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Physics. — “The fluence of temperature and magnetisation on

selective absorption spectra.”” III. By Prof. H. E. J. G. pu Bois
and G.J. Euias. (Communication from the Bosscha-Laboratory).

§ 20. Since our former communication (These Proc. March p. 734)
we have obtained a number of samples, the crystallisation of which
in reasonable sizes from solutions in water or amylic acetate was
brought about only after many failures and many weeks of patience.
Notices concerning the influence of the anion or the temperature only
on the absorption spectrum, must be laid aside as being too extensive,
though incidentally some details may appear about it. With respect
to the Zrmman-effect we shall also confine ourselves to a choice from
the profuse material, which for the present can be little more than
an enumeration of the many ways in which the iufluence of the
magnetisation may manifest itself; it must be reserved for further
investigation to impart more order and regularity to the present
rather unsystematic series of results.

As a rule we worked again in the spectrum of the first order;in
some cases we had recourse to the second order, in which some
special effect may sometimes be better judged, at least from a
qualitative point of view; for measurements the first order proved
preferable on the whole. As we have never to do with very fine
lines, too great a dispersion is of no use here, and certainly of
much less importance than a strong magnelic resolving power. Very
thin crystal chips — some teniths of a mm. thick — already exhi-
biting jet-black absorption bands, particularly for neodymium salts,
we could use these, and expose them to very strong fields, mostly
of 38—42 kilogauss. The distinctness of the spectral image depends
to some extent on the choice of the proper thickness for every salt.
The fields were measured with a bisinuth spiral; the disturbance by
the narrow slits is certainly less than with the usual round bores;
the increase of the — saturated — magnelisation values of the polar
end-pieces on cooling them down to — 190° is probably slight; it
would be desirable to obtain further information concerning these
points. We consider, however, the accuracy of our field-measurements
of the same order as that of the readings in the spectrum. We again
preferred the latler to a photographic reproduction; for with visual
observation the identification of the lines with field on and field off,
especially with erbium compounds, proved to be decidedly easier.

§ 21. Third series. We have investigated a few organic
double salts of chromium and potassium with a view to a possible
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Zrwman-effect, the absorption spectra of which were fully described
at ordinary temperature by Laraaix?!). The so-called “blue” (dichro-
itic red-bluej chromium-potassium oxalate [Cr, K, (C,0,), + 6 H,0)
mentioned in our first paper exhibited in liquid air a strong band
696,4—701,4 (cf. § 5), evidently still too broad to be taken into
account. This oxalate may not be mistaken for the so-called “red”
compound :

Clrominm-potassium  oxalate [Cr, K, (C,0,), + « H,0; different
authors consider # =28, 10, £2]; this was obtained by Crorrin 1842,
and its absorption-specttum was investigaled by BrewsTzr ?). Strongly
dichroitic (claret hue-bluish grey) probably monoclinic crystals. At
—190° a number of fine bands and lines in the red are seen with
the spectrometer, the most striking of which are a rather strong
band 680,0, and a strong band 692,5 between the red ruby bands
R,=691,8 and B, =693,2 (comp. § 7, 17).

A plate, 1.5 m.m. thick had to he examined with sunlight on
account of its strong absorption; for the same reason the ecrystallo-
graphic orientation could not be determined. At -—193° line 692,5
had a width with field off of 0,14 uu with non-polarized light; ina
field of 36,5 kgs. the widening amounted to about 0,05 uu.

Chyromium-potussium malonate | Cr, K (C.H,0,), + 6H,0], is evi-
dently homologous with the ¢“blue” oxalate. This could only be
obtained as an interlaced dark crystal magma with irregular orien-
tation, dichroitic (grass green-sky blue). In the red at — 193° we
find a strong Land, the middle of which 693,3 coincides pretty nearly
with the red ruby band R,=693,2; and a broader rather faint band
698,3. A sample of a thickness of only 0,15 mm. exhibited band
693,3 with a width with field off of 0,8 pu with unpolarized light;
moreover 1t appears to have shifted 0,8 uu towards the red with
respect to the corresponding band of the oxalate above mentioned.
In a field of more than 40 kgs. the band became distinetly vaguer
and almost disappeared. We had no opportunity as yet to examine
a malonate homologous with the ‘“red” oxalate; perhaps the phe-
nomenon would appear more clearly stll in tlus case.

§ 22. Fifth series. We have now made a closer examination
of some salts of the four metals Pr, Nd, Sm and Fr, such as had
Leen used in 1899.

Praseodymium sulphate [Pr(S0,),. 8H,0]. Light green plate,
containing both optical axes, 0,6 mm. thick. Exhibits several not

1) W, Laprak, Jowrn. f. prakt. Chemie (2) 47 p. 307, 1893.
%) A. Rosenmen, Zeitschr. f. anorg. Chemie 11 p. 196, 1896 ; and 28 p. 337, 1901.
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very narrow bands at — 193° in the violet and blue; in the orange
some heavy broad bands, moreover a strong band 599,0—599,3, a
pretty faint band 600,9—601,4. The plate was now investigated
with the median line (dividing the acute angle formed by the axesg
into two equal parts) vertical in a field of 40 kgs.

With vertically polarized light band 599,0—599,3 appeared to be
subject to a distinet widening of 0,1 uy; the other band also became
wider and vaguer. With horizontally polarized light the phenomenon
was analogous, but less distinctly to be seen; on the other hand
some of the wider bands then show an unmistakable widening *).

Neodymium sulphate [Nd,(S0,),. 8H,0].

§ 23. As a supplement to what was communicated in § 19 a
number of plates of different thickness were more fully examined;
they again contained both optical axes; the line dividing the acute
angle was again placed in a vertical position.

Group of bands i the blue at — 193°; 8 of these bands were
measured. For the sake of brevity we have been obliged to draw
up the results in a table, where 2 denotes the wave-length, 8, the
width with field off, 3, the width in a field of # kgs., d@ the wide-
ning; in case a wultiplet is formed, the distance of the centre-lines
of the extreme components is denoted by d2; the value of di/a* is
expressed in em—', as is now usually done.

4! Kilogauss — Plane of polarisation horizontal — Thickness 0.3 mm

1 It 48t v \') VI vil vili

yO1469.5 1 472.8 | 4740 | 474.5 | 475 3 | 476.2 | 477.0 | 477.4 fp
2o 0.26) 0.2 0.14 0.05 0.035, 0.16 0.105 0.09 |

B 0.261 0.35 —_ 0105 -- 0 193 0.2 0.23¢ ,

dg 0 0.09 - 0.055) — 0.035] 0.105] 0.4

di — — 0.22 —_ 0.18 — — — "
di/s3 — — 9.8 — 8.0 — — —  {em1

1) From a copy that Prof. Kameruwner Onnes kindly sent us of the paper by
himself and Mr. J. Broquerot (These Proe., X, p. 592) we now infer that the
results given for the silicates of Pr and Nd really apply to the sulphates; we
had then nearly finished our observalions; as, moreover, lthese weie made at
~— 193° wstead of — 253° and in a much stronger field, the two series of results
are not directly comparable; but they may serve fo complete each other.
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Here III formed an asymmetric doublet, of which the component
on the red side was the narrower; V a faint doublet; for VI the
middle became somewhat lighter.

With a vertical plane of polarisation all the bands became vaguer,
most of them slightly shifting towards the red; in the field the bands
widened or further faded away; now only IH gave a symnetrical
doublet.

Band in the blue-green at — 193°: with a horizontal plane of-
polarisation 2 = 511,9, #,= 0,13 uu; in a field of 42 kgs. a doublet
appeared: width of the lefthand Iline 0,13, of the righthand line
0,18, of the light interval 0,09 pp; the whole made the impression
of perhaps being a quadruplet. With a vertical plane of polarisation
the phenomenon was analogous but less clear.

Group of bands m the green ai —193°: 6 bands were measured.

42 Kilogauss. — Plane of polarisation horizontal — Thickness 0,3 mm,

5 . . “ <

.

I 11 1l v v VI
2| 5212 | 523.0 523.9 5253 | 596.0 597.5 o
o 0.49 0.105 0.355 0.10 0.13 0.195 | »
Pax 0.58 — — 0.15 0.275 0.275 | »
dg 0.09 — — 0.05 0 145 0.08 >
& — 0.26 0.29 - -~ — s
ap | — 9.5 10.5 -~ —~ ~  lem-

Band II gave an ordinary doublet; that of III remained rather
dark in the middle, so that we may infer a more complex structure
in this case also.

With a vertical plane of polarisation all this was less ciearly
visible, band II.still gave a clear doublet, for III only a trace of
this could be perceived.

Group of bands in the yellow at — 193°. Two rather sharply
defined bands 576,0 (3, =0,3) and 586,0 (8, =0,14) exhibited a
distinet widening of 0,05 pu in a field of 42 kgs. The inlermediate
bands ave too wide for this kind of observation.

Group of Obands in the orange-red at —193°: 5 bands were
measured.
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38 Kilogauss. — Plane of polarisation horizontal — Thickness 0,6 mm
1 I 111 v \%
) 623.2 624.t 625 6 627.2 628.8 vy
Ao 0.31 0.13 0.18 0.i3 0.08 "
Bis — 0.96 — 015 _ "
d,? —_ 0.13 —_ 0.02 - »
& 0.92¢ — 0.46* T 0.34 .
2 57 — 10.2 — 8.6 em—1,

Here 1 and [T yielded very blurred doublets, of which the distances *
of the extreme limits are given; V a distinct doublet with a shade
between the components, perhaps a quadruplet.

With a verfical plane of polarisation the phenomenon was analogous
and was confirmed with a thinner plate: I was a doublet, LIl was
invisible here, with IV some light appeared in the middle with
greater widening, structure probably complicated, V was again a
very distinet doublet. .

Grroup of bands in the rved at —193°: Four bands, among which
two rather sharp omes 6744 and 676,2 showed a widening or a
fading away in the fleld; the last-mentioned became a doublet,
perhaps even a quadraplet, with plane of polarisation vertical.

Neodymium nitrate [Nd(NOy,), . 6 H,0].

§ 24. It appeared important to investigate crystals besides the
amorphous nitrate (§9); with a muech slighter thickness crystals show
intense and narrow absorption bands; the natural monoclinic plates
were directed perpendicularly to one of the optical axes, so thatin this
case a nicol could be done away with. The wave-lengths of the
_bands are on the whole slightly less — down to 3 uu — for the
nitrate than for the sulphate.

Band in the blue-green at — 193°. The wave-length now was
2=>511,3 puy; in a field of 41 kgs. a doublet appeared, the compo-
nents of which bad a distance of 0,22 pgu.

Group of bands in the green at —193°. 5 bands were measured
in the spectrum of the second order.



( 844)
41 Kilogauss. Thickness 0.2 mm.
I I 1t v v
) 521.3 522 3 523.1 524 6 595.0 P
fo 0.155 0.11 018 0.09 0 045 "
Pu 0 265 0 18 0.22 — 0.11 o
dp 011 0.07 0.04 — 0.065 | ,
d ~- — — 0.22 - "
© a2 — — — 8.0 — cm—".

The doublet IV showed a shade in the middle.
Grroup of bands in the yellow at —193°. Two rather sharp bands
581,9 and 583,1 exhibited a widening of 0.05 gu in a field ot
42 kgs.; the others were too broad and too hazy.
Group of bands in the orange-red at —193”. 3 bands were measured.

40 Kilogauss. Thickness 0.45 mm.
1 1 s I
J 624.2 (625.2 (626.7) 626.9 prs
B 0.265 0.18 (0.05) 0.14 "
) 05 05 - 0.5 "
a2 12.8 12.8 — 12.8 |em—1

Doublets I and III were normal, II on the other

hand was asym-

metric, the component on the red side being weaker; the satellite
IIIS was no longer visible in the field.
Group of bands in the red at —193°: 8 bands were measured.

40 Kilogauss.

Thickness 0.45 mm.

1 11 )11 v v vl Vil Vil
671.0 [ 672.0 | 673 3 | 074.3 | 675.2 | 6758 | 676.6 | 677.2 | mu
o 0.31 026 02 ] 022 0.2 0.26| 022, 0.31],
B v, 0.52 0.45 0.32 v, V. — — "
dp — 0.26) 0.20) Q.10 — — — — -
dx — — — — —_ — 0.80 0.901} ,
] — - — - — — 17.5 | 19.6 |em—1
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Band I, V and VI vanished in the field; with the fleld off
II showed a dark core with shades on either side, which dis-
appeared in the fleld. The two doublets VII and VUI gave the
grealest resolution measured as yet — 1,5 X (D, — D,); with the
field used the componenis facing each ofher happened to coincide,
so that the pair of doublels looked like a very wide triplet with a
heavy middle band. It ought to be possible {o observe a phenomenon
of this order of magnitude with every good speciroscope.

Finally we mention that the ncodymium-magnesium nitrate of § 9
also occurs in hexagonal crystals; such optically uniaxial crysials
are ol great interest (§19); there also exists an isomorphous series
of salfs, which contain manganese, cobalr, nickel or zinc. Measu-
remenis on this subject have been made, partly they ave still in
preparation.

Samarium sulphate [Sm,(SO,), . 8 H,0].

§ 25. We now examined a more transparent sample (cf. § 19),
which again contained both optical axes, and was placed like the
other sulphates; 4 bands in the green were measurved at -—193°.

40 Kilogauss —  Plane of Polarisation horizontal - Thickness 0.8 mm.
I 1I I l v
; — — 558.2 559.1 24
A 0.09 0 09 0.105 0.18 ,
Fso 0.18 0.11 018 0.3t : »
2, 0.09 0.02 0 075 0.13 y

The effect was apparently small here; the widened bands were
vague. With a vertical plane of polarisation the phenomenon scarcely
changed.

LErbiumyttrivm sulphate |(Er, ¥), (SO,),).

§ 26. We also examined an impure product obtained by treatment
of the original minerals with sulphuric acid, in which erbium and
yttrium oceur in variable percentages, and the lalter preponderates:
the crysials were monoclinic. The group of bands in the green,
yellow-green, and red showed peculiar and intvicate eflects of mag-

57

Proceedings Royal Acad. Awsterdam, Vol. X,
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netisation; among others some bands which were hardly visible
with field off were much more pronounced with the field on, in
contrast to most of the other cases observed. Further measurements
on this point are in progress. -

It is quite probable that this product also contains other rave
earth-metals (e.g. dysprosium and holmium); this is, moreover also
rather likely for the other erbium salts.

Erbiwm nitrate TEr (N Oy),. 6H,0).

§ 27. Here too, besides the amorphous salts (§ 10) monoclinic
crystal plates of an average thickness of 0.6 m.m. were examined,
containing both optical axes. The bands were finer than for any
sample examined before. On account of the very complicated reso-
lutions it was often somewhat difficult to ascertain to what bands
the different componenis belonged; on exciting the field a sudden
confusion was observed from which the single bands slowly emerged
again on Dbreaking the current. These observations were all made
with unpolarized light.

The results are best arranged in a table in a way somewhat dif-
ferent from the above.

Grroup of bands in the green at — 198°,

2 B, Influence of a field of 39 Kilogauss.

X

5164 |.0.17 increases in width (not measurved).
5172 | 0.13 gives a quadruplet, the outer lines of which are
very fine, the middle ones (from violel o red)
vesp. 0.12 and 0.15 uwp wide, the distances of the
middles amounting respectively to

g 0.08; 0.27; 0.08 uu, while the middle of the
_g oufer components secms {0 have shifted about
0.01 g towards the red with vespect to the linc
with field off .
Vel‘)f . ,. N
517.6 | narmmywy | 1O mOre \ISlbI_e.
Zigg 82? | | give a very complex set of lines, which ought
' "~ | to be further investigated.
518.6 | 0.07
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Influence of a field of 39 Kilogauss.

2 B,
519.1 | 0.10
519.7 | 0.16
520.2 | 0.17
520:7 | 0.14
521.3 | 0.11

~

gives u doublet (not measured).
gives an asymmetric quadruplet, the extreme lines
of which are very fine; those on the violet side
are very faint; the middle ones are resp. (from
violet to red) 0.11 wide (this one very faint)and
0.135 up ; the distances of the middles are resp.
0.07, 0.255, 0.13 uu, the middle between the ex-
treme components sceming to have been displaced
0.05 pu towards violet with respect to the line
with fleld off.

gives an asymmetric doublet, of which the com-
poneni on the violet side is 0.05 up wide. the
other very narrow ; distance of the middles 0.175 qeu;
the mean of these middles is not sensibly displaced
with respect to the line with field off.

gives an asymmetric triplet (doublet with satellite
on violet side); not measured.

gives an asymmetric quadruplet; outer component
on violet side rather strong, on red side feeble;
middle components stronger.

§ 28. Group of bands in the yellow-green at — 193°

2 B, Influence of a field of 39 Kilogauss.
5348 | 0.3 | widens and fades away, not measurable.
(faint)
5355 | 0.13 | gives an asymmeiric doublet, consisting of (from
shade" i | violet to red) first a shade of a width of 0.29 uu,
535.8 0.09\ then a strong band 0.18 gy wide, then a shade,

and al last a faint undetined band 0.26 pp wide ;
the middle of the first component has shifted
0.17 pp lowards the violet side with respeet to
the original band 535.5, the place of the middle
of the second component being 535.8.

1) With a somewhal thicker crystal they form together a heavy band.

S7*

-10 -
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! B3, Influence of a field of 39 Kilogauss.

536.95 narrow j| give logether, seen in the first order, a triplei,
salellite; | (e components of which {from violel to red) are
537.15) 0.05 ’ vesp. 0.10; 0.05; 0.07 pp, wide, the first
very faint, the last two sironger, and connecled
by a shade; the situation of the middles of
the first (wo is shifted resp. 0.44 and 0.14 pu
towards the violet, that of the last 0.05 pu
towards the red with vrespect {o the band

537.15 with field off.

Seen in the second order the line §36.95 be-
comes a symimctric doublet, about 0.44d pp apart;
the line 537.15 an asymmetric doublet, of which
the component on the red side is very heavy.

537.35| narrow together give a {riplel, the components of which
feeble || (from violet to red) ave resp. 0.08;0.08; 0.10 we,
satellite . . .
537.6 | .08 wide, the fivst two sirong, and connected by a
5378 lnagrowl | shade, the last very faint; the place of the middle
satellite } | of the first component has moved 0.02 uu to-
501;)39; wards the violet, that of the two following ones
st:‘;n{:er resp. 0.07 and 0.3+ g towards the red with
than the || 1espect to the original lne 537.6. -
former
538.5 | narrow | gives a doublel (not measured).
539.15| 0,09 | gives a doublet, with components each 0.08 up
wide, and distance of the middles 0.30 gu; on
the violet side another shade is seen, where pos-
sibly a third component is found; the middle of
the two lines of the doublel seems Lo have shified
0.03 up towards the violel with respect fo the
original line 539.15.
539.7 0.08 | gives an asymmelric sextuplet of which the four

outer components are faint, and very narrow, the

two middle ones heavy, and resp. (from violet

to red) 0.06 and 0.03 up wide, the distances of

the middles amounting resp. to:

0.045; 0.05; 011; 047; 0.035, (otal Odl pp.
The middle of the two outer componenls coin-

cides with the line with field off. The two com-

-11 -
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A

By

Influence of a-field of 39 Kilogauss.

540.3

540.8

0.07

pouents on the violet side are connected by a
shade.

gives a somewhat vague band, 0.22 yp wide, in
which lines could not be distinguished with cer-
tainty : it may, however, be a (riplet. The middle
seems to have been displaced 0.03 iy towards the
violet with respect to the line with field off.
gives an asymmelrie quadruplel, of which the
three components lying on the violet side are
rather sirong, the fourth weak ; the mutual dis-
fances of the components arve very nearly the
same, and amount to 0.18 pyu.

y 29. Group of bands i the ved ot — 193°.

—

2 A Tnfluence of a field of 40 Kilogauss.
not mea-
640.3 | sured | gives an asymmetric doublet, (not measured).
not mea-
640.9 | sured | gives an asymmetric doublel, (not measured).
642.2 0.09 | gives a doublet, consisting of a faiunt, thin line
on the violet side, and a strong line, 0.11 uu
wide, the middle of which is al a distance of
0.09 e from the other faint line, and has moved
0.18 pp towards the ved with vespeet to the line
with field off. Probably on the red edge of this
strong line another faint line is found, which is
connected wilh if, so that the whole wonld form a
triplet.
gives a triplet, the extreme components of which
642.8 011 1 ave weak, and very narrow, the wmiddle ones

strong, and 0.125 pp wide; the distance of the
middles (from violel towards red) amount resp.
o 0.11 and 0.16 suyu; the middle of the inner
componenis has been displaced 0.035 pp towards
the ved with respect to the line with field off.

-12 -
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) B Influence of a field of 40 Kilogauss.

650.5 0.09 |is widened; the width amounts to 0.35 uu, the
(some- | band on the violet side is darker than the onc lying
what | {gwards the red; (possibly a quadruplet is formed,
vague) which, however, is uncertain); a displacement,
however, was not observed. B

651.3 | 0.09 | increases in width and fades away; the width
(some- | amounts to0 0.40 pu; a shifl towards violel seems

what | ¢o fake place, but could not be ascertained.
vague)

§ 30. Seventh series. We now investigated.
Uranyl potassium sulphate [UO, K, (50,), + 2 H,0].

A rhombic plate containing both axes, 0.7 m.m. thick, was examined
in a field of about 40 kgs. with unpolarized light at —193°. The
well-known bands appeared to be much more numerous and narrower
than for uranyl nitrate (e.f. § 11), among others 487.8, 488.2, 488.8
and 490.5 in the blue. These bands secemed to fade somewhat in
the field, but the phenomenon was uncertain here, and in any case
the widening did not amount to more than 0.02 yu. For the many
bands in the violet no action of the field could be perceived.

Physics. — “The value of the self-induction according to the electron-
theory.” By Prof. J. D. van prr Waals Jr. (Communicated by
Prof. J. D. van per WaaLs).

Many physiciists refer to the existence of self-induction in order
to make the exisience of kinclic encrgy of electrons more inielligible.
To a certain extent there is no objection to this, provided we keep
in view, 1%t that the kinetic energy consists for a large pant
clectrical cnergy whereas for the calcalation of the sclf-induction
only the magnetical cnergy is taken into account, and 2vd that from
a theorvetical point of view it is the seif-induction which is to be
explained from the kinetic encrgy of the clectrons, and not vice-
versa. 1t is this sccond point which oceasions me to make the
following remarks.

Let us imagine a piece of metal which contains a great number

-13 -



