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I. ABSTRACT

A concave grazing incidence spectrogravh for the long
WAVE X=PaY reéion 40-400 A° ie¢ described, together with the
technique of operation and some preliminary results of its
use., This includes trials of three types of targets, bulk,
evaporated and elsctro-pnlated, as well as a study of the emie-
sion characteristics of.four tyres of oxide~coated dull emit-
ter., A solid nickel box, coated by spraying and indirectly
heated by & tungsten hslix, was found 1o overate most satis-
factorily.

A discussion of the difficulties of obtaining vacua
batter than 10-6 mm., Hg. in a demountable metal X-r1ay tube
is given, together with some devices for obtaining such
vagua. Use of an ionization gauge of speclal design ree-
veslad that the emission in the tﬁbe was excecdingly sen-
sitive to pressurs of rasidusl gases.

Schumann plates of llines frow carbon, beryllium, stron-
tium and barium were obtained, togethsr with microphotometer
curves of their contours, which in the case of barium reveale
¢d the characteristic symmetry of a transition between non-
conducting atom shells. The thsoretical significance of
these contours is briefly discussed, together with an out-
ding of the guantum mechanical method involving the use of
Brillouin zoneg and the method of self-consistent fields
for calculating energy level distributions for both loocase-

ly and tightly bound electronsa.



II. INTRODUCTION
a). Historical:

The spectral region with which this work is
concerned, from about 40 to 400 Angstroms, formed a gap
between the optical spectrum and the ordinary x-ray spectrum
which has only recently been closed. Spectra in this range
are accessible only by means of a vacuum gpectrograph, as
most radiation from 1800 A° down to about 3 A° is strongly
absorbed in air. Schuma,nn1 first observed wavelengthe as |
low as 1300 AO, using a fluorite »rism in vacuum. He also
first devised the indispensable non-absorptive photogravhic
materiale which have high sensitivity to these radiations,
Using & concave grating at normal incidence, Lyman2 next

mozsured lines at 500 A®. Millikan and Bowen3

then used
the "hot-spark®™ source, which nrovided lines in a normaslly
barren spectral region, and pushed the limits of optical
spectra down to 150 AO. During this time, the maximum X-ray
wave length observable with crystal srectrometers wés of
the order of 15 A°, limited by apsorption in the crystal
and the difficulty of getting crystals with a large lattice
spacing. Finally Thibaud4 in 1826 closed the gap between
15 and 150 AO, using a plane grating at grazing incidence
(1° to 29).

The use of highly obligue incidence makes it

possible to use ruled gratings in which the grating svace
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is large compared with the wavelength, and in addition in-
¢reases the reflectivity of the grating, since glass has an
index of refraction slightly less than unity for x-rays in
this region and total sxternal reflection may be secured at
glancing incidence. Gompton5 was amnong the first t6 use this
device for totally reflecting x-rays, which makes possible
the use of optical gratings in x-ray spectroscopy. Since
1926 a large amount of work has been done in this regioﬁ by
Siegbahn, Magnusson, Sodermann, Prins, Osgood, and many
others, the results of which are tabulated up to 1931 in
Siegbahn's book®. Concave gratings, introduced by Osgocd7,
are freduently used in the later ﬁork, combining speed with

high reseolving power,

b). Line Contours:

The structure of X-ray lines, that is, varis-
tion of intensity with wavelength across the width of the
line, ie of particular interest in the case of soft xX-rays
from solid targets, as will be discussed in detail in a
later secction. Theoretical discussion of this structure is

limited to the original calculation for the shape of Be X

8

by Houston®, and a few more recent and detailed pavers by

10

Jones, WMottt & Skinnerg, Prins™, and Kronigll. The sarlier

eXperimental work was on the structure of carbon ¥ by
Renninger'® and of X  radiation from B, Be, C, 0, A  and

Cu by Sedermannls. Latar Glockerl4 and Siegbahnls mads a
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rather extensive investigation of the effect of the various
compounds of carbon on the structure of the ¥ line. Hcre

16 and O'Bryan and Skinnerl7 have investi-

recently Hautot
gated a number of the light elements from atomic numbsrs

3 to 14, O'Bryan and Skinner's work is noteworthy in that
the targets used were freyuently re-coated with clean metal
by evaporation, a most imporitant detail whers easily absorbed
radiations such as these ars concernzd. O'Bryan has also
published a paperls on the absorption edges of Li and Mg

in the soft x-ray region which is of intersst for structure

data. More recently Skinnerlg hae extended this work.

¢). Objectives:

Up to the present, moat work on line structure
has been done with the strong X or L radiation of elements
1-17. For elements 18-35, the rasdiations which fall within
the "soft" X-ray range are those of the M and N series which
are much weaker. It is the objective of the nrogram of re-
search of which this pvarticular investigation is the begin-
ning, to photograph as many as possible of the lingg--more
rroperly bands--whose wavelengths lie between 40 and 400
A° of elements 18 to 3B, that is of the first long period
of the pericdic tabls.

The structure of these linss would be of in-
tersst as would be a confirmation of the #xistence of the

¥ znd N series for the first long pericd. So far as the
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virlter has been able to sscertain, they have never been
unambiguouslygo photographed, although diagram lines (the-
orstically possible ones) exist. It is entirely possible
that the high absorbability of these lines, which makes
them very susceptible to target surface impurities, to-
gether with a relatively asmall transition probability com-
pared to the X and L radiation, and even psrhaps sone mee-
chenism iika the Augeral gffect, combine to make their in-
tensity exceedingly feeble. The structure of these bands
if obtained, might nrovide a starting pecint for the rtheo-
retical calculations of line shanes, and in particular ths
discrimination between the energy level distributions of

; ) 3
conductors, semi-conductors, and insulators™ .
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II1I. DESCRIPTION OF APPARATUS
a). Svectrograph:

4 2 weter radius concave grating mounted on a
Rowland circle and set at 6°14' incidence was used, the
whole being mounted in a long stesl cylincrical vacuum chame
bsr bolted and sealed with a rubber gasket, an arrangement
similar to that of Si@ghahngz. The schematic diagram of
the instiument is shown in figure 1. The glass grating,
ruled by Mr. Julius Psarson at Californis Institute, had
960 lines/mm and an effective ovening of about 4 cm. The
811t was ussd at .35 ma aperbure in an e¢ffori to obtain
short exposure times, and at the glancing angls used, this
pormitted a resolving power of only 2 mm on the plate (3
te 4 angatroma). However, as the bands being looked {or were
of the order of 10 AQ hroad, this was adeguate for a pre-
liminary survey to determine their existence. The spect-
rograph was very rigidly built upon z heavy stesl girder
&8s a foundation and was canable of resolving sharp lines
separated by .03 to .04 A°, It had been adjusted to oriti-
cal focus by Prof. I. S. Bowen, who had previcusly used it
for a much more exacting invastigaﬁign34, and the writer
4ld aot change this adjustment, using the grating in situ.

Schumann plates on thin (4 mm) glass were used
because of their sensitivity to radistions in this wave-

length range, although they are very uassatisfactory for
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photometry as Farineauzs has recently shown. For more guan-
titative work, it may be possible to overcome the marked
surface irregularity and lack of uniformity of the Schumann
plstes (due to the scanty vprovortion of gelatine in the
emulsion) by the use of Ilford Q or some similar typve plate.
These have a gelatine layer of normal thickness, but sreci-
ally rich in silver bromide at the surface. The plates ars
protected from fog by a system of numsrous bafflses, arranged
te cut out any direct light from the slit or the central
irage and abate reflected light. Only one test for fogging
was made, and thet did pot prove that the light from a simple
tungsten filament prohibited its use, but tungsten filasmonts
weére sbandonsd for othsr reasvns stated later. Thoraeuagg
mentione an interesting device for sliminating fogging by
sending the electrcns through an aluminum foll before they

reach the terget.
b). X-Ray Tube:

The target was a 3" x " diasmeter conper rod,
drilled out for water cooling and cut with an obligue plans
surface as shown in figure 3. This surface was coated with
ths substance being investigated and was subject to slectron
bombardusnt, The copper section was silver soldered to a
iong nickel tube, thus mekins it possible to hzat the entire

copper block to redness without conducting too much heat
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to the point of suvport of the anode. At the supporting end,
this nickel tube was nrovided with & brass to brass conical
ground voint, allowing the target to be rotatsd freely.

The entire assembly sas water cooled and mounted on & syl
phon, thus providing vpractically four degrees of freedom

for the target, a great convenicnee in making adjustnments.
This manner of making these sdjustmentis may be ssen from
figure 2.

The cathode mounting was water cooled and ad-
justed in a manner similar %o that of the anode, save that
no greased cone was used. It provided for two filsments,
one a plain tungsten spiral, with radiation shizld for use
in out-gassing by elsctron bombardmeni, and ons an oxide
coabed dull-cmitter. This low teomperature emitter was ade
opted after extensive trizls wers made with thres other tyves
of emitter., It consisted of a swall box of 022" Ni, coat-
ed on one face with s mixture of Ba and Sy carbonates, and
indirectly heated by a tungsten svoiral inside. The details
of the emitter, as well as its position relstive to the
enode, are shown in figure 3. No attsmot was wade to fo-
cus the electron beam, the spacing of box and target being
such that slectrons moved in practically straight lines to
the target and coverad an ares about egual to that of ths
coated face of the box, Thiec arsa was chosen such a aizev

that the aperture of the grating was just filled. The
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target face had a slope of sbout 1:11 with respect to the
direction toward the grating and this made a "focal® apot
of sbout 11 x 7 mm. The oxide emitter was chosen because
it produced very little actinic 1lisht, and under prevar
operating conditicns should give a high emission with but
small evaporation. Tungsten filaments are not only exceed-
ingly brilliasnt, but at tewmperatures where copious euission
is obtainable evaporate a dense absorbing layer of tungsten
on the target, masking the original surface. Theriated
filaments were not tried, but might operate at sufficiently
low temperatures $o0 be usable. Both thoriated and oxide
emitters are exceedingly susceptible to "poisoning®, and
require vacua of 108 mm Hg or better to overate efficiently
and without pzsrceptible evanoration. The writer did not
find it possible to obtain gmissions of 400 ma from these
oxide emitters, as was mentioned by 8k & 0'837, but this
may have bsen dus t¢ insufficiently low pressures or small
active areas.

The X-ray tube elements were mounted in a hol-
low brass cube about 24" on an edge, drilled for water cool-
ing and provided with large circular apertures in sach of
the six faces of the cubs, Two of these, 7/8" in diameter,
izd to pumps, two held porecelain supporting insulators for
anode and c¢athcede, sealing-waxed into cones, and the remain-

ing two led to ionization gauge and spsctrogranh slit res-
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pectively. Thers werse four joints of beeswax-rosin in the
comoplete tubs assambly, since the wvariocus parts of necessity
had to be guite demountsble. These joints were s source of
congldarable trouble becauss of thzir lack of mechanical
etrength and were slways the firet susvscts in case of laaks.
It was necessary to insert a shutter across the
spectrogravh slit, te avoid fogging when the bombarding fi-
lament was in use. This ccnsisted of a brass cylinder bi-
sected diametrically by a small soft iron vans, to which a
iight shutter of nickel foll was attachzd hy a stiff but
light tungsten wire. The whole was mounted inside one pump-
line and operated from outside the evacuated system by means
of a magnet, as shown schematically in fipure 3. In subss-
guent modifications of this x-ray tube it would be very ad-
vantageous to nrovide more rigid mechanical suvport for the
elaments of the tubes t0 supolemsnt the oresent besswax joints.
As now designed, the tubs could be readily sdantsd to evaporast-
ing technigue by substituting an evaporating unit in the
aperture now occupled by the ionization gauge. It might
tapn be desirsble to arrange a magnetically opersted shut-

ter in thes latsricr of the spectrograph itself, as the pre-

i

et shutter is frail, tadi-us o adjust, and susceptible

to gumming by vapors and svanorated or sputtered materials.
¢). Vacuum System:

The X-ray chamber and the spectrograph were
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evacuated by separate Hg oumps, leading into a common Hg
pump which acted as a lst stage, and thence to an ordinary
rotary fore-vump (Hyvac). The pumping line to the x-ray
tube was © ft. of 1" g¢glass tubing, which consequently formed
a rathaer slow system and had to be suvoplemented by & char-
coal trap opening into the opposite side of the X-ray tube.
This addition reduced the minimum pressure obtainable from

about 10™° mm Hg to below 107¢

mm Hg. The charcoal trap
was provided with a plane surface which served as a window
to cbssrve the position of the tube elemenis when adjusting.

While the use of charcoal nrovides very fast
punping, it has & number of disadvantages., Charcoal must
be kept completely covered with liquid air or it regurgi-
tates air into the system, and must be baksd out to 400°C
after each exvosure to sny vressure higher than 1 mm.Hg,
#ith charcoal it is impossible to test for leaks by allowing
the system to stand as ths charcoal sither absorbs or oute
gasses, and cannot be held stationary., It was thought that
during the bake-out process condensed vapors emanating from
the charcoal might be deposited throughout the X-ray tubs,
but in two runs mads specifically fto test this point no ef-
fects of vanor cruld be found.

Attaining the necessary - ressures of 107% or
lower proved to be one of the major difficulties of the
experimental work, and st lsast one-third of all the time
spvent in the laboratory was used in hunting for lsaks or

waiting for residual gases and vapors to pursue itheir lei-
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surely and statistically random courss into the limbo of
punps and trans. Some firouble was sXrnericnced with ground
brase anode cong, on four different occasions rotation of
this joint caused large legks. It was finally reground and
lubricated with Apiezon L, a snecial low vapor pressure va-
cuul greass.

If the system was tight, pumping for 12 or 15
hours was sufficient to bring the vressure in the X-ray tube
down to slightly less than 1@”6 mm Hg. It was found possible
to reduce the pressure in the X-ray tube %0 a few multinles
of 19‘7 mm Hg by separating it from the spectrograph. The
pressure in the spectirograph was undoubtedly much higher
than in the x-ray tube, probably batwsen 10™F and 107° at
best. However the small slit area (1% sqg mm) prevanted any
exgessive flow of gas betwesn the two chambsrs* at low pres-
sures. In order to facilitate long (overnignt) periocde of
oumping without sztiendance on the Hg pump, a hsesater switch
which opened sutomaticslly when the water circulztion stopped
was installesd., This ¢ould be rendersd mors reliable by the
installation of & sadimerit filter in the intake side of the
water system. A large 1 om hore cutoff msroury sszal stop-
cock was inserted betwesn the svectrogranh and the first

etage Hg pump, a very useful adjunct in testing for lesks.

*See sample cmlculation in avnpsndix,
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d). Hanometers:

Any eXperirents invelving the use of oxids
coated cathodss require very carsful control of ths pressure,
hence a manometer which will discriminate definitely betwsen
10~5 and 10™° mo Hg is an essential part of the apparatus.
At first the necessity for absoclutely optimum pressure con-
ditions was not realized, and a Pirani®® tyve of hot-wire
manometer was built, having a useful range from 10~ o 1075
mm Hg., This gauge, while guite inadaquate to indicate dif-
ferences between prassures of 1073 anda 10'5, was still of
great utility in hunting leaks and indicating when conditions
were safe to use the delicate ilonization gauge. The wiring
diagram and conetruction data of the Pirani gauge is given
in figure 6. A and B are two ordinary tern-watt bulbs, one
of which 1s tubulsted and open to the region to be measured
while the other is left sealed. The sealed bulb teands to
balance out errors dus to temperature changes. Actually,
when standard light bulbs were used, random fluctuations
in temperature due to irregular thermal contact bstween fi-
iament and metal supporting hooks oroduced errors amounting
to 10% of the total change in resistance of the filament.
This greatly reduced the reliability and ranges of the gaugs,
for between 10™% and 10-€ the change in filament resistance
is very swall, A discussion of the merits of this gewuge is

given by Du&ondag.
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After it was realized that barium oxide emitters
overated inefficiently and evaporated badly at pressures
greater than 10"6, an ionization geuge was installed. This
gauge, of which the elements are shown in figure 7, is an

adaptation of one by Huntoon and Ellett®®

s and is arranged
80 that all the slements can beg baked out «#ithout the neceg-
gity of ciectron bombardment, thus reducing wear on the
filamenﬁ and spegeding up the oparation of the gauge. The
filament was run at 5 millianmperes gsmission for the saks of
high sensitivity. The remaining operating voltages and
conditions are given in the wiring disgram, figure 8.

By a fortuitous coincidenee, anothsr gauge iden-
ticel with the writer's was built by Dr. Dunningten in this
laboratory and calibrated gpproximately agsinst g McLeod
gauge, This cslibration has been adontad by the writer as
being roughly correet for his own gauge, as ths gauges are
net very critica131 as to exact electrode spacing, ete.

The shape of the calibration curve merits soms attention.

In the custamary33 ionization gouge using a sclid plate for
a collector, the gravh of ion current against nressure is
linear, of the form i ¥p. In this gauge, whers the only
departure from ths classical construction is in the use of

& wire helix instesad of a plate for collector, the gruoh

is distinctly non-linear, as the slope of the logarithuic
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plot of i against p is definitely not unity. It is diffi-
cult to asee a reasonable mechanism to exXplain this peculiari-
ty, but if Dunnington's calibration curve is valid, it is
possible that H & E'327 suggested calibration may be entirely
incorrect in the pressure range 10”4 to 1076.

Although the ion current was not linsar with
pressure, it wase reasonably linecar with 8lectron emission
current, The result of tests on this point at two different
sensitivities are given in figure 9. Curves (a) and (¢)
woere taken 40 minutes apart, and are as nearly identical
as could be expected in view of the fact that no special
attenpt was made to kesp the vpressure constant. In genersal,
readings of the ionization gauge ftaken at consecutive brief
intervals agreed to within 1%. The sensitivity was such
that a deflection of 1 cm on the galvanoustser ussd corres-

ponded to a nominal pressure of sbout 5 X 10'7

wm Hg.

The orincipal random uncertainties involved in
the use of the gauge were a) the leakage curreunt through
the insulation,and b) unsteady emission from the filament,
Leakage currents were of the crder of 1 amps, suffici-
ent to give & ilsakage current larger than the ion current
at the lowest pressures. However the leskages was found to

be rather steady, any variations occurring smoothly and

slowly over periods of several hours, so corraections could
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could always be made, The irregular emission was finally
traced to an imperfect thermal contact betwsen the hairpin
filament and its supporting hook. This caused random (some=-
times periodiec) temperaturs fluctuations to which of course
the emiseion was exXponentially sensitive. It is suggested
that in futﬁra models of the ion gauge a spring be inserted
to put the filsment under definite tension. It is also en-
tirely possible to trece down and eliminate the leakage
currents, although such a course did not seem necessary to

the wiiter.

@). Power Supply:

As a source of potential for ths X-ray tube
s000 volts of unfilterad, but fully rectified A.C. were
used, the output of two RCA 866-4 mercury rectificrs and
two commercial power transformers with thelr secondaries
in serigs. The tube voltage was r@gulafed by a variable
voltage divider in the transformer primary. Such regulation
was found indispensible in controlling the activation of
the oxide emitters. A bank of 15 3B-watt lamps was inserted
in series with the anode, thus preventing large accidental
surges of current due to short-circuite or gaseous arcs in
the x~rsy tube. This lamp bank also served to some sxtent
as o regulator for the x-ray tube, thes voltage drop across

it decreasing as the current through the lamps increased,
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A circuit diagram of the arrangemsnt is shown in figure
1C. When in use, the X-ray tube was coversd with g fiber

hood as & safety mesasure.
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IV. TECHRIQUE OF OPEZRATION

a). Preparation of Emitters

(1). Beaters:

A large number of different emitters were trisd
in an offort to get one vwhich would operate afficiently.
They can be classified as direct or indireet with respect
to method of heating, and as waxed, brushed, dippad, sprayed
or slectrolyticasliy deposited according to the manner of
costing. The heating methods will be discussed first.

A simple flat spiral of the typs used in ordi=-
nary high veltage x-ray tubes was first trisd, but had in-
adequate emitting areca, showed a sirong tendsncy to warp
since it was fastsned rigidly at both ends, and was 4iffi-
cult to ingtall, as esch individual filsment had to be cut
and bent by triasl to fit., Mounting it inside & c¢ylindrical
focusing shield with amall clesrance was a tedious job with
considerablg probsbility of a short circuit after warping
cccurred. Both Ni snd tungsten wire were used,

To obtain larger effective emitting area, =z
flat Ni foil dise waes fastened by lugs over 2 dished tung-
sten spiral as shown in (b), figure 1l. This had, in =d-
dition to all the difficulties of the nreceding type the
digadvantage that it wase thermodynamically poor in design,

the tungesten spiral having to be heated to a brilliant white
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to bring the Ni t¢ = dull orange, with the resultant danger
of fogging and unnecessary disdipation of heat. An attempt
was made to overcome the warving of these filaments by can-gﬁ
necting one end with a flexible lead wire (sese ((o)) figure
11) but this failed for lsck of a flexible material with
sufficiently high melting point.

A more successful type of emittser 1s shown in
(d) figure 11, in which a nickel strap 1} am wide and .008"
thick was wrapped arcund two "Usalite"* ceramic tubes held
on a tungsten wire frame. This emitter had a large surface
and could be shaped concave 80 as to give a line foocus, but
was not of uniform temperasture due to cooling at ths ends
of the nickel strap. Even after the ends of the sirap were
cut through 80% of their cross section the cooling was setill
vigibly evident. A& flexible comnection wae successfully
incorporated in these emitters because of their low tempe-
rature of operation, and appesrs in the pvhotogranh of fipgure
12. The difficulty which finaslly eliminated this filament
was the fact that after activation, emission would tend to
build up from one loop of the filsment, whersupon this loop
would heat up inordinately (vrobably dus to I% R losses in
the high resistance coating) evaporation would occur, and in
addition the remaining loops would not contribute to the

gmission, due to their much lower tempsraturs,.



An emitting surface of cne nlece of rather heavy
metal would vrovide more uniform temperaturs conditions, so
recourse to indirset heating seemed expsdient. The emitter
finally adopted, which has given satisfactory and convenient
service, is shown in (e) of figure 11l. It consists of a
boxedf 020" nickel, 8 x 13 X 6 mm, held in position by a
single 80-0 screw. The heater filement, which ls also clamp-
€¢d by a screw, is a 3 mm diam. helix of 16 tumns of 185 mil
tungsiten wire. The relative arrangement of parts ig clearly
shown in the figure. It was found very advantageous to have
all parts demountable, as frequent replacsment is necessary.
An arraggement imunediately preceding this one in whioh the
box was sprung between nickel lugs instead of clamped, and
the filsment gpot-walded in place, was found very inoonveni-
ent and hard to adjust. Two of the screw-~clamp boxss were
made and used alternatsly, one being coated while the other
was in use. A pisce of Uselits tubing was used to insulate
the heater filament lead, nsar one end where it was relative-
1y cool, and did not melt or Drove gassy, a8 the box arrange-
ment was so efficient that it could be hsated te a bright
red when the interior filsment was s3ill only at vellow
heat, An effort to meassure the actual temperature of ths
box mith an onticsl veyrometer could not be carried out
accurstely because the amound of abhsorvtion by condensed
bariur on the observing window was not measurabls. However

these observations gave a lower limlt to the apoarsnt tem



perature, while calculations using the wattage input to ths
heater and assuming all heat leost by radistion gave an upper
iiwit, between which limits the true temverature must fall,
Estimates to the nearest 50 degrees could be nmads this way
which were congistent with the uaua134 "oolor temperaturs®

gstimates.

(3) Costing:

The active surfaces of nearly all low-tempars~
ture smitters contain the alkalil earth metals or their
compounds, particularly barium and strontium, and there are
numarocus refersnces® concerning the coating mixtures. Our
first attempt at coating ap emitter was to melt Denniason's
white sealing wax on it and then heat in z2ir to bumn away
the orgenic mstter. This method is due to Siegbahnss. In
our case the filaments 8o prevared were not sufficiently
uniform. The same difficulty was found when c¢oating sus-
pensions were mixed in the lsboratory following ths recipe
of WagnersS. The mixtures wers not sufficisntly smooth
and the drisd surface would exhibit s lumpy appearance under
magni fication. These lumps are inevitable loossned when
subject to fields of 1000 volts/mm simultaneously with
heating, and cause trouble in the X-ray tube by producing

bursts of current and glowing impurities on the target.

*See Bibliography.
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Consequently an sbsolutely smooth snd firmly adherent coat-
ing is esssntial. Coating by dipping or brushing has ths
disadvantage that surface tension effects during dryving

czuse the coating to vary grestly in thickness from center

to edge of the emitter. When operating, the outer surface

of such deposits i8 cooler at the thick places than at the
thin ones, and hence cannoct be vnroverly "activated" (made

to emit) without overbsating the thin porticna. Some workers
36

suggest sintering™ ths coating in an inert aimosphere of

cog to make it firwly adherent., The writer built two dif-
fersnt 002 furnaces but was unable to heat the smitters
without digecoloration dus to some form of undeterrined im-
purity. Sintering did not seem to be essential to sdherencs,
s0 it was not pursued further. The elsctrophorssis (elec-
trolytic deposition from a colloid) process of Patal and
Tomascheksv vroduced smooth and firmly adhersnt cozsts which
worked well, but was very complicated and unrelisblz, hence

#as abandoasd after & few trisls.

(3). Spraying:

The most rapid end generally satisfactory coat-
ing method wae spraying. Since this was the technigue used,
it will be deseribed in detail. The coating material used
was a commerclislly prsevared suspengion of BaCOS and SrCOs

mixed crystals in smyl acetate and collodion. A consider-
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able guantity was supplied gratis through the courtesy of
Mr, Shaw of Radio Corporation of Amarica. Bsafore spraying
it was well shaken, diluted with twice its volume of amyl
agetate, and twelve drops of collodion sdded to 3 ¢c of the
diluted suspension. Thig mizxturs was sllowed to settle at
least thrse minutes befors use, otherwise lumpy coatings
wore formed. The atomizer used, shown in figure 12, was
designed with emall volume to avoid wasts. The suction tube
was & glass capillary 30 mm long and .2 mm bors.

In actual operation, a jet of compressed air
at two atmospheres gaugs pressure (measured on a closed
tube mercury manomster) was maintained through the nozzle,
& emall cup of suspension mixture was brought up sround the
end of the suction tube with one hand, and just a fraction
ef & seccond later a glass scre2n was inserted before the
nozzle with the other hand to cut off both air and solution
sizmultanecusly. Unless both air and solution are cut off
together in this manner the coating driss too rapidly and
is uneven. With oractise spray "shota" of as short duration
as 1/10 second can be produced. Ususlly one ®"shot®™ of 1/1C
to 1/5 sec. length was made and allowsd to dry, and then
another longer one of 3 to £ second, which sprsad evenly
and with less surface tension deformation becsuse of the
presence of the first one. It waes negessary to levael the

sprayed surfaces from their vertical receiving position at
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oncs, in order that settling under gravity not cause the
coating to be thick at ome edgs.

The spray ccons was of such & size that the
gmitter area of 8 X 12 mm was falrly uniformly covered ab
distances of 3% %0 4 inches. Spraying nearer made the coat-
ings teo wet and sedimentary, longer distsnces tended to
make them dusty and granular, with poor adhesion. Naturally
degrg of dilution, time of settling, thoroughness of stir-
ring, alr nréssure, and humidity were glso factors in deter-
mining the naturs of the costing, and it was often necesssry
to make several trials befors the optimum conditions were
found, Tg de this a removabls glass shield wag set up be=
fors the emitter on which $rizl sprays could be inspected.
The best coats showed no morg unsvensss than a carsfully
painted or enavelled surface, and tha surfsce irregularities
seen under the microscops were of the order of 1 or 2 wide.

The thicknaess of coating recommsanded in commar-
¢cial manual@s? is about 40-70 {(about 4 to 7 mg/cmz) but
the writer found thinner coats of about 20-30 0 be mors
uniform and easier 1o activate. ongevity was notl an im-
portant desideratum here, =8 most exposurss were well undsr
30 hours, and the emitter of necessity had to be reccated
affter esch exposure to atmosphsric pressure. While the

coating could of course be weighed after each spraying, it
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was found much.quicker and s&till sufficiently accurate to
meke a small v-shaped groove in the coat at 45° with a
specially ground razor blade, (see figure 13) whence a
measurement of the helf width of the groove on a compara-
tor gave its deoth directly to an accuracy of about 15%.

A epray under the conditions mentiocned above gave coatings

from 35 to 40 thick.

b). Preparation of Targets

In a study of a serise of @1em@nts,'éach-tar~
get presenfs a problem of its own, since the vapor pressure,
melting point, heat and slsctrical conductivity, sase of
oxidation, etc., must be considéred seoarately in ceach cass.
This is especially trus when it is desirsd to evaporate the
target materials. A remarkably complete bibliography and
discussion of the varicus methods of prevaring X-ray far-

39

gets (excluding evaporation) is given by Muller””. The

targets way be classified under bulk materisls and films,

1). Bulk Materisls:

Since the ftarget itself was of coopsr, numer-
ous runs were tried with it alons, after polishing it with
4/0 French emery, rinsing with pure absclute alcchol and
heating to rednsss for 1 min. in vacuo. In almost evary
case an opague film of barium from the emitter condensed

on the bombarded surfsce, which was water cooled, and a
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really adeguate exposure of ths unmasked copper surface
was not obtained. In many of the runs s barium line ap-
peared on the plate at about 167 AO, which lay 80 near the

egtimated position of the copper MsN line (164 A°) that

1
it was very uncertain whether they could be distinguished
gven if the latter were present. For this reason it was
decided to use nickel for a target, for which ths M3N1

line position was 2stimated to lie at 181 A°.

The use of soft solder to provide good thermal
contact between nickel and copper support was orohibited
by the necessity for outgassing at red heat after evacus~-
tion. Without this nurging the gassy target soon poisonad
the oxide emitter. To hard solder the Ni to the Cu was
not feasibls since it was desirable to mals substitutions
of target material without injuring the plane face of the
rather delicate anode. Consequently a cylinder of .033%

Ni wse merely wraoped around the Cu anode and clamped.

When the attempt was made to heat it to redness by bombarde
ment heat conduction through the relatively thin nickel
was 80 poor that the cylinder melted and vaporized at the
point of bombardment bafore more remote narts had besconme
visibly hot,.

To 2liminate this trcuble a heavier block of
Ni, 1/8 x £ x 1*, was screwed at one point to the anode.

This c¢ould be heated to a fairly uniform orange color by



about 30 mils bombarding current at 3000 volts, and it was
thought that by maintaining the Ni at this teapsrature con-
densation of barium uvon it might be avoided. However when
activation was actually attempted it was found that the
block was very difficult to outgass; moreover thorough out-
gassing was hindersd by another comnlication. When the Ni
was held at an orange or yellow color for longer than a few
minutes é dark grey denosit, presumably of evaporated nickel,
formed over the white surface of the oxide and rendered the
gmitter inactive. Consdguently the excitation of anodes of
the Fe~-C0-Ni group at temperatures greater than 700° ¢ by
means of oxide emitters does not seem feasible,

The remaining possibility seemed to be running
the target as cool as possible, so that both gassing and
evaporation would be negligible, and attemot to opsrate the
emitter so efficiently that no evavroraition occurred from it
gither. To this end a copprer block was nickel olated and
mounted on the target. This block was capable of being
bombarded with 100 mils indefinitely without being heated
to redness, s0 long as the anode proper was water coolad,
although geometrically it was identicel with the solid Ni
anode mentioned above., The Ni plating did not peel off un-
der the most intense bombardment, although its polished
surface became granular. In spite of the suverior cooling

of this target, emission could not be maintained against
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it from an oxide filament, and pressure measurements showed
that the target was gassy. No further efforts with bulk
targets were made, although it is possible that by baking
the blocks at red heat in an atmosphare of hydrogen for
gsveral hours the difficulties due to outgsssing could be
avoided. Experiments on targets were confinad to nickel,
but vresumably eny method which succeedsd for nickel could
be applicd with but little change to cobalt and irom.

The only insulator used as a ftarget was bromine
in ths form of XBr. For bromine a line is recorded at
193 A° by Siegbahn . The fused XBr (at 700° C) could not
be flowed upon a copper suvporting surface as it apparently
reacted with the copper with resulting red discoleoration and
proor adhesion. However it was possible to dip a strip of
nickel into a bath of melten KBr without undue oxidation,
then heat the whole until $the ¥Br layer had flowed off to
the "proper" thickness, which was set arbitrarily at about
4 to * mm. Thicker coatings showed a tendency to crystal-
dize and crack, and all coatings were very hygroscopic.

The resulting coatsd strip was tinnsed on one side and soft-
gsoldered to the cooper anods, hence baking out to redneses
was not possible. Accordingly the resulting target was too
gassy for use with oxide emitters and no run was obtainzad.

Even if the outgassing of such a target were successfully



#28

accomplished, the bombarding currents would be limited be-
cause of the poor hsat crnductivity of the insulator and its
gase of evaporation (melting point ¥Br 700° C¢). This
trouble with evaporation was egnecially noticed when an
attempt was made to prepsre a KBr target by heating a Ni
strip covered with loocss ¥Br crystals in vacuo. The KBr
evaporated without apprecisbly wetting the nickel. Even
wWhen an atmogpherse of 10-20 em of Hg wes supplied, target
preparation by this method was excssdingly critical, and
only one target was completed. A further difficulty which
might be anticivated with non-conducting targets is the
building upcof surface charges which would réduce the ef-
fective votential of bombardment. Possibly these difficul-
ties may be overcome by the use of very thin insulating
layers or by fomming compounds between the insulating me-
terial and the ancde surface itself, which would be preci-

pitated on the anods in s thin film.
3). Matal Films:

Distillation of the target substance in a good
vacuum upon the covper anode has several desirable features.
The metzl deposited is gas-fres and cleazn, and in sddition
t0 giving a true spectral line, tends to inhibit gassing
from the matal bensath. Moreover it is well cooled, being
in intimate contact with the water cooled covper anocde, and

consequently does not of itself svaporate. By renswing such



surfaces at freguent intervals, Skinner and 0'Bryan®l ob-
tasined very satisfactory line contours for the light cle-
ments. The writer attenpted to rerseat their werk on beryl-
lium, but at the time had ncot developed an ancde which couldd
be hsated to redness, snd found that the beryllium did not
adheres well to copper unless it had been théwoughly out-
gassaed.,. In sddition no msthod of evaporation by high vol-
tages bombardment, such as they used, had been developsd and
the heat generated in mselting znd svsgporating small lumpes
of Be from a tungsten filament serbously endangered the
stesl radiation shield and nickel surporting rods, on two
occasions entirely fusing them.

Attempts to make evanorated Cu adhsre to the Cu
anode which could not be outgassed also were unsuccessful,
the evaporated film peseling off under slectron bombardment.
Finally s Cu strip was mounted in a completely separate
vacuum chamber, snd heated to redness elsctrically. It was
found that & beryllium coat would adhere when the covper weas
80 prepared, although the addition of a removable mica screen
to cateh the first "dirty® layer of Be was necessary for
really clecan coatings, The evaporated layers produced in
this way were rather thin; less than .0C1 gm/cmz. However
any attenpts at heavy deposits resulted in peeling and flak-
ing off of the entire coating. One target was produced in

this manner snd soldered to the ancae. In spnite of the ra-



ther heavy overlay of barium from the emitter, & wsak BeX

line appsared on the nlate along with

i

stronger Ba ling--
g testimony of the intensity of the ¥ radiation of Be.

Ths only othsr attemnt at using metal films
for the targets was by nickel-vlating the coopar anods with
a layer about .0005%* thick. This anode was bombarded Lo
redness. On the plane surface the nickel was smooth and
adherent; on the remainder, where the surface had not bsen
s0 carefully cleaned, minute blisters (gas?) were formed
over the surface. Difficulties with evaporation and gas

pressure prevented a run with this target.

¢). Alignment:

When target and emitter have been properly
preparsed for useé, it is nscessary to align them asccurately
with respect to slit and grating., The astevs of this pro-
cess occur in the following order: a) A square-ended metallic
pointer is inserted in the porcelain cone, normally (see
figure 3) used for the cathode, and wexed in place. b). A
1 mm vertical slit is placed at the normal pogition of the
central image of the grating. ¢). A broad source of light
is placed behind this slit somewhere on the Rowland arc, in
such a position that the shadow of both the pointer and

the horizontal slit can be observed on a ground glass when

looking along the porcelain tube which normally holds ths

ancde. d). The pointer is adjusted so that the shadow of
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its square top falls in the center of the rectangle of 1light

which represents the slit, thus:

Because the image is enlarged the pointer may be sst thus
to about 1/10 mm.
e). The éncde is inserted, taking care that the freshly
polished target surface is not scratched sgainst the pointer,
and adjusted so that it just touches the 3ip of the pointear.
Contact may be determined electrically with headnhones and
a source of low voltage A.C. This method sets the anode
against the pointer to within 1/20 mm. In fact, mere flexure
of the ancde ascembly dus to outside forces is sufficient
to make or break ths circuit.

The anode ie usually adjusted so that a definite
s¢ratch on ite side surface is onvosite the pointer, than
the pointer is removed and revlaced by the emitter, which is
edjusted to have the same slope as the ftarget surface and to
be centered on the aforementionsd scratch. The emitter was
ncrmally operated about 3 to 3 mm away from the target, the
farther away (without current limitation by svace charge)

the bettez,



d). Qutegassing

(3

Since pressures of less than 107~ during opera~

Ltion were prerequisite for satisfactory operation of the
oxide amitters, it was e2ssential that all residual gases be
removed from metal narts before bsginning activation of the
easily poisonsd emitter., Naturally the target, subject to
intenss electron bombardment and dissipating as high as
three hundred watts, received first attention. A special
bombarding filament, cansistihg of 15 turns of 8% mil tung-
sten in a 2 mm heliX, was mounted in 2 Ni radistion shield
beside the emitter. When heated with about 4 ampsres it
would yield emissions of 30 to 30 mils, at 2000 volts, which
would suffice after 3 or 3 minutes time to heat the cooper
target to redness. Naturally water cooling was disconnect-
¢d during bombardment., The silver-sclder joint bstwesn Ni
supvorting tube and copper target showsed no signe of soften-
ing or leaking, although the target was accldently hegted
to & rather bright red at times. The thermal conductivity
of the Ni was sufficiently poor that very little heat was
conducted to the grease joint, and no special cooling of
this cone w4s necessary if bombardment was restricied to a
very few minutes duration.

This bcmbardmant, a8 well as the initial acti-
vatiow of the emitter, was cafried out on ths back or oHrvsd

surface of the target, in order to keep the plane fhce ae



clean and free from Ba and tungsten as possible. After
they were completed the target was rotated 1807 in its brass
ground joint, which was lubricsted with the special low
vapor pressure Apiezon L gresse. Preasure changes from 5

x 10~7

to 2.5 x 10”° were observable at the first neating
of the bombarding filament and agsain at the first avplicae=-
tion of the bombarding potential. About 15 minutes was
re@uirad‘for the pressure to return teo normal after the ces-
sation of these heating and bombsrding activities., No presg-
sure change wasg obseérved upon rotation of ground jeint, »ro-
viding this was done carefully. Ths emitter gave off con-
siderable gas upon heating, both from dacompositicn of the
carbonates snd diffusion out from the box itself. Heating
the emitter boxes to redness in Hg before coating was triasd
in several cases, but so many other factors enter in the
activation oprocesa that it was not nroved that saturation
with the Ha was useful.

The ionization gasuge was provided with a clr-
cuit so0 that sach slement could be outgasssd. Heating the
coilector with 8 smps for 30 seconds snd the grid with ©
amps for 30 seconds provided sufficient ocutgassing. Higher
or longer currants than these would be liable to warp the
elements or crack the ssals., As s matter of fact leaks were
found in both collecter and grid glass~-tungsten seals even

before the gauge was operated, and had to be stopoed with
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glyptal lacguer. The difference in avparent pressurs bsfore
and after outgzssing was slight, not greater than 10% at 1(3'6

mm Hg, but might become more important at lower prassures.

e). Agtivation

The sctivation of the emitter was ususlly not
begun until the pressure in the x-ray tube wae considerably
less than 10'6, say 5 to 7 x 10'7, because considerable gas
was always evolved during asctivation, and it was desirable
tc keep the pressure near 10~6 at all times., Ths “breaskdown®
or dscompesition of the original carbonztes into CO2 and
oxides, was accomplished by hsating the emitter to a bright
red or orange (this is sbout 1300° X or 5 amps heater cur-
rent) for three to five minutes in theabsence of any elec-
trical field., It is doubtful if this amount of heating come
viletely degasses the emitter, but more prolonged heating oc-
casionally tended to nroduce heavy evaporation of barium,
in spite of the statement of Reimann®l that barium does not
evaporate from an unsctivated filament below 1350° X, Pre-
vious "sogking® of ths emitter box in HE and later relesse
of this reducing agent in contact with Bal may partislly
gxplain this anomaslous evaporation.

When the pressure had returned to eguilibrium
valus after the "breakdown® was completed, a potential of
200 to 500 volts was gradually applisd, the box being held

at a dull red heat (about 950° ¥ or 3.5 amps hester current).



If at any time during this Drocess enmission set In, as ine-
dicated by currents of 3 to 5 M.A. in thz high voltage cir-
cuit and a slight bluish surface glow (ususlly local) on the
target, further heating was stopped and the emission allowed
to grow spontansously. When the smission had resched s valus
of about 30 HM.A. the temverature wes gradually reduced to a-
bout 1000° ¥ (3.65 amps neater current) and the voliage simul-
taneously incre&sed in such a way a8 to maintain at least
3C M.A. emission.

Usually this rather ideslized procedure could
not be carried tnrough, and it was nscessary 0 ovsrheat €0

4.5 or 5.0 amperes (1250° X) heating current, and then raiss

the voltage from 500 to about 1500 volts or even the maximum
of 2000 volts. Usually emission could then be started, al-
though under these conditions it built up very rapidly and
care had to be taken to reduce the voltage as soon 48 POS-
gibles 1In general, it was necessary to draw & current of
80 to 100 wils at some fairly high smitter temperature for
several minutes before the sectivation had spresad so that
emission could be maintained at 20 or 20 mils at 1000° X,
Oftsn the possible currents were limited to 10
M.A, or less at 1000° ¥, even with 3000 volts E.M.F., usual-
1y because of gasey target conditions. It must also be borns
in mind that in the ac¢tivation vrocess Bal is converted to
metallic Ba at the surface of the coating, and in thz re-

sulting liberation of 03 the filament may temporarily "voison®
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itgelf. It has besn shown by Reiman43

that when two coxide
emitters are mounted together it is possible for ons to
"noison® or deactivate the other. Consequently it ie de-
sirable to c¢arry out activation slowly, so0 that too high gas
pressures are not built upn.

Any tims thzat the potentials used were greater
than 1000 volts, there was danger of "bursts" or duddsn
surges of current due to arcing between emitter and anods,
with consecuent evavoration, fusing and disintegration of
past of the emitter surface. They were usually preceded
by the sovcarance of small glowing specks of coating materi-
al adhering to the target and gometimes brilliantly incan-
descant. These gpecks were not always followsd by hursta,
put the burst rarsly occurrsd unlzass precedsd by glowing
particles, although it is true that the tims =lavsing between
the spoearance of the avecks and the burst was often only a
sacond or two,

These "specka® and "hurstse" which occur during
activation are mosi nrobablé'when the veocltage and temvers-
ture sre simultanscusly high, as then the efflux of gas is
greatest and the ceoating adhesion is poorest. They are ss-
pecially prevalent at the beginning of activetion, until
all parts have had time to outgass and reach sguilibrium.

Ancither time that they have besn noticed is when the voltage

is nigh snd the cathode temperature very low. It is Dosaible
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that a8t low tempsratures the IaR heat developed in the coat-
ing is sufficient %o cause strong local heating and emission,
which builds up cyeclicaliy and causee a small eruptive arce
at one point. Coatings are somstimes made with admixtures
cf powdersd meta143 to aveoid this affect, which is due to
the rapid (exponsntia144) variation with tempesrature of the
coating resistance.

It was found experimentally that when an ac-
tivated emitter (in this narticular case the smaller of
the two available boxes) was heated by 3.6 amperes (asbout
850° ¥) for twenty minutes no visible coat of barium was
formed on the polished copwaer anode, buil that when 4.0 am-
peres (about 1020° ¥) were used a dafinitely opsque coating
vas formed safter ten minutes. Both tests were made while no
emiscion was being drawn. Acording to Eaimann45 Ba is not
svaporated from a surface at temveraturss less than 830° ¥,
but the normal opsrating ftemperaturs of his oxide casthodes
is 1020° ¥, which in -~ur spparatus would produce definite
evaporation. On the othser hand Skinner and O'Bryan46 state,
discussing effects of evavoration, that "it was guite possible
by paying attention to the vacuum to aveid ths barium lines
completely.” In the same article they atate that currents
of 400 M.A. were used in making sxposures for Be, sresumably
with no amprseciable evanoration. In & orivate comzunication
from Mr. C'Bryan an aoproximaticy to scals sketch of his

ermitter was included which wouli indicats that the total



emitting area could not excsed sbout 2% sq. cms., as comparad
to about 1 sg. om. in our own. In view of the preceding
statements, it is hard to understand why our own emiftters w
would give only abous 30 M.A. at 800° ¥ while those of Skinner
and O'Bryan apparently ga§e 400 M.A. at the sams temperse
turs. Perhaps our »ressure mseasurementie are erronsously
calibrated, or the filament is being "poiscned® by cne of

& nuaber of causes which will be discussed pressntly. In

any evenﬁ'it would be of interest in the fulure to make a
direct callibration of the ionization gauge with a McLsod
gauge, and a careful redetsramination of'tha actusal upper
limit of emitter temperatures at which evaporation does not
take place.

A very interssting type of spurious "non-there
mionic® emission could be obtained at very low emitfer box
temperatures, providing the pressure was high, i.s8., scome-
where in ths rangs 10-4 to 10“5. After this cmission was
once eetablished, it was very insensitive to box tempera-
ture, in faet it would maintain itself even when the box
was at barely visible red heat (720° X). Howsver, it was
very sensitive to voltsge, and above s certain critical
voltage the emission very guickly went beyond contrel and
arced. The emission was not stable, but suddenly "popped®
out when voltage or temperature went below certain critical
¥alues, and could not be re-established without gresatly

exceeding these values, when it as suddenly began again.



Two characteristic festures of this type emission vwere the
definite and visible cocling of the emitter box (dull red to
black) whsn emission céésed, and the blue columnar space
giow between slectrodes. Examination of this glow snectiro-
gcopically revsaled gtrong red and blue lines, which sre

&lso present in the spectrum of barium vavor, but no bands
charactaristic‘of air. However the intensity was too low for
definite identification to he made. When the slectrods Spac-
ing was incressed beyond five millimeters, emission could
not be established.

3 The writer suggests as a nossible mechanism for
this emission the following process: (a) The overheated
¢cathode evaporates barium upon the anods. (b) Euittsd slece
trons from the cathode sputter barium ions loose. (¢) These
2000 volt barium ions bombard ths catnode, heating it and
thereby increasing both smission and further evaporation of
barium. {(d) The »rocees continues in cyclic fashion, builde
ing up until limited by the rate of transfer of barium or
reduction of applied potential, It is difficult to ssze how
the air molecules alone could be reevonsible for the observed
behavious, because of the "poisoning® effect of the oxygen,
although they undoubtadly »lay a role., The veoltage zensiti-
vity of the current, zand the hesating of the cathcde, point
sbrongly to some ionization nrocess.

Poisgoning, or desctivation of the smittar, can
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occur from a number of ceuse, chisf among which is exposure
to oxygen or water vapor. Since the active portion of an

emitter is & monomolecular layer of metal, it is easy to

see how very small amounts of oxygen would suffice. Blanket-
ing of this layer with some neutral substance such as evano-
rated nickel would likewise reduce emission, a8 was discussed
in the section on bulk metal targets., Impurities in the

base metal and overheating are also poasible sources of

trouble, and ars discussed47

48

by varicus workers, as well as
methods of reagtivation involving sputtering away of the
contaminated surfisce layer by argon or hydrogen. In the
only sttempt by the writer to use hydrogen for reactivation,
the emitbter box was heated, consgguently all ths oxide re-
duced vo metailic barium, and morsover barium was diffused
throughout the x-ray tube. HRvidently these methods apply to
cathiodes oniy when cold. In sn asmitter wbich has bhsen over-
heatad too long, the more volatile barium has svaporsted,
leaving a preponderance of etrontium compounds, and the

criginal sctivity cannot be restored.

£f). Mzgmatic Shutter

The shutter actuslly used has bsen sufficiently

-~

desecribed on page € and in figure B. It should be mentioned

o

that two other types ware trisd. The firet, and simplest,

in which an iron disc with z hols was pullisd back snd forth
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in front of the slit, did not work becauss inductio# effects
from the zdjacent iron speetrograph cone weakensd the field
of the ext :rnal magnet. A modification of this in which a
piece of iron was set in an aluninum vane, designed to give
greater effective torgue, was inoverative for the same rea-
son. The firset model of the finasl cylindricsl type had a
block of iron fastensd to one side of the cylinder instsad
of di&m@trically, consequently the external magnet exerted a
net translational force as well s a torgue, and the re-
sulting friction rendered the device unreliable. The pre-
sent model could be rendsred more positive in action by de-

creasing the external air gav in the magnetic circuit.

g). Expogure of Plates

The amount of sxvosure was considered pPronor-
ticnal to the product of the smission current by the time
of exoosure. Skinner and O0'Bryar rsport adequate plate den-
sities of Be ¥ with 100 M.A. hours exvosure. The writer®s
best plate (No. 14) of the Ba O - N band was sioosed for
300 M,A, hours. This method of estimating exposure neglects
such obviously important factors as slight inaccurscies in
target aligoment, =l1lit width, amount of surface impurity, ex-
act voltage of bombarding slectrons (occzsionally it was ne-
cessary to use potentials slightly below 3000 V for the sake
of stability) effect of the unfiltersd wave form on efficacy

of excitation, and effect of change in electrode spacing,
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which would of course change the current density. In fact
plate No. 14 menticned above was more than thrse times as
dense as other plates shich had 30% to 50% more exvosure.

In the case of transitions of low relative probability, such
as the M N of nickel, it might be necessary to greatly in-
crease the exvosure, say to 1000 M.A. hours on a clesn tar-
get, before the line would appear.

Usually if bombarding currents were grsater
than 50 to 70 mils, they taended to grow svontansously and the
X-ray tube required constant attendance and adjustment. Cur-
rents less than 40-50 mils would ordinarily remain stable or
decline slightly over a period of 3 to 5 hours., It was ne-
cessary of course to renew the liguid air on the charceal
trap at similar intervals, if the oressure was %o be kept
at optimum valuss.

Due to the irregularity of ths Schumann vlates
there were usually a considersble number of spots and dark
areas occurring st random positions, 4" x 10" nlates wers
cut into 1" x 10" strips, the two center strips being used
when greater freedom from irregularity was imperstive.

They require careful develoopment, as they fog easily. In
one case (plate #11) develooment in warm overconcentrated
solutions blackened the plate to the wvoint of eliminating
all traces of exposure. Bast ressults were obtained by de-

veloping for 13 winutes at °¢ in Eastman's standard D-11
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formula which had bsen diluted with two volumes of water.
Wavelangths on these plates were determined from thz geo-
metry of the Rowland arc and the known grating spacing, since
great accuracy was not essential in s preliminary survey.
The c¢oppser anode however was provided with openings to clamp
an aluminum electrode, with which svark comparison lincs

could be produced when nacessary.

h). Hunting Leaks

When the entirs system was properly sealed and
vacuum tight, the combined agtion of mercury and rotary
pumps would reduce the »ressure to lesgs than 10 om. in 10
minutes, and to a "black” vacuum (less than 10"3 em) in a-
bout 45 minutes. It was then nscessary tc pump for 13 or
15 hours longer to remove absorbed gases and vapors suffi-
ciently to lowsr the pressure teo less than 10~° in the X=T8Y
tube, the charcosl trap being coolsd meanwhile. Even when
the charcoal was being baked out to 460° ¢ or higher pre-
parastory to a run, the pressure with Hg pumps in operstion
could be kept below 10™% um.

When the oressure did not fall zt the sbove
rate, a leak was suspected. A small leak in the x-ray tube
could be traced with the help of the ionization gauge, which
responds immediastely to the change in pressure when the

leak is plugged. Larger leaks in the X-ray tube may be
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checked by the gmigsion of the ion gsuge, which aﬁ the re-
commended voltages (see figure ) emits 5 mils at & reading
of 1.10 amps on the ammeter if the pressure is 5 X 10-6
and requirss 1.15 amps or more if the vressurs is 1075,
Leake in the spectrogranh are baset located by closing the
large stop-cock (let pumps run) and observing the Pirani
gauge over a period of 3 to 12 hours. When the spectregraph
ie tight'it should remain below the "black™ vacuum point
(470 ohms on Pirsni) for several hours at least. The maxi-
mum reading on the Pirani is about 5235 4 ohms. In case
of a stubborn leak in the x-ray tube system, it is possible
t0 remove the charcoal trap and immerse ths suspscted parts
in a C0g bath, when the discharge tube will show a characte-
ristic whitish color if arprecisble 002 leaks into the system.
The writer finds this method rather uncertain, but it might
possibly be made more sensitive by inscrting a discharge
tube on the outlet side of the mercury pumps. "Plasticene,®
a specially refined modelling clay, hazs been suggested as
a possible convenient substance for covering suspscted leaks,
The most frecuent sources of leaks are in the
beeswax-rosin joints, particularly those to the mercury
pumping lins and the spectrograch. Other places whars
leaks have been found are the brass to brass ground joint,
glass stop cocks, (degreasing) ionization gauge, tungsten

ssals, gluassware cracks due 10 strains near the brass to
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glass pump ceonnections and large stop cocks, and in the
Picein wax jointa. The spectrograch rubbsr gasket also merits
attention in this respect. Good sealing wgk joints have

never given trouble.
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V. RESULTS AND CONCLUSIOCNS

X-ray lines in the 40-400 A° range have actu-
ally been photographed, and the technigue and equipment for
oroducing the required vacua and sources of electrons deve-
loped. It is believed by ths writer that the possibility
of producing low pressures and high emission currents with
a Siegbabn type metal X-ray tube has besen shown. Thers
still remaing to incresase the relisbility of vacuum produc-
tion and the efficiency of the emitters., While oxide emit-
ters have besen highly develoved commercislly, most of this
information is not made public: to imvrove their effickency
will be no mean task.

8ix plates werse obtained which showed the ba-
rium ON line, of which the most dense showasd two barium and
two strontium lines. COne nlats sach was obtained of Be and
C as well. BSoms of these onlates are shown in figures lé4-
16, Figure 14 shows three photomsterings of the hsavy Ba
and Sr lines on plate #14, while figure 15 shows three suc-
cesive sections of the Ba line on plate #18., PFinally figure
16 shows & trace of the faint Be line on plate #12. The

Ba lines show no traces of asymmetry which ars significant;

in this respeet they confirm the work of O'Bryan and Skinner.

However, the irregularity of the Schumann plates is great,

the resolving power is low (8 - 3 Ao) and the purity of the
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surface uncertain, so these curves cannot be regarded too
seriously. The Be line curve #8 (d) shows much structure,
ag did that of Faust4g, but its structure shows no parti-
cularly definite correlation with that of Faust's line and
dissgrees commletely with that of Skinner and O'Bryan, as
would be expacted from the evident contamination of the
surface.

The negative resulis obftained in the casse of
Cu, Ni and XBr are believed adequately exXplained by evapo-
ration and pressure difficulties, although the Cu and Ni
linss may be inherently weak, as mentioned by Skinnerﬁo.

Br has been successfully ohotographad by Siegbahn51 in the
form of Eb Br, which opresumably is an insulator, but his
method of producing targets is not descoribed,

The indicated steps in continuing work on thias
problem will probably include the following: a) consistent
control of pressurs, b) increase in emitter sfficiency, ¢)
survey spectra of the (contaminated) conductors of the first
long period, d) development of evaporation technique for
these conductors, e) spectra of the pure metals, and f)

spactra of insulators and comnounds.
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VI, THECRETICAL DISCUSSION

a). Physical Picture

1). Ensrgy Levsls:

Since the spectra frcm.solid metals consist of
broad lines, while the same metale when in the form of iso-
lated atonms (spark.spectra) give sharp lines, the inference
is clear that briﬁéfamcms together in the solid crystalline
state in Some way spreads the number of availsble energy
levels into a virtual continuum. Classically this is anals-
goue to the multiplication of frequencies (normal modes)
upon coupling of identical harmonic oscillators. From the
wave mechanical point of view, the crystal may be regardesd
a8 g single system which would have as many ways of rsallz-
ing & given energy 28 there were atoms in the crystal (say
N), in cther words which would be N-fold degenerate, if it
were not for the ssparation of its ensrgy levels into bands.
These bands actuslly consist of g large number of discrets
levels, asnd as calculations will later show, there is one
level for each atom in the crystal, s¢ that for practicsl
purposes the bande are continucus. According to Slater®?
this may also be regarded in tha light of Heisenberg's un-
certainty principle. 8Since the lifetime of an elsectron in
any one state is finite (due to its orobability of transe

ference from atom to atom in s metsllic lsttice) then its

conjugate cnergy cannot be determined accurately, according
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to the well ¥nown relstion AF-at=h . The actusl emsrgence
of thess bande in the calculaticn of solutions of the Schro-
dinger equaticn ig perbaps more convincing than ths preceding
generalizations,
The msgnitude of the broadening of a

given atomic energy level depends on the dsgree to which it
is perturbed by the presence of other atoms, hence low-lying
levels such as ¥ and L sare but little breadened in heavy atoms.
In atoms for which the L level is tha extsrior one such as
Li and Be considerable broadening, of the order of 10 s V,
may occur. Since each level is split into N parts, this
meang that the density of states in the interior bsnds is
very great. On the other hand two adjacent exterior bands
mzy be sgpraad out until they overlap, 28 is the case with the
Lyy and Lyyp levels of Mg, Such a zituation will reveal
itself in the form of the ewission bands beginning on these
levels., SBoecific examples ars glven by Frohlich53.

On the basis of these bands it now becomes
posasible to distinguish betwsen conductors and insulators.

In the words of Skinner and 0'Bryan54

s "A good conductor

is a substance with a large number of unoccupiéd levels with-
in a small energy rangs above the highest occupied lsvel.®
This means that an electron msay sasily sbsorb momentum from

an eXternally aoplied fiecld, which is the phenomenon of

couduction.
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If, however, the band is completely ovcupied with
electrons, and no other unoccupied band is adjacent or over-
lapping to it; then the slectrons may not absorb momentum
in very small amounts , since they may not incrsase their
energies by small amounts, and no current flows.

Setd-conductors are svacial caseg of conduc-
tors in which the density of unogcupied lesvels is g0 small
thet only g amall fraction of the available glectrons may
tranaefer to them. The way in which these various band cone

figurations affect emission spectra will now be discussed,

2). Emission of Rsdiation:

The typical X-ray eni sion line results from
the jump of an electreon from an outer occupied level of the
atom t¢ one of the inner levels from which the tenant elec-
tron has recently bsen ejected by a photon. The typicel
optical line occurs when sn electron which has been excited
to a virtual level outside the atom falls back to its nor-
mal positicn in the valence shell. The distinction betwaen
optical and x-rsy specirs isg one of degree, and discussions
have been given of intermediat354 tyves.

When an electron falls from one of the energy
"bands® of a erystalline target to an inner levsl, the wave-

length emitted may have any of 2 range of values, depanding

on the width of the band. This produces g brosd line.
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For radiation of sbout 1 A° (12,000 ¢ V.) the 10 = V width
of the band produces no appreciable broadening of the line.
However for ®"sofi® x-rays of 100 A® or so the broadening of
10 e V results in s wavelazngth spread of 10 4% or g0, and
with the resolving power of the spsctrograrh previously
deseribed (1 A®°/mm) structursl detail is easily measurable.
This 1s¢ the reason why soft x-ray investigations are of su-
perior worth in examining conduction properties, in spite of
the great exverimental diffienlties involved.

The sctual contour of the line will devend both
on the density of levels and the prohability of transition.
That is

bz = ”75][5 E < Emax

where L- is the intensity of radiation of ensrgy £ , ﬁ. is
the number of transitions per unit %ime to some level (sup-
posed sharp), and Ng is the nusber of levels per unit ener-
gy rangs. Acccrding to Frolicho® )ﬁ. is a smooth slowly
verying function of E . Houston®' calculated fr for BeK
s-,s‘rle, using ths free elsctron model, whils Jones, Mott
and Skinner®® cslculated fg for both BeK and My Llpm ,
using the method of Bloch and Brillouin, to bs deseribed
later. The actual calculation nf_ﬁéis somewhat involved
and reguires knowledge of wave functions acpropriate to

the particular substsncs. F“:c"c'lulich59 has given some details
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of such a calculation, starting from the fundamental defini-
€0

tion that transition rrobability per unit time is propor-
tional to the sguare of the matrix componsnt of the intsrace
tion energy between the fielﬁ and the elsctron. That come
vponent is used whose initisl indices spscify ths initial
state and whose final indices apecify tha finsl state.

Jones, Mott and Skinner have calculated the
aensity of levels for the first two Brillouin zones of 2z
typical metallic lattice, and applizd the result to the
special cases of BeKand Mj Lem Tus result of these cale
culations is shown gqualitatively in figure 17.

It can be ssen that for Be the curve falls
rapidly after the maximum, but without a sharp sdge. This
is due to the faet that hgy is already decreasing (figure 17 a)
before the available slectrons have bsen exhzusted at E
maX. Although the second zone apparently overlaps the E
max line, clectrons in it are s slsctrons, and hence cannot
make transitions to the ¥ level and do not contribute to L.
Evidently we wust congider, however, thzat the ordinary sew
lection rules are somehow invalidated for solid Be, and that
the outer electrons, in the first zone, (ordinary s electrons)
must have finite transition probability to the ¥ level, if
the sxistence of & line is to be accounted for.

On the other hand, we may eiplasin the Mg line
by saying that electrons from both zones may contribute to

Mg L * since the two zones now contain "s" elsctrons.
11,111,

*8es Condon & Shortley, p. 317, for corresnondence betwsen op-
tical & X-ray notation.



It is apparent from the diagram that before E max is rsached,
and while Ng is deersasing, the introduction cof elsctirons
from the second zone causes ths curve to start sharoly up-
ward again. In their paper50 Jongs, Mott & Skinner discuss
these curves in detaill, including the effects of variations
in fe .

It is to be noted that the ghave of the Pa
line, given in experimental results, figure 14, is charac-
teristic‘of an insulator, in that it is narrow and symmsi-
rical. Thie is t0o be expected from thes faet that the line
represents an O - N transition, and the O band is completely
filled and senarated by a definite gap from the conduction

ievels, although the O level itself is not very narrow.

b)., Mathematical Treatment

1). Sglf-Consistent Fislda:

=i

Schredingers equation if applied rigorously to
the many-body problem of the motion of all the slectrons in

a crystal would lead to 2z wave sguation of ths formhl

(H-E)gr = [--———ZA # T Go + 2 VaeE T = O

g7 7 P rver -

k= bt | s e Gix T Tin
-_—_WW% _/{7:_‘7(4773,——-- Xﬂyugﬁ,)w%ézwf,._

This equation is tvo difficult to sclve as it stands so it

is ordinarily broken up into ssparate equations, one for

sach electron, as followse
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‘ itz ) — Enlabc. s =
@ [Fihe O r U thyege) —Eelabicd)|[fl < o

Whers Ay s bi, oy are guantum numbers characteristic of the
snergy of the ith electron, and U/ is the potentisl of the
i th electron in the fisld of the nuclel and all the other

clectrons. (7 is then of the fomm

® Teik *’%/Gc'ff/” G g ) @) <L T

The integral caoncod bg evaluated without knowledge of the wave
function, which is the unknown variable, Consecguently a

zer0 suproximaition is teken for U] and substituted in (2),
which is then solved for the lst soorox. wave functionm %{f,
which lesds in (3) to 2 corrected value (first approximation)
of U to use sgain in (2). When this cyclic vprocess leads

to the sams function ¢ as a solution of (2) as was used in
the preceding caleulation of {fin (3) the eguation is solved.

This method is known as the method of self consistent fidlds,

and is dus 1o Hartree.

2). Tighdly Bound Modsl:

To actually solve (2) zbove it ig nscessary td
take special cases which invoke the proverties of the system
¢onsidered. The periodicity of 2z crystal is of grast sssis-
tance in finding a form in which %o writs CZ:, the unknown
function negessary to the solution of (2). Sunnose in ad-

dition t¢ three dimensional periodicity, we assume the elsce-
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tron to be one of %low® energy (strongly bound). Then so-

lutions of (3) csn be found as perturbatiansbg of the solu-

tion for the isolated atom. The votentizl will have the

property
Upgegs “3) = V0G0 - 96, 5-gs <)

Where gl =zre integsrs which locate a particular nucleus of
the crystal lattiece. The notation g; & & follows Bloch63
whose method is here outlinesd. The atomic wave function

¢ gy8383 1s ussd as a zero order approximation, and the
energy written £-&Eo+ € where € is & small parturbation
term. Carrying through this approximation lesds to the

perturbed set of energies

E = £, +0<‘-%(/¢M 22/4 +,ca-_77:éfl—/ +M9MT:”)

4 2

¥here Gi are the maximum vseluses ¢f gi and X%,
1, m are integers. « is s constant addition to ths ensrgy
due to the presence of nesighboring nuclei, while B, the
texchange® integral, is a measure of the interference of the
electronts yV wave with those of all the other slec¢trons.
Ite magnitude is small in the case of low lying electrons,
which chow but 1ittls coupling with electrens in other atoms.
An excellsent illustrative example of the exchange (Austausch)

integral is given by Frohlich, p. 33.



3). Locgely Bound Model:

In this model the slectron is thought of as al-
most frese, moving through a fisld in which the perturbations
due to atows are awmall. Since the potential is periodie,
it is convenient to expand in & Fourier se¢riss. Returrzing

to the notation of reference (10) and equation (1) let us

sct
: ._8_’7[,6;‘;(../_ L'}'c'
UZ:ZEkQJ(*‘/’)y’L;)
wr T

48 =

}%ﬁ

-

X
\
N

31001183 end Brillouin®® have shown that each state of an
slectron in a metal is denoted by a vector &;(calle,d «4—,— in
later work). The dirsction of @ is the direction of wotion
of the electron, snd %., is &ts de Broghie wave-length.
Bloch has shown (ref. cit.) that the wave functionm for each

individual electron taksesg the form

Ylaboc, ; aogfe3o)=H ot ) @7 (F TS

where /A @x)is pericdic with the period of the lattice. The

energy ie a function of @3 for the veluss of @4, ¢  corres-
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ponding to Bragg reflsctions of the V/wayes from the lattice
points of the crystal, a discontinuity in the energy occurs.
Thus the states of an electron in the metallic lattice may be
divided into zones in Q. spsce, called Brillouin zones, se-
parated by planes (in Q_ space) scross which the energy is

discontinuous. Since A& in (7) is »nariodic in the lattice

spacing, we may also exvand it o followss (o, B & 4«?%“‘3)
égglg(%ﬂX'f/9/27"272?)
@ H(C‘c‘) /I/c') :Z_ qdﬁ}; (Q;'bd Co') &
3, %

Substituting (8) in (7) and the result of this comhination,
along with votential expansion (8), back into the original

wave eguation (8), and equating ccefficients of exnonential
terms, there results a relation betwesn ths y@icoafficiants

and thaizjcoefficisnts
- ol \ % 2
@ el )b 8 e F) Ay

Lo, ﬁ% har o, pmry = ©

1f Z{X%ﬁy is nearly constant, ws may chooss
Fooe = O  and the f;gaf will be smaell. This implies that
the electrons are slmost free, and that the amplitude of /ZV

is almost constan$s hence
By = /74%,},

The normalization of}%? tells us in this case that
/

Hooo = U——\/———~
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The set of eguations (8) for the case OK:/Q,:Z%

gives

E(,' - Zﬁ/);? (a“z +bo'2 +Cf‘)

a8 an arproXximation to the snergy for small values of 6@».
If this energy is used in (9) to cslculate a second avnroxi-

mation, there results

. s P2 / £ / = .
/‘:./“’(,ﬁlg? - 1,,2, gaoo Z(Q"O(’ o bc/)’/ +C;12'v) + o(,‘+—ﬂ/ + &

of =
The /l4¢12; are small unless the danominaﬁor anproaches

zero, at which points vperturbations to the "ifres slectron®
energy given by (10) occur. The denominator aporoaches

zare, for example, when

{:Q'L' o Z_CL{_ . Z/Z':LC‘/ ? 7> O (M)

wWhen (12) is substituted in the set (8) and ws take the

special case for which «, i) X = g O)t/ and b+ =
C, = O » there results an sxpression for ths snergy

E in the vicinity of the discontinuity as follows

o e 2
o h* 2> 2
E = Paoo +2_;¢1 q&?_ Q‘/»‘ ? +é +CL) = L/7Z"'/P/oo/

A plot of energy against Q- for ithe ons-dimenslonad case
is shown in figure 18, showing discontinuities in E,
A genersl calculation of the energy can bhe obtained formally,

after the U's O are known from the crdinary quanfum-
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mechanicasl wmethod ag follows:

£ g b (Al AT
:ﬁp"'z:%aﬂf %%%/‘Z‘z/{ Vc%/c X’//“/”'/%A%%(’
4 v
v

4). Intermsdiste Energies:

Frolich§4

discusses calculation of energy levels
for cases intermediate betwsen the lonsely and tightly bound
models. The method used is a combination of these twol the
electron belng trsated as tightly bound when it is within
4 cerbain echere of critieal radius sbout the nuclsus (Atom-
rumpfe) and as loosely bound at other points. The general
results are shown in figure 19, wherse snexgy level densities
are shown for a) low 1lying elesctrons, b) intermediate elec-
trons, and c¢) slmost free elzsctrons.

These curves have alrsady®® been successfully
asnlied to intervret the rasu1t554 of sXvnarimental work.,
Froklich remarkags, "Durch diese Exvperimsnte wird unsere

Thsorie der Laiter und Nichtleiter sehr schdon beststigt.®
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Soderman (Line Structure) Z.f.P. £5, €58, 1830
Breili (Carbon Line) Z.f.P. 893, 37, 1934
Siegbahn (Carbon Line) Z.f.P. 96, 1, 1935
Hautot (BeX line, etc.) Annales d. Phys. 4, 5, 1935
Skinuer & 0'Brysn (Be line, etc.) P.R. 45, 370, 1934
O'Bryan (Absorption by Li & Mg) P.R. 48, 944, 1836

Skinner (Absorntion by Cu & Ni) Proc. Royal Soc. 181,
420, 1837

Osgood (Fe & Wi lines) P.R. 30, 567, 1937
Coster and ¥Yronig (Auger Effect) Physica 3, 13, 1935
Ref. 17, p. 376

Siegbahn (Apparatus) Z.f.P. 85, 113, 1935
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Bowen (Spark Spectra) P.R. 47, 934, 1835

Farineau (Schumann Plates) C.R. 204, 13423, 1937

Thoraeus (Electrons Through Foil) Phil. Mag. 1, 312, 1936
Ref, 17), p. 372

¥aye, (Pirani) "High Vacua® Longmans Green, 1937

Duiiond (¥nudsen Gauge) R.S.I. &, 3683, 1835

Huntoon & Ellett (Ion Gauge) P.R. 48, 381, 1936
Dushman (Ion Gsuge) P.R. 23, 734, 1934

Same =& (31)

Same as (6)

"Handbook of Chemistry and Physics,® p. 1048, 18th ed.
Wagner (Coating Mixtures) Electronics, 1930

Benjamin & Rooksby (Sintsring0 Phil. Mag. 20, 1, 1835

Patai & Tomaschek (Electrophoresis) ¥olloid Zeit. 74,
253, 1936

Espe & Knoll "Hachvakuumteknik® o, 278 (Soringer, 1936)
Muller (Targets) Z.f. wiss. Phot. 34, 181, 1935
Siegbahn (Br line) 2z.f.P. 88, 559, 1834

Same as (17)

423%) . Reimann "Thermionic Emission® John Wiley, 1834

42) .
43).
44) .
45) .
46) .
47) .

Reimann, same as (41-Db)

Same as (38)

Wilson (Semi Conductors) Actualites Scientifiques 83, 1934
Same as (41-b)

Same as (17)

Seme as (38)



54) .
&65) »
56) .
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58) .
59) .
60) .
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Same as (41-b)

Faust (Line Structure) P.R. 33, 1101, 1939

Same as (18)

Same as (40)

Slater, Reviews of Modern Physics 8, October, 1834

Frohlich "Electronentheorie der Metalle" p. 58 & 138
Soringer, 1836

Same as (17)

Sse "X-Ray Theory® in additional references
Same as (53) p. 139

Same as (8)

Same as (9)

Same a8 (53) p. 37 & 354

Condon and Shortley, "Thsory of Atomic Spectra" p. 81

Brillouin %“Electrons dans les Mstaux" Actualites Sc.
88, 1834

Heitler & London Z.f.P. 44, 455
Bloch, Z.f.P. 57, 545
Same as (53) p. 53-58

Same as (53) p. 138



ADDITICONAL CLASCSIFIED REFERENCES

(For brevity, occasionally the Science Abstracts
reference only will be given.)

A). X-RAY THEORY AND PRACTICE:

C)

1). Augsr effect in Cermanium (L & M levels) Sc. Abstr.

2).

3).

2683, June 25, 1937

Shapes of ¥ & L lines of Mg & 31 Se. Abstr. 3685,
Juns 25, 1837

Emission Spectra of Sulvhur Compounds 2686, Junsg
25, 1937

Semi-Optical Spectra: Biegbahn, Phil. Mag. 438,
513, 1935

Moseley Disgram: Coster, Physica 4, 418, 1837

Semi-Optical Lines: Indian Jour. of Phys. 11,
p. 77, 1837

Emission of B8oft X-Rays: Proc. Roy. 8Soc. 124,
616, 19239

VACUUM GAUGES:

1),

2).

3).

4) .

¥nudseen Gauge: Dulond, P.R. &, 363, 1835

Genersl Surwsy of Sciznce Abstrzect items on gaugses
from 1938 to 1837 in laboratory notebook #3, May 13,
1937

Ion Gauge design: K. &, I. 2, 401, 183

Ion gauge studies: Physics, 1, 183, 1831

VACUUM TECHNIQUE:

)
2).
3).

Kays - "High Vacua® 123
Dunnoysr - "Vacuum Practice" 1826

Dusghman - *Production of High Vacus® 1933

D). OXIDE EMITTERS:

1).

Dushman: Reviews of Mod. Phys. II, 1230



3).
3).

4).

Reimann: "Thermionic Emission™ Wiley 1934
Lowry: P.R. 35, 1367, 1930

An outline of refersnces & several additional
ones in laboratory manual #3, Aoril 1l4-19, 1937

£). EVAPORATION TECHNIQUE

1).

Wetting of Filaments by Metale: Physics 8, 433,
1937

Optical constants metals: J.O.S.4. 36, 133, 1938
Evaeporation of Ni, Proc. Royal Soc. 161, 420, 1837

Vapor preeéure of Barium: RCA Rev. 1I, 121, July
1937

F). PHOTOGEAPFIC PLATES

1).

2).

szotoﬁraphic Sengitometry" -« L.A.Jones, 1934
ne G

" Photogravhy in Scientific Weork" - Ilford monog-
ranh

G). MISCELLANEOUS

1).

8) s

3y,

4).
5).

Absorption by Cu & N1 of Soft X-Rays: Proc. Roy.
Soe. 161, 4230, 1937. This article is of svecial
interest.

An outline of "Target Prevaration,”™ refersnce 39
in the »receding section, is given in lab. note-
book #3, July 8, 1837

"Laboratory Arts® - Threlfall
"Vakuumspaktroskonie® - Hang Bomke, 1937

Survey of many reiated refersnces to this field
up to 18937 in notabook #3, Dec. 36, 1836





