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to take a keen personal interest in locating
and watching over such gites and monu-
ments wherever they may be found, promptly
reporting to the concerned survey or state
department their location, and any special
danger to them which may arise, and
seeking the immediate aid of the local
Government authorities in any case of
urgency.

We would also invite the attention of

Government to the severe financial limita-
tions under which the Archaological Survey
is at present working. In the introduction
to an authoritative review of its work during
1933-34 we read ‘ The era of all-round
retrenchment and general economising which
the Government of India were forced to
inaugurate since the financial stress of the
year 1931, continued to be felt very seriously
in the Arch®ological Department. Few
branches, indeed, of the many-sided activities
of the Government have suffered more from
reductions in grants than the Archeological
Survey. During the year 1933-34 hardly
any excavation was possible, and the amounts
allotted for conservation work were, on the
whole, about one-fifth of what they had been
before 1931.” How, we would ask, can the
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country hope to have properly preserved or
studied the priceless monuments that survive
as indications of the glories of its past history
when its Central Government treats in such
fashion the department it has created for
this purpose? And what effect is such
treatment likely to have as an example to
the various Indian States on which rest the
responsibility for many other such monu-
ments, some of them of exceptional beauty
and importance ?

Lastly we would call attention to one
specially disastrous effect that is bound to
result from the stoppage of excavation work
by the Survey, namely, the disappearance
of the means of training further excavators.
The Survey has in the past had in its service
a band of unsurpassed excavators mostly
European and mostly already retired. How
can they be replaced except again from
abroad when such excavation as is carried
out is done not by the Survey but by
foreign investigators ? Yet without excava-
tion research is bound to languish. And
without vigorous research the Survey cannot
hope to retain the vitality essential to its
efficiency.

-

Diamagnetism and Particle Size.
By Prof. H. Lessheim.

HE investigation of the diamagnetic
susceptibilities of small particles obtained

b~ colloidalisation or cold-working has
shown that apparently a dependence on the
size of the particles prevails. S. R. Rao!?
has advanced the opinion that this is due
to the immediate influence of the surface,
the area of which increases with decreasing
particle size, whereas Bhatnagar®* and colla-
borators® uphold that the increased surface
has no immediate reaction on the diamagnet-
ism; it may come in only in so far as it facili-
tates hydration, oxidation, carbonisation, etc.,
which processes on their part falsify the
measurements. From this point of view the
decrease of the diamagnetism is solely an
impurity effect, but no inherent property
of the material wunder consideration.

1 8. R. Rao, /nd. Jour. Phys.. 1931, 6, 241; 1932,
7, 835; Plys. Rev., 1933, 44, 850; Proc. Ind. Acad. Sci.,
1934, 1, 123; 1935, 2, 249; Curr. Sci., 1936, 4, 572.

2 8. 8. Baatnagar, Jour. Ind. Chem. Soc., 1930, 7,
957; Curr. Sci., 1936. 4, 570.

3 Cf. references 6, 7, 10, 12, 13, 14, 16.

Furthermore, Bhatnagar has emphasised the
point that colloidalisation may result in
producing an allotropic modification with
different crystal structure, which will natur-
ally exhibit a different susceptibility, while
cold-working may bring about a severe
distortion or even a destruction of the crystal
lattice with simialr effects on the diamagnet-
ism.

It is the intention of this report to give a
critical survey of the whole subject. If,
at present, any conclusions can be drawn,
they will be that

(1) the theoretical considerations put
forward by 8. R. Rao do not support
his view ; _

(2) the immediate effect of an increased
surface is by far too small to account
for the decreased diamagnetism ;

(3) the experimental evidence available is
in complete agreement with Bhat-
nagar’s view and excludes S. R.
Rao’s explanation.
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A. THE Size orF THE PARTICLES.
I.

In order to support his opinion that the
susceptibility depends directly on the size
of the particle, Rao has introduced a
classification of the linkages obtaining in
metals, in three different types of bonds,
which he terms “ homopolar , “ metallic ”
and “ Ehrenfest-Raman ” linkages. The
habit of introducing a classification of
one’s own, and using terms in a meaning
different from that for which they are coined,
should not he encouraged, particularly after
wave-mechanics has been able to give a
complete account of the different types
of linkages in crystal lattices. Special
mention may here be made of Hund’s
classical paper! on the subject.

There i3 only one way in which a erystal
can be built up so as to exhibit metallic
properties. This is the case when the
number of electrons available (Rao’s “extra-
lonic ” electrons) differs from the number of
wave-functions at their disposal, so that a
certain state is occupied by only half the
number of electrons to be accommodated
in it. Then the ground state of the crystal
belongs to a continuum of states and any
amount of energy. however small, suffices
to make these electrons change their posi-
tions.

A homopolar linkage of the electrons
obtains always when—and only when—their
number is identical with the number of
states. In this case the ground state is
single and has a -finite distance from the
next continuum ; the crystal is an insulator.
What Rao calls “ Ehrenfest-Raman »* bind-
ing i3 not a separate type of linkage at all,
but in wave-mechanics a condition satisfied
in a number of cases of homopolar linkage,
¢.9., always in crystal lattices; the term
now in general use for it is “ non-localisation”
of the bonds.

For further particulars Hund’s papert may
be consulted ; it may be mentioned only that
transition cases are possible—that of sele-
nium is one of them—especially when layer
or fibre lattices are comcerned, but the
fundamental principles stated above hold
always good. So it can easily be seen that
Rao’s remarks® “Bismuth it not a metal

und, Zs. f. Phys., 1932, 74, 1, in abbreviated
n Internat. Conf. on Physics, 1934 (Phys. Soc.
Yy 36.

ae Tl Aemf Sei, 1935, 2, 949,
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in the true sense of the term™ and “Graphite
iy not a metal” are entirely devious.
Bismuth and graphite are transition cases on
account of their layer lattices; since their
ground-states belong to a continuum owing
to the splitting of the atomic ground levels
on formation of the erystal, they arve true
metals in the crystallographic sense of the
word.

From this it will be seen that 1tao’s con-
siderations are based on a misconception
of the binding conditions in a lattice. Nor
hag his quoting of Pauli’s formula for tho
paramagnetic susceptibility any delinite
bearing on the matter under discussion.

IT.

We procced now to congider the influence
which an increase of the surface of small
crystalline particles can have on physical
properties inherent in the crystal structure,
e.g., diamagnetism.

A graphite particle of a diameter of 1-5
contains about 1.5 x 10 atoms. The
nearest distance which carbon atoms ean
have in the graphite lattice is 1-5 X 10-% em.
Assuming this to be valid on the whole of the
surface, assuming further that on the surface
the atoms are packed as tightly as possible,
the number of atoms on it will be approxi-
mately 3.6 x 105. Assuming also that on
the surface the diamagnetism breaks down
completely, the action of the surface will be
about 0-6024 of the total effect. All the
agsumptions made tend to increase the sur-
face effect. In fact we have nowhere the
tightest possible packing, only in very few
places of the surface the smallest possib.c
distance, and besides, due to the inter-
atomic bonding forces partly breaking down
on the surface, the distances of the atoms
are considerably larger than in the interior
of the crystal ; so the figure 0-0024 devived
at is essentially too large and thercfore does
not actually represent the reduction of the
diamagnetism to be expected, but an upper
limit for it. On decreasing the size of the
particle to 0-15 u the surface effect multiplies
by ten, but according to the above, remaing
still smaller than 2.49.

Materially the same holds good in the case
of bismuth. Since here the experimental
evidence refers to particles of a somewhat
larger size, the possible effect of a surface
iy 8till less. It is less than 2.5 % 10-* for
particles of 10y diameter ; and for particles
of a smaller diameter the values are found
in column 5 of Table I, which is






