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Physios. - "On the I'live1'sible change oJ the 1'emrtnent magnetisation 
with the temperature". By Dl'. G. J. EUAS. (Communicated 
by Prof. H. A. IJoREN'l'z). 

(Communicated in tue meetIng of December 18, 1915). 

When the temperature of a ferromagnetic body that possesses 
remanent magnetism rises, the magnetism changes too. Let us suppose 
e. g. that a decrease of tbe Olagnetisation corresponds to a rise of 
temperature. If tben the magnet is again cooled down to its original 
temperature, the magnetisation increases again, but does not return 
to its original value. A following I'ise of temperahu'e equa] to the 
first one rauses again a decrease of the magnetisation, but now a 
smaller one than "ms caused by the first I'ise. The next return 
to the original temperature brings the magnetisation onIy bark to 
a \'alue below that aftel' the first cooling. With continued changes 
of the temperatUl'e this goes on in the same way; the differences 
between the magnetisation aftel' two subsequent equal changes pf 
the tempel'atul'e in tbe same sen se become always smaller, till finally 
a state is reached in which the changes are reversible, that is to 
say, that by a rise of tempE'l'ature the magnetisation decreases as 
much as it incl'eases again by the following equal fall of the 
temperature. This reversibility only holds however behl\-'een the 
used limits of temperature; if these limits are taken widel', the 
cyclic process of heating and cooling must first again be gone through 
a few times, before the reversibility is reached. Thii reversible 
change we shall investigate here. With a change of temperature 
without more we shaH denote the reversible chauge. 

On this subject there are experiments of ASHWORTH 1) and DURWARD ~). 

Both have inves!'igated different kinds of 5teel; and cast-iron. The j 
first au thor obtained very different values for tbe change with the 
temperature, according to the kind of steel used. In most cases the 
cç>efficient a, defined by the equation 

M t2 = Mi! [1 - a (t2 - tJ] , 
was found to be positive. In this formula Mt~ resp. Mt1 is the 
magnetisation at the temperature ti resp. t~; tbe highest value found 
for steel was abotlt 0,0014, for cast-iron even 0,0029. For some 
kinds e. g. fol' piano-strings a had a negative value even down to 
- 0,0003. Further a proved to be strongly dependent on the thermal 
histol'y (process of hardening) of the material, while also the influence 

J) G. R. ASHWORTH. Proc. Roy. Soc. A. 62 p. 2101 1898. 
') DVRWARp. Sill. Journ. 5 p. 245, 1898, 
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of the dimensions of the magnet that was used, therefore of the 
demagnetising force pro\'ed to be great. So ASHWORTH found e.g. for 
one single piaqo-stJ'ing of certain dimensions a negative yaIue of a, 
while three equal and equally treated strings combined into a bun die 
gave a positi\'e valne of l:. 

In the expel'iments that are to be described here, iron and further 
also some kinds of steel were used. 

The i1'on (soft Swedish iron from G. E. MEISTl!lR'S SOHNE, Stettin) 
was investigated in the form both of bars and of a ring. In the 
fiest case the meaSUl'ements were magnetornetric, in the latter one 
ballistic. For the magnetometric measurement a TBOllfSON galvanometer 
was used. The rnagnet that had to be investigated was placed 
horizontal and perpendic111ar to the direction of the small magnets 
in the ga.lvanometer system. The deviation of the system by the 
pres en ce of the rnagnet was compensated by sending a CLll'l'ent throllgh 
the coils. The intensity of this CUl'rent was used as a meaSUl'e for 
the magnetic force that was exerted by the rnagnet. In order to 
H.void the influence of terrestrial magnetism the bar was always 
placed perpendicular to the magnetic meredian. 

The ballistic measurements were made by means of a flat coil 
that c0111d be bl'ought in to the in terferricum of the ring. 

Fot' the different forms used the demagnetising factors were very 
unequal. They had the highest value tor a bun dIe of bars with total 
diameter of about 1.5 cm and 24 cm length; and the lowest one 
for the torus with narrow intel'ferrÏcum. The magnetisation was also 

1 

varied within rather wide limits. The mentioned bundIe gave for a 
varÏation of temperatllre between 10° and 100° and for magne
tisations that were in the ratio J . 2 : 12 changes resp. of 3.7, 3,8 -, 
and 3,7%, Between the same limits of temperature a bar ofO,5 cm 
diameter and 21 cm length gave a change of 4,0% and one of 
0,3 cm diameter and 17 cAm length of 4,1 %

, In the two last cases 
the magnetisation was nearly as strong as the strongest magnetisation 
in the case of a bundie of bars. In all cases the magnetisatlOn did 
not reach its saturation value, though the strongest magnetisation 
did not differ much from it. For the ring made of iron of 23 mrn 
diameter and ha\'ing itself a diameter of about 10 cm with an inter
fel'l'icum of 2 mm a variation of 4 % was obtained for weak 
magnetisations between 20° and 100°. 

So the ,vaIues for the variations of temperature obtained for iron 
do not diffel' much hom each othel'. It is questionable, whether 
these diffel'ences have a reaI signiticance; probably they must be 
assigned to observation errors l ~s the methods used did not allow 
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gl'eat accuracy. Of all observatlons on Iron the mean is 3.86 % for 
a variation of temperature between 10° and 100°. 

Accordmg to the theory of the molecular magnetic. field of WEISS 
the spontaneous magnetisation of the "elementary crystals" which 
WElSS regards as the bmIding stones of the iron decreases with a 
rlse of the temperature. The law of this decl'ease is given by the 
formula 

jJ{ 38 jJ1 1 
Mo = cotlt T' jJ1

0 
- 38 M' 

T'Mo 

whel'e 111 is the magnetisation at the temperature r, Aio that at the 
absolute zero-point and 8 the OURIE-point. In this formula the mutnal 
action between the dIfferent elementary cl'ystals has been neglected. 
If by means of it we calculate the change between 10° and 100°, 
we obtain, taking for the OURIE-pomt 757° 0., 4,2 0/0, what agrees 
rather weIl wIth the experimentally found varIation of 3,9 % between 
10° and 100°. 

Also for steel the above described magnetometric method was 
used. To ren der possible however the investIgation of dIfferent parts 
of one and the same magnet a ballistic method was used. A flat coil 
placed round the experimental magnet could be shifted with regard to 
the latter over a small distanre. In order to make the deviation 
of the galvanometer not too great, it was for the greater part 
compensated by means of a second coil equal to the first one and 
mechamcally connected with it, 80 that It folIo wed its motion, 
mo, ing itself however in the opposite direction ; within th is second 
coil a second magnet was placed. If now the first magnet was 
heated, the baUistic deviation changed and from this the influence 
of the heatmg could be investigated. By bringing respectively different 
parts of the experimental magnet within the first coil, compensating 
each time by means of the second magnet, the rhange of the mag
netisatlOn could be determined for the different parts. 

For steel th~ results of ASHWORTH were confirrned. In the first 
place for different kinds of sleel very different values of a were 
found; the highest value for a very oid steel magnet viz., nearly 
0.0015, for other kinds of steel a was smaller, while piano-strings 
even gave a negative valne. 

By the mentioned ballistic method was found howevel', that the 
value of a was not the same for all parts of the magnet. Near the 
ends a proved to be largel' in the positive sen se than more towards 
the middle. Between 20° and 100° thE} change for the above men-
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tioned old steel magnet e.g. amounted to 12,9%
, nea1' the rniddle 

howeve1' to 8,5 %; fol' a magnet of ha1'dened steel the change near 
the end wa& 2,1 %

, at a distance frorn the end equal to t of the 
length 1,2 %' In both cases the coefficjent Ct was positive. For a 
bundie of piano-strings which each had a dIameter of 1,2 mrn and 
a length of 17,5 cm the change between 20° and1000was-3,9 % 

at the end and - 6,1 % at a distance from the end equal to t of 
the length. Aftel' partial dernagnetisation, by which the rnagnetlsation 
was diminished to 1 of its origmal value the change between the 
same temperature limits at the end was only -1,5 %' Magneto
metrically (now we are principally concerned with the action of the 
end of the magnet) there was found befOl'e the demagnetisation -3,3 % 

and afterwards -1,n % (here the tempel'atl11'e limits wel'e 10° and 
100°), From th is we might conclude that fol' steel the coefficient Ct 

depends on the magnetisation in this way that it increases in the 
positive sense according as the latter decreases. This agrees with 
wh at was found in the investigation of different parts of one and 
the same steel magnet, viz. that near the end a is grea,ter in the 
positive sen se than in the middle; fol' because of the demagnetising 
force tho magnetisation at the ends is much smaller than in the 
middle. 

December 1915. Physical Laborat07'y of the 
Teylm Institute. 

Physics. - "Some 1'e7fW1,ks on the hyclro,qen-molecule of BOHR

DEBIJE." By Miss H. J. VAN LEEUWEN. (Communicated by 
Prof. H. A. LORENTZ). 

(Communicated in the meetIng of December 18, 1915). 

~ 1. BOHR has been the fh'st who supposed the hydrogen-mole
cule to be fol'med by two nuclei which carry a positive elementary 
charge anti in w hich nearly the whole mass of the molecule is 
concentrated, together with two electrans which in the normal state 
cil'culate with a constant angular velocity w diametrically on a cil'cle 
that has its centre in the middle between the nuclei and its plane 
pE'rpendicular to theil' line of connectlOn, the "axis" of the molecule 1). 
BOHR supposes th at sueh molecular systems do no~ obey the laws 
of classic meehanics, that on the contral'y all motions of the electrans 
are bound by the condition that fol' each single electron the moment of 

I) N. BOIlR. On the constitution of atoms and molecules III. Phil. Mag. 6, 26, 
1913 p. 857. 


