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New Low Voltage Sources of Vacuum Ultraviolet
by
Ye, L. Akimov

Introduction.
Vacuum ultraviolet is called the optical emission with a wave length

of from 1850 £ to several angstrem units, filling-in in the scale of elsctramagnetie
waves the interval between ordinary ultraviolet and the zone of soft x-rays, Fram
the viewpoint of suitability to excite wvacuum ultraviolet all optica emission sources can
be divided into the following groupss
1) sources, principally unsuitable for this purpose (eege 211 types of incandescent
tubes, because their temperature is tofally insufficient, as to give a noticeble
emission in the interesting us zone of the spectrum)j
2) sources, not used until now for vacuum spectroscopy purposes, but principaily
suitable for this purpose (activated AC arc,particularly in spark regime[l] » high
frequency spark [23, this and another in an atmosphei‘e transparent for vacuum ultra-
violet gas - nitrogen, hydrogen or helium, The spectrum in this case.ia always lind.{ed
by the shortwave transparency maximum of the gas used(B] ); ' ‘
3) sources, which are for operation in vacuum as well as in other zones of the ‘
spectrum (DC arc and condensed spark in an atmoshere transparent for vacuum ultraviOie*
E;—?J, as well as various ty.pes of low pressure gas discharge: glowing, arc,high
frequency electrodeless discharge, discharge with hollow cathode [8-131 ) '. \
}) Sources, specific for vacuum spectroscopy (vaccum arc ELI;. 15]. vacuum sparkEG— \
18], condensed discharge in cazpillary(]{s-zq. In recent years was obtained and used \
for vacuum spectroscopy a sliding spark 1;1 vacuum[22.23] )
’f
i

5) a powerful source of a continuous spectrum in vacuum ultraviolet appears to be
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the smission of electrons in the synchrotron, when their energy reaches hundreds of
milliona of electron-vdta[za,%]. In this report are given results of investigaticns
involring the creation of new low yoltage sources of vacuum ultraviolet, v
Vacuum Are

Vacuum are, a DC afc. burning in vapors of electrodes, placed in evacuated space,
was used for the excitation of spectra preferably on the early stage of development
of vacuum spectroscopy[l&.26-28]. In this source are excited spectra of neutral and
once ionized atans[29]. The vaecuum arc gives quite narrow lines, and that is why it
was used in investigations on accurate determination of wavelengths of spectral li-
n’es[_’ioj. The features of the phenomena observed in vacuuwm arc compel to assume,that

it is substantially distinguished by the nature of the elementary processes taking

' place in it from the electric are, burning in a gaseous medium,The sole source of

: is

the material for maintaining the discharge is the cathode.whichjﬁjmcipauy destroy

) on the anode

ed in the process of operation, At the same time the liberation of eneré\(is many 11
..es greater than its liberation on the cathode. Specially conducted experiments showe
ed, thet in vacuum arc from the cathode comes out a stream of particles of encrmous A
velocity ~ more than 106 cm/sec@l:g. Such velocity cannot be explained by the high .
temperature of the cathode spot, because the latter 1s totally in sufficient for this :
[32:}. As shown by experiments with introduction into the discharge space of a third

electrode~collector E;l}, the particles flying out from the cathode have a negative

_charge; it was possible to almost fully collect same in this collector (plate),feed-

ing to it a 1000 v potential positive with respectito the arc electrodess

To produce a simple, reliable and safe in handling source of wvacuum ultraviolet, V
we carried ocut a series of experiments with DCevacuum arc, Molybdenum g_]ass waa use&
to prepére a special disclarge tube, the arrangement of which allowequy turning a -
slide to very smoothly cl.mnge the distance between the electrodes, The electrodes

were fed a const'ant voltage of 220 v, After many efforts to obtain a continuous hot o 1
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at low currents (5-10 amp) vacuum arc we arrived at a conclusion,that for its stable
burning in case of using electrodes from material with high mélting point a strong
local heating of the cathode i3 needed,

Thanks to re'letively low heat conductivity and very high melting point strong locail

heating can be easily attained on a carbon cathode, The high temperature of the
cathode, apparently, plays a double role in maintaining the discharge: a) it aids in
evapozjation of cathode material, b) assures greater thermionic emission, Since the
role of the anode in the discharge is insignificant, it 1s faced by only one require-
ment - it should be a conductor of electricity.

In our experiments the discharge tube was evacuated to a pressure of 10"3 - 10"1‘
mm Hg. The arc was ignited by smoothly separating the initially adjoining electrodes.
Th: current in the arc was 5-7 amp, Arc burning as result of heating the electrodes |
and the liberation of gas from them connectéd with it was acc&np'anyied by a rise in !

pressure in the discharge tube, which in turn led to ignition of the arc gas .discharge-‘i
Consequently before each experiment the electrodes were degasified by heating same |
with the aid of the very same vacuum arce At the time of arc burning under the. effect
of stro.ng bombardment with particles coming out frém the cathode the anode becomes
rapidly heated, copper or iron anode weighing about 5 g, attached to a molybdenum

inlet, it transforms quite rapidly into a droplet of molet metale An increase in diso

tance beiween the electrodes ensbled to attain a voltage drop on them to 80 v, whereby
the tungsten anode (rod with Q{of 2 mm) glowed blindingly bright, its temperature was
close to the melting point, and the edges melted away,(Flashed off) . .

And so, a stable vacuum are at low currents (5-7 amp) can be obtained between the
carbon cathode and the anode from any ziven high melting material by smoothly sepa
rating initial contiguous electrodes. It must also be mentioned, that a DC~vacuum
ar¢ burns stably in vapors of zine, antimony or any other easily zr}elting metal, the

this
latter is introduced for/~  purpose into the depth in the cathode made of a a high
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moelting mate»rial. €ele steel[lb]. The filling burns out rapidly, and the flask of
source is ccated with a layer of evaporized mete]. Such an arc is less suitable for:
long lasting expcosures,
Arc Activated Ain Vacuum

We made an effort to utilize a wvacuum a;tivated arc, For this on the basis of a ‘
step=up-iransformer NOM-10 (10 kv, 400 w) by the ordinary arrangement of Svetnitskiy
sctivator@] was assembled & high frequenecy  --—----- -generatcr, If generated a
high veoltage, sufficient to plerce the inter‘alectrode space within a frection of a
millimeter in high vacuum, The very same discharge tube was used,as in experiments

with DC-arce The tube was vacated to a pressure of 10"'4 mm Hg, To feed the basic cur-

rent componam;. of the discharge on elsctrodes (metallic or carbon) a 220 v AC vcltage

was supplied. ¢ ; 2
~1278 l 2 (T\ -
If the distance between electrodes was | ‘_j d/

sufficiently small, a weak little spark o *4 ‘
=2206 VWA :
appeared- resultof piercing the interelec. D A

trode interval by the voltege from the HF  FigeleElectric circuit diagram of activated
OC arc in vacuum (Fedischarge tube),

generator, but this was not accompanied

with ignition of the arce But in the presence of a sufficient thermionic emission fram
the cathode (carbon, intensely heated cathode) the imposition of HF voltage from the
standard PS-29 genecrator on the.electrodes at interelec'trode intervels of 1 - 2 mmn
assured reliable ignition of the DC vacuum arc, Fower for and ignition of t.he are

wag realized in accordance with the arrangement shown in fig.ls Preheating of the
cathode was attained in the DC vacuum arc,after which by cutting off the juice the

arc died out, DC voltage was agnin cut in and the arc “reignited" by connecting the

activator, From this experiment cames & conclusion that it is possible to ignite en i
activated AC arec in vacuum betwesn preheated carbon electrodes. We made an effort, ana- \
légous to the above deseribed, connecting to heated in a DC vacuum arc carbon elec- ,
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trodes a voltage fram the P3-39 or DG-l generator. But we hawve not succeeded in obe
taining in this way an AC vacuum are¢. Evidently, not every HF tea+an caﬁse ignition
of the arc" consequently the cooling of electrodes is mmch faster.tha_n is permissible
to extend the operation of the source, -
Upon rapid seperation of electrodes to a distance of 2=3 mm and at low currents
(5=7 amp) the vacuum arc betwsen carbon cathode and metallic anode burns unstably,
.
the cathode spot shifts eontinucusly over the entire surface of the éathode.tho are
is often extinguished., But the application of* an HF component according to 'scheme in
figel leads to stébilization of the discharge., the cathode spot localizes only in
the frontal surface of the catkode, turned tocward the anode.Such an arc 'can burn
uninterruptedly for a period of many minutes, A
. To work with an activated DC vacuum are
was prepared a special discharge tube ,a &chema-
== drawing of which is given in fig.2e
The tube has two glass slides and a window
(5) situated at a distence of about 100 mm
from the electrodes, for observation of the

discahrgs. The storper of one of the slides

is tipped with a soldered in copper "tumbler®

(2) to which the anode.is attached (1) with
. holder (1) cooled with water or campressed

Fige2elischarge tube for activated
vacuum arc air, Cathode (6) is attached tc 2 molybdenum
inlet, soldered ir in the second slide, and has no special) cooling, Voltage to the
anode is fed through the molybdenum inlet,

A chenge in distance between the electrodes is attained by turning the slide',\
with which the cathode is connected, on account of eccentrical fastening the latter

releative to the axis of rotation, The are is ignited by bringing the electrodes to
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the point of contact, The discharge tube has attached itself to the vacuum spectrograph
IFSS6 with the aid of a flexible connection (7) E31. which assure reitable vaeuum !

contact of the tube with the instrument, it cen be easily disassembled,

Fige3eEmission spectrogram of DC-vacuum arc with carbon cathode

It does not appear to be absolutely rigid and allow.s within small limits to shift the
source,which is unecessary for the adjuétrnent of the latter. We obizined a number of
emissiocn spectrograms of a DC vacuum arc with carbon cathode, activated an non-acti-
vated, One of these is shown in fig,3e On the basis of obtained material it is possible.

to conclude, that in this arc is excited exclusively the material of the cathode=~
carbon,Upon introauction into the depression in the cathode of various metals (Fe.Gu.'
Mc, W) it was also impossible to obtain a total spectrum of samee .

Contaet Spark
To reduce the selective nature of ea.ccitation in a vacuum arc and raise its tem.

perature*, we assembled an electric scheme, allowing to pass through the arcg,by dis-
charging capacitor batteries, higher current pulses., An analoéous jdea has been ree
alized by I.I.Levintov[j_lq with respect to a DC arc in the air, In contrast to this, ,
we used one and the same socurce of voltage to feed the arsc and to charge the capaci-
torse The arrangement had a mechanical double throw switch, with the aid of which
the battery of capacitors with a capacity of 90U £ was charged periodically to & vol-
tage of 220 v and then connected to discharge tubs electrodes which through the bal-
last resistance were connected to the véry seme sourcee It was revealed during the
first connection of this system that the source can also function without the constent
current component:s upon connection to contacting electrodes (cne of which ves a car- -

bon one) of a charged capacitor and a spark flickered at the point of their contacte

The spark flickered on for several times = scmetimes several hundred times- without
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any electrode controle It was later established, that this was connected with the springy
attachment of electrodes. In case of rigid attachment of electrddes with respect to

each other at the point 61‘ their contact originates only one discharge pulse,after

which a hardly noticeable gap is formed between them, for the plercing cf which the
voltage used by us was found to be insufficient,

In figel 18 shown the final electric power diagram of the new s§grca used by us
R

whi'ch wa intend on calling ®“contaect spark®, VRO lE’U
(KeI)e This scheme coincides prineipally ffo 6[3 e F
with generalizéd scheme introduced by Be O T

i
FigeleElectric alagram o6f *contact spark®
R.lezarenko for electrospark treating of (E-mechanical switch, Fedischarge tube).

metals [35, 367. differing from it by the presence of a ballast resistancle Rywhich
we connected to limit the ini.tial value of the charger current for the battery of high
capacity capacitorse

The basic quality of the KeI.{contact spark) is seen by us in the- fact, that it
is suitable for excitation of spectra in vacuum ultraviolet zone, it can wark in high
vacuum, as well as in relatively poor rarefactiocn, at a pressure of 10"'2 mm Hg and
even higher, whereby in the Schumann zcne are not excited the bands of N, molecules
True,in case of poor vacuum is necessary a thorough insulatién of the current carrying
ix.:lats in the interior of the discharge tube , otherwise the K.I.pulses (contact spark !
pulses) are accampanied by gas discharge cutbursts and in the spectrum appear lines
of the electrcde holder materiale Selfeinduction in the discharge circuit of K.I. may
be so conveniently small énd consequently when working in opsn air in this source
may be obtained a more "rigid " condition , than in the low voltage spark with ignition,

where the minimm value of self-induction is principally limited,
K.I, (contact spark) has a series of shortcomingss a)it can operate for a long
® Footnote for page be In strict meaning of the word to speak about the temperature

of a vacuum are of low power is impossible, because in it, apparently,is absent the
thermal equilibrium,
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time only at a condition, when one (or both) of the electrodes carbon or graphite,
discharge betwoen metallic 'electxl‘odea is accompanied by their rapid destruction;

b) frequent ad justment of electrodes is needed to maintain contact between them ;

¢) during the operation of K,I, in the metallic electrode is formed a recess (iron
decomposes faster than other metals), thiz leads to the necessity during operation

of the source to gradually shift the point of contact over the surface of the metal
electrodéjthat is why the discharge tube made by us , in which constant contact be.
é‘eén the electrodes was maintained by a very plisble spring, was found to be unsuit
able for operation with iron alloys; d) electric power diagram of K.I, conta:.lns a ms,
chanical switch, the contacts of which do also gradually decompose urder the effect
of electroespark treatment.To prepare contact plates we used tantaluxi ar tungsten,

As shown by experiments with the use of a pulsed rhotcmeter, the light pulse of

K,Iein the air has a form) typical fo-r low voltage spark:steep rise,broad meximmum
and ®exponential * drop. The duration of the pulse at C = 99u fand L= lwhenriea
constituted BO/wsec. which is in excellent conformity with the Tomson formula, if it
is assumed, that the pulse lasts for 1/2 of a period.The amount of luminous energy
forming in the pulse grows with the rise in capacitor capacitance and voltage, _to which
they are charged.lt also largely depends upon the form of electrode tips -~ the smaller
the magnitude of the contact area of the cone pointed electrodes, the greater is the
number, stronger the sound (when werking in open air) the greater are the dimensions of

the flash, In fig.5 i3 given a photo of electrode tips at the time of individual pulse

in the ailr between carbpg electrodes at V=220v, C= 500/.4. fy L = 3 henries,

S
e h

Grsg:i ¢ N The K.I.spectrum bears a plainly expressed
- T’
Reﬁ{:g“ci spark nature, In fig,6 is shown the ¥,I,
, ; spectrum between carbon electrodes in air ,
Fig.5.Fhoto of individual pulse in air

- taken at the very same electrical paramaters
between carbon electrodes,

given by Kel, with the aid of the ISR~22 quartz spectro,
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graph, in line with sperk spectra fram the IGe2 gen;rator in rigid condition (1~0)
and activated arc.In the visible and close ultraviolet zone K.Il.gives a much sironger
solid backé:round than a condensed sparkeThe minimm of black-en.ing in the green part
of the spectrum 1= due to reduced sensitivify in that zone of Fanchrome photo plates
used by use A seriss of experiments was made on the use of K,I, in air for the
excitation of spectra of difficultly excitable elements, Their chemical campounds haye

- been introduced intec channels drilled in spectrally pure carborf electrodes, 'I;hese
experiments showed, that in K,lg are well excited bromin;z lines, to a lesser extent =~
sulfur and phosphorus lines, Utiliza.tion‘ of the visible zone of the spectrum for analysis
is impossible as result of a strcng soiid background, '

To work with K.Iein vacuum was used a discherge tube,the wertical section of which
is shown in figo7.Tﬁe tube was made of brass and connected to the spectrograph with
the aid of a "mushroom-like" vacuum connection, such a connéction w28 used for the
'vacuum inlet of upper electrode holder.This holder was also made of metsl, and for
electric insulation from the quy of the discharge itube 1ts side surface was coated
with a thick layer of BF-2 glue, Change in distance between electrodes was realized
by shifting the ocuter end of the upper electrode holder in vertical direction, .Although
the electrode fastening arrangement allowed to use water of air cooling, when wbrking
yith K,I, at a frequency of ~,60 pulses per minsuch cooling was not required. The body
of the tube was groundedgand to it was attached a cathode made of the investigated
material, in the role of anode was used spectrally pure carbon, Destr\iction of elec_
trodes as result of their “electrospark treating * takes place at sucp conditions in
a considerably lower degree,than in case of thelr opposite polaritye With the aid of
a single pﬁ.sm fluorite vacuum spectrograph SP-33 (model of this instrument is de=-
scribed in@‘ij. we have photozraphed spectra of certain metala, excitable with K,I,
In the role of photo material was used a photo film sensitized with BM-} oil. The job -

was done at V= 220 v, L~ 3, henries; C = 500 ufe To obtain normal blackenings were
/
i !
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1 hundred pulses, In fig,8 are shown spectrograms obtained under such

conditionss copper, aluminum and carbon,
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Spectra of iron and copper, excited in K,I, can be used in role of comparison
spectras the wavelengths of spectral line s of these elements in the vacuum zone
have been measured with high accuracyPB-l;O]. An effort was made to use X,I, for purc
poses of spectrally analyzing ferrous alloys for sulfur and }phonphorua. As is knoui:
the most sensitive (rescnance) spectral lines of these elements are in the Schumnn “‘
zone, To excite the spectrum of sult‘ur, the latter was introduced into a channel, ‘
drilled in the cathode made of spectrally puure carbon the phosphorus was introdue
ced into the cathode in form of P205 compounde In fige9 is shown the sulfur spectrum
obtained in suéh a way,photographed together with the cast iron spectrum on the SP-33
spectrograph at the following mode of operation of K,I.iC = 500“1’ V= 220 v,. L=
3l,vbhenries. As we see in the spectrum of cast iron ars no sulm; lines, to attain their
developm.ept by changing the parameters of the K,I.dischargs contour (increase in 1)
was impossible for use The same thing cen be saeid with respect fo phos;horuse
' Breaking Condensed Arc in Vacimm ‘
To raise the temperature of vacuum arc we tried to pass through it current ;v.xlses
using for that a battery of high capacity capacitorse Such .a source should differ
by intensive inflow of electrod;a substance into the discharge and by high temperatu:éé .
However after each discharge pulse the vacuum arc die:i oute This very same effect has
been observed by I,I.levintov @l;] working with a DC arc in the air.To bypass this
impediment the capacitor charge was used in combination with a breaking arc in vacuum,
The very same dischargs tube was used as in the job with the contact sparke The mush
roam=~like connection of the upper elect.rode holder allowed to.roll this holder rela.
tive to the vertical axis, This movement,accompanied by approach and getting away
of the electrodes, was connected wit.: the operation of the electric switch ()
(fiz.10) so thet at the moment the electrodes made contact the capacitors were chargé.d., {

and during the separation of the elecirodes the vacuum arc became ignited, and

vhen the distance between same reached a certain definite value,,to them wag euto- i
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matically connected the battery of capacitors, which by that time was already connected

with ‘the power circuit, ’I'he.eystem wa.s driven by one collector type electric motor

(small motor), having a revolutiém reductor, The oscillation frequency of the upper '
electrode was r'egulated by chai ging the resistances in the power circuit of the little

motor and it constituted L - 3 e, To feed the arc and charge the capacitors was used ¢
a DC current with a voltage of 220 v, 'I’heAbattery of capacitors had a capacitance of

5001u,f. Autoinduction of the feeder line wires in the discharée circuit was about 3

S henries, In figell is shown the spectirum of breaking condensed arc between aluminum

electrodes, obtained at above mentioned conditions with the aid of & fluorite spectre-

graph SR-33.

"}“{)_‘Z—l—“——ﬂ ’
’ A . el o [ I |

R
—=¢ o 1 E 0l S I H ti
—c ALl 12 AR w0
R
Fig.10.Electric diagram of breaking con- Fig,1leSpectra between aluminum electrodess
densed spark in vacuum, a=for breaking vacuum are; befor breaking

condensed are

Along side (figellya) is given the spectrum of a breaking arc between the very
same electrodes, photographed at an average current of 3 amp, Exposure in firsit case
vas 50 pulses, On the‘first photo are visible very intensive lines of ionized aluminum
Al IIX, while they are almost totally absent on the second, Analogous spectra.have
been obtained with electrodes made of other metalse v

Conclusiéna

1, Stable vacuum are can be obtained at re‘lati.vely low currents {5-7y amp) be-
)%a’en carbon and graphite cathod: and ancde made of any givan high melting metal by ,
smoothly separating the.electrodes. The are burns stably at a small interelectrode |

interval of the magnitude of 1 mm, in the vacuum ultraviolet zone are excited almost

exclusively the carbon lines,
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Ze Stable vacuum are¢ at currents of 5-7 amp between the carbon cathodgzand metal-
lic anode can be obtained by rapidly separaéing‘the electrodes to a distance of 3«5
mn, provided on the DC current is applied a hig frequency high'voltage.
3e A new source has come to realizations contect spark - low voltage spark be-
(aéen two weakly contacted electrodes, one of which is.a carbon one, ariginating durw
ing the discharge of a high capacitance capacitors Contact spark can work in the air
and in high vacuum as wells In it is developing a temperature , sufficient to excite
spectra of repeatedly ionized atomse
Le By combining breaking vacuum arc with capacitor discharge was brought
into realization a source of vacuur ultraviolet, having intensive evaporation of
electrode material and high temperature -~ breaking condensed arce
In conclusion I want to erpra 18 my thanks to FeA.Korolev for cooperation and
assist, given to me in preparing this report,
Literature

1, Svetnitskiy,N.S;Izvestiya Akadeuii Nauk SSSR,seriya Fizicheskaya G4677,1945

2+ OleynikoveteP; Taganov,K.IesZavodskaya Laboratoriya 15,59,1949

3e BoyseDeKeUspekhi Fizicheskikh Mauk 30, 245, 1946

4. McLennan, J,.C.,Joung,J.E., Ireton,M.,A., Ireton, H, J., Proc. Roy. Soc,,98,95,1921
5, MrLennan,J.C,,Joung,J.E.,, Ireton,,A,,Ireton,H,J,, Proc. Roy, Soc,, 93,95, 1921
6. Shenstone,A.G., Phil, Trans. Roy. Soc., London, 237, 453, 1938,

7. Shenstone,A, G,, J. Opt. Amerlca, 44, 749, 1954.

8. Ladenburg,R., Van Veoris, €.C, Phys, Rev,, 43,315,1933,

9, . "a‘anabe K, Inng&l(.7, Opt, Soc. Amerlcan 45, 344, 1955,
10_.11k1nson P, J., Tanyka ’J, é;u. Soc, Amerlca; ; 344: éggi

11,Wilkinson,P,J,, J.Opt. Soc, America, 43, 1044, 1955,

12.Leon, .M, , Blooh,E,, J. Phys, et Rad, 6, 441, 1935.

13 Wllklnson P.G I., Opt. Soc, America, 45, 862, 1955.
14.Simeon,F, Proc. Roy.Soc., A 102, 484, 1923,; A 104, 368, 1923.
15 Back E.,Ann. D Phys., 70, 333, 19230

16.Millikan,R.A., Sowyer,B.A, Science, 50, 138, 1918,

17+ Edlen By Journal of Fhysics,59,656,1929; 100,6é1.1936.

18, Edlen, B,, Physica, 13, 545, 1987. '

19, Lyman T, The spectroscopy of the extreme ultra—vlolet London, 1928,
20, Collins G,, Price,¥.C,, Rev, Sci., Instr., 5, 423, 1934.

21. Romend J., Vodar, B.C.r., 225, 574, 1947.

22, Vodar, B,, Astoin N. Nature, 160, 1029, 1950,

23, Romand, J., Vochx5 3. Spectrochim, acta,, 8, 229, 1956

FT?—Tﬂhé2-1913/1ﬁ2 13




24 LopukhingV; Ugarove,A; Uspekhi Fizicheskikh Nauk, 34, 398,1948

25 . Tomnoulian,D,H,,Hartman,P,L., Phys. Rev,, 102, 1423, 1956.

2 Engel®' Ae Shtenbek.,M; Fhysics end Technology of Electric Discharge in Gases
Fart 2,CNTI-NKTI,1935.

27, Yclennan,J,C. Proc,” Ro,. Soc., 4, 95,316,1919.

28, Robinson,H,A,, Bstman G, Phys, Rev., 49,297,1936. P
29« Back4E; Ldnae A; The Zeaman Effct an Multiple Structure of Spectral Lines

Leipzigy 19254 ~
30, Brown P, L, Astroph. J., 56,53,1922. N

31, Tanberz R. Phys. Rev., 35, 1080, 1930,
32, Tanberg, R., Berkey 7, E, Phys, Rev., 38, 296, 1931,
33, Lanis,VeI; Levina. LyYeo,Practical Pases of the Technology of Vacuum ’Ibsting
Gosenergoizdat, 1550
2le Levintov,lelalzvedkadsNauk SSSReSer«Fiz.5,599,1945
35« Lazarenko,B.R; Lazarenko,N.I; Electrospar Treatment of Metals »Cosenergoizdat
19504
36e Proshin,G.A; Electrospar Treating of Machine Components,ONTY,1956
376 YakovlevayAeVe. Gromova,leIl.Protes,IsR; Izveikadelfauk SSSR,serFize19,844,1955 -
33, Schenstone, A, G, J, Opu, Soc, Amemca 45, 868, 1955,
. 39 Zaydel',A,N; Frokofyev,V.K; Rayskiy,S.M; Tables of spectral ;ines.GITI,
Moscow=Leningrad, 1952 .
40. Green L. C. Phys. Rev., 55, 1209, 1939,
41, Vodar, B,, Minn,S,, Offrey S.J. Phys., et rad., 16, 811 1955.

Submitted: July 30, 1957 Faculty of Optics.

FTD=TT-£2=1913/1+2 T3




DISTRIBUTION LIST

. DEPARTMENT OF DEFENSE Nr. Copies MASOR AIR COMMANDS Nr. Coples
AFSC
. SCFDD 1
« : _ ALSTIA 25
 HEADQUARTERS USAF TDBTL 5
TDBDP 5
AFCIN=-3D2 1 ARDC {AEY) 1
ARL (ARB) 1 o SSD ( SSF) 2
AFPSWC (SWF) 1
APGC (PGF) 1
ATHER. AGENOIES e ESD (ESY) 1 -
, RADC (RAY) 1
! : . CIA 1 KFMTC (MTW) - 1
NSA 6 ASD ( ASYIM) 1
DIA 9 :
AID 2
0TS 2
AEC 2
. PWS 1
' NASA 1
i ARMY 3
! . NAVY 3
' . RAND 1
NAFEC 1

FID-IT= 62-1913/142 15




