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I BageriaN Lecrore—~7he Spectrum of Stlicon at Successive Stages
of lonusation.

By A. Yowrer, I.R.S., Yarrow Research Professor of the Royal Society,
Imperial College, South Kensington.

(Lecture delivered May 15, 1924.—MS. received December 23, 1924.)
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2 PROF. A. FOWLER ON THE SPECTRUM OF SILICON
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1. InTrRODUCTORY.

The spectrum of silicon has been the subject of numerous investigations, of which
a convenient summary to the year 1912 has been given by Kavser.* The spectrum
is of special interest on account of the remarkable series of variations which accompany
changes in the experimental conditions. These changes were first systematically
investigated by Lockver, who further showed that the different groups of lines which
were developed with increasing intensity of discharge appeared in the spectra of stars
following each other in order of increasing temperature.] Four distinct groups of lines
were recognised by LockYER, namely :—

Group I. .. AX 3905 -8, 4103 -2

Group II. .. XA 3853-9, 38561, 58627, 4128 -1, 4131 -1, 5042, 5057.
Group III. .. AN4552-8, 4568 -0, 4574 -9.

Group IV. .. AAW4089°1,4116-4.§

The lines of Group I correspond to the arc spectrum, and are most strongly developed
in stars approximating to the solar or G type. The chief lines of Group II are produced
in the ordinary spark spectrum, but the fainter lines are best obtained in vacuum
tubes ; they have their greatest relative importance in stars of types I' and A. Lines

* ¢ Handbuch der Spectroscopie,” vol. 6, p. 478.

t ‘Roy. Soc. Proc.,” vol. 65, p. 449 (1899); wvol. 67, p. 403 (1901); vol. 74, p. 296 (1904).

1 See also “ Catalogue of 470 of the Brighter Stars,” ¢ Solar Physics Committee * (1902).

§ Note.—Another line at A 4097, at first included in this group, was afterwards shown by Lunt to be
due to an impurity, and was subsequently identified by Lockyrr, BAXANDALL, and BUTLER as an enhanced
line of nitrogen. (“ Roy. Soc. Proc.,” A, vol. 82, p. 532 (1909)).
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AT SUCCESSIVE STAGES OF IONISATION. 3

of Groups 111 and 1V are also most effectively observed in vacuum tubes, and are pro-
duced in turn as the energy of the discharge is increased ; they occur in successively
higher stages of the stellar sequence, those of Group IV not appearing until the hotter B
stars are reached.

Lockyer’s grouping of the lines was confirmed by Lunt,* who made an extensive
series of experiments, mainly on the chloride and fluoride of silicon. These observa-
tions, however, like those of LookvER, only extended over the comparatively small
part of the spectrum which can be photographed in the stars with ordinary photo-
graphic plates.

A valuable investigation of the spectra of the chloride and fluoride of silicon was
afterwards made by PorLrzza, covering the region A 6371 to A 3146. Several pre-
viously unrecorded lines were noted, especially in the region between 15200 and 2 5900,
but no attempt was made to classify the lines in the different groups, and the wave-
lengths do not appear to be of a high order of accuracy.

An account of the spark spectrum of pure elementary silicon, over the range A 6371
to A 2124, was given by CrookEs} in 1914, and the spark spectrum in the region 2 2124 to
A 1842 was observed a little later by McLexnan and Epwarps.§

Many lines not recorded by previous observers were noted by SAwYER and PaTon ||
in the spectrum of a powerful “ vacuum spark ” discharge. These observations covered
the region A 6700 to A 2100, but the resolution was not great and the wave-lengths
were only considered to be correct within one or two-tenths of an angstrom. No attempt
was made to classify the lines, but all the more important lines are included among
those previously observed in the preparation of the present paper.T

For completeness, it may be added that accurate determinations of the wave-lengths
of nine silicon lines, which are of importance in connection with the observation of
stellar radial velocities, have been made by H. BARRELL in connection with the present
series of observations.**

A comparison of the various records shows considerable divergencies in the wave-
lengths assigned to the same lines, and even the silicon origin of some of the lines has
remained in doubt. There has also been no systematic study of the different groups of

* ‘Roy. Soc. Proc.,” vol. 65, p. 448 (1899) ; vol. 66, p. 44 (1899); A, vol. 76, p. 118 (1905) ; ‘ Annals of
the Cape Observatory,” vol. 10, Part II. (1905). ’

1 ¢ Gaz. Chim. Ital.,” vol. 42, Part 2, p. 42 (1912).

1 ‘ Roy. Soc. Proc.,” A, vol. 90, p. 572 (1914).

§ ‘ Phil. Mag.,” Ser. 6, vol. 30, p. 482 (1915).

|| © Astrophys. Jour.,” vol. 57, p. 279 (1923).

9 Important observations in the extreme ultra-violet have been made by Bowen and MiLuikan (¢ Physical
Review,” vol. 23, p. 1 (1924)) and by McLexvaN and Suaver (‘ Trans. Roy. Soc. Canada,” vol. 18, p. 1
(1924)). These have confirmed the existence of several lines of the fourth spectrum of silicon previously
predicted by the author’s observations, as indicated in Table 13. McLeNNAN and SHAVER have also
observed the arc spectrum in the region A 6320 to A 11231.

** ‘ Monthly Notices, R.A.8.,” vol. 83, p. 322 (1923).

B 2
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4 PROF. A, FOWLER ON THE SPECTRUM OF SILICON

silicon lines over a wide range of spectrum such as is required in the investigation of
spectral series. It, therefore, seemed desirable to make a more exhaustive investiga-
tion of the spectrum under different conditions, with a view to obtaining the wave-
lengths of the lines with greater precision and especially of obtaining the complete
spectra represented by the different groups of Lockyer. In this way it was hoped to
obtain data which might lead to the identification of the series which characterise the
different groups, and thence to a more complete physical explanation of the changes
observed in the laboratory and in the stars.

The investigation has been in progress during several years, and suggestive results
with regard to the series were early obtained.* TPublication of details, however, was
long delayed by the necessity of extending the observations into the Schumann region,
in which it appeared that some of the more important lines for completely establishing
the various series might be expected to occur. With the aid of a grant from the Govern-
ment Grant Committee of the Royal Society a suitable instrument was obtained, after
much unavoidable delay, and some of the desired observations were made.

The new observations revealed many lines in addition to those previously known,
in all parts of the spectrum, and numerous series have been fully or partially estab-
lished for the different groups of lines. In accordance with Bour’s theory, it results
that the classification of silicon lines which was first deduced by LockyEr, from the
behaviour of the lines in the laboratory and stellar spectra, has a true physical basis,
and that the successive groups represent successive stages of ionisation of the silicon

~atoms. This conclusion depends upon the evaluation of the series constant for the

series lines of different groups.

On the nucleus theory of the atom, Bonr showed how the Rypnrre series constant
could be derived theoretically for hydrogen, and indicated in a general way why the
same constant should appear in the formulee for other spectra. The theory also gave an
entirely satisfactory explanation of the change from the ordinary to the enhanced spec-
trum in the case of helium, and in the Bakerian Lecture for 1914} it was shown by the
present writer that a similar explanation was applicable to other elements. It appeared
from these investigations that in passing from arc to spark lines, the series were of
generally similar character, but that the series constant was changed from Rypsrrac’s R
to 4 R.I In other words, the enhanced lines are produced by atoms which have lost
an electron or have become ionised.

The theory further indicated the possible production of other series for which the
constant would have the values 9 R, 16 R, and so on, if sufficient stimulus could be
applied to remove additional electrons. The work of Locxyrr strongly suggested that
examples of such new types of series might be found in a further study of the varying

* A. FowrLer. “ Report on Series in Line Spectra.” ° Physical Society,” p. 164 (1922).

1 ¢ Phil. Trans.,” A, vol. 214, p. 225 (1914).

1 Informer papers the series constant was indicated by N, but in agreement with certain other workers,
R will be adopted for this constant in the present paper.
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AT SUCCESSIVE STAGES OF IONISATION. 5

spectrum of silicon, as has proved to be the case. In the arc spectrum, the typical
series appear to be very feebly developed, and the terms have not yet been fully deter-
mined, but the investigation has definitely proved that the series corresponding with the
second, third and fourth silicon groups are characterised by the respective series con-
stants 4 R, 9 R and 16 R. The four groups of LockYEr are therefore to be interpreted
as follows :—- '

Group I.—Si I, or Si = neutral atoms.

Group II.—Si II, or Si* = singly-ionised atoms.
Group ITT.—Si ITI, or Si** = doubly-ionised atoms.
froup TV.—-Si TV, or Si""" = trebly-ionised atoms.

The series systems consist alternately of triplets and doublets in accordance with the so-
called spectroscopic “* displacement law ” of Kosser and SOMMERFELD.

While the present work has been in progress, a similar investigation of the successive
spectra of aluminium, designated Al T, Al II, and ALTIL, has been made by PAscurN.*
Sodium, magnesium, aluminium and silicon have consecutive atomic numbers, and
instructive comparisons may therefore be made of the spectra of Na I, Mg II, Al III
and SiIV; of Mg I, ATl and Si III; and of AlT and Si II.

The chief results with regard to the series of Si IV have already been presented to the
Society,T but some additional data have since become available. Detailed results
relating to all the lines observed at the four stages of excitation are given in the present
paper, and comparisons are made with the corresponding spectra of other elements
which immediately precede silicon in the periodic table. A comprehensive catalogue
of the lines observed at different stages is also included ; this may be expected to be of
further use in connection with the observation of other spectra produced by strong
discharges in vacuum tubes, since, under such conditions, silicon lines frequently appear
in consequence of the decomposition of the glass.

>

II. OBsErvAaTIONAL DATA.
The Instruments Employed.

Numerous spectrographs were employed in the course of the investigation, some for
preliminary observations over a large range, and others, of high dispersion, for the final
determinations of wave-lengths. Tor measurements of the brighter lines in the visible
region a 10-feet concave grating was used, chiefly in the first order, and the same instru-
ment was used for selected regions in the ultra-violet, including » 2218 to 2 2058. For
most of the wave-length determinations in the ultra-violet as far as A 2250, photographs
were taken with a large quartz spectrograph of the Littrow type, constructed by Adam

* ¢ Ann. d. Phys.,” vol. 71, p. 142 (1923) [Al1 IIL.]; ¢ Ann. d. Phys.,” vol. 71, p. 537 (1923) [Al IL.].
T “Roy. Soc. Proc.,” A, vol. 103, p. 413 (1923).


http://rsta.royalsocietypublishing.org/

|
P

A

THE ROYAL A
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

)
A

a
\

/
S

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

Downloaded from rsta.royalsocietypublishing.org

6 PROF. A. FOWLER ON THE SPECTRUM OF SILICON

Hilger, Litd. The definition given by this instrument is extremely good, and the large scale
does not involve unduly long exposures. The linear dispersion ranges from 12 A per
mm. at A 4000 to 4 -5 A per mm. at A 3000, and 2 A per mm. at 1 2300. A small quartz
spectrograph by Bellingham and Stanley was used for the determination of the wave-
lengths of lines between A 2000 and » 1841, the dispersion at » 1900 being about 55 A
per mm.* '

The wave-lengths were interpolated in the usual manner with reference to standard
lines of iron. So far as possible, the values for the standards were taken from the list
adopted by the International Astronomical Union,T or from the well-known table by
Burns.  Between 2 2374 and 2 2290 Kavser’'s wave-lengths of iron lines, corrected to
the International scale, were adopted as standards, and for the region beyond i 2290,
lines of aluminium and copper given by Kprr.]

Much labour has been expended in the effort to obtain wave-lengths of a high degree
of accuracy. Those obtained with the grating are distinguished in the tables by being
expressed to three decimal places, and are unlikely to be more than 0-01 A in error.
The values determined with the large quartz spectrograph are probably less accurate,
but the errors should not often exceed 0-02 A ; the large inclination of the photographic
plate in this instrument, combined with want of perfect flatness of the plates, is probably
responsible for the want of closer agreement in the values obtained from different
photographs.

For the calculation of wave-numbers, the wave-lengths were corrected to vacuum
by the tables published by the Washington Bureau of Standards.§

The Vacuum Spectrograph.

The vacuum spectrograph utilized for observations in the extreme ultra-violet was
constructed by Adam Hilger, Ltd. It is provided with a 4-inch concave grating having
a radius of 1 metre and 15,000 lines per inch. The grating was specially ruled at the
Johns Hopking University with a view to its use for the extreme ultra-violet, and has
been found quite satisfactory for observations down to about A 800. The wave-lengths
from different plates, however, are less cousistent than might have been expected,
probably on account of irregularities in the sensitive films of the plates employed. The
instrument has so far been mainly used with a fluorite window covering the slit, in order
that vacuum tubes of silicon fluoride and sparks in hydrogen at atmospheric pressure
might be used as sources. The region covered by the present observations has thus
been mainly restricted to wave-lengths on the less refrangible side of A 1250. The
dispersion in the first order spectrum is 17-2 A per millimetre. Suitable standards

* The author is indebted to the Government Grant Committee of the Royal Society for this instrument.
+ ¢ Trans. Int. Ast. Union,” vol. 1, p. 41 (1922).

1 ¢ Zeit. . Wiss. Phot.,” vol. 14, p. 137 (1915).

§ ¢ Scientific Papers,” No. 327 (1918).
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AT SUCCESSIVE STAGES OF IONISATION. 7

were provided by Lyman’s wave-lengths of aluminium lines, and by SiMEoN’s wave-
lengths of carbon lines.* The adopted values for the silicon lines are probably correct
within one- or two-tenths of an angstrom.

The author is indebted to Mr. F. Simuon, of the research laboratory of Adam Hilger,
Ltd., for placing at his disposal an excellent photograph of the silicon vacuum arc
covering the region A 1405-2 990. This has provided a useful check on the author’s
observations in the common region, and some additional data in the region more refrangible
than 2 1250. Some of the lines in this region have also been measured by Bowrn and
Mirrikaw,t and the mean of Simeon’s and Minnikan’s wave-lengths for one of the
lines, 997 -70, has heen taken as a standard in the author’s measurements, the other
standard being the hydrogen line » 1215 -68.

The Arc Spectrum.

As a check on previous records of the arc spectrum by Rowranp and others, photo-
graphs were taken of the spectrum of pure silica and of potassium fluosilicate when
introduced into the carbon arc, and of the arc between pieces of fused silicon. With
silica on poles of Acheson graphite the impurities were very slight, but with fused silicon
lines of iron and other elements were sometimes numerous, especially in the ultra-violet.
The lines which it is believed may certainly be attributed to silicon are those indicated as
lines of 8i I in Tables X and XTI.

All the lines tabulated by Rowranpi were observed, together with a few others,
including some prominent lines in the ultra-violet which were outside the range of
RowranD’s observations.

It is of interest to note that three of the previously unrecorded arc lines of silicon
have been found to correspond with three unidentified solar lines tabulated by Rowran,
namely :—

Silicon Are. Sun.

A LA A» Rowranb. Intensity.
5797 855 5798 -077 3
5793 -070 5793 292 _ 3
5780 -378 5780 -600 0

Besides the lines of Group I, Bxyur and Hascuexk have included the red pair of
sroup IT (A2 6371, 6347) as appearing faintly in the arc spectrum. As in the case of
magnesium, and many other elements, however, these spark lines are restricted to a
region very close to the poles of the arc. This method of producing the red pair was,
in fact, employed by the author in 1906, in the identification of the red pair of lines in
the solar and chromospheric spectra.§

* “Roy. Soc. Proc.,” A, vol. 102, p. 484 (1922) ; vol. 104, p. 368 (1923).
¢ Physical Review,” vol. 23, p. 1 (1924). '
“ New Table of Standard Wave-lengths,” Astronomy and Astrophysics, vol. 12, p. 321 (1893).

T
i
§ ‘ Monthly Notices, R.A.S.,” vol. 67, p. 157 (1906).
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3 PROF. A, FOWLER ON THE SPECTRUM OF SILICON

In the far ultra-violet, the silicon arc also shows a number of well-marked flutings,
which were first recorded by pr Gramont and pE Warrevinre.*  These flutings have
also been observed under other conditions, and it would appear that they have been
correctly attributed to the oxide of silicon.}

The Spark Spectrum.

For observations of the spark spectrum the ordinary condensed discharge from a
12-inch induction coil was passed between poles of fused silicon.

All the brighter arc lines in the ultra-violet appear in this spectrum, as do also the
brighter lines of Si II.  Many of the fainter lines of Si Il which appear in vacuum tubes,
however, do not certainly occur in the spark, probably because under these conditions
they are very diffuse as well as faint. Some of the brighter lines of Si III are also
present, and even the brighter lines of Si IV may be found in the regions near the
electrodes, as was also noted by Lunt and by Lockver, Baxanparn and BurLer.
Photographs of the spark in an atmosphere of hydrogen, which were especially necessary
in observations in the Schumann region, showed an increased development of lines
belonging to Silll and SiIV; the comparison of sparks with and without self-
induction was of great assistance in distinguishing lines of different classes.

The silicon lines attributed to Si II are collected in Tables X and XIII. It is to be
understood that only the more prominent of these are observed in the ordinary spark
spectrum, and that they are accompanied by the brighter lines of Si T and Si ITI.

The “ spark™ spectrum was further studied by observations of the arc between
poles of fused silicon n vacwo. Under these conditions the chief lines of Si Il were
well developed, and occurred with perfect sharpness, so that wave-lengths could be
determined with a high order of accuracy.

Two lines given by CROOKES as occurring in the spark spectrum at a 3438 -300 and
A 3247 -551 (I.A.) have not been recorded by any other observer, and have not been
confirmed ; the second line is very close to the strong copper line 3247 -53.

Several of the lines at first included by Exnur and Hascuex as belonging to the
silicon spark have already been shown to be due to impurities by Eseruarp and Lunr,
namely, 4103 -7, 4030 -1, 4021 -0, 3883 46 and 3853 -62. In addition, lines given by
Exner and Hascnex at 2446 -63 and 2443 -91 have not been observed.

The original table of spark lines given by Kpur and VarexTa (as quoted in Kayser’s
‘ Spectroscopie,” vol. 6, p. 490) includes several faint lines which have also not been
traced in the present series of observations: these are not in the list given by Eprr
and VALeENTA in their well-known °Atlas of Spectra,” and are probably due to
impurities. '

As a general remark, it may be noted that the spark does not provide so useful a

* ¢ Comptes Rendus,” vol. 147, p. 239 (1908).
t See also W. Jevons: ‘ Roy. Soc. Proc.,” vol. 106, p. 174 (1924).
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AT SUCCESSIVE STAGES OF IONISATION. 9

means of investigating the lines of Sill as is provided by observations of silicon
compounds in vacuum tubes.

Vacuwum Tube Spectra.

For observations of vacuum tube spectra the tubes were filled with the vapour of
silicon chloride, or with silicon tetrafluoride, and subjected at various pressures to
induction-coil discharges of varying intensity. In agreement with the observations
previously made by LuNT,* it was found that lines of the higher silicon groups were
more satisfactorily obtained from the tetrafluoride than from the chloride, and most
of the observations were, therefore, made on the tetrafluoride.

The capillary tubes used were observed *end-on” through quartz windows, thus
permitting photographs to be taken in the ultra violet. Ior the special development
of lines of Sill it was found advantageous to use rather wide tubes, ranging up to
1-5 mm. internal diameter. For SiIV tubes of internal diameter 1 mm. or less gave
the best results. For work with the vacuum spectrograph the discharge tube was
provided with a fluorite window, which was sealed on the slit plate.

Silicon chloride obtained commercially was found to be of a high degree of purity,
so that when care was taken to exclude atmospheric gases the only lines which could
not be assigned to silicon or chlorine were a few lines due to carbon.

In the earlier experiments silicon tetrafluoride was prepared by the action of sulphuric
acid on a mixture of calcium fluoride and silica. Later, on the suggestion of Prof.
SMITHELLS, it was found more convenient to prepare the gas by heating barium
fluosilicate. Before passing to the discharge tube the gas traversed a tube containing
phosphorus pentoxide, in order to remove water vapour, and before reaching the
pump it successively passed over potash and phosphorus pentoxide. The latter
arrangement effectively prevented the gas entering the pump, provided that the
exhaustion was not too rapid. To reduce inevitable carbon impurities, all stopcocks
were lubricated as sparingly as possible with tap grease. It was found convenient to
have a large bulb immediately following the hard glass generating tube, for the purpose
of storing a quantity of the gas at nearly atmospheric pressure. Small quantities were
then admitted to the discharge tube, as required, by the usual arrangement of a short
length of tube between two taps. This small compartment was necessary for the
readjustment of the pressure, especially during the passage of strong discharges. A
barometer tube on the high-pressure side of the apparatus, which could be shut off
at will by means of a stopcock, was useful as a safety valve and pressure indicator.

With ordinary precautions there was no difficulty in obtaining the gas with the
requisite purity, except for carbon impurities, which appear to be almost unavoidable,
and sometimes chlorine. The degree of purity and the character of the spectrum
under the action of any particular discharge could usually be sufficiently judged by
visual observations, but when using the vacuum spectrograph, photographs in the

* “ Roy. Soc. Proc.,” A, vol. 76, p. 118 (1905).

VOL. CCXXV.—A. ¢
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10 PROF. A. FOWLER ON THE SPECTRUM OF SILICON

ultra-violet were also frequently taken through a second quartz window to indicate
more surely the stage of ionisation which had been reached.

The uncondensed discharge through silicon tetrafluoride is of a deep blue colour, and
the predominant feature is a group of bands in the region » 4200 — A 4500, due to the
undissociated gas; bands are also numerous from about 2 3100 to » 2300, and the
brighter lines of SilI also appear. The bands do not appear in the capillary when
condensed discharges are employed, but they often appear in the photographs of end-on
tubes on account of the discharge in the wider portions. By appropriate adjustment
of the condenser and air-gap, it Wwas easy to obtain the equivalent of the ordinary
spark spectrum, showing the lines of Si IT at maximum intensity and much sharper than
in the spark. Increased intensity of discharge gives a special development of lines
of SiTIT; and, finally, by considerably reducing the pressure of the gas, the lines of
SiIV may be obtained with maximum intensity. It should be observed, however,
that lines of Si TV and SiIIT nearly always appear together. Examples of the photo-
graphs, with full descriptions, are given later.

Photographs were also taken of the spectra given by strong discharges through
highly exhausted glass or quartz tubes, the tubes being originally filled with helium or
oxygen. Under these conditions, the lines of Si IV were obtained with their greatest
intensity. The silicon lines could be identified by their coincidences with the lines
obtained in other ways, and by comparison with the spectrum of oxygen which was
under investigation in the laboratory at the same time; the silicon lines were also
distinguishable by their restriction to a comparatively small part of the width of the
spectrum, while the oxygen lines extended completely across the spectrum. In these
tubes many of the arc lines were suppressed, or nearly so, and lines of Group II con-
siderably reduced in relative intensity. These observations provided the most
trustworthy means of distinguishing the lines of silicon from those due to fluorine.

The same phenomena were observed with tubes of glass, but in that case it was
observed, in accordance with the previous observations of LunT, that lines of calcium,
sodium and other elements were also obtained.

All the lines catalogued by LunT and by Porrezza between the red and 2 3190
appear on the present series of photographs (with the exception of a faint line at
3191 -15), together with many additional lines.

I1I. THEORETICAL PREDICTIONS AND NOMENCLATURE.
The Series Constant.
In order to avoid repetition, it will be convenient to refer next to the theoretical
predictions as to the character of the spectra which may be expected to appear at

successive stages of ionisation. ‘
Bowur’s theoretical formula for the series constant may be written

- 2%'m M,
C= ch* M - m(m)
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AT SUCCESSIVE STAGES OF IONISATION. 11

where e and m respectively indicate the charge and mass of the electron, M the mass
of the nucleus of the atom, ¢ the velocity of light, - PLANCK’S constant, and ne the
net charge of the ““ core,” or rest of the atom, with respect to the “ series electron ”
which generates the spectrum by its quantum changes of orbit.

In the case of arc spectra, » has unit value and the series constant, apart from the
term correcting for the mass of the nucleus, is equal to the hydrogen constant R. The
factor M /(M - m) differs very little from unity and has only a small influence on the
series constant. The so-called spark spectrum is produced when the exciting agency
is sufficiently powerful to remove one of the electrons out of the range of effective
action of the nucleus. The atom is then ionised, and the spectrum is produced by
one of the next outermost electrons. This interacts with the remainder of the atom,
which now has a net positive charge 2e, and the series constant becomes 4R. This
predicted change, as previously mentioned, was verified by the author in the Bakerian
Lecture of 1914. The theory further indicated that atoms which have lost two
electrons, or have become doubly ionised, would be found to be characterised by series
involving the constant 9 R, ‘and so on. The theoretical prediction has now been
verified in the case of silicon so far as trebly-ionised atoms, which have 16R for the
series constant. The degree of ionisation is, in fact, most surely indicated by the
value of the corresponding constant for the series.

Alternating Types of Series.

The theory further indicates that the spectra obtained at successive stages of ionisation
should vary in type. The familiar arc series of sodium, magnesium and aluminium,
together with the author’s previous work on the spark spectrum of magnesium, and
PascuEN’s work on ionised aluminium* provide material for a nearly complete com-
parison with the four spectra of silicon. The relations to be expected may be shown
as follows :—

Group I. Group IT. Group IIL. Group IV.
Doublets. Triplets. Doublets. Triplets.

n =1 Nal Mg I AlT Sil

C=R 114,10~ 124+, 11 — 134, 12 — 14 4+, 13 —

W= 2 Mg IT AlTI SiIl

C=4R 124, 10 — 134, 11 — 14+, 12—

n=3 Al IT1 Si I11

C=9R 134, 10— 14+, 11 —

n =4 Si IV

C=16R l14, 10—

* Loc. cit.

c2
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12 PROY. A. FOWLER ON THE SPECTRUM OF SILICON

Under each symbol the number preceding the -}- sign represents the nuclear charge, and
that preceding the — sign the number of external electrons apart from that which
generates the spectrum, so that in the first row the atoms as a whole are neutral. The
atomic numbers of Na, Mg, Al and Si are respectively 11, 12, 13, 14, and the neutral
atoms give spectra consisting alternately of doublets and triplets.* The spectrum of
neutral silicon (Si I) includes triplets and, as shown in the table, the spectrum of ionised
silicon (Si IT) may be expected to be similar to that of neutral aluminium (Al I) and to
yield a system of doublets. In the same way, the spectra of Si IIT and Si IV were
expected to resemble in type the spectra of Mg I and Na I respectively. All spéctra in
the same vertical column of the foregoing table should, in fact, be of the same type.
Corresponding lines in the spectra, however, would be expected to be displaced to shorter
wave-lengths as the degree of ionisation is increased, in consequence of the increased
nuclear charge. These predictions have also been realised, as will presently appear.

Series  Notation.

The series notation adopted in the present paper is mainly that of the author’s “ Report
on Series,” in which singlet terms are represented by mS, mP, mD, mF, doublets by
mo, ma, md, me, and triplets by ms, mp, md, and mf. In accordance with more recent
usage, however, the multiple doublet and triplet terms have been modified as follows :—

Doublets. Triplets.
Old New old New.
& 3, dd,d ds, dy, dy
8 3 1 f Jos Jos i

The nomenclature of the diffuse and fundamental terms is thus brought into accordance
with that of the principal terms. ‘

It is now recognized that there is no limit to the number of possible types of terms,
and a nomenclature for types additional to the four earliest known has become necessary.
The more familiar terms are characterized by azimuthal quantum numbers (k)} as
follows :—

s, S or ¢ terms E=1
p,Porn k=2
d,D,ors |, k=3
L E oré k=4

* Recent investigations of the more complex spectra of elements of the higher groups have shown that
this sequence takes the form of alternate even and odd multiplicities. The maximum multiplicity increases
by unity in successive groups, and is one greater than the number of the group in the periodic table. In
Group I the maximum multiplicity is 2, in Group II it is 3, and the spectra are correspondingly simple.
(See e.g., A. Lanpk, Zeit. f. Phys., vol. 15, p. 189 (1923).) This extended view of multiplicities, however,
scarcely enters into the discussion of the spectra dealt with in the present communication, as the quintet
terms expected in Si I appear to be absent or very feebly developed.

1 Sommerfeld : ‘ Atomic Structure and Spectral Lines,” English edition, p. 365.
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AT SUCCESSIVE STAGES OF IONISATION, 13

It is clear according to the general theory that there may be other types for which the
characteristic azimuthal quantum numbers are higher than 4. In ordinary arc spectra,
series involving such terms occur in the infra-red, and their true character has only been
revealed through the occurrence of similar series in the ordinary region of observation
in the spectra of ionised elements. Ionised magnesium, for example, includes a series
which was approximately represented by 8¢ — mé,* but the m¢ terms were afterwards
recognized by BoHr and others as a new set of terms, designated m¢’, which differ but
little from the m¢ terms and approach still more closely to the terms of hydrogen.}
In Al TIT and Si IV, this fifth set of terms combines with another set m¢” to produce
a sixth type of series. The fifth and sixth series have been called by Pascuen the
Super-Bergmann (*“ Uber-Bergmann ) and  Super-super-Bergmann (*“ Uber-iiber-
Bergmann ) series respectively. Similar series in a triplet system would be designated
f"and f”; ¢’ and f’ are characterized by the azimuthal quantum number 5, and 4”, f"
by the number 6.

It would clearly have been inconvenient to adopt this notation permanently, and ¢
has been substituted for f* by several workers. This modification has also been made in
the present paper, and in view of the convenience of retaining the Greek letters for doublets
the sixth series of terms will be indicated by % for triplet terms and « for doublet terms.
Thus :

Old Notation. New Notation. Az. Quant. No.
f, F, or ¢ g, Gory 5
/' F or ¢” k, K, or « 6

The symbol used for a term will ordinarily give a sufficient indication of the associated
azimuthal quantum number.

Numeration of Series Terms.

The values of the principal quantum numbers assigned to the various spectral terms
by Bomr} are very different from the numbers of RYpBERG or Ritz, and the ordinary
series formul® do not indicate them. On the new system groups of electrons in the
normal atom, such as were previously considered to be arranged in rings about the
nucleus, are assigned principal quantum numbers increasing outwards, the first (K)
group having the quantum number 1, the second (L) group 2, and so on. The second
ring or group is completed at neon (atomic number 10), and in the normal states of
the atoms of elements having atomic numbers from 11 to 18 (argon) the outer electrons
(M group) occupy orbits having the principal quantum number 3. The azimuthal
quantum numbers associated with the normal states are indicated by the highest terms

* A. Fowrer : ‘Phil. Trans.,” A, vol. 214, p. 253 (1914).
T ‘Roy. Soc. Proc.,” A, vol. 103, p. 419 (1923).
1 “Ann. d. Phys.,” vol. 71, p. 260 (1923).
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14 : PROF. A. FOWLER ON THE SPECTRUM OF SILICON

of the spectral series in accordance with the previous remarks; for example, if the
highest term be 2p, a 2, orbit is indicated for the series electron. For circular orbits
n and k are equal, and the greater the difference between n and & the greater will be the
eccentricity of the orbit.

While Borr’s new system of numeration is of undoubted importance in theoretical
discussions, it would seem to be more convenient to retain the older numbers for
descriptive purposes. These have the advantage of being identical for corresponding
lines in the spectra of different elements of the same group, and also of being directly
related to the formule which are in general use for the approximate representation of
series. Comparison with existing compilations of spectroscopic data will also be
facilitated thereby.

In the present paper the RypsERG-Hicks numeration will be adopted, as in the
author’s “ Report on Series,” but so far as possible an indication will be given of the
alterations necessary for reduction to the Bonr system. In general, but not
invariably, the number assigned to a term on the RypBERG-HICKS system is the integral
part of 4/R/term, i.e., the integral part of the  effective quantum number.”

The following comparison of the different systems of numeration as applied to the
first terms of sodium, magnesium, and aluminium may be useful for reference.

RypBERG. Rirz-PASCHEN. Bomnr.
Na Mg Al Na Mg Al Na Mg Al
[ 18 18 38
o J 1P 2P , 3P
Singlets . . . . . 3 2D 3D 3D
3F 4F 4F
( lo 2 o* 1s 2s 3s 4s
. J 1 17 2p 2p 3p 3p
Doublets . . . . . ) 23 23 34 3d 34 34d
U 3¢ 3 | 4f 4] sf if
( 2 s* 2s 4s
. J 1p 2p 3p
Triplets . . . . . Y 3d 3d
3f 4f 4f

* These are designated 1o and 1 s in the author’s “ Report on Series,” but the original numeration
of Rydberg is more appropriate, it being then supposed that the 1 s term does not occur.

Inner Quanium Numbers.

In the consideration of some of the groups of lines which occur in the spectra of silicon,
it becomes necessary to refer to the so-called “‘inner quantum numbers” (j) which
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AT SUCCESSIVE STAGES OF IONISATION. 15

have been assigned to the various types of spectral terms by SoMMERFELD and Lanp#.*
For the purposes of the present paper it will suffice to note the following :—

Singlets. Doublets. Triplets.
Terms ...... .. S PDF 6 m oMy ¥, 8y S D1 Pa Ps dy dy dy
T o 01 2 3 1 21 38 2 1 21 0 3 2 1

Ordinary terms combine with each other in accordance with the selection rule
Aj = 41 or 0, except that the transition 0 to 0 does not occur. Combinations are
further subject to the selection rule for azimuthal quantum numbers, Ak = + 1.
There is another class of terms, usually designated p’, d’, ete., which do not form
part of the regular sequences, and are possibly due to the simultaneous transitions
of two electrons with the emission of a single quantum of energy.t These are subject
to the selection rule for inner quantum numbers, but the ordinary azimuthal quantum
condition for their combination with the regular terms appears to be replaced by

Ak = 0.%
IV. REcurARITIES IN THE SPECTRUM OF St 1.

General Features of the Spectrum.

In the region extending from the red about A 6700 to the ultra-violet at A 2000 the
arc spectrum of silicon includes 45 lines, of which only 13 occur in the visible spectrum,
and only four in the region between A 3900 and A 2640. Several of the lines in the
ultra-violet are of great intensity, but in the visible spectrum the lines are relatively
weak. Several of the ultra-violet lines are easily reversed in the arc.

A comparison of the arc and spark spectra shows that enhanced lines do not appear
at all in the arc, except in the region close to the poles when elementary silicon is
employed, and all the lines which appear in the middle of an ordinary arc have accordingly
been assigned to Sil. The wave-lengths, intensities, and wave-numbers of the lines
between A 6700 and 2 2000 are collected in Table X and of those between A 2000 and
A 1840 in Table XII.

The complete series arrangement of the lines of SiI has not yet been traced, but
it seems sufficiently clear that the main features arise from triplet and singlet terms.
The triplet series, however, are but feebly represented, and as the first members occur
far in the ultra-violet, succeeding members would only be expected as weak lines in
the early Schumann region.

* ¢ Zeit. f. Phys.,” vol. 15, p. 189 (1923).
T Bee ‘ Roy. Soc. Proc.,” A, vol. 107, p. 39 (1925).
1 LaportE : ‘ Zeit. f. Phys.,” vol. 26, p. 16 (1924).
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16 PROF. A, FOWLER ON THE SPECTRUM OF SILICON

Triplets of Si I.

A triplet of the sharp series and another of the diffuse series are unmistakable,
namely :—

Sharp Triplet. Diffuse Triplet.
A, Int. v Av A, Int. v Av
2452136 (3) 40768 -42 2218917 (1) 4505296
146 +12 1700
2443-378 (3) 40914 -54 2218080 (2) 45069 -96
7710 - 28:36
2438 782 (3) 40991 +64 2216165 (4) 45098 -32
146 -03
2211750 (2) 45198 92
1715
9210912 (3) 45216 07
7717

2207 4980 (2) 45276 -09

A careful search has been made for other triplets, but with no certain results. There
are, however, three lines with apparently the same separations forming part of an
isolated group of five lines beginning at A 1881:6.* Details of these lines are as
follows :—

2, Int. v Av

1880-71 (1) 53171
147

1875 -54 (2) 53318
76

187287 (2) 53304

The first line, however, which would be expected to be the strongest in a regular series,
is definitely the weakest of the three, and the agreement in separations is possibly
accidental. TIf regarded as the second p s triplet, the value of p given by a RYDBERG
formula would be about 64100.

Apart from this, there are no direct means for the determination of even the
approximate limits of the triplet series.f There are also no arc lines in the less
refrangible part of the spectrum which seem at all likely to represent an associated

* The possibility of these lines forming a triplet was first suggested to the author by Prof. MCLENNAN.

+ Note.—When the lecture was delivered, a limit of 85000 was considered to be a probable value for the
triplet series, on the ground that in most of the known series of triplets the limit is rather more than double
the wave-number of the first sharp triplet. It has since been noticed, however, that in most series the ratio
of the limit to the first sharp triplet tends to diminish as the wave-number of the triplet increases, and the
estimate was probably too high.


http://rsta.royalsocietypublishing.org/

A
A
A
) N

[~

A

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

)

[ Y

/J
A

a

a ¥

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

Downloaded from rsta.royalsocietypublishing.org

AT SUCCESSIVE STAGES O IONISATION. 17

“ principal 7 series (2s — mp), and no suitable representatives of a fundamental
series (2d — mf), having separations Ad,, = 28 and Ad;, = 17. In view of the
feeble development of the triplets themselves, it would seem that these series do not
occur with sufficient intensity to appear in the present records of the spectrum.

Multiplets of Si 1.

Some of the most intense lines of the arc spectrum are included in the well-known
characteristic group of six lines extending from x 2506 to x 2528, all of which are
reversed in the arc. These form a pp’ multiplet, involving the triplet separations
noted above, and it follows that the first terms of the combinations which give rise
to the lines must be 1p,, Ip, and 1p;.  The group may be represented schematically
as below, where numbers in brackets following the wave-numbers represent intensities
and the inner quantum numbers (j) are indicated by numbers beneath or alongside
the term symbols : '

D1 P2 P
(2) (1) (0) J
39605 -89 (8) P's (0)
77 14
39537-01 (9)  146-02  39683-03 (7) 77-00  39760-04 (7) ¢’y (1)
194 .72 194 .80 |
3973173 (10) 14610 39877 -83 (9) 'y (2)

A prominent group of lines beginning with A 1988 also consists of six strong lines and
may be represented in a similar manner ; namely

D1 D Ps
(2) (1) (0) J
50277 -3 (4R)  146-3 50423 -6 (3) - Py (2)
66 .8 67-2
503441 (2)  146-7  50490-8 (2)  77-1 505679 (3)  p’y (1)
35.9
50526 -7 (2) . p"s (0)

The wave-numbers in this group are subject to a little uncertainty, mainly for lack of
good standards of reference, but it is evident that the combinations involve the
regular p terms and another set of terms of similar type represented by p”. It will
be observed that the latter terms are in reverse order in this multiplet, the largest term
being p”;. '

VOL. CCXXV.—A. D
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18 PROF. A. FOWLER ON THE SPECTRUM OF SILICON

All the terms entering into the above multiplets clearly belong to triplet systems.
No multiplets involving quintet terms, such as might have been expected from the
sequence of multiplicities to which reference has previously been made have yet been
identified.

It may be further remarked that, although the actual values of the various p terms
cannot yet be stated, their differences are known with considerable accuracy. In
particular, it will be useful to note the difference 1p’y — 1s:

Ip, — 1s == 40768 -42) | |
Sy o ls w1231 41
ip, — 19y = 3953701 |

Ip, — 1s = 40914 -54)
Slpy —1s = 123151
1p, — 1p’y = 3968303

Ips — 1s = 40991 -64
Pa , llp’z — 1§ == 123160
Ipy — Ip's = 39760 -04

Mean, 1p’y — 1s = 1231 -51

The Singlet Series of Sil.

Six of the stronger singlets, all of which can be obtained as reversed lines in the arc,
can be arranged in two series, which are apparently to be identified as the sharp and
diffuse series. A fourth line of the sharp series is suggested by the greater intensity
of the more refrangible component of a pair of Si IT lines, A2 1817, 1808, in a photo-
graph of the silicon spark in hydrogen with large self-induction. This is near the
expected position of the next member of the sharp series and has been regarded as
such.

The data and formula for the sharp series, as calculated from the last three lines, are
as follows +—

A, Int. v
2881 585 (10R) 34692 -97
2124 140 (6R) 4706294 ) 1P — 60072
|

1901 -00 (5R 26039 -
(5R) 526039 - o /(m - 0689685 -
1808 -14 55305 ) ‘

0 -427 838>2
— )

The correcting term is unusually large, but, notwithstanding this, the extrapolated
wave-number for the first line only differs by 919 from the observed value. 1f
calculated from the first three lines, 1p = 60020.
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The data and formula for the diffuse series are :——
2, Int. v
2435159 (8R) 4105261 ) 1P — 59339 0
!

205820 (5R) 4857051 - b g //m 1 0933784 + 0__0_1_035_7\;
189302 (2R) 52832 \ m

The correcting term is again exceptionally large, so that neither of the series closely
follows a RypBERG formula. The two values for 1P also differ more than usual, but as
the sharp series is generally more accurately represented than the diffuse, the value from
the sharp series has been adopted ; namely, 1P = 60072.

With this limit, the terms and effective quantum numbers are :—

Terms. v/R/Term. Terms. v/R/Term.
1S = 25379 -03 2078837 1D = 19019 -39 2 +401387
28 = 13009 -06 - 2-903604 2D = 11502 -49 3+087909
38 = 74681 3 -832263 3D = 7240-2 3892110
4S = 4767 4 796648

The increase in the successive effective quantum numbers departs much more from
unity than in most of the known series, but the fact that all the lines are readily reversed
in the arc is strongly in favour of the above arrangement, in which the largest term is 1P.

Other Regularities wn S 1.

A remarkable feature of the silicon arc spectrum is the occurrence of the separation
1p’y — 1s in connection with some of the strong smglets including the line which has
been designated 1P — 1S. Thus :—

25597 -61 (9) — 24365 -89 (5) = 123172 o' 1
. == — 18
34692 -97 (10) — 33461 -39 (5) = 1231 -58 P

These separations may be considered to be equal within the limits of observational
errors, and their significance seems to be assured by the fact that the lines in question are
strong and well separated from neighbouring lines. Further combinations between
triplet and singlet terms are suggested by the following lines :—

v v Av _
17645 64 (1) — 17568 52 (2) = 12 = 1p's — 19y == 1pg — 1p,
17707 97 (2) — 1751319 (5) = 19478 = Ip'y — 1]0']

33656 -27 (1) — 33461 -39 (5) = 194 -88 = Ip'y — 1py
D2
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20 PROF. A. FOWLER ON THE SPECTRUM: OF SILICON

The line 33461, it should be noted, has already been included in the above consideration
of the separation 1p’, — 1s. -

Much time has been expended in attempting to trace the connection between the
triplet and singlet systems, but no satisfactory conclusions have yet been reached.
There are sufficient indications, however, that the highest term will be found to be a P
or a p term, and since the principal quantum number must be 3, it is probable that the
series electron normally occupies a 3, orbit.

As the term 1p has not yet been determined, the first ionisation potential of silicon
cannot be stated. The value of the term 1P, however, indicates that the ionisation
potential cannot be less than 7 -5 volts.

V. Tne Dounrer SERrIiEs or St IT (S1+).
General Remarks.

The spectrum of Si IT forms a doublet system, some of the leading members of which
have long been familiar from their occurrence in the ordinary spark spectrum.

From the beginning of the research it seemed sufficiently obvious by inspection that
the red pair at A: 6371, 6347, the yellow pair at Ax 5979, 5958, and the green pair at
A% 5056, 5041, were respectively the first members of principal, sharp and diffuse series,
having a wave-number separation approximating to 60. Other members of the series,
however, long eluded detection, and it now appears that the difficulty was due to the
very rapid fall of intensity in passing along the respective series. This is especially the
case in the principal series, where even the second member is very faint notwithstanding
the great brightness of the pair in the red. One additional pair was found in the observa-
tions of silicon chloride, but the most complete representation of the doublets was
obtained in the experiments on silicon tetrafluoride. Iu the latter case the lines appear
as well-isolated pairs with appropriate separation, and there can be no doubt as to their
association with the red, yellow, and green pairs. It is easily shown from the numerical
data that the ordinary series constant is not applicable to these lines, and that a number
of the order of 4R is required. The hydrogen value of 4R (= 438713 -2) has accordingly
been adopted in the calculation of formule for these series.

The series 1n;, — mo and 2r,, — mo have been distinguished as the “first sharp ”
and “ second sharp ” series respectively'; and similarly for the diffuse series. As in
Al I, there is no 1o term in Si II.

The lines which have been identified as belonging to Si II are collected in order of
wave-length in Tables X and XIII.

The experimental behaviour of the classified lines included in the table accords with
their assignment to Si II. There are also many lines which would seem to belong to
Si II, on experimental grounds, for which no series relations have been found. Many
such lines occur in the visible part of the spectrum, and the lines a2 4188, 4191 first
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observed by Lunt are noteworthy examples. In this connection it should be remembered
that the spark spectrum includes lines which certainly belong to SilIll, so that the
occurrence of a line in the spark and not in the arc is not in itself a sure criterion for
its classification as 8 II. It is here that the vacuum tube spectra have the advantage,
for spectra can be produced in which lines of Si IT occur with great intensity, while
lines of Si IIT are faint or absent. '

The Series System of Si I1.

The consistency of the allocations of the lines composing the Si Il system of series
is clearly shown by calculating formulee for the separate series.

The Principal Series.—Three pairs of lines are available for the calculation of the limit
of the principal series. The wave-numbers of the stronger (omponents of the pairs
and the formula derived from them are as follows :—

20 — 2r, = 15750 -90 ]

26 — 3n, = 38384 -52 {k v = 66297 -06 - 4R /(m -} 1001375 — 0 -110567 /m)’.
: |

26 — 47, = 4856270

The term 2r; thus calculated is 50546 -16 and it follows from the separation Av = 60
that 2z, = 50606 -16. These are in very satisfactory agreement with the values derived
independently from the second sharp and diffuse series as indicated below.

The Second Sharp and Diffuse Series.—The sharp and diffuse series should give the same
limits, apart from errors of observation and inadequacy of the type of formula employed,
and these should agree with the values of 2r calculated from the principal series. The
Hicks formulee for the two series, and the data from which they were calculated, are
as follows :—

2my, — 36 = 1678061 )
2y, — 406 = 29992 -96 L v = 5062140 — 4R/(m -+ 0-644962 — 0 +133206/m ).
ny — Ho = 3677291 |

2y, — 33, = 19831 -58 1

2, — 48, = 31203 -07 r v = 5071077 — 4R/(m -+ 0-661311 - 0 -323876/m)*.

Oy — 55, = 37330 50

The limits given by the Ritz formula in the form
v=A—dR/[m -+ p o (A — )P

lead to the values 50638 -18 and 50683 -24 respectively. All are as nearly in agreement
with each other, and with the value 50606 ‘16 calculated for 2=, above, as is to be
expected.
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22 PROF. A. FOWLER ON THE SPECTRUM OF SILICON

The Fundamental Series.—This is a series of narrow doublets, Av = 16 -6, having
a separation equal to that of the chief line and satellite in the first member of the diffuse
series. The wave-numbers of the more refrangible components and the formula calcu-
lated from them are as follows : —
25, — 3¢ — 24217 -69 )

|
23y — dp — 34421475 - v — 5248311 — 4R/(m -+ 0 -894930 --- 0 -134295 /m)?,

|
25, — 5 = 39972 -60

1.6., 28, = 52483 -11 ; 23, = 52466 51 ; 3¢ = 28265 42,

These values cannot be directly compared with the terms for the other series, as the
first member of the diffuse series lies in the far infra-red and has not been observed.
The value of the term 3¢, however, may be applied in connection with certain com-
bination series to adjust all the limits, besides leading to values for 1=.

Combination Series.—Besides the series lines so far considered, there is a well-known
group of three spark lines, beginning with A 3862, which presents the appearance of an
inverted diffuse set and must therefore have negative wave-numbers assigned to it.
These cannot be deduced from any of the already known terms, but may be represented
by introducing new terms of diffuse type, z, and z,, as shown below.

The terms x, the magnitudes of which are indicated by the previously calculated values
of 27, combine with the ¢ terms to give a strong series of fundamental type in the
extreme ultra-violet, beginning with a pair at » 2073. For greater consistency of numeri-
cal results the wave-numbers for this pair have been slightly adjusted so as to make their
separation 1591, like that of the two more accurately measured lines w 25942, 25926,
to which they are related. The observed wave-numbers 48232-89 and 48248 -49
have thus been altered to 48232 -74 and 48248 -65. The terms z, and z, may then be
calculated as follows :—

z; — 3¢ = 4823274 Xy — 3¢ = 48248 -65
3¢ = 2826542 3¢ = 28265 42
r; = 76498 -16 Ty = 76514 -07

For the calculation of 27, and 27, we have

2my — @y = — 2594205 )
o, = 50572 02

o, — m, = — 25926-14 -
[ om, — 5063203

Oy — &y = — 2588204 |

The values of 2= thus obtained are very close to those calculated from the principal
series and to the mean of those determined from the sharp series by the Hicks and Ritz
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formulee. These values will accordingly be adopted to fix the common limits of the
second sharp and diffuse series ; at the same time the values above given for #, and x,
are brought into accurate relationship with the other terms.

The term 20 can at once be derived ; namely,

25 — 2, = 1575090

o, == 5057202

20 = 66322 92

The First Sharp and Diffuse Series.—From general considerations, the chief lines of
the Si II spectrum are to be expected in the extreme ultra-violet. In the photographs
of this region there are two very striking pairs of lines, which are brought out by a
moderate stimulus in silicon tetrafluoride, and which also appear in the silicon spark in
hydrogen. One of these pairs, about A 1533, has been found to be the first member
of the sharp series, while the other at ax 1817-06, 1808 -14, is a combination pair
involving the z terms. A third pair, at 22 1265, 1260, which also appears strongly in the
photograph taken by Simron, is the first member of the diffuse series. Still another pair,
about the lower wave-length of SmMeoN’s photograph, ax 993 -1, 990 -3, is the second
member of the first diffuse series. The common limits of the two series have been calcu-
lated from the sharp pair, Ix — 20 with the aid of the previously determined term
20 ; thus,

I, — 20 = 65208 1 1rm, = 131531
17y — 2 = 65495} 17, — 131818

In this way all the limits required for the construction of the series table have been
brought into proper relation with each other. Their general accuracy as regards the
extreme ultra-violet is shown by the close agreement of the observed and calculated
values for lines which have not been used in the determination of the limits.

The results of the discussion of the series of Si II are collected in Table I, which calls
for little further explanation. The limits have been adopted from the calculations
already given and the terms have been derived in the usual manner by subtracting the
wave-numbers of observed lines from the corresponding limits. The numbers under m
are those of the RypBERG system, and the numbers (- 2), etc., indicate the alterations
to give the numbers on BoHR’s new system.


http://rsta.royalsocietypublishing.org/

PHILOSOPHICAL
TRANSACTIONS

PHILOSOPHICAL
TRANSACTIONS

THE ROYALA P! ‘H

SOCIETY

THE ROYAL Z%

SOCIETY

OF

OF

24

Downloaded from rsta.royalsocietypublishing.org

PROF. A. FOWLER ON THE SPECTRUM OF SILICON

Tasre I.—Series of Sill (Si+).

1st Sharp Series.—lm — mo ; 1wy = 131531 ; 1w, = 131818.

A, Intensity. v Av. m (- 2). mo.
*1533-55 (10) 65208 o0n
#1526-83 (8) 65195 287 @) 66323
(1023-175) (97680) 96 (- 4385
(1020-75) (97967) (287) (3) 33851
(901-78) (110892) 5 9063
(899-45) (111179) (287) () 20639

A Intensity. V. Av. m (- 2) Ty, MTT,
153355 (10) 65208 - 0 131531
—1526-83 (8) 65495 131818

6347-091 (10) 15750+ 90 60+00 ) 50572+02

6371359 (8) 15690+ 90 ’ 2 5063202

260444 (2) 3838452 o151 - 27938+ 40

2606-09 (1) 3836021 : 2796271

205853 (1) 48562+170 009 @ 177602

205892 (0) 48553 -61 : 17769-3

2nd Sharp Series—2m — mo ; 2wy = 50572-02 ; 27, == 50632-02.

A, Intensity. v. Av. m (- 2) mo
6347091 (10) —15750-90 . .
—6371+359 (8) 1569090 60-00 @) 66322-92

5978+ 970 (5) 16720+ 63 . ‘ —_—

BIBT-612 (4) 16780-61 5998 (3) 3385140

3339-84 (3) 29932-98 o ,

3333-16 (2) 2999296 9998 @) 2063905

272674 (2) 36662+ 99 . . .

272229 (1) 3672291 P2 ®) 13909-07

* Used for calculation of 17y, 1mw,. A line of 8i IV is apparently coincident with A 1533-5.
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Tasre I (continued).

1st Diffuse Series—ln — md ; 1w, = 131531 ; 1w, = 131818.

A

\

A
ya

/

THE ROYAL
SOCIETY

Observed. Calculated.
e Av. m (4 1). m Sy, m ;.
X vae., Intensity. v. A vac. v.
E1oRK. [1265-06 790487 3
1265-04 (10) 7089 | {13678 Tooe | 16°6 52483
1260-66 (8) 79324 1260-48 | 79335 287 @) 52466
199309 (1) 100696 992-74 | 100731
+990-32 (1) 100977 989-92 | 101018 287 (3) 30800

2nd Diffuse Series.—2m — md ; 2w, = 50572-02 ; 27y = 5063202,

OF

PHILOSOPHICAL
TRANSACTIONS

2, Intensity. v. Av. m (- 1). mS,, MOy.
—1911-09
out o mnge gi}gﬁ‘ff §3§ (16'60)(60-00) @ Sat60.c1
sEh R v | e | S
5041-020 (5) 19831 +58
*33(1)(?::23 g; 3}53323‘3 59-77 (4) 19428-8
o 195050 59-70 | ) 133014

A

\

a
/

AL

/,

Fundamental Series—23 —md ; 25, = 52466-51 ; 23, = 52483-11.

THE ROYAL /
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

A, Intensity. v. Av. m (+ 1). me.
4130-884 (10) 24201-08 . .
4128-053 (8) 2421769 16-61 (3) 2826542
2905-170 (3) 34405-06 . _
290429 (2) 34491 -75 16-69 (4) 18061-40
2501-99 (1) 3995615 _ -
2500-96 (1) 3997260 16-45 (5) 12510-43

* Satellites not regolved.
T From Simeon’s photograph.
VOL. CCXXV.—A. E
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26 PROF. A. FOWLER ON THE SPECTRUM OF SILICON

Tapre T (continued).

Combination Sertes of Si IL—z — mde ; », = 76498-16 ; x, = T76514-07.

A, Intensity. v. Av. Calculated.
—3853-657 (3) —25942-05 < ar 9, — @) 11 .
—3856-021 (8) 9592614 booL om, — o,y Uted for caleulation of
—3862-592 (6) —95882-04 Uy — @) T, ST

2072-61 (10) 48232-89 15-60 @, — 3¢ \ Used for calculation of

2071-94 (8) 48248-49 ? Ty — 3¢ [ @, o

(A vac.)
S Im, — @y = 55017 = A 1817-62

1817-06 (10) 55034 - Ll — @ = 55033 = A 1817-09

1808-14 (8) 55305 I, — x, = 55304 — A 1808-19

. . e S, — dp = BBIBT = 17112

1711-0 (6d ?) 58445 Lot 44— 58453 — A1710-8

. . [, — Bep = 63988 = % 1562-8
1563-1 (34 7) 63975 Lo — 545 — 61004 — 2 1562-4
. [, — 6pt= 67329 — % 1485-2
14854 (3) 67322 Vs — 6¢p — 67345 — & 1484-9
, @, — T = 69494 = 114390
1438-9 (1n) 69498 {xz —7d = 69510 = X 1438-6
, S @, — 8¢ = 10974 = 211409-0
1408-8 (0) 70982 v L — 815 — 70990 — 1 14086

* This is definitely smaller than the separation in the fundamental series (16-61).
T The formula gives 6¢p = 9169, 7¢p = 7004, 8¢ = 5524.

In addition to the series shown in Table I, the * super-fundamental > series, 3¢ — my,
is possibly represented, but is somewhat doubtful, because of the absence of the first-
expected member of the series. The possible second and third members are A%5202 ‘51,
4683 -018 (vv 19216 15, 21347 -79). Taking these as 3¢ — 6y and 3¢ — 7y respectively,
with 3¢ = 28265 42, the resulting terms are 6y = 9049 -27 and 7y = 6917 -63. These
differ from the corresponding ¢ terms in the expected direction towards 4R /m?, but
there is no line corresponding with the term 5 y, which would be about v 15920.

It should also be mentioned that there is a possible “ multi-doublet ”” in the extreme
ultra-violet, formed from a2 1197:79 (3), 1194 -89 (5), 1193 -62 (3), and 119080 (4).
There is at present no experimental evidence as to the class to which these lines belong,
but they form an isolated group, and the occurrence of the separation 287 suggests that
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they may belong to Si II. The wave-numbers may be arranged as a ==’ combination
in the following manner :—

1w, 1w,

(2) (1) J
83487 292 83779 7’y (1)

203 198 ;
83690 287 83977 =, (2)

The discordances between the separations, which might be expected to be equal, are
within the limits of error of measurement in this region, and if the combination be
significant, it results that ='; = 47841, =', = 48042,

The highest term of Si Il is a “p ”-term, and on Bomnr’s theory the associated
azimuthal or subordinate quantum number must therefore be 2. It thus appears that
in the normal state of the ionised atom, and probably also in the neutral atom, the
13th electron moves in a 3, orbit.

The second ionisation potential of silicon, deduced from the above value of Ix,
in the usual manner, is 1627 volts.

Comparison of Si 1T and Al I.

In accordance with the spectroscopic displacement law, it was to be expected that
the series of Si II would be found to be generally similar to those of Al 1. Both
spectra are, in fact, constituted of doublets, and differ chiefly in the wider separation
of the pairs in Si II, and in the displacement of lines of Si II to the region of much
shorter wave-lengths as compared with corresponding lines of Al I. This, of course,
is due to the greater charge of the “ core,” or ““ atomic residue,” with respect to the
series electron in the case of Si IT as compared with that of Al L.

Comparison of Chief Lines.—Some of the corresponding lines of the two spectra are
indicated in Table II.

Tasre I1.—Comparison of Chief Lines of Si IT and AlT.

Series. AL Si 1L
A A
Ir, — 2% 3961 -54 153355
Iry — 26 3944-03 1526-83
Ir, — 25, 309284 —
1, — 23, 300272 1265-04
1y — 25, 3082-16 1260-66
% — 2y 21166 6347-09
9 — 2y 21098 6371-36
9m, — 35, 16752 5056-02
o, — 33, 16721 5041-06
93, — 3\ [ 4130-88
923y — 3 11255 412805

E 2
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28 PROF. A. FOWLER ON THE SPECTRUM OF SILICON

The table illustrates very clearly how lines of Al T which occur in the near ultra-
violet are represented in Si II by lines which appear in the Schumann region, while
infra-red lines of Al T correspond with lines of Si IT which occur in the visible spectrum.

The main doublet separations, 1z, — Iny, are 112 for Al T and 287 for Si II, in the
ratio 1 : 2 -56.

Effective Quantum Numbers.—The values of the terms of Al I and Si II are most
effectively compared for theoretical purposes by a statement of the effective quantum
numbers ; that is, of the values of V'R [term for A1 T and of /4R [term for Si II. These
are given, with the Borr numeration of terms, in Table III.

Tasre III.—Effective Quantum Numbers of Al T and Si II.

Bour Numbers. 3 4 5 6 7
J-\5 2-186892 3-217954 4-927570 5-231357
MOUSII. L. 2-571925 3-599996 4-610472 5-616184
ALT . . . .| 1-507207 2674639 3-700549 4-709045
Mo YSiII. . . .| 1-824328 2-943593 3-960963 4-968841
AL . . . .| 1-508958 2675967 3-701923 4-710388
My Y&, . . .| 1-826318 2945339 3962685 4-970115
ms. JALL .o 20631081 3425462 4-260130 5-164510-
LS. .. .| 2-891673 3-774168 4-751900 5743038
e SAIT .. L 3-968941 4-963713
WS, .. 3-939695 4-928499 5-921808

An important difference between the two spectra is the appearance in Si II of the
strong series ©# — 3¢, which has not been found in Al 1.

Comparison of Si I and C I1.

Elements belonging to the same sub-group of the periodic table exhibit certain
progressive spectral differences with increase of atomic weight, or of atomic number,*
and it is now possible to observe such relations in the spectra of the two ionised
elements, silicon and carbon, the data for C II having already been communicated to
the Society.t .

It may be noted in the first place that the main doublet separations for Si II and
C II, which are 287 and 58 respectively, follow the usual rule that the separations are
roughly proportional to the squares of the atomic numbers, their ratio being 50 as
compared with 5-4 from the atomic numbers 28 and 12. Tt also appears that the

* See FowLer’s ““ Report on Series,” p. 43.
1 “ Roy. Soc. Proc.,” vol. 105, p. 299 (1924).
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two ionised elements follow the rule that the limits of the sharp and principal series
(1w and 2¢, respectively) are displaced towards the red with increase of atomic number.
This result is included in the general comparison of the spectral terms given in
Table IV. '

TaBrLe IV.—Spectral Terms of Si IT and C II.

RypBERG Numbers. . 1 2 3 4 5
T CIl . . . . 100165
@, SIIL. . . . 76514
CIL . . . . 80121 39425 23311 (15387)
Mo &I, ... 66323 33851 20639 13909
FOIL . . . .| 196670 64934 34140
R ET | 131818 50632 27963 17769
5. JOI L 51108 28535 18164 (12558)
MO\ ST . .. 52466 30800 19429 13301
JEc2 1 27680 17703 12283
me VS, . .. 28265 18061 12510

It should be remarked also that the corresponding 8 and ¢ terms increase in passing
from C II to Si I, exactly as they do with increase of atomic number in the case of the
alkali metals. ‘

Although Si IT resembles C II in having a term “,” it is important to note that
whereas in Si II this term is definitely of 5 type, it is apparently of ¢ type in C IL

VI. Tae TripLeETS AND SINGLETS oF St IIT (St++).
General Remarks.

The third spectrum of silicon forms a triplet system, with its accompanying series
of singlets, as in the spectra of the alkaline earths. One of the triplets, having its
strongest line at A 4552, is well known from its occurrence in the spark and in certain
- stellar spectra. A second triplet, having its strongest line at x 3806, is also present
in the spark, but the Si III spectrum as a whole is but feebly represented under spark
conditions. The lines are much more completely revealed by the vacuum tube observa-
tions of silicon fluoride, and they appear under conditions of discharge which are con-
sistent with their assignment to doubly-ionised silicon. As in Si II, the lines which
appear in the ordinary region of observation with gratings or quartz spectrographs
belong to secondary series. The chief members lie in the extreme ultra-violet and have
only been partially observed. The author’s observations include the triplet beginning
at » 1113, and for the first two members of the triplet beginning at » 997 he is indebted
to the photograph of the silicon vacuum arc placed at his disposal by Mr. Simrox.
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30 PROF. A. FOWLER ON THE SPECTRUM OF SILICON

The lines which have been identified as belonging to the triplet system of Si IIT are
collected in Table V and again in order of wave-length in Tables X and XIII.

The Triplet System of Si I11.

Of the four triplets which have been observed in the ordinary range, two are inverted
and must therefore be given negative signs in the calculation of limits. One of them,
having its strongest line at A 3086, is accompanied by satellites, and there is accordingly
no difficulty in deciding as to the two triplets which belong to the diffuse series, although
the satellites to the second triplet have not been resolved. The satellites observed
are abnormal, inasmuch as they appear on the more refrangible (actually less refrangible
because of the inversion) side of the chief lines; in other words, d, > dy > d;. The
corresponding triplet in Al II, as observed by Pascuen, is similarly inverted and has
the same abnormality in connection with the satellites.

As only two members of the sharp and two of the diffuse series have been observed
in the ordinary region, the data are inadequate for precise calculations of limits. The
following RypBrre formule, however, may be quoted as indicating the approximate
limits :—

Second Diffuse series :—-

2py — 2y = — 32282-21 )
Vs ’ v o= 9545916 — 9R/(m |- 0 -779813).
2, — 3ds = 2636796
Second Sharp series :—
2ps — 28 = — 2185299
Ps ‘L v = 96070 -00 — 9R/(m - 0-893226)2.
2ps — 3s = 3094558 J '

These results are sufficient to show the order of magnitude of the term 2p;, and in
view of the approximate character of the formulz, the accordance of the two calculated
limits provisionally serves to justify the assumption that the series constant for these
triplets is 9R.

Taking 2p; = 96070, and assuming the usual Rypsrra relations, the formulee lead
to % 1340 as the approximate position of the leading triplet of the first diffuse series.
The earlier photographs with the vacuum spectrograph, taken through a fluorite window,
showed no such triplet in the region less refrangible than 2 1220, but later photographs
of the vacuum arc, taken without window, revealed it at 2 1113. This triplet is more
strongly shown in SmMeon’s photograph and has also been recorded by MrLLikaN.

The triplet of the first sharp series has only been partially recorded. Its position
with respect to the first diffuse triplet is accurately known from the fact that the interval
separating the two is identical with that separating the triplets at A 4552 and 2 3086.
The triplet lies beyond the region photographed by the author, but the first two members
appear near the limit of sensitivity on Smmeox’s plate.
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With the term 2d roughly determined.from the above formul®, and by assuming
a value for the first f term, which is nearly the same for most series, it seemed probable
that the first member of the fundamental series must be the complex line about A 1500.
It then became clear that a narrow triplet beginning at A 4829 must belong to the fy,
or super-fundamental, series and that a fainter triplet having its first line at A 3040
was the second member of this series.

The last-named triplets appear to provide the most suitable means of fixing the limits
of the various series. Not more than two members of any of the series have so far
been observed, and the g terms may be expected to show the least departure from simple
RypBERG terms. We thus have

3fy — 49 = 20702 -79} o,

— 60444 -00
3f, — by — 3287514

3f, = 60483 44

3f, = 60511 -23
In view of the triple character of the f terms, as well as of the d terms, the line of the
fundamental series near A 1500 is a complex of six components. Owing to the small
resolving power of the vacuum spectrograph, however, only three components have
been observed. It may be supposed that one of these represents 2d, — 3f;, and the
dy and d; terms may then be deduced by using the values of Av from the diffuse triplet
at A 3086. Thus:—

2d, — 3f, = 66649 2d, = 127093 -00

3f1 = 60444 2d, = 127090 -86

od, = 127088 -85
The possible df combinations may be most clearly indicated by making use of the
inner quantum numbers (), to which reference has already been made. Under ordinary
conditions the permissible combinations are those of terms for which the values of 5

differ by unity or zero, with the exception that transitions j = 0 to j° = 0 do not
usually occur. The df combinations are, therefore, as follow :—-

Values of j.
d, f1 =dy — f, = 66649 -00 (adapted to agree with observation).

dyfy = dy —f, = 66609 -56
dofy = dy — f, = 66607 -42
dfs = dy — f, — 66581 ~77l

dofs =dy — fy = 66579 -63 observed = 66578.
dyfy = d, — f, = 66577 62

} observed == 66608.

The values of the 24 terms above determined immediately lead to the terms 2p and
3d, through the observed lines of the second diffuse series, and 2p then gives the values
of the s terms with the aid of the observed lines of the second sharp series. The
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terms 2p thus arrived at are in sufficient agreement with the approximate values
previously calculated independently from the second sharp and diffuse series. The
chief remaining terms, 1p, have been derived from the first diffuse triplet at A 1113.
All the results for the triplet system which are at present available are collected in

Table V. _
Tasre V.—Triplet Series of Si III.
1st Sharp Series—1p — ms; 1p, = 216879 ; 1p, == 217142 ; 1p, = 217273.
Observed. Calculated.
m (+ 2). ms
A v. Av. A v.
997-70 100230 997-81 100219
249
995-23 100479 995-20 100482 (2) 116660
— — 993-91 100613
1st Diffuse Sertes—1p — md ; 1p, = 216879 ; 1p, = 217142 ; 1p, = 217273.
Observed. 4 v
Calculated. m (+ 1). | md; dy dy
A v. Av.
1113-76 89786 127093
266 Used for calculation 2)
1110-47 90052 of 1p. 127091
132
1108-85 90184 127089

Fundamental Series—2d — m f ;

2d, = 127093-00 ; 2d, = 127090-86 ;

2d; =-127088-85.

Observed. Calculated.
. m (- 1) mfy fa fa
A V. Av. A v.
1500-39 66649 *1500-39 | *66649-00 ]l
41
150132 66608 J 1501-29 6660956 | 60444:-00
L 1501-34 66607-42 L ® 60483-44
30 [ 60511-23
150191 6658177 l
1502-00 66578 150196 6657963
1502-01 6657762 J
1142747 87509 1
161 W | J398s
1144-85 ¢ 87348 Jf -\_.39744 ?

* Used for calculation of 2d,.
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Principal Series.—2s — mp ; 2s = 116659-56.

A, Intensity. V. Av. m (- 2). MPy Py P
—997-70 —100230 949 216890
—995-23 -—100479 (134) (1) 217139

— --(100613) ' 217273
4552654 (9) 21959-17 73-16 94700-39
4567-872 (7) 21886-01 33.02 (2) 9477355
4574777 (4) 218b2-99 ° 9480657

THE ROYALz%

SOCIETY

2nd Sharp Series—2p — ms ; 2p;= 94700-33 ; 2p, = 94773-54 ; 2p, = 94806-64.

PHILOSOPHICAL
TRANSACTIONS
OF

A, Intensity. Y. A m (- 2). ms.
4552+ 654 (9) —91959-17 13416
—4567-872 (7) —21886-01 33.09 (2) 116659 -56
4574777 (4) —21852-99

324167 (6) 30839-43 7314

3234-00 (5) 30912-57 33-01 (3) 63861 -01

3230-55 (3) 3094558 ’

2nd Diffuse Series.—2p — md ;

2p, = 94700-33 ; 2p, = 94773-54 ; 2pg = 94806 64.

A

\

ya

/
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A, Intensity. V. Av. m (- 1). mdy dy d;.
—3086-225 (7) 3939267 "
3086429 (3) 3939053 o
3086+ 620 (0) 3238851 - | 19700500
3093423 (6) 3931731 o0 (2) LR
3093613 (3) 3931531

33-10

—3096-786 (4) —39282-21

380656 (5) 9626300 1930

3796-11 (4) 2633530 ft 3) 65438+ 08

3791-41 (3) 26367-96 82:66

18 — 1p, — 39330 18 — 256472.
VOL. COXXV.—A. "
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34 PROF. A. FOWLER ON THE SPECTRUM OF SILICON

TasLe V (continued).

Super- Fundamental Series—3f — mg ; 3f, = 60444-00 ; 3f, = 60483-44 ; 3f, = 60511-23.
2, Intensity. v. Av. m (+ 1). my.
4828-923 (4n) 20702-79 39-44
4819-740 (3n) 20742-23 9779 (4) 3974121
4813-290 (2n) 20770-02
3040-93 (1) 3287514 3973
3037-26 (1) 3291487 o759 ) 9756882
303474 (1) 3294220

Six lines forming a pp’ multiplet may be arranged as follows :—

Ip, 1p. Ip,
(2) (1) (0) J
76,845 p’s (0)
- 131
76,712 24 176,976 33 77,109 p's (1)
264 . 263
76,976 263 77,239 p'1(2)

P = 139,903 ; 9/, = 140,166 ; p'y = 140,297

This group is well defined and confirms very closely the values of the main triplet
separations already adopted. A similar multiplet appears in Al I, with its first line
at A 1767 -6 (v = 56574), and in Mg I with the first line at 2 2783 (v = 35922).

The highest term of the triplet series is a p term, but a still higher term is to be
expected in connection with the associated singlets, so that the p term in question
gives no direct indication of the normal state of the doubly-ionised silicon atom.

Comparison of Triplets of St [11, Al 11, and Mg I.

In accordance with the normal atomic numbers of the three elements a close similarity
between the spectra of SiIII, AlII and Mg I is to be expected. All three spectra do,
in fact, include triplet systems in association with singlets. The three atoms in the
states indicated by the symbols have the same number of external electrons, but the
nuclei differ in mass and charge. The effect of mass is so small as to be negligible in
the present discussion, but, as previously explained, the effect of increased nuclear
charge is to displace the spectrum as a whole to the region of short wave-lengths.
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Corresponding Lines.—Some of the chief corresponding lines of the triplet systems
are indicated in Table VI.

TasLe VI.—Comparison of Chief Lines of Si ITI, Al IT and Mg I.

—_ Mg I. Al II. Si II1.
1st sharp, 1p; —2s. . . . . {3\ 1851222 5;13232 10033(8)
‘2nd sharp, 25 — 2p, {\7)\ : 11(1)3?; 2%3?3
1st diffuse, 1p, — 24, . . {3\ 22322 5%38 Sé%é
ond diffuse, 2d, — 2 p, . . {3 _ "'882? 33(?283
Fundamental, 2d; — 3f;. . {3\ ]é%g 2?2?1 6%52?18

The Triplet Separations.—Increase of nuclear charge in similarly constituted atoms
results in increased separations of the components of the triplets as shown in Table VII.

TasrLe VII.—Triplet Separations of Si ITI, Al IT and Mg I.

— Mg I. Al IIL Si III.

At. 'Wt. 24-32 27-1 28-3
Nuclear charge e e 12 13 14
Charge of core (¢) . . . . . . . 1 2 3
s Ape o 40-9 125-5 263
Separations 4 a5 L1 19-9 61-8 131

A striking result of the comparison is that the ratio of the two separations of the
respective triplets is practically constant and equal to 2 :1. Further, there is a nearly
linear relation between the separations and the squares of the residual charges. Thus,

the equation
Av = 13 -} 28¢*

gives the values 41, ]25, 265 for Mg I, AlTI and SiIlI respectively, and it may be

observed that there is an uncertainty of a few units in the tabulated value for Si III,

as it depends upon measurements in the extreme ultra-violet. The separations are,
therefore, much more simply related than those of successive elements belonging to
"2
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36 PROF. A. FOWLER ON THE SPECTRUM OF SILICON

the same group of the periodic table. This has also been noted in the previous paper
on SilIV.
Effective Quantum Numbers.—In the comparison of the effective quantum numbers

of SilIl, ALII and Mg I (Table VIII), the numbers represent 4/9R/term. v/4R/term

and 4/RJterm respectively. TFor Al TI the value of R has been taken as 109734 -98
as adopted by PascurN for this spectrum. For the other elements R = 109678 -3.

TasLe VIII.—Effective Quantum Numbers of Si 11T, Al II, and Mg I.

Bour numbers. 3. 4., 5. 6
|
| Mg I 9314482 3-345514 |
; ms < Al 11 2691566 3716978
; Si III 2908350 3-931549
; (Mg 1 1-660865 2-817126
| mp, < ALIL 1-959816 3-075940
3 8i 111 2-133402 3-228536
l (Mg I 2-827920 3-829341
L omd, L ATIT 2-791874 3-801090
| ERii 2786896 3-797805
: Mg I 3-959795 4-953992
mfy 4 ALTI 3-928628 4882470
ERi 4041150 4+993692
Mg I — —
mg < AlII 4-982972 5-980675
Si 111 4-983806 5983737

The Singlets of Silll.

There are numerous lines which are developed in the silicon spectrum simultaneously,
or nearly so, with the triplets of Si I1I, and many of them doubtless belong to the asso-
ciated singlet system. The arrangement of these in series has not yet been finally
accomplished, and may not be possible until improved observations in the region beyond
A 1200 have been obtained. The identification of the resonance line, 1S — 1p,, and of the
first line of the principal series, 1S — 1P, however, can be made with reasonable certainty.

Considerable assistance might be expected from comparisons with the singlet series
of Mg I and Al II. Those of Mg I are well known, but those of Al1II are unfortunately
not yet fully established. Pascuen has not published any singlet series for Al 11, but
H. N. Russere® has attempted to trace the leading members of the four series from

* “Nature,” vol. 113, p. 163 (1924).
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AT SUCCESSIVE STAGES OF TONTISATION. 37

PascueN’s data. Russerrn’s method was to form ratios of corresponding s, p, d terms of
AlIT and Mg I, and to plot these ratios against the known terms of Mg I.  Then, from
the known S, P, D terms of Mg T the ratio of the singlet terms of Al IT and Mg I were
obtained by interpolation. The rough values of the singlet terms thus obtained suggested
the allocation of some of the lines of Al TI.

Only two members of each of the triplet series have been observed in Si III, and
RusseLL’s method therefore becomes merely a linear interpolation or extrapolation in
this case. It is, nevertheless, worth while to see how far the method is applicable. The
relevant data and the results are as follows :-—

Al II. Si 11, Ratio. Al TL SiI11L Ratio.

2s. . 60589 116660 1-926 1S, . 147107 (246200) (1-674)
Ip, . 114281 216904 1-898 1P. . 87262 (170600) (1-954)
2p, . 46393 94700 2:041 2P. . 43759 (89580)  (2-046)

The interpolated ratios and singlet terms for Si III are shown in brackets. The value
for 18 involves a long extrapolation and may be much in error.

It is possible that more exact values, assuming the method of ratios to be valid, may be
obtained by plotting the logarithms of the ratios against the logarithms of the terms.
This procedure gives 1S = 267000, 28 = 105600, 1P = 169200, 2P = 89740.

The most appropriate line for 1S — 1P in any reasonable accordance with the above
calculations is that at A 1206 -9 (v = 82857) ; this is by far the strongest singlet in the
range A 1400 — 2 990, and may be adopted with considerable confidence.

For the identification of the resonance line 1 S — 1 p, we have 1 p, = 217140, and the
above calculated values of 1 S give the wave-numbers 29060 and 49860. The limits are
wide, but there are no strong singlets near this range except A 3590 (v = 27844), A 3486
(v = 28670), A 2559 (v = 39063), and A 2541 (v = 39330). Of these, there can be little
hesitation in selecting the last as the most probable resonance line. Its physical beha-
viour is precisely in accordance with this view, as it is more strongly developed in the
ordinary spark than any of the other lines, just as the resonance line of Al II suggested
by RussELL makes its appearance in the arc, and that of Mg I in the flame.

The identification of the resonance line, and the consequent deduction as to the third
" lonisation potential, is of considerable importance for astrophysical investigations, and
further checks on the line adopted may accordingly be mentioned. If the logarithms of
the values of 1S — 1p, be plotted against the logarithms of the 1p, terms for Mg I,
Al'TI and Si III, the value of 1S — 1p, for Si III is given as v = 41700, which is in
sufficient agreement with the adopted line v = 39330. A similar procedure gives 1S — 1P
for Si IIT = 83000, almost in exact agreement with the adopted line 82857.

Again, if the resonance lines of Na I, Mg IT, Al IIT and Si IV be plotted against the
corresponding nuclear charges, or numbers increasing by unity, the points lie very nearly
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38 PROF. A, FOWLER ON THE SPECTRUM OF SILICON

on a straight line. If a similar relation holds for Mg I, Al II, Si III, the value of
1S — 1p, for Si III will be less than 43530, as will appear from the data given below.

lo — 1Im. Av, IS —1p,.  Av.
Na I ... 16973 Mg . ... 21870
18788 10830
MgIT . ... 35761 : AlTr .. .. 32700
18157
Alnir . . .. 53918 SUITE . . . . (< 43530)
17822
SiIv ... . 71740

Thus, although it is not to be considered as fully established, there are substantial
grounds for the adoption of v 82857 as the 18 — 1P line, and of v 39330 as the 1 S — 1 p,
line of Si ITI. If the identification be correct, the terms 1 S and 1 P may then be deduced
as follows :—

1S — 1p, = 39330

1p, = 217142
256472 =1 S

1S — 1P = 82857

173615 = 1P

Plausible assignments of other lines of the singlet series might be made, but it is
considered desirable to defer the further discussion until more complete silicon data are
available for the extreme ultra-violet, and it becomes possible to derive further assist-
ance from the singlet series of Al II.

The above values for 1S — 1p, and 1S suggest that the resonance and ionisation
potentials of Si IIT are respectively 4-85 volts and 31-66 volts, but these values cannot
yet be considered final.

There can be no doubt, however, that the spectrum of Si III is generally similar to the
spectra of Al II and Mg I, consisting of singlets and triplets, and having 1S for the
largest term. As in Al IT and Mg I, it may accordingly be concluded that the series
electron in Si IIT normally occupies a 3, orbit.

VII. Tue Series System oF StV (Sr+++).

Details of the observations and analysis of the spectrum of Si IV having already been
communicated to the Society,* it is only necessary to summarise the chief results for
convenient comparison with the spectra at other stages of ionisation.

The constant for the series was definitely proved to be 16R, in accordance with
Bomr’s theory, and the whole system was shown to be similar in structure to the doublet

* Loc. cit.
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series of Al 111, Mg 11, and Na I, for which the series constants are respectively 9R, 4R,
and R. With increase in the value of the series constant, however, the spectrum is
displaced as a whole towards shorter wave-lengths. Thus, the brighter component of
the first principal pair of lines in Na T is at 2 5889-9, in Mg IT at A 2795-5,in Al1lI at
18547, andin Si IV at 2 1393-9. The chief series of Si I'V lie in the extreme ultra-violet,
those which appear in the ordinary range of observation being secondary series such as
occur in the far infra-red in Na 1. .

It may also be noted that the separations A v of the first principal pairs are 17 -88 for
Na I, 91-55 for Mg I1, 238 for Al I11, and 460 for Si IV.

The various spectral terms of Si TV, with the notation of the present paper, are given
in Table IX, calculated terms being enclosed in brackets.

TasLe IX.—The Series Terms of Si1V.

RypBERG S , ) Bour
Numbers. g o e ) ¢- Y K Numbers.
1 364117 292837 292377

203705
170105 145817 145655
114076 109923
98666 87580 87505

72594 70366 70213
[64401] | [58438] | [58397]

[50186] | 48862 48788 | 48733
[45319] | [41766] | [41741]
(367417 | 35893 35835 | [35800]

o e
~ "~

[33638] | [31335] | [31319]
7 1280501 | [27476]

D e S
[on]

The largest term is the 1o term, from which it follows that the series electron in Si TV
normally occupies a 3, orbit, as in Al TIT, Mg IT, and Na I. The corresponding ionisation
potential of Si TV, representing the energy required to expel the fourth of the outermost
electrons from the silicon atom when three of them have already been removed, is 44-95
volts. ’

The lines of 8i IV which have been classified in series are included in Tables X and XII1.
The positions of several lines as calculated from the series terms given in Table TX
have been included, and it will be seen that nearly all of these have since been confirmed
by the observations of Bowry and Mrrrikan* or of McLunNaN and SHAVER.T

VIII. GeEnerat CONCLUSIONS.

(1) The investigation has shown that the changes in the spectrum of silicon which
accompany appropriate increases in the energy of the exciting source represent successive

* “ Phys. Review,” vol. 23, p. 1 (1924).
T * Trans. Roy. Soc. Canada,’ vol. 18, p. 1 (1924).
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40 PROF. A. FOWLER ON THE SPECTRUM OF SILICON

ionisations of the silicon atom. This has been established through the identification of
four successive systems of spectral series, which are respectively characterised by the
series constants R, 4R, 9R and 16R, in accordance with the theory of Bonr.

(2) The spectrum of the neutral atoms (Si I) includes singlets and triplets. The
singlets include PS and PD series, which have a common limit about 60072.  Ouly one
ps and one pd triplet have been certainly identified, and the triplet limits are not
yet satisfactorily determined. There is no reasonable doubt, however, that the
largest term of the spectrum is a p or P term, and it is concluded that the series electron
normally moves in a 3, orbit. The ionisation potential cannot be less than 7-5 volts.

(3) The spectrum of singly-ionised atoms (Si II, or Si*) includes a doublet system
analogous with that of neutral aluminium. Lines at aa 1533-55, 1526-83 (vv 65208,
65495) form the leading pair of the sharp series, the limits of which are 131531 and
131818. The resonance potential is therefore 8-09 volts and the second ionisation
potential 16-27 volts. Besides the usual sets of terms, there is a double term of d type,
x, = 76498, x, = 76514, which yields a strong series of fundamental type in the
far ultra-violet ; no corresponding terms have been noted in aluminium. The largest
term is a = term, and on BonR’s theory it follows that the series electron in Si II normally
occupies a 3, orbit.

(4) The spectrum of doubly-ionised silicon (Si III or Sit+) is of the same type as
that of Al II or Mg I, including triplets and singlets. The limits of the triplet series are
216879, 217142, and 217273. The singlet series have not yet been certainly traced, but
there is evidence that the resonance line, 1S — 1p,, is v 39330, while the first principal
line, 1S — 1P, is v 82857. If so, the resonance potential would be 485 volts, and the
lonisation potential 31 -66 volts. As the largest term is 1S it may be concluded that the
series electron normally traverses a 3, orbit, as in Mg I.

(5) The spectrum of trebly-ionised silicon (SilV, or Si***), as shown in a previous
paper, forms a doublet system similar to that of Al III, Mg II, and Na I. The leading
pair of lines, corresponding with the ““ D * lines of neutral sodium, is formed by 22 1393 -9,
1402-9. Some of the series of Si IV which appear within the range of observation with
ordinary instruments correspond with lines which occur in the far infra-red in neutral
sodium. The resonance and ionisation potentials deduced from the observed series
are respectively 886 and 44 -95 volts. The series electron in Si IV normally moves
in a 3, orbit.

The author desires to express his indebtedness to those who have assisted at various
times in the experimental work which forms the basis of the foregoing paper. Many
of the earlier photographs with the large quartz spectrograph, including those repro-
duced in Plate 2, were taken by Mr. J. S. CLaRK ; Prof. H. DineLE and Miss E. 0’CoNNoR
have contributed several photographs with the concave grating; and the work with
the vacuum spectrograph was mainly carried on by Messrs. H. BarrrLn and L. J.
FrEEMAN.


http://rsta.royalsocietypublishing.org/

Downloaded from rsta.royalsocietypublishing.org

AT SUCCESSIVE STAGES OF IONISATION.

TasLe X.—General Catalogue of Silicon Lines in the Region A 6700 — A 2000.

Wave-lengths, Intensities and Groups.
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Wave-
Numbers. Series.
Sil Si I1. Si III.

6671-88 (3) 1498415
6660-49 (2) 1500977

6371-359 (8) 15690-90 | II 26 — 27,

6347-091 (10) 15750-90 | II 26 — 2w,

5978-970 (7) 16720-63 Il 2r, — 3o

5957612 (5) 1678061 | 11 21, — 3¢
5948-548 (5) 16806-18
5915-266 (1) 1690074
5868-404 (3) 1703570
5867497 (1) 1703838
5846-12 (0) 17100-63
5827-80 (0) 1715438
580675 (2) 17216-57
5800-48 (1) 1723519
5797-855 (3) 1724298
5794-58 (0) 17256273
5793-070 (3) 17257-23
578564 (1) 17279-39
5780-378 (1) 17295-12
5772-142 (2) 17319-80
5739762 (8) 17417-51
5708-400 (5) 17513-19
5706375 (1) 17519-41
5701875 (1) 1753477
5701101 (1) 1753561
5690-424 (2) 1756852
5688-856 (2) 17573-37
5684 -488 (3) 1758687
5669-590 (4) 17633-07
5665554 (1) 17645-64
566072 (0) 1766071
5645-609 (2) 17707-97
5639-492 (2) 1772718
563300 (0) 1774761
5576-61 (1) 17927-07
5540-74 (0) 18043-14
5496-24 (1) 18189-21
5473-09 (0) 18266-15
5468-92 (2) 18280-08
5466-93 (0) 1828673
5456-11 (2) 1832299
5454-43 (0) 1832863
5447-10 (0) 1835331
5438-41 (1) 18382-63
5432:63 (0) 1840219
5428-73 (0) 18415-41
5405-06 (0) 18496-05
5294-97 (1) 1888061
5202:51 (3) 19216-15
5192-75 (1) 19252-27
5185-09 (1) 1928072
518177 (1) 19293-07

VOL. CCXXV.—A,
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42 PROF. A. FOWLER ON THE SPECTRUM OF SILICON
TasLe X (continued).
Wave-lengths, Intensities and Groups.
Wave
Numbers. Series.
St I Si 1L Si I1T. 51 IV.
5056-353 (2) 19771-60 | TI 27, — 33,
5056-020 (10) 19772-90 | I 2x, — 39,
5041 -063 (8) 19831-58 | TI 27, — 39,
4921-69 (1) 2031257
4906-88 (1n) 2037387
4882-98 (On) 2047359
4859-28 (1) 20673-4b
4828-923 (4n) 20702+79 | 111 3f, — dg
4819740 (3n) 20742-23 | IIT 5f, — 4g
4813-290 (2n) 20770-02 | III 3f; — 49
4716-658 () 21195-99
4683-774 (2) 21344-35
4683-018 (2) 21347-79
4665-87 (0) 2142625
4656-80 (1) 91467-97
4654-14 (4n) 21480-25 | 1V 4y — b«
4631-38 (3n) 21585-80 | IV 4¢ — By
4574777 (4) 21852-99 | 1II 25 — 2p;
4567872 (T) 2i886-01 | IIT 25 — 2p,
4552654 (9) 21959-17 | III 25 — 2p,
421244 (3 23732-43 | IV 43 — B¢
4198-174 (2) 2381318
4190-738 (3) 2385546
4130-884 (10) 24201-08 | 1125, — 3¢
1128-053 (8) 24217-69 | 1123, — 3¢
4116-104 (8) 24987-99 | IV 26 — 97,
4102945 (5) 2436589
4088-863 (10) 24449-80 | IV 26 — 27,
4076378 (1) 2452297
407545 (2) 24530-27
4016-22 (0n) 2489202
3998-00 (1n) 2500546
399177 (2n) 25044 -48
397746 (On) 2513459
392444 (4) 9547415
3905-516 (10 25597 - 61
3862592 (6) 26882-04 | Il mz, — 2w,
3856-021 (8) 125926-14 | 11 s, — 27,
3853-657 (3) 256942-05 | 1I mx, — 2w,
s ' 380656 (H) 126263-00 | III 2p, — 3d;ey
379611 (4) 926335:30 | III 2p, — 3y,
3791-41 (3) 26367-96 | 1II 2p,; — 3d,
3773-13  (3) 2649569 | IV 38 — 3w,
3762-41 (4) 265671-18 | IV 38 — 3m,
3690-46 (8) 2784366
3486-93 (6) 28670-36
348270 (0n) 28705+ 2
3339-84  (3) 29932-98 | II 2%, — 4o
3333:16 (2) 29992-96 | II 2w, — 4o
324167 (6) 3083943 | III2p, — 3s
3234-60 (b) 30912-57 | III 2p, — 3s
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TasLe X (continued).
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Wave-lengths, Intensities and Groups.
Wave- Sori
Numbers. OTIES.
Si L Si I1. Si I11. Si IV,
3230-55 (3) : 30945-58 | III 2p, — 3s
3210-52 (3) 31138-64
3210-04 (3) 31143-30 | II 27, — 43,
3203-89 (2) , 31203-07 | 11 2%, — 43,
3199-54 (1) 31245-48
3196-50 (3) 3127520
3195-40 (0) 3128596
3193-10 (1) 3130850
3188-95 (1) 3134925
3186-01 (2) 31378-18
3185-16 (3) 31386-H5
3165-72- (8) 31579-28 | IV 2w, — 33
3161-63 (1) 31620-13
3149-56 (6) 31741-30 | 1V 2m, — 33
3096786 (4) 32282-21 | III 2d, — 2p;
3093-613 (3) 32315-31 | 111 2d; — 2p,
3093-423 (6) 32317-31 | IIT 2d, — 2p,
3086-620 (1) 32388-51 | III 2d; — 29,
3086-429 (3) 32390-53 | 11T 2d, — 2p,
3086-225 (7) 32392-67 | 111 2d, — 2p,
3040-93 (1) : 32875-14 | IIL.3f, — By
3037-26 (1) 32914-87 | III 3f, — By
3034-74 (1) 32942-20 | 111 3f, — By
3020-01 (0) 33102-85
2987-650 (5) 4 33461-39
2970-35 (2) 33656-27
- 2905-70 (3) 34405-06 | 1125, — 4¢
2904-29 (2) 34421-75 | 1123, — 4¢
2895-13 (1) 34530-67 | IV 4 — 6y
- 2887-90 (1) 34617-11
2881-585 (10R) 34692-97 | I1P — 18
» 2726-T4 (2) 36662-99 | II 2w, — B3
) 2723-81 (1) 36702-30 | IV 43 — 64
2722-29 (1). 36722-91 | II 2x, — Bo
2682-27 (2) 37270-80 | II 2my — B3y
2677-98 (1) 37330-50 | 1T 27, - 53,
: 2675-26 (3) 37368-45
2659-84 (1) 3758509
26565-87 (2) |_ : 37641-26
2655-58 (2) 37645-37
S 264080 (4) 37856-05
2631-296 (5) 3799277
2606-09 (1) 38360-21 | II 26 — 3m,
2604-44 (2) 38384:52 | 1T 25 — 3m,
2568:66  (2) . 38919-15
265922 (7) ; 39062170
2546-10 (3) 39263-98
254183 (10) 3932992
2532-39 (2) 3947652
2528-516 (10R) 39537-01 | T1p, —1py
2524-118 (9R) ; 39605-89 | I1p, — 1ps
2519-210 (8R) ‘ 39683-03 | 11p, — 1p,
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44 PROF. A. FOWLER ON THE SPECTRUM OF SILICON
Tarre X (continued).
Wave-lengths, Intensities and Groups.
Wave- .
Numbers. Series.
Sil Si 1L Si III. Si IV.
9517-56 (5) | 8970904 IV}% o iy
2517-48 () 39710-30 | IV JS" :
2516-123 (15R) 39731-73 | I1p, — 1py/
2514-331 (TR) 39760-04 | T 1ps — 1ps
2506904 (10R) 39877-83 | T1p, — 1p/
2505-07 (0) 39907-01 :
2604-32 (1) 39918-97
2501-99 (1) 39956-15 | 1123, — b¢
2500-96 (1) 3997260 | 1128, — 5¢b
2452-136 (3) 40768-42 | T1p, — 2s
2449-53 (2n) 4081179
2443-378 (3) 40914-54 | T1p, — 2s
2438-782 (3) 4099164 | I1p, — 2s
2435159 (8R) 41052-61 | T1P —1D
2374-20 (1) | 42104-97 .
2371-04 (1) 42162-69
2367-00 (1) 4923465
2357-94 (2) 4239691
2357-15 (2) 4241112
2366-25  (3) 42426717
235307 (1) 42484 -65
2350-16 (1) 49537-96
2308-18 43310-83
2303-06 (2) 43407-11
2300-90 (0) 43447-85
2287-08 (10d) 43710-37 | IV 33 — 44
2218-917 (1) 45052-96 | I1p, — 2d,
2218-080 (2) 45069-96 | T1p, — 2d,
2216-68b (4) 45098-32 | I1p, — 2d,
9211-750 (2) 45198-92 | T1p, — 2d,
2210-912 (3) 45216-07 | 11p, — 2d,
2207-980 (2) 45276-09 | T1p, — 2d,
2136-41 (1) 46792-69
2127-48 (4) 46989-05 | IV 2w, — 30
2124140 (6R) 47062-94 | I1P — 28
2123-070 (1) 4708665
2120-19 (3) 4715062 | IV. 2r, — 36
2084-48 (1) , 4795825
2082-31 (0) 48008-23
2072-61 (10) 48232-89 | 1I ma, — 3¢
2071-94 (8) 48248-49 | II mx; — 3¢
2065-57 (0) 48397-26
2061-25 (1) 48498-67
2068-917 (0 48553-61 | 11 26 — 47,
2058-532 (1) 48562-70 | II 26 — 4,
2058-20 (bR) 48570-61 | T1P — 2D
2054-85 (1) 48649-70

PHILOSOPHICAL
TRANSACTIONS
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AT SUCCESSIVE STAGES OF IONISATION. 45
TasLe XI.—Silicon Lines of Uncertain Groups in the Region A 6700 — A 2000.
Silv ¢
A, Intensity. V. 2, Intensity. V.
4638-12 (1) 21554 - 44 362244 (0) 9759786
4338-52 (1) 23042-88 361226 (1) 27675-63
4183-48 (0) 23896-83 3601-52 (2) 2775816
3147-38 (0) 31763-28 3525-90 (2) 2835348
3126-25 (0) 31977-97 3279-25 (0) 30486-02
3077-56 (00) 3248387 3276-25 (1) 30513-93
3053-18 (1) 32743-25 325867 (1) 30678-55
3045-10 (0) 32830-13 325479 (00) 30715-11
3043-97 (0) 32842-31 325344 (00) 30727-85
3030-00 (0) 3299373 3216-26 (1) 31083-06
2360-58 (1) 4234950 3214-65 (0) 31098-63
2360-21 (1) 42356-14 2831-51 (1) 3530648
2334-60 (1) 42820-73 2817-09 (1) 35487-19
2334-40 (1) 42824 -40 2816-15 (1) 3549904
2365-05 (0) 42269-47
936434 (0) 49982-16
2349-51 (1) 49549-03
TapLe X1I.—Arc Lines of Silicon (Si I) in the Region A 2000 — 2 1840.
A, Intensity. Series. A, Intensity. v. Series.
1991-80 (1) . 1901-00 (5R) 526039 I1P — 38
1988-97 (4) ~ Ilp, —lp, | 1892-80 (3R) 52831-8 I1P — 3D
1986-33 (2) -1 I1p, —1p,” 1881-60 (2) 53146-3
1983-20 (3) -6 L1p, —1p,” | 1880-71 (1) 531714 I1p, — 35 ?
198056 (2) 8 Ilp, —1p,” | 1875-54 (2) 533180 I1p, — 35 ?
- 1979-15 (2) 7 I1p, —1py” 1874-68 (3) 533439
1977-54 (3) 9 T1p, —1p,” | 1872-87 (2) 533940 T1ps—3s ¢
1962-80 (0) 6 1852-50 (2) 53981-1
1961-80 (1) 6 1850-84 (1d?) 540295
1961-00 (0) 4 185007 (00) 54052 -0
1959-92 (1) 5 1848-68 (0) 540927
1958-40 (0) 1 1847-95 (00) 54114-0
1957-60 (1) 0 1846-05 (00) 541697
195471 (2) 5 1845-57 (1n) 54183-8
1946-64 (1) 6 1843-70 (0) 542388 Ja ?
1940-33 (0) 6 1841-25 (1n) 543109
1904-30 (2) 7

PHILOSOPHICAL
TRANSACTIONS
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46 PROF. A. FOWLER ON THE SPECTRUM OF SILICON

Tasre XIIL—Classified Lines of Si II, Si III, and Si IV in the Region more
Refrangible than A 2000.

A vac. and Groups. Other observations.
n Wave- Series.
numbers.

Si 11 Si I1I. SiIV. B. & M.* | McL. & S.F
1817-06 (10) 55034 | IL1m, — @, | 1817-1 (10)
1808-14 (8) . 55305 1T Iy, — @, 18081 (10)

1797-5 (0) 55633 IV 38 — 4xr,
1796-1 (1) 55676 | IV 38 — 4,
17274 (4) 57888 IV 27, — 23 17275 (3)
S 172247 (B) 53050 IV 27, — 28 1722-7 (4)
1711-0 (6d?) o 58445 | 1L my, — 4¢b
1563-1 (3d %) ’ 63975 il 2y, — 5(]5
153355 65208 IV 33 —5¢
15633-55 (10) 65208 I 1n, — 20 1533-4 (0) | 1533-5 (5)
1526+ 38 (8) 65495 IT Ix, — 20 1526-9 (0) | 1526-8 (4)
1562-00 (5) 66578 IIT 2455 — 3 fs 1502-0 (5)
1501-32 (5) 66608 101 2d,5 — 3 f, 1501-3 (5)
1500-39 (5) 66649 | IIT2d, — 3, 1500-3 (5)
1485-4 (3) 67322 | T ay, — 6¢
1438-9 (1) 69498 | Il ay, — 76
1408-8 (0) 70982 | I, — 8¢
1402-9 (8) 71280 IV 16 — Ir, 1403-0 (6) | 1402-7 (10)
1393-9 (10) 71740 IVie — 1Im, 1393-9 (6) | 1393-6 (10)
[1368-72]F [73061] IV 210, — 49 1369-1 (1)
[1365-69] [73223] IV 21, — 43 1365-0 (2)
130357 (2) 76712 | L 1p, — p'y 13035 (1) | 1303-3 (6)
1301-32 (2) 76845 I 1p, — p's 1301-2 (6)
1299-10 (4) 76976 IIL {1}72 — 'y 1299-0 (2) | 1298-9 (T)
’ 11’1 - 1?'1
1296-86 (2) 77109 L ip, — 9
1294-69 (2) 77239 I 1p, — 'y 1294-9 (1) | 12945 (6)
[1279-05] 78183 IV 335 —6¢
1265-04 (10) 79040 1T 1my — 285, 1264-9 (1) | 1264-7 (6)
1260-66 (8) 79324 IT i, — 23, 1260-5 (1) | 1260-4 (5)
[1230-71] [81254] IV 21, — 4o :
[1228-26] [81416] IV 210, — 4o 1228-1 (0) | 1227-7 (3)
[1211-75] 82525 IV 26 — 3w,
[1210-65] [82600] | IV 26 — 3m, 1210+5 (3)
12069 (10) 82857 ris —1r 1206-5 (5) | 1206-6 (10)
1197-79 (3) 83487 II 17, — 27",
1194-89 (b) . 83690 I 1r, — 27, 11944 (0)
1193-62 (3) 83779 Il ix, — 27,
119080 (4) 83977 Mirn, — 2=,
[1154-73] [86600] V3 —17¢ 11545 (0)
1144-85 (1) 87348 11 2d, —4f, ¢ 1144-8 (2)
1142-74 (0) 87509 | IIL 2dy — & f,
[1127-75] [88672] IV 1w, — 23 1128-4 (2) | 1128-1 (8)
[1121-93] [89132] | IV 1w, — 23 11226 (2) | 1122-2 (8)
111376 (5) 89786 | ITI 1p, — 2d 11135 (2) | 1113-0 (8)
1110-47 (5) . 90052 I 1p, — 2d 1110-3 (2) | 1109-7 (7)
1108-85 (4) 90184 | TII 1p, — 2d. 11089 (2) | 1108-2 (6)
* Bowex and MILLIKAN, loc. cit. 1 McLrnNAN and SHAVER, loc. cil.

1 Figures in hrackets represent caleulated lines,
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AT SUCCESSIVE STAGES OF IONISATION. 47

Tasre XIII (continued).

A vac. and Groups. Other observations.
Wave- Series.
numbers.
St 11. Si I1IL Si IV, B. & M. McL. & 8.
1066-3 (8)* 93782 IV 23 — 8¢ 1066-7 (0) | 1066-4 (8)
[1023-75] : [97680] | II 1w, — 3o
[1020-75] [97967] | Il 1%, — 36
99770 (1) 100230 IIT 1p, — 2s 997-5 (0) | 997-4 (4)
995-23 (0) 100479 11T 1p, — 2s 994-6 (0) | 994-7 (4)
[993-94] [100610] | TII1p, — 2s
993-09 (1) 100696 II 1m, — 33
990-32 (0) 1009717 I 1w, — 33,

[859-52] | [111667] | IV 26 — 4,
[859-25] | [111708] | IV 26 — 47,

[817-85] | [122272] | IV 1y — 20 818-0 (2) | 818-0 (7)
[814-78] | [122732] | IV 1w, — 26 815-0 (2) | 8148 (7)
[779-19] | [128339] | IV 2 — bm, Lrrs-7 (0)
[779-03] | [128364] | IV 20 — bm, .
[749-97] | [133339] | IV 25 — 4¢ 7497 (3)
[645-82] | [154843] | IV 25 — 5¢ 646-0 (1)
[560-85] | [178301] | IV 1w, — 33 Use1-1 (1)
[659-417 | [178761] | IV 1z, — 33 I

[458-09] [218300] | IV 1o — 2, L 4rm. o
[457-75] | [218462] | IV lo — 2m, 15T-T(3) | 457-8(0)
[361-615] | [276537] | IV 1o — 3,

[361-517] | [276612] | IV 1o — 37, 361-6 (1)

* This line does not oceur in the vacuum arc; it was originally adopted from Millikan’s observations
of the vacuum spark of carbon.

Description of Plates.

The photographs which are reproduced are mainly intended to illustrate progressive
changes in the spectrum of silicon, as observed in vacuum tubes of silicon tetrafluoride
with discharges of varying intensity. In each set of spectra the effect of a compara-
tively feeble discharge is shown at the bottom and of the strongest discharge at the top.

Lines which are known to be due to fluorine, or are probably to be attributed to that
element, are marked beneath the uppermost spectrum. Typical lines belonging to the
four spectra of silicon are also indicated.

The photographs in Plates 1 and 2, and the first three on Plate 3, were taken with a
large quartz spectrograph, Hilger’s K 1.

Plate 1.—Region 1 7000 to A 3400. The predominant lines in this region belong to
Si 1, Si I, and Si ITI.

Plate 2.—Region 2 4000 to » 2800.—The capillary tube was rather wider than that
used for the spectra in Plate 1, and the lines are more sharply defined. A few faint lines
of argon which appeared in No. 1 have been obliterated in the reproduction.
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48 PROF. A, FOWLER ON THE SPECTRUM OF SILICON, ETC.

Plate 3.—(1), (2), (3) : Vacuum tube spectra of Si F, in the region A 2800 to 1 2400.

(4) 1 Arc spectrum of fused silicon in the region 2300 to A 1840, with aluminium
spark comparison. Taken with a small quartz spectrograph by BrLriNcEAM and
STANLEY.

(5), (6) : Spark spectrum of fused silicon in an atmosphere of hydrogen, region A 1900
to 2 1250. A small amount of self-induction was introduced for No. 5, and it will be
noted that the principal pair of Si IV, Ax 1393, 1402, is considerably reduced in intensity.
Lines of aluminium and other impurities are present in these spectra.

(7), (8) : Vacuum tube spectra of Si F, in the region 1 1900 to 2 1250. The discharge
was strongest for No. 8, in which lines of Si III and Si IV are most strongly developed.
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Progressive Spectra of Silicon (S1 F; Vacuum tube).
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Spectra of Silicon: 3, 2, 1, 7, 8, St F; Vacuum tube. 4, Are. 5, 6, Spark in Hydrogen.


http://rsta.royalsocietypublishing.org/

