S3883 with increase in plasma temperature does
not continue indefinitely, as the increase in degree.of dissociation
soon outﬁeighs the increase in degree of excitation, and the bright-
ness temperature decreases.

Figure 10 is a plot of intehsity vs pressure during a pumpdown

- of the chamber with the arc burning in pure nitrogen. As can be séen,

N .
See Part B for the definition of brightness temperature and the method
of determination. ’
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Fig. 9. S3gg3 vs power input for an arc in a nitrogen-air mixture
at 140 mm .Hg pressure. Arc dimensions: a, 12.6 mm;
b, 5.2 mm. Aperture positioned near the cathode in the
center of the plasma (see Fig. 8).
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Fig. 10. Intensity of the CN 3883 radiation from the arc plasma .
vs nitrogen pressure during a pumpdown of the arc chambesr,
Total pumpdown time was 5 min,
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the intensity first increases and then decreases as the pressure of
nitrogen decreases. The pressure of nitrogen under static conditions
giving the maximum intensity was found to be 140 mm Hg.

Thevdecrease in intensity below 100 mm can be attributed to a
decrease in the concentration of CN coupled with a decrease ih the
plasma temperature. (Tbe Plasma %émperature of a carbon arc is
known to decrease quite rapidly with decreasing pressure below 0.1 atmos.
See refs. 20,21.) The decrease'in intensity above 140 mm pressure can
be attributed only to self—abéorption. The effect of self-absorption
is discussed in detail later, see p. 56 . Briefly, at low concentra-
tions of CN self-absorption by the cooler layers éf CN surrounding
the hot central plasma is unimportant, but at higher ﬁressures of
nitrogen, at which the concentration of CN has inc;eased sufficiently,
the cooler layers are very effective in absorbingﬂthe radiation from
the hot central regions. As a result, the intensity of the CN emission
is reduced. |

' A brightness temperatu;e of 4780°K was observed for a carbon arc
in pure nitrogen, and a value of 535Q3K was observed for the same arc
.in a nitrogen-gir mixture. The arc conditions are given in Table 1T
Trows l and 2;_ The ‘increase ﬁn brightness temperature results from:
~the presence of oxygen in the atmosphere around the arc stream.

In nitrogen, the arc burns surrounded by a mantle of carbon dust
and cooling gases, among them some CN. The mantle acts to attenuate
+the intensity of the light emitted in the center of the arc stream.
The introduction of a small amount of oxygen into the atmogphere

immediately removes this mantle by burning the carbon evaporated from
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.the electrodes and, also, by oxidizing the carbonaceous.gases in the
cooling layers of the arc stream before they form carbon dust.

Thus a small amount of oxygen in the atmosphere around the arc
is necesséry for obtaining a higher brightness'temperature of CN A3883
emission. A

.Figure 11 gives.the change in 83883 with pressure for an arc.
operating in avnitrogen—air mixture. The curve is very similar in
shape to the curve obtained by Ornstein, Brinkman, and Beunes20 for
the plasma temperature'of an arc at various pressures of air. As
with nitrogen, it is concluded that at low pressures the intenSitj
(brightness temperature) of the CN emission is decreased both by
the lower plasma temperature and by the lower concentratlon of CN.
Above lOO mn pressure, the increase in the brightness temperature is
slow, and.is probably due to the increase in plasma temperature rather
than because of any increase in the concentration of CN.'

The optimum pressure of nitrogen-air for operation of the arc is
betweeu 140 mm and 350 mm Hg. In this range of pressures, the chahge
in brightness temperature with pressure is slow, and the arc assemﬁly,
especially the electrode-adjusting mechanism, is least troublesome.

The S3883 of an arc with pure graphite electrodes was determined

‘ (5450 #90)1(see Table II) and found.to be higher than that of an arc
with a cored carbon cathode (5350°K). The increased stability of the
are with cored carbon cathode is much more important than the sllght
increase in brightness temperature galned by the use of a graphite
cathode.

S3883 was determined for an arc between graphite electrodes in a
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Fig. 11. S3gg3 vs pressure of the nitrogen-air mixture in the
arc chamber for an arc burning between a 5.8~-mm cored
carbon cathode and 6.3-mm graphite anode. .



II-45

nitrogenuairlatmosphereAand also in a pure air atmosphere (see Table
I1). The-values were the same, within experimental uncertainty
(5450290 and 5480*60°K). This indicates that after the introduction
of a small amount of oxygen into the arc chamher with the arc burning
in nitrogen, further increase in-the concentration of oxygen is
ineffectual as far as increase in 83883 is.concerned.

No determination of 83883 for an arc with a cored carbon cathode
.burning in air was made, but on the assumption that 33883 follows
qualitatively the plasma temperatnre, a decrease in S3883 would be
Aexpected. (TheAplasma temperature of an arc between cored electrodes
in air has been reported by avnumber of investigators to‘he lower than
that of an arc between pure carbon electrodes? 12, 21 2h)

3883 was determined at various p031t10ns, as shown in Fig. 8.
The values vary with pos1t10n in the expectcd manner and in quali—
tatlve agreement with the varlatlon of plasma temperature in the low-
current arc. 8,24, 25 The arc- stream area between the electrode hot

spots presents a source of CN x3883 emission Wthh is fairly uniform

in brightness temperature°
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Arc Stability and the Arc Mechanism

The arc stability is discussed in terms of the mechanisms
occurring in the three regions of the afc;.the cathode and its fall
-space, the anode and its fall'spape, and-tﬁe arc stream or plasma.
(The fall space is‘fhat space extending a few fractions of a mm in
front of the electrode, wﬁECh is characterized by a very steep

-potential gradient.)

The Cathode

In a carbonlarc, the greater part of'the_arc current is carried
bj eiectrons, and the function of the c;tpode is to supply these
electrons. The electrons are emitted tﬁermally from the cathode
surface, and the surface is maintained at the required temperature
by the enefgy released from the impinging positive ions. The ions
are accelerated by the sharp potential drop in the fall space; the
drop'in the carbonAarc is about 10 v.5’17 The temperature of the
cathode spot depends on the cOmposition of the electrode material,
‘the work functioni“and'conductivity, and the qubjsize depends on
the conductivity and diameter of the electrode iﬁ.addition tolthe
current. '

Let ﬁs first consider the carbon arc in air. The shape of the
cathode (see Fig. 1) is determined by oxidation‘and not by evaporation?
In én arc with a 6.3-mm graphite cathode, which has a fairly high work
function and heat conductivity in comparison with electrddes cored
with rare earth oxides, the cathode spot is very small, less than
1 mm.2 Aside from the cathode spot, the cathode surface is fairly

cool because of the size and conductivity of the graphite electrode.
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The heating at the spot is very shallow, fermittiné the h§£ spot to
wandef“about the coolef‘cathode dome, which is fairlj unifqrm in
temperatﬁre. The conétant wandering may reéult becau;e the freshly
oxidized surface at the edge of the hot spot offers a lower work
function.for the release of électrons.' Migfation-up the side of the
electrode is unfavorable because Of.the temperature gradient.

With cored carbon‘electrodes in éir, the cathode spot ié con-
fined to the central.éored region of the electrode by virtue of thé
low work function for electron emission at the surface-of the rare
earth oxide.

The energy dissipated per unit gurface area of the catho@e spot.
is givén by the current density and the potential drop. The'currenf
densitylat the cathode spot'on the 6.3-mm graphite cathodé was esti-
mated as lO'amp per mmz, the cpo£ area increasing with current.

With the 5.8-mm;coréd'carbon cathode, hoﬁever; the current density
varied from 3 to 10 amp per mm? because the spot area remained
essentially constant (the area of tﬂe cofe). |

‘The high-current—density.ca£hode spot in the graphite‘arc is
the seat of tﬁe contracted column in the free-burning:high-current
arc,s’ll'since the plasma diameter is least at the cathode spdt. ‘In
the iﬁvestigationé carried out with constriétors, I hafe observed timt
fhe forﬁation of the ééntracted éolumn in the constricted region was
accompanied by the apbeéraﬁce of a similar contracted column at the
cathode; independent of the constrictor diameter. As the current
through'fhe arc is increased, these columné increase in length and
Join inAtﬁe diffuse plasma surrounding them. lAt the same éurrents iﬁ

a free-burning arc no contracted column was observed. The prevention,
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by the constrictor, of the expansion of the arc plasma élong the
length of the arc column as the curfent is increased (the usual
occurrence in a free-burning arc) is offered as an explanation.

After Qberation,pf an‘arc between graphite electrodes in
ﬁitroéen, the cafhdde tip surface was found to be covered with lamp-
blaék aﬁd many pits or small craters, usuélly.less than 1 mm in
diameter. From fhis appeafance it is possible to offer the follow-
ing exp%anation for the instability of this arc in nitrogen. In
air, the carbén evaporated from the hot spot is oxidized, and the
clectrode carhon itself.is oxidized. Thus the cathode surface of
an arc iﬁ ajir is a clean graphite surface.  In niftrogen, the
gvaporafed carbon is ﬁot consumed, no oxidation of the electrode
occurs, and, furthermore, the carbon vapors diffusing from the cathdde
spot are condensed at the very edge éf the spot by the cool electrode
sufface. This layer of lampblack or veil of amorphous carbon is a
poor thermal of electrical conductor, and acts to prevent smooth
migration of the hot spot. Since the cathode spot is trapped by the
‘condensing vapors, it remains for some time fixed in position and
forms a pit or crater in the electroée at this position. After an
indefinite time interval, the hot spot migrates very rapidly, Jjumps
from this crater, and forms another crater at a new site by the same
process. Thus, the face of the cathode becomes covered with small |
craters, and jumping from crater to crater by the hot spot is quite
gommon. The cathode spot sometimes Wanderg up the gide of the elec-
- trode, especially after the face has becdme'covered with a‘layer of
lampblack.

This'type of céthode mechanism renders the arc useless as a stable

source of CN emission.
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) With the 5.8-mm cored céfbon cathodé, the cathode spét remained
fixed”and the arc operated Very steadily. After some time, the arc
became unsteady, with the qathode spot dancing aboﬁt‘on the rim of
the deeply cratered electrode.’ The’ deep cratefureSults from the hot
spot's being éonfined to the surface of the core and evaporating only
core matéfial. AAfter the crater becomes about 5 mm deep the cathode
spot migrates to the rim of the crater and.produces an aré of the
same type as formed with a gréphite cathode; Migrﬁtion back to the
core is prevented by‘the deﬁth 6f thé crater. Removal df the crater

walls in any manner, of courée, restores the cathode spot to its posi-

tion on the core.

)
The Anode .

The anode of the carbon érc serves to receive the current-
carrying electrons. The arc with a solid graphite or,hoﬁogeneous
carbon anode h%s two forms of anode spot, a low-current-density
noiseless férm, and.a highscurrent-density.hiséiné form. These two
. types of anode spots have been described in the liﬁérature many
’cim,es‘,3k’LL’S’J'T’Q7 Mechanisms have been presentéd for the low-current-
density a,node28 and the high-current-density anode.s’?6’28 These
mechanismé ﬁave been developed on the basis of observations made on-
arcs with large ambunfs of core material.

In the pure carbon arc, as in the cored carbon afc, the anode,
in éddition to receiving the electrons, provides by'thermionic emission
‘some of the positiye:idns necessary to neu£ralize the space charge in

arc stream.28 Thus, a certain poﬁential drop, dependent on the work

function for theérmionic emission of positive ions at the electrode
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surface, is required in the region Jjust in front of the anode. In

p)

while in arc with

15

the pure carbon arc the‘anode drop may be 30 v,
large central cére,-the anode~dr§p may be 5 to iO V.

The temperature‘of the anodé surface and the rate of evaporation
of the'anode material are deéendent on the current density at the |
anode surface since'the current deqéity and the anode drop determine
the energy dissipated at the surface.

The low-current-density poiseléss‘anode spot is a uniformly
incandegcent surface which generally covers the entire face of
the anode in a properly adjusted arc and represents the stable form
of the low—cu;rent arc. If the current density al the anode is
increased above a critiﬁal value (this value may be dependent on the
" electrode arrangement or trim), the high-current-density anode spot
is formed. fhis form is characterized by a lower anode drop (about
10 v Iess), a marked increase in the rate of electrode evaporation,
and a lower incandescent brightnessj in addition to the higher current
density. |

It was possible, Wifh a properly adjusted arc arranged ac shown
in Fig. 1, to uperate the drc fluctuating between the normal, low-
current-density anode form and the overloaded, high-current-density
anode form. Such an arc was interrupted and the effective area of

the anode spot was measured (the area of the well-shaped crater).

*In defermining the brightness temperature of the low-current-density
anode spot, one found that the intensity of the radiation always
decreased whenever the high-current-density anode spot was formed.

At sufficiently high current densities, however, the intensity of the
hot gases in front of the anode increases the intensity above that of
the low-current-density anode. See Refs. 4 and 26.
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Frém visuai observafipn the area of the anode spot appeared td'remain
constant. If any change occurred, it was a_decreasé in the area of
the spot on formation of the overloaded arc. From the currents
observed for the arc in ﬁéth'forms, & ‘current densit& of 1 amp per mm?
as a.maximumAfor the normal arc and a current density of 1.1 amp per mm2
as the miniﬁmum'for thé'overloaded arc were obtained. The maximum
current density for_ﬁhe normal arc operated as shown in Fig. 8 waé,
found to be 1.2 émp per mm?. The difference“ig in the expected
direction, if the éhange iﬁ andde apot typeAis temperature-dependent,
since in'the verfical arc the hot column gases are passed over the
anode by convection.currénts, but when the anode is horizontal, a
large part of the column gases is carried'éway without passing over
the surface of the aﬁode. |

The current densities given.are for a graphite anode burning in an
air atmosphere. The current densities ét the transition points were
determined for a graphite anode in‘nitrogen and found to be l.ha and
‘l.Su amp per mm2.

Since the transition region represents an unstable region of~oper—
- ation, current densities near fhese values are to be avoided if a
stable arc of either form is desired.-

With an improperly adjusted,ldw—current arc, a high-éurrent—
density anode spot that is very unstable in position will be formed.
This type of‘anode spot wés-obsérved when the power input was too low
for the size of'électrqde employed. The anode spot of this type pre-
sumably arises By the following pfdcess. As the power dissipated gt

the anode surface decreases, the incandescent hot spot of the normal
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arc is reduced in size becausevoﬁ«the minimum temperature required to
emit the positive»ions necessary for the arc mechanism. If the
'electrode-is:of sufficient size (nhas sufficient heat'capacity), the
 anode spot,réduCes in size ﬁntil fhelcurrent density and spot
témperature %each the values needed forlthe transition to the high-
current-density anode. Because of the‘smali size of the anode'spot,
the énergy dissipatéd per unit surf;Ee area is high, but, because of
the ;apid eVaporation of anbde material, the fraction\conducted into
the‘gleéﬁrpdé ig low. " As é result, the heating at the anodé surface
.;s very shallow'and th¢ spot is capable of Wandering about the surface
~'6f the anode énd even up the side, sometimes to such distances that
-the arc is extinguished.

This type of arc is always formed when an arc is freshly struck
between cold electrodes. The arc will persist in this form unless the-
Atotai power input is éufficient‘fér_the.small fraction,conducted‘into
the electrode to heat the electrode fo a temperature high enough for
the formation of the low-current-density anode.

Thué, the arc¢ with a low-current-density anode has a minimum
current - (power inpﬁt) requirement for stable oyefation ac well as a
maximum tolerable current, both dependent on the size of the electrodes.

-With a carbon arc in nitrogen, the’high—current-density anode arc
(the migrating-spot type ) arises in still énotherFmanner. Because of
the absence of anode spindle in nitrogen atmosphere, the danger of
4reach1hg an overloaded arc is lessened. This advantage is removed by
the effect of soot formed by this arc. The carbon vapors from the

anode spot are condensed at the e€dge of the electrode and the carbon dust’

in the mantle around the arc stream fofms a cone of soot around the end
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of the electrode and festricts:the plasma diameﬁer at the anode. As
a fesult, the current density is increased until a high-current-
density anode spot is forméd."This spot then wanders about on the
anode by blowing off the soot in its path. The time required for
this type of arc to form in 140-mm nitrogen was abput 15 to 30 min.
The arc can be restored to the low-current-density anode type
simply by introduciné a smail'amoﬁnt>of oxXygen into the atmosphere to
'remove'the‘sodt.

The Arc Stream ar Plasma

The arc stream or‘plasﬁa serves to conductAthe curreﬁt between the
electrodes of thé arc. The mode of éonduction depends on the ambient
gés and its coﬁditions. . In the carbon arc, mos? of thé current
is carried by electrons. The staBility of the plasma when the arc
is opefated in a nonturbuient atmosphereAis dependent only on the
sfability of the cathode and anode hot spots. Thus a gtable set of
elgctrddes'guarantees a‘sfabl; plé%ma. |

The radiation emitted by the plasma is of importance here. The
charaéter of the light emitted by the plasma is dependent on a number
of parameters. The molecules aﬁd atoms p?esent in the plasma, the mode
of excitation of the emittérs,'and the temperature and pressure of the
emitting gas are amoung the more important pa.ra.m.eters.la’g9

In thé low-preésurg-arc or discharge, the main mode of excitation
of the emitters is elébtronic, that is, by collision with hot electronsf/
The temperature of the electron gas in the plasma is many times'the
gas temperature. As the pressure'of the gas is increased{ the frequency

of collisions is increased and the two temperatures approach each other.

Above 100 mm Hg the two temperatures are approximately,eQual, but the
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electron-gas temperature must remain slightly higher, since the mode
of heating is by energy transfer from the electrons accelerated by

the potential gradient in the arc plasmza..g’le’21

At these pressures,
the excitation is eésentiglly thefmall and the gas emits as a gas at
the temperature of the plasma. That the mode of excitation in the
cérbon arc in air at atmospheric is thermal, has been dembhsﬁrated
by Kruithofo and Witte .23 |

In the pufe carbon arc in air or‘nitrogen'with a low-current-
density plasma, the emission is from such species‘as N2, CNQ C, N, C2
cand smdller concentratinns of other carbonaceous species. ‘The oxygen
is used up in the cooler‘layers of the arc and is unimportant as |
an emitter of an a constituent in emitting species. If the arc is
operated between electrodes cored with metal oxides or’other materials,
lines from various species of the core material are also prevalént
in the'emission from the plasma. The intensity of a specific "line"
depgnds on the. concentration, optical density, or thickness12 of the
species, its transition probability, the.excitétion potential, and
the effective excitation temperature of the plasma.

Befofe considering the -intensity of the CN emission from the carbon

arc plasma let us first discuss the effect of constrictors on the

plasma.

The efféct of constrictors on the plasma

'When constrictors are present in the arc stream, the plasma withih
ﬁhe orifice regionlis reduced in diameter, and its temperature is
raised, pfbducing a region of higher excitation temperature.12 This
may or may not be a favorable condition, as it may increase or decrease

the concentration of the emitting species.
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Spectra were taken of the emission from the plasma between the
| constrictor plates of an arc burning between cored electrodes. These
spectra, in contrést to those taken of thé plasma between the cored
electrodes of an open arc, were'dévoid'of:core-material lines. Thé
absence of these lineé must be attributéd}to the action of the con;
strictor plates. |

The atoms from the core materiéls, uéually rare earth oxides,
have low ionizaﬁion ﬁotentials, and therefbreAexist in the p}asma
as ions‘énd emit ion linéé. The constricﬁors act to remove these
ion; at the orifices‘and prejent'them from entering the plasma region
between constrictors by the followihg mechanism. The electrically
floatiﬁg copper consfrictors‘become neggtiﬁely charged by the very
mobile elec£rons colliding with the orifiée walls. (See the dis-
cussion by Darrow3o éh the effect of probes in a diécharge.) Thus
a pdtential gradient is'formed along the radius of the plésma in the
orifice, and the:ions in the élasma are accelerated to the walls of
the orifice and colleét there. The negative charge is maintained on
the constrictors becauSe of the higher mobility and velocity of the
electrons as compared with that of the heavier ions. |

Thus, the use of gonstrictors to enhénce the intensity of an ion
line through incréase of the}plasma temperaturebwill result in a
weakening of the line because of the reduction in the optical thick-.
ness of the ion in fhe plasma betﬁeen the constrictors. ‘For enhancing
the intensity of:atomic 6r arc lines, on the other hand, when the atoﬁ
has a high ionization potential and the upper stéte of the line has a

* high excitation potential, the use of constrictors will prove profitable.
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The intensity of the CN X3883 emission

In an attempt to build up the intensity of the CN emission
(increase S3883)’ the logical mode of attack is to build up the
optical density (concentration) of the CN in the plasma so that
the intensity of the center of the 23883 head will become equal to
that of a Black body at the temperature of the plasma, the maximum
péssible (83883 equal to the plasma temperature). The optical

~density of CN should be highest in the pla;ﬁa of a carbon arc
burning in a nitrogen atmosphere, and indeed, it is. But, it is
alpo very high thrpughout the entire region of the arc plasma, and,
‘because of the temperature gradieﬁt along the radius of the arc
column, S3883 is lowered by self-absorption effects.

At low pressures.of nitrogen, S3883 increases with the pressure
of nitrogen-(from a few mm to 140 mm Hg) until the optical density
of the CN becomes high enough so that the increase in self-absorp-
tion'in the cooler layers of plasma cancels the increase in S3883
resulting from the increased plasma temperature at the center of
the plasma. Further increase iﬁ the nitrogen pressure increases
the optical density'and gelf-absorption more rapidly than the plasma

temperature, and, as a result, S388 decreases with increasing

3
"pressure. Thus, even though S3883 may be very high at the center of
the arc. stream (possibly equal to the plasma temperature, 5800 to
6600°K), the measured S3883 of. the plasma emission is below 4B800°K.
83883 has heen found to be much higher Vhen a small amount of
oxygen is present in the ambient apmosphere. The increase results

not oniy from removal of the mantle of carbon dust around the arc

stream, but also, and more important, from reduction of the CN optical
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density in the coller layers of plasma. The oxygen diffuses into
the.plasma and oxldizes the CN in the eoollng'self-absorbing layers,
but, at proper concentration, does not reduce(the'concentration of
CN‘in'thefoentralApart of the plasma. Thus by reducing the amount
of self—absorption.without reduclng the'intensity of the emission

from the central hot plasma, the oxygen serves to increase S3883

from ~u800 to 5300°K.

Cumpalibon of 53883 and the plasma temperature

No measurements were made to determlne the plasma temperature
of the arc developed in this research, but, from the values reported
for arcs operated under very 31mllar cond1t10ns,8"9 the plasma
temperature is estimated to lie between 5800 and 6600°K. Because
of the hlgher ‘currents employed here (9.5 amp vs 5 amp or less)
and because the anode employed here was uncored (solld graphlte) s
the higher temperature rs.fayored. The value of S3883’ around 5300°K,
is in the expected range since high optical densities are generally
4 not attained'at high plasma temperatures,lzland self-absorption by
the cooler'layers can hardly be expected to be completely removed.
In addition, the value of 5300 represents g minimum value for 83883
for the arc at optimum conditions.

The estlmated value of S, of 5500 °K (see p. 97 ) is about 1100°K

. A
below the estimated plasma temperature, 6600 K, the maximum S)w possible.
This means that the intensity radiated by the arc stream at 3883 A is

about one-third the maximum possible intensity.

"%
~ Because of instrument limitations in the measurement of S the
values reported here are suspected of being too low. See Bar% ITB.
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CONCLUSIONS

Studies have been carried out on various carbon arcs in air
which have resulted in an understanding of the requirements
necessary'for the production of an arc with the desired stability.
The features that rendered the carbon arc¢ undesirable were studied
and the critical conditions for their formation were determined in
order that they might be avoided.

From these studies, it wasvestablished that for the stable arc
required:

1. The size of the electrodes to be employed is determined by
the powér available. A certain power dissipation, dependent
on electrode sizé, 1s required to establish stable electrode.
behavior.

2. Thé high-current-density anode spot is undesirable and can
be avoided by adjusting the power input to yield the pfoper

- current dénsity at the anode spot. Fbr‘a 6.3-mm graphite
anode, the arc current should be between 8 and 10 amp if
extended in controlled atmosphere.

3. The high-current-density contracted column is to be avoided
when the amount of the emitting species can be depleted
becaﬁse of the high temperatures in the column plasma.

4. The use of a cored carbon cathodé with a small core diameter
is necessary to establish a stable cathodé spot and.prevent
plasma motion.

5. Constrictors are useful for establishing a plasma that is
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fixed in position and quite stable in emission characteristics.

The carbon arc in air, because of rapid electrode cbnsumption,

© requires constant electrode adjustment in order to maintain

constant intensity of emission from the plasma.

For the stﬁdy of the carbon arc in controlled atmosphere, an arc

chamber was designed which would allow considerable variation of the

arc operation conditions.

As a result of the studies of the carbon arc in controlled atmos-

phere, a étable, intense source of CN emission has been produced.

The following requirements have been found the most critical in

establishing a stable cérbon arc that will produce constant and

.intense CN emission:

1.

~

A Cdreé éarbon cathode is necessary to establish a stable
cathode hot qpbtf Thé core diameter ghould not be too large.
T@e reductidn in S3883 as a result‘df employing a cored
cathode‘ih place of a solid éraphife column is negligible in
éomparisdn with the gain in stability.

A solid graphite anode is preferred over a cored anode
because tﬁe arc'with a graphite'anode has a higher plasma
temperatﬁre withoutvloss in stabilit&. The éqred anode woﬁld
add metal ions té the plasmaAand reduce the plasma tempera;
ture and s38837

The'electrode orientation or trim should be that shown.in
Fig. 8, since'the anodé‘stability is enhancgd if the anode /
is held horizdntal and the cathode is held vertical and

slightly below the end of the anode.

A reduced preésure is important, not only because it is
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convenient for operation 6f the arc chambér, but also
because the anode spot exhibits an eﬁhanced'stability
below 400O-mm Hg pressure with the atmosphere and currents
employedjhere.

5. The atmosphere should be largely hitrogen in order ﬁo obtain
a high CN concentration in the plasma and lengthen the life
of-the electrodes.

6. A small concentration of oxygen is required in the arc-
chamber atmosphere for & number of reaéons.< It removes
the mantle of carbon dust that surrounds the arc stream of
a carbon arc ip nitrogen and increases the intensity of
emission from the plasma. It serves to reduce“the adverse
effects of self-absorption by oxidizing a large portion of
the CN as it diffuses into the cooler layers of the plasma.
The oxygen is alsc necessary to keep the electrodes cleér of
soot and; therépy, prevent electrode-spot instabilitiesf
Slight oxidation of the cathnde casing to prevent deep pitting
at the core and the resultant instability is another function

" of the small oxygen content. High concentration of oxygen
is to be avoided because of the rapid rate of eléctrode
consumption resulting. In an arc with cored elecfrodes, the
increased rate of consumption lowers the plasma temperature
by introducing a lérge‘concentration of core material, metal
ions, and atoms.

The most satisfactory cén&itions for the operation of the arc in

the controlled atmosphere were determined by studying the drc stability
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as'a function of Varipus parameters. .

The brightneéss . temperature, 83883’ of thé CN emission from the
plasma of the stable carbon arc-developed'was determined. The value
obtained, ~§SOO°K, érobably repreéents the highest attainéble with
the carbon arc becausé of thé dissociation and self-absorption pro¥

cesses associated with.the carbon-arc plasma.
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B. A METHOD FOR THE DETERMINATION OF BRIGHINESS TEMPERATURES

INTRODUCTION

A program directed.toward the détefminafion of radiative life-
times of high-temperature molecules has been inifiatedbin these
laboratories. The apparatué employed for the detefmination of such
lifetimes requires light Sources with high radiant flux (intensity)
at specific wave l‘eng’chs:L (see Introduction, Part A).

For our purposes, the most convenient method for expressing
the intensity-of a light source at a given wave length is through
the bLrighluess Lemperatﬁre. The brLghﬁuess temperaturef of a light
source at a specific wave length is equal to tﬁe temperature of a
black-body source which, at the same wave length,.gives the same
intensity per unif wave-length interval as the light source.

A knowledge of the brightness temperature of a light source
at a specific wave length allows one to calculate the number of
quanta emitted by the lamp at that wave length over é wave-length
interval commensurate with the brightness temperature. Equation
(R,lj givps the intensity in duahta per second per cm2 source area
per steradian per unit wavefiength interval for a source with bright-

ness Atem.pera.ture'sx at M.

N 1
R)" = (2C2/>» )exp(c2/>\'sl) _— (B-1)

From the known area of the source and the efficiency of the optical

system, the effective number of quanta can be calculated for a given

* '
The dbrightness temperature at the wave length A will be expressed in
this thesis as SX' ‘
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syspem
Richard Brewer, in his thesis, has outllned the method'for
-calculating the minimum value of Sx requlred for a llght source
to be- useful for determlning the llfetime of a spec1f1c spe01es
with the llfetime apparatus available. 1 It isblmportant, for the
‘success of a lifetime measurement, to know that .the lamp has a
sufficiently high prighﬁness temperature atiphe required wave length.
Inlgeneral, intensities of light sourceés are given in terms‘
which do not allow us‘to determine the usefulness of a lamp for
‘our purposes. Expression of the infensity in candles per mm?,
although useful for determlnlng the llghtlng effectlveness of a
-lamp (admlttedly, the purpose of most commercial lamps), is useless
for the determination of the number of quanta emitted by the lamp
at a spe01flc wave length The spectral energy distribution of a
lamp expressed in watts per 100 A or other large wave- length interval,
while more helpful than candles per mm2 for determining the usefulness
of a light source, does not yield the quanta per unit uaveelength
1nterval at.a specific wave lengph unless the exact proflle of the
lamp radlatlon is known. Thls is espec1ally true for sources that
emit atomic lines or otner sharp features, the kind of source of
interest for our purposes.
Because of tne lack of data of the type necessary to determine
the brightness temperatures of available sourees, the development

of a method for determining S, values of light sources and application

A
of the method to available light sources was initiated.
As stated earlier, light sources of high intensity at specific

wave lengths are of interest for lifetime studies. Such sources as
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commercially available vapor discharge and arc lamps prove useful
if the lamp emité radiation at the wave length at which the species
of interest absorﬁé. In some cases, especially in study of atomic
speéies, sharp line séurcés,are désirable, whéreas'for stué%es of
molecular species in which a numﬁer df rotétiopal liﬁes are capable
of absorﬁing radiation, a broadened line sour.ce such as a medium-
or highjpressure arc lamp ma& be more degirable. Also, with broad-
ened scurces, the possibility of overlap ;f emitting and absorbing
wave length is greater. | |

Perhaps the best sources of ver& intense sharp lines may prove
to be microwavé—powered sources similar to those déscribed‘by Ham
and Walsh3l and by'Branner, Ferguson, and Wehlén.32 Ham and Walsh
describe lamps for use in Raﬁan studies contéining mércury vapor,
sodium vapor, or helium gas which emit very intenée, sharp lines
cﬁaracteristic of the vépor or gas,.aﬁd suggest that other vapors
or gasés could be employed. Tﬁe mercﬁfy iamp déscribed by Branner,
Furguson, and Wehlen emits 0.0l watt per cm? per sterédian at 5461 A
from a line of 0.03_A-half width.32 -The brightness temperature of
Lhils 'llue 1s calculaled as ~T300°K. Thus it 'a.'ppea;rs that microwaves=
powered sources may prove ?ery useful as light sources for lifetime

studies.
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METHOD -

The hrightness temperatures of the light sources were deter-
mlned by comparlson of the 1ntens1ty of the radlatlon from each
source w1th that from a tungsten strlp lamp of known brightness

temperature‘at the same waye length and wave-length interval.

.Aecdrding:te Wien%eﬁLaw:(whieh holds for the temperatures
and wave lengths ef ceneern here),'the intensit&.of a source at
theAwave‘length'h is given‘by _

10) o= Alzncp®) et @, (B-2)
A.wherele is>theubrightness temperature and. A is the:area‘of the
source.- | | | |

If the,intensities IW and I for the tungsten strip lamp‘and
the light source;.reSpectiwelj, are determined'with equal source
area, the brlghtness temperature of the light source, SX’ can be
calculated from | . 4

I - 18, - (2.303/c2')'}’1og(,1/1w),' | (B-3)
where ce'is the second’radiation constant (c2 = l.h380 cm deg,
ITS 1948), A is the wave length in‘cm, and wa is the brightness
temperature of the tungsten strip lamp at the wave length A. R

' wa can be~calculated from Sw6550_(as measured with an optical

pyrometer) -and the follow1ng equation:

/8, = l/SW5550 (2 303/c )(6.55x10" 1og(1/%e)6550 Mog(1/7e), ).

(B-4)
In this equation, T is the transmission of the lamp envelope at A,
and € is the emissivity of cold-rolled tungsten at the wave length A

and the true temperature T of the tungsten strip filament. The wave

w
-~r
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length.6550 is the effective wave length of the optical pyrometer used
to determine SW6550‘°f the tungsten strip lamp. (The value he = 6550 A
is the value given by Wiliiam’T. Hicks for fhe pyrbmeﬁef employed.33)

Thus, in order to determinévthe‘brightness temperature of a
light source by this method, one ﬁﬁét détermine'the.following quantities:

. 1. The ratio of intensities (I/TW) at the wave length A and wave-
length interval di. (The importance of A\ will be consgidered
shortly. ) ’

2. -SW6550’ the brightness temperature.of the tungsten strip lamp

al Lhe elffective wave length of the opticaltpyrometer.
The methods employed in determining theée quantities are related in the
following sections.

The light sources of concern here are generally liné sources, and,
since the strip lamp emits a continuum, we are comparing the intensity
'.of a continuum with the inteﬁsity of a line of finiteyﬁidth. In order

to determine accurately the intensity of the’peak of the spectral line
from the light source, the wave—length interval dA should be small
coméafed ﬁith the width of the line. The'spectrbmeter must have
sufficient rééolving power to give £he true shape of the spectfal line,
that is, the instrument must not broaden the line. Any broadening of
.the iine by the inmstrument reduces the vélue of the intensity. per unit
wave-length interval at the peak of the line. This yieids a low value
of SX since a slight instrument broaaening has no effect on the intensity
per d\ of the continuous emission from the tungsten strip lamp.
Unfortunately, ip the measurements carried out here (with the
exception of the work with medium-pressure mercury lamps), instrument
-*bfoadening limited the'usefulness of the method for determining the

true value of S, for the narrow line sources investigated. The values

A
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A

of a light source. - .

of S, obtained represent minimum values for determining the usefulness

The problem of inétrument broadening is given further consideration

in the next section.
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EXPERIMENTAL PROCEDURE

Determination of I/IL,

In determiniﬁg the(rétio of intensities, I/lw, there are three
conditions to be satisfied. First, the effecfive area of the light
source and the strip lamp must be equal. Second, the intensities
must be measured at the same wave length and, third, from the same

Awave—length interval. 1In carrying out the meésurements, the infensity
of the light source was determined first, then that of the strip
lamp, with identical optics.

The optiéal arrangement employed in order to fulfill the require-
ment of equal effective source area is represented schematicélly_in |
Fig. 12. An image of the light source or strip lamp filament X is

formed on an aperture A by the lens L It is important that this

1
aperture be filled by the region of the light sourée which is of
interest and, in turn, by the tungsten strip filament when each ls in
sharp focus with the same optiqs. With this accomplished, the require-
ment for equal source area is fulfilled.

The remaluder of Uhe oplleal Lrealn conbaios provisions for filters,
which may be needed to weaken the intensity of the radiation (vy neutral
filters) or préveht light of certain wave lengths from entefing the
spectrograph slit (band-pass filters), and the lens L2, which sefvesA
to form an image of the aperture on the slit of the spectrograph.

In order to fulfill the second and third conditions (at least in
part) and, also, to measure the intensity, a 3-meter concave-gratiné

spectrograph equipped with a scanning photomultiplier was employed.

The output from the 1P21 photomultiplier is fed into an amplifier and
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Fig, 12. Schematic of the opticé employed for brightnéss-
-temperature determinations.

X, Light source or tungsten strip lamp.
L. Double convex quartz lens, 10- or 23-mm focal length.
A. Defining aperture, opening about Zmm in diameter.

L. Double convex lens, 23-cm focal length.

S. Entrance slit of the 3-meter grating spectrograph.
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the amplifiér ouﬁpﬁt into a Brown "Electronik” strip-chart recorder.
(Thé scanner and amplifigr were constructed by Dr. John Phillips and
have been deécribed by him.3u)
The apparatus is so.arranged that the image of the entrance slit
} of the spectrograph is focused on a slit placed in front of the
photomultiplier. The élit is moved along the Rowland circle of‘the
speqtrograph by a synchronous motor and én,appropriate gear train.‘
Thus, the wave length A is determined by the position of the slit on
the Rowland circle, aﬁd the ﬁave-length interval dx is determined'by
thé widtﬁ 6t the'slit gud the linear reciprocal dispersion of the
spectrograph. The intensity of the ligh£ of wa?e length A and wave-
length interval da is measured-byAthe response of the amplifier and

Brown recorder.

Procedure for Measurement of the Intensity

With the light source operating as desired, the. spectral feature
of interest from the lamp was scanﬁed at the slowest scan speed (0.67_
or 0.33 A per min, lst or 2ud vrder, raspectively) in both directions.
An indication of the shape of the feature was gained in this manner.
(The resolution of the 3—m§ter'speétfograph is not sufficient to give
the true prdfile of aléharp épectral‘feature.) After the shapé of
the feature (as given by the inétrument)'was revealed,-tﬁe slit of
thé seanningfﬁhotomultiplier was moved‘tb the posifion 6f interest
and a scan of intensity with time was taken. This was necessary in
ordef ﬁbﬂdbfain a'better'measufe of the true intensityf(especiélly
of Sharp spectral features), since the response time of the amplifier-

recorder circuit was too slow to give full response even at the slowest
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sdan'speed.

The positioning of the photomultiplier slit was accomplished by
slowly changlng the p051t10n of the ‘slit through hand rotation of
the synchronous motor armature. When the feature had a single peak,
~the slit was moved until the position giving maximum recorder response
. wasvreaehed; auq this intensity'was recorded.as the peak intensity of
the festure;' Wheu tﬁe feature exhibited reversal, the same procedure
was foiloueu iniorder to obtainithe maximum intensity of the wings and
the miﬁihum,iuteusity oi'the eentral,<reversed ﬁortion of the line.

‘ After_ceupletion_ef the intensity measurements'on'the‘light-

’ souree feature, the'iight source was replaced by the tungsten strip
lamp and.the.intenSity ef the.strip iamp was measured with the photo;
multiplier slit at the'peak intensity or center of the spectral feature.

When the(iight source.couteined-severalvspectral.features of
interest, a sepsréte experiment of this't&pe was carried out for each

feature.

Uncertaintieszin the intensity ratio
Because‘SWx Vas, in generai,_much lower‘than'Sx-for the spectral
feature from the light source (~2700°K as compared with FSOOG°K), a
wide variation in gain factor was required (~600) in order to determine
the inteusity of both sources with any accuracy. The amplifier as
designed was very well suitedvfor~this, as- it is possible to change
the amplification over a factor of 1000. The amplification factors

*
were 'known with an uncertainty of about #2%.

The author is 1ndebted to Mr. John Engelke for the determination of
many of the amplification factors
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The response of theamplifier-recorder circuit was linear to
within #1% and the intensities read from the recorder chéft were
within this range of uncertainfy.

The aboVe-ﬁncertainties are béligved to be below the uncertainty
in the intensity ratio which may arise from improper focus of the light
source or the strip lamp on the aperture. Improper focusing at the
aperture results iﬂvchange ip the effective area of the source of
light, and this produces a change in the recorded intensity. In
order to realize the uncertainty involved, the tungsten étrip lamp
was deliperately'moyed in and out‘of focugc. When the lamp was
obviously in bad focus, the.intensity deviated from the value when
- the lamp was in focus by 10%. When the lamp was refocused, intensities
were reproducible-within *2%.

About *5% represents a good estimate of the uncertainty in the
intensiﬁy ratio resulting from the uncertﬁinties discussed. An
uncertainty of #5% in the intensity ratio produces An,uncertainty
of only *1% in the value of S

when the value of S, lies between 3500

A

values determined in this research.

A

and 6000°K, the range for S,

. This uncertainty is representative of tlre uncertainty in the

values.of S, determined for features that are broad, such as lines

A
- from a high-pressure lamp or for the continuum from some high-intensity
source such as the anode of a pyrometric arc. With the spectrometer

employed in these studies, the values of SK

lines or sharp features with a width at half intensity less than about

for light sources emitting

0.1 A are subject to much larger uncertainty because of the effect of

instrument broadening. .
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Instrument broadening . ' '
As stated earlier, it is‘important when this method is employed
to determine SX

of the line in order that the intensity measured over the wave-length

that ‘the spectrograph employed yield the true shape

intervaL_dX at i bé répresentative of thé true intensit&. Because of
the:narrow half width o% the spectral'feéturés emitted by mpst of the
light sources inﬁéstigated here;»the gpectrograph employed was not
capabie of reéolviné thé true line shape of the features.

The dispérsidn and resolving power of the 3-meter grating
speétfograph are given‘in Table III. Singe the width of £he image
of a monch?omatic line formed at the Rowland circlé of the épectro—
graph is given apfroximatel&'by the sum éf the theoretical résolving
power and thé éntrance slif width (the width in A of thé image of the
entrance slit at the Rowland circle), it ie possible to estimate the
‘minimum line width of a sbeétral feature at the photoﬁultiplier slit.
The instrﬁment broadéning (width added to the inherent width of the
spectral feature) estiﬁated for the 3-metér spectrograph is given in Table
IV for various siit widths emplioyed. The estimated minimum instrument .
broadening with this spectrograph as employed is 0.07 A in the firsﬁ |
order and 0.04 A in the éecond order. Thus, any spectral feature with
a half-intensity width less than 0.1 A will be considerably broadened'_
by the instrument. |

The photomultiplier slit, which determined d\, could be set at such
a, width that d\ was much sﬁallgr than the instrument broadening. The
intensities recorded are therefore representative of the feafure as given

‘ by the instrument.
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. Table III

The resolving power .and dispersion of the spectrographs employed

Order Dispersgion

Spectrograph Grating ruling Resolution
(A per mm) (A at LOOOA)
3-meter ~5 in at 15,000 1st 5.3 0.053
:lines-per inch 2nd 2.7 0.027
21-ft ~5 in at 30,000 lst 1.32 0.027
liries per inch 2nd 0.66 0.014
Table IV

Instrument broadening (an estimate of the
width of a spectral feature)’

width added to the natural

Entrance slit

Broadening in A at LOOOA

Spectrograph  Scale reading _ Width (in mm) lst order 2nd order

3-meter 20.0 0.00U( minimum) 0.07h 0.038
2l1.2 0.00k45 0.077 0.039
21.6 0.0065 0.088 0.0Ls

21-ft 29,6 0.00k 0.03 0.016
30.0 © 0.038 0.018

0.008
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If the true profile of the spectral feature is known, an estimate
of thé true.intensity cén be gained. The peak height or intensity of
a spectral fgatufe-is directly pioportignal to the half-intensity
Width if fhé feaéﬁfé:is friangular in_Shape.. Knowing the true half
'width‘of the spectral feature and the half width of the'instrﬁmentally
broadened line .one can obtain the trué intensity by multiplying the
observed.intensit& by the ratio of the half widths. |

In order to gain a bettef estimate of the shape of the spectral
features from the‘light»sburces-investigated here, a 21-ft concave-
gratihg.spectrograph was employed. ,The dispersion and resolutionAof
this spectrogréph»are,given'in Table IIT and the estimated inétrument
broadening in Tablé Iv.

The spectra of the light sources were récorded‘photographically,
and the plates were analyzed with a recording microphotometer. Hyper-
fine splitting and reversal of "sharp" lines which remained unresolved
by the 3-meter spectfograph andjscannér were resolved in this'manner;

Estimates of tﬂe true widths of the spectral features were made
.from the spectra recorded with the 21-ft spectrograph. These estimated
widths were used with the instrument broadening of the 3-meter spectfo—
_graph to estimate the trug intensity of the spectral feature. The
estimated width was added to the instrument broadening and taken}as the
width of the line at the photoﬁultiplier slit. This width was divided
by the estimated width and the observed intensity was multiplied by
this quotient to 'give the e;timéted true intensity.of the spectral

feature.
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'Determination of SW6550 and §WX

'The Tungsten Strip Lamp

.Theifungstéﬁ strip lamp employed as.a source of radiation of known
’brightnéss téﬁpefaﬁure was.a General ﬁiectric 18A/T10/2P-6V lemp with
an SR6A filament. ' The lamp was operated at approxima£ely 10 v dc and
" 18 aﬁp, .The‘powér égpply for the laﬁp consisted of & full-wave 30-amp
selenium rectifier with a baﬁk of storage batteries gcting as a buffer
- to remove fipple.fr&m'thé'récti?ier output. The power supply for the
rectifiér‘waé Sola ;ﬁébiiizediilOffac regulated‘by a'powers£at.

*The.currenb thuugh;thé lamp filoment was determined hy measuring
ﬁhé‘potential drop<acroés'a'precisi6n 0.0l-ohm resistance ﬁith a
precision potentioﬁeterl The'current wes réguiated by adjustment of
the powerstat. Aftér the lamp'wés‘sufficiently warmed, the current
remained eSsenﬁialiyiconsFant.'

In a few cases, the lamp temperature was determined from s
previously determined curve of lamp témperature versus lamp current,
but, generally, the temperature of the lamp was deteirmined in pocition
after the intensity détefmination (with the carbon arc) or during the
intehsityldetermination (wifh commercial lamps). The lamp current
' gserved as. a check on the stability of the lamb during the intensity

determination.

Measurement of §”6556
The brightness temperature, sW6550’ of the tungsten strip lamp
was measured with a disappearing-filament optical pyrometer. The

number of temperature readings made during each intensity determination
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5ut at least three and ﬁp to.eight réadings were taken each time. The
mean déviatidn'of the'scgle reédings fof any one inﬁensity determin-
afion was igés than #2°K.

CAll the tempefature measurements Vére made by using optical
pyrometér NoA° 2,%‘Leeds and Northrup SN 749235. This pyrometer was
compared'with No. 3, Leeds and Northrup SN 709371, a pyrometer used
only.for éomparison puréoses aﬁd recently calibrated at the Ngtional
Bureau‘pf S£andards.in ﬁéshington, D. C. (Jan. 1958). The pyrometer
scale readings were fouﬁd to difféfvby a neafiy’constant amount (10.512°C)~
in the range of scale feadingénZQOO to 2600°C. This difference was
subtraéted from the scalé réading of pyrometer No. 2 to give a value
corresponding to a scale reading.for‘pyrometer No. 3. The cprrection.
supplied by-the Natiopal Bureau-of Standards,wés then applied to this
value and 273°C added'in orde? to obtaié SW6550'

‘ Thus, the témperature scale employed here is that of the National
Bureaﬁ of Standards (1958) within the uncertainties involved‘gn optical
pyrometry. (The temperature scale is based on the Planck rédiation.

law, with c, = 1.4380 and the gold boint as 1336°K.) The lamp brightness

2
temperatures are probably within *5°K of this scale. At 2650°K, the
‘usual value of SW6550’ an uncertainty of *5°K in SW6550 will produce an
uncertainty of less than *1% in Sx in the temperature range 3500 to

6000°K.

Determination of S”X

For the calculation of S,, the brightness temperature of the tungsten

k)

» :
. The optical pyrometers in the possession .of this laboratory have
laboratory identification numbers on their faces.
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strip lamp at A must be calculated by using (B-4). The emissivity
’or the tungsten strip and T, the transmission of the lamp envelope,
must be known at 6550 A and at A.

For the emissivity of the tungsteﬁ’stfip’at the true temperature
of the strip and wave length A, the values given by De Vos35 were
employed.*

The value of T~et varioﬁs:wave'lengths was‘determioed with the
aid of'a Cary model 1M Recording Spectrometer. 4The obtical path
of the 1nstrument was masked and the absorptlon of an area of the
envelope equal to that in the optlcal train (Fig. 12) was determined
for the lamp employed (1nta.'ct)° -An envelope from a lamp of the same
type was cut in half:elong'the axis of the envelope and the absorption
was determined for the whole envelope and for one-half of the envelope
as it appears to the tungsten sﬁriﬁ in the optical train. By multi-
plying the absorbtion of the ihtacf lamp by the appropriate ratio of
thesé'absofptions, one could obtain an'estimate of the sbsorption and,
thus, the transmission of the lamp envelope in the optical path.

Values of 7€ at the wave lengths where S was measured are given

A
in Table V, together with the calculated values of B, where

B =/-2%O3 ()\.log('re))" = 6.55}(10-5108 (T€)655O)’ (B_5)

As seen in the table, the value of 7€ is nearly constant; the
change in T nearly cancels the change in € over the wave-length

region of interest.

*De Vos states that the emissivities given in his paper may be applied
td6 a well-annealed tungsten strip lamp with differences less than 0.3%
Operation of the lamp at about 3000°K serves to form a well-annealed
tungsten strip. The lamp employed here had been treated in this manner.
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Table V

Values of 1€ and B at wave lengths at which S values were determined
(B as defined by Eq. (B-5))

A (in A) T€ B x 10*
6550 0.380 0.000
15893 0.381 0.046
5780 0.383 0.055
5461 0.388 0.082
5350 "0.385 0.085
4358 0.382 ) 0.150
holt 0.381 0.169
3883 - 0.382 0.181
3775 0.378 0.185
3650 0.375 0.192

A
values of Te employed are probably less than +2%. This is well

The uncertainties in S, resulting from uncertainties in the

below the uncertainties produced in S>~ values because of instrument

broadening.
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Light Sources Investigated; Operating Conditions

' The Thallium Lamp

.The thallium lamp‘invesﬁiéaied vas an Osram Spectral Lamp.*
The lamp is a disc;hérge lamp fitted with glow eléectrodes, and the,
emission froﬁ the lgmp is radiated in the form of line spectra from
thé vapors in the lamp. Opereting pressures are ndt available, but
presumably they-are iowaf“

The lamp was operated near the spécifiéd conditions of 1b v
potpntialidrop'écfoss thehlamp and 1 dmp current. The power supply
- was a 220-v dc séuﬁce with ~200 ohms series resistanée as a ballast.
The lamp was allowéd té warm for about 20 min before observations
were made. The potential drop across the lamp and the current were
recorded during the intensity measurements. The values are reported
with the brightness-temperature values in Table VI in Results and

Discussion, p. 8.

The Sodium Lamp

The Pirani-type sodium lamp investigated was a ngeral Electric.
Na-I sodium‘lamp, operated under various conditions. The recommended
voltage and current are 8 v and 3 amp. These operation characteristics
are for operation with an aé voltage supply.

Here, a 110-v dc source with a series ballast resistance served

*
These lamps are manufactured by Osram GMBH, Berlin, Germany and are
available through George W. Gates and Co., In¢., Frapklin Square, N. Y.

*The company estimates the thallium pressure as approximately 0.0l mm.
The lamps are argon-filled to 20 mm Hg and operate at about 30-mm Hg
pressure, according to the company. (Private communication from Osram
GMBH, 1956.)
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as a power supply for the lamp. The lamp contains coiled filaments
which were heated by a 2-v storage battery. The heét from these
filameﬁfs evaéofates some of ﬁhe sodiﬁm in the lamp and a discharge .
results, the whole lamp envelope becoming filled with éqdium vépor(
radiation. AThe lamp also contains'some rare gas filliﬁé. The-vapof
'pressure of the sodium vapor in phe lamp envelope depends on the
temperaturelof the walls of the lﬁmp. The discharge eqvelope is
surrounded by'én insulating evacuated jacket in order to reduce
temperature gradieﬁts in the dischafge tube.

The intensities of'ﬁhe sodium D lines were measured under various
operating condiﬁionsf The conditions finally used during brightness-
temberature measurements were potential, 3;5 v; current; 2.3 amp; and
both filaments heated. The lamp operates satisfactorily if only the
cathode is heated, but the intensity is increased slightly if both
filaments are heated. | . |

The intensity of radiation is not constant over the area of the
soufce, but varies by a factor of'about two from the most intense
region (near the cathode) to the edgeslaf the lamp. The brightness-
. )

temperature measurements were made at the most intense region of the

lamp.

The Mercury Germicidal Lamp

A General Electric,GL8T6 germicidal lamp was operated with a L-watt
fluorescent lamp power supply and 60-cycle 110-v ac. The lamp current
is about 0.1 amp.

The pressure of mercury vapor in the diécharge tube is controlled
by the coolest part of the tube. The pressure érobably reaches a few

hundredths of a mm of Hg.

-3
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The Mercury H100A4 Lamps

" Three GenerallEiectric‘HiOOAh mércury lamps were investigated.
‘AThe same power supply (200-v dc through 200 ohms series resistance)
A‘was~¢mployed for ail-threé lémps. 'Thé.lamp potential drop and current

Qariedvfrom lamp to lamp and aisd with‘the polarity employed. These '
”quantities ;ére déiermined during‘each,brightness-témperature measure-
mént ‘ | | | ‘

The lampé”were-élléwed to warm.for 15 to 20 min to give measure-
ments which were constant in timé.- Infenéity measurements were made
duringlwarm-ﬁp pefioés;-also; | |

The HiOOAh lamp is aﬁ~érc‘lamp'and Gperates,at a prcsoure of about
lQ atmosphéreé. The infeﬁse arc‘éélumn of the lamp is about 3-mm in

diameter and about 20-mm in length.

The Carbon-Arcs

The brightness temperature bf the emission from the plasma of .
the controlled-atﬁosphére arc described in Part A was investigated at
3883 A. The operating conditions such as a.mbierit' gas pressure, current,
potential drop, and arc length are given in Table XI in Results and
Discussion; p. 98. The ambient gas composition, electrode orientation,
and composition of the electrodes have been discuéSed in Part A.

A pyrometric arc,2’u was approximated as closely as possible Ey
using an available arc assembly. The emi§sion from the énode wa.s |

A

The arc was operated in air at atmospheric pressure with a 6.3-mm

investigated in order to determine S, values at various wave lengths.

spectroscopic graphité anode and a 5.8-mm cored carbon cathode, held at

right angles with the anode horizontal and the cathode vertical and
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below the anode. (These electrodes are described in Table I, p. 12)
‘The electfodes ﬁere held in position with a Bausch and Lomb micro-
projector arc aésembly, but with thisvérc projector independent
adjustment of the'électrodes was not possible, as the electrode
-holders were coﬁpled to one adjustment control. Therefore, it was
‘difficult to maintain the arc operating near the conditions specified
for a pjrometriciarc.

Cored- carbon eléctrbdes were employed as cathode-m;terial in
order to maintain aniaré fhat was reasonably stabie. ‘The recommended
graphite 3;2-mm eléctrodes gave unsatisfactory éperation with this
arc assembly. -

Intensity measurements were made when the arc operated steédily.
The optics were such fhat the anode was viewed normal to its surface.
The arc current and potential drop were measured during intensity
determinations, but the relative position of the electrodes, whicpl
is undoubtedly of importance in determining the anodevtemperature;.

was not measufed because of the nature of the arc assembly.

s
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' RESULTS AND DISCUSSION

Each light source is here considered in turn, and'the values
of Sx (the.directly:dbserVed value and the estimated value) are
discussed and evaluated. It becomes evident that the directly

observed value of Sx'represents, in general, a minimum value of

SX for sharp spectral features, and that the estimated value of S

althoﬁgh more uncertain, is more repfesentative of the true value

x}
of Sh'

fhe 'l'hallium Lamp

| R , o , |
e velues of S, vere determined at M3775.5 A (78, /, - 62Pl/é)

and at A5350.2 A (7281/2 - 62Pl/2)’ and are given in Table VI. For

Table VI

S, values for an Osram thallium lamp

A
Current PD  Wave length ”"Component" Intensity Sk(obs) SX(Est)
(amp)  (v) (A) , ratio (°K) (°K)
1.16 16 5350.2 +o.§18 A g:% 3860 2228
| 0 : 0;8 4060 k720
1.02 1 3775.5 +0.102 1.0 4180 4880

+0.159 0.55 3810 _ 4570

determinatidn of 5, at 5350 A; a.Wratten No. 3 filter, which cuts off

A
light below 4500 A, was placed in the optical train. For measurements
at 3775.5 A, a Wratten No. 18a.filter, which passes light in the wave-
length range 30004to 4000 A with peak transmission at 3600-A, was .
employed.

The intensity measurements at 5350 A were carried out by using the
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.3:m§ter grating spectrograph in the first order. The "liﬁe," as
scaﬁned, appéaréd asymmetric, gith the most intense portion toward
thg red. The first-order specﬁra taken with the 21-ft grating
spectrograph're?ealed that the "line" at 5350 A coﬁsists of at least
two components (see Table VI). These cdmponents are thg result of
the hyperfine splitting in thallium. The detaiis of the h&perfine

36

structure of the thallium spectrum are given by Jackson~ and Schuler

and Keystone.37

Since naturally occﬁrring thallium consists of two isotopes, each
with a'ﬁuélear spin of 1/2, thé thallium lines 5350 gnd 3775.5 A are
expected to exhibit six components ea.ch.37 The splitting of the
5350 A liné is 'such that, even with high resolﬁtion, only‘four lines.
afe observed36'as two pairs of lines. The pairs afe separated by
0.118 A, while the separation between the two " lines" in each paif
is about 0.016 A.

The emission from the thallium lamp at 5350 A is expected to
consist of two iines éeparated ﬁy 0.118 A, since the width of each
component is expected to be large enough.to cause éverlap of the closely
spaced lines. The width of each of the two lines was eétimated as
0.0éS A,* and the width of the line from the 3-meter spectrograph was
estimated as 0.1 A. The width of the line recorded by fhe 3-meter
spectrograph scanner (which included all components in one unresolved
line) was 0.20 A.

The relative intensities of the "components' given in Table VI

" for the 5350-A emission were estimated from the photographic plates

N _ . . N |
. A component width of 0.008 A (Doppler width at lOOdk)'was assumed and
added to the.separation of the closely spaced lines. ’



TI-86

btakenuwith th§.2l-ft spectrbgraph. The Sx(est) values wére obtained by
mﬁltiﬁiyinéfihé peak intensity from the recorder chart by the ratio of
'ﬁhe éstiﬁated half»widths'énd the relative inténsities.
:'- At 3775}5'A, 6ne“ﬁéll—resolYed line and a pair of partially
resolved‘lihesAwere observed by usingfthe 3-meter spectrograph an@
.scaﬁnér‘inifhe second érder; The spectra taken with the 21-ft spectro-
graph exhibited three well-resolved lines. According to Ja.ckson,36 the
<six compdnénts_appéar as three pairs of lines and the separation of
 thé lines in each pair is about 0.007 A. Again, the width of each
component as émitted by thée lamp is expected to cause overlap of
the closely 'spaced lines in eaéh pairf The width of each line was
estimated as 0.013 A (0.007 A plus 60006 A, the Doppler width of a line
'ét'lOQOQK)e':?he width of the 3-meter spectrograph line was estimated as
0.054 A; the. width cbserved with the scanmer vas ~0.05k A. |
The relative infensities of the lines at 3775.5 A were obtained
from_the scanner recordér‘chart and the photographic plates taken with
the 21-ft spectrograph.
The Sl(est) values given in Table VI are believed to be low estimates,
but the true value is probably within 500°K of these estimates.
The lines emitted by the thallium lamp’show no signs of reversal
(the lines appear sharp, no flattened tst) within the limits of the
‘El-ff spectrograph. Examination of the lamp radiation with a Fabre-
Perot interferometer would be requiréddto determine the exact profile

of the lines.

The Sodium Lamp

» 2 , 2
5, velués at 15890 (32P3/2 - 35, /) and A5896 (32191/2 - 3%, )

A
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Awere determlned for a General Electrlc Na-I lamp and the results are
‘1g1ven 1n Table VII The measurements were made w1th a Wratten No. 4
~f11ter in - the optlcal tra.:Ln° The filter removes :all radiation below
'Lh6OO A thus any llght from hlgher orders was eliminated.
"AW1tn-the.3—meter spectrograph and scanner in the first: order,
the'sodinm-Dflines appeared as singlettriangle—shaped.lines, and
. the intensitv of'each line was‘measured at the peak of the triangle.
The spectra taken w1th the 2l ft spectrograph in the first order
urevealed that the llnes wer e reversed (see Table VII) The relatlve
.lnten51t1es of. the w1né peaks and the reversed center of each line
were estlmated from the photographlc plates, and values of S (est)
are'glvenratttnese positions on the line profile, Table VII.
'-Theﬁwidths of'tne'D lines were estimated from the 21-ft spectro-
graph‘spectra'and are given in Table VII; Column 4. The widths of
the_lines_fromfthe.3—meter spectrograph were'estimated as 0.15 A at
'5896.and<O:l§ A at 5890; The corresponding values observed with the '
scanner Were.;O.l7 and ~0.20 A.

The'Sk(est) values were calculated by multiplying the peak
intensity of the line read from the recorder chart by the ratio of
the estimated'half widths and by the relative intensities at the various
positions on tne line. The Sl(est) values for tne peaks of the wings
may bejslightly low, vhile the value for the reversed center may be

too high. The true S values at the wing peaks are probably within

A
200 K of the estimated values
Because of the limited resolution of the .21-ft spectrograph, the

extent of 1line reversal for the sodium D linesAis not exactly known,

but it is expected to be greater than the amount estimated.



Table VII

S, values for the Na D-lines emitted by a General Electric Ne-I lamp

A

Current . Potential drop  Wave lengta Half width - Position on line: A Relative -Sx(dbs) . Sx(est)
(amp) . (volts) (a) . (4) (a) intensity . | |
2.2+0.1 -  3.55%C.05 5896 0.07 Peak of red wing: 0.03 1 4970
- : Reversed center: O C.63 4330 4s5h4o
Peak of viclet wing:0.02 0.82 4790
2.240.1 3.55%0.05 589G 0.08 Peak of red wing: 0.04% 1 4840
) ’ Reversed Center: 0 0.49 4290 L2ko
Peak of viclet wing:0.03 0.87 ‘ 4710

88-1I
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If:thg Na-I‘lamp were to be'employedgas a light sburce for the
study'of,sodiﬁm-atom radiétive,lifetimes, the D lines gmitted by the
lamp'éhaulq be inveséigéted‘at higher regolufion to determine the
extent of thé reversal. | |

IF has béen extimated that the minimum value of SX that a light
source must have atlthé centers of the D lines in order to obtain
meaningful lifetime measuremgnts'with the lifetime apparatus avail-.
able is l850bK.l Unless there is an extreme amount of reversal at
the centérs_of the D lines emitted by the Na-I lamp employed hgre,
the'lamp appears to be an excellent light source for lifetime measure-
ments.onlsodiuﬁ..~The ldmp may also be useful for studies of molecﬁles

- with lines which overlap the D lines.

The Mercury Germicidal Lamp

The Genera.l Electric G18T6 lamps are cha_.ra.cte.rized By the narrow
lines which they emit (this is not true for all these lamps, however).
Tﬁe lamp investigated did have very narrow lines and for this reason
this lamp was used fof focusing the spectrographs.

A
lamp are given in Table VIII.

The valués of S. for the 4358 and 4OLT A lines emitted by the

P

Table VIII

'Sk values for a General Electric germicidal lamp
Wave length o Transitioh Sx(obs) Sx(est)
(a) = . (k) (°K)
4358 . -7331,- 6331 ‘ 3450 4250

L4ok7 V"7381 - 63PO 3350 - 4200
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The measurements for the determination of Sk were carried out by
using the second order of the 3-meter spectrograph. No band-pass
-filters were employed during_the infensity measurements, but, in this
WaVeAlength.regibn, filters have né 6ﬁservable effect on the value of

,S..obtained because the sensitiVity of the photomultiplier at 8000 A

Py
is éxtremély low.38
The half width of the most intense hyperfine component éf the
‘.Percury lines3%‘was estimated as 0.007 A and the width of the 3-meter
spectrograph lines 0.0LL A in order to obtain the Sk(est) values. The
_ width of the 4358 A line as recorded by the scanner was ~0.045 A, and
for the LOLT line a width of 0.063 A was found. The LOLT A liné héd
a larger width‘£ecause of the ﬁresence of a second fairly intense
unresolved hyperfine component (splitting 0.05 A; relative intensity
~0.2 acéording to spectra taken with the 21-ft spectrograph). (The
hyperfine structures of the mercury lines from an unreversed arc are
given by Pool and Simmons;38)
In obtaining Sx(est) the effect of the unresol&ed components on the
intensity of the lines waé neglected. QA
The values of Sx(est) reported in Table VIII may bé as much as

500°K from the true value of S,, but the values are considered as

x)
better estimates of the true brightness temperature in the same temper-

ature range.

The Mercury H100A4 Lamps

SX values for three General Electric HlOOAh'mercury lamps were

determined ‘at various values of A. Although the lamp operating voltage

-and current varied from lamp to lamp, the lamps were found to be quite
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uniform in SX values, as can be seen in Table IX, which gives values

bgf 85461 obtéined for each<lamp.'_The”differences in the SX values for
the three lamés at each wé&e length were in the same direction and of
the same order Qf maghitﬁde‘(~lOO°K) as those found at 5461 A. The
values of.Sx obtained at various Wavé lengths for the lamp HlOOAh—IIf
are'given in Tgble X together with the opérating conditions of the
'lémp and the characteristics of the'emi£ted mercury lines. The values
of Sk are giVen at the péaks of the~wingsAand at the cenﬁer of the

reversed portion of lines exhibiting reversal.

\

The values of Sh have been given to the nearest 10°K for this lamp,
but the corresponding values for some other H100A4 lamp may differ by
100°K or more from. these values.

Since the shapes of the lines emitted by these lamps are not
uniform, réproductions of the lines as recorded by the 3-meter spectro-
graph scanner are given in Fig. 13. The wave length of the transition(s)
reéponsible for the line are giYen below each profile. The ordinate in
each case is rela£ive intensity with the peak intensity normalizédvto
unity. The abscissa is A\ in A, thg distance from the center of the
line. The center of the line was taken as the peak of the profile when
the line was unreversed and as the center of the reversed portion when
the'line was reversed.

The lines are quite broad~, as éxpected, since the pressure in the

I3

arc envelope during operation is about 10 a.tm:s..r Reversal is also

* .
The lamp has been identified by inscribing the numeral II on the base.

fVa,lu.e given by the General Electric Company in a private communication
(Aug. 1958): .



Table ‘IX

SX values at ASUSC.7 for three General Electric H100A4 lamps

Lemp No.  Lamp Lamp Polarity  Half width  oh(RW)® A (W) s,

) voltage current , - (A&) o (kK)
(v) (amp) L

T T 5240

. 6 ' A +0.25 c

B . 127 0.55 + 1.25 5460.7 o oo -h80g

- ‘ o 5110

I | 139 0.53 - 1.30 . +0.29 5460.7 . W50

: -0.25 5180

II 118 0.69 + 1.37 -0.31 5200

‘ 5460.7 1820

-0.27 5180

aAA(RW) amd 2\(VW) are the distances from the center of the 1line to the peak of the red wing and
violet wing of the reversed lins. 'The wave lengths given for the centers of the lines are
literature values; see Ref. 39, p. 202.

26-1I
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Table X

- 8. values for a General Electric HOOAL lamp

).

La?i " Lamp . ‘ Wratten Half width =~ a(R)* A m(ww)? S,
voltage curren il er (4) , (A) (°K)
121 0.66 18a - 0.26 3341.5 ' 4hho
o - +0.23 5300
122 0.68 18a 1.16 3650.2 k750
. _ , : A -0.22 5350
122 0.68.  18a 0.45 3654.8 5350
| o ' +0.26 | 5180
122 0.68.  18a 0.58 3662.9 4650
: S -0.10 L4790
. +0.19 | 5070
117 0.68 18a 0.79 : ~ Lok6.6 4790
o . ; -0.15  50ko
K S +0.23 5100
117 0.68 L7 1.00 4358.3 4400
' ‘ 1 -0.21 5070
| | +0.31 . 5200
118 0.69 - 1.37 5460.7 4820
-0.25 5180
124 0.61 - 3.10 5769.6 3740
124 . 0.61 - 3.40 5790.7 + 3680

' 5789.7

M (RW) and L.V ) are the distances from the center of the line to the
peak of the red wing and violet wing of the reversed line. . The wave
lengths given for the centers of the lines are literature values; see
Ref. 39, p. 202. : : : '
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33415 36502
| 1 1 | | | 1 1.1
0.4 0 -0.4 08 o] -0.8
AXin A
40466 43583 _ .
1 111 | .
-0.4 0.8 o} -0.8
5769.7
5460.7 . ‘ s7907| -
1.1 1 [ 1 1 1

0.4 (o] -04

MU-16074

Fig. 13. Profiles of various mercury lines emitted by a General
Electric H100A4 mercury lamp. Profiles taken directly
from chart recordings of the 3-meter-grating spectrograph
scanner. : : »
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expgctéd when the line is vefy“intgnée because of'thé large tempera-.
ture gradienf écross the radius of the arc columni-and:..the high optical
density‘(pressure) of the mercury vapor. The gas temperature at the
center of the arc boiumn is undoubtedly above 6000°K (see Ref. 26, p.
105, but the walls of the- envelope surréunding the arc column a few
m away are probably ﬁelqw 1000°K.

The intensity of the emission from tﬁe HlQOAh lamp when operated
with a dc power supply was found to very'slightly<(not more than about
30%) along tﬂe length of the arc column. The brightness temperatﬁres
reported in Table IX are for the center of the arc column, whicﬁ was

.nqt the most iﬁtenéé fegion of the column. The intensity, in ééneral,
‘decreased along the length of the colﬁﬁn from one electrode'té the
other. \

The intensity of the emlssion is increased slightly by air-cooling
the laﬁp. The arc column was.obéerved to decrease slightly 'in radius
when the lamp was air-coole@; the resulting increase ip power Qissiﬁated
per unit volume_of arc column produced the increase in Phg ipﬁgnsity.

Eiperiments were carried out in which the scanner slit was left
at the center of the reversed portion éf a line and the inteﬁsity was
observed from the time the lamp was furned on until it was completely
warmed. The intensity increased as the lamp warmed, reachéd a maximum,
and then decreased. ‘I'he maximum intensity was always greater than the
intensity at the peaks of the wings when the lamp was fully warmed.

No experiments were made to determine the change in the inteﬁsity
of lamp emission with change ip powér input, but it is possible, in
view of tﬁe above, that the intensity at the centérs of the reversed

lines might be intreased by operating the lamp at lower power input
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(if more intensity at that wave_length were desired). .

The HiOQAh mercury lamp offerg a nymber_ofllines‘with peak .S)~
values in ﬁhe 5000°K range (see Table IX). From the profile and
SX of the'lipes and a_knowledge of the absbrption érofile of species
of interest, one can calculate whether or not the'lamp will be of usge

for the determination of the lifetime of that species with the life-

time apparatus aVa.ila.ble.l
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The Carbon Arc Plasma.

_ Valueslfor SX were determined for the peak~of the 0-0 head of
the A3883 (B22 - X22) CN'éystem'eﬁittgd from the plasma of the carbon
arc described in Table XI céntains SK values for the emission from
the center of the grc plasma. Yalues of S3883(obs) from dther parts
‘of the plasma are- given in,Figo 8; ‘

The values of S, were determined by using the firsf and the

A
seéond orde; of thej3-meter Spectrograph. The‘emission from the
plasms was photographed in the second order of theIEl-ft spectro-
graph -and the profile of the CN 0-0 head at 3883 A is given in Fig. 1k.
The width at half intensity of tﬁe trianglé—shaped portion of the head
was esfimated to.ﬁe 0.108 A, and the intensity corréctions for instru-
ment broadening by the 3-meter spectrograph were made .from this width;
The agreement between the Sk(est) valﬁes.obtained\in the two orders

. is close and sérves 8s some justificatibn of the method used (see
.'Experimental Procedure; Instrument Broadening, p. 73).

The average of the Sx(ést) valueS=is'5h90°K, thus the brightness
temperature of the peak of the 0-0 head of tle CN violet system
emission from the center of the plasma of an arc run in controlled
- atmosphere as specified iﬁ fhe table and Part IIA is believed to be
near BSQO°K. This value is.for an arc in a nitrogen-air mixturez the
corresponding value for an arc in pure nitrogen is felieved'to be near
5600°K (iseelTa.ble XI).

The CN emission from the arc aﬁpears‘(withih the limit; of the
21-ft spectrograph) to be unreversed (see Fig. 14). The absence of

reversal can probably be attributed to the short life of the CN radical
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Table XI

Sx:values‘for the A3883 emission from theé carbon arc plasmaa

Arc Pregsure Arc 3ometer 8 (obs)_ S, (es®
Potential Current of N2—(Air) length spectrograph A M
drop (v) (amp) (nm“Hg ) (mm) order (°k) (k)

71 9.3 | 167 11.8 . 1st | 5050 5490
68 | 9.4 -~ . 1ko- 12.3 2nd 5270 55200
65 . 96 1h2 11.4  2na shgo . 5670°
70 - 9!& 138 12.6 . 2nd: 5320. 5570
el 9.3 146 126 2nd 5000 5250
72 9.2 2 12.6 2nd 5200 a;_%%%g
71 9.3 167 118 lst - 4480  LB820°
Th — 9.3 140 12.6 . 2nd L4750 4950°

-aThe,arc plasms luvestigated was the plasma of the stable arc in con-
trolled atmosphere described in Part A. A cored carbon cathode and
graphite anode were employed during all the measurements reported in
this table.

bA Wratten 18a filter was employed in the optics during these measufe-
ments. - -

‘These values were obtained with the arc burning in a pure nitrogen ,
atmosphere. :
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20.5—-
| 1 ] P 1 A — ] | i
0.2 0 -02 - -04 -0.6 28 30 -3.2
AN in A :
MU- 16230

Fig. 14. The profile of the CN \3883 band head emitted from the
plasma of an arc burning in nitrogen-air mixture. The arc
conditions were essentially those given in Table. II, Row 2.
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in the coblihg gas layers surrounding the arc plasmé. At sufficiently
_high pressures of ﬁitrogen and in the absence of oxygen, self-
absorption is known to be large (see Part IIA and Ref. 13) and it

is poséible that some reversal may occur.

| From the profile in ¥ig. 14 it is readily seen that the intensity
of the emission falls off quite'sharply, since the fotational lines
begin to open at.a éhort distance from the head and the amount of
overlap is reduced.. At rotation line -37, +20 (two overlapping lines)
the intensity has fallen to 1/3 the value at thé peak. From this point
to shorter wave lengths the decreage is slow. At rotation line ;62,
the intensity is about 1/10 tha£ at the head and the corresponding SX
value is about L4000°K.

Brewer has estimated the value of S3883 required for a light source
in order to obtain a reliable measurement of the lifetime-of the BEZ
state of the CN molecule with the available lifetime a.ppa.ra.tus.llL The
value, 3150°K, is considerably below the vaiue of 5500°K observed for
the emission from the plasma of the carbon arc. Thus it appears that
the arc source desgcribed in Pgrt ITA yields about. 100 times the minimum

required radiation.

The Carbon Arc Anode

fhe brightness temperature of the anode surface of a carbon arc
has been measured at various wave lengths and the values found are
reported in Table XII. These megsurements were carried out because
ithelbrigﬁtﬁess temperature of the:énodg of a pyrometric arc at 6550 A
appéafs to be thé oﬁly directly meésured brightness temperature in

the literature.
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Table XII

.. 8, values for the anode ‘'of a.carbon arc

py
Wave lenéth ﬁratten | No. of | S Literature values of the
(A) - filter - determinations ,. (°I)§) brightness temperature
6550 R TR 2 3820:L0 . 3822¢15° 3790°
| a - | 305°
5890 o . 2 3800 .
5780 u - - 1
5350 - & 1 3770
4358 . - 9 s BssS
LolT N — | 5 . 3805

" changes':’

a'Va,luerepor’ced by Eulerl‘LO with ¢, = 1.4380:

2
Value reported by Chaney, Hamlster, and. Glass, corrected for <5

IR

CValues calculated by using em1351v1t1es of the anode and the true'
anode temperature as reported by Euler.

Because of the nature of the arc assembly empleyedg(see Experimental

Procedure, Light Sources Investigated, p. 82 ), the conditions specified

by MacPherson for a pyrometric arc were undoubﬁedly not maintained

constantly. Thus. the values of’SX reported here are not very reliable

as values of the maximum brightness temperature of the pyromefric arc

anode.

Euler has determined the emissivity of the pyrometric arc anode

~at arc temperature over a wide wave length regibn.uo From the

emissi#ity and true temperature of the anode, 3995i22°K,hO the bright-

ness temperature at wave length A can be ealculated.' The values of

7
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SX reported in Table‘XII for wave lengths below 6550 A are lower .
than these édlculated values.‘ A possible explanatioﬁ may be absorp-
- tion of the emission from ﬁhe anode by the»céol gas layérs which it
passes through. Most of the ma£erials in the arc gases have transi-
tions. in the wave-length region below 6000 A. Irregularities in the
emission at some of these wave lengths were observed when scans in
wave length were taken. | |

At 6550, thé valué of 3820°K obtained in this investigation is
in good agreement with the value reported by Euleruo and in fair
3

agreement with the value reported by Chany, Hamister, and Glass

(corrected for the change in the accepted value 6f c2,

With a better arc assembly and carefully determined intensities,

more reliable values of Sx

using the method employed here.

The value of 3820°K is in agreement with literature values within

the limits of uncertainty, *1%, claimed for the method.

1.433 to 1.4380).

for the pyrometric arc could be obtained by

Y
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CONCLUSIONS

A method for determining direétly the brighthess temperature
of a light source at a specific wave length A has been developed:
.and applied to several available light sources.

A measurement of the carbon-arc anodé brightness temperature
at 6550 A has been made and found in agreement with values'reported
~in the litérature.

Becauge of instrument limitatibns,'the brightness-temperéture
values feported heré for spectral fegtures that have narrow half- .
iﬁtensity widths have considerable uncertainty associated with'them.
They do, however, represent minimum values‘of te brightheés temper-
ature for that spectral feature.

The brightness temperatures.determﬁned by thie method may be
used to establish the usefulness of g light source for the measure-

‘ ment pf lifetimes‘wiﬁh theAavailgble lifetime abpa?&t@Sg}

The Eiréni sodium lamp and‘the carbon-arc plasma have been féund _
to have brightness temperatures (at the desired wave lengths) con-
siderably higher than the minimum values estimétedl as nécessary for

lifetime measurements on the sodium atom and CN radical, fespeétivély.

/

I
TR
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