Huygens Institute - Royal Netherlands Academy of Arts and Sciences (KNAW)

Citation:

H.A. Lorentz, The elementary theory of the Zeeman-effect. Reply to an objection of POINCARE, in:
KNAW, Proceedings, 2, 1899-1900, Amsterdam, 1900, pp. 52-69

This PDF was made on 24 September 2010, from the 'Digital Library' of the Dutch History of Science Web Center (www.dwc.knaw.nl)
> 'Digital Library > Proceedings of the Royal Netherlands Academy of Arts and Sciences (KNAW), http://www.digitallibrary.nl'



(52)

Temp. Lot ’X ol. Pressure | Temp Tot, :XOI' Pressure.
30°,23 1182 52,51 41°,45 1179 58,10
(contm )| 0993 55,61 |(contin.)| 0993 62,47
0797 58,24 0800 67,27
0560 60,48 0371 73,93

03499 68,04 -

5208 2613 37,40
41045 2445 37,29 2428 39,569
2985 39,12 2168 43,03
2100 41,48 1921 46,90
‘ 1910 44,18 1662 51,70
1727 47,04 1187 63,13
1545 50,42 0936 1,12
1362 54,08 0758 71,77

Physics. — “The elementary theory of the ZrrMaN-effect. Reply
to an objection of PoINCARE.” By Prof. H, A. LORENTZ.

§ 1. In a recent article in L’Eclairage Electrique 1) POINCARE
comes to the conclusion that the well known theory of ZEEMAN’s
phenomenon, according to which every luminous particle contains
either a single movable ion, or a certain number of such ions whose
vibrations are mutually independent, can account for the doublet
which is seen along the lines of force, but is unable to explain
the triplet which one observes in a direction perpendicular to these
lines. This result is obtained by treating, not the emission but the
absorption in the magnetic field, and it is curious that the same
mode of reasoning has led Vorer?) to formulae implying the existence
of the triplet. I believe this discrepancy to be due to POINCARE's

erroneously omitting the term

1) PoroarE, La théorie de LoriNTz ef le phénoméne de ZLEMAN, Telairage Klec-

trique, T. 19, p. 5, 1899, .
5) Vorer, Ueber den Zusammenhang zwischen dem ZDEMAN'schen und dem Fa-

BapaY'schen Phanomen, Gottinger Nachrichten, 1898, lleft 4, p, 1.
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in his equation (6) on page 8.

TJo order to explain this, I shall in the first place compare the
different formulae that may be applied to the propagation of light
in an absorbing gaseous body, placed in a magnetic field.

§ 2. The equations of Voigr contain the following quantities:

10. The components u, v, of a vector (the vector of NEuMANN)
which comes into play in all media, the aether itself included,
which are traversed by light-waves.

20, The components & n, & of a second vector (the vector of
Fresner), which is related to the former in the way expressed by
the equations

_ w3 _du_ dw g-.-a_” du
T 9y 0z T % T oy (1)

3% A certain number of vectors Py, Py, Py, ...., serving to
determine the state of the ponderable molecules, and each of them
corresponding to one of the principal modes of vibration of a mole-
cule. The components of the vector P; are denofed by Ui, Vi,
W; , and the index % is likewise affixed to the constant coefficients
belonging to these different vectors.

40, A vector (£, H, Z), which is defined as follows:
E=vEitZealy O=v¥n+Z2Vw 2=+ g W,. 2)

Here, the coefficients ¢ are constants, and v is the velocity of
light in the aether ).

Between the vectors (5, /7, Z) and (w, v, w) there exists a
relation, expressed by

% oH dZ _8_21_1-__~3Z 0 dw 95 QJH

— e —— ——

W B by W 0s gy e @

Finally there are a certain number of equations — three for sach

1) In order to avoid confusion, I shall depart a little from the notation of Vozgr
and {from that which I myself have used on former occasions.
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vector Py — which are to be considered as the equations of motion
for the ponderable matter. They are of the form

0 Uy ol aWy oV

'a_‘t‘g"‘{"dh UIL"}"ﬂLW“‘]‘gIL(B‘_aT_C'g; +£[L§=0, etc.l) (4)

in which d, f and g are constants. The terms with the first coeffi-
cient depend on the elastic forces acting in the ponderable particles,
the terms with f serve to introduce a resistance and consequently
an absorption of light, while the terms with g are due to the forces
produced by the magnetic field.

The field is supposed to be homogeneous; the components of the
magnetic force in the field are 4, 5, C.

In the simplest case there is only one vector P. The signs of sum-
mation (in (2)) and the indices 2 are then to be omitled, and there
will be no more than three cquations (4).

§ 3. On the basis of the electiomagnetic theory of light I have
established the equations of motion in the following way 2.

Let there be N equal molecules per unit of volume, each of them
containing a movable ion of charge ¢ and effective mass . Let x, v, z
be the displacements, in the directions of the axes, of one of the
jons ; then ex, ey, ez will be the components of the electric moment
of a molecule, and, if a horizontal bar over the letters is employed
to indicate mean values taken for a large number of particles, the
components of the electric moment per unit volume will be

M, = Nex, M, = Ney, M, = Nez,

If the ions are in a state of vibration, they will excite in the
aether a certain periodic dielectric displacement and a similar mag-
netic force; besides these, there may exist, independently of the ions,
a disturbance of the equilibrium in the aether, in which there is a
dielectric displacement, say (f,, 9o, %)

Now, in order to obtain the equations of motion for one of the
ions, I conceived a sphere B, whose radius, though very small in
comparison with the wave-length, is very much larger than the

1y The sign rete.” will always be used to indicate two equations similar to the
one that is written down and relating to the axes of y and z.

%) Lorentz, La théorie ¢lectromagnétique de MaxwilLL et son application aux corps
mouvunts, Leiden, Brinn 1892, Also in Arel, nderl, T. 25,
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molecular distances, and the centre of which is vceupied by the mole-
cule to be considered. I denoted by

%, 9 3

the components of the electric force at the centre of the sphere, in
so far as it is due to the molecules within the surface, by

- fxs - f.Y'I - fz
the components of the elastic force by which the iom is driven back
to its position of equilibrium, and by
m, , M, , MW,

three auxiliary functions, satisfying the equations

19?2
(A—"—gé't—g ‘mx-_-—anM“

(A—lgtz)sr =—dzMy, > . . . . . ()

13
(A~;§a_.2)sn~ ——d M, .

In these the velocity of light in the acther is again represented
by v. Finally, I found for the first of the three equations of motion 1)
d*x e ({3x

4
il ZorvieM
2 e <@ Tgrvedt

2 . Py, 9P 1 9P - ) .
[34:2 +8.z:ay +a,vaa Ty _—éﬁ_]—{“nv efoted. - (0)

+v?e

The term
& dix
v oas’

which corresponds to the damping of the vibrations by radiation,
was shown to be so small that it may be neglected. '

If, in (6), we replace some of the terms by their mean values,
we shall find after division by e and after replacing & by M., mul-
tiplied by a constant,

) L e, § 128.

Proceedings Royal Acad. Amsterdam, Vol. 1L !
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2z 02 M,
—M +1Ve~ ot® =

— 2 [82S.Bu 6293?1/ az 9)?; 1 agm?x] , L t .
- 9 ' Jady ' drds v oef FAm RSy ete . (T)

where ¢ is a constant coefficient.
If the ion experiences a resistance, proportional to the velocity,
we must introduce a term

dx

—c—

dt

on the right-hand side of (6), and in the case of a magnetic field
with the magnetic force (A, B, C), there will be a term

NCEAPLAY
di dt

Hence, the equations (7) will change into

v %z 02 M, c oM, 1 M, d M.
AR, ___(o__f_ )
q m_}—Ntﬂ 0t  Ne 9t Ne gt 0t
(8)
My My M 1 FEM,
= v? _— 4 2 s
v [3»2+away+awaz v ay]*‘ w v fo

ete.

§ 4. The above formulae may be put in a form better known
in the theory of electro-magnetism and admitting of direet compa-
rison with the equations of Vorar. We shall arrive at it, if we
observe that there will be a magnetic force 9, which may be decom-
posed into two parts, the one H; being produced by the vibrations
of the ions, and the other H, belongivg to the same state of motion

as (fo, oy o).
The components of the first of these parts are found to be!)

agsﬂ“' agm?‘[/ a 25)]?.5 agm:: 5 a.'.’:',)]l"/ agmn‘

@ = TR AL Rl T R A, T A Ty W = T TR AL Y 9
o Qyat  0cot M= e T aen E T e dydt ©)

and those of H; satisfy the equations

BWle, §124.
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(B By By (2o 3y,

dt 3z  9dy 3t de s
8'92:: afo agg
= 2 — S ¢ 1)
37 =4 (5, ) (%

Now, if we put

~

M BWM, BPW 1 PMe
55 T30y Tiese v 38

&:vﬁ[ ]+4nv2f0,etc. (1)

we shall find

s dy o8

a9 @v/ d €. d° [a M- m] 447 v? (a Yy d ﬁ") , ele.,

or, by (9) and (10),

0€, 03¢ 9H, 9€ 9C 3Hy 9C€ 3¢ 3H-
3z 0y 0¢ d& 8z ot 0y d« B¢

The form of these equations shows that € is precisely the
“clectric force.”
In virtue of (11) the equations (8) become

v 2 ®M, ¢ M, 1, 3M, _3M
Y M 0 s ( "):F o, (4
T NE 38 TN 35 Mo 5 S el (%)

3t ot
As we see, they express the relation between the clectric force

and the electric moment.
Finally, from (9) we may deduce the formula

a-blz 3-[311, a [8293?” 829)?1/ 8“53?:
RETNC ],
dy dx dtlda® ' drdy +8-vf8z A%
or, if (11) be taken into account,
8-@1; 8@17/ a [1 82 me .] 1 8€x af
L T R i JRNY ) [T A S P/
3y 8: nailw e AN T g Ty

Combining this with

/ af a 9 @22 d J.:’21,/
9t dy 0z

5*
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and attending to (5), we see that

=4 — —
3y 3z "5 W B

Now, let a new vector D be defined by the equation

€

D=M :
» +4nv2

@)

then:
a D‘, a -’?1/ 4 3 91 a J:D'z 3 J:)z a gg/

dy 02 Tt 9e  ar T

09y 09 0D, ,
—= T =4z, . . (1
9 ay " d¢ )

Since € is the clectric force, €/4  v2 will be the dielectric dis-
placement in the aether; ¥ will therefore be the total dielectrie dis-
placement and 3 the displacement-current. Thus the equations (1')
are seen to contain the well known relation between the magnetic
force and the electric current. ’ \

In (1, (@), (8) and (4") we have got the complete system of
equations of motion. We might have obtained them also by starting
from the relation between € and M, which I have assumed in my

,versuch einer Theorie der elecirischen uud optischen Erscheinungen
in bewegten Korpern ; it would only have been necessary to add
the terms which arise from a resistance and from the action of a
magnetic field. The above method is less simple, but it goes farther
in explaining the mechanism of the phenomena.

§ 5. Now, it is easily seen that the equations of the electro-
magnetic theory are identical with those of VoigT, if in these laiter
only one vector P is assumcd.

Indeed, if, in the formulae of VolgT, we replace

du dv Qw —
é—t’ 'a‘c‘i 5;1 5 Ny gi U: v, W, =, -H}Z
by
e Dy e ?_x Dy Dy
4gv? dgve’ dgve’ v oyl 2
M, M, M. €, ¢, ¢,
g’ e e Amvd davd amy?
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the equations (2) and (3) change into (2') and (3", and the formulae
(1), if first differentiated with regard te ¢, take the form (1').
As to the equations of motion (4), these become

1 3*M, d J oM. ) oM. anj M
—_—— —— —_— _— —— ) —= =0, ebe.(12
& 0¢? 8~M” e 0t 8<B 0t CBJ)+VB pebe(12)
. . 4 gt
or, if we put for D the value (2'), and multiply by —
v2 d 47 vt 92 M,
2 i .
dav (52 1)M,,+ & e +

dxvtfoM, 4dmvig/ oM, 0 M,
PO dris(ph_ gl
& 9t &? dt dt

) = G, ote. . . (19)

This agrees with (4')1). At the same time we are led to the fol-
lowing relations between the coefficients

4 vid ; 1 4mv %
w(F)=7 T

i

Cm e |':—-......(l4)

§ 6. If we suppose a molecule to contain a certain number of
ions, each of which can be displaced from its position of equilibrium,
the total electric moment M may be split up into the parts My, M,, . ..,
corresponding to the displacements of the separateioms. In this case,
the equations (1, (2) and (8) will still hold, but instead of (4) we
shall have as many times three equations, as there are ions in the
molecule. For the sake of brevity, 1 shall put £ =9 =38 =0 ?),

If, now, we wish to write down the equation (6) for the 4 ion,

4 a1 e
we have to replace x by x;, but the term §n:v23Mm will still con-

tain the total moment M,. Instead of (4) we shall therefore gel

1) Vorar’s formulae in Wied. Ann.,, Bd. 67, p. 345 are likewise of the same form.
9L c § 105,
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-

fx 4 Zh a2M7m
LR Y SR X Y O M
Az T my x+ Ne2 3 +

L
cr OMpe 1 aMIu/ oM.
—_————( C — B —— ) = E,, ete.
Ne 3 Nek< -

ce (4
3¢ at

The equations (1), (2) and (3) of Voiar, taken this time in their
general form, may again be written in the form of (1), (2') and (3');
for this purpose it will suffice to veplace as before

a—; y &, Z, ete
by
P D &
by’ 41v2,etc.
and
Uy Vi Wi
by

Mpy Mh]/ Mp,

—— T —— o ——
4

1
& 131 &

From (4) we shall get equations, similar to (12). They will however
contain the indices /4, and if we use the value

€

k1
7 v?

=M
D +4

we obtain an cquation which is only slightly different from (13).
The first term in it will be k

4 vhd

2
&

Mjz — 47 v M,,

instead of

h]

- 24
47:\‘2("2 -1)M,

&

in (13), and in the following terms M as well as the cocfficients
must be written with the mdex 7.

Finally, hy assuming similar relations betwcen the coefficients as
in § b above, this new cquation will beecome nearly, but not quite
identical with(4"), the difference consisting in this, thatit will not contain

-10 -
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For our purpose this is of no consequence. We shall confine
ourselves fo the case of molecules with a single movable ion or a
single vector P, and even if we were to consider a more general
case, our conclusions would not be materially altered.

§ 7. PoiNcar¥ investigates the propagation of plane waves in
the direction of the axis of z. He introduces no resistance, but he
assumes the existence of several ions in each molecule.

In his paper (X, ¥, Z) denotes the total ,dielectric polarization,”
(Xn, Yr, Zp) one of its parts, (f, g, &) the dielectric displacement.
His equations, if written partly in the above notations, are

*X X, 1 Sn, 0% .
i SE T =t g X e (ét—c_ = B),etc. (15)

with the constants Az, L; and ¢, and?l)

®f 1 ¥r 1 RX

322 v¥ Q9 v 9t

g 1 g 18T V... .. (16

Now, if § and @ do not contain « and y, we shall have by our
equations (1') and (8

_@=4na®x a@m ag‘y 0__3"2-

3z o0t d=2 3t ' at
and
0, 06, 0€: 99y
.=“—‘-" - — .—.,\f:.
3 3¢ P PR AR

) By a typographical error, the formula of PoiNcarf which corresponds to the
fust two of the equations (16) has on the left-hand side the sign -+,

-11 -
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Hence
39@.'1, 3291, \
3 2 =4n e
BE_, D, e 1)
3= " ‘
D, =10

I

Let the components of the dielectric (lispl;cement in the aether
be f, ¢, & Then

C=4nviyg, S.=4av*h ,

and if, instead of (M., My, M.), we write (X, ¥, Z) for the electric
moment per unit of volume,

D, =f+X, Dy=9g+7Y, D.=rt+ 7.

Putting this in (17), we are led to the cquations (16), which I
have just taken from POINCARE.

Again, if there be no resistance, our equations (4) may now be
replaced by

fr - 4 _ a1 0% X
— Xp— —a X+ _‘_o —
Nep? 3 Ne? 98

1 aYh aZh
—_— {0 e———B——\=—4 2 , efe.
Ne, ot Bt) ﬂVf ©

Dividing this by 47 v?, and putting

F4

Il

Ph

4 v N e? ’

dnv®Neg2 L '
1

——— T g

4xviNeg koo

we find the above formulae (15). Porncar#’s equations are thus
found to be identical with mine.

-12 -
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§ 8. In the application of the equations to the phenomena in
question, I shall follow VoieT’s treatment of the case of a single
vector P.

In the first place VoreT examines the propagation of light along
the lines of force, which are supposed parallel to the axis of .

He denotes

by R the strength of the field,

by & the time of vibration, divided by 2,

by @ the velocity of propagation, aud by x the coefficient of
absorption, in this sense, that over a distance equal to the wave-
length the amplitude is diminished in ratio of 1 to ¢—27%

Further he puts:

&ld=q*v% Yd=02, Jfld=Y9, gd=k"Y. . (18)

The values of @ and « for circularly polarized light are given
by Voiar's formulac (24) and (25), in which the upper signs are
to be taken if the polarization is right-handed, and the lower signs
if it is left-handed. To simplify these formulae, I shall put

- G2ERFRG — 92 =28
we have then

@® (1 —2%) e 98
—_ V7 _—
(14 2)? ( S§* + 9" ‘92)’

2w’z _ v2 g% 9 98
(14 222 _'52_|_ 9292 "

Now, wc may suppose that even the maximum value of # is a
very small fraction. The left hand members of the equations may
therefore be written

o and 2 @®z;
hence, by division,

92 9! 93

22 =
S — 928 9" 92

coe e . (19)

——————— e

N2 7 9 is the period of the free vibrations of which the ions are capable. As
to the time §', it depends on the magnitude of the resistance,

-13 -
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Our next question is, for what value of & this will be a maximum,
At all events this value will lie in the neighbourhood of &;, and
if the absorption bands are narrow, it will be permitted to replace
¢ by J, in the numerator of (19). Consequently, the denominator,
for which we may write

1 L aogr L 4 g4
(S___2_9292> +3~92~2—94‘{}4. ... (20)

must become a minimum. I shall neglect the variation of the two
last terms, and replace in them & by ¥, Then, the minimum will
be reached if

S=1¢9 . . . . . ... (2]
and the maximum of absorption will be deternined by

P8 Gd
PG — Lt St '

2 Zmax, —

In order that this may be very small, I shall suppose that ¢° is

g & . . .
greatly inferior fo 5 In this case, the last term in the denomi-
Yo
nator may be neglected, so that

At the same time we sce that the last term in (20) may be neglected
in comparison with the preceding onc; consequenily our result will
be true, provided that we may neglect the variation of the second
term in (20), while the first term passes through its minimum. This
condition will always be fulfilled, if the absorption bands are suffi-
ciently narrow.

The equation (21) may be replaced by

D2 FRG — 92 =149 $

We shall suppose &' much smaller than &, Then, from what
has been said, ¢* will be much smaller than 1, and in the absence
of a magnetic field, i.e. for B =0, the maximum of absorption
will lie in the immediate neighbourhood of %, If, moveover, kR 9,4
be very large in comparison with ¥ ¢*9,®, we shall have approxi-
mately

-14 -
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- P2EERS — 9,2 =0,
or
9 =39 F4+LtR,

since £ B must be small with regard to 9.

Now, in order that a distinct doublet may be seen, the distance
of the components must be large as compared with the Lreadth of
the absorption bands. '

Replacing (19) by

q‘.’. 9 303
Gy I R

2z

we sce at once that for a value of &, such that
S—1 9 =% ud 9

the value of # will be

Zmaox

14 p?’

We may therefore consider the borders of the absorption band to be
determined by the last equation, if in it we take for # a moderate
number, say 5. Hence, the necessary condition for a distinct
doublet is seen to be B R > d'. If it is fulfilled, our above sup-
position as to the value of & R4%, will likewise hold good. Indeed,
we shall have

ERJIg>ud 9y,

whereas ¢® 9,2 is much smaller than 9 9.

§ 9. Wec now come to the propagation of light in a dircction
perpendicular to the lines of force. Let the vectors P be also per-
pendicular {o these lines, i. e. in the language of the electromagnetic
theory of light, let the electric vibrations take place ata right angle
to the direction of the field. Then, according to Voiar, the velocity
of propagation @, and the absorption  will be determined by his
formulae (50) and (51), or if we neglect #%, by

2 92 3 92
¥ 9% § $o* 9 Sz] 2)

2 — 2 {1 — _
“ v[ NN TR ONRC X

and

-15-
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1 1
20 x =1 2,29 938 23
@* ¥ 5 \4 q l) l} [812_{_[)'2 '92 +S¢72+I9‘2 52] . ( 0)

Here T have put
92— R& — 92 =85
and
92+ ERY — 9P =S,.

It is casily scen that, with the assumptions_we have made concer-
ning the magnitude of the different terms, the equations (22) and
(23) imply the existence of fwo absorption-bands, corresponding to

S;y=0 and §;=0.

These Dbands are precisely the outer components of the triplet,
one is led to by the elementary theory of the Zremax-effect.

The breadth of each of these lines will he equal to that of the
original absorption-band; in virtue of our assumptions it will be
much smaller than the distance of the two lines.

Now it is clear that such a thing would be impossible, if the
modification of the propagation of light were so small as POINCARE
finds, namely of the order of R, if R is the strengih of the field.
If, by the action of the magnetic field, the maximum of absorption
is shifted to a place, where the absorption was originally insensible,
we have to do with a finite change at this point of the spectrum.

§ 10. In order to examine this more elosely, we must return
to the equations of motion themselves, from which the formulae
(22) and (28) have been deduced. Let the magnetic force be
parallel to the axis of - (4 =B =0, C=R) and let the propaga-
tion of light take place along the axis of 2. Then the complex
expressions, which satisfy the equations of motion and whose real
parts are the values of U, V, W, &, 5, £, cte,, will contain the
common factor

zr

L1 &
Few +23<8-;)'

There will arise no confusion, if we use the letters U, V, etc.
themselves to represent these complex expressions.
Let the vector P be perpendicular to the axis of 2. Then

é

W =0, and Z=0.

-16 -
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By the cquations (3) we find:

w=0, v=0, w:«%(z—}‘i)ﬂ,
by (1):

E= 0 n=— oGt ity (=0,
and by (2):

Z=¢U, IJ:———%(;:—}—;’)‘*IJ—}—&V.

Hence
= 067
v ~73
14 ;);(z +
and
_ (2 + i
]]___ —

- n — V.
6% 4 v (2 1 )?
Consequently, the two first of the cquations (4) become

Ty I8
b

. .
(-—5_2+(z+—g) v—Y =0

and

1 * - R ‘- 02
LN S PY SP
vk & & @* 4 ¥* (xz -+ 1)}

or, if we introduce the quantities ¢, &, ete.,

(?+iFH —-I9HU—ERGIV =0 . . . (24

o | ) (% 4+ i)° . .
g2 9.8 .9 399 I () (6
(@24 i88 —0) Vo ik bt U— — T Iy V=0 (25)

These equations correspond to the two last of POINCARE's formulae
(6), and if we were to follow his mode of reasoning, we should say
that, in virtue of (24), U must be a small' quantity of the order B
so that the second term in (25) becomes of the order of B We
should then omit this last term; all influence of the magnetic field
would thereby disappear from (25).

There- is however an error in this reasoning, because, as I shall

‘now show, the coefficient of U in (24) may become of the same
order as that of V.

-17 -
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We saw alrcady that the place of the absorption-lines is deter-
mined by the conditions

Sl:::O and 5'2::.0,

i. ¢. by
92— 92=: kRS .

We have further assumed that kR« is much larger than & &'
Hence, in the equation (24), the coefficient of U is approximately
= RG, s0 that -

U==%iV.. . . . . ... (26

On the other hand, we may mneglect in (25) the last term, at
least if & has a value for which the absorption is a maximum.
For, neglecting #*, we find for that term

1—24¢2

PRV, L. L L (2
(w‘~’——v3)—|—2v‘zz'zq‘ v (27)

The equations (22) and (23) show that, in the middle of one of
the absorption-bands, @®—v? is much swmaller than 2v¢z. We may
therefore neglect the first term in the denominator. Omitting like-
wise in the numerator the second term, which by our assumption,
lies far beneath 1, we find for (27)

ngozvzv_ 592'902V
aviiz 2z !

But, according to (23), the maximal absorption is given by

9° &y
2r=1"—;
7z &,
(27) may therefore be finally replaced by

—2:9' 8, 7,

a quaantity that may be omitted in (25) as well as <9 &' V in the
first term of that equation. In this way (25) reduces to

Ve=x1itU,

which agrees with (26).
Translated into the terms of the electromagnetic theory of light,
our result becomes

-18 -
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M, ==%:iM,.

The meaning of this is that the ions move in circles perpendicular
to the lines of force, the .direction of this motion being opposite in
the two cases, represented by the two outer lines of the absorption-
triplet.

The assumptions we have found necessary in the foregoing con-
siderations, viz. that the inequalities

!

7] and  ER >

¢ <L

exist in a high degree, imply that L R is much lager than ¢29,.
If this is to be the case, it follows from (18) that %R v? must
&2

far surpass ¥,; in the language of the electromagneti¢ theory of
light this means — as may be seen from (14) — that

Jid 58
Tav N %)
must largely cxeeed the time /4,

Of course this condition can always be fulfilled if only the num-
ber of molecules NV can be made small enough. This was to be ex-
pected because at very smail densities the molecules must become
independent of one another, and this is precisely what is assumed
in the elementary theory.

It would be difficult to state accurately at what density the expres-
sion (28) becomes so large that distinet triplets may be scen. The
preceding considerations show however that the triplets must appear
m all cases where the observations along the lines of force give a
good deublet,

Astronomy. — “On the finding back of the Comet of lloLMes
accordiny to the computations of Mr. 1L J. Zwiers.” By
Prof. II. G. VAN DE SANDEL Baxuuvzew.

In the Tiansactions of the Royal Academy of Seciences 1t Section
Vol. IIT appeared a paper by Mr. I J. ZWIERS on the orbit of
the comet of IHorLmus, observed from Nov. 8% 1892 till Maich
18 1893. From thesc observations Mr. Zwitrs has deduced with
great care the most probable oibit, whick proved to be an ellipse,
in which the comet at its greatest distance from the sun approaches
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