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Rarkhauson effect. 

Influence of magnetism on periodicity. 

Influence 

netism. 
of vibrations on mag-

(4) Magneto-
Electrics 

Hall effect. 
Change in resistance. 
I and I1 v. Ettingshausen and Nernst 

effects. 
Change in Thermo-Electric properties. 
Induced currents-A. C., electrode-

less discharge, etc. 
E. M. F. due to magnetization. 

(5) Magneto- Leduc effect. 
Thermies 	 Change in heat conductivity. 

Pyromagnetism. 
Critical temperatures and effects of 

heat. 
Energy dissipation in hysteresis. 
Change in boiling point, in specific 

heats (?).  
Transverse temperature effects accom- 

panying the Hall effect. 
Change in Thermal E. &I.F. 

(6)  Magneto- Faraday effect. 
Optics 	 ICerr effects. 

Zeemann effect. 
Magnetic double refraction. 
Effect of light on magnetism. 

(7)  	Cosmical 
Nagnetism 

With a meaning analogous to magneto-optics, 
magneto-mechanics will include those magnetic phe- 
nomena in which mechanical edects occur due to a 
magnetic field. Changes i n  dimensions produced by 
a magnetizing force is  a n  illustration of this type 
of phenomena. So a re  also those reciprocal effects 
in which mechanical stresses produce changes in  the 
magnetic properties of the substance examined. The 
terms serving as  captions f o r  the other subdivisions 
may be defined in a similar fashion, as, f o r  instance, 
magneto-acoustics include those phenomena i n  which 
sound is produced by a magnetic field as  well as  those 
changes i n  magnetic properties due to vibrations of 
noises, etc. 

I f  all matter could be examined with reference to 
the effects classified i n  these six divisions i t  would 
not only be a complete magnetic analysis of all the 
physical properties, but a t  the same time would in- 
volve all the chemical properties as  well. I n  mag- 
neto-optics, for  example, if the Faraday effect was 
studied i n  all substances it would not be complete 
until the chemical relations were all known also. 
Even af ter  a complete magnetic survey of matter was 
made, the study would not be ended, f o r  there are  all 
sorts of correlations to be made between the six 
groups of magnetic phenomena. As an illustration, 

in  magneto-acoustics i t  is observed that the period 
of a tuning fork is varied by being magnetized. I n  
magneto-mechanics there is the well-known effect that  
magnetiem changes both the dimensions of steel and 
the modulas of elasticity. Here are  several phe-
nomena which may be correlated. To the extent that  
physical phenomena may be coordinated to  that de- 
gree may a unified mllole be obtained. As another 
example of correlation i t  seems to have been rather 
conclusively established in the field of magneto-
mechanics2 that there is one and only one set of 
mechanical characteristics corresponding to a given 
set of magnetic characteristics, and, vice versa, there 
is one and only one set of magnetic characteristics 
corresponding to a given set of mechanical character- 
istics. Can this principle which is so important i n  
magnetostriction, f o r  example, be applied to the other 
five fields of magnetic phenomena? I f  this is pos- 
sible, then the generalized statement may be made 
as follows: 

There is one and o ~ l y  one set of physical and 
clzemical properties corresponding t o  a given set of 
fnngrtetic characteristics, a?zd cotzversety, there i s  olae 
and only  owe set of magnetic pvoperties correspond- 
ing  t o  a given set of physical awd chemical character- 
istics. 

Such a principle suggests a vital relation between 
magnetism and theories of atomic structure. The 
eleitron theory of matter, which has been so helpful 
in  picturing the structure of the at,om and adding 
knowledge concerning the physical and chemical 
properties of matter, will i t  portray the phenomena 
of magnetism? Shall we ultimately be able to iso- 
late the elementary magnet as  we have the elementary 
electrical charge t F o r  instance, if a bar magnet is  
broken in two, the positive and negative poles will 
not be separated, but two .magnets are formed each 
with their own positive and negative poles. I t  is 
conceivahle that if the subdivision went f a r  enough 
a portion would finally be reached whose division 
would not result i n  two magnets. What  is  that ulti- 
mate elementary magnet which shows this property? 
I s  it  a n  e l e c t r ~ n , ~  an atom,4 a molecule5 or a n  aggre- 
gation of one or more of these16 This is one of the 
outstanding questions in  the field of magnetism with 
adherents f o r  all the various points of view. 

Naturally, i n  	seeking for  a n  answer to such a 

Burrows, Scientific Papers, No. 272, Bur. Stands., 
1916. 

3 Compton, Jour. Frank. Inst., Augnst, 1921. 
4 Ewing, Proc. 	 Roy. Soc., p. 97, Val. 42, 1921-22. 

' 	 "nowlton, Trans. Paraday Soc., p. 204, October, 
1912. 

6 Young, Phil.~3fag.:p. 305, August, 1923. 



question, one turns to the recent deve1,opments of 
atomic models to see what they have to offer by way 
of explanation of magnetic phenomena. The nucleus 
atom formulated largely by Rutherford7 in 1911 has 
been instrumental i n  producing some very remark- 
able advances in both physics and chemistry and is 
now almost universally accepted as  correct i n  its main 
principles. The nuclear atom is likened to a plane-
ta ry  system and is assumed to consist of a nncleus 
surrounded by a number of negatively charged par- 
ticles called electrons, whose distances from one an- 
other and from the nucleus are  very large compared 
to the dimensions of the electrons themselves. These 
electrons, like planets, revolve about the nucleus in  
circular and elliptical orbits. The central nucleus 
contains all the positive electricity in  the aton1 and 
therefore practically all its mass. Not only its mass 
but also the radioactive properties of an atom are 
associated with the nucleus; its chemical properties 
and. spectrum, on the other hand, are  properties of 
its planetary electron^.^ I n  the hands of Bohr8 and 
SommerfeldD and others who have applied the quan- 
tum and relativity theories to this type of atomic 
structure, this model has been particularly powerful 
i n  the analysis of spectral phenomena. Such a n  
atomic model has electrons in  i t ;  it goes to make u p  
molecules. Where in  such a piece of machinery lies 
that element which is responsible f o r  magnetic phe- 
nomena ? 

I n  a recent and very suggestive paper Young1O has 
studied the crystal structure of the Heusler alloys, 
which are  magnetic alloys formed from non-magnetic 
elements. H e  sets out to learn, if possible, the origin 
of magnetic phenomena. Discussing the various ex- 
planations that have been offered in explanation of the 
magnetic properties of the Heusler alloys, he finally 
arrives a t  the conclusion that "the evidence to date 
points to the probable seat of magnetic phenomena i n  
the behavior and configuratioil of the outer or valence 
electrons," and adds, '(this, of course, is in  agreement 
with the well-known changes in  magnetic properties 
that  take place as the result of chemical action, and 
those due to temperature variation which might be 
expected to have a direct influence on the loosely- 
bound valence 'electrons." 

At  best the picture me draw of the elementary 
magnet is n hazy one. W e  can speak of it  only i n  
glowing generalities. While rve do know a little 
about the magnetic moment of the elementary mag- 
net, yet we do not seem to be able to bound it  as  we 
do the elementary electrical charge. One feels, how- 

Aston, "Isotopes," p. 92 and p. 93, 1922. 
Bohr, Zeit. Phgsik., 9, pp. 1-67, 1922. 
Sommerfeld, '(Atornio Structure and Spectral 

Lines," 3d. Ed., 1922. 
loYoung, Phil. Zag. ,  p. 29, August, 1923. 

ever, that the picture of negative charges revolving 
swiftly in  orbits about the positive nucleus must, in  
the end, explain magnetic phenomena, but how 9 
I t  all means to say that there is a very great need f o r  
physicists to turn their attention to sustained research 
i n  magnetic phenomena. This need will produce in- 
vestigators, and i t  is a fairly safe prediction to make 
ihat the next decisive advance i n  the conception of 
atomic structures will be i n  the field of magnetic 
behavior. There are  several lines of research in 
magnetism that should be pushed a t  once. One is a n  
investigation of the magnetic properties of atomic 
hydrogen. The magneto-optical behavior of the flne- 
line spectrum, together with the diamagnetic propex- 
ties of molecular hydrogen, indicate that tho molecule 
of hydrogen should possess no magnetic moment, 
and which is in  accord with Bohr's model. On the 
other hand, since in  the atom of hydrogen there is a 
single electron cruising around the nucleus the1.e 
should be a magnetic moment and therefore parn- 
magnetic in  its behavior. Experimental confirmation 
of this would be a n  important contribution. 

Thus f a r  the Rutherford-Bohr-Sommeri'eld atom 
has contributed largely to the theory of the origin of 
spectra. F o r  that reason a n  extensive study of the 
Zeemann effect would add to our knowledge of hoiv 
magnetic phenomena are related to atomic structures. 

Prom a rather extended study of magnetostrictive 
phenomena one is led to the point of view that if mag;- 
netic phenomena are  due to the outer o r  valence eleo- 
trons, then t.he spatial distribution of these electronic 
orbits are exceedingly important. This is supported 
in  particular by the effect of temperature treatment 
(hardness) as related to the changes in  length pro- 
duced by a magnetic field (Joule effect). Rohrll has 
emphasized this point of spatial distribution of the 
electronic orbits in the atoms in seeking for  "the ulti- 
mate cause of the pronounced stability of certain a]:- 
rangement of electrons." I f  the spatial distribution 
of the orbits within the atom is important, no leris 
so is it in  the internuclear space. The work of 
in showing that the property of ferromagnetism does 
not depend upon the arrangement of atoms so much 
as upon the distance between them confirms this inc  
portant point of view. I t  is supported by the work 
of Perrier and Onnesl3 in a study of the paramag- 
netism of liquid oxygen diluted with nitrogen. -4s 
the concentration diminished, i.e., as  the distance bc!- 
tween the electronic orbits of the molecules increased, 
the specific magnetization coefficient of oxygen be-
came greater. Continued studies of this spatial relab- 

llBohr, "The Theory of Spectra and Atomic C O ~  
stitution," p. 74, 1022. 

l2Hull, Phys. Rev.,p. 540, 1919. 
lSPerrier and Onnes, Proc. Roy. Acad. Amsterdam, 

16, 901, 1914. 
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FIG. 1. Oscillogram of Barkhauseq Effect.-Arrow indie: 
to the next indicates 

tionship of the electronic orbits in internuclear and 
intermolecular space must still yield very valuable 
contributions to our knowledge of atomic structure. 

In  applying the quantum theory to magnetic p h e  
nomena it appears that an atom possessing a magnetic 
moment and subjected to a magnetic field is not able 
to orient itself into any position but only at  certain 
definite inclinations, such that the cosine of the angle 
between the magnetic axis of the atom and the direc- 
tion of the applied field will have one of certain speci- 
fied values.14 Gerlach's16 work with a ray of silver 
atoms projected through a magnetic field with an ex- 
tremely steep field gradient seems to confirm this. I f  
such a point of view is correct would it not indicate 
that the process of the magnetization of. iron, for ex- 
ample, would not be a continuous process but step- 
wise9 An oscillographic study16 of the BarkhausenlP 
effect shows that the magnetization process does pro- 
ceed by irregular steps and not continuously. The 
elementary magnets appear to jump in p u p s ,  some- 
times a great many and at others a few only (see 
Fig. 1). Is  the Barkhausen effect another confirma- 
tion of the applicability of the quantum theory to 
magnetic phenomena9 It is an interesting avenue of 
approach to the study of magnetic phenomena. 

Not only will these four specific lines of research 
in magnetic phenomena be ill-inating to the whole 
field of atomic structure, but the fundamental prin- 
ciple enunciated in the beginning becomes itself a 
program of research along the same line that must 
challenge many because of the numerous problems 
which it suggests. 

There are a few items which should be emphasized 
in connection with research in magnetism. As far as 
possible the same specimens should be used in all the 
magnetic tests which may be applied to any substance. 
For instance, if the magneto-mechanical effects of a 
ste.el rod are studied, the same rod should be used in 
studying the Barkhausen effect in magneto-acoustics, 
the change in resistance in the next group, its mag- 
netic induction, the effects due to heat and the Kerr 
effect in the other groups. The importance of making 
as mcmy tests a3 possible on the same specimen can 

14 Darrow, Bell System Tech. Jour., October, 1923. 
15 Gerlach, ZS. f. Physik., 9, pp. 349-355; 1922. 
18 Williams, Phys. Beu., p. 520, .November, 1923. 
17 Barkhausen, Phys. ZS. 20, 401-403, 1919. 

ttes direction film moved.-Distance from one perforation 
1/509 of a second. 

not be overestimated. Here, if anywhere in scien- 
tific research, there must be cooperative action, for 
the program of research as outlined above will l e d  
into the fields of physics, chemistry, both physical 
and chemical metallurgy and mineralogy. A group 
of physicists, mineralogists expert in X-ray analysis, 
chemists and metallurgists cooperating in the study of 
magnetic phenomena could make a wonderful contri- 
bution to this field. Helmholtz is quoted as having 
said that "the disgrace of the nineteenth century is 
its ignorance of the subject of magnetism." Will'the 
twentieth bring knowledge? 

There has been a prodigious amount of labor per- 
formed in the field of magnetic reseamh. Knowltonln 
counted the papers on the subject of magnetism which 
had been reviewed in Science Abstracts for the decade 
1900-1910 and there were about five hundred, exclu- 
sive of technical contributions and papers on electro- 
magnetism. Sustained research, both coordinated and 
cooperative, is needed i~ the fields of magnetic phe- 
nomena. 

A great deal of work has been done on materials 
whose chemical properties were not known, to say 
nothing of the previous physical history which is so 
important in correlative studies. There is real need 
to go back and review the experimental data and 
where possible correlate one set of facts with an- 
other, and where no knowledge of the physical and 
chemical history exists repeat the experiments as far 
as possible with standard or known conditions. Mod- 
em methods of pyrometry, microphotography, &em& 
cal and X-ray analysis give no excuse for ignorame 
of the character of the materials used iia rnagnetic ha- 
vestigations. 

The magnetic analysis of the physical and chemical 
properties of matter will lead into many fields that at 
present are almost wholly unexplored. This is illus- 
trated in that work which has rather recently been 
undertaken, viz, the study of the mechanicai proper- 
ties of steel by magnetic analysis. In  the c w  of 
diamagnetic substances the magnetic forces are so 
feeble that they may be investigated only by very 
delicate methods. This diflczllty will disappear tw the 
technique of the problem is developed. 

A general study as thus outlined would lead to two 
very distinct goals: first, it would develop methods of 

18 Knowlton, Terres. Mag., p. 3, March, 1910. 
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analysis of immense value to the industrial arts and 
sciences, and secondly, of even greater significance, a 
furtherance of our present concept of the structure of 
the atom. 

Sow why have I brought to you, my fellow teach- 
ers, this rather specialized discussion of research 
work? I n  the first place, because it is typical of all 
modern research work in the physical sciences, it is 
concerned with the problem of atomic structure in 
which we are all interested. Secondly, and most im- 
portant of all, you hold a very strategical position in 
the program of research in this country in the fields 
of physics and chemistry. It is given to you, the 
unique honor of introducing very many of our future 
research chemists and physicists to their first formal 
knowledge of the fundamental sciences of chemistry 
and physics. To you is given the opportunity to in- 
spire these embryo scientists with a love and enthu- 
siasm for the fields of knowledge in which me are so 
interested. Every hour in the class-room or labora- 
tory is one of golden opportunity to instill in their 
minds a desire for more knowledge in these fields. 
We may erect on the highway of knowledge along 
which these young people travel signboards bearing 
the words "On to College." That wisdom may be 
shown in whom me recommend for college and that 
the proper college be urged to these students needs 
to be emphasized. Our zeal in recruiting should not 
run riot. The slogan "On to College" is for those ser- 
vants which have more than one talent. Beyond the 
college lies the graduate school. To only a gifted few 
is the invitation, "Enter thou into the joy of creative 
scholarship." I n  the matter of pushing a favorite 
college it should not be from the standpoint of its 
being our Alma Mater, unless we are sure that thesd 
young people will be furthered on in the divine life 
of scientific knowledge. They must be recommended 
to a college which is known for its equipment and 
scholarly and enthusiastic teachers and not because it 
happens to have a winning football or other athletic 
team. 

Isn't this hope of being able to contribute to the 
development of future great physicists and chemists 
a stimulus to do our own work just a little better than 
ever before as thus tve help young men and women to 
find their life work? I believe it is. 

S. R. WILLIAXS 
OBERLINCOLLEGE 

EXPERIMENTAL BIOLOGY AND THE 

WORK O F  THE MOSCOW 


INSTITUTE* 

ZOOLOGYof to-day differs greatly from the zoology 

* Address sent to the convention of the American So-
ciety of Zoologists, upon invitation of the society.-Ed. 

of the nineteenth century. Two points are character- 
istic in modern zoological research. First, the chief 
method of zoology is now experimental and we cstll 
our science a branch of experimental biology. Sec-
ond, during the period of the last ten years all 
branches of the natural sciences have conie to need 
organization, and experimental biology requires clrd 
ganization more than any other science. The organi- 
zation of science must be national in the sense that 
every country will coordinate its own researchers, who 
must work under the particular conditions which 
their country may afford, but the work of these na- 
tional organizations can of course be regulated by 
international meetings. 

I wish to offer many thanks to the American Zoo- 
logical Society and the Genetics Section for their 
kind invitations to take part in the meeting at Cjn- 
cinnati. I am very sorry that circulnstances have not 
allowed me to take part in it personally, as had been 
my wish, and that I have been compelled to send the 
report, which I intended to read. 

Some of the American biological laboratories have 
been devoted to determined special purposes. So, for 
in?tance, the celebrated laboratory of Jacques Loeb 
pursues the fundamental problems of the application 
of physical chemistry to biology, and T. H. Morgan's 
laboratory is especially devoted to the genetics of 
Drosophila. But it would be very interesting to unite 
these two scientific tendencies in the same institution. 
I n  every science the best results are to be obtained 
when the same theme is treated with two quite differ- 
ent methods belonging to two differenl, scientific 
branches. Therefore, I have tried to put together in 
my Moscow Institute of Experimental Biology many 
different sections, such as cytological, biochemical, 
physiological, behavioristic, genetic and eugenic sew 
tions. Sometimes two or more of these sections work 
on the same subject, but every section investigates the 
problem from its own point of view and with its own 
methods. 

I 

The chief problem of our cytological section is that 

of the cell-skeleton. I n  1905, when studying the 
structure of the sperm of different crayfishes1 I came 
to the conclusion that every cell whose external fo1.m 
differs from the spherical one ought to consist of a 
drop of liquid protoplasm (hydrosol) and of a hard 
protoplasmic skeleton (hydrogel), whose form deter- 
mines the external form of the cell. The r61e of this 
skeleton is played by the hard cell membranes or-&; 
the organic fibers which lie in the outer layer of the 
protoplasm and define the form of the liquid proto- 

* N. K. Koltzoff, "Studien ueber die Gestalt c'ler 
Zelle." Th. I, Arohiz; f$,r Micr. Anat., Bd. 6 7 ;  Th. I1 
and 111,Archiv fiir Zellforschu/ng, Bd. I1 and VII. 


