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INTRODUCTORY.

By means of the work of many investigators in the
field of spectroscopy an interesting regularity has been
discovered in the spectra of many elements, This regu-
larity regards the appearance of spectral lines in series and
the oceurrence of characterislic magnetic separations.
These phenomena have been connected with the structure
of the atoms by Bour, Sommerrern, Laxoe a. o.

The investigation of the intensity-ralios of the com-
ponents in "multiple™ spectral lines, which will be dis-
enssed in this dissertation, brings out a new regularily
which must be made to fit in the framework of the
theory of the spectral lines.

The inlensity of the spectral lines gels a fundamental
significance in addition to ils wave-lenglh.

Our experimenls were restricted to the visible part
of the spectrum,

We began by examining the groups of speclral lines
ocemrring in the sharp series which according to Boun's
theory are caused by the "outer™ electron falling from
one initial energy-level lo two or more final levels, a
transition from the single s-level lo the double and triple
p-level corresponding to doublets and triplets respectively.
For in the first place the ralios between the intensilies
of the components that then appear al once indicate
the ratios of the probabilities of transition, and in the
second place the phenomenon in this case is independant
of the excitation-conditions of the atom, The ralios
of the intensities of the various components ol the groups
of the sharp series will therefore immediately be pro-
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portional to the ratios of the transition-probabilities of
the eleclron from the single s-level to the various
p-levels.

With the aid of the methods to be deseribed in the
first chapler we therefore first measured the ratios of
the intensities of lines of
[. Doublets of the sharp series of the alkalis Na, K,

th and Cs.
II. Triplets of the sharp series of the earth-alkalis Mg,
Ca, Zn and Cd.

We found with the triplets such a regularity in the
numbers which indicated the ratios of the inlensilies of
the three components of the earth-alkalis, that it induced
us to a farther examination of triplet-, quartet-, quintet-,
sexlet-, septet- and octelsystems. We were able to do
this for:

IIL. a triplet of the sharp series of a sextetsystem of Ma
IV. a triplet of the sharp series of an octetsystem of Ma.

The groups of lines of the diffuse series (pd series)
with the alkalis consist of donblels if the 3-levels are
not separaled or only so little thal this does nol canse
a perceptible separation of the spectral lines.

These doublets are cansed by the transition of the
"outer” electron of a slill unseparated J-energy-level lo
the two 71~ and ze-energy-levels. ')

The ratio of the intensities of the two components will
therefore here represent the ratio of the probabilities of
transition of the electron from the J-level to the Lwo
z-levels.

In consequence of the J-levels being more separaled
with the heavier metal Cs, the so called "complex”-

doublets *) appear consisling of three components.

') As regards the symbols of the spectral lines we ndopt the
notation of A. Fowrer, (Report on Series in Line spectra 1922),

) These groups of lines are ealled by Laxpe "Vollstindige
Dublewe”. A. LANDE Z. f. Phys. V, 232, 1921,
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With the pd-groups of the earth-alkalis, where the p-
as well as the d-levels are threefold, "complex”-triplets
appear with sufficient separation of the d-levels, which
triplets consist of a group of six lines.

Of the groups of lines of the diffuse series we measured:

V. single doublels of Na, K, Rb.

VI. the "complex”-triplet 1 = — 5o of Cs.
VII. the "complex”-triplet 1 p —2d of Ca.

The ratios of the intensities of the components of the
groups of lines of the BercManx-series (3 @-series) of Lhe
alkalis could not be examined by our method, partly
becanse of their too weak inlensity partly because of
their lying in the infra-red.

Of the Benremans-series of the earth-alkalis the triplel
1 d— 3b of Ca lentitself first of all to closer examination.
As his triplel appears, its b-levels being not yet sufli-
ciently separaled to give the "complex”-triplet, we have
lo deal with transitions of the ,ouler’” electron from one
b-level to the three d-levels.

In the same way as the ratios of the intensities of the
components of a triplet of the sharp series will give us
the ratios of the probabilities of transition of the "ounter™
electron from the single s-level to the three p-levels, the
ralios of the intensities of the components of these single
triplets will give us the ratios of the probabilities of tran-
sition from the single b-level to the three d-levels.

In this way we measured:

VIII. The triplet 1d — 3 b of Ca.

Ac in the numerical values which we obtained for the
ratios of the intensilies of the components of this triplet
an interesting regularity was noticed, we have also extended
our investigation lo a “complex”-triplet of the d b-
series. The "complex-triplet 1.d — 3 b of Sr could be
separated in the third order spectrum by our spectrograph,
so that we were able to investigate this triplet of the
BenaMANN series.

Therefore was also measured:
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IX. The “complex’-triplet 1 d — 30 of Sr.

It appeared that the resulling ratios of the intensities
of the components of the “complex”-doublets and triplets
were characlerised by the internalquantum-numbers of
the initial and final states of the atom. This suggested
the question how the components of doublels and triplets
of the principal series would behave in Lhis respect.

With these doublets and triplets the initial levels are
separated but the final level is single.

In consequence for the results for the "complex”-doublets
and triplets, it might be expecled that here the ralios
of the intensities of the components would be characterised
by the internal quantum-numbers of the inilial stales
(see on this subject chapter I1I).

According to this point of view the ratios of the inten-
silies of the components of doublets and triplets of the
principal series must show the same values as these of
analogous groups of lines of the sharp series.

On investigating the groups of lines of the principal
series of the alkalis the difficulty of selfreversion makes
itsell felt to a high degree. By diminishing the concen-
tration of the salt in the arc Isucceeded in obtaining the
doublet 17 — 27 (14555,26, 4593,16) of Cs practically
free from selfreversion.

It was further possible to investigate the triplet of
the principal series 15 — 2" (5208,42; 5206,05 and
5204,51) of the quintet-system of Cr.

Ol the various groups of the prineipal series we measured ;

X. the doublel 15— 2% of Cs and

the triplet 1 s* — 2 p* of the quintet-system of Cr.

With a view to the rules obtained for the ratios of
the intensities of the components of multiple spectral
lines it seems to me lo be of great importance to investi-
gate quantilatively the ratios of the intensities of the
components  with the anomalous Zeeman-separalions as
well. :

This invesligalion has already been slarted.
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The "method A we are going to describe lends itsell
immediately lo this purpose.

It is also interesting to investigate, whether the ralios
of the inlensities of mulliple spectral lines is dependent
on the conditions of excilalion. We have invesligaled
this for some doublels and ftriplets of the sharp series,
but the result was in the negative (see page 32 and 34.)

Finally 1 wish to point out, that "method B (chapter 1 4)
also makes it possible to investigate how under definite
conditions for excitation the intensities of the lines of
the successive numbers of a series decreases,



CHAPTER L

Deseription of the Method.
MeTnon A,

a.  For groups of lines of which the components have
small differences in wave-length,

If two intensilies of light of the same (or almost the
same) wave-length are equal, they cause in lhe same
time the same densily on different places of the same
photographic plate.

We can avail ourselves of this fact to measure intensities
with the aid of the photographic plale. The melhod
most commonly used to compare the inlensity of two
close-lying spectral lines consisls in pholographing the lines
with a properly chosen time of exposure and of making
some more exposures on the same plate after reducing
the light in definite degrees.

From the photographs obtained in this way the curve
of densities is constructed (comp. p. 13).

This method has not only the drawback that it takes
much time bul stll more that il requires a constant
source of light, which condition is but poorly fulfilled
with  most sources of light which emil line-spectra,
Sspecially for groups of weak lines which require a long
exposure this method takes very much time. The pho-
tograph must be taken with five intensities al the very
least, so thal, il each exposure requires already a con-
siderable lime, the melhod referred to will lake a five
times longer time,

Instead of taking the spectrum a few times, weakened
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to certain kwown degrees, markes of intensily are often
applied, by exposing the same plate during the same
time of the original exposure to light of the same wave-
length and kwown ratio of intensily.

The marks of inlensily provide us with the functional
relation between density and intensily, that holds good
for the plate in question, i.e. the curve of densilies.

This method takes a good deal of time as well and
moreover it has the drawback that it is impracticable
with intermittent sources of light in consequence of the
intermittence-effect.

These drawbacks do not oceur with the method which
will be described below.

A source of light Li (see fig. 1) illuminales uniformly
a lens Ley, which forms an image of the source of light
Li on a second lens Les.

If'

-._
~

Fiag. 1,

This lens Les gives a well-defined image of a series
of smoke-glass-plates (Rauchglas) V7 which weaken to a
known degree the light that has passed through Ley on
the slit Sp of the spectrograph.  The used smoke-glass-
plates were supplied by Zeiss. By means of Canad: \h.nlwm
they were stuck on a plan- parallel glass-plate so that
scale was formed, the different parts of which |I‘-Ill'-lll|“l‘l{
+ 70, + 55, + 35 and £ 20° /o respectively of the
incident light.

The curves of fig. 9, page 28 represenl the power of
transmiltance of the reducers for different wave-lenglhs.
From these curves il is evident that these reducers show
little selective absorplion.

In this way the slit of the spectrograph is as it were
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divided into parts, on which light falls of various degrees
of intensity ).

Care has been laken that a maximum amount of
light falls on the grating of the spectrograph and in such
a way that all the light thal falls on the slit is used.

The spectra of the source of light weakened to different
degrees are therefore formed simultaneously on the plate
(see plate I).

If the ratio of the intensities, which one wishes lo
measure, does not depend on the total intensity of the
source of light?), the drawback with earlier methods
caused by the instability of the source of light is remo-
ved by our method.

Now one must take into account the fact that the
density caused by the same quantities of energy is de-
pendent on the wave-length.

The method, which we have described, is therefore
restricted to a comparatively small difference in wave-
length.

Let us remark for the present that by means of a method
to be desecribed in chapler 16 an exlension of my method
an  easily be obtained for the investigation of spectral
lines, which are lying so far apart thal the supposilion
in question does not hold good any longer.

The spectrograph with which the photographs were
made is the graling-spectrograph of the Physical Labora-
tory at Utrecht ®).

Its arrangement gives perfectly stigmalic images, which
is of course necessary for our method, because from
every point of the slit a sharp image muslt be formed
on the plate.

) It is also possible to take uniformly blackened photogeaphic
plates instead of the smokeglass-plates,  These cause however
scattering of the light, that falls on them. See dissertation
Utrecht 1923, R. RiwLiN, pag. 17.

% Which is confirmed by the results,

%) P, H, vax Citrery, Z. 8. fic Instrk, 41, 116118, 1021,
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The spectrograph is mounted on two columns of
masonry: a rectangular one A (see fig. 2) and one in
the shape of the quadrant of a circle wilh a radius
of 2 M.

B

- s
v "

v rd
S re 7
} -y :_LGJ _ N r
- ,""‘/-"
v |
& J

Fia. 2.

In (he cenlre & of this quadrant a bronze verlical
axis J is placed, on which rests a double 7" shaped
heavy iron beam #F about 2 M. long.

Al the other end this beam is supporled by a small
bronze carriage W, which can move over the column B D.

This litlle carriage has the shape of the segment of a
circle of a radius of 2 M. and rests on wheels, the
axes of which are direcled towards the centre G, s0 thal,
even when il moves freely the carringe describes a circle
of a radius of 2 M.

In G the concave graling is mounted in such a way
that its normal is parallel to the beam F I
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The grating is an original Rowlandgrating of the size
of 2123 5 c.M2% and contains 568 lines to the m.M.
The radins of curvature amounts to 2 M. The whole
apparatus is placed in a room apart from the oplical
cellar of the Institute.

The light, after passing the lens Ley (fig. 1) and the
reducers falls on the lens Le. and then through an
opening R (fig. 2) in the wall on the slit S and is reflected
by a total reflecling prism P, which is placed immedialely
behind the slit, to a concave mirror H, the focus of
which coincides with the slit.

In this way lhe grating receives parallel light from
the slil.

The place, where the spectruin is produced meels the
line [ F al adistance r = 1 1) = sl c.M.

| -+ cos x 1 -+ cosx
from the graling; K represenls the radius of the concave
graling and z the angle HGF, On moving the beam
the visible part of the spectrum therefore moves over
a parabola NO N'. Accordingly we would have to change
the position of our camera each time to another parl of
the beam (in the case represented in the diagram e. g. al 0).

To avoid this difficulty the light diffracted in the di-
roclion K F is made to pass through a concave lens
(f= 76,5 ¢.M.) so thal an image is nol formed in O bul
an enlarged and wel-defined one in (!, The dispersion
amounts to about 5 A per m.M. for a wave-length of
o100 A ibu the first order, 3 1 per m.M. in the second
and 1,8 A per m.M. in the third order.

The source of light which was used was an eleclric
are, the carbons of which are cored and packed respecli-
vely with suitable salts of those metals of which the
spectra would be examined (concerning this see the slale-
ment of the resulls for doublets and triplets of the va-
rious metals).

) Fapiy et BuissoN Journ. de Phys, 40 8. 0, pag. 933, 1910,
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The electric are was with the necessary resistance
connected with the current 220 Volt of the town’s
powerstation.  The lens Le; had a focal-length of 60 ¢. M.
and Lez of 80 e.M.

In front of the lens Ley was a diaphragm which sereened
off the continuous light of the carbon rods.

A few of the photographs oblained with the arrange-
ment desceribed are reproduced on plate 1.

On this plate we see nine photographs of the Lriplet
1 p—1s (15183, 5172, 5167) of Mg.

The photographs 3 and 4 (see plate I) which are barely
visible on the reproduction were of course to weak to
he measured. The rest of the photographs on the plate
lent themselves very well to be measured.

Table 1 gives further particulars concerning the photo-
graphs which have been reproduced on plate I, with
respect to the intensilty of the current in the arc and
the time ol exposure.

The photographs 1, 5, 6, 7, 8 have been laken with
the same intensily of the current of the arc but wilh
different lengths of the are.

The length of the are with photograph 1 was about
five limes, with pholograph 6 en 7 aboul three limes
and wilh  pholograph 8 aboul eight times longer than
wilh photograph 5.

TABLE 1 (Plate 1 Mg.)

x\]“"l’l‘r ”[ \Vﬂ\'i"h'"}:‘hc ' 'l‘in“\ ”[ l'S]”’"““'v
the photograph.

I |5183-5172-5167| 5,6 A A minules
9 I . 0allAl & ',
b : t Ho A | L
6 . 5,0 A 0 -
7 : 0,0 A D -
8 . 3 0,0 A S o

‘ :_h:! .’\ | i =

S
E
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-

Part @ (see plate 1) of the spectral line is unweakened
being caused by the light of the are, which has not
passed through a reducer. This intensity we call 100 %/o.
The densities of the parls b, ¢, d, e and f have been
caused bij relative intensities of 69 %/o (b), 56 °lo (¢), 35 %o (d)
and 26 ?Jo (¢), corresponding with the power of transparency
of the reducers, for light of a wave-length of 518 .

The densily of part a« as well as that of part [
of the line has been caused by lhe intensily of the
unweakened light.  We always investizated whether the
density of part « was equal to that of part 7| which
was a test whether all reducers V (see fig. 1) were
uniformly illuminated by the source of light. When
the densities of the parts a and / are nol equal this
can also be caused by lack of uniformity in the sensiti-
veness of the photographic plate over the surface. All
plates, on which the density of the parts a and [
differed considerably have been rejected.

Every spectral line is therefore produced on the plale
in different degrees of density (according to the number
of reducers), caused by intensities of which the ratio’s
are known, so that for every spectral line the curve of
densilies can be constructed.

The densities were measured with the micro-pholomelter
of Morw. ')

A more detailed deseription of this instrument, which
is particularly well adapted to measure quickly and
accuralely the density of narrow spectral regions, may
be omilted here.

By density of a homogeneously affected part of the

I.J}l()l();.{l‘:l])hiu plate is usually meant Brice's logarithm of
1o ’ . . " .

5 N which ¢ and 7 represent the intensity of the
radiation, which has passed through the exposed and
the unexposed part of the plate respectively. The ralio
belween these intensities is found by measuring the

Y Kon. Ak, v. Wet. 27, 566, 1910,
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ratio belween the corresponding deviations u and wue of
the mirror of the galvanometer of the microphotometer.
For the deviation of the mirror is proportional to the
thermo-current in the galvanomeler and this current is pro-
portional to the energy, which falls on the places of
contact of the thermopile.
So we can wrile for the density Z

J'n "o
Z=log~=log ,
!

The way in which the ratio belween the intensities of
the lines of a group was determined from the obtained
densilies will be described by taking as an example
the investigated triplet 1 p —1s of Mg (A 5183, 5172,
5167) of plate 634

For the different parts «, b, e, d, ¢ and [ (see plale 1)
of the specetral lines A 5183, 5172, 5167 the deviations u
were measured  with the aid of the microphotomeler,

These deviations w and the deviation w, for parl «of

the plate not affected by light are given in table 2,

TABLE 2.
Plale 634

Part of | Rel. In- | L w, for the | i, for the | ty for the

the lilw.‘ tensity. ? | ling 5153, | line D172, l line H1GT.
i 100/ ‘H,(l:.'{'..\l. 1,15¢.M. 1,76 e.M. | 4,24 c. M.
) (T ",u ‘ - 1RE1) 248 . .:'v:h! e
¢ 56 9% l : 1,94 , (284 , |580 ,
i 35°% | - 1295 , (431 , (697 ,
‘ 26 Yo L B3 534 750 .
£ | 100% . 142, (175 4 (414,

From the oblained values wo, wi, Uz, and uy the

wo . ui 10
vialue z==log — for each parl @, b, ¢, d, ¢ and [ ol
"
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a line can be compuled. When the density Z of these
different parts of the spectral line is plotted against the
intensy I of the light that has fallen on the plate (the
abscissa being taken proportional not to the intensity
itself, but to log I as iz usually done) we get the curve
of densities. We did not however plot as ordinale the
value log%u but the value :U In the case that all devi-
alions ue are equal for all unaffected paris near the
investigated line, we can readily plot as ordinates lhe
valnes « obtained with the photometer for the different
densities on the plate.

This way of doing has in the first place the advantage
of requiring less compuling (for we plot at once the
values u given by the pholomeler, which are read off
visually) and in the second place the inclination of the
curve of densities obtained in this way gives us an
indication, whether the plate has been well developed.

The more sleep the inclination of the oblained curves
the stronger the contrasls between the densities caused
by different intensilies.

In this way the line A 5183 gave the curve A B of
fig. 3, in which the intensity of the investigated line of
the unweakened spectrum a, has been arbilrarily supposed
to be equal to 100, so that the intensilies of the other
four parts b, ¢, d and ¢ have the values, given by the
power of transmillance of the used reducers expressed
in table 2.

Now, if for the second (weaker) line 25172 of the
triplel we suppose again that the intensity of the unwea-
kened line is 100, we oblain the curve € D for this line.
The intensity of the unweakened line is however notl 100
but less and the diminished intensities of this line are less
in the same ratio. Accordingly each of the poinls of
€D must be displaced to points, where the intensily is
smaller in a definite ratio, the value u being relained.

As lhe abscissa represents log 7, this means a shifting
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of the points of € D) over equal distances towards the left.
The amount of this shifting, is not known a priori, but
must be chosen so that after the displacement to €' D'
the points of ' D lie as well as possible between those
of A B. This process may be repeated once more for
the still weaker line 4 5167. In the curves of densilies
the crosses indicale the observed and the circles the
shifted points.

In this way we obtain a curve A B, which has been
fixed by many points?).

Now, the average amount of the shifting delermines
also at once lhe ratio of the inlensilies of the weaker
lines with respect to the stronger, while the spreading
which is contained in the amount of the shifting for the
points of a curve at once gives us an idea of the magni-
tunde of the errors, which this method may slill give.

Hence we can read immediately from the enrves of
fig. 3 that the ratio of the intensilies 7; of the lines
» 5183, 5172, 5167 of the ftriplet 1p—1s of Mg is
given by:

Iiss : Iorze ¢ Isier = 100 : 63 : 23,

The method, which we have described here, we shall

further refer to as "method A",

Mernon .

b, For groups of lines, the components of which have
great diffevences in wave-length.

A necessary condition for the use of method A for
measuring  the ratio between the intensities of spectral
lines is that their wave-lengths do not differ so much.
thal equal energies of these different wave-lenglhs cause
a measurable difference in the densilies.

') This method of "the shifting of the curves of densities”
was described by H. C. Buraer and P, H. vax Crerent, Kon.
Ak. van Wet,, Amsterdam XXII N7, h, 1920,
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With the doublets of Na and Ka this condilion is
practically satisfied, and the same is true for the triplet
1p—1s of Mg.

For the doublets of Rubidium and Caesium e. g. the
sensitiveness of the plate however is not the same for
the different components.

The same holds good for the triplet 1 p — 1s of Zn
and Cd and for many other groups of lines. The sketched
"method A” eannot therefore be used unaltered in such
cases.

It was of great importance for my further investigation
that a method had been worked out!) at Utrecht in the
Physical Laboratory (with the aid of an energetically
standardized lamp) which made it possible to investigale
as well those groups of lines, the components of which
have a greal difference in wave-length.

The method is based on the use of an energetically
standardized lamp, which serves to fix the relation be-
tween energy, wave-length and density.

. This method will further be called "Method B”.

This "Method B is closely connected with the “Method
A”, which has already been described.

The groups of lines, which we want to investigale
are photographed in the same way as with "Method A™.
We can of course measure the densities of the photo-
graphs obtained in this way, which are caused on a
photographic plate by the three lines and plot the curves
of densities for the different lines, bul the ratio belween
the intensities we cannot infer at once from those curves
of densities, for the densily does not only depend
on the intensity but also on the wave-length of the

incident light.

P, DoorxENBAL Physica 3. 187, 1023, In principle the stand-

ardizing of this lamp has already been described in "Scripta Univer

sitatis atque Bibliotheeso Hierosolymitarum™ L. 5. ORNSTEIN 1923
VIIIL, jit
In chapter-l¢ wo shall give a short account of this standardizing.
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To find the lrue ratio between the intensities it is
necessary first to measure the functional relation belween
the sensitiveness of the used plate and the wave-length.

This was obtained by using a lamp energelically stan-
dardized by Mrs v. . Boscn and DoORNENBAL.

On the same plate on which the group of lines, to be
invesligaled were photographed a photograph was taken
for that same region of wave-length using the said lamp
as source of light. Plate I gives a reproduction of a
plate, on which the triplet 1 p-—1 s (2 5085, 4799, 4678)
of Cd has been photographed.

The spectrum of the standardized lamp is photographed
enlirely after the method A so that the continuous spectrum

WAVE LENGTH

P P TR G‘,}."\) ) So0p

Fia. 4.

is also photographed with different intensities in one
photograph.

In order to make better understood the necessily of
using the standardized lamp, we have plollud in fig. 1

for the region of wave-length 4700 A to 4 5100 A

Sioe _A.
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as ordinates the relative energies causing the same
densiy Z on the same plate (in this case Z = 4 0,3).

It appears from the curve given, that about twice
as much energy of light of the wave-length 5100 A
is required as of light of the wave-length 4800 A to
give about the same density.

It appears further from the curve in fig. 4 thal e.g.
for the wave-length 4910 A and 4900 A the ratio be-
tween the energies, which cause the same density is
18,8:18,2 = 100: 97. Hence il is obvious, that for groups
of lines lying in this range of wave-length, having
difference in wave-length greater than 10 A "method A’
cannot directly be applied. ')

The way of computing the ratio between the inten-
sities of the lines, will be explained in more details with
the aid of an example.

For this purpose we lake the measurements of the
ralio between the intensities of the components of the
triplet 1p — 1 s (2 5085, 4799 and 4678) of Cd on one
of our photographs (N°% 93). The triplet in question was
photographed on a panchromatic Wratten-Wainwright
plate.

The intensity of the current in the arc was + 6
Ampere.

In fig. 5 the curves of densilies obtained by means
of plate N% 93 are given.

') The bearing of onr method B will become particularly clear
from what follows. On one of our plates line 4 4799 of Cd eansed
a greater density then the line 1 H085 whereas after nwnnnriug
the ratio of the sensitiveness of the plate for the wave-lengths 25085 A
and 24700 A the energy of line 4700 A appeared to be - 60 %,
of that of line 5085 A.

Accordingly the intensities given e .
(A. Fowrer Report on Series in Line Spectra 1922 page 143), which
jsnally estimated according to the

g in FowLer's tables

for the greater part have been v
donsity of the photographic plate, are not correct.
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Curves of densities (Cd 25085, 4799, 4678)
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Curve I is the curve of densities of line 5085 A,
curve II of line 4799 and curve 111 of line 4678.
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]

These curves can be shifled fairly well. ) Curve V
is the curve obtained from the photograph of the stand-
ardized lamp for 4 4678, Curve IV for 2 4799 and A 5085
(the curves for these two wave-length coincided).

It appears from these curves of densities, that 90°/o—
91°o0 of the energy of line A 5085 A causes the same
density as 100 °[o of line 2 4799 A. 43 of the energy
of line }.5(385 A causes the same density as 100°o of
line A 4678 A.

If therefore the plate had been equally sensitive to the
light of these three wave-lengths the ratio between the
intensities of the lines would have been:

100: 91 : 43, (a)

The spectrum of the standardized lamp photographed
on the same plate for the range of wave-length in question
gives according to curves IV an V that 100 °/o light of
45085 of the standardized lamp caused an equal densily
as 100% light of A 4799 and thal

92 % light of A 5085 of the standardized lamp caused
an equal density as 100 %o light of A 4678.

From the energy-curve of the used lamp it appeared
that the energies £y of the wave-length in question have
the following ratio’s to each other

Eisoss 2 Koo s Eiis = 18 -'I-,'.J'JT . 3,75 (b)
The ratio belween the sensilivennss G of the plate for
the three wave-lengths considered is therefore:

("buh'n:(l'rim : (;;1"5-:1 4 7‘1,,: l:_,l,_ )": 54 m= 1,55: 1,71 ((')
) ' # 4,573,756 7 100
In order lo oblain the correct ratio’s belween the
intensities of the lines, we must still divide the values

') According to FAuny et Buisson, Revae d'optique N9 1 page £6
1924, this will not be the case any longer for two curves of densities,
one of which corresponds to visible light, the other to ultra-

violet light.



99

—

obtained under («) respectively by the numbers mentioned
under (¢). This gives for the correct result:

: 1 1
Isoss i Tizgg : Tigzs = 100: 90 4 91 5 1,55 P 1,74°

Ts0ss ¢ Ta7o0 = Tig:s = 100 : 58 & 59 : 24 a 25.

¢. THE STANDARDIZED LAMP.

For standardized lamps, we used Philips Arga-lamps
investigated by Mrs, v. . Boscu and DooRNENBAL. )

The lamp was investigated, the voltage being 5 Volls.

Because of the great importance of this lamp for our
investigation we shall give a short account of the arran-
gement for the energelically standardizing of this lamp.

Fia. 6.

The i les
1e incandescent lamp A burns at a conslanl voltage
and whith the aid of the monochromator M ¥, when
used with its central shit gives an almos!t monochromatic
image of the slit in P,

Fhis image was used as a source of light for comparison.
n ‘. - .‘ g 2, . .
Fhe energy FEj d; was measured with a thermopile 7'

) P. DoorNENBAL Physica 3. 1923,

) P. H. vaN Crrrert. Physica 3. 182, 1923,

» » . Revue d'optique 2 57-60, 1023,
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connected with a galvanometer of Moll. The devialions
were registered.

It is evident that in this way only ratio’s of energy
are determined. The d2 was kwown because once for
all the range of wave length, coming out of the slit at
a fixed position of the central slit of the monochromator,
had been measured.

The following consideration gave the solution of the
problem.

The ratio of the energy ¢:0 of the lamp A of e. g
a yellow and a blue range of wave-length is kwown.
Required is ¢":0* for the same ranges of wave-length
of the ligth-source (the lamp L) which is to be stan-
dardized, the distribution of intensity being, unknown.

If we can measure ¢:b" and b:5" then g’ : b"is kwown
from this.

The measuring of ¢ : ¢  and b:0', that is the measuring
of the ratio’s belween the inlensilies with the same wave-
length, was done by photography. If we remove the
central slit of the monochromator we get a while image
of the slit.

Of this light-source thus formed in P an image was
formed on a pholographic plate with the aid of a lens
Ly and the spectrograph Sp.

The density which was caused was measured. Light
of different wave-length on its way from P to the photo-
graphic plate is absorbed, refracted ete. to a different
amount.

Now this was complelely eliminated, for a certain
ratio belween the intensities of light of different colours
that reached the pholographic plate corresponds lo a
cerlain ratio belween the energies in P measured with
the thermopile. And so the whole oplical instrument,
consisting of the lens Leg, spectrograph Sp and photographic
plate was standardized.

If now, on the same plate the spectrum of the lamp,
which was to be standardized and which was also placed
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in 2 (lhis is essential for the method) was photographed
with the same standardized instrument, with the same

inerqy-curve of de standardized lamp.
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time of exposure and if we measure the density it

was possible directly Lo delermine from his the ratio
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between the energies of the same da-ranges, of which
the energies in [ were measured with the thermopile.

Division by d A gave for the lamp to be standardized
the functional relation between the wave-length and lhe
evergy £2;. The curve which represents this functional
relation for one of the two used standardized lamps is
given in fig. 7.

d. 'THE STANDARDIZING OF THE LIGHT-REDUGERS.

We used for reducers a series of Zriss' smoke-glass-
plates. These reducers of smoke-glass are to be preferred
to the photographic reducers, if the power of transmit-
tance of the reducers cannot be measured in the apparatus
itsell, in which they are used, as the lalter give rise lo
scattering '),

As these reducers of smoke-glass might show selective
absorption the degree of weakening had to be measured
for each different colour.

The percenlage of the incident light transmitted by the
reducers was measured in two ways. The first method
which we shall call "method «” was worked oul for
the measuring of absorplions by Mrs L. S. Onxsteiny and
H. C. Buneer?®).

It starls from the point, that light, passing through a
monochromator and concentrated by a condensor on a
thermopile, which is connected with a galvanomeler,
auses  deviations of its mirror which can be registered.

This remarkably quick method gives very reliable
data for the power of transmittance of the reducers
especially in the red up to the blue part of the spectrum.

) Rassa Riwrnix Dissertation Utrecht 1923,
) L. 8 Onxsrerx and H, C, Burcer, Kon. Akad, van Wet,
XXIX, 1020,

Seo also H, A, C. DESIER VAN DER GON Archives Neerlandaises,
série 111 A, tome VII, p. 140, (1923).
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On account of the infensity of the nitralamp being
too slight for the ultra-violet and violet part of the
spectrum this method cannot be used satisfactorily for
these parts.

For the rest the same difficulties arose with our
measurements as are mentioned in the communication of
Mrs L. S. Onxsteivy and H. C. Burcer, viz. the drawbacks
caused by the light scattered in the monochromator,

The second method used and which we shall call
"Method ”, made it possible to measure the power of
transmittance of the reducers in the apparatus with which
our measurements of the intensity had been made, so
that the optical conditions were exactly the same during
the standardizing of the reducers as during the measure-
ments of the ratio’s between the intensities.

This was not the case with the "Methode™ «.

"Method 8" starls from the fact, that the intensily of
the light of a small range of wave-length of a conlinuous
spectrum which falls on the photographic plate, may be
supposed to be proportional to the width of the slit of the
spectrograph. In this case the slit may not be too narrow
as by the diffraction then arising a part of the light that
has passed through the slit does not reach the grating.

In the place of the light-source Li (see fig. 1 page7)
was pul a little nitra-lamp, burning at a constant voltage.

Photographs were then taken of the continuous spec-
trum of this lamp, the successive widlhs of the slit
corresponding to 100, 60 and 31 divisions') of the screw
of the micrometer,

On plate III such a photograph is reproduced. We
know therefore that the intensilies, which are caused
by the spectra ay, az and ay (see plate 111), are to each
0”“"‘_ as 100:60:31, likewise those of by, bs and bs.

With the aid of the "shifting method” of the densily-

1 b towe
) Each of the divisions corresponded to a width of theslitof

1
60 speed of the screw of the micrometer.
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curves deseribed in chapter I we were able to measure
in a simple way the power of transmillance for the
various reducers.

Standardizing of the reducers (» = 5844).
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Figure 8 represents the densily-curves referred to for
plale 133 for A 5844.

The curve A corresponds lo the densities of the
spectra ay, as and as with A 5844, The curve B to the
densities of the spectra by, bs, by ele.

All these curves can be shifted and indicate at once
that the ratio’s between the intensities which cause the
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spectra @, b, ¢, d and e are equal to 100: 69 55 :33:25.
1Tere again we have plotted the devialions u of the
galvanometer of the microphotometer against the inlen-

Power of transmittance of the reducers,
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sities of the light that has fallen on the plate (for the
latter the logarithmical scale is used).

llne'values obtained in this way for the power of
transmittance of the reducers deviated 3 %, al the very
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highest relatively to the unweakened light from those
which were measured according to "Method 2.”

In fig. 9 giving the curves for the power of lransmit-
tance of the reducers and where the wave-length has
heen plotted against the percentage ol the transmitled
light, the circles indicate the values obtained with the
method =, the crosses the values obtained with the
method .

For the region 500 — 625 2 we have drawn the
curves through the circles because a higher weight could
be altached to these values then to those, obtained by
"Method 3.”

e. The photographic plate and the developer.

For the red and yellow parl of the spectrum we used
chiefly Panchromatic Wratten and  Wainwright plates.
A few photographs were also taken with panchromatic
Paget and Iford plates. For groups of lines in the
green up to the violet part of the spectrum orthochro-
malic Paget plates were first used. Itappeared however
that in this part the panchromatic Wratten and Wainwright
and also the Ilford and Paget plates caused stronger
contrasts in the density for different intensities than the
orthochromatic ones.

This is the reason why we almost exclusively used
Wratten and Wainwright plates for later measurements
as long as our supply held oul.

For developer we haven chosen glycine ') ina dilution
of 1:2's at a temperatuur of :* 15° centigrade.

The time for development is about 6 minutes.

1) boiled distilled water 600 gr. ’ .
sulphite of sodium 150 gr. ! dilated with 2400 gr.
glycine 30 gr. of water,

carbonate of potassium 150 gr.



30

£ Discussion of the errvors influencing the results.

It appears from the above how inportant a part the
photographic plate played in all our measurements.
Janesen has rightly called the photographic plate "la
véritable rétine du savant”. Owing to the plale a more
close invesligation of many natural phenomena has been
made possible. But after having stated the possibilities
which the photographic plate offers for scientific inves-
tigation we must now also point out its imperfections
and these imperfections form the principal source of
errors in our method.

The errors of the photographic plate may he divided
(as has been traced at length by Miss Riwuiv ') into
errors caused by the glass-plate, by the layer of gelatine
and by the silver of the plate.

A second circumstance which influences the exactness
of our results, is the accuracy with which the power of
transmittance of the reducers was determined. The error
aused by this however is not great. As has already
been remarked on page 16 our "shifting method™ of the
density-curves gives us an indication of the magnitude
of the above-mentioned errors by the spreading which
appears in the amount of the shifting.

The amount of Lhis spreading always increased in
the same degree as the groups of lines showed a greater
difference in wave-length.

As far as "method A" was used, the largest error for
lines which are not too weak can therefore be estimated
at 1% to 2% of the intensity of the strongest line.

In "Method B, where the standardized lamp was used,
the errors of the standardizing make themselves felt also.

Therefore it is a matler of course that the accuracy
of the final result is less with "Method B then with
"Method A",

1) RassA RIwLiN, Dissertation, Utrecht, pag. 25, 1923,
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Yel the largest error then obtained in the resulting values
for the ratio’s of the intensilies may be considered to
be about 5°/; of the intensity of the strongest line of
a group.

To avoid the errors, occurring in the proximity of
the edges of the plate, the groups of lines and the con-
tinuous spectra were as much as possible and moreover
repealedly photographed in the central part of the plale.

If the intensilies of the groups of lines, to be inves-
ligated are weak, so that they require a long time ol
exposure the photograph shows a continuous background
cansed by the continuous light of the glowing parlicles
of the carbons in the arc.

The density on the place of the spectral line is
therefore caused by the sum of intensities, of the line
itsell and the continuous light for the wave-length of
the spectral line in question.

From the average of the densities to the left and
to the right of the spectral line in question the relative
intensity can then be defermined with the aid of the
continuous background relatively to the total intensily
which caused the density on the place of the line.
The corrections to be applied in this way did not as a
rule amount to more than + 2 to 5°, of the tolal
intensily. In a few cases however (see resulls for Cs

page 34), it amounted to + 25 %o,
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Results.
a. Sharp Series of the alkalis (Table 111).

For the case of all investigated alkalis their chlorides
were brought into the are.

Of the sharp series of Na the doublets 17-37 (» 6160-6154)
and 17-47 (2 5153-5149) were investigated. The intensily
of the current of the are was varied to make out whether
the transition-probabilities of the electron were influenced
by the condilions of excitation. It appeared however
that no measurable influence existed.

Of the sharp series of Ka were investigated the doublets
17-42 (4 5802-5782) and 1z-H7 (A H339-H323).

The intensity of the current of the arc was not varied
while taking these photographs.

For the Na-as well as for the Ka-doublets "Method A"
was followed.

With Rb and Cs the components of the doublets are
already at a grealer distance from each other so thal
for the investigation of the doublets of these melals
"Method B was used.

OF Bb the doublet 1747 (A 6160-6071) was invesligaled,
of Cs the doublet 17-b7 (A 6034 and H839).

In the following table the strongest line is always
arbitrarily supposed to be 100, the amounts lo which the
measured intensilies must be corrected on account of
the continuous background of the lines are given for Na.

For the other lines these amounts have not been given
but the given ratio’s belween the intensilies represent
the corrected values unless the contrary is expressly stated.
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TABLE 3.

SHARP SERIES.

é_—:i Ratio between Cont. datio between
S & | Met. | i A the intensities | back the intensities | Series. | Method.
~ E-L | “lll‘ﬂl’r(‘("(‘l]. gr(lllllli. 1'111'1‘0('!!-(1.
BATI Na | 7,1 6160-6154 | 100:50a 51 + 3°/ | 100 : 49 1z-3¢| A
644 3,0 . 100:52 | + 3% {100:50 - -
biw | 8 . 100:50a52 + 3% [100:48 450 5
69' Na | 6,8/5163-5149 | 100:53 | £ 6% | 100:50 174z A
1 5 ; 100:52 | + 3% | 100:50 : .
0 s - 100:54 | + 8" 1002 50 i .
"h.______;
l:hu] < i v
L’r;.l,;; .\Il‘l. A n“““‘ lw“?l.vn Series, .“l'!htu‘].
; the intensities,
‘\.._-‘-___
29 | Ka | 5802-5782 100 1 4954 | x-As A
LA [ : 100 : 48-52 i :
us* -~ ) 100 : H2-5HD ¥ .
§) = = .
o Ka Hau9-6H323 100 : 47 | 7-b7 \
PRl . 1002 49 - .
‘% ¥ . 100 52 ! g
84 Sl T
'll ih G1GO-GO7] 100 : 50 0 Hd e 13
= < i 100 53 " B
89 ’ . tmcorrected .
g7 | U8 G034-5839 100 : 664 67 ) for theint.| 17-07 B
i’ . 100 : 66 \ of thecont. 5 .

-

background
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The intensily of the continuons background, given in
table 3, with the Na-doublets is expressed in per cents
of the intensily of the strongest line.

The lines of the photographed Cs-doublet were very
weak. The intensity of the continnous background in
the neighbourhood of the line 6034 was about 20 “/u, that of
line 5839 was + 25°% of lhe intensity of the strongest
line. So if we correcl for this intensity of the background
the ratio between the intensities of the components of
this doublet becomes aiso + 100 : 50,

Hence it appears, that the ratio’s between the intensities
of the doublets of the alkalis is equal to 2 : 1 and independent

of the nature of the wmetal and the ordival number of the
doublet in the series.')

b.  Sharp Series of the Farth-alkalis.

Of the earth-alkalis we first invesligaled the triplet
Ip-1s (A5I83, 5172, 5167) of magnesium. The cored
carbons were packed with magnesinm-powder.

As appears from Table 1 page 11 with magnesium the
intensily of the current was varied, but here as in the case ol
Na page 32 no influence on the ratio belween the inlen-
silies of the components of the lines was measurable.

The continuons background appearing with this triplet

was very slight and could be neglected enlirely. As was
already stated at length in Chapter 1 "Melhod A" was
followed for this triplet.
Of Ca the triplet 1p-1s (26162, 6122, 6102) was investigated.
The first measarements of this triplel were made witl
the aid of "Method A", The photographs showed a ralher
strong  continuons  background. The resulls oblained
by the first measurements gave as ralio belween the
intensilies of the three components 100 : 80 : 40.

') This result is analogous to the rule

: of Preston for the magnetic
separatinns of the spectral lines,



30

These resulls showed a deviation from the regularity
which could be observed in the results oblained for
Mg, Cd and Zn (see table 4).

Presuming that the selfreversion of the lines, which
will of course be greatest with the strongest line, was
the cause of this deviation, a few more photographs were
taken, the concentration of the vapour of the melal in
the arc being much smaller,

This was done by mixing with carbon the salt, that
was put into the cored carbons. Moreover "Method B
was used in these investigalions. Correclions were made
for the light of the continuous background, which was
rather strong. For salt in the are we used Ca Fly, as
with this salt the are could be kept much steadier than
with Ca Cls.

The results obtained are given in lable 4 and agree
wilh those obtained with Mg. The accuracy in the case
of this triplet is less than in the case of Mg, owing to
the unfavourable circumstances, mentioned.

Of Zn and Cd the triplels Ip — Is were invesligaled.
Here too the concentration of the vapour of the metal in
the arc was kept as low as possible in order to limit
the possibility of selfreversion.

For both metals the chlorides were used to fill the
arbons,

The aceuracy altained is higher for Zn than for
Od, because with Cd the three components are further
aparl than with Zu; and therefore the unequal sensi-
liveness of the plate over ils surface makes itsell more
felt,

From the above il is obvious thal the ratio belween
the intensities of the components of the triplels of the
second series of the earth-alkalis is approximately equal
to 100:60:20 or H:3:1, and independent of the nature
of the melal.

We have not yel invesligaled whether the ratio be-
tween the inlensilies of the components of a triplet are
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TABLE 4.

Photo- Met. ” Rntif) lml.u'.'fien the quun Methad.
graph. intensities,
631 Mg. | 5183:5172:5167 100: 6323 Il ==iiia A
6:3° - - 100: 63123 ' -
63% 5 , 100: 63 :23° - .
637 - . 100 : 63 : 23 4 s
638 . : 100 : 62123 . 3
63* ; 100: 62223 : .
62 . - 100: 61 : 21 ' .
1112 Ca | 6162: 06122206102 100:62:20 L p | 5 1}
L1 G - 100 : 55 22° - -
1i12* g - 100 : 65 : 26 . -
113% | Zn | 4810:4722: 4680 100: 56 4 59: 20 1p— 1« I}
11133 R . 100:594062:19 2 o
% | g , 100: 6222 ' .
38 - " | 100:568,5:20 E o
i
92 | Od | H085: 4799 : 4678 100 652 206 lp—1ls I}
03 ¥ . 100: 58 : 22 . .

independent of the ordinal number in the series.
may be done for the triplets of
methods

will

have

been  properly

ultraviolet part of the spectrum as well.!)

) The methods worked out in the Physical Laboratory make

This

Mg, as soon as our
worked out for the

a stundardizing of the reducers for this spectral-region possible.
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c.  Sharp Series of Multiplet systems.

As a consequence of invesligations made by Cararax!)
and Miss Giesecen °) mulliplet systems of spectral lines
have been discovered in the spectra of Mna and Cr.
Since then more multiplets have been deseribed in rapid
succession viz. by Caravan ®) for Cr, Mo, Se;by Pascuex )
for Ot and OF by C. C. and H. K. Kiess ) for Mo and
Fe, by Wavrens®) for Fe, by Larowte 7) and by Mecaers ®)
for V.

From these invesligations counld be concluded that with
all these multiplet systems the s-term is single and the
p-term threefold.

According as the permanent maximal number of these
terms is three-, four-, five, sixfold ete. we speak of
of triplel-, quartet-, quintet-; sextetsystems ele.

Hence the p-term in all these systems being always
threefold we can distinguish triplets from triplel-, quarlet-,
quintet-, sextelsystems ete. Now it was important to
investigale what were the ratio’s between the intensilies
of the components of these triplels.

Professor Sommenrerd suggesled that as the intensities of
the components of a lriplet of a triplet-system are to

presumebly the ralio’s would be
6 4 2

" )
for a quartel-system & 5 ¢ 5

- - -

cach other as

b
(I R TR

) M. A. CATALAN, Trans, Roy. Soc, 223 8, 127, 1022
) H, Gueserenr,  Ann. d. Phys, 69 8, 147, 1022

M. A, CATALAN., Ann, Soc. Esp, Tis, y Quim 21, S84 nnd
213, 1923; 20 8, 60u, 1922,

) F. Pascugs. Ann, d, Phys, 710 8 537, 1024,

) 0. 0. Kigss and H, K. Kiess, Science 5, S, 60T 1022;
Journ, Wash. Aead, of Science 13, 8, 270, 123,

) F, M. Warters, id. 18, 8, 243, 1923, :
) Q. Larorte, Naturwiss, 11, 8. 779, 1923; Phys. Zoitschr,
24, 1923,

) W.F Mecoers Journ Wash, Acad. of Science 13. 8. 317, 1923.
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for a quintet-system 9°9°'g
8 6 4

for a sextet-system  :--:
3 - - 9 . 7 - ;‘—)

for a seplet-system CRr D)
- 10 8 6
for a octet-system =11

He was so kind as to mention in a letler to us

triplets, suitable for an experimental invesligalion.

Of these triplets 1 investigated the triplet 4 G021, 6016,
6013 of Mn (sextet-system) and the triplet 4823, 4783,
475% of Mn (octet-system). With the other groups of
lines which were mentioned, difficulties arose with our
method of invesligalion, partly because of lheir being
too faint, parlly because they were for our method too
far in the red part of the spectrum.

The results concerning the Mn Lriplels are given in
in table 5. The agreement between the measured and
the expected ratio’s is indeed very striking.

TABLE 5.

106° ‘ Mn ‘

Ratio Ratio -i
‘ . [ . | between the | between the
¥ 7% s Sia% T -l System.
| ! \ 4 | intensities | intensities T ghse
| measured, expected, -
105t | Mn ;j:'it\llll);'ﬂ.‘l 6021, 6016, 6013 | 100:77:563 | 100:75: 560 A Triplet of
\ ! |
i { T - I 100:77:53 | T v " poxtelsyston.
|
| | | : }
lU[}" Mn ;j:ij Amptre, 4523, 4783, 4754 | 100:81:61 | 100 :80: 60 1} Triplet of

" i1 T ! ]U”:'l‘“:“.: | " {

welelsysten.
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d. Diffuse Series of the alkalis.

Of the diffuse series of Na we investigated the doublets
| 7—33 (2 5688—-5682) and | #—4 0 (2 4982—4978).

The investigated doublets of the first diffuse series of
Ka are 1 —4 2 (1 5832—5812) and 1 7—5 4 (25359
5343), of Bb17z—44 (A6298—6206), | 750 (A5724—
5648) and 1 7—60 (» 5432—5363).

As salt in the arc we used chlorides of the above
mentioned metals.

The donblels of the metals Na and Ka were invesligaled
with the aid of "method A", for the doublets of Rb
"method B" was used.

As the J-levels are practically nol separated with these
doublels, single doublets are caused by the transilion
from the o level to the = energy-levels.

Wilh the melal Cs the doublel 1 524 is a complex
doublet consisting of the lines A6127, 6213 and 6010,

For the investigation of this group we used "method B”.

Table 6 gives Lhe resulls.

We may mention here that the doublet Iz — 34 ol
Na was pholographed with different intensities ¢ of the
current in the are. For photograph 64* (sec table 6)
{ = 4 Ampére, for photograph 66" 7 was 6,4 Ampére
and for 66° ¢ was 2,5 Amp. An influence on the ralio’s
between intensities of the components of this doublet was

however nolt observed.

On considering the results concerning the diffuse series
of the alkalis, it appears thal the ralio’s between the
intensities of the components of single doublets of this
series are equal Lo 100: 50 or 2: 1, exactly as with
lhose of the sharp series,

It is remarkable that with the complex doublel of
Os the ratio between the sum of the intensities of the
lines 6212 and 6217 and the intensily of line GO1O is
also approximalely equal to 9:1 (this is more closely
discussed in chapter I11).
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TABLE 6.

Photo- | Ratio’s of the

graph. Metal. A iot. Series. Method.
64°  Na | 5688 : 5682 | 100 . 50 'z —309 A
66' | . ; - 100: 50 : bty
665 | ! 100 : 50 JF Do iy

24 - . 100 : 50 » ‘ »

69° | Na | 4982 : 4978 100: 50 | 1r—43 A

HE - . 100 52 B -
707 . . 100 : 53 . _
25 | Ka | 5832 : 5812 | 100:5H2 [ 17 —4) A
10 . , 100 : 48 : .
flA - 100: 51 a 52 3 "
TR T |
95 Ka | 5359 : 5349 100 : 50 | e A
72 4 i 100 : 50 . -
84 Bb | 6298 : 6206 100 : 50 l 7 — 40 B
98 4 . 100: 562 a 54 - -
- = | |
s61! It D724 : 5648 100 : 50 Ja—.5 B
S0 » . 100: 53 . A
861 | Rb | 5431 : 5362 100 : 53 e — 09 I3
862 3 . 100 : 50 ) i

19 Cs | 62127 6217 100: 12 A
84 | - 100: 13 ) 4 A
82 " - 100: 14 s Deim o PH oy

§

84 - 6212 : 6010 100 : 55
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e. Diffuse Series of the earth-alkalis.

Of this series the complex triplet of Cu (1 p — 2 d) was
investigaled. For this purpose the carbons of the are
were packed with a mixure of fluoride of Calcium and
carbon.

This complex LIriplet consists, as is well known, of
six lines which are represented in fig. 10 in the way
introduced by SoMMERFELD.

16, 10,

The occuring lines are A 4456,61 (1 py - D ify)
A 4455,88 (1 py — 2dy)
A4A54,77 (1 pp — 2d,)
A 4435,67 (1 pe — 2dy)
A 443495 (1 pe — 2 da)
A 442543 (1 ps — 2 dy).
The observed inlensities expressed in the intensily of
the line A 4454.77, this latter being arbilrarily pul equal
to 100, are given in table 7.
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The mean values of the relative intensities given there
have heen printed in the verlical arrows in fig. 10, which
represent the occurring spectral lines.

TABLE 7.

| S| T
i\\’n\'t?-]engﬂl A1 1456,61 4455,88 | 4454,77 1 4130 .67 ‘ 143495 3 442543 | Method.
| | ‘ | |
|
\

a ;
Photograph 126! | Rel.intensity | < 1 18 i 100 ‘ 19 | 5 26 A
1262 . <1 | 18 | 100 | 19 |b52354(26—24 o
120 . | <1 | 18 | 100 | 19 54 | 26 :
120 | < 1 19 | 100 20 Hd 24 I 4,

If we call the_sum of the relative inlensities of those
lines for which the pi-level is final S, , the sum of the
relative intensities of those lines for which the pe-level
is final S, and Sp, the relative inlensity of the line for
which the ps-level is final, it appears from the relative
intensities represented in fig. 10" that

o T Q.79 0F
h}h . ‘L‘IJ._, M JH!"_‘ S— I IJ - Iv: 5 ait)

or approximalely

Sp, 2 Sp, 1 Sp, = 9 areals

These are Lhe same ralio’s as belween the inlensities
of the components of the triplets of the sharp series.

f.  Bergmann-series of the earth-alkalis.

As we have already seen in the introduction the groups
of lines of this series are observed as single Iriplels as
long as lhe b-levels of this series are nol yel wide
enough apart to oblain a perceplible separation in the
spectrograph. These three observed components correspond
to the transition of the electron from a single f-energy-level
lo the three levels oy, d: and dy. This case oceurs
with the triplet of Ca 1 d — 3 b (A 4585, 4581 and 4578).
The resulls of the measurements are given in lable 8,
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TABLE 8.

Ratio between the
intensities,

l'hurlu- I

Metal. A
graph b 4

1965 | Ca | 4585, 4581, 4578 { 100:70 2 74: 44,5
127t |, | 2 . 100:72: 44
fa7sals wE ) 2 | 100:74: 47

The ralio’s between the intensities of these components
are Lherefore approximaltely given by

The group 1d — 30 of Sr was taken in the firsl
as well as in the third order spectrum,

Wilh those laken in the first order the slit ol the
spectrograph  was laken so wide, that the componenls
A4893.12, 489269 and 4892,03 overlapped, likewise
the components 24869,19 and 4868,74. In this way
the sam Sy ol the intensities of the lines A 4893,12,
4892,69 and 4892,03 for which the di-level is final
are compared with the sum S of the intensities ol the
lines A 4869,19 and 4869,74 for which the d: level is
final and wilh the intensily Sy, of the line A 4855,08 for
which oy is final.

The resull of the measuring was:

Photograph 1174z 8y, ¢ Sy 2 Sy, = 100 70: 44.
¥ Wit h'“r] . S,;u + 8 = 100:71: 44,

Hence Lhe ralio’s obtained here are the same as for
the components of the single triplet ld— 30 of Ca.

In the third order lhis group 1d-—30b of Sr was
sufficiently separated to measure the ralio’s belween the
intensilies of the six lines of the complex triplet 1.d —3 b,

The result is given in table 9, the inlensity of the
slrongesl line being again supposed Lo be equal to 100.
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TABLE 9

| | | E
Photograph. | 4803,12 1 4802,60 | 1892,03 | 1869.19 [ 4868,74 | 4855,08  Method.
f f ! |
132 | Rel. Intensity | < 1 0 =1==100 0 704 { 48 & 50 B
134 | o <1 9 100 o |67ace|dsaa0| B

While photograph 132 was being taken the arc con-
tained comparatively much salt while for pholograph
134 it contained little.

g.  Principal Series.

Finally we shall mention a few measuremenls concerning
some groups of lines of the principal series. As has
already been indicaled on page 4 and as will appear
more clearly in Chapter III page 49 it proved to be
advisable to investigate some groups of the principal
series loo.

The doublet 17 — 2= of Us (2 4555,26 and 4593,16)
was invesligaled. By making the concentralion of the sall
in the arc very slight, selfreversion was avoided as much
as possible.

The result of the measuremenls is given in lable 10,

TABLE 10.

Photo- Ratio between
Metal. A ; Method.
graph. the int.

80' | Cs | 4555 — 4593 | 100:54 4 56 A
80% | (s f | 100:53 — 48 A

l urther the triplet 1s* — 2 p* of the principal series of

r (2 5288,42, 5206,05 and 5204,51) was invesligated.

The resull of the measurement wuih ‘Method A™ was:
Isz0s = Tozos t Jpgoq = 100 ;72 : 45,



CHAPTER IIIL

Summary of the results. )

On surveying the results, mentioned in the preceding
chapter, it appears:

19, that the ratio belween the intensities of the com-
ponents of the doublets of the sharp series of the
alkalis is equal to 2:1 and independent of the
nature of the metal and of the ordinal number of
the doublet in the series (see table 3).

20 that the ratio between the intensities of the triplet-
components of the sharp series of the earth-alkalis

ot i Ll s . . 3
5 519 g independent of the nature of the metal #)

(see table 4).

39, that the ratio between the intensilies of the triplet-
components of the sharp series of a sextel-system
i 4:3:2, and of a triplet of an octet-system 5:4.:3
(see lable B).

In all the cases menlioned under 1% 20 and 3% we
have Lo deal wilh lines which arise through transilion ol
the outer electron from one initial level Lo a complex final
level. We will now consider the following table for the
J-values which have been introdnced by A. Laxbk %) for
the characlerizing of the spectral terms and with the

1) This chapter gives the contents of a paper of H. C. BurGen
and the author. Zeitschrift fiir Phys, 1924
5 The independence of the ordinal number has not yet considered
here, This will be possible, when the mensurements e, g for the
Mg. triplets can be continued into the nltraviolet part of the spectrum,
3 A, Laxpi, Z £ Phys. 15, 1580, 1024
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TABLE of the J-values of the mulliplel-terms.
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aid of which he is able to deseribe the anomalous Zeeman-
separations. The J-values have been borrowed from a
table, which Prof. Laxpi ') has been so kind as to send me.

If we compare the observed ratio’s between the
intensities with these J-values of the final-levels, the
results sub 19, 20 and 3° can be summarized in the follo-
wing rule:

The ratio's between the intensities of the doublet- and
triplet=components of the sharp series are equal to the
ratio’s  between the internal quantum numbers J*) of the
final levels. (Rule 1)

Now it is very remarkable that Rule Talso holds good
for the cases in which the inilial levels are multiple, but
so close together, that the spectrograph cannot resolve
the multiplicity in question.

For it appears from lable 6, that the ralio between
lhe intensities of the components of the doublets ol the
diffuse series of the alkalis is also 2:1, when the sepa-
ration of the d-levels is too small to be resolved,

If we consider the d-level to be single the duplicily
of the p-levels gives two components, the intensilies of
which, in accordance with Rule 1 are to each other as
2:1, thal is to say the same ratio as belween the inler-
nal quantum numbers of the two final levels,

For the group of lines 1d — 35 of the BeraMaNN-series
of Caleinm this Rule 1 holds good too. (See for this
page 43 Chapter 11,

As the b-level is nol separaled this group consisls ol
three components the ratio’s belween the inlensities of
which are the same as between the inlernal gquantum
numbers of the final levels d, that is to say, the intensities
ol the (‘(ll]l]l(lllt.'l'IlH are lo each other as 7:5:3,

In these cases some of the components are complex,

') Compare also Z. f. Phys. 15, 8. 192, 1923,

5 We adopt LANDE'S gnantum pumbers.  The ratio’s between
the intensities can also be deseribed by means of the internal quan-
tum numbers of SOMMERFELD,
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though mnot resolved. Hence their intensities are ecual
to the sum of the intensities of the components of their
common final level. The accordance just mentioned
with the Rule I in the case of the unseparated initial
levels led us to expect that with separated levels a cor-
responding regularity would exist.

The sum of the intensities of the components of a con-
plex line, which corresponds to transitions of the electron
to the same final level are to each other as the internal
quantum numbers J of these final lecels.  (Rule 11.)

This Rule II which is a extension of Rule T is con-
firmed by the observation of the complex doublet
1=—50 of Cs (see chapter 11 d page 39), as well as by
that of the complex lriplet 1 p —24d of Ca (see chapter
[le page 42).

Now il is important to realize that a ralio can be
indicated belween the intensities of the components of
a complex doublet and triplet, for this means thal,
when the initial levels of the components to be compared
are different, this ratio is likewise a number characteristic
for the components concerned. Rule II points already
to the same fact namely, lhat the ratio belween the
concentrations of the initial levels of the eomponents
is a number characteristic for those components, which
depends not al all or only slightly on the circamstances
under which the emission takes place. Though actually
our rule is an approximation holding good only as long
as the difference in energy between the levels in question
is sufficiently slight, we shall consider it in what follows
to be rigorously true and trace to what conclusion this
will lead. ;

Hence it appears to be of some purpose to investigate
the intensities ol the components of a complex line of
the principal series. These components namely have
different initial levels bul a common final level.

As a first example we mention the doublels of the
principal series ol the alkalis. For the ratio belween
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the intensities of the D-lines of Na, various investigators ')
have fonnd the value 2:1, the line D: for which the
internal quantum number of the initial level is 2 being
the strongest.

This ratio 2:1 which has also approximately been
found by us for the group 1 — 27 of the principal
series of Cs (» 4555,26 —4593,16) (see Chapter 1I* page 44),
is lowered considerably by self-reversion, for the concen-
tration of the absorbing atoms is very great. The more
however the density of the emitting gas is reduced, the
more the ratio between the intensities of the components
approaches to 2: 1.7

Here the internal gnantum numbers of the initial = levels
are 2 and 1 and so it would seem that in the principal
series the internal quantum numbers of the inilial levels
determine the inlensities of the components,

This supposition was confirmed by the intensities of
the triplet 1s — 2 p of Hg.

For these three components I, Pascues J) gives the
ratio

100:60:20=5:3:1,
which numbers are lo each other as the internal
quantum numbers J of the initial levels pi, pe and pa.
As this gronp 1s— 2 p is situated in the infra-red and
the distance between the components is small, the
investigation gives us at once the ratio between the
intensities.  Our  measurements of the intensities of
the three components of the group A 5H208,42; H206,15;
520451 of Cr show that the ratio bhelween them is as
100:72:45 (see chapter 118 page 44). The group in
question belongs to the quintet-system and has for symbol

1§ —2p°

M. Gouy. Ann. d chem. et de Phys. b (18) 70. 1879,
3 In the case of the D lines of Na this was ascertained once

more by us,
% F. Pascury, Ann. d. Phys. 27, b0S, 1008,
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110" Hence

The J-values of the initial levels are

19|~
19| Tt

with these lines of the principal series the intensities
of the three components are also proportional to the
internal quantum numbers J of the initial levels.

We have therefore as counterpart of Rule I:

The ratio between the intensities of multiple spectral lines
of the principal series is equal to the ratio between the
internal quantum numbers J of the initial states of the
atom (Rule III).

As now the initial levels play the same part as the
final levels with the sharp series, we fried to generalize
Rule III and to test the following rule for the intensities
of multiple spectral lines.

The sums of the intensities of components of a complex
spectral line which corresponds to the transition of the elec-
tron from the same initial level are to each other as the
internal quantum numbers J of these initial levels (Rule IV.)

This rule is the counterpart of Rule II and we main-
tain that the intensities of the components of every com-
plex line must satisfy both rules. As a test we shall
apply both rules to the values, given on page 41 for
the relative intensities of group 1 p — 2d of Ca. Of these
numbers we give a survey in the following table Ll.

The J-values are printed by the side of the symbols

for the levels. Rule 11 says that the sums of the rows
. 5 ¢
are proportional to the J-values 5 : i

pre] -

of the p-levels,

whereas according to Rule IV the ratio’s between the
sums of the columns must be equal to the J-values
3 5 17
9°9°g of the initial d-levels.

We have already lested the first assertion on page 42,
the second part of the rule requires that the ralio

(1 +19-425) : (18-4+54) : 100=3:5:7
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TABLE 11.

1 (;’, 1 18 100

)
1 ps (3) 19 54 0
)

|
1 1)3 (Q

9 ds (g) 9 dy (;) 9 d, (z)

holds good. It is true that the stronger lines ares lightly
too faint, but taking into account the selfreversion which
certainly can not be neglected, the agreement may be
considered satisfaclory.

Rules 11 and 1V together with the ,selection principle”
which excludes cerlain transitions are not sufficient for
an unambignous determination of the intensities of the
investigaled lines.

In the last mentioned example of the complex (riplel
the ratio’s between the intensities of the six components
must be delermined, that is to say, the number of the
unknows is five. Rule Il and IV give each a ratio for the
three sums in question and together they give four equalions.
Hence it follows that one more equation is required to
solve the problem. In order to find this equation we
will first confine ourselves to the simple case of a com-
plex doublet.

Rules 11 and 1V give each an equalion and these lwo
equations are sufficient to determine the ratios of the inten-
sities of the three components of the complex doublel.

We write the resnll of the simple caleulation at once
for an arbitrary azimuthal guantum number k of the final
state, the azimuthal quantum number of the initial stale
being equal to %~ 1. If we pul k=1, 2 8%.:. We




92

obtain successively the intensities for the series sp, pd,
db.... In the following table the sum of the lhree
intensities has been put equal to 1.

TABLE 12.

b b 1 4 2L E—1
e | ‘_ 2r—1)2k+1) E—1D2E+1)
E—1 | oR—k—1 A
2k—1 | 2k—1)(2k+1)

| k- k41

[ 2k 41 2 )41

The J-values of the two initial levels are [ and k -+ |
these of the final levels £ — 1 and /. Il is convenient
to introduce instead of the internal guantum numbers J
fraclions which have J for numeralor and of which the
denominator is the sum of the J-values of all initial- and
final-levels respectively. These fractions are given in the
table and will henceforth be referred to as "relative”
quantum numbers. In a table like the one above, the
sum of the intensilies in every row or column respeclively
must be equeal to the relative quantum number concerned,
printed by the side of them. We shall now apply
table 12 to the case of the diffuse series (p d series) of
the alkalis. The computed ratio between the intensilies
of the componenlts is given by table 13.

TABLE 13.

pe (-_2-) 3 0
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Only the numerator of the fractions for the intensilies
has been given, the common denominator (24 — 1)
(2k +1)=3X5=15 has been omitted. Applying
Rule Il and IV the ralio’s between the intensities ought to be

9:5:1 =1005 4 55 : £ 11.

The observation of the complex doublet 1 = — 54 of

(s has given the result (comp. chapter 11" page 40).
100:565: 13

As we see, the agreement is suflicient to confirm our
yules 11 and 1V.

In order to determine complelely the ratio’s belween
the intensities for the complex triplet and also for more
complicated cases, we generalize table 12, Ior this we
observe Lhat there is a component the numerator for
which is 1, (table 12) independent of the azimuthal
quantum number. It is that very component, which
according to Sommerfeld’s intensity-rule ') must have the
smallest intessily, as the change of the internal quantum
number  differs most from the change of the azimuthal
gquantum number.

Generalizing we therefore assume the validily of the
following rule:

The intensity of a component of « complex line expressed
in the sum of all components as a unit is a rational frac-
tion, the denominator of which is the product of the sumn
of the internal quantum numbers J*) of the initial and
final levels respectively. The wumerator is 1 for that component
with which the changes of the internal quantum numbers
differs most from the changes of the azimuthal quantum
numbers. (Rule V).

In all ecases the rules I, IV and V are suflicient lo

) A, SoMmMeERrFELD, Atombaun und Spectrallinien 3¢ Auflage,
S, 447, 448,

) With the triplet, quintet, ete. the whole number 2./ is taken
instead of J in order to avoid fractions which makes no difference
in the ratio between the intensities,
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calculate, without further assumption, the ratio between
{he intensities of all the components of a complex line.
By lhe principle of selection exactly so many lines
have been excluded as to make these three rules yield
a sufficient number of equalions.
In table 14 the intensities in this way computed for
arbitrary k are given for a complex triplet.

TABLE 14.

2k+1
6k—3
2k —1
6k—3
6k —3

| 1 1 1240 4 12k —9

 6k—3)(6k+3) GE—3)O6LF3) Gk -3)6k+3)

11 12k — 14

(6 — 3) (6 k4 3) Gk —3) (6 k+3) 0
1262 =12k —9 - ;
(61— 3)(6k -+ 3)
92— 1 9k 41 2%+ 3
6k -+ 3 6k 3 6hk+3

The intensity-fractions can easily be deduced by
means of rules 1, 1V and V from the relalive quan-
tum numbers added in lhe table; so e.g. the intensily-
By 12k — 12k -9
fraclion 6 — 3)(6k-+3) is at once equal to the
2k —3
Gk —3
fraction no other numbers oceur. We test lable 14 firsl
by means of the pd group of Calcium, the ratio between
the intensities of which is given on page 42. The inlen-
sities for k=2 compuled by means of the above lable,
we alter to the effect, that the intensity of the strongesl
line .is equal lo 100, and in this way we gel:

relative quantum number as in the row of this



o

TABLE 15.

mo | 1800 17,5(18)  100(100)
pe | 175(19)  54(54) 0
Pa 99.9(25) 0 0

g (’3 (ig (11

The results of our measurements have been added in
brackets 1o the values computed according to the rules
i1, IV, V.

The group of lines 1d —3 h of Sris also interesting.
As we have seen in chapter 11 it was just possible with
our arrangement to resolve the six componenls of this
gronp in the third order of the spectrograph and to measure
the ratio between their intensities.

[n table 16 are given the computed and the observed
intensities (the latter in brackets).

TABLE 16.

dy | 07(<1)  8,1(9) 100(100)
de |1 8,1(9) 69,5(64) 0
dy | 46,7(48) 0 0

h_a l.lg !'I

For the two complex lines (1p—2d) of ('a and
(1d—308) of S the agreement  belween the resulls,
oblained with rules II, IV and V and the observed values
is slrking.

We have not yet measured intensities of the components
of complex groupes of lines of quartet- and quintetsystems.

It is possible however o predict in the mannoer indicated

above the ralio belween the inlensilies in these cases,
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Finally we may observe the following:

1°. Our measurements hitherto only referred to lines
the components of which differ comparalively little in
wave-length. In this case the ratio between the inten-
sities of the components is approximately equal to the
ratio of the number of transitions of the electron producing
the lines, as the energy-quantum /7, which is emitted
at every transition is practically the same for those
components.

In principle it makes an important difference whether
our rules are meant for the intensities or for the number
of transitions.

This can only be determined by measuring the intensities
of components the A, of which differ greatly.

20, It is important to notice that the intensities
according to the rules given, with increasing values of
the azimuthal quantum numbers %, all converge towards
zero, except the SommerrerLv’s “strong” transitions, with
which the changes of J and I are equal.

The components which correspond to these "strong’
transitions all converge with increassing £ towards the
same limiting value.

Suffice it to mention this extrapolation which is of
great importance for the correspondence-principle.

3" For a further theoretical discussion of our intensilty-
rules we may refer to a publication by Mrs L. 5. OrNsTEIN
and H. C. Bureer which will shorlly appear in the
"Zeitschrift fiir Physik”.

?
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STELLINGEN.

I.

Intensiteitsmelingen van spectraal lijnen kunnen dienen
ter bevesliging en opsporing van spectraal serien.

1.

De resultaten der absorptiemetingen in enge speclraal
gebieden, in het bijzonder die van absorplie lijnen, hebben
zeer geringe waarde,

I1.

De voorstelling, welke E. Ruer geeft van de lichtemissie
der Nevenserien, is onvolledig.
E. Ruer. Ann. der Phys. 73 8, 10, 1924,

IV.

De quantitatieve verklaring, die C. G. Apnor en zijne
medewerkers geven van de verandering der energiever-
deeling in hel zonnespectrum bij varialie van de zonne-

constante, is niel houdbaar,
Ann. Smrrus. Inst. 1V, blz. 200,

\'f-

De wijze, waarop Micuersox en Prase bij hunne methode
tot bepaling van de middellijn van sterren rekening houden
mel de lichtverdeeling over het sterreoppervlak, is onbe-
vredigend,

Astrophysical Journal vol. LIII, pag. 204, 1021,

&
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Het convergentiebewijs van E. Czuser voor de integraal

sin . F:
[ (R dr iz onjuist.
H

E. Czuper. Vorlesnngen iiber Differential- und Integral-
rechnung, 11, 11Ie Auflage, S. 164.

VIIL

w0

. dr . )

De integraal | A2 (1 + a9 is voor elke recéele
4 .

-+ ")

. | '
waarde van n gelik aan _ en kan opgevat worden als

bijzonder geval van meer algemeene integralen, welke
een bepaalde waarde hebben, onafhankelijk van den
parameler n.

(Prijsvraag 3. Wisk. Genootschap, Amst. 1924).

VIIL,

De verklaring van hel ontstaan der magnetische stormen
door Cn. NonpMasy gegeven, is onjuist.
Annales de 'observatoire de Nice. Tome 1X, 1905,
Zie ook Le Royaume des cieux. Cu. NompManw, 1923,
bladz. 109,

IX.

De behandeling der lenzenformule ay X gy = Fy )X Fe
bij het gymnasiaal en middelbaar onderwijs is le ver-
kiezen boven die van de in de meesle leerboeken voor-
1

1 1
komende formule Bt s et
) v
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