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INTRODUCTION

lost gases, and narticularly oxygen and

nltrogen, are nearly opaque %to radiation in the

reglon from about 1800 A downwerd to about 2 A .

1. Boyce, J. C., Spectroscopy of the Vacuum
Ultraviolet, Rev. llod. Phys., Vol. 13,
_p. 2) J&n. 1941.

and hence, for spectroscopic work in this reglon,
the removal of these gases i1s mandatory. Popular
usage generally refers to the range mentlioned

above as the vacuum ultraviolet. That there remains
nuch experimental work to be done in the vacuum
ultraviolet has been ﬁointed o.t by Boyce in

his exhaustlve survey of vacuum ultraviolet
spectroscopy.z In order to fill in some of these
2. Ibid, pp. 1-55.

gaps, Mr. L. H. Chapin,® in the spring of 1950,

3« Formerly an Instructor in the Physics
Departnent of lissouri School of lMines, now
with Minneapolis Honejywell.

undertook the construction of a grazing incidence

°
vacuum spectrograph for use in the region 100 A

3
to 1,000 A. Due to circumstances beyond his
control, Mr. Chapin was unable to complete the

instrument in the time availlable to him, and the



present author was assigned to the project in

September, 1950



REVIEW OF LITERATURE

The Spectrographic Components

The ploneer work in spectroscopy of the

va.cuum ultraviblet was done by Bchumann4 vwvho first

4, Bawyer, R. A., Experimental Spectroscopy,
NeY., Prentice-Hall, pp. 288-289, 1946,

removed the opaque air and lenses from his system
and the opaque gelatin from his photographle
plates. Schumann found that an optical systen

of fluorite would enable him to reach wave lengths
since found to be on the order of 1200 i. Later

workers® have found that 1ithium fluoride might

5. Schneider, L. G., Phys. Rev., Vol. 49,
Pe 341, 1936.

be used to wave lengths as low as 900 1,
but little work has been done with thlis materlal.
A popular prism instrument which makes usé of

these materials 1s mentioned by Boyoe.s This

é. dece, Je é.. on_a-ito, Pe ﬁ_o

instrument uses elther fluorite or lithium fluoride
prismg and lenses and is adequate for the so-
called Schumann region (down to about 1200 A).

By far the greatest volume of work in the vacuum

ultraviolet region has been done with two types



of concave grating spectrographs--those using
a grazing angle of incidence (75° to 90°) and
those using a nearly normal incidence angle.

The normal incidence instruments, when
compared with thSe of grazing incidence, have
the advantages of accuracy and tﬁe ability to
include a very wide range on a single photograph,
while the grazing incildence instruments are able
to obtain greater dispersion with higher
intensities and, in general, smaller physical
size. FIG. 1 shows a diagram of the typical
grazing incidence spectrograph which 1s
described in this paper.

Of particular importance to spectroscopy
of the vacuum ultraviolet 1s the source of the
radiations. These, in general, are ordinary
light sources complicated by the vacuum operation
that 1s necessary, and by the opacity of most
window materials to the desired wave lengths.

A popular type of source for this reglon 1s

the condensed vacuum spark as developed by Edlenv

7. Edlen, Bengt., Zelts. f. Physik, Vol, 100, p. 621.




(63}

FIG I

gchematic of A Typlcal Grazing Incldence
Spectrograph



and others, in which a condenser, charged
anywhere from 5,000 volts to 80,000 volts, is
periodically discharged between electrodes
surrounded by or contalning the material to be
studied. Another type of source is the Schuler

tubo,8 which uses the negative glow of a

8. Sawyer, R. A., and Paschen, F., Ann. d.
Physlk, 84, 1.

continuous discharge. This negative glow is
kept inside a hollow tube of the material to be

studled and there is no positive column.g

9. Boyce, Op. Olite. p. 19.

Low pressure gas sources, such as a neon tube,
have been used. BSuch a source would be good
for the first two spectra of most elements,
but the inherent difficulties of using thiﬁ type
of source 1in a vacuum spectrograph might prove
troublesome.

Vacuum grating spectrogrephs present
speclal difficulties in their adjustments. They
have all the quirks of adjustment of ordinary

grating spectrographs, as described in Bauyerlo

10. Sawyer, Op. Clit., Dp. 150-171,




and in Harrison, Lord and Loofbourow,11 but in

1l. Harrison, G. P., Lord, R. C., Loofbourow,
Je R., Practical Spectroscopy, N.Y.,
ppe. 109-114, 1948.

addltion, most of the adjustments must be made

in a vacuum and tested photographically.

1

Rathenau and Peerklamp - discuss at great length

12. Rathenau, Gert and Peerklamp, P. K.,
Zur Justrierung des Konkavglt*ers in
Striefunder Inzidenz Physlcal, Vol. 2,
Ppe. 125-143, Feb. 1935.

the adjustment of grazing incidence vacuum

spectrographse.

The Vgcuum System

The vacuum system which, of necessity,
mugt accompany a vacuum ultraviolet spectro-
graph deserves speclal care in dssign. Much
work on vacuum systems in general was done
during the recent war and many of the results
so obtalned have been described in detall by

Guthrie and W'akerling.l5 Other good references to

13. Guthrie, H., and Wakerling, R. K., Vacuum
Equipment and Technigues, N.¥Y., McGraw Hill,
49,

vacuum technique are Btronglgnd Dushman.15

14, Strong, John, Proceedures in Experimental
Physlecs, N.Y,, Prentice H1ll, Chapter III,
pPpe 93-150, 1946,




—_—

5. Dushman, Saul, Scientific Foundations of
Vacuum Technique, N.Y.: John Wiley, 1949,

Careful attention to the details of design and
use mentioned by these authors should meke the
problem of obtailning a proper vacuum relatively
minor. For satisfactory work in the vacuum
ultraviolet a pressure of the order of 10"'4 mm of

mercury ie considered essential.16 It 18, of course,

16. Boyce, Ope. clto‘_ P Se

necessary that all the operating parts of the
spectrograph be inside the evacuated chamber.
This means that speclal arrangements for mount-
ing the sllit and shutter, and for any operating
adjustments, must be made. Unfortunately, the
avallable literature on such technical detalls
18 negligible and the experimenter 1s left

pretty much to his own devices.

Detection of Radlation

For many years, "Schumann" photographic
plates were the only practical means of
spectrographic detection of short wave length

radiation. These plates were first developed



by Schumann in 1901 & after a great deal of

17. Boyce, Op. Cit., De 8

experimentation. They conslst of a very delicate
enuleion of silver hallide and a small amount of
gelatine The preparation of these plates 1s

discussed at some length by Lyman 18 and by

18. Lyman, T., Spectroscopy of the Lxtreme
Ultraviolet, N. Y., Longmans, Green and Co.

Hopfield and Appleyard 15 who sugpest modifications

19, Hoprield, Je J., and Appleyard, A Simplified
Mlethod of Prenaring Schumann Plates, Je Opte
Soc. Am., Vol, 22, De 488, 1932.

in the preparation procedure. Variations in
the Schumann procedures are used by the British
firm of Ilford, Ltd., to produce Ilford Q. plates
which contain a high concentration of silver
bromide grains at the surface of the emulsion
(this process is a trade secret) and have been
very popular among experimenters.

In the early nineteen twentles, Duclaux

and Jeantet 0 developed the process of ceating

20. Duclaux, J., and Jeantet, J de Phys
et rad., Vol. 2, Dp. 154, 1922,
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an ordinary photographic plate with a thin layer

of fluorescent oll and this was adapted to the

vacuum ultraviolet by Lyman.“l In this country,

21. Lyman, Ope Cilt., P. 125.

Eastman has been producing their Kodak 0 Ultra-
violet (0 U.V.) plates, which are ordinary O type
spectroscopic plates coated with an ultraviolet

sensiltive fluorescent materlal.22 Coated plates

22+ BoOYCE, ODe Clte, De Oe

have the disadvantage that they must be care-
fully washed before development to remove the
fluorescent coating. Recently, Eastman has

produced a new emulsioq.z5 desipgnated as Kodak

23 BSchoen, A. L., and Hodge, E. S., Photograph-
ing Spectra in the Vacuum Ultra-violet,
Je %. Soc. Am., VOI. 40, PP °5‘£a4 Ja.n.1950.

S.W.R., (Short Wave Radiation)e This emulsion
is available at present only on a film base and
the 1ﬁstrument discussed 1n this paper was deslgned
especlally for use with this film in 35 mm sizee.
The problems involved in the use of this film
wlll be discusged in detail later.

Other methods of detection, chief among

them being photoelectric procedures, are briefly



discussed, with references, by Boyce.24

24. Boyce, Op. Cit., p. 10

Interpretation of Results

Before interpretation of the results of
experimentation in the vacuum ultraviolet
region can be undertaken, the various lines
obtained must be identified and classified. By
far the most complete works of this sort have

25 26

been done by Edlen”” and Sb¥erqvist in Sweden,

256, Edlen, Bengt, WellenlApen und Termsysteme
zu den Atomspektren der Elemente Lithium,
Beryllium, Bor, Kohlenstoff, Stlckstoff,
und Saurstoff. Nova Acta Reglae Socletatas
Scientiarum Upsaliensis. Ser. IV, Vol. 9,
Noe 6, 1934.

26. Soderqvist, Jonas, Vakuumfunkenspektren
der Elemente Natrium, Magnesium, Aluminum,
und 8iliclum. Nova Acta Reglea Socletatas
Scientiarum Upsaliensis. Ser. IV, Vol. 19,
Noe 7, 1934.

and by Boyce and his associates 27 in this countrye.

27. Boyce, Ope Cit., Appendix C, p. ob.

Boyece and Moore 28 have prepared for private

28. Boyce, J. C., and Moore, J. T., Provisional
Wavelength Identification Tables for the
Vacuum Ultraviolet, Private Publication, 1941,




distribution a most detalled tabulation of the

more intense lines listed 1n Boyce's review of

vacuum spectroscopy.29 In the event that none of

29. Boyce, Ope Clt., AppEendlx C, D. G5e

the previous references are immediately available,

a much ghorter listing by Boyce and Robinson in

the Journal of the Optical Soclety of America a0

30. Boyce, J. C., and Robinson, H. A., Wavelength
Identification Lists for the Extreme Ultra-
violet, J. Opt. Soc. Am., Vol. 26, No. 4,

p. 133, April 1936.

mighf prove useful.

By 1941, the efforts of, primarily, Boyce
and his various collaborators to produce wave
length standards and tables of spectrographic
lines for the vacuum ultraviolet had reached
a state where a great deal of work by othef
experimenters was possible. Apparently the war
provided more interesting flelds of endeavor,
for almost no papers dealing with vacuum ultra-
violet spectroscopy have appeared in this country
since that time. This means, then, that there
is & tremendous amount of work yet to be done

in this region. The tabulations made by Boyce Gl

3le Boyce, Op. Gito, jpp.22, 23
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in 1941 are still applicable. They show that
the spectra of most of the lighter elements,
through cadmium, have been investigated in some
detall, although there are glaring omissions 1n
the first spectra of boron, magnesium, aluminum
and chlorine and in the second spectra of
magnesium, chlorine and cadmium. Only what
Boyce calls reconnaissance surveys have been
made of these spectra. Almost no work has

been done with elements of atomic number greater
than 21. Here then, lies a most rewarding
field of endeavor to those who work in the
vacuum ultraviolet. It 1s belleved that the
instrument discussed in this paper will have

great possibilities in this servicee.
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PROBLEMS OF CCONSTRUCTION, ADJUSTMENT AND OPERATION

The basic theory of grazing incidence
concave grating spectrographs has been adequately

covered by Sawyer 0 and by Harrison, Lord, and

32. Sawyer, Ralph A., Experimental Spectroscopy
NeY,, Prentice Hall, ppe. 126-141, 291-294, 1946,

Loofbourow,sa among others, and the speclflc design

33. Harrison, G. R., Lord, R. C., Loofbourow,
Je Re, Practical BSpectroscopy, Ne. Y., Prentice
Hall, pp 73-85, 5368-39, 1948.

of the present instrument has been covered by

Ghapin.“é' Hence, the author feels that a detalled

34, Chapin, L. H., A Grazing Incldence Vacuum
Grating Spectrograph, Missourl School of
liines unpublished liasters Thesls, 1950.

coverage of this material is unnecessary. A

brief summary of the theory of such a spectrograph
is in order, however, As the reader will
remember, most concave grating mountings make

use of the fact, first explained by Recwland,

that the spectrographic slit, the center point of
the grating, and the focused images of the sllt
in the various orders and wavelengths all lle

on what 1s now called the Rowland circle-- a circle.
the center of which coincides with the focal

point of the grating. (See FIG. I.) As 1its

name implies, the grazing incldence spectrograph

has 1ts source gso placed that the incident light



gtrikea the surface of the grating at an angle
of 70 or more with the grating normal. The

39
basic formulae which are applicable are:

15

35. Sawyer, Op. 'Cito,_ppo 125, 131,

1) n A = d (sinee - gin @)

ax d Cos ©
(3)e ds s on «.Rsgin g
dn d(Cos ©) 2 sinee gin (90°-8)

Equation (1) is the well-known grating
formula in which n is the speetral order, A the
wavelength, d the distance between grating
rulings, e« the angle of incidence and O the
angle of diffraction. For the grating used in
the instrument under discussion, which is ruled

36

22,000 lines to the inch, d 1s found to be

36. Private communicatlon to Dr. Harold Q Fuller,
Physics Department, Missouri School of Mines.

1,141 x 104A. A variation of formula (1) which

is useful.when the linear distance on a photo~

graph between two known lines, or between a known



line and an unknown line can be measured is
obtained as follows: referring to FIG. II, the
measured dlstance

P'P = P!G - PG
R(¥-@)

= R (180 - 20! - 180 4 20)

or

(4). P'P 2R (6 - o),

But, from formula (1),

e = are sin (%—3- ginees)
]
o' = are sin (%2-‘— sinec)

(where 1s the wavelength of the line

closest to the central image).

(5). P'P =2R]'_a.rc sin (%3- sin =« )
l .
- arc sin (%a— sinec )]

Formula (2) is the common formula for
angular dispersion and formula (3) is the formula

for linear dispersion for the instrument under

an

dlscussion as developed by Chapin. All of the

37. Chapin, Op. Clte., De 17.

16



FIG II
(See text)

17
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preceding formulae are referred to FIG. II.

One of the primary advantages of é. grazing incidence
for 1llumination of the grating lles in the fact
that most wave lengths are totally reflected

from the grating surface when the angle of

incidence 1is high. Sawyer i finds that for an

-55_0 Sawyer, Ope éi—tt, p 2924

angle of incidence of 8C° all wave lengths above
40 X are totally reflectsd.

More detailed discussions of the theory
of grating speotrographs are glven in the various
references quoted in the above paragraphs.

When the author took over the project the
sltuation was as follows: The main chamber of
the instrument, FIG. III, the film holder,

FIG. IV, the pumping system, FIG. V, and a mount
for t_he grating had been constructed and assembled
and preliminary adjustments had been made. Still
to be constructed were the slit mechanlam and

the light source, with 1ts compement power

supply. Mr. R. G. Woodle, who has collaborated
with the author on the present proJeof, undertook

the design and construction of the power supply



A

19

Photograph 0OF

FIG. III
The Assembled Spectrograph



g

{

i

M

FIG. IV
The Fllm Holder In Position
(Note that the film must be
loaded into the holder from
the end toward the observer)

20
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FIG. V
A View of the Diffusion Pump
And Its Companion Roughing Pump
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and source tube mounting. For details concerning

these 1tems the reader is referred to the Masters!

39

Thesls of lMr. Woodle. The other problems involved

39, Woodle, R. Ge., Unpublished Masters' Thesis,
11 gsourl School of llines, 195l.

in the completion of the project w;ll'be discussed

in detall below.

Sl11t Mechanianm

The basic requirements for the slit
mechanism for a grazing incidence spectrograph
are as follows:

l. The slit must be precisely adjustable.

2¢ The slit Jaws must be parallel opening,
so that the center of the slit opening
remains on the Rowland circle.

3« The slit Jaws must be easlly cleanable.
'This is especlally important when a hot
spark 1s used, since the resultant
sputtering of the slit jJaws makes frequent
cleaning mandatory.

To these requirements must be added a fourth,

peculiar to the vacuum ultraviolet.

4, The s8lit mechanism must be contained within



the vacuum chamber. After considering several

40, 41

slit designs, 1t was declded that a

40. BSears, J. E., A Symmetrically Opening
Optical S1lit, Journ. of Sci. Inst., Vol. 10,
No. 12, ppe 376-377, 1933.

41, Elliott, A., A Symnetrically Opening S1it,
Journ. of Sei. Inst., Vol. 10, No. 11,
pp. 358, 359, 1933. :

4
modification of a design by Strong‘z would serve

Z2. Strong, J., On An Optical S511t, Rev. of
Sci. Inst., Vol. 12, No. 4, p. 213, 1941,

the purpose. In thls design, the slit Jaws,

which in this case are made of Stell:!.te,43 are

43, Stellite, a remarkable alloy, may be vigorously
cleaned in concentrated sulfuric or nitric aclde.

nounted on small brass blocks. These blocks,
in turn, are fastened at each end to the mechanlsm
housing by small pleces of clock springs (see
FIG.VI) in such a fashlon that when the Jaw
blocks are pushed down by a screw mechanism
they move apart in a pantagraph-like motion.
The advantages of such a mechanism are:
l. The Jaws, owing to the parallelogram type
~of construction, remain parallel,
£+ The finest adjustment of the slit opening
occurs when the openlng is small. This
is a feature found, so far, only in this

type of mechanisme



FIG, VI
A Parallel Opening Slit
(See text)
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3. The slit can be completely closed
without damage.

4., The mechanism 1s such that 1t could be
fabricated tc a fair precision with

linited facilities.

The actual construction of the slit was
accomplished by the author largely by hacksaw
and file, but the operafion of the slit appears
to be quite satisfactory.

Shortly after the author started on the
present prolect, 1t became apparent that a new
mounting for the grating was mandatory. The
mounting in service at that time had an
intolerable amount of looseness and play,
and there were no provlislions for fine adjustments.
Perhaps 1t would be well to remind the reader
that a grating, for use in any type of spectrograph,
must have three degreea of adjustable freedonm,
or freedom about the axes x, ¥, and z in FIG. VII.
To replace the original part, the author has
designed the grating holder shown in FIGS. VIII

‘and IX. This grating holder is mounted on ball



The Three AXes

FIG., VII

of Rotation of a Grating
(See text)



©
<7

FIG. VIII
The Re-designed Grating Holder

- screw tipghtened drag
- gear for rotation about
a vertical axis
W - worm and gear for rotation
about the grating normal
t - thumb serews for fine
adjustnent of the grating

0 A



FIG. IX &
Grating lMount In Place In The Spectrograph

O +



Another

FIG.

Ral 4.1

View of th

IX »
e Grating Mount
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bearings on a fixed eenter post. A screw adjusted
drag (d, FIG. VIII) to prevent free motion has
been incorporated in the design. Rotation about
the z axls of the grating is accomplished through
a gear traln which meshes with a gear flxed to
the holder (g, FIG. VIII). A worm and gear,
(w, FIG. VIII) is provided to allow rotation about
the x axis while limited rotation about the y axis
as well as some motion parallel to the X axis of the
grating are obtained through adjustment of three
thumb-serews (t, FIG. VIII). Thls redesigned grating
holder works, but 1t is not entirely satisfactorye.
There 1s stlll a small amount of play in the
mechanliesm and a person must be an amateur contortionist
to make adjustments wlth the grating mounted in the
spectrograph.

Further modifilcations of the deslign of the
instrument that should be included at an early
date include the placing of brass bumper plates
and alignment pins between the slit mechanism
and 1ts collimator tube and between the slit-end
cover plate and the spectrograph housing
proper. These are essential if proper realignment

with a minimum of effort is to be



obtained after disassenbly of these parts.

¢
Cha»nin, in his thesls,'4 and Rathenau and

44, Chapin, Op. Cit., p. 9.

4
Peerklamp,‘5 élscuss the various adjustments of

45, Rathenau and Peerklamp, Op. Cit.

a grazing incidence spectrograph,bﬁt the author
end his colleagues have developed a2 few speclal
procedures that bear mentioning.

To obtain the center of focus of the grating
a parallax method i1z used. This ccnslsts of
nounting a sharp pointed rod on an optical bench
and observing its imcge from the grating threough
a telescope set for infinity. The rod was moved
in and out along the axls of the grating until
no parallax was to De seen between the telescope
cross hailrs and the image of the point. This
nrocedure located the point within 1 mm of the
center of focus of the grating.

To adJust the slit for parallelism with
the grating rulings a high pressure mercury
arc 1s focused on the slit. With the exception
of two small portions at the ends, the slit
was completely covered and the direct lmage

and the third or fourth order mercury green
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line were simultaneously observed through
mieroscopes. If the slit was not parallel to
the grating rulings two sharp lines would
appear. As the slit was brought into parallellsm
with the rulings the two images merged together
and finally coincided. It is felt that a
feirly precise adjustment was madees

At the end of the first 32 exposures the
grating had become covered with an oil film,
and the slit Jawg had been heavily sputtered
with small bits of aluminum and covered with
a good coating of carbon. The grating was
cleaned qulte satisfactorily by flushing the
surface, first with acetone and immedlately
thereafter with distilled water. The grating
has been ruled in speculum and aluminlzed and
consequently it 1s qulte susceptible to damage.
The slit Jaws are made of sterner stuff. Vigorous
scrubbing of the flat surfaces with a glass rod
and concentrated sulfuric acld failed to remove
the carbon layer. As a last recourse the slit
Jaws were placed flat side down on a plece of
plate glass covered with a very fine grade of

carborundum (600 grit) and gently rubbed with



a circular motione. This method 1s effectlve
and nroduced a clean looking finlsh on the jJaws
but 1ts crude vigor should be avolded whenever

possible.

Photographic Technique

At the time of this writing nearly 100
exposures have been made with the spectrographe.
For the most part, these consist of adjustnent
photogranhs and have little value. However,
one group of exposures, numbers 29 through 35,
show typical line spectra of the types to be
expected from such an instrument as the one
under discussion. EXposures 32, 33, and 34 are
shown in FIGS. X - XV, and will be discussed.
later. As was mentloned earlier, the spectrograph
was desligned to use Eastmans'! new 35 mm Kodak
SWR filme. This film requires special handling
techniques and 1t might be of help to future
ugsers of the instrument to describe those
techniques developed by the author. The film may
be safely handled in a darkroom under o Wratten
Series 2 safelight. It comes from the manu-
facturer on plastic rolls, wrapped in aluminum

foll, and sealed in a metal box and 1t was found
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thet after repeated usage the aluminum foil became

crackeds It 1s recommended that a supplementary
wrapping for the roll of film be provided.

In order to cut the film to the necessary
52 cm. length, the author taped the free end of
the roll of film to a meter atick-at‘the 52 cm.
mark. (A stop facilitated dark room handling).
The film was carefully unrolled and cut off at
~the end of the meter stick and the cut plece of
film allowed to roll slowly back up on itself.
A very small cut was made off the corners of one
end of the 1lm to allow 1t to slide easgily into
the spectrograph fllm hoider.

An ordinary roll film tank has proved most
convenient for development of the exposed film
strips. Development in Kodak D-19 for four

minutes, as recommended by Schoen and Hodge "t

39

46, Schoen, A. L., and Hodge, E. S., Phgtdgraphing'

Spectra in the Vacuum Ultraviolet, Jour. Op.
Soc. Am., Vole 40, No. 1, p. 23, 1950,

has produced the best results although a development

for one minute in Kodak D-8 has produced good
spectrograms. Some sort of wetting agent,

preferably Kodak Photo-Flow should be.used in a
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preliminary washing before development and in the
final rinse water. Under no circumstances should
the f1lm strips be wiped drye.

Because of the &abraslon gensitivity of the
Xodak S.W.R. film, some means of preserving the
films must be developed. The author has successfully
used coatings of thin gpar wvarnish and of shellace

0f the two, the shellac seems most promising.

Identification of Spectrogranhic Lines

FIGS. X-XV compare the three exposures 32,
53 and 34. Exposure 32 was talkken with hydrogen
in the system, 33 had an oXygen atmosphere,
and 34 was talken in air. Zach exposure lasted
for approximately three minutes at about one spark
every two seconds. These exXposures will be
compered in detall later.

Because the author and his collaborators
were not familliar with the prominent spectral
lines, the idéntification of those lines presented

no small problem. Only one English reference 4T

47. BDoyce, J. C., and Robinson, H. A., Wavelength
Identification Lists for the Extreme Ultrar
violet, Jour. Opt. So0c. Am., Vol. 26, No. 4,
De 150, 1936.

was arranged in such a fashion as to be of much
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use and the article by Edlen, referred to time

48, LEalén, Bengt, Wellenlangen Und Termsystume
zu den Atomspektren der Elemente Lithium,
Beryllium, Bor, Kohlenstoff, Stlckstoff
und Sauerstoff. Nova Acta Reglae Socletatls
Scientiarum Upsaliensis, Ser. IV, Vol. 9,No.€, 1954.

and again by various aﬁthors, could not be located
by the reference librariane.

After no little searching the author finally
found a listing in the Library's Union Catalog,
of the publication in which Edlen's article first
appeared and 1t was obtained from the University
of Missouri. It was no wonder that the other
authors had so often referred to Edlen, for his
article even contained pilctures. Within an
hour after first obtaining the reference a
ma jor portion of the lines on exposure 32,
33, and 34 had been i1dentified. The more
prominent of these iines are labeled in FIGS.
X=XV, ‘From equation (5) 1t has been determined
that the angle of 1ncidence,0(;, for the exposures
32-35 1s 79.15°, and for exposure 90 1t 1s 79.35%.
The linear dlsDersions for various wave lengths ~
for exposures 33 and 90 have been computed, using.

equation (3), and are tabulated in Table I.



TABLE I
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Exposure No. 33

Exposure Noe. 90

ds ds
an GES
-A Computed lleasured Computed lleasured
800 A | 0.321 rm/A | 0.344 mm/R | 0.323 mn/X 04306 mm/A
520 A | 0.375 nn/A | 0,203 mm/& | 0.377 m/R | 0.362 mm/R
375 A | 0,418 mm/k | 0.452 nm/k | 0.421 mn/R | 0.407 mm/X




These computed dispersions differ from thg dispersion
actually measured. This would indicate that the film
holder does not actually lle on the Rowland circlee.

After exnosure 39 was completed, the spectro-
graph was completely dls-assembled for cleaninge.

The difference between the angles of ‘incidence and

between the linear dispersions for exposures 33 and
90 -is caused by fallure to realign the instrument

in exactly the same position aftér re-assgsembly.

A cursory search of the exposures to date has:
already provided some interesting information. For
comparison, FIGS. X-XIV show the three exposures
32,33, and 34 as previously mentioned. The most
prominent and easily identified lineg are those of
oxygen and nitrogen. All thrée exposures show many
lines of 0 II, ©0 III, O IV, and OV in comparable
intensities 1ndicating_that an unusually wide range
of ionization has been obtained. Exclusion of oxXygen
from the system by the introduction of hydregen
(exposure 32) shows that a large portion of this
oxygen excltation must occur in the glass and quartz
of the source tube. Mercury, apparently from the
Stokes gauge used to measure the source tube pressure.

1s definitely present in some quantities as



evidenced by several lines. The most prominent of
these 1s indicated in FIG.XIV.

Several lines are present which have not been
identified. The most noticeable and the most interest-
ing are shown in éxPosure 34; FIG. XII. One of these
has a wave length of about 495 A and has tentatively
been marked as a nitrogen line because of 1ts promin;
ence in the eXposure which used an alr atmosphere in
the source tube. A similar line occurs at approx-
imately 567A and is not even tentatively identifled.
No publisghed table cf lines, to. the author's knowledge,
nentions anything of such prominence as these two
lines, and Edlén and Soderqvist, in their articles,
ghow pictures which contain these lines but they make
no effort to explain or identify them. Probably
these lines are the second orders of nitrogen‘24?
and nitrogen 283.

Each of the exposures 32, 33, and 34 contain
600 or nore distinct lines. lany of these lines
are obviously multiplets of some sort and a refine-
ment of technique will no doubt resolve some of them.

It had been hoped that a crystal might be

mounted between the source and the sllit in the manner



used by S8kinner 49 for soft X~-Ray studles. To this

49. Skinner, H. W. B., The Soft X-RAay Spectroscopy
of the Solld State, Reports on Progress in
Physlcs, Vol. V., Cambridge, Cambridge Press,
Dp. £57-282, 1939,

end a quartz crystal was fixed in place for exXxposures
35-42, Total absorption was obtained and the results
were inconclusive but 1t is felt that other materials
8till hold promlse. Three problems must be overcome
if satisfactory crystal absorption spectra are to
be obtalned. First, a method for inserting crystals
into the optical path without dieturbing the settings
of the instrument must be developed. Secondly, a
procedure for obtaining very thin ecrystal sections
will have to be perfected, and finally, some way to
eliminate the heavy carbon deposit from the face of
the crystal should be devised. This last nroblem
is probably the most serious of the three. Careful
elimination of carbon dioxide and carbon monoxide
from the source tube atmosphere will probably prove
to be most helpful.

Vhen these problems have been overcome, there
is a good possibility that important data will be

obtained.



CONCLUSION

A vacuun ultraviolet grazing incidence
spectrogranh has been completed and placed into
ooeration. It is felt that the instrument has
very rewarding possibilities, but that to explolt
these pnossibilitlies to a maximum some further_
nodifications are necessary. Thesé modifiqations
include redesigning of the vacuum system, a better
srsten for adjusting the grating, and the installatic
of alignment guldes and stops where needed.

The results so far obtalned show that the
ingtrument 1s fast, has a very sharp focus and a
rood depth of field, and, although the operating
pressures are higher than those recommended by
previous experimenters, thaet the absorption level
1s quite low because of the short optlcal path.

In the hands of an experienced operator the

spectrograph will produce good resultse.
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